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Abstract

Background—*railty increases early hospital readmission and mortality risk among kidney
transplant (KT) recipients. While frailty represents a high-risk state for this population, the
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correlates of frailty, the patterns of the 5 frailty components, and the risk associated with these
patterns are unclear.

Methods—663 KT recipients were enrolled in a cohort study of frailty in transplantation
(12/2008-8/2015). Frailty, ADL/IADL disability, CESD depression, education, and HRQOL were
measured. We used multinomial regression to identify frailty correlates. We identified which
patterns of the 5 components were associated with mortality using adjusted Cox proportional
hazards models.

Results—Frailty prevalence was 19.5%. Older recipients (adjusted prevalence ratio [PR]=2.22,
95%Cl:1.21-4.07) were more likely to be frail. The only other factors that were independently
associated with frailty were IADL disability (3.22, 95%CI:1.72-6.06), depressive symptoms
(11.31, 95%CI:3.02-31.82), less than a high school education (3.10, 95% CI:1.30-7.36) and low
HRQOL (Fair/Poor:3.71, 95%CI:1.48-9.31). The most common pattern was poor grip strength,
low physical activity and slowed walk speed (19.4%). Only 2 patterns of the 5 components
emerged as having an association with post-KT mortality. KT recipients with exhaustion and
slowed walking speed (HR=2.43, 95%CI:1.17-5.03) and poor grip strength, exhaustion, and
slowed walking speed (HR=2.61, 95%CI:1.14-5.97) were at increased mortality risk.

Conclusion—Age was the only conventional factor associated with frailty among KT recipients;
however, factors rarely measured as part of clinical practice, namely HRQOL, IADL disability and
depressive symptoms, were significant correlates of frailty. Redefining the frailty phenotype may
be needed to improve risk stratification for KT recipients.

INTRODUCTION

The Fried physical frailty phenotype, a measure of physiologic reserve and increased
vulnerability to stressors, was originally characterized in populations of community-
dwelling older adults (1) and recently associated with poor outcomes in adults of all ages
with end stage renal disease (ESRD) (2-8). Among adults of all ages with ESRD treated by
kidney transplantation (KT), frailty increases the risk of delayed graft function, early
hospital readmission after KT, MMF intolerance and mortality (3-5, 7, 8). The association
between frailty and these poor outcomes does not seem to differ for older and younger KT
recipients.

In gerontology, there is substantial evidence that the Fried physical frailty phenotype is
separate but related to functional disability and comorbidity (1). However, the relationship
among these three conditions is not well understood in ESRD. In fact, ESRD patients are
younger and experience distinct physiologic changes as the result of this chronic condition;
therefore, the clinical and non-clinical correlates of frailty in this population, other than
perhaps age, likely differ from older adults. Better understanding frailty in ESRD patients is
particularly important in those undergoing the major surgical stressor of KT.

Among older adults in whom the Fried physical frailty phenotype was described, the
prevalence of the 5 individual components ranges from 15.0% for weight loss to 29.8% for
low physical activity (9). It is unknown whether these 5 components, and their relative
weights in the existing gerontologic frailty phenotype, represent the best measure of
physiologic reserve among ESRD patients, as some components may be playing a larger role
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in the manifestation of frailty in this unique population. Finally, it is unclear which patterns
of the components most strongly increase the risk of mortality in this population.

Frailty may help improve pre-operative planning, pre-operative risk prediction and post-
operative decision-making in ESRD patients undergoing KT. However, a better
understanding of which recipients are most likely to be frail and how frailty manifests in
adults with ESRD is needed before frailty can be incorporated into clinical practice for this
population. The goals of this study were to 1) identify characteristics of frail KT recipients,
2) identify the most common components of frailty among KT recipients and 3) explore
which patterns of the frailty components are most strongly associated with mortality risk
among KT recipients.

