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�� INTRODUCTION

Nowadays, as people age and live longer, they are more likely to 
develop several comorbid conditions, including chronic kidney disease 
(CKD)1,2,3. About 60% of deaths worldwide are related to chronic 
diseases and this number is expected to rise by 15% by 20204. Plus, 
CKD is the 15th and 20th cause of years lived with disability5 and 
disability-adjusted life years6. 

Khan defined comorbidity in kidney failure patients as a significant 
concurrent or past disease in addition to CKD, which involved organs 
other than the kidneys but which may also be responsible for the 
renal failure2.

Risk factors predicting either increased morbidity or mortality 
among dialysis patients have been well described by earlier research, 
but are poorly defined in the pre-dialysis population7. 

Population ageing has conditioned a progressive increase of very old, 
dependent and frail patients on dialysis8. These patients present multiple 
comorbidities that worsen prognosis and have a negative impact on 

their quality of life, since it had been shown that comorbidities tend to 
worsen after dialysis initiation, as does patients’ functional status. Esti-
mated life expectancy for these patients, even with renal replacement 
therapy (RRT), has been quoted to be as low as 8 months1,9,10. 

According to the Portuguese Society of Nephrology Registry, in 
Portugal, 60.2% of incident dialysis patients in 2018 were over 65 
years and the mean age of prevalent patients was 67.2 years11.

Age per se is a strong predictor of mortality and the mortality rate 
is considerably higher for elderly patients on dialysis than those who 
are not10. Additionally, for elderly end stage renal disease (ESRD) 
patients, prompt RRT is costly and does not necessarily extend sur-
vival12. These older patients who are initiated on dialysis require more 
medical interventions (including dialysis) and are more commonly 
hospitalized than those treated conservatively13.

Given the rapid growth of elderly populations, it is necessary to 
adopt practical and useful tools to make mortality prediction easier. 
Assessment of the overall comorbidities may be helpful to identify 
those patients whose condition will probably evolve poorly. 

�� ABSTRACT

Introduction: Renal replacement therapy has not always been shown to benefit end-stage renal failure patients who are elderly or have 
multiple comorbidities. The Charlson Comorbidity Index (CCI) predicts mortality and is frequently used for risk stratification in clinical practice. 
We evaluated correlation between the Charlson Comorbidity Index and hospital admissions and mortality in chronic kidney disease patients.

Methods: This retrospective observational study included 693 patients with an estimated glomerular filtration rate (eGFR)<30 ml/min/1.73m2, 
followed in pre-dialysis medical appointments (2008-2012). Based on the CCI, the subjects were collapsed into 4 risk groups: <25th percentile 
(CCI≤5.2; n=172) – G1; 25–50th percentile (CCI: 5.3–6.4; n=162) – G2; 50–75th percentile (CCI: 6.5–7.4; n=177) – G3; and >75th percentile 
(CCI≥7.5; n=182) – G4. Descriptive statistics, ANOVA, the chi-square and the log-rank tests were used for comparison between groups. The 
Bonferroni test was used as a post-hoc test. Kaplan-Meier analysis was used to evaluate mortality. 

Results: Mean age was 70.1 years, 54% women, with an eGFR of 20.2±9.2 ml/min (Modification of Diet in Renal Disease). G1 patients were 
younger (p<0.001) and showed higher hemoglobin (p<0.001), eGFR (p=0.025), calcium (p=0.033) and albumin (p<0.001). In a multivariate 
logistic regression model adjusted for gender, age, hemoglobin, phosphorus, parathormone, eGFR, albumin and blood pressure, CCI is a risk 
factor for hospitalization (ORa=1.362, Cl 95% 1.175–1.580, p<0.0001). Multivariate Cox regression analysis identified higher scores of CCI as 
an independent risk factor for cardiovascular mortality (HRa=1.24, Cl 95% 1.053–1.467, p=0.010). Survival at 85 months was progressively 
shorter with higher CCI (G1=86.7%, G2=65.9%, G3=59.35 % and G4=30.4%, log-rank=34.465, p=0.0001).

Conclusion: The Charlson Comorbidity Index was shown to be a strong predictor of mortality and hospitalizations in patients with stage IV 
chronic kidney disease. It might be a valuable tool in dialysis decision-making for patients with advanced chronic kidney disease and severe 
comorbidity burden.
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The CCI score, a method that measures burden of disease, has proven 
to correlate well with survival and has been validated in ESRD patients14,15. 
It is divided into four groups according to score: low (<3 points), moder-
ate (4–5 points), high (6–7 points) and very high (≥8 points)10,16.

The higher number of comorbid conditions in chronic dialysis 
patients is associated with an increased mortality risk, which may 
range from 20% to almost 60%, as compared to chronic dialysis patients 
without comorbidity2. The survival probability will be lower with higher 
scores—with a score ≥8, the 12 and 24 month survival probability is 
64% and 35%, respectively10,16.

