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Abstract. Health status can be an important outcome in studies
on patients with end-stage renal disease (ESRD). In these
studies, adjustment for prognostic factors, such as comorbidity,
often has to be made. None of the comorbidity indices that are
commonly used in research on ESRD patients has been validated for studies on health status. This study evaluated three
existing indices (Khan, Davies, and Charlson) and four indices
specifically developed for use in studies on health status. In a
large prospective multi-center study (NECOSAD-2), new
ESRD patients were included (n ⫽ 1041). Comorbidity was
assessed at the start of dialysis. Health status was assessed with
the physical and mental component summary score of the
SF-36 (PCS and MCS), the symptoms dimension of the
KDQOL-SF, and the Karnofsky Scale. Patient data were randomly allocated to a modeling or a testing set. The new indices

were developed in the modeling set. The three existing indices
explained about the same percentage of variance in the PCS (7
to 8%), MCS (1 to 3%), symptoms (2 to 4%), and Karnofsky
(10 to 12%). The new indices performed better than the existing indices in the modeling population (13% PCS, 10% MCS,
10% symptoms, 18% Karnofsky), but not in the testing population (8% PCS, 1% MCS, 3% symptoms, 8% Karnofsky).
Individual comorbidities explained more variance in PCS (10
to 15%), MCS (1 to 7%), symptoms (6 to 11%), and Karnofsky
(11 to 18%) than comorbidity indices. The Khan, Davies, and
the Charlson indices will adjust to the same extent for the
potential confounding effect of comorbidity in studies with
health status as an outcome. Separate comorbidity diagnoses
will adjust best for comorbidity.

Treatment of patients with end-stage renal disease (ESRD)
aims not only at prolonging life, but also at achieving the
greatest possible well being and functioning. For this reason,
health status — sometimes also referred to as quality of life —
is an important outcome in research on ESRD patients. Several
studies have been carried out in which treatment modalities,

drugs, times of initiation of dialysis, and rehabilitation program
were evaluated with respect to their effect on health status.
To allow comparisons of health status among groups of
patients, an adjustment for differences in prognostic factors has
to be made. In many studies, results are adjusted for risk factors
such as residual renal function or hematocrit level.
Comorbidity is an inevitable prognostic factor, but there is
no agreement on how to adjust for it. The simplest proxy for
comorbidity — also the most widely used — is age. Age seems
a poor index of comorbidity when used in isolation; therefore,
several attempts have been made to create comorbidity indices.
So far, several such comorbidity indices have been developed.
In some studies, the number of comorbidities is calculated. In
other studies, more advanced ways to summarize comorbidity
have been used by indices in which more severe comorbidities
have higher weights than less severe comorbidities. Registries
with limited information on comorbidity, such as the United
States Renal Data System (1), only take the most common
comorbidities into account. Other studies also look at less
frequent comorbidities.
The preferred comorbidity index in studies that use health
status as an outcome measure is one that most adequately
reflects the impact of comorbidity on health status. Such an
index will capture the potential confounding effect of comor-
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bidity best. It can be argued that the sheer number of comorbidities, as used in the commonly used Davies index (2), is a
crude measure for the prognostic impact of comorbidity on
health status. Unlike other indices, the Davies index does not
include age, because it was specifically designed to be used in
conjunction with age as an independent covariate. Other comorbidity indices that are in use in studies on ESRD patients
assign different weights to different comorbidities, such as the
Khan (3) or the Charlson index (4), with the weights based on
the impact of comorbid diseases on survival. However, the
impact of comorbid diseases on survival may be rather different from their impact on health status.
None of the indices that are commonly used in research on
ESRD patients has been validated for studies on health status.
We therefore evaluated these existing indices with respect to
their association with health status. Four important components
of health status were used for this purpose: overall physical and
mental health status, symptoms dimension of disease-specific
health status, all three assessed by the patient, and a more
objective measure, namely overall health status assessed by the
patients’ physician or nurse. We also investigated whether
indices that include comorbidities differentially weighted by
their impact on health status are more strongly associated with
health status than existing indices. For this purpose, we created
four new comorbidity indices. The impact of existing indices
and new indices on health status were evaluated in a prospective cohort study on patients new on dialysis.

