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and Albuminuria Reflects Risk
Christine A. White, MD,1 Ayub Akbari, MD,2,3,4 Hari Talreja, MD,2 Neha Lalani, BSc,2 and Greg A. Knoll, MD2,3,4

Background. The 2012 Kidney Dialysis Initiative Global Outcomes chronic kidney disease (CKD) classification scheme subdi-
vides stage 3 CKD and incorporates the urinary albumin-to-creatinine ratio (ACR). The aim of this study was to evaluate whether
the novel scheme provides graded risk in kidney transplant recipients (KTRs).Methods.Prevalent KTRswith available laboratory
data were included. The primary outcome was a composite of doubling of serum creatinine, graft failure, or death. Patients were
stratified using the CKD-Epidemiolgic Collaboration equation, and ACR and the event rate per 1000 patient-years in each CKD
category were calculated.Results. There were 269 KTRswith amean follow-up of 4.5 ± 2.0 years. There was a graded increase
in outcomes with increasing ACR and decreasing estimated glomerular filtration rate (eGFR). For the primary outcome, the event
rate was 15.3 (95% confidence interval, 4.2-39.2) per 1000 patient-years for those with an eGFR greater than 60 mL/min per
1.73 m2 and an ACR less than 30 mg/g, whereas it was 375 (95% confidence interval, 193.8-655.1) for those with an eGFR less
than 30 mL/min per 1.73 m2 and an ACR greater than 300 mg/g.Conclusions. The novel Kidney Dialysis Initiative Global Out-
comes classification scheme provides graded risk for important clinical events in KTRs. This information can be used to identify
high-risk patients and to tailor follow-up and management strategies aimed at improving outcomes.

(Transplantation Direct 2016;2: e96; doi: 10.1097/TXD.0000000000000606. Published online 25 July 2016.)
In 2002, the National Kidney Foundation Kidney Dialysis
Outcomes Quality Initiative published guidelines on the

classification of chronic kidney disease (CKD).1 The pro-
posed scheme classified patients into CKD stages 1 to 5 based
on the glomerular filtration rate (GFR). The guidelines were
widely adopted internationally, and their merits and pitfalls
have been widely discussed.2-7 In 2004, the Kidney Dialysis
Initiative Global Outcomes (KDIGO) work group endorsed
the guidelines and recommended that transplant patients be
further identified by including a “T”.8

One of the major criticisms of the guideline classification
scheme was its failure to adequately reflect prognosis.2,9 Evi-
dence had accumulated revealing proteinuria as an important
predictor of outcome and that the risk of adverse outcomes
varied greatlywithin the sameCKDstage depending on degree
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of proteinuria.4,5,10-13 In response to ongoing debate and with
new evidence, KDIGO has refined the original scheme with
subdivision of stage 3CKD into 2 substages and incorporation
of a measure of proteinuria (urinary albumin-to-creatinine ra-
tio [ACR]).14

The new guidelines also recommend that patients be clas-
sified by diagnosis including transplantation.14 Transplant
recipients, however, were not included in the study popula-
tions analyzed by KDIGO,15 and it is not known whether
the new classification system reflects risk in this unique pop-
ulation as it does in other populations. The purpose of this
study was to evaluate whether the novel KDIGOCKD classi-
fication scheme provides graded risk for the important clini-
cal outcomes of mortality, graft function decline, and graft
loss in kidney transplant recipients.
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MATERIALS AND METHODS

Study Population

The study received approval from theOttawaHospital Re-
search Ethics Board. The study population included adult kid-
ney transplant recipients followed up at the Ottawa Hospital
whowere at least 6months posttransplantation andwhohad par-
ticipated in either aGFRmeasurement study16 or in a randomized
controlled study examining the use of angiotensin-converting
enzyme (ACE) inhibitors.17 For the GFRmeasurement study,
patients provided a serum sample for creatinine (Cr) and a
urine sample for ACR at the first study visit. For patients in
the ACE inhibitor study, Cr was obtained on the day of ran-
domization and the ACRwas abstracted from themedical re-
cords (all within 1 month of randomization).
Laboratory Assessment

