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Abstract
Background: Several different indices summarize patient comorbidity using health care data. An accurate index can be used 
to describe the risk profile of patients, and as an adjustment factor in analyses. How well these indices perform in persons 
with chronic kidney disease (CKD) is not well known.
Objective: Assess the performance of 5 comorbidity indices at predicting mortality in 3 different patient groups with CKD: 
incident kidney transplant recipients, maintenance dialysis patients, and individuals with low estimated glomerular filtration 
rate (eGFR).
Design: Population-based retrospective cohort study.
Setting: Ontario, Canada, between 2004 and 2014.
Patients: Individuals at the time they first received a kidney transplant, received maintenance dialysis, or were confirmed to 
have an eGFR less than 45 mL/min per 1.73m2.
Measurements: Five comorbidity indices: Charlson comorbidity index, end-stage renal disease-modified Charlson 
comorbidity index, Johns Hopkins’ Aggregated Diagnosis Groups score, Elixhauser score, and Wright-Khan index. Our 
primary outcome was 1-year all-cause mortality.
Methods: Comorbidity indices were estimated using information in the prior 2 years. Each group was randomly divided 
100 times into derivation and validation samples. Model discrimination was assessed using median c-statistics from logistic 
regression models, and calibration was evaluated graphically.
Results: We identified 4111 kidney transplant recipients, 23 897 individuals receiving maintenance dialysis, and 181 425 
individuals with a low eGFR. Within 1 year, 108 (2.6%), 4179 (17.5%), and 17 898 (9.9%) in each group had died, respectively. 
In the validation sample, model discrimination was inadequate with median c-statistics less than 0.7 for all 5 comorbidity 
indices for all 3 groups. Calibration was also poor for all models.
Limitations: The study used administrative health care data so there is the potential for misclassification. Indices were 
modeled as continuous scores as opposed to indicators for individual conditions to limit overfitting.
Conclusions: Existing comorbidity indices do not accurately predict 1-year mortality in patients with CKD. Current indices 
could be modified with additional risk factors to improve their performance in CKD, or a new index could be developed for 
this population.

Abrégé 
Contexte: Il existe plusieurs indices cliniques qui résument les comorbidités des patients à partir des données du système 
de santé. Un indice fiable pourrait être utilisé pour décrire le profil de risque du patient et agir à titre de facteur correctif 
dans les analyses. Nous en savons encore peu sur la manière dont performent ces indices chez les personnes souffrant 
d’insuffisance rénale chronique (IRC).
Objectif: L’étude visait à évaluer la performance de cinq indices de comorbidité à prédire la mortalité dans trois différents 
groupes de patients : (1) des patients nouvellement greffés du rein; (2) les patients traités par dialyse d’entretien, et; (3) des 
individus présentant un faible débit de filtration glomérulaire estimé (DFGe)
Type d’étude : Il s’agit d’une étude de cohorte rétrospective représentative de la population étudiée.
Cadre: L’étude s’est tenue en Ontario, au Canada, entre 2004 et 2014.
Sujets: Les sujets ont été inclus au moment d’une première greffe rénale, alors qu’ils amorçaient un traitement de dialyse 
périodique ou au moment du diagnostic d’un DFGe inférieur à 45 ml/min/1,73 m2.
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Mesures: Cinq indices de comorbidité ont été évalués : l’indice de comorbidité de Charlson, une version de ce même indice 
ajustée pour l’insuffisance rénale terminale, le Johns Hopkins’ Aggregated Diagnosis Groups score, le score d’Elixhauser et l’indice 
de Wright-Khan. Le principal résultat mesuré était la mortalité toutes causes à l’intérieur d’un an.
Méthodologie: Les indices de comorbidité ont été estimés à partir des informations recueillies pour les deux ans précédant 
l’inclusion des sujets. Chaque groupe a été divisé 100 fois de façon aléatoire pour constituer des échantillons de dérivation 
et de validation. Le pouvoir discriminant du modèle a été évalué en utilisant la médiane de la statistique C des modèles de 
régression logistique, et la calibration a été estimée graphiquement.
Résultats: Nous avons répertorié un total de 4 111 receveurs d’une greffe rénale, de 23 897 individus suivant un traitement 
de dialyse périodique et de 181 425 individus dont le DFGe se situait sous le seuil des 45 ml/min/1,73 m2. Durant la période 
étudiée sont décédés 108 patients greffés (2,6 %), 4 179 patients dialysés (17,5 %) et 17 898 sujets présentant un faible DFGe 
(9,9 %). Dans l’échantillon de validation, le pouvoir discriminant du modèle s’est avéré inadéquat pour chacun des indices 
dans les trois groupes, avec une médiane de la statistique C de 0,7. La calibration s’est également montrée faible dans tous 
les modèles.
Limites: Nous avons employé les données administratives en santé et dès lors, certaines données ont pu être mal classées. 
Les indices évalués ont été modélisés sous forme de scores en continu plutôt que comme des indicateurs de l’état de santé 
individuel afin de limiter la surcorrection.
Conclusion: Les indices de comorbidité existants n’ont pu prédire avec exactitude la mortalité sur une période d’un an 
dans une population de patients atteints d’insuffisance rénale chronique. Le pouvoir prédictif des indices actuels pourrait 
être amélioré dans les cas d’IRC par l’ajout de facteurs de risques supplémentaires. Sinon, l’élaboration d’un nouvel indice 
spécifique à cette population pourrait représenter une autre avenue.
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What was known before

