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Abstract
The disparity between the number of patients waiting for kidney transplantation and the limited
supply of kidney allografts has renewed interest in the benefit from kidney transplantation
experienced by different groups. This study evaluated kidney transplant survival benefit in prior
non-renal transplant recipients (kidney after liver, KALi; lung, KALu; heart, KAH) compared to
primary isolated (KA1) or repeat isolated kidney (KA2) transplant. Multivariable Cox regression
models were fit using UNOS data for patients wait listed and transplanted from 1995–2008.
Compared to KA1, the risk of death on the wait list was lower for KA2
(p<0.001;HR=0.84;CI=0.81–0.88), but substantially higher for KALu
(p<0.001;HR=3.80;CI=3.08–4.69), KAH (p<0.001;HR=1.92;CI=1.66–2.22), and KALi
(p<0.001;HR=2.69;CI=2.46–2.95). Following kidney transplant, patient survival was greatest for
KA1, similar among KA2, KALi, KAH, and inferior for KALu. Compared to the entire wait list,
renal transplantation was associated with a survival benefit among all groups except KALu
(p=0.017;HR=1.61;CI=1.09–2.38), where post-transplant survival was inferior to the wait list
population. Recipients of KA1 kidney transplantation have the greatest post-transplant survival
and compared to the overall kidney wait list, the greatest survival benefit.

Introduction
Prior kidney transplant recipients and recipients of a non-renal solid organ transplant who
subsequently develop advanced chronic kidney disease are commonly evaluated and wait
listed for a kidney transplant.1–2 In 2004, 19% of the kidney waiting list in the United
States was composed of recipients who had a prior transplant of any kind.3 Among prior
transplant recipients, the etiology of renal failure may be multifactorial; calcineurin inhibitor
nephrotoxicity is often suspected to be one of the most important contributors.4–7 The
number of these patients will probably grow further given an expanding population of solid
organ transplant recipients, increasing experience with kidney transplantation in this group,
and widespread use of calcineurin therapy.8–13

5To whom correspondence should be addressed. Division of Transplant Surgery, 1 Founders, Hospital of the University of
Pennsylvania, 3400 Spruce St., Philadelphia, PA 19104, Phone: 215 -662-2094, Fax: 215-615-4900, peter.l.abt@uphs.upenn.edu.
The other authors report no financial disclosures. There are no conflicts of interest to disclose.

NIH Public Access
Author Manuscript
Am J Transplant. Author manuscript; available in PMC 2011 November 1.

Published in final edited form as:
Am J Transplant. 2010 November ; 10(11): 2502–2511. doi:10.1111/j.1600-6143.2010.03292.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Patients with a prior organ transplant pose a particular challenge to the guiding principles of
kidney allocation: equity for individual candidates and efficient use of organs. In 1998, the
Department of Health and Human Services set forth the “Final Rule”, which stipulated
specifically that allocation policy should “achieve equitable allocation” while also aiming to
achieve “best use” of donated organs and “to avoid wasting organs.”14 The current system
for kidney allocation emphasizes equity by placing a high priority on individual waiting
time. Since 1998, however, several issues have driven interest in changing allocation to
place more emphasis on maximizing survival benefit from each kidney: 1) waiting time for a
kidney transplant has risen, 2) mortality on the waiting list remains very high, and 3) there is
recognition that many kidney recipients die with a functioning allograft, suggesting that
potential transplant benefit from these organs is lost.15–17 Kidney transplantation after prior
organ transplantation may conflict with equity in that a single individual receives more than
one organ while others wait for their first, and may not maximize the efficient use of the
kidney allograft if the survival of the non-renal transplant recipient is less than it would have
been for other individuals on the waiting list.18

These two ethical problems suggest that kidney transplantation among prior solid organ
transplant recipients should be carefully examined as a part of ongoing efforts to revise
kidney allocation in a way that respects the Final Rule.19–21 However, limited data are
available about the survival benefit from kidney transplantation among prior organ
recipients compared to primary isolated kidney transplant recipients. The aims of this study
were to assess the risk of death on the kidney wait list, the estimated survival benefit of
kidney transplantation, and post-transplant survival among patients with a previous non-
renal transplant compared to recipients of a primary or repeat isolated kidney transplant.