Materials and Methods
Patients
All new ESRD patients from 36 dialysis centers in the Netherlands
were consecutively invited to participate in the Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD-2), a pro-

spective cohort study. All invited patients were 18 yr or older, and
chronic dialysis had to be their first renal replacement therapy. The
inclusion period was between January 1997 and November 2000.

Data Collection Procedures
Patient data were collected at the start of dialysis treatment. The
following data were recorded: age, gender, primary kidney disease,
comorbidity, serum albumin, residual renal function, and initial dialysis treatment. Primary kidney disease was classified according to the
codes of the European Renal Association–European Dialysis and
Transplantation Association (ERA-EDTA).
A plasma sample and 24-h urine sample were obtained simultaneously. Serum albumin, plasma creatinine, and plasma urea levels
were determined. Urea and creatinine were analyzed in the urine
sample. Renal function was expressed as residual GFR (rGFR), calculated as the mean of creatinine and urea clearance, corrected for
body surface area, and as renal Kt/Vurea per week, calculated as urea
clearance corrected for distribution volume (V) according to Watson
et al. (5). Calculation of normalized protein equivalent of nitrogen
appearance (nPNA) was performed according to Bergström et al. (6,7)
normalized to actual body weight.
Comorbidity was defined in terms of presence or absence of
nonrenal disease at the onset of chronic dialysis treatment. The patients’ nephrologists completed a list of 15 different comorbid conditions, including an expression of their severity (see Table 2 for a
detailed list). The primary kidney diseases diabetes mellitus (ERAEDTA codes: 80, 81), renal vascular disease (ERA-EDTA codes: 70,
71, 72, 79), and systemic collagen diseases (ERA-EDTA codes: 73,
74, 82, 83, 84, 85, 86, 87, 88, 89) were considered comorbid diseases
as well and were added up to diabetes mellitus and systemic collagen
disease that were recorded in the list of 15 comorbid conditions.
Health status was assessed by the Medical Outcomes Study 36-item
Short-Form Health Survey (SF-36), the Kidney Disease Quality of
Life-Short Form (KDQOL-SF), and the Karnofsky Scale. The SF-36
is a generic measure of health status and is composed of 36 questions

Table 1. Patient characteristics of the modeling and testing populationa

Age (yr)
Males (%)
Primary kidney disease (%)
diabetes
glomerulonephritis
renal vascular disease
other
Serum albumin (g/dl)
Body mass index (kg/m2)
rGFR (mL/min per 1.73 m2)
Renal Kt/Vurea (/wk)
nPNA (g/kg per d)
Modality (%)
hemodialysis
peritoneal dialysis
Physical summary scale SF-36
Mental summary scale SF-36
a

Mean values (SD) are given for continuous variables.

479

Modeling Population
n ⫽ 515

Testing Population
n ⫽ 526

59.5 (14.9)
62

58.4 (15.7)
60

16
15
19
51
3.6 (0.6)
24.6 (3.9)
4.9 (2.9)
1.0 (0.6)
0.93 (0.25)

14
14
18
53
3.7 (0.6)
24.9 (4.5)
4.9 (3.1)
1.0 (0.7)
0.95 (0.29)

60
40
38.7 (9.7)
40.8 (11.9)

59
41
38.9 (9.3)
41.4 (12.1)
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Table 2. Prevalence of chronic diseases in the modeling population and association between diseases and PCS and MCS
(beta coefficients) (n ⫽ 515)a
Prevalence
n (%)

Diabetes mellitus
non-insulin–dependent
insulin-dependent ⬍15 yr
insulin-dependent ⱖ15 yr
Renal vascular disease
Stroke
Myocardial infarction
Angina pectoris
no pain
pain doing heavy work
pain doing light work
pain in rest
Congestive heart failure
no dyspnea
dyspnea doing heavy work
dyspnea doing light work
dyspnea in rest
Other heart diseases
Peripheral vascular disease
Malignancies
previous
current
Liver cirrhosis
Obstructive pulmonary disease
Musculoskeletal disorders
Systemic collagen disease
Chronic gastric/intestinal diseases
Psychiatric disorders
Pulmonary fibrosis
Visceral malignancies
Other significant pathology
Age (yr)
18 to 40
40 to 50
50 to 60
60 to 70
70 to 80
ⱖ80