Several different indices have been developed that summa-
rize patient comorbidity using health care data. How well 
these indices perform in persons with chronic kidney disease 
is not well known.

What this adds

Existing comorbidity indices do not accurately predict 1-year 
mortality in patients with chronic kidney disease.

Introduction

The burden of kidney disease has increased worldwide, with 
the population prevalence of chronic kidney disease now 
exceeding 10% in many countries.1 Even mild chronic kidney 

disease associates with a higher risk of mortality, and these 
individuals often have multimorbidity that influences their 
survival.2 Kidney disease is understudied, despite this 
increased mortality risk and its associated high health care 
cost and resource utilization.3,4 There is an interest in efficient 
care and further research for this important segment of the 
population.

An index or risk score that can accurately prognosticate 
mortality based on readily available administrative health 
data would be beneficial for multiple situations. Including a 
prognostic index in a set of baseline characteristics can help 
describe the risk profile of a group of persons under study. 
Similarly, adjustment for confounding is often performed 
based on a person’s comorbidity. An accurate index could 
efficiently adjust for confounding due to comorbid illness. 
Performance reports and benchmarks are becoming increas-
ingly common to improve the quality of care patients receive, 
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with reimbursement for the care of dialysis patients in the 
United States now directly tied to quality of care measures.5 
When contrasting performance across physicians, regions, or 
facilities, as in the End-Stage Renal Disease Quality Incentive 
Program, a prognostic index could be used when there is a 
need to adjust for case-mix. A number of methods have been 
developed and used to classify individuals’ level of comor-
bidity, with many indices accurately predicting mortality in 
the general population and various patient groups.6-8

The Charlson comorbidity index was originally derived 
from medical charts at a single hospital to predict in-hospital 
mortality by levels of comorbidity in a general medicine popu-
lation.9 The index has since been adapted for administrative 
data, where based on 17 conditions a score can range from 0 
(no comorbidity) to 33 (high comorbidity).10 Similarly, 
Elixhauser identified 30 factors that quantify the level of 
comorbidity in hospitalized individuals using administrative 
databases.11 The Charlson comorbidity index has also been 
modified for use in end-stage renal disease patients.12 This 
modified score uses the same conditions as in the original 
Charlson study but incorporates new weights. The Johns 
Hopkins ACG ® System (version 10) is another method of 
quantifying comorbidity, but differs in that it was developed to 
predict future health care utilization as opposed to mortality.13 
This system incorporates patient demographics, and inpatient 
and outpatient records, assigning individuals between 0 to 32 
diagnosis groupings, referred to as Aggregated Diagnosis 
Groups (ADGs). The Wright-Khan index was established to 
predict mortality in dialysis patients.14,15 Individuals are 
grouped in low-, medium-, and high-risk groups, based on age 
and 9 specific conditions.