Methods
Study Design

This is a retrospective cohort study of kidney transplant candidates and transplant recipients
between January of 1995 and August of 2008 using registry data from the United Network
for Organ Sharing (UNOS). The Hospital of the University of Pennsylvania Institutional
Review Board approved the study.

The UNOS kidney, thoracic, and liver data sets were used to identify patients who were
listed for or who received a kidney transplant in the following clinical scenarios: primary
isolated kidney transplant (KA1), second isolated kidney transplant (KA2), kidney after lung
transplant (KALu), kidney after heart transplant (KAH), and kidney after liver transplant
(KALi).

Patients less than 17 years of age at the time of listing, patients listed for multiple organs,
simultaneous transplants, and patients with prior or subsequent transplants other than the
initial kidney, lung, heart, or liver, were excluded. Those patients missing patient age at the
time of listing, date of listing, date of transplant, donor age, and waitlist and pre-transplant
dialysis status were excluded from the analysis. A total of 264,558 KA1, 47,072 KA2, 362
KALu, 1,029 KAH, and 2,237 KALi wait list patients were identified. Among the wait list
patients, 132,856 KA1, 14,242 KA2, 170 KALu, 512 KAH, and 689 KALi underwent living
or deceased donor kidney transplantation.

Survival Analyses
The primary endpoints of the study were 1) wait list mortality defined as death on the wait
list or delisting due to severe illness 2) death after a kidney transplant and 3) death-censored
graft survival. Multivariable Cox hazard models were constructed to compare KA1, KA2,
KALu, KALi, and KAH. Independent variables nominally associated with the outcome
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(p<0.10) in univariate analysis were entered into the multivariable models. Covariates not
meeting entry threshold were also included if considered clinically significant. The wait list
model included the following covariates: candidate age, race, gender, diabetes, dialysis at
time of listing, and panel reactive antibody (PRA). Post transplant survival models included
Recipient characteristics of age, race, gender, diabetes, dialysis status at time of transplant,
hepatitis C seropositivity, and peak PRA, as well as Donor characteristics of age, race,
gender, cold ischemic time, and hepatitis C.

Transplant Survival Benefit
To quantify the potential benefit that a kidney, lung, heart, or liver transplant recipient
obtained from a deceased donor kidney transplant, the risk of death following
transplantation was compared to the risk of death on the waiting list. A time dependent
model was constructed in which waiting list survival was compared to transplant survival.
9,22 Survival time for wait list candidates was measured from the day of listing, with events
occurring at the time of wait list death or delisting due to severe illness. Wait list patients
were censored at the time of entry to the transplant group. All transplant recipients
contributed survival time to the waiting list population, and also to the transplant population
after transplantation. Comparing the kidney recipients to patients on the kidney wait list
allowed a more realistic assessment of survival benefit versus a comparison to all patients on
dialysis, since patients listed for a kidney transplant are implicitly recognized as achieving
medical suitability for kidney transplantation.

Survival of the transplant population in a specific clinical setting (e.g. KA2) was compared
to that group’s wait list survival using multivariable Cox hazard regression analysis.
Independent variables nominally associated with the outcome (p<0.10) in univariate
analysis, and variables considered clinically significant, were entered into the multivariable
models. The models were restricted to wait list covariates which included candidate age,
race, gender, diabetes, dialysis status, and etiology of renal failure.

Assessment of Relative Benefit from Kidney Transplant
In order to understand the relative survival benefit of a deceased donor kidney allograft in
the different clinical settings, transplant survival hazards for each clinical setting were
compared to the risk of wait list removal due to death or illness of the wait list population as
a whole. This analysis was limited to deceased donor kidneys in order to provide insight into
the effective use of deceased donor kidney allografts in different clinical situations.