The CCI is the most frequently used tool to measure co-existing 
diseases, and it has been validated for predicting the risk of mortality, 
disability, hospitalization and length of hospital stay in various clinical 
settings17.

Identification of factors that modify the strength of the relationship 
between CKD and adverse outcomes may improve the current under-
standing of how impaired kidney function leads to higher morbidity 
and mortality18. 

Furthermore, the CCI might be a valuable tool regarding dialysis 
decision making for patients with advanced CKD and severe comorbid-
ity burden, frequently with cognitive impairment and who might 
benefit from conservative care, centered on quality of life19. 

In this study we evaluated the correlation between the CCI and 
hospital admissions in patients with CKD and the influence of the CCI 
on their mortality.

�� SUBJECTS AND METHODS 

� � Study design and participants 

We included in a retrospective observational study 693 patients, 
with an eGFR <30 ml/min/1.73m2, followed in a pre-dialysis clinic 
between January 2008 and December 2012. 

The results were obtained through consultation of clinical processes, 
with written agreement of the patients and authorized by the Ethics 
Committee from the University Hospital Centre of Algarve – Faro Unit. 

By consulting electronic clinical processes we were able to obtain 
data referring to demographic characteristics, underlying disease, date 
of diagnosis, laboratory and imaging studies and hospitalizations from 
the beginning of follow up in low-clearance appointment until dialysis 
start or patient death.

Comorbidity was assessed by the Charlson Comorbidity Index20, 
on the first visit, adjusted for age at time of follow-up.

� � Hospitalizations

The evaluation and characterization of hospitalizations was based 
on the hospital admission clinical record, which provides information 

on signs and symptoms, diagnostic exams, procedures, treatments 
and diagnosis on the day of discharge.

� � Mortality

Deaths were confirmed by review of autopsy reports, death 
certificates, medical records or information obtained from next 
of kin or family members and classified, according to its cause, 
as cardiovascular or non-cardiovascular death. Cardiovascular 
deaths were defined as mortality caused by coronary heart 
disease, heart failure, peripheral vascular disease and cerebro-
vascular disease.

� � Statistical analyses

Statistical analysis was performed with SPSS (version 23.0). Quan-
titative results were expressed as mean ± standard deviation (SD) for 
continuous variables with normal distribution, using the Kolmogorov-
Smirnov test. Categorical variables were compared using the chi-square 
test. Based on the CCI, the subjects were collapsed into 4 risk groups 
according to the following criteria: <25th percentile (CCI≤5.2; n=172) 
– G1; 25–50th percentile (CCI: 5.3–6.4; n=162) – G2; 50–75th percentile 
(CCI: 6.5–7.4; n=177) – G3; and >75th percentile (CCI≥7.5; n=182) – G4. 
For comparison between groups we used analysis of variance (ANOVA) 
and for post hoc analysis, the Bonferroni test.

The multivariable logistic regression models were used to assess 
predictive factors for hospitalization. The exponentials of the model 
parameters were the adjusted odds ratio (ORa) to other variables of 
the model, with 95% confidence interval.

The Kaplan-Meier method for measuring patient survival rate was 
applied and a comparison between the four percentiles was based 
on the log-rank test. The risk factors and their hazard ratio (HRa) were 
calculated and a multivariate Cox regression was used to find 
out predictors of cardiovascular mortality.

�� RESULTS

Patients’ mean age (±SD) was 70.1±12.5 years; 53.4% (n=371) were 
women and 46.5% (n=322) men. Median eGFR (MDRD) was 18.5 mL/
min/1.73 m2. 

Mean CCI obtained in individual patients was 6.4±1.8. Table I shows 
the distribution of CCI score.

There was a homogeneous distribution, G1 with 172 individuals 
(64.5 % women and 35.5% men), G2 with 162 individuals (50% women 
and 50% men), G3 with 177 individuals (42.9% women and 57.1% 
men) and, G4 with 182 individuals (56.6% women and 43.4% men) 
(Table I).

Older patients were more likely to be in the higher CCI score groups. 

Median systolic blood pressure found in these groups was 
136.4±14.9 mmHg and mean hemoglobin 11.57±1.12g/dL. 
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Albumin and cholesterol mean values were 3.97±0.46 g/dL and 
180.8±45 mg/dL, respectively.

We found high mineral metabolism parameters, PTH (parathyroid 
hormone) =238±185.37 pg/mL, phosphorus=4.06±0.75 mg/dL and 
calcium=9.25±0.67 mg/dL. 

As seen in Table I, we found significant differences between groups, 
with G1 patients younger (p<0.001) having a higher hemoglobin 
(p<0.001), eGFR (p=0.025), calcium (p=0.033) and albumin (p<0.001).

For the remaining values, namely cholesterol, PTH and phosphorus, 
there was no significant variations between groups, with a p> 0.05. 
(Table I)

� � CCI as an independent risk factor for hospitalization 

Multivariate logistic regression analysis was performed to identify 
independent risk factors associated with hospitalization. This model 
was adjusted for CCI, gender, age, hemoglobin, phosphorus, PTH, 
creatinine, albumin, and blood pressure. 