How well most of these indices perform in the kidney dis-
ease population is not well understood. Accurate estimates 
within this population would provide reassurances regarding 
adequate comorbidity adjustment, while poor performance 
of these indices would indicate the need for a better alterna-
tive. In this study, we assessed the performance of these 
comorbidity indices at predicting 1-year all-cause mortality 
in 3 different patient groups with chronic kidney disease: 
incident kidney transplant recipients, maintenance dialysis 
patients, and individuals with low estimated glomerular fil-
tration rate (eGFR).

Materials and Methods

Data Sources

We conducted an observational cohort study using linked, 
administrative health care databases in Ontario, Canada. In 
Ontario, residents have universal access to physician and 
hospital services. The conduct and reporting of this study fol-
lowed guidelines recommended for studies evaluating pre-
diction models, with the TRIPOD checklist available in the 
appendix (Table S1).16 We obtained data from 6 databases, 
and these databases were linked using unique, encoded 

identifiers and analyzed at the Institute for Clinical Evaluative 
Sciences (ICES). The use of data in this project was autho-
rized under section 45 of Ontario’s Personal Health 
Information Protection Act, which does not require review 
by a Research Ethics Board. The Canadian Organ 
Replacement Register has complete data on all transplant 
and dialysis activity in the province.17 We used this database 
to identify incident kidney transplant recipients and individ-
uals initiating maintenance dialysis. We used the Ontario 
Laboratory Information System (OLIS) database to identify 
adults with low eGFR, defined using serum creatinine labo-
ratory records. OLIS is a province-wide repository of labora-
tory results, with 91% coverage of the province’s total annual 
laboratory testing as of 2016.18 We obtained demographic 
and vital status information from the Registered Persons 
Database. The Canadian Institute for Health Information 
(CIHI) Discharge Abstract Database (DAD) has information 
on all hospital admissions, and their associated diagnoses 
and procedures. Diagnoses were coded using the 10th revi-
sion of the International Classification of Diseases. Similarly, 
the CIHI National Ambulatory Care Reporting System 
(NACRS) database has information on all emergency depart-
ment visits in the province. We used the Ontario Health 
Insurance Plan database to ascertain physician billing claims 
and associated diagnoses.

Study Population

We accrued 3 groups of patients in Ontario, Canada, between 
the years 2004 and 2014, at the time they first received a 
kidney transplant, received maintenance dialysis, or were 
confirmed to have an eGFR less than 45 mL/min per 1.73 m2. 
The date of transplant or dialysis initiation was considered 
the index date (date of cohort entry). Due to the availability 
of serum creatinine data, individuals with low eGFR were 
accrued from January 1, 2007, onward. We restricted the low 
eGFR group to those with an eGFR <45 mL/min/1.73m², 
indicative of moderate to severe chronic kidney disease.19 To 
ensure kidney function was determined based on stable, out-
patient measurements, we required individuals to have at 
least 2 outpatient eGFR values, separated by 90 to 365 days, 
within 5 units or 5% of each other, with both tests having an 
eGFR <45 mL/min/1.73m². The date of the confirmatory 
eGFR value was considered the index date. To facilitate anal-
yses that would be representative of these entire patient pop-
ulations, we allowed individuals to be potentially included in 
multiple kidney disease groups. Restricting individuals to 
their first eligible group or excluding those who appeared in 
multiple groups would lead to biased sampling. We excluded 
all non-Ontario residents and those aged 18 years or younger 
on the index date. Across all 3 groups, we excluded any indi-
viduals with evidence of a prior kidney transplant to ensure 
that only patients with incident kidney disease were cap-
tured. Similarly, we excluded anyone in the dialysis and low 
eGFR groups with evidence of prior maintenance dialysis. In 
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the kidney transplant recipients, we excluded anyone with 
evidence of a multi-organ transplant, to limit the analyses to 
kidney-only transplants. Kidney transplant recipients incor-
porated both preemptive transplants and prevalent dialysis 
patients receiving their first renal graft. We have previously 
studied these patient populations and in validation studies 
our coding algorithms accurately identified these 
groups.17,20-23

We identified 5 comorbidity indices that could be accu-
rately estimated using our administrative data. Other potential 
indices were identified, but could not be appropriately ascer-
tained using our data sources.24,25 These indices included 
measures developed in the general population, as well as 
those developed specifically in chronic kidney disease popu-
lations. All comorbidity indices were calculated using infor-
mation available in the 2 years before the index date. The 
Charlson comorbidity index, the end-stage renal disease-
modified Charlson comorbidity index, and Elixhauser score 
were obtained using hospital discharge data. The Wright-
Khan index used data from hospital discharges and physician 
service claims. The Johns Hopkins’ ADGs were determined 
using data from hospital discharges, emergency department 
records, and physician service claims.