Serum and urine Crwas measured using the modified Jaffe
reaction on a Beckman Coulter LX20 Pro Clinical System
using manufacturer's reagents (Beckman Coulter Inc. Brea
CA). The coefficient of variation for serum Cr was 4.9% at
0.6 mg/dL (55 μmol/L), 1.7% at 1.7 mg/dL (150 μmol/L),
and 1.3% at 6.8 mg/dL (600 μmol/L). Creatinine values were
adjusted to the isotope dilution mass spectrometry standard.
Urine albumin was measured by an immunoturbidimetric
method. Coefficient of variation for urine albumin was 4.1%
at 2.7 mg/dL (27 mg/L) and 3.1% at 12 mg/dL (120 mg/L).
The coefficient of variation for urineCrwas 1.7%at 69mg/dL
(6.1 mmol/L) and 1.5% at 167 mg/dL (14.8 mmol/L).
TABLE 1.

Patient characteristics

Characteristics N = 269

Mean (SD) age, y 54.1 (12.6)
Male (n [%]) 177 (66)
White race (n [%]) 244 (91)
Mean (SD) body surface area, m2 1.87 (0.30)
Mean (SD) time post-transplant, y 7.0 (6.6)
Mean (SD) follow-up time from study entry, y 4.5 (2.0)
Etiology of ESRD (n [%])
Diabetes mellitus 49 (18)
Polycystic kidney disease 38 (14)
Glomerulonephritis 58 (22)
Hypertension 19 (1)
Other 105 (39)
Outcomes

Graft failure (need for dialysis or repeat transplantation),
patient death, and doubling of serum Cr were extracted retro-
spectively from the medical records of patients in the GFR
measurement study and from data collected prospectively
by the Ottawa Hospital kidney program of all transplant re-
cipient deaths and new dialysis starts. The same data were
collected prospectively for the ACE inhibitor study partici-
pants by the research study coordinator. Data were collected
until the first occurrence of doubling of serum Cr, graft fail-
ure, or death. The primary outcome was a composite mea-
sure consisting of the first occurrence of doubling Cr, graft
failure, or death. The secondary outcome was an allograft
composite consisting of doubling of serum Cr or graft loss.
Tertiary outcomewas patient death. These outcomeswere se-
lected as they are standard and meaningful outcomes in clin-
ical trials in kidney transplantation.17-19
Mean (SD) serum creatinine, mg/dL 1.58 (0.72)
Mean (SD) CKD-EPI eGFR, mL/min per 1.73 m2 53.8 (21.5)
GFR stage by CKD-EPI eGFR n (%)
G1, GFR ≥ 90 mL/min per 1.73 m2 16 (6)
G2, GFR 60-89 mL/min per 1.73 m2 84 (31)
G3a, GFR 45-59 mL/min per 1.73 m2 71 (26)
G3b, GFR 30-44 mL/min per 1.73 m2 62 (23)
G4, GFR 15-29 mL/min per 1.73 m2 31 (12)
G5, GFR < 15 mL/min per 1.73 m2 5 (2)

Mean (SD) urine ACR, mg/g 199.75 (462)
A1, < 30 mg/g [n (%)] 118 (44)
A2, 30-299 mg/g [n (%)] 114 (42)
A3, > 300 mg/g [n (%)] 37 (14)
Analysis

Patients were stratified according to the new classification
scheme using theCKD-Epidemiolgic Collaboration (CKD-EPI)
estimated GFR (eGFR) equation20 and the ACR. For this anal-
ysis, GFR categories G1 and G2 were combined as were G4
and G5 because numbers were small, and these share the same
KDIGO risk categories at all levels of albuminuria (ie, G1 and
G2 both are low risk for A1, intermediate for A2 and high risk
for A3). Unadjusted Poisson regression was used to deter-
mine event rates (with 95% confidence intervals) expressed
per 1000 patient-years for each of the outcome measures.
Copyright © 2016 The Authors. Transplantation D
RESULTS

Patient Characteristics

Two hundred sixty-nine patients were included: 172 from
the GFR measurement study and 97 from the ACE inhibitor
study. The baseline characteristics of the cohort are presented
in Table 1. Mean (SD) follow-up time was 4.5 (2.0) years.
The majority (91%) of patients were white. The mean calcu-
lated CKD-EPI GFR was 53.8 (21.5) mL/min per 1.73 m2.
There were subjects in all 5 GFR categories. Mean ACR was
199.8 (462) mg/g with 44% of the cohort having an ACR less
than 30 mg/g. Table 2 shows the distribution of the cohort
within the risk groups. There were fewer patients with either
the highest degree of proteinuria (14%, ACR > 300 mg/g) or
the lowest GFR category (13%, eGFR < 30 mL/min per
1.73 m2).