99 (19.5)
37 (7.3)
20 (3.9)
42 (8.3)
96 (18.6)
37 (7.2)
57 (11.1)
55 (10.7)
25 (4.9)
15 (2.9)
12 (2.3)
3 (0.6)
63 (12.3)
14 (2.7)
24 (4.7)
16 (3.1)
9 (1.8)
11 (2.1)
67 (13.0)
52 (10.1)
37 (7.2)
15 (2.9)
3 (0.6)
37 (7.2)
40 (7.8)
43 (8.3)
26 (5.1)
16 (3.1)

Beta for
PCS

Beta for
MCS

Khan

Davies

Charlson

X

X

X

X
X

X
X

X

X

X

X
X

X
X

⫺2.0
⫺3.7
⫺6.1
⫺3.5

0.4
⫺2.3
⫺5.0
⫺2.9

⫺5.4
⫺3.0
⫺4.2

⫺6.0
⫺3.7

X
X

⫺3.7
⫺6.0
⫺0.5
⫺7.9

X
X

X
X

5.8
X
⫺4.1
⫺9.7
X
X
X
Xb

72 (12.1)
86 (14.5)
115 (19.4)
144 (24.2)
149 (25.1)
28 (4.7)

0
⫺2.2
⫺1.4
⫺2.4
⫺4.6
⫺5.4

0
⫺2.9
⫺1.0
⫺0.5
⫺1.4
1.8

X
X
X
X
X
X

a

The beta coefficients were used to create two new indices. Comorbidities that are included in the Khan, Davies, and Charlson indices
are marked with an X.
b
Age in three classes.

and is widely used and validated (8). Two summary scales of the
SF-36 can be computed. The Physical Component Summary (PCS)
and Mental Component Summary (MCS) scales summarize the
eight separate dimensions of the SF-36 (9). The eight dimensions
have different weights for the PCS and the MCS: the PCS is
predominantly related to physical functioning, role-functioning
due to physical problems, bodily pain, and general health, whereas
the MCS is predominantly related to social functioning, mental
health, role-functioning due to emotional problems, and vitality.
The scales have a mean of 50 and a SD of 10 in the general Dutch

population. The KDQOL-SF is a disease-specific instrument that
encompasses 44 items that focus on particular health-related concerns of individuals with kidney disease and on dialysis and that
are organized into twelve domains (10). To limit the number of
health status measures in the present study, the domain Symptoms
was chosen to evaluate the indices, because this domain is mostly
concerned with kidney/dialysis-related problems and it is the most
continuous scale. The Karnofsky Scale is a clinician-assessed scale
of functional status. It consists of ten levels, with scores ranging
from 10 (moribund) to 100 (normal, without limitations) (11).
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Analyses
The Khan, Davies, and Charlson indices were calculated for each
patient. The Khan index is a combination of age and comorbidity,
used to assign patients to one of three risk groups; low, medium, and
high risk (3). Patients over 80 yr are always classified in the high-risk
group. Patients between 70 and 80 yr are allocated to the medium or
high-risk group. The Davies score is based on the presence or absence
of seven comorbid conditions, also producing three risk groups (2).
Age is not included in this index. Patients without comorbid conditions are classified as low risk. Patients with one or two comorbid
diseases are regarded as medium-risk patients. Patients with three or
more comorbid conditions are classified as high-risk patients. The
Charlson index is based on weights for each comorbidity and age class
(4). The weights express the associated risk of mortality. From 40 yr
onwards, an increase in age results in one additional point per decade.
The weights for the different comorbid conditions range from one to
six points. The weights of all comorbidities that are present and the
concurrent age score are summed to obtain a final score. To be able
to compare the Charlson index with the Khan and Davies indices, the
Charlson index was used to classify patients into three risk groups,
based on tertile limits.
We also created four comorbidity indices that were based on the
impact of several comorbid conditions on the two summary dimensions of the SF-36, the physical and the mental summary scale (PCS
and MCS), on the Symptoms dimension of the KDQOL and on the
Karnofsky Scale. These indices were created in a modeling group and
subsequently evaluated in a testing group. Patients were randomly
allocated to one of these two groups. To create these four indices, a
linear regression analysis was performed in the modeling population
with either the PCS, the MCS, Symptoms dimension of the KDQOL,
or the Karnofsky Scale as dependent variable and comorbidities and
age as independent variables. Age was categorized into six groups.
Each single comorbid condition and, when applicable, its different
severity stages were included in the regression analysis with a forward
procedure. The four final multivariable models consisted of those
comorbid conditions that were significantly associated with the PCS,
the MCS, Symptoms dimension or Karnofsky Scale respectively. The
regression coefficients (weights) of each of the four final models were
then used to obtain four scores for each patient by adding the coefficients of the diseases that were present and by adding the coefficient
of the appropriate age class.
The prognostic impact of the indices on health status was compared
by looking at the percentage of variance they explained of the two
summary scores of the SF-36. This was performed in two ways. First,
a linear regression analysis was performed with the PCS, the MCS,
the Symptoms dimension, or the Karnofsky Scale as the dependent
variable and each index as the independent variable in the modeling
population. Second, these analyses were repeated in the testing population to find out the extent to which the association among the four
newly developed indices and health status as found in the modeling
population would differ from the association of the index in an
external population.
The indices take age into account differently. This makes it difficult
to compare how these indices assess the prognostic impact of comorbidity on health status. We therefore evaluated them in a separate
analysis. In this analysis, each index and age were included in a linear
regression model as independent variables, and the PCS, the MCS, the
Symptoms dimension, or the Karnofsky Scale were included as dependent variable. We compared the indices with respect to the percentage of variance that could be explained by the respective ageadjusted models.
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Finally, health status was modeled as a function of single comorbid
conditions, instead of comorbidities summarized in an index. First, we
looked at three conditions that are commonly recorded: diabetes,
myocardial infarction, and congestive heart failure. In addition, we
examined all conditions recorded in our study, as well as the conditions included in the Khan, Davies, and Charlson indices (see Table
2).