The primary outcome was 1-year all-cause mortality. The 
rate of emigration from the province was very low (0.5% per 
year) and represented the only reason for loss to follow-up.26

Statistical Analysis

To evaluate the predictive performance of the various comor-
bidity indices, we randomly divided the cohort into 2 roughly 
equal-sized samples: a derivation sample and a validation 
sample. Parameter estimates (i.e., regression coefficients) 
associated with the comorbidity indices were computed in 
the derivation sample, and applied to the individuals in the 
validation sample. Such an approach is necessary as the pre-
vious studies in which the comorbidity indices were derived 
did not present the regression coefficients, and this maintains 
the relative weighting of the comorbidities as in the original 
derivation studies. The split-sample approach enables evalu-
ation of model performance of the indices in a sample inde-
pendent of the data from which parameter estimates are 
obtained. The Wright-Khan index was fit as a categorical 
variable (low, medium, high) with “low” used as the refer-
ence category. All other indices were modeled as linear con-
tinuous variables, with the Elixhauser index and ADGs 
converted to continuous variables based on weights that have 
been developed previously.27,28 If an individual had no hospi-
talizations during the lookback window, their Charlson and 
ESRD-modified Charlson were coded as “0”. A model’s abil-
ity to discriminate 1-year mortality was assessed using the 
c-statistic. C-statistics were determined using logistic regres-
sion, with 1-year mortality treated as a binary outcome, and 

the only covariate in the model was the comorbidity index. 
The c-statistic can range from 0.5 to 1.0, representing chance 
and perfect discrimination, respectively. A c-statistic exceed-
ing 0.7 is generally regarded as adequate, with a value 
exceeding 0.8 indicating excellent discrimination.29 Model 
calibration was assessed graphically using calibration plots 
and a smoothing loess algorithm.30 A well-calibrated model 
would have a calibration plot with an approximately straight 
line at a 45-degree angle, indicating the predicted probabili-
ties are similar in magnitude to the observed probabilities. 
Split-sample validation has previously been shown to have a 
high-degree of variability.31 As such, we repeated the random 
splitting of the cohort 100 times into derivation and valida-
tion samples as done in prior validation studies of comorbid-
ity indices.6 This allowed us to obtain a range of c-statistics 
across the 100 repetitions and a median (interquartile range 
[IQR]) c-statistic for each comorbidity index. All analyses 
were conducted using SAS 9.4 (SAS Institute, Cary, NC) and 
R 3.1.2.32

Results

After exclusions, we identified 209 433 individuals with 
chronic kidney disease (Figure 1). Specifically, 4111 kidney 
transplant recipients, 23 897 initiated on maintenance dialy-
sis, and 181 425 with low eGFR. Of the 209 433 individuals, 
46% were male, with a median (IQR) age of 78 (69-85) years 
(Table 1). We observed 22 185 (10.6%) deaths in the 1 year 
follow-up. This varied by group, with 108 (2.6%) of kidney 
transplant recipients, 4179 (17.5%) of maintenance dialysis 
users, and 17 898 (9.9%) of individuals with low eGFR 
dying during follow-up.

Across all 3 chronic kidney disease groups, the comorbid-
ity indices in the validation sample displayed inadequate dis-
crimination for the outcome of 1-year all-cause mortality 
(Table 2). In kidney transplant recipients, the median c-sta-
tistic ranged from 0.55 for the Elixhauser score, to 0.63 for 
the Wright-Khan index. Similarly, among incident users of 
dialysis, the median c-statistic ranged from 0.61 for the 
Charlson comorbidity index, to 0.64 for the Johns Hopkins’ 
ADG score. The indices also demonstrated generally poor 
discrimination in the individuals with low eGFR, with the 
median c-statistics ranging from 0.63 for the Elixhauser 
score, to 0.66 for the Johns Hopkins’ ADG score. These 
results did not substantially differ from the c-statistics 
observed in the derivation samples (Table S2).