Outcome Occurrence

The primary outcome occurred in 70 (26%) patients. The
secondary outcome occurred in 41 (15%) patients; 24 (9%)
patients who experienced doubling of Cr and 17 (6%) who
experienced graft loss. Twenty-nine (11%) patients died.

Event Rates by Risk Category

The event rates per 1000 patient-years are shown in Table 3.
The number of events and person years followed are shown in
supplementary Table S1 (SDC, http://links.lww.com/TXD/A28).
For the primary and secondary outcomes (Table 3A and B),
there was an increased and graded risk within eGFR catego-
ries as ACR increased. Within each ACR category, there was
increased and graded risk of events as eGFR declined. The
primary outcome rate for those with eGFR greater than
irect. Published by Wolters Kluwer Health, Inc.
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TABLE 3.

Event rate per risk group (expressed as event per
1000 patient-years)

TABLE 2.

Distribution of cohort within CKD groups, n (%of cohort)
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60 mL/min per 1.73 m2 was 15.3 (95% confidence interval
[95% CI], 4.2-39.2) for those in the lowest ACR category
and 96.4 (95% CI, 19.9-281.6) for those in the highest
ACR category (Table 3A). Similarly, the primary outcome
rate for those in the lowest ACR category was 15.3 (95%
CI, 4.2-39.2) for those with eGFR greater than 60 mL/min
per 1.73 m2 and 163.5 (95% CI, 53.1 to 381.5) for those
with eGFR less than 30 mL/min per 1.73 m2. The highest pri-
mary outcome rate was 375 (95% CI, 193.8-655.1), seen in
those in the highest ACR and lowest eGFR categories com-
bined. This is 25-fold higher than the rate seen in the lowest
risk group (highest eGFR and lowest ACR categories com-
bined). Similar patterns are seen for the secondary and tertiary
outcomes (Table 3B and C). Death has a less consistent graded
risk relationship than the other outcomes and seems more
closely related to eGFR than it does to ACR.
DISCUSSION

In this study, we found that the new KDIGO classification
scheme provides a graded risk assessment for kidney trans-
plant recipients similar to what is seen in the general popula-
tion. Patients with heavy proteinuria and significantly
reduced eGFR had the highest event rates. For the highest
eGFR category, there was a 4-fold increase in the occurrence
of the primary outcome between the lowest and highest ACR
categories. In the lowest eGFR category, there was an 11-fold
increase. The classification scheme is simple to administer
and does not require multiple additional variables included
in more complicated risk prediction scores available.21,22

Our findings in kidney transplant recipients are consistent
with previous analyses in the nontransplant population.5,23,24

There are, however, a few notable differences. First, the event
rate was higher in our lowest risk group (eGFR > 60 mL/min
per 1.73m2, ACR < 30mg/g) comparedwith similarly catego-
rized nontransplant patients. Tonelli et al5 report a rate of re-
nal outcomes (end-stage renal disease [ESRD] or registration
for transplant) and of death of 0.7 events and 8.9 per 1000
patient-years in patients with combined eGFR greater than
60 mL/min per 1.73 m2 and ACR less than 30 mg/g in a
Canadian provincial registry. In pooled analyses of popu-
lations considered at high risk for CKD, rates of ESRD and
all-cause mortality were 0.22 and approximately 10 per
1000 patient-years, respectively, in the combined low ACR
and high eGFR category.23,24 These event rates are much
lower than the rates in our study. The finding of higher event
rates in transplant recipients is not surprising given that most
Copyright © 2016 The Authors. Transplantation Di
of these patients have already survived a phase of CKD and
dialysis before undergoing transplantation and have additional
risks, such as immunosuppressant exposure and toxicity.