Results
In total, 1041 ESRD patients were included at the start of
dialysis in the NECOSAD-2 study. These patients were randomly allocated to a modeling or a testing group. The modeling group consisted of 515 patients. This group was used to
create four comorbidity indices that are based on their association with the four main components of health status. The
testing group consisted of 526 patients. The latter group was
used to validate these and other commonly used summarizations of comorbidity.
Table 1 contains the general characteristics of both populations. These were highly similar. The mean age was 60 and 58
yr, 62% and 60% were male, about 15% had diabetes as
primary kidney disease, mean serum albumin levels were 3.6
and 3.7 g/dl, residual renal function was 4.9 ml/min per 1.73
m2, and about 60% were on hemodialysis. Figures on health
status (SF-36) were highly similar in both groups.
Table 2 shows the prevalence of the comorbid conditions,
and their association with the physical and mental components
of the SF-36 (PCS and MCS) in the modeling group. Diabetes
mellitus and renal vascular disease were the most frequent
conditions, whereas liver cirrhosis and psychiatric disorders
were least common. Renal vascular disease, malignancies,
liver cirrhosis, congestive heart failure, other heart diseases,
and peripheral vascular disease were not significantly associated with either the PCS or the MCS. The other comorbidities
were differently associated with the PCS and the MCS. Diabetes, obstructive pulmonary disease, and systemic collagen
disease were associated with the PCS but not with the MCS,
whereas the opposite was true for myocardial infarction,
chronic gastric/intestinal disease, and psychiatric disorders.
Furthermore, musculoskeletal disorders were negatively associated with the PCS, whereas they were positively associated
with the MCS. For the PCS, there were clear trends toward
more physical impairment with increasing severity of the disease (diabetes and angina pectoris) and with increasing age.
For example, patients with insulin-dependent diabetes that
existed for 15 yr or more have a PCS score of about six points
lower on average than patients without diabetes, whereas patients with non-insulin– dependent diabetes have a PCS score
of two points lower than patients without diabetes.
The coefficients or weights shown in Table 2 were used to
create two new indices, the index for the PCS and for the MCS.
Table 3 shows the association of the existing comorbidity
indices and the new indices with health status in the modeling
and in the testing population by means of the percentage of
explained variance in the PCS, MCS, Symptoms, and Karnofsky. In the modeling population, the proportion of PCS variance that the Davies, Khan, and Charlson indices explained
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Table 3. Percentage of variance in health status explained by each comorbidity index (and age) in the modeling population
(n ⫽ 515) and in the testing population (n ⫽ 526)
PCS

Modelling population
age
number of comorbidities
Davies index
survival-based indices
Khan index
Charlson index
health status-based indices
index for PCS
index for MCS
index for Symptoms
index for Karnofsky
Testing population
age
number of comorbidities
Davies index
survival-based indices
Khan index
Charlson index
health status-based indices
index for PCS
index for MCS
index for Symptoms
index for Karnofsky

MCS

Symptoms

Index

Index
⫹
Ageb

⬍1

⬍1

Karnofsky

Index

Index
⫹
Ageb

Index

Index
⫹
Ageb

2a

2a

6a

6a

3a

4a

4a

10a

11a

3a
1a

4a
2a

2a
3a

3a
3a

11a
12a

12a
12a

1
10a
1a
1a

1
10a
1
1a

3a
1a
10a
3a

3a
3a
10a
3a

11a
2a
5a
18a

12a
8a
8a
18a

6a

6a

6a

8a

11a

4a
3a

4a
5a

10a
10a

11a
10a

4a
1
3a
1a

4a
1
3a
1

7a
1a
1a
8a

9a
7a
6a
9a

Index

Index
⫹
Ageb

4a

4a

7a

8a

3a

8a
8a

8a
8a

13a
⬍1
4a
7a

13a
4
5a
8a

5a

5a

8a

9a

1a

1a

6a

8a
8a

8a
9a

1
1

1
1

8a
1
3a
5a

9a
5
5a
6a

⬍1
1a
⬍1
⬍1

⬍1
1a
⬍1
⬍1

⬍1

⬍1

⬍1

⬍1

P ⬍ 0.05.
Some of the indices have incorporated age, and age was incorporated in these indices in different ways. Therefore, it is difficult to
separate the effects of age from the effects of comorbidity diagnoses on health status. For this reason, the analyses were also performed
with age next to the index included in the model.
a

b

was rather similar (7% to 8%). This was also true for the MCS
(1% to 3%), Symptoms (2% to 4%), and Karnofsky (10% to
12%). However, the indices that were specifically developed
for the association with each of the health status measures,
explained more variance of the PCS (13%), the MCS (10%),
Symptoms (10%), and Karnofsky (18%) than for any of the
other indices.
The age-adjusted analyses showed that age accounts for a
large part of the variance in the PCS (4%) that can be explained
by the index and age together (8% to 13%). This was also true
for Symptoms (2% for age; 3 to 10% for index⫹age) and
Karnofsky (6% for age; 11 to 18% for index⫹age). Age
explained less than 1% of the variance in the MCS. After
adjusting the results for age, we still found that the two indices
that were specifically created for each of the health status
measures performed best (13% PCS, 10% MCS, 10% Symptoms, 18% Karnofsky). The Khan, Davies, and Charlson indices performed rather equally (8% PCS, 2% to 4% MCS, 3% to
4% Symptoms, 11% to 12% Karnofsky).
The indices for the health status measures were created in

the modeling group; therefore, the above-mentioned figures on
the performance of these indices that were also calculated in
the modeling group may be overestimations of their performance. Therefore, the analyses were repeated in the testing
population as well. Now, the new indices (8% PCS, 1% MCS,
3% Symptoms, 8% Karnofsky) performed similar as compared
with the existing indices (8% PCS, 1% MCS, 3 to 6% Symptoms, 8 to 10% Karnofsky). Thus, the two new indices performed less in the testing population than in the modeling
population. When adjustments for differences between the
summarizations with respect to age were made, all indices still
performed rather similarly (8% to 9% PCS, 1% MCS, 3 to 6%
Symptoms, 9 to 11% Karnofsky).
Finally, health status was modeled as a function of individual comorbidities and age in the testing population (Table 4).
Three common comorbidities, diabetes mellitus, myocardial
infarction, and congestive heart failure, and age explained 10%
of the variance of the PCS, 1% of the variance of the MCS, 6%
of the variance of Symptoms, 11% of the variance of Karnofsky. This was rather similar compared with the percentage of
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Table 4. Percentage of variance in health status explained by modeling health status as a function of single comorbidities
and age. Testing population (n ⫽ 526)