The results show that higher levels of CCI are an independent risk 
factor for hospitalization (ORa=1.362, Cl 95% 1.175-1.580, p<0.0001), 
as well as phosphorus (ORa=1.73; Cl 95% 1.204–2.490, p=0.003) 
(ORa=2.039, p=0.005) (Table II).

� � CCI as an independent risk factor for death

During the follow-up period (mean duration 40.8±8.6 months), 
125 patients died due to cardiovascular events.

Multivariate Cox regression analyses clearly identifies higher 
scores of CCI as an independent risk factor for cardiovascular mor-
tality (HRa=1.24, Cl 95% 1.053–1.467, p=0.010) (Table III). Also, 
low levels of hemoglobin (HRa=0.59, Cl 95% 0.464–0.768, p=0.0001) 
and increased levels of PTH (HRa=1.001, CI 95% 1.000–1.002, 
p=0.047) and blood pressure (HRa=1.016, CI 95%1.000–1.032, 
p=0.047) had greater hazard ratio for cardiovascular mortality 
(Table III).

Univariate logistic regression showed that G4 (OR=7.516; CI 95% 
3.280–17.218; p=0.000) has a greater risk of death than G1, followed 

The Charlson Comorbidity Index – its impact on hospitalization and mortality in chronic renal disease

Table I

Demographic and laboratory characterization of the population according to groups

G1 (≤ 5,3) G2 (5,4 - 6,4) G3 (6,5 - 7,4) G4 (≥7,5) P Value
n 172 162 177 182
Age, years 57.7 ±11.4 70.3 ± 9.4 74.4 ± 9.3 77.4 ± 9.6 0.000
Gender, M/F (%) 111/61 (64.5/35.5) 81/81 (50.0/50.0) 76/111 (42.9/57) 103/79 (56.6/43.4) 0.000
Systolic Blood Pressure (mmHg) 135.8 ± 13.2 135.5 ± 14.1 137.9 ± 15.9 136.5 ± 16.2 0.432
Mean Hemoglobin  (g/dL) 11.9 ± 1.1 11.6 ± 1.1 11.5 ± 1.1 11.2 ± 1.0 0.000
GFRe (ml/min/1.73m2) 21.4 ± 12.9 18.9 ± 7.8 21.06 ± 7.5 19.23 ± 7.0 0.025
Total Cholesterol (mg/dL) 184.2 ± 40.7 184.6 ± 45.3 180.0 ± 44.6 175.0 ± 48.8 0.162
PTH (pg/mL) 251.7 ± 221.7 226.6 ± 155.1 227.1 ± 177.7 245.9 ± 179.9 0.477
Phosphorus (mg/dL) 4.1 ± 0.8 4.1 ± 0.8 3.9 ± 0.7 4.1 ± 0.7 0.428
Calcium (mg/dL) 9.4 ± 0.5 9.2 ± 0.6 9.3 ± 0.5 9.2 ± 0.9 0.033
Albumin (g/dL) 4.2 ± 0.4 3.9 ± 0.4 3.9 ± 0.4 3.9 ± 0.6 0.000

 

Table II

CCI as an independent risk factor for hospitalization

OR CI 95% P Value
CCI 1.36 1.175–1.580 0.000
Gender (1=Male;2=Female) 1.22 0.764–1.936 0.410
Age 0.99 0.975–1.019 0.742
Mean Hemoglobin 0.82 0.660–.011 0.064
Mean Phosphorus 1.73 1.204–2.490 0.003
Mean PTH 0.99 0.998–1.001 0.379
Mean Creatinine 0.79 0.619–1.020 0.071
Mean Albumin 1.41 0.881–2.264 0.152
Mean Systemic Blood Pressure 0.99 0.976–1.004 0.159

 

Table III

CCI as an independent risk factor for cardiovascular mortality

OR CI 95% P Value
CCI 1.24 1.053–1.467 0.010
Gender (1=Male; 2=Female) 1.53 0.900–2.609 0.116
Age 1.03 1.000–1.054 0.049
Mean Hemoglobin 0.59 0.464–0.768 0.000
Mean Phosphorus 1.154 0.771–1.728 0.486
Mean PTH 1.001 1.000–1.002 0.047
Mean Creatinine 0.960 0.742–1.241 0.755
Mean Albumin 0.740 0.463–1.183 0.209
Mean Systemic Blood Pressure 1.016 1.000–1.032 0.047
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by G2 (OR=3.320; CI 95% 1.364–8.080; p=0.008) and subsequently by 
G3 (OR=2.668; CI 95%1.085–6.562; p=0.033). 

Table IV and Figure 1 shows a progressively shorter survival at 85 
months with higher CCI. Log-rank analysis was 34.463 with a p value 
of 0.000.

�� DISCUSSION

Risk stratification scores based on age, functional status, comorbid-
ity and early versus late referral to dialysis have been proposed for 
elderