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Summar y y 

Manyy ESRD patients have additional comorbid conditions, which can affect both 

theirr health and survival. Differences in the presence and severity of these 

comorbidd conditions can hamper and bias comparisons between treatment 

groups,, both in observational and randomized studies. Adjustment for prognostic 

factorss can statistically counterbalance these differences. For this purpose, 

identificationn and appropriate weighting of prognostic comorbid conditions is 

necessary. . 

Wee evaluated three existing methods to score comorbidity in ESRD patients and 

comparedd their ability to predict survival: the Khan, Davies, and Charlson index. 

Inn addition, these three indices were compared with a new index that explicitly 

incorporatess the severity grading of a number of comorbid diseases. 

Inn a large Dutch prospective multi-center study (NECOSAD-2) we consecutively 

includedd all new ESRD patients. Comorbidity at the start of dialysis was scored 

onn a predefined list. Patient data were randomly allocated to a modeling and 

testingg set. The new index was developed in the modeling set. All indices were 

evaluatedd in the testing set. 

WeWe obtained data on 1205 patients. Their two-year survival was 75% (95% CI: 

711 to 79%). Of the three existing indices, the Charlson index had the best 

discriminatingg features, with a concordance c statistic of 0.71. The addition of the 

severityy grading of several comorbid conditions did not improve discrimination. 

Afterr combining the comorbidity indices with age, all c statistics improved. These 

finalfinal values were in the range 0.72 to 0.75. 

WeWe conclude that the Khan, Davies, as well as the Charlson score are 

appropriatee for expressing the prognostic impact of comorbidity on mortality risk 

inn ESRD patients, provided that sufficient adjustment for age is taken care of. 

Addingg the severity grading of several comorbid conditions will not lead to 

improvedd prognostic power. 

46 6 



ComparisonComparison of comorbidity indices 

Introductio n n 

Manyy patients with end-stage renal disease (ESRD) have additional comorbid 

conditions.. Having ESRD puts patients at an increased risk for cardiovascular 

disease.. Chronic diseases such as diabetes mellitus or hypertension can in itself 

bee the cause of ESRD and these conditions will continue to coexist with ESRD. 

Severall observational studies have shown that ESRD patients with comorbid 

conditionss are at an increased risk of dying compared to patients without such 

comorbidity.. Results from these studies ranged from an increased mortality risk 

off 20% until a nearly threefold higher risk. 1"6 Consequently, the existence of 

baselinee comorbid diseases is regarded as a strong prognostic factor for survival. 

Inn most cohort studies, registries, and randomized controlled trials of ESRD 

patientss comorbidity is recorded as a potentially confounding factor. In general, 

adjustmentt for confounding factors is a prerequisite for all comparisons within all 

cohortt studies and registries. Even within randomized controlled trials, adjusting 

forr small differences in prognostic factors is recommended if these factors are 

stronglyy related to outcome.7 Adjustment for predictive baseline characteristics, 

evenn when largely balanced, may lead to clearly different estimates of the 

treatmentt effect on survival.8 

Theree have been multiple attempts at summarizing comorbidity. Two 

comorbidityy indices have especially been created for ESRD patients. In 1993, 

Khann and colleagues presented such a comorbidity index. 9 They developed 

theirr classification in a population of 375 ESRD patients of whom they had 

collectedd two-year survival data. Based on a combination of age and the number 

off comorbid conditions, three risk groups were identified and patients were 

classifiedd as having a low, medium, or high mortality risk. A second comorbidity 

indexx for ESRD patients was presented by Davies et al. 10 They had collected 

dataa on 97 peritoneal dialysis patients whom they had followed for 30 months. 

Basedd on the number of comorbid conditions, a patient could be classified as 

havingg either no, intermediate, or severe comorbidity. The Charlson comorbidity 

indexx is a third scoring system used frequently within studies on ESRD patients. 

Thiss index was designed to deal with prognostic comorbidity in longitudinal 

studiess with all kinds of patients. Based on different weights for separate age 

classess and comorbid conditions, a risk score can be calculated.11 
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Thee existence of three different comorbidity scores for ESRD patients raises 

thee question which one of these indices is the most appropriate for expressing 

thee prognostic impact of comorbidity on mortality. A second question is whether 

thesee simple comorbidity scores are sufficiently able to capture the severity of 

thee respective comorbid conditions. Many feel that the simple counting of 

comorbidd conditions does not do justice to the manifest variability in severity in 

pathophysiologyy and subsequent differences in prognostic impact of these 

conditions. . 