MATERIALS AND METHODS
Study Design

We studied 663 KT recipients who were enrolled in a cohort study of frailty and ESRD
(December 2008-August 2015) at Johns Hopkins Hospital. In this study, we measured the
physical frailty phenotype (as described below), Activities of Daily Living (ADL),
Instrumental Activities of Daily Living (IADL), Centers for Epidemiologic Studies
Depression (CESD), and Health-related Quality of Life (HRQOL) at the time of admission
for KT. In addition, recipient factors (sex, age, race, education, body mass index [BMI],
history of CVD, history of diabetes, Charlson Comorbidity Index (10), cause of ESRD,
previous transplant, time on dialysis, and type of dialysis) and transplant factors (donor type
and induction therapy) as well as mortality were ascertained from medical records. The
Johns Hopkins Institutional Review Board approved the study.

Frailty Measurement

We studied the physical frailty phenotype using the Fried frailty score (1). Frailty was
measured as defined and validated by Fried in older adults (1, 8, 9, 11-20) and by our group
in ESRD and KT populations (2-8). The phenotype was based on 5 components: shrinking
(self-report of unintentional weight loss of more than 10 Ibs in the past year based on dry
weight); weakness (grip-strength below an established cutoff based on gender and BMI);
exhaustion (self-report); low activity (Kcals/week below an established cutoff); and slowed
walking speed (walking time of 15 feet below an established cutoff by gender and height)
(1). Each of the 5 components was scored as 0 or 1 representing the absence or presence of
that component. The aggregate frailty score was calculated as the sum of the component
scores (range 0-5); nonfrail was defined as a score of 0 or 1, intermediate frailty was defined
as a score of 2, and frailty was defined as a score of =3 as we previously have reported in
this specialized population (2, 3, 5-7). The cut points for nonfrail and intermediately frail
differed from the standard calculation of the Fried physical frailty phenotype because there
are too few adults with ESRD who had none of the frailty components.
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Statistical Analysis of Frailty Correlates and Components

We plotted the prevalence of frailty status and the individual components for all KT
recipients. Additionally, among those who were frail, we estimated the prevalence of each
component pattern.

We estimated the prevalence of frailty in various subgroups. Then we used adjusted
multinomial regression to identify correlates of frailty. Multinomial regression was used
because frailty has three categories (nonfrail, intermediately frail and frail). This model
allowed us to compare frail to nonfrail and intermediately frail to nonfrail in the same model
and to estimate a different association between each correlate and each level of frailty status.
Therefore, the associations were not constrained to be the same between each level of the
outcome of frailty as they would be in ordinal logistic regression.

Statistical Analysis of Frailty Components and Mortality

Additionally, among all KT recipients, regardless of whether they were defined as frail by
the Fried physical frailty phenotype, we explored the role of the 5 components and tested to
see which patterns were associated with mortality. We tested whether a specified subset of
the 5 frailty components was associated with post-KT mortality using a Cox proportional
hazards model adjusted for age, sex, race, donor type and Charlson Comorbidity Index (10);
the mean follow-up time for mortality was 3.1 years (SD=2.1 years) with a maximum of 6.8
years.

For all analyses, a P value <0.05 was considered significant. All analyses were performed
using STATA 13.0 (College Station, Texas).

RESULTS

Study Population

The study population mean age was 53.0 years old (SD= 13.9, range 18.7 - 83.0), 38.0%
were female and 41.4% were African American. When compared to KT recipients at Johns
Hopkins who were not enrolled in our prospective study, there were no differences in age
(P=0.16), sex (P=0.05), race (P=0.28), or donor type (P=0.23).

Frailty Prevalence

Among KT recipients, 19.5% were frail and 31.7% were intermediately frail (Table 1).
Although frailty prevalence increased with age (Figure 1; P=0.007), the increase was not
monotonic. The prevalence was 13.6% among recipients aged less than 35 years, 15.5%
among those aged 35-44 years, 15.5% among those aged 45-54 years, 24.5% among those
aged 55-64 years, 23.7% among those aged 65-74 years, and 22.7% for those recipients aged
>75 years. Older (age = 65 years) KT recipients were 2.11-fold (95% ClI: 1.16-3.85;
P=0.015) more likely to be frail, independent of all other factors (Table 2).