Missing Data
Among the wait list cohort, data were missing for PRA (8.7%) and dialysis at the time of
wait listing (1.9%). Among the recipient cohort, data were missing for hepatitis C
seropositivity (11.9%), peak PRA (7.1%), and dialysis at the time of transplant (0.1%).
Within the donor cohort, data were missing for cold ischemic time (21.8%), diabetes
(16.2%), and hepatitis C seropositivity (4.3%). In our primary analyses, multivariate models
were constructed using patients with complete data. In order to demonstrate that eliminating
patients with incomplete data did not significantly affect the primary relationships of
interest, we conducted a sensitivity analysis with imputation of missing covariates for
variables missing greater than 5 percent of data. In addition, multiple sensitivity analyses
were performed in which missing values for PRA and cold ischemic time were imputed
using values corresponding to the 90%, 10%, and mean among patients who did have data
for these variables. Similarly, sensitivity analyses were performed in which patients with
missing data for binary covariates were imputed as having or not having hepatitis C, pre-
transplant dialysis, and diabetes. These secondary analyses demonstrated similar results as
the primary analyses and are not shown.
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Statistical analysis
Means of continuous variables were compared between groups using ANOVA. Categorical
variables were compared between groups using the chi-square test. All analyses were
performed using SPSS version 17.0 (SPSS Inc, Chicago, Il). Microsoft Excel 2003 was
utilized for construction of some figures.

Results
Wait List Demographics

From 1995 to 2007, the number of KA1 and KA2 patients on the kidney wait list at the end
of each year increased from 13,011 to 79,405 and 2,402 to 14,200 respectively. Although
fewer in number, the rate of increase of wait listed non-renal transplant candidates increased
more rapidly; KALu from 6 to 89, KAH from 30 to 254, and KALi, 36 to 632 (Figure 1).
Over 70 percent of KA1 and KA2 patients were receiving renal replacement therapy at the
time of listing as compared to 56.4 percent for KALu, 62.1 percent for KAH, and 63.4
percent for KALi (Table 1), suggesting earlier referral for addition to the waiting list. The
number of years from the time of the first transplant to listing for a kidney transplant varied
among the groups : KA2 6.2 (4.4), KALu 6.5 (3.1), KAH 7.1 (4.3), KALi 6.1 (4.0), p <
0.001. The most common indication for transplant at the time of listing was diabetes for
KA1, retransplantation/graft failure for KA2, and calcineurin inhibitor nephrotoxicity for
KALu, KAH, and KALi. During the study period, KALu, KAH, and KALi had the greatest
percentage of patients dying or requiring delisting due to illness while awaiting a transplant;
32.0, 28.1, and 32.6 percent respectively, compared to 16.6 and 12.5 percent for KA1 and
KA2.

Recipient Demographics
The number of isolated deceased donor kidney transplants performed each year has
increased between 1995 and 2007. There has been a 450 percent increase for KA1 (1,954 to
8,815 total), a 548 percent increase for KA2 (184 to 1,008), a 400 percent for KALu (1 to 4);
760 percent increase for KAH (5 to 38); and 2,150 percent for KALi (2 to 43). 13.4% of
KA2 and 10.2% of KALi recipients were listed for renal transplantation within one year of
the first organ, compared to 1.4% and 3.6% for KALu and KAH respectively. The mean
number of years from the time of first transplant to the kidney transplant varied among the
recipient groups: KA2 7.8 (4.4), KALu 7.6 (2.9), KAH 6.7 (4.7), KALi 4.3 (3.2), p < 0.001.
At the time of transplant, greater than 80% of KA1 and KA2 recipients were receiving
dialysis as compared to 58.3, 64.4, and 69.3 percent of KALu, KAH, and KALi respectively
(Table 2). Recipients of a previous non-renal transplant had shorter kidney waiting times.
17.2% of KA1, 10.5% KA2, 13.9% KALu, 17.2% KAH and 14.0% of KALi received an
expanded criteria donor organ. Hepatitis C was most common among previous liver
recipients.