The second major difference in our study is that the event
rates in the combinedmoderately increased ACR andmoder-
ately to severely decreased eGFR (G3bA2) group, designated
as a “very high risk” group by KDIGO are more similar to
those of the KDIGO “high risk” groups (ie, G3a, A2) than
to the rates observed in the other “very high risk” groups
(Table 3). In contrast, in the cohorts studied by the KDIGO
consortium, the event rates in G3bA2 are significantly higher
than that of G3aA2.4,23,24 This suggests that the relationship
between GFR and outcomes may be different in transplanta-
tion as compared with native kidney disease at this moderate
reduction in kidney function frequently seen in kidney
transplantation.

This concept is supported by the findings that eGFR alone
is not robustly predictive of graft survival.21,25,26 In 1 study
using a 6-month posttransplant eGFR, He et al25 found an
rect. Published by Wolters Kluwer Health, Inc.
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area under the curve by receiver operating curve analysis of
only 0.6 for 5-year graft failure. In other words, by randomly
selecting 2 individuals, 1 from each of the 2 groups (those
who developed graft failure and those who did not), the indi-
vidual who developed graft failure will have had the lower
eGFR only 60% of the time. This is only slightly improved
over the results you would obtain by random chance. Other
groups have also reported similar findings, suggesting that
there are other important determinants of graft failure/
death.21,26 The results of our study suggest that incorporat-
ing proteinuria may improve predictive ability of the eGFR.

Two scoring systems have been proposed incorporating
eGFR and proteinuria among multiple other variable to pre-
dict graft failure.21,27 These however are very cumbersome
and were developed using data from one year post transplant
which limit their clinical utility.21,27 Bucsa et al28 examined
the association betweenGFR categories, proteinuria, and out-
comes in 231 renal transplant recipients but used 24-hour
urine total protein collections which were then converted to
estimated albumin excretion and the 4 variable MDRD
equation. The composite outcome studied was death, ESRD,
or a greater than 30% decline in eGFR from 6 months
posttransplant. Patients were observed from study enrollment
for a total of 30months. There were no deaths, 13 patients de-
veloped ESRD, and 51 reached the composite endpoint. They
do not however present event rates by eGFR/ACR group and
those that did not. This study is also hampered by the short
follow-up, lack of ACR, and low number of outcomes during
the prospective study time. As a result, it is very difficult to
draw any real conclusions about the utility of the KDIGO
CKD risk stratification in transplant recipients from this study.

Strengths of our study include the comprehensive assess-
ment of important outcomes, the measurement of ACR,
and eGFR on the same day in the majority of study subjects
and within 1 month in the remainder, and the presence of
subjects with all 3 albuminuria categories. Study weaknesses
include a relatively small number of events contributing to
wide confidence intervals for some categories. Although the
precision would have improved with more events, we still
found a graded relationship between worsening eGFR/ACR
and outcomes. Other comorbid conditions of the GFR mea-
surement study patients were not known, so we could not
provide an adjusted analysis. It is possible that confounding
may have influenced the study results as patients in the
highest risk categories may have had other characteristics
(ie, heart disease) that put them at risk of adverse outcomes.
Information about the use of medications that inhibit the
renin-angiotensin system are not known for the GFR mea-
surement study cohort. The results from the ACE inhibitor
randomized controlled trial revealed that Ace inhibition
had no impact on graft failure, patient death, or doubling
of serumCr.17 There should therefore be no impact of Ace in-
hibitor use on our current findings. Finally, the mean time
posttransplant was 7.0 ± 6.6 years, so results may be affected
by survival bias. However, prevalent populations (prone to
survivor bias) were also used in the validation of the new
KDIGO classification system in nontransplant patients.

The results of this study suggests that the 2012 KDIGO
CKD classification scheme provides graded risk in kidney
transplant recipients with worse outcomes observed in pa-
tients with increasing degrees of proteinuria within each
GFR category. The classification scheme also supports the
Copyright © 2016 The Authors. Transplantation D
KDIGOGuidelines for the Care of Kidney Transplant Recip-
ients' recommendation of yearly urinary protein excretion as-
sessment.29 Confirmation of study findings in a larger cohort
is required.
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