Association Between Recipient Characteristics and Frailty

Frailty prevalence was higher among KT recipients with ADL (66.7 vs. 18.6%; P=0.009)
and IADL (37.8 vs. 15.9% %; P<0.001) disability, CESD depression (53.2 vs. 16.0%;
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P<0.001), less than a high school education (32.5 vs. 17.6%; P=0.045), no residual kidney
function (25.0 vs. 14.0%; P=0.003) and those who reported fair or poor HRQOL (excellent/
very good: 8.6%, good: 18.6% and fair/poor: 26.9%; P<0.001) (Table 1).

KT recipients with an IADL disability (PR=3.22, 95%ClI: 1.72-6.06; P=0.001), CESD
depression (PR=11.31, 95%Cl: 4.02-31.82; P<0.001), or less than a high school education
(PR=3.10, 95%CI: 1.30-7.36; P=0.01) were more likely to be frail after adjustment for
clinical characteristics (Table 2). Compared to those who reported excellent/very good
HRQOL, fair/poor HRQOL was independently associated with a 3.71-fold increased
prevalence of frailty (95%CI: 1.48-9.31; P=0.007) after adjustment for clinical
characteristics. Older KT recipients, those with CESD depression and those undergoing
hemodialysis for 0-2 years were also independently associated with increased prevalence of
intermediate frailty (Table 2).

Distribution of Frailty Components and Mortality Risk

Among all KT recipients, the two most frequent frailty components were poor grip strength
(50.1%) and low physical activity (49.0%) (Figure 2). The most common pattern among the
frail KT recipients was poor grip strength, low physical activity and slowed walk speed
(19.4%) (Figure 3). KT recipients with exhaustion and slowed walking speed (HR=2.43,
95%Cl:1.17-5.03) and poor grip strength, exhaustion and slowed walking speed (HR=2.61,
95%CIl:1.14-5.97) were at increased mortality risk.

DISCUSSION

In this single-center cohort study of frailty in ESRD patients treated by KT, 19.5% were
frail, including 13.6% of those younger than 35 years old. While older recipients were twice
as likely to be frail as younger recipients, other factors like fair or poor HRQOL, ADL as
well as IADL disability, less than a high school education and CESD depression were strong
correlates of frailty. This finding is important, as these factors are commonly studied in
gerontology but not conventionally measured as part of clinical care of ESRD or KT
patients. Additionally, we found that poor grip strength occurred in over half of all KT
recipients, regardless of whether they were ultimately classified as frail or nonfrail after
considering the other 4 components. Poor grip strength, low physical activity and slowed
walk speed was the most common pattern of the components among KT recipients classified
as frail. However, exhaustion and slowed walking speed as well as poor grip strength,
exhaustion and slowed walking speed were patterns that were both associated with more
than 2-fold increased mortality risk among all KT recipients.

Similar to studies of older adults (9), we found a higher prevalence of frailty with age.
However, the frailty prevalence did not increase monotonically after age 55. 24.5% of
recipients aged 55-64 years old were frail and 23.7% of those 65-74 years old and 22.7% of
those aged 75 years or older were frail. This plateauing of the frailty prevalence for older
adults may be due to the selection bias that only the healthiest older adults are selected as
KT candidates.
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In our study population, those who had CESD depressive symptoms, IADL/ADL disability,
less than a high school education and poor HRQOL were most likely to be frail. As with
community-dwelling older adults, we found frailty to be separate than comorbidity (1).
These findings are consistent with what is reported in the gerontology literature (1).
However, unlike the studies of community-dwelling older adults (1, 9), we did not observe
significant differences in frailty prevalence by sex or race.

Our previous study has suggested that frailty changes with transplantation; in the first
month, KT recipients are on average more frail, by two months their frailty status has
returned to where it was immediately prior to KT on average, and by 3 months their frailty
status has improved (21). Our current research builds upon this study of post-KT frailty by
identifying which KT recipients are most likely to be frail prior to KT. Other retrospective
registry and cross-sectional analyses have studied a modified the Fried frailty phenotype
among hemodialysis patients (16, 22-26); our study adds to this literature by focusing on the
Fried frailty phenotype among KT recipients. However, many of these studies, looked at
proxies of the Fried frailty phenotype without measuring physical function (13, 15, 22).
Measuring physical function as part of the frailty definition is important among ESRD
patients (24) and has implications for risk prediction (27).

Strengths of this study were the prospective measurement of a validated, objective frailty
instrument, the granular ascertainment of the recipient and transplant factors that were
identified as predictors of frailty, and the long-term linkage-augmented outcomes of the
cohort participants. The main limitation was the single-center study design, so direct
inferences must be interpreted in the context of our study population.

In conclusion, we found that none of the conventionally measured dialysis, ESRD or
transplant factors except age are correlated with frailty status among KT recipients.
Importantly, we were able to identify two high-risk patterns of the 5 components that
increased the risk of mortality among KT recipients. It is likely that, although the physical
frailty phenotype is associated with poor outcomes among KT recipients, a measure of
frailty built for patients with ESRD would greatly improve our ability to identify the latent
biological construct of frailty in this population.
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ADL activities of daily living

BMI body mass index
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CESD centers for epidemiologic studies depression scale
ESRD end stage renal disease

HRQOL  health related quality of life

IADL instrumental activities of daily living

KT kidney transplantation

PR prevalence ratio
REFERENCES

1

10.

11.

12.

13.

14.

15.

16.

17.

. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J Gerontol

A Biol Sci Med Sci. 2001; 56(3):M146. [PubMed: 11253156]

. McAdams-Demarco MA, Suresh S, Law A, et al. Frailty and falls among adult patients undergoing

chronic hemodialysis: a prospective cohort study. BMC Nephrol. 2013; 14(1):4. [PubMed:
23298330]

. McAdams-DeMarco MA, Law A, Salter ML, et al. Frailty as a novel predictor of mortality and

hospitalization in individuals of all ages undergoing hemodialysis. J Am Geriatr Soc. 2013; 61(6):4.
[PubMed: 23252966]

. Garonzik-Wang JM, Govindan P, Grinnan JW, et al. Frailty and delayed graft function in kidney

transplant recipients. Arch Surg. 2012; 147(2):4.

. McAdams-DeMarco MA, Law A, King E, et al. Frailty and mortality in kidney transplant recipients.

Am J Transplant. 2015; 15(1):4. [PubMed: 25626349]

. McAdams-DeMarco MA, Tan J, Salter ML, et al. Frailty and Cognitive Function in Incident

Hemodialysis Patients. Clin J Am Soc Nephrol. 2015; 10(12):4. [PubMed: 25516916]

. McAdams-DeMarco MA, Law A, Tan J, et al. Frailty, mycophenolate reduction, and graft loss in

kidney transplant recipients. Transplantation. 2015; 99(4):4.

. McAdams-DeMarco MA, Law A, Salter ML, et al. Frailty and early hospital readmission after

kidney transplantation. Am J Transplant. 2013; 13(8):4.

. Bandeen-Roche K, Seplaki CL, Huang J, et al. Frailty in Older Adults: A Nationally Representative

Profile in the United States. J Gerontol A Biol Sci Med Sci. 2015; 70(11):4.
Hemmelgarn BR, Manns BJ, Quan H, Ghali WA. Adapting the Charlson Comorbidity Index for
use in patients with ESRD. Am J Kidney Dis. 2003; 42(1):4.
Bandeen-Roche K, Xue QL, Ferrucci L, et al. Phenotype of frailty: characterization in the women's
health and aging studies. J Gerontol A Biol Sci Med Sci. 2006; 61(3):4.
Barzilay JI, Blaum C, Moore T, et al. Insulin resistance and inflammation as precursors of frailty:
the Cardiovascular Health Study. Arch Intern Med. 2007; 167(7):4.
Cappola AR, Xue QL, Fried LP. Multiple hormonal deficiencies in anabolic hormones are found in
frail older women: the Women's Health and Aging studies. J Gerontol A Biol Sci Med Sci. 2009;
64(2):4.
Leng SX, Hung W, Cappola AR, Yu Q, Xue QL, Fried LP. White blood cell counts, insulin-like
growth factor-1 levels, and frailty in community-dwelling older women. J Gerontol A Biol Sci
Med Sci. 2009; 64(4):4.
Leng SX, Xue QL, Tian J, Walston JD, Fried LP. Inflammation and frailty in older women. J Am
Geriatr Soc. 2007; 55(6):4.
Newman AB, Gottdiener JS, McBurnie MA, et al. Associations of subclinical cardiovascular
disease with frailty. J Gerontol A Biol Sci Med Sci. 2001; 56(3):M158. [PubMed: 11253157]
Walston J, McBurnie MA, Newman A, et al. Frailty and activation of the inflammation and
coagulation systems with and without clinical comorbidities: results from the Cardiovascular
Health Study. Arch Intern Med. 2002; 162(20):4.

Transplantatfon. Author manuscript; available in PMC 2017 December 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McAdams-DeMarco et al.

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 8

. Xue QL, Bandeen-Roche K, Varadhan R, Zhou J, Fried LP. Initial manifestations of frailty criteria
and the development of frailty phenotype in the Women's Health and Aging Study Il. J Gerontol A
Biol Sci Med Sci. 2008; 63(9):4.

Chang SS, Weiss CO, Xue QL, Fried LP. Association between inflammatory-related disease
burden and frailty: results from the Women's Health and Aging Studies (WHAS) I and Il. Arch
Gerontol Geriatr. 2012; 54(1):4.

Chang SS, Weiss CO, Xue QL, Fried LP. Patterns of comorbid inflammatory diseases in frail older
women: the Women's Health and Aging Studies I and I1. J Gerontol A Biol Sci Med Sci. 2010;
65(4):4.

McAdams-DeMarco MA, Isaacs K, Darko L, et al. Changes in Frailty After Kidney
Transplantation. J Am Geriatr Soc. 2015; 63(10):4.

Bao Y, Dalrymple L, Chertow GM, Kaysen GA, Johansen KL. Frailty, Dialysis Initiation, and
Mortality in End-Stage Renal DiseaseFrailty, Dialysis Initiation, & Mortality in ESRD. Arch
Intern Med. 2012:1. [PubMed: 22710831]

Johansen KL, Chertow GM, Jin C, Kutner NG. Significance of frailty among dialysis patients. J
Am Soc Nephrol. 2007; 18(11):4.

Johansen KL, Dalrymple LS, Delgado C, et al. Comparison of self-report-based and physical
performance-based frailty definitions among patients receiving maintenance hemodialysis. Am J
Kidney Dis. 2014; 64(4):4. [PubMed: 24954452]

Johansen KL, Dalrymple LS, Delgado C, et al. Association between body composition and frailty
among prevalent hemodialysis patients: a US Renal Data System special study. J Am Soc Nephrol.
2014; 25(2):4.

Deraz H, Mahmoud A, Fouad M. Prevalence and Correlates of Frailty among Patients on
Maintenance Hemodialysis. General Medicine: Open Access. 2015; 3:156.