Wait List Survival
In examining the number of wait list removals due to death or illness per 100 wait list years,
KA2 had the least with 5.4 for those not on dialysis at the time of listing and 7.3 deaths per
100 wait list years for those on dialysis at the time of listing. This was followed by KA1
with 7.5 and 8.6, KAH with 15.8 and 20.3, KALi with 22.6 and 24.9, and KALu with 18.7
and 30.7 deaths per 100 wait list years for those patients not on dialysis and those on dialysis
at the time of listing, respectively. A 3-year adjusted analysis of wait list survival (Figure 2)
using KA1 as the reference demonstrates that the KA2 population (HR = 0.84, CI = 0.81–
0.88, p<0.001) had the lowest risk of wait list removal. KAH (HR = 1.92, CI = 1.66–2.22,
p<0.001), followed by KALi (HR = 2.69, CI = 2.46–2.95, p<0.001) and KALu (HR = 3.80,
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CI = 3.08–4.69, p<0.001) demonstrated increasing risk of wait list removal due to death or
illness.

Transplant Survival Benefit
A significant survival benefit from renal transplantation with a deceased donor kidney
compared to remaining on the kidney wait list was observed for all clinical settings: KALu
(HR = 0.47, CI = 0.30–0.75, p = 0.001), KAH (HR = 0.38, CI = 0.29–0.50, p = 0.001),
KALi (HR = 0.37, CI = 0.30–0.45, p < 0.001), KA1 (HR = 0.52, CI = 0.51–0.53, p < 0.001),
and KA2 (HR = 0.70, CI = 0.66–0.75, p < 0.001) (Figure 3).

In order to estimate the relative survival benefit from a deceased donor kidney transplant
across the different transplant settings, we performed an adjusted analysis comparing the
risk of wait list removal due to death or illness using the entire wait list population as the
reference (Figure 4) to outcomes of post-kidney transplant survival among KA1, KA2,
KAH, KALi, and KALu. In this analysis, KA1 had the lowest hazard ratio (HR = 0.53, CI =
0.52–0.54, p<0.001). The relative risk of death after renal transplant was significantly
decreased compared to the risk of death of the wait list population for sequential
transplantation in KA2 (HR=0.65, CI = 0.62–0.69, p < 0.001) and KAH (HR=0.73, CI =
0.58–0.93, p = 0.011), and approached significance for KALi (HR=0.85, CI = 0.71–1.03, p =
0.09). Among KALu the risk of death after a kidney transplant (HR = 1.61, CI = 1.09–2.38,
p = 0.017) was greater than the risk of death or removal from the entire wait list population.

The impact of living donation on survival benefit was compared to that of deceased
donation. KALu had the greatest percentage of living donation, 57.6% (N=98) of all KALu
transplants, with 29.3% (N=39,067) for KA1, 24.9% for KA2 (N=3,548), 29.6% for KAH
(N=152), and 19.1% for KALi (N=132). The survival benefit of receiving a living donor
kidney or a deceased donor kidney as compared to remaining on the wait list was evaluated
in a separate model for each clinical scenario. Compared to receiving a deceased donor
kidney, receipt of a living donor kidney was associated with an approximately two-fold
increase in survival benefit as compared to deceased donor kidney transplantation for KA1,
KA2, and KALu, while KAH and KALi living donation was associated with a 1.3 fold or
greater increase in survival benefit compared to a deceased donor (Table 4).

Post Transplant Survival
Ten-year adjusted patient and death-censored graft survival for recipients of a deceased
donor kidney are presented in Figure 5. Patient survival in the KA1 population was greatest,
while KALu was associated with the poorest survival (HR = 4.26, CI = 2.78–6.55, p<0.001).
KA2 (HR = 1.23, CI = 1.15–1.31, p<0.001), KAH (HR = 1.22, CI = 0.93–1.60, p=0.144),
and KALi (HR = 1.27, CI = 1.01–1.59, p=0.041) patient survival were similar. No
significant differences in death-censored graft survival compared to KA1 were observed.
Five years after transplant, death with a functioning graft accounted for 80.0% of graft loss
in KALu, 72.0% in KAH, 64.3% in KALi, 47.5% in KA1, and 40.8% in KA2 (p < 0.001).