Thee aim of the present study was to evaluate and compare the three existing 

wayss to score comorbidity in ESRD patients with respect to their ability to predict 

survival:: the Khan, Davies, and Charlson index. In addition, we examined 

whetherr the discriminating features of the current indices could be improved by 

includingg the severity grading of the respective comorbid conditions. The 

comparisonn was performed in a large prospective follow-up study of all new 

ESRDD patients in the majority of the dialysis centers in the Netherlands. 

Method s s 

Patients Patients 

Alll new ESRD patients from 35 Dutch dialysis centers were consecutively invited 

too participate in the Netherlands Co-operative Study on the Adequacy of Dialysis 

(NECOSAD-2),, a prospective cohort study. The aim of the study was to monitor 

thee quality and adequacy of dialysis treatment in the Netherlands. All invited 

patientss were 18 years or older, and chronic dialysis had to be their first renal 

replacementt therapy. The inclusion period was between January 1997 and 

Novemberr 2000. 

DataData collection procedures 

Patientt data were collected at the start of dialysis treatment. The following data 

weree recorded: age, gender, primary kidney disease, comorbidity, serum 

albumin,, residual renal function, and initial dialysis treatment. Primary kidney 

diseasee was classified according to the codes of the European Renal Association 

-- European Dialysis and Transplantation Association (ERA-EDTA). 
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AA plasma sample and 24 h urine sample were obtained simultaneously. 

Serumm albumin, plasma creatinine and plasma urea levels were determined. 

Ureaa and creatinine were analyzed in the urine sample. Renal function was 

expressedd as rGFR, calculated as the mean of creatinine and urea clearance, 

correctedd for body surface area, and as renal Kt/VUrea per week, calculated as 

ureaa clearance corrected for distribution volume (V) according to Watson et al .1 2 

Calculationn of nPNA was performed according to Bergstróm et al. 1314 

normalizedd to actual body weight. 

Comorbidityy was defined in terms of presence or absence of non-renal 

diseasee at the time of inclusion or in the medical history. The primary kidney 

diseasess diabetes mellitus, renal vascular disease, and systemic collagen 

diseasess were considered a comorbid disease as well. A list of 15 different 

comorbidd conditions, including an expression of their severity, was completed by 

thee patients' nephrologist (see Table 3 for a detailed list). 

Analyses Analyses 

Thee Khan, Davies, and Charlson indices were calculated for each patient, based 

onn the comorbidity checklist. The Khan index is a combination of age and 

comorbidity,, leading to three risk groups; low, medium, and high risk.9 Patients 

betweenn 70 and 80 years are allocated to the medium or high risk group. 

Patientss over 80 years are always classified in the high risk group. The Davies 

scoree is based on the presence or absence of 7 comorbid conditions, also 

producingg three risk groups. 10 Age is not included in this index. Patients without 

comorbidd conditions are classified as low risk. Patients with one or two comorbid 

diseasess are regarded as medium risk patients. Patients with three or more 

comorbidd conditions are classified as high risk patients. The Charlson index is 

basedd on weights for each comorbidity and age class. 11 The weights express 

thee associated risk of mortality. From 40 years onwards, an increase in age 

resultss in 1 additional point per decade. The weights for the different comorbid 

conditionss range from 1 to 6 points. The weights of all comorbidities that are 

presentt and the concurrent age score are summed to obtain a final score. To be 

ablee to compare the Charlson index with the Khan and Davies indices, we use 

thee Charlson index to obtain three risk classes, based on fertilee limits. 
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Sincee we wanted to study whether the discriminating features of these three 

currentt indices could be improved by including the severity grading of the 

comorbidd conditions, we created a new index. The evaluation of a new 

comorbidityy index in the same patient population on which the index is based will 

overestimatee its prognostic value. Consequently, the patients were randomly 

dividedd into two groups. The first group was used to create the new comorbidity 

indexx (modeling group), while the second group was used to test the new index 

andd the three existing indices (testing group). 

AA Cox proportional hazard analysis was performed with a backward 

eliminationn procedure in the modeling population. Each single comorbid condition 

and,, when applicable, its severity grading were included in the analysis. Age, 

categorizedd into six groups, was included in the analysis as well. The final 

multivariablee model consisted of those comorbid conditions that were 

significantlyy associated with survival and age. 

Thee beta coefficients of the final model were used to obtain scores on new 

index,, with higher beta coefficients indicating a larger mortality risk. To be able to 

comparee the new index with the existing indices, we allocated patients to three 

riskk classes based on their scores on the new index, using tertile limits. 