Johansen KL, Dalrymple LS, Glidden D, et al. Association of Performance-Based and Self-
Reported Function-Based Definitions of Frailty with Mortality among Patients Receiving
Hemodialysis. Clin J Am Soc Nephrol. 2016; 11(4):4. [PubMed: 26700438]

Transplantatfon. Author manuscript; available in PMC 2017 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

McAdams-DeMarco et al. Page 9

l- Frail @@ Intermediately Frail

40

Percent (%)

20
1

18-45 46-65 >65

Age (In Years) at Kidney Transplantation

Figure 1. Prevalence of I ntermediate Frailty and Frailty Among Kidney Transplant Recipients
(KT), by Age (n=663)

The frailty score is calculated using the cutpoints from the Fried Frailty Phenotype (1).
Frailty is defined as a score of 3 or more and intermediate frailty as a score of 2.
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Figure 2. Prevalence of the Frailty Components Among Kidney Transplant (KT) Recipients
(n=663)

GP=Poor grip strength; PA=Low physical activity; EX=Exhaustion; WK=Slowed walk
speed; WL=Unintentional weight loss.
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Figure 3. Frailty Components Patterns Among Frail Kidney Transplant (KT) Recipients (n=129)
GP=Poor grip strength; PA=Low physical activity; EX=Exhaustion; WK=Slowed walk
speed; WL=Unintentional weight loss.
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Table 1

Frailty Prevalence in Subgroups of KT Recipients (n=663). The frailty score is calculated using the cutpoints
from the Fried Frailty Phenotype (1). Frailty is defined as a score of 3 or more and intermediate frailty as a
score of 2. The row percentages are provided to give the prevalence of frailty for each subgroup of KT
recipients.

. Intermediately .
Characteristics (n=35%, 46.9%) (n=210, 31.7%) (=179, 10506)  P-Value
Age (years)
<35 59.1 27.3 13.6 0.002
35-44 53.6 30.9 155
45-54 60.3 24.7 155
55-64 42.2 333 245
65-74 38.1 38.1 23.7
=75 27.3 50.0 22.7
Sex
Male 50.6 30.8 18.6 0.51
Female 46.0 332 20.8
Race
African American 49.6 28.2 22.2 0.18
Not African American 48.4 34.0 17.6
Obesity
Normal weight (<25) 50.2 31.7 18.1 0.75
Overweight (25-29) 50.9 29.7 19.4
Obesity (=30) 45.1 33.7 211
ADL disability
Yes 333 0.0 66.7 0.009
No 49.3 321 18.6
IADL disability
Yes 317 30.5 37.8 <0.001
No 52.2 31.9 159
CESD depression
Yes 14.9 31.9 53.2 <0.001
No 52.3 31.7 16.0
Education
Less than a high school 35.0 325 325 0.045
High school or higher 50.5 31.9 17.6
Current smoker
Yes 56.8 29.7 135 0.57
No 48.6 321 19.3
Residual kidney function
No 48.6 26.4 25.0 0.003
Yes 50.3 35.7 14.0
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. Intermediately .
Characteristics (n=524, 48.9%) (n=210,51.7%) (n=129, 10.5%)  P-Value
Time on dialysis (years)
0 52.3 30.0 17.7 0.21
0-2 445 38.0 175
>2 50.4 28.7 20.9
Type of dialysis
Hemodialysis 48.0 315 20.5 0.87
Peritoneal 52.9 29.9 17.2
Not on dialysis 52.3 30.0 17.7
Cause of ESRD
Hypertension 48.5 32.5 18.9 0.45
Diabetes 42.3 35.8 22.0
Glomerulonephritis 60.0 16.0 24.0
Other 51.0 31.3 17.8
History of CVD
Yes 51.2 25.6 233 0.68
No 49.7 31.2 19.1
History of Diabetes
Yes 40.4 34.7 24.9 0.01
No 52.2 30.5 17.3
Charlson Comorbidity Index 0.14
0 51.2 30.6 18.3
1-2 45.1 2715 275
23 44.4 44.4 111
Self-rated HRQOL
Excellent/Very good 61.9 29.5 8.6 <0.001
Good 49.8 317 18.6
Fair/Poor 391 34.0 26.9
Donor type
Live 53.2 28 .8 18.0 0.22
Deceased 46.3 334 20.3
Induction
ATG 46.9 34.1 19.0 0.43
IL-2RA 58.7 21.7 19.6
Other 51.2 26.2 22.6
No induction agent 55.8 25.6 18.6