Discussion
The growing mismatch between the number of kidney transplant candidates and available
organs has led to efforts to revise the allocation system for kidney allografts so as to
maximize recipient survival benefit.15,23 Allocating kidney transplants to recipients of a
prior solid organ, however, poses potential problems for the guiding ethical principles of
equity and efficiency.18 Given clinical heterogeneity between the different groups of prior
solid organ transplant recipients with chronic kidney disease, we studied the transplant
benefit for each group compared to the waiting list population for each group, as well as the
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relative transplant benefit between the different clinical scenarios compared to the entire
waiting list. Our results show that kidney transplantation offers superior survival compared
to remaining on the waiting list for all groups examined. However, recipients of a primary
isolated kidney transplant have the greatest post-transplant survival and compared to the
overall kidney wait list, the greatest survival benefit.

With improvements in survival after non-renal transplantation, greater numbers of patients
with a prior heart, liver, or lung transplant are developing renal disease and joining the
waiting list for a kidney transplant. Although the number of non-renal transplant recipients
added to the kidney wait list is a relatively small fraction of the entire wait list, the number
of these patients is increasing at a rapid rate. As these patients are competing for a limited
resource, policy-makers and clinicians should understand the high risk of death for prior
organ recipients while waiting for a kidney transplant as well as the potential survival
benefit of a kidney transplant compared to patients with advanced chronic kidney disease
who are waiting for a primary or repeat transplant.

This study demonstrates that prior non-renal transplant recipients with advanced chronic
kidney disease have a greater risk of dying or being delisted while waiting for a kidney
compared to patients awaiting an isolated kidney transplant. Compared to KA1, the risk of
death was 192, 269, and 380 percent higher for patients with a previous heart, liver, or lung
respectively. The increased risk of death or being delisted occurred despite some conditions
generally associated with improved outcome such as earlier referral for kidney listing, lower
rates of dialysis, and shorter waiting time for a kidney transplant. Unfortunately, cause of
death data are frequently missing in the UNOS dataset, and therefore, we did not analyze
cause of death by recipient subgroup. An increased risk of cardiovascular morbidity and
mortality is well described and associated with severity and duration of chronic kidney
disease among patients who are not transplant recipients.

Thus, it is likely that cardiovascular disease accounts for a substantial portion of patients
delisted.24–25 Our findings are consistent with a recent report from Canada showing that
the risk of death for dialysis-dependent liver recipients is increased compared to dialysis
patients without a prior transplant. In that study, the five year survival was 17 percent,
compared to 43 percent among dialysis patients without a liver transplant.26 A similar
finding was noted in dialysis dependent heart transplant recipients compared to a non-
transplant dialysis cohort.27

Our study also revealed that the relative survival benefit from a kidney allograft varies
across recipient groups. In order to compare the survival benefit of a kidney transplant
among the different clinical groups, transplant survival hazards for each group were
compared to the risk of death or delisting from the wait list population as a whole. A kidney
allograft will offer the greatest survival benefit if allocated to a patient without a prior
transplant. Kidney transplantation in a patient with a previous heart demonstrated a survival
advantage, but the risk reduction was less than if the transplant had been performed in a
primary kidney or repeat kidney transplant setting (KA1 or KA2). Kidney transplantation in
previous liver recipients improved survival compared to the kidney wait list, however this
did not reach statistical significance. This analysis was particularly instructive with regard to
KALu recipients. Although KALu recipients had a marked survival advantage with a kidney
transplant when compared to the KALu wait list, the risk of death after a kidney transplant
for KALu remained quite elevated, such that lung transplant recipients with a kidney
transplant had a 61 percent greater risk of death versus all individuals on the waiting list for
a kidney.
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The results of this study are consistent with previous findings that have addressed graft and
patient survival in the setting of retransplantation. Using the Scientific Registry of
Transplant Recipients, Magee et. al. demonstrated inferior graft survival among patients
retransplanted with the same organ for kidney, liver, lung, and heart compared to first
transplants.1 Despite inferior graft survival for recipients of a kidney retransplant compared
to a primary transplant, Rao et. al. and Ojo et. al. have shown a patient survival advantage
with repeat kidney transplantation compared to remaining on dialysis after primary graft
failure, although the survival advantage may not apply to those who received an extended
criteria organ.10–11,28 Similar to our results, the survival benefit of a kidney after a non-
renal transplant has been demonstrated for heart and lung recipients as well as non-renal
transplant recipients as a group, but our study is the first to specifically address this issue
among prior liver transplant recipients8,9.