Age
⫹ diabetes, MI, congestive heart failure
⫹ comorbidities from Daviesb
⫹ comorbidities from Khanb
⫹ comorbidities from Charlsonb
⫹ all comorbiditiesb
a
b

PCS

MCS

Symptoms

Karnofsky

5a
10a
11a
13a
12a
15a

0
1
2
2
2
7

0
6a
7a
9a
8a
11a

6a
11a
12a
13a
12a
18a

P ⬍ 0.05.
See Table 2 for list of comorbidities.

variance explained by the separate comorbidities from the
Davies, Khan, and Charlson indices (11% to 13% PCS, 2%
MCS, 7% to 9% Symptoms, 12% to 13% Karnofsky). However, the largest part of the variance in the PCS (15%), MCS
(7%), Symptoms (11%), and Karnofsky (18%) was explained
by all comorbidities that were listed in Table 2. Furthermore,
each set of individual comorbidities and age explained a larger
part of the variance of the PCS (10% to 15%) than each
comorbidity index and age (8% to 9%). For the MCS, Symptoms, and Karnofsky, only the total list of individual comorbidities and age explained a substantial larger part of the
variance than each of the comorbidity indices and age.

Discussion
In this study, several comorbidity indices were compared
with regard to their association with physical, mental, diseasespecific, and overall health status in ESRD patients. The indices were evaluated this way because indices that are most
strongly related to health status will capture the possible confounding effect of comorbidity best in evaluation studies with
health status as an outcome. The Davies, Khan, and Charlson
indices that are commonly used in studies on ESRD patients,
but that are considered to have the disadvantages to be either
crude summarizations or to be developed for use in survival
studies, performed rather equally in our study. The indices that
were specifically created in this study, and that included comorbidities weighted by their impact on health status, performed better than the other indices when compared in the
population in which they were created. However, these indices
did not perform better than the other indices when compared in
an external testing population. Finally, health status was more
strongly associated with individual comorbidities than with
comorbidities summarized into an index.
Three studies in ESRD patients have shown that a modified
Charlson index, the Friedman comorbidity index, and the Khan
index are significantly associated with health status as assessed
by the Karnofsky index, the Sickness Impact Profile, or the
SF-36 (12–14). To our knowledge, however, there are no
studies in which different comorbidity indices are systematically compared with regard to the extent to which they capture
the influence of comorbidity on health status. In the development and evaluation of comorbidity indices, emphasis has