ATG= anti-thymocyte globulin; IL-2RA= interleukin-2 receptor blockers.
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Table 2

Page 14

Correlates of Frailty Status Among Kidney Transplant (KT) Recipients (n=663). The frailty score is calculated

using the cutpoints from the Fried Frailty Phenotype (1). Frailty is defined as a score of 3 or more and

intermediate frailty as a score of 2.

Intermediately frail Frail
Correlate
PR (95% CI)  Pvalue PR (95% Cl) P value

Age > 65 years 1.82(1.11,2.96)  0.02 2.22 (1.21, 4.07) 0.01
Female sex 1.17(0.79,1.73)  0.43 0.92 (0.56, 1.53) 0.76
Black race 0.68 (0.44, 1.06) 0.09 0.97 (0.55, 1.69) 0.90
Obesity

Normal weight (BMI1<25) Ref Ref

Overweight (BMI 25-29)  0.85(0.54,1.36)  0.51 1.11 (0.62, 1.96) 0.73

Obesity (BMI >30) 1.12(0.69,1.81)  0.65 1.11 (0.61, 2.01) 0.74
IADL disability 1.41(0.74,2.67)  0.29 3.22(1.72,6.06)  <0.001
CESD depression 3.52 (1.34,9.26) 0.01 11.31(4.02,31.82) <0.001
< High school education 1.68 (0.75, 3.75) 0.21 3.10 (1.30, 7.36) 0.01
Current smoker 0.71(0.31, 1.64) 0.42 0.45 (0.12, 1.62) 0.22
No residual kidney function  0.76 (0.47, 1.21) 0.25 1.56 (0.69, 3.52) 0.27
Time and type of dialysis

Not on dialysis Ref Ref

Hemodialysis; 0-2 y 2.35(1.17,4.69)  0.02 1.43 (0.51, 4.06) 0.49

Hemodialysis; >2 y 1.19(0.63,2.25)  0.58 1.08 (0.38, 3.07) 0.89

Peritoneal dialysis; 0-2 y 1.08 (0.46, 2.54) 0.86 0.67 (0.20, 2.25) 0.51

Peritoneal dialysis; >2 y 1.37 (0.49, 3.83) 0.54 1.25 (0.38, 4.09) 0.70
Charlson Comorbidity Index

0 points Ref Ref

1-2 points 0.82(0.48,1.41) 048 1.31 (0.66, 2.58) 0.43

>3 points 158 (0.62,3.99)  0.33 0.61(0.12, 3.12) 0.55
Cause of ESRD

Hypertension Ref Ref

Diabetes 1.11(0.64,1.92)  0.71 1.06 (0.53, 2.12) 0.86

Glomerulonephritis 0.47 (0.14, 1.58) 0.22 1.27 (0.39, 4.10) 0.69

Other 0.98 (0.62, 1.57) 0.95 0.88 (0.49, 9.31) 0.67
Self-rated HRQOL

Excellent/Very good Ref Ref

Good 1.37(0.83,2.25)  0.22 2.80 (2.29, 6.07) 0.01

Fair/Poor 1.80 (1.07, 3.05) 0.03 3.71(1.48,9.31) 0.01
Donor type

Live Ref Ref

Deceased 1.51(0.98,2.32)  0.06 1.16 (0.67, 2.00) 0.59

ADL disability was excluded from the model for KT recipients because there were no participants with an ADL disability and intermediate frailty.
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