Overall, calibration with the various comorbidity indices 
was also poor in the validation samples, across the 3 kidney 
disease groups (Figure 2). In kidney transplant recipients, the 
indices tended to underestimate the probability of one-year 
mortality. For individuals receiving dialysis or with low 
eGFR, the indices appeared to overestimate the probability 
of 1-year mortality in higher risk individuals.
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Discussion

In this population-based study of individuals with kidney 
disease in Ontario, Canada, existing comorbidity indices did 
not adequately predict 1-year mortality. In kidney transplant 
recipients, individuals receiving maintenance dialysis, and 
individuals with low eGFR, the comorbidity indices all had 
c-statistics less than 0.7, indicating inadequate discrimina-
tion. Model calibration was also poor for the studied indices. 
Our findings suggest existing comorbidity indices are inad-
equate and inaccurate in predicting 1-year mortality. These 
results differ from prior studies of comorbidity indices in dif-
ferent subsets of individuals in Ontario, where calibration 
and discrimination have been very good.6-8,28 Researchers 
and clinicians should be cautious when using existing comor-
bidity indices in this chronic kidney disease population, and 
cognizant of their limitations. As the indices performed 

comparably across all 3 groups, an investigator would likely 
be reasonable in choosing whichever comorbidity index is 
most readily available with their data.

Our c-statistics are marginally lower than those found in 
prior studies.12,33-35 These differences may be at least par-
tially explained through differences in setting, sample size, 
study design, and era of study. Specifically, these 4 prior 
studies each consisted of less than 2000 dialysis patients with 
follow-up ending in 2004, while we were able to accrue more 
than 23 000 individuals on dialysis up to March 31, 2014. 
Smaller studies with fewer events may produce unstable esti-
mates of the c-statistic, and performance of these indices 
may have worsened over the last decade due to changes in 
patient characteristics and coding practices.

Prior studies evaluating the ability of the Charlson comor-
bidity index to predict mortality in individuals receiving dialy-
sis have seen c-statistics range from 0.67 to 0.76.12,35 This range 

Figure 1.  Patient selection for the 3 groups.
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is higher than the 0.61 median c-statistic observed in our vali-
dation sample. The study that observed a c-statistic of 0.76 
accrued individuals based on an ICD-10 code for chronic renal 
failure that potentially identified a different cohort of individu-
als than those accrued in our study. This ICD-10 diagnosis code 
required a hospitalization, which may have detected a select 
group of individuals compared to our analysis where we cap-
tured all individuals at the time of dialysis initiation. In a study 
of 237 individuals initiating dialysis between 1999 and 2000 in 

Alberta, Canada, the Charlson index had a c-statistic of 0.72, 
and their ESRD-modified Charlson had a c-statistic of 0.73. 
This is slightly better than the c-statistics of 0.61 and 0.63 we 
observed, respectively. The mean scores were higher in the 
Alberta study (4.70 and 4.84) compared to the scores observed 
in our study (Charlson mean 2.13 (SD 2.29), ESRD-modified 
Charlson mean 1.41 (SD 2.01)), suggesting their study may 
have been able to assess comorbidity more accurately than with 
our administrative databases. In the Alberta study, patient 

Table 1.  Characteristics at the Time of Cohort Entry.