Thee four different indices were calculated in the testing population. The 

prognosticc power of these indices were compared by estimating Kaplan-Meier 

survivall curves and determining the two-year survival probabilities for the risk 

categories.. In addition, concordance c statistics according to Harrell et al. were 

calculated.. 15 This c statistic estimates the probability of concordance between 

predictedd and observed outcome. It expresses how well the model is able to 

discriminatee between patients who survive and those who do not, with higher 

valuess indicating better discrimination. A value of 0.5 indicates no predictive 

discriminationn and a value of 1.0 indicates perfect separation of patients with 

differentt outcomes. 

Thiss c statistic estimates the probability of concordance between predicted 

andd observed outcome. It expresses how well the model is able to discriminate 

betweenn patients who survive and those who do not, with higher values 

indicatingg better discrimination. A value of 0.5 indicates no predictive 

discriminationn and a value of 1.0 indicates perfect separation of patients with 

differentt outcomes. 
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Result s s 

Wee could include 1205 patients. Their data were randomly allocated to one of 

twoo groups: data on 616 patients in the modeling set, and the remaining 589 

patientss in the testing sets. Both groups were highly similar with respect to 

patientt characteristics (Table 1). Their mean age was 59 years, about 60% were 

male,, 15% had diabetes as primary disease, the majority were on hemodialysis 

(61%),, one-year survival was 87% (95% CI ranged between 86% and 89%), and 

two-yearr survival was 75% (95%CI: 71 to 79%) in both groups. 

Tablee 1. Patient characteristics of the modeling and testing population. 

Agee (yrs.) 
Maless (%) 

Primaryy kidney disease (%) 
Diabetes s 
Glomerulonephritis s 
Renall vascular disease 
Other r 

Serumm albumin (g/dL) 
Bodyy mass index (kg/m2) 
RGFR(mLymin/1.73m2) ) 
Renall Kt/Vurea (/week) 
NPNAA (g/kg/day) 
Modalityy (%) 

Hemodialysis s 
Peritoneall dialysis 

One-yearr survival (%) 
Two-yearr survival (%) 
Three-yearr survival (%) 

Modelingg population 
n=616 6 

59.3(15.1) ) 
61 1 

15 5 
14 4 
18 8 
52 2 

3.77 (0.6) 
24.99 (4.3) 
4.77 (3.0) 
0.99 (0.6) 
0.933 (0.26) 

60 0 
40 0 

87 7 
75 5 
63 3 

Testingg population 
n=589 9 

59.11 (15.8) 
60 0 

15 5 
14 4 
20 0 
51 1 

3.66 (0.6) 
24.5(4.1) ) 
5.00 (3.0) 
1.1(0.7) ) 
0.955 (0.27) 

62 2 
38 8 

87 7 
75 5 
61 1 

Meann values (SD) are given for continuous variables. 
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Thee Khan, Davies, and Charlson indices with three different risk classes were 

calculatedd for each patient. (Table 2). For all indices, we observed lower two-

yearr survival rates with increasing risk. In the low risk classes, the percentage of 

patientss who survived ranged from 91% (Davies) to 96% (Charlson). In the high 

riskk classes, this percentage ranged from 45% (Davies) to 56% (Khan). The 

concordancee c statistics of the three indices ranged from 0.60 to 0.64 for the 

categorizedd indices, indicating rather similar discriminating features of all three 

indices. . 

Tablee 2. Percentage survival per risk class, two-year survival and c statistics of 

thee Khan, Davies and Charlson indices and the new index in the testing 

population.. (n=589) 

Khann index 

Daviess index 

Charlsonn index 

Neww index 

nn (%) 

2322 (39.4) 
188(31.9) ) 
169(28.7) ) 

2755 (46.7) 
2555 (43.3) 
59(10.0) ) 

2088 (35.3) 
153(26.0) ) 
2288 (38.7) 

2244 (38.0) 
157(26.7) ) 
2088 (35.3) 

two-year r 
survivall (%) 

0.93 3 
0.71 1 
0.56 6 

0.91 1 
0.66 6 
0.45 5 

0.96 6 
0.82 2 
0.54 4 

0.93 3 
0.80 0 
0.54 4 

concordancee c statistics 

0.62 2 

0.60 0 

0.644 0.71a 

0.622 0.73a 

Figuree for the original continuous score. 