always been on finding a comorbidity index that can adequately stratify patients according to their risk of death. Studies
in ESRD patients showed that several types of indices were all
predictive of survival (3,15–22). In studies in other populations
than ESRD patients and with survival as the outcome of
interest, it was shown that comorbidity indices provide only a
modest improvement on age adjustment and that the performance of different indices is rather similar (23–26). In a recent
study by our own group, we found that the Charlson, Khan, and
Davies indices had similar prognostic value with respect to
mortality in ESRD patients (27). We furthermore found that a
comorbidity index that included severity gradings of several
diseases did not perform better than the Charlson, Khan, and
Davies indices. Because indices that reflect the impact of
comorbidity on survival do not necessarily reflect the impact of
comorbidity on health status in the same way, we also studied
the effect on health status and found in the present study that
all comorbidity indices performed rather equally with respect
to their association with health status. Moreover, the Khan,
Davies, and Charlson indices that are developed for use in
studies on survival performed similarly compared with the
indices we developed in the present study for use in studies on
health status. Thus, it made no difference whether the indices
included comorbidities weighted by their impact on health
status or whether the indices simply counted the number of
comorbidities or included comorbidities weighted by mortality
risks.
One reason for finding that the comorbidity indices in the
present study performed similarly in explaining health status
may be that three of the measures for health status we used are
overall scores or summary scores of separate domains of health
status and may therefore not be very sensitive for differences in
comorbidity. For this reason we also analyzed the association
between the indices and the specific domains of the SF-36.
However, we still found no large differences in the performance of the indices. For example, the Davies, Khan, and
Charlson indices explained 14% to 18% of the variance in
physical functioning and 1% to 2% of the variance in mental
health (1% to 2%), which was about the same as the variance
that was explained by the indices that were specifically created
for their association with physical functioning (15%) or mental
health (2%).
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Another reason for not finding large differences between the
indices and their association with health status may be that
indices of any kind perform poorly because they summarize a
complex construct in an overly simplistic way. The presence or
the number of comorbidities is an equally rough and imprecise
indication of comorbidity as apparently more advanced indices
that include comorbidities with different weights. The weights
that are derived in a modeling population to create an index
may overfit the data, particularly given the relatively small
number of patients with a specific comorbidity. Therefore, it is
unlikely that the weights will exactly apply to an external
testing population. However, this problem of deriving imprecise weights when creating an index seems inevitable because
our modeling population that consisted of about 500 patients
was already quite large and it will be difficult to carry out much
larger studies.
In our study, we also modeled health status as a function of
the separate comorbidities to overcome the problem of summarizing comorbidity on the basis of weights that may not be
exactly applicable to the population in which it is used. By
modeling the individual comorbidities, weights are derived for
each comorbidity that will exactly apply to the population in
which it is used. We found that the separate comorbidities
explained a larger part of the variance (15% PCS, 7% MCS,
11% Symptoms, 18% Karnofsky) than the comorbidity indices
(8% to 9% PCS, 1% MCS, 3% to 6% Symptoms, 9% to 11%
Karnofsky). Thus, the residual variance that can be attributed
to comorbidity increases when using an index. However, the
use of an index increases statistical efficiency because fewer
variables are included in the model. This is important for
studies that are not very large. In each study, it should be
evaluated whether an increase in residual confounding outweighs an increase in statistical efficiency when using an
index.
The separate comorbidities explained a larger part of the
variance in health status than any of the comorbidity indices.
However, the percentage of variance that could be explained
by the separate comorbidities was still rather low (maximal
18%). One reason for this may be that the separate comorbidity
diagnoses are still imprecise measures for comorbidity. Another and possibly more important reason may be that demographic and clinical factors only partly determine health status.
Several studies have shown that the percentage of variance in
health status that can be explained by symptoms, primary
kidney disease, residual renal function, nutritional status, employment, or education varies from 7% to 39% (28 –31). Thus,
a large part of the variance in health status cannot be explained
by these factors. Moreover, these factors and other factors,
such as coping, personality, stress or social support may be
more important in determining health status than comorbidity,
which may indicate the limitations of improving health status
by focusing on comorbidity alone.
In this study, we were able to evaluate the most commonly
used comorbidity indices. One other index that has been used
in ESRD patients is the Index of Co-Existent Disease (ICED)
(32,33). The ICED summarizes comorbidity by adding the
peak score of disease severity for the comorbidities (by level of
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symptoms, treatability, and threat to life) to the peak score for
the impact of the comorbidities on physical impairment. This
index has been shown to predict survival, but no data exist on
its association with health status. However, as the degree of
physical impairment of the patient is rated for this index, the
ICED seems equivalent with a health status instrument that
measures physical impairment. Even when assuming that the
ICED would be an appropriate comorbidity index to use, the
ICED requires answering more than 100 questions, and it can
take a trained person up to one hour per patient to complete,
which is impractical for many studies.
An additional finding of our study was that the indices we
created performed better in the sample in which they were
created than in the testing population, which demonstrates the
importance of validating an index in an external population.
Although this phenomenon has been mentioned in the literature
(34), indices are not always validated this way. However, if we
had not validated the indices in an external population, we
would have concluded that the indices we created performed
better than other comorbidity indices. Nevertheless, this is not
in accordance with our findings in the testing population.
The comorbidity indices we compared in the present study
performed equally with respect to their association with health
status. Therefore, these indices will adjust to about the same
extent for the potential confounding effect of comorbidity in
evaluation studies with health status as an outcome. However,
adjusting for comorbidity by using a summarization of comorbidity is associated with more residual confounding compared
with adjusting for comorbidity by separate comorbidity diagnoses. The latter approach is however not always feasible,
because it can only be performed in rather large populations. In
smaller or exploratory studies, it will be necessary or sufficiently to use a summarization or index of comorbidity. With
respect to the comorbidity indices evaluated in this study, we
cannot recommend one index above another. Therefore, the
Khan, Davies, and Charlson indices that are commonly used in
studies on ESRD patients may all be appropriate. On the basis
of practical considerations, however, the Davies index may be
preferred because the least variables have to be recorded to
score this index.
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