Our results may help inform efforts to change kidney allocation in a way that optimally
matches projected patient and allograft survival. We found that KALu post-kidney survival
was markedly inferior to KA1 kidney recipients, with a 235 percent increased risk of death,
and poorer survival when compared to KALi kidney recipients. Patient survival after kidney
transplant was similar among KA2, KAH, and KALi,. Additionally, this analysis
demonstrates the high incidence of graft failure due to patient death among non-renal kidney
transplant recipients. This high rate of allograft loss due to patient death raises concerns
about “wasted” years of potential allograft life that could be realized in an allocation
strategy that optimally matched projected patient and allograft survival.

Our findings may also be helpful to healthcare providers of patients with non-renal
transplants and advanced CKD. The high risk of death on the waiting list should encourage
early listing in order to facilitate a timely kidney transplant. Additionally, in regions where
listing for an expanded criteria donor organ shortens waiting time, patients should strongly
consider this option. Use of an extended criteria organ may also help to decrease the number
of organs which fail due to patient death, which is 80.0, 72.0, and 64.3 percent among
KALu, KAH, and KALi respectively. Our findings are also instructive when advising
potential living donors considering donating a kidney to a patient with a non-renal
transplant. Living donor kidney transplantation improves the survival benefit compared to a
deceased donor transplant. However, the shortened patient survival, particularly among
previous lung recipients, and the likelihood of death with a functioning graft, may influence
a potential donor’s decision.

This study employed registry data and has limitations. Residual confounding by unmeasured
clinical attributes could have influenced the results. These confounders may include
differences in how prior organ transplant recipients were evaluated and selected for kidney
transplantation. Patients with a prior transplant likely received closer medical attention as
demonstrated by the number of preemptive kidney transplants and the greater percentage of
living donor transplants in certain groups. Underscoring some of the differences between the
wait list groups is the increased risk of wait list removal in non-renal recipients despite
evidence of earlier referral for kidney transplantation. The non-renal kidney recipients had
significantly shorter waiting times for a deceased donor kidney transplant, suggesting
potential unmeasured differences in donor selection and an area for future investigation.

In summary, our analysis demonstrates an elevated risk of death or removal from the kidney
wait list among patients with a history of previous liver, lung, or heart transplant. Recipients
of a prior heart or liver can achieve similar post kidney transplant survival as a repeat kidney
transplant recipient. These data should encourage the timely referral of medically
appropriate non-renal transplant recipients for kidney transplantation and also has
implications for organ allocation policy that focuses on maximizing patient survival.
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Figure 1.
Percent change in the size of the kidney waitlist compared to the 1995 kidney wait list
population reference group, by year.
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Figure 2.
Adjusted 3 year kidney wait list survival.
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Figure 3.
5 year adjusted survival benefit of transplantation compared to remaining on the wait list.
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Figure 4.
5 year adjusted transplant survival compared to survival of the entire wait list
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Figure 5.
10 year adjusted post transplant patient and death censored graft survival.
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Table 4

Five year adjusted survival benefit of living (LD) or deceased (DD) donor kidney transplantation compared to
remaining on the wait list.

Transplant Group Significance HR 95% CI

Kidney alone (KA1) LD p < 0.001 0.27 0.27–0.28

KA1 DD p < 0.001 0.52 0.51–0.53

Repeat kidney (KA2) LD p < 0.001 0.38 0.33–0.43

KA2 DD p < 0.001 0.70 0.66–0.75

Kidney after lung (KALu) LD p < 0.001 0.29 0.17–0.49

KALu DD p = 0.002 0.50 0.32–0.78

Kidney after heart (KAH) LD p < 0.001 0.30 0.20–0.45

KAH DD p < 0.001 0.38 0.29–0.50

Kidney after liver (KALi) LD p < 0.001 0.23 0.15–0.37

KALi DD p < 0.001 0.37 0.30–0.45
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