Too develop a new index to include the severity of the single comorbid 

condition,, we performed a Cox regression analysis. The results are presented in 

Tablee 3. 
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Tablee 3. Prevalence of chronic diseases in the modeling population and 

accompanyingg weights (beta coefficients) for the diseases that had a 

significantt contribution to survival (n=616). These weights were used to 

createe the new index. 

prevalence e 
nn <%) 

Betaa coefficient (weight) 

Diabetess mellitus 
non-insulinn dependent 
insulinn dependent < 15 years 
insulinn dependent >= 15 years 

Renall vascular disease 
Malignancies s 

Previous s 
Current t 

Liverr cirrhosis 
Obstructivee pulmonary disease 
Stroke e 
Myocardiall infarction 
Anginaa pectoris 

noo pain 
painn doing heavy work 
painn doing light work 
painn in rest 

Congestivee heart failure 
noo dyspnea 
dyspneaa doing heavy work 
dyspneaa doing light work 
dyspneaa in rest 

Otherr heart diseases 
Peripherall vascular disease 
Musculoskeletall disorders 
Systemicc collagen disease 
Chronicc gastric/intestinal diseases 
Psychiatricc disorders 

Age e 

18-40 0 

40-50 0 

50-60 0 

60-70 0 

70-80 0 

>=80 0 

388 (6.2) 

288 (4.6) 

533 (8.7) 

1133 (18.3) 

377 (6.0) 

155 (2.4) 

22 (0.3) 

444 (7.1) 

488 (7.8) 

822 (13.3) 

322 (5.2) 

233 (3.7) 

111 (1.8) 

66 (1.0) 

144 (2.3) 

211 (3.4) 

233 (3.7) 

144 (2.3) 

155 (2.4) 

799 (12.8) 

477 (7.6) 

466 (7.5) 

377 (6.0) 

188 (2.9) 

733 (11.9) 

999 (16.1) 

1011 (16.4) 

163(26.5) ) 

150(24.4) ) 

300 (4.9) 

0.57 7 

0.84 4 

1.14 4 

0.66 6 

0.41 1 

1.02 2 

2.38 8 

--
0.58 8 

0.61 1 

-0.63 3 

-0.61 1 

0.61 1 

1.91 1 

-0.06 6 

0.28 8 

1.20 0 

1.14 4 

0.75 5 

0.52 2 

--
1.17 7 

--
--

. . 
-0.10 0 

0.70 0 

0.83 3 

1.09 9 

1.27 7 
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Thee largest weights (beta coefficient) were obtained for liver cirrhosis (2.38) and 

anginaa pectoris with pain in rest (1.91), indicating that these diseases had the 

highestt mortality risk. Obstructive lung diseases, musculoskeletal disorders, 

chronicc gastric/intestinal disease and psychiatric disorders were not included in 

thee final model as they were not significantly related to survival in the 

multivariablee model. Mortality risk increased with increasing severity of the 

disease.. For example, the weight for non-insulin dependent diabetes was 0.57, 

whereass it was 1.14 for insulin dependent diabetes present for more than 15 

years.. Current malignancy had a higher weight (1.02) than previous malignancy 

(0.41),, and the weights for the different severity classes for angina pectoris 

increasedd from -0.63 to 1.91 and for congestive heart failure from -0.06 to 1.14. 

Thee weights of this model were used to calculate the new index in the testing 

populationn (Table 2). For each patient, we calculated a score based on the 

weightss of the variables retained in the final model. Based on these scores, 

patientss were assigned to one of three risk classes. The resulting three risk 

classes,, obtained from the new index, behaved similarly in terms of survival, 

whenn compared to the survival of the different classes from the three existing 

indices.. Survival was 93% in the lowest risk group and 54% in the highest risk 

group.. The concordance c statistics of the new index was 0.62. The Kaplan-

Meierr Curves for all four categorized indices showed highly similar patterns 

(Figuree 1). 

Thee concordance c statistics of the new index was also similar to the existing 

indices,, 0.62. The c statistics of the continuous version of the Charlson and the 

neww index were 0.72 and 0.73 respectively. Thus, these values were 

approximatelyy 0.10 points higher than the corresponding categorized ones, and 

weree similar once more. 
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Figuree 1: Kaplan-Meier curves for the Khan, Davies, Charlson, and the new index 
classifiedd in three risk groups. 

Inn a final analysis, we combined the comorbidity indices with age in a 

multivariablee model and examined the prognostic power of the resulting models. 

Thee c statistics increased for all indices, to similar values, between 0.71 and 0.75 

(Tablee 4). The addition of the severity grading of the respective comorbid 

conditions,, as applied in the new index, did not yield better discriminating 

featuress compared to the Khan, Davies, or Charlson score. The relationship 

betweenn the combination of comorbidity index and age and mortality are 

presentedd in Figure 2. We classified patients into eight groups of about equal 

size,, based on the ranking of their scores. All indices showed a clear relationship 

withh survival, with higher scores being associated with higher mortality. 
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Tablee 4. Concordance c statistics of the Khan, Davies and Charlson indices 

combinedd with age, as would be the case in any survival analysis. 

(n=589) ) 

Concordancee c statistics 
(indicess combined with age in 6 classes) 

Khann index 
Daviess index 
Charlsonn index 
neww index 

0.72 2 

0.73 3 

0.74 4 

0.75 5 

80 0 

60 0 

40 0 

20 0 

0 0 

Khann inde x 

c=0.72 2 

oo o 
increasin gg scor e 

80 0 

88 60 
n n 
88 40 
D D 

.?? 20 

0 0 

Daviess inde x 

c=0.73 3 

DD 1 DD D  D 
increasin gg scor e 

80 0 

"SS 60 
ro ro 
88 40 
o o 
S?? 20 

0 0 

Charlso nn inde x 

c=0.74 4 

increasin gg scor e 

80 0 

'SS 60 
oi i 
CD D 

SS 40 
a) ) 

8??  2 0 

0 0 

Neww inde x 

c=0.75 5 

increasin gg scor e 

Figuree 2: Relation between percentage mortality and the Khan, Davies, 

Charlson,, and the new index, adjusted for age. Each comorbidity 

indexx was classified into 8 groups of about equal size, in order of 

increasingg scores. 
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Discussio n n 

Inn this prospective cohort study we evaluated the prognostic power of four 

differentt comorbidity indices for ESRD patients: the Khan, Davies and Charlson 

indexx and a new one, designed to explicitly incorporate the severity of the 

comorbidd conditions. Of the three existing indices, the Charlson index had the 

bestt discriminating features with respect to two-year survival. Incorporating the 

severityy of the respective comorbid condition did not improve discrimination. 

Includingg age lead to a comparable prognostic power for all four indices. 

Contraryy to prior expectations, the prognostic performance of the new index, 

whichh explicitly graded the severity of several comorbid conditions, was not 

betterr compared to the three existing comorbidity indices. This finding raises the 

questionn whether we have sufficiently accounted for the discriminating features 

off the respective comorbid conditions. We studied data from a large number of 

patients,, collected with great precision. The patients' nephrologists completed a 

predefinedd checklist to score the comorbidity. In our study, we have registered 

thee absence or presence of 15 different comorbid conditions and graded severity 

gradingg for four conditions. These four comorbid conditions were a priori 

consideredd to be the clinically most important ones. It is possible that other, 

importantt conditions have been overlooked. Another potential criticism is the 

limitedd number of steps in grading the severity of the comorbid condition. Given 

thee variety in comorbidity, one may doubt whether further fine tuning of the 

scoringg system would have produced different results. 

Thee concordance c statistics in our final analysis ranged from 0.72 to 0.75. To 

putt these values into perspective, we compared them to those reported with the 

literature.. One study looked at patients with a principal discharge diagnosis of 

congestivee heart failure with hospital mortality as the primary outcome variable.16 

Thee c statistic of the Charlson index was 0.66, whereas the c value of a newly 

developedd index, including demographic variables, was 0.78. In a review of the 

predictivee validity of different comorbidity indices, including the Charlson index, 

withh respect to 30 day in-hospital mortality, c statistics varied between 0.64 and 

0.77.. 17 We feel we can conclude that the c values observed in our study are in 

concordancee with those that have been obtained in other studies of survival. 

Wee are not aware of any previous study that compared the comorbidity 

indicess in ESRD patients. Numerous studies have looked at the influence of 
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comorbidityy on survival in ESRD patients. 1"6 The combined risk of having 

multiplee single comorbid conditions has been investigated less often and only for 

aa limited number of diseases. Studies that have examined the latter showed that 

diabetes,, cardiovascular disease and malignancies were prognostic for survival. 

9,18-244 These findings could be confirmed in our study. In addition, we were able 

too show that the severity of these diseases was related to survival. We also 

foundd that liver cirrhosis and systemic collagen disease were related to survival, 

thoughh the number of patients with liver cirrhosis was small. 

Inn the evaluation of the comorbidity indices the Charlson index had slightly 

moree prognostic power but the margin disappeared when we adjusted for age. If 

informationn on comorbidity is available, the Charlson index might be preferred. 

Basedd on practical considerations, the Davies and Khan indices are good 

alternativess as additional adjustment for age leads to comparable discrimination. 

Wee therefore conclude that all three indices are appropriate for expressing the 

prognosticc impact of comorbidity on mortality. 
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