Characteristic

Kidney transplant recipient Maintenance dialysis Low eGFR

N = 4111 N = 23 897 N = 181 425

Age, median (IQR) 53 (43-62) 67 (56-77) 79 (72-85)
Sex
  Female 1508 (36.7%) 9442 (39.5%) 102 454 (56.5%)
  Male 2603 (63.3%) 14 455 (60.5%) 78 971 (43.5%)
Year of cohort entry
  2004 to 2006 964 (23.4%) 5948 (24.9%) 0 (0.0%)
  2007 to 2009 1279 (31.1%) 6762 (28.3%) 49 639 (27.4%)
  2010 to 2012 1322 (32.2%) 7401 (31.0%) 94 065 (51.8%)
  2013 to 2014 546 (13.3%) 3786 (15.8%) 37 721 (20.8%)
Rural residencea 455 (11.1%) 3046 (12.7%) 22 143 (12.2%)
Neighborhood income quintile
  Missing 19 (0.5%) 152 (0.6%) 675 (0.4%)
  1 (lowest) 924 (22.5%) 6043 (25.3%) 38 623 (21.3%)
  2 839 (20.4%) 5352 (22.4%) 39 226 (21.6%)
  3 842 (20.5%) 4581 (19.2%) 36 333 (20.0%)
  4 783 (19.0%) 4250 (17.8%) 34 881 (19.2%)
  5 (highest) 704 (17.1%) 3519 (14.7%) 31 687 (17.5%)
Hospitalization in the 2 years prior to the index date 2230 (54.2%) 14 757 (61.8%) 72 367 (39.9%)
Charlson comorbidity index, median (IQR) 1 (0-2) 2 (0-4) 0 (0-1)
ESRD-modified Charlson comorbidity index, median (IQR) 0 (0-0) 0 (0-2) 0 (0-1)
Johns Hopkins’ ADG score, median (IQR) 25 (19-33) 32 (24-40) 24 (17-35)
Elixhauser score, median (IQR) 0 (0-6) 0 (0-11) 0 (0-0)
Wright-Khan index
  Low 2384 (58.0%) 4650 (19.5%) 12 359 (6.8%)
  Medium 1395 (33.9%) 9291 (38.9%) 68 100 (37.5%)
  High 332 (8.1%) 9956 (41.7%) 100 966 (55.7%)

Note. eGFR = estimated glomerular filtration rate; IQR = interquartile range; ESRD = end-stage renal disease; ADG = Aggregated Diagnosis Group.
aDefined as residence within a municipality with population <10 000.

Table 2.  Median (Interquartile Range) C-Statistics in the Validation Sample.

Comorbidity indexa Kidney transplant recipient Maintenance dialysis Low eGFR

Charlson comorbidity index 0.58 (0.56-0.60) 0.61 (0.60-0.61) 0.63 (0.63-0.64)
ESRD-modified Charlson comorbidity index 0.60 (0.58-0.61) 0.63 (0.62-0.63) 0.64 (0.63-0.64)
Johns Hopkins’ ADG score 0.57 (0.55-0.59) 0.64 (0.64-0.64) 0.66 (0.65-0.66)
Elixhauser score 0.55 (0.54-0.57) 0.62 (0.61-0.62) 0.63 (0.63-0.63)
Wright-Khan index 0.63 (0.61-0.65) 0.63 (0.63-0.63) 0.64 (0.64-0.64)

Note. eGFR = estimated glomerular filtration rate; ESRD = end-stage renal disease; ADG = Aggregated Diagnosis Groups.
aThe c-statistic can range from 0.5 to 1.0, representing chance and perfect discrimination, respectively. A c-statistic exceeding 0.7 is generally regarded as 
adequate, with a value exceeding 0.8 indicating excellent discrimination.
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Figure 2.  Calibration plots comparing predicted and observed probabilities of one-year mortality.
Note. ESRD = end-stage renal disease; ADG = Aggregated Diagnosis Groups.
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comorbidity was abstracted and manually reviewed at the time 
of dialysis. This method likely captures diagnoses more com-
prehensively than database coding algorithms, and could 
explain the improved performance observed in Alberta.

Two prior studies evaluated the Wright-Khan index in dialy-
sis patients, and observed c-statistics comparable to the median 
of 0.63 seen in our validation sample. The study using United 
States data from 1997 to 2000 found a c-statistic of 0.68, in a 
model that incorporated the Wright-Khan index and age.33 Age 
is likely to be a significant predictor of mortality, which may 
describe the 0.05 increase in the c-statistic observed in this 
American study. In a Dutch prospective cohort study of dialysis 
patients, they observed a c-statistic of 0.62, comparable to our 
median c-statistic of 0.63.34 These similar findings occur despite 
a higher burden of comorbidity observed in our cohort (20% 
categorized as “low,” compared to 39% categorized as “low” in 
the Dutch study). These studies, in addition to our results, sug-
gest that the Wright-Khan index does not adequately predict 
1-year mortality in the population of individuals with kidney 
disease.

The strengths of our study include a large population-based 
cohort of incident kidney transplant recipients, patients newly 
starting maintenance dialysis, and individuals with a laboratory-
confirmed low eGFR in a universal health care setting. We were 
able to evaluate the predictive performance of comorbidity indi-
ces in a much larger sample than any other prior study. Our study 
was comprehensive, incorporating 5 different comorbidity indi-
ces, across all spectrums of kidney disease. Study of these indices 
in individuals with kidney disease, particularly the Johns Hopkins’ 
ADG score, have been lacking to date and our study provides 
stable, methodologically sound estimates of their performance.

Our study is not without limitations. Performance of these 
comorbidity indices may change dependent on the method of data 
collection and comorbidity ascertainment. Prior studies that com-
pared these indices based on more detailed data derived from 
medical charts observed slightly higher c-statistics. As with any 
study that uses existing health care databases, there is the potential 
for misclassification. Wherever possible, we classified individu-
als using validated coding algorithms. To avoid overfitting, par-
ticularly in the kidney transplant recipients, we modeled the Johns 
Hopkins’ ADG and Elixhauser indices continuously. Prior studies 
have shown that modifying these indices into continuous scores 
provided similar predictive ability for mortality in the general 
population.27,28 However, categorizing these indices into continu-
ous scores as opposed to modeling them using individual indica-
tors for each condition as in the original studies may have 
contributed toward the poor discrimination observed in our study.

Individuals with kidney disease are a complex population, 
associated with a high burden of comorbid illness and mortal-
ity.2,36 The cause of this heightened risk of mortality is multi-
factorial and potentially difficult to elucidate through diagnosis 
codes alone. Our 1-year mortality rates ranged from 3% in the 
transplant recipients, to more than 17% in those initiating dial-
ysis. With a 1-year mortality rate in the general adult popula-
tion of 0.8%, our observed rates were much higher, but 
mortality was also highly variable across the kidney disease 

continuum.8 It is unsurprising that the discriminatory ability of 
these various indices were inadequate, as these indices were 
either developed in a general ambulatory population, or despite 
being developed in a population with kidney disease, did not 
comprehensively include risk factors for mortality specific to 
this population. These indices were also developed to predict 
shorter term mortality or resource utilization, and this may par-
tially explain the poor discrimination when predicting 1-year 
mortality. In kidney transplant recipients, transplant-specific 
factors known to be associated with posttransplant mortality, 
such as donor characteristics, time on dialysis, and pretrans-
plant panel reactive antibody score are not incorporated in the 
comorbidity indices, but would likely provide substantial gains 
when trying to predict transplant recipients at greatest risk for 
mortality after transplantation.37 Similarly for individuals 
receiving dialysis, potential predictors such as modality, access 
type, and cause of kidney failure are not incorporated into these 
indices, but are likely important factors when predicting mor-
tality.38 Previous studies have shown that regularly monitored 
laboratory tests can accurately predict progression of kidney 
disease and mortality in individuals with reduced kidney func-
tion.39,40 Incorporating these routinely collected tests into 
comorbidity scores has the potential to provide substantial 
improvement to the results observed in our current study. The 
continued adoption of electronic medical records globally 
should improve accessibility to these laboratory measures, in 
turn also increasing the feasibility of using these laboratory val-
ues for research and clinical decision making. Future work 
should focus on the development of a comorbidity index that 
incorporates risk factors specific to the chronic kidney disease 
population and can accurately predict mortality.

Our study found existing comorbidity indices do not suf-
ficiently predict one-year mortality in individuals with kidney 
disease. Predictive performance may be improved by incor-
porating risk factors specific to this population with chronic 
kidney disease. Modification of an existing comorbidity 
index or the creation of a new index, that can achieve good 
discrimination and calibration when predicting mortality, 
would be valuable for researchers, clinicians, and policy 
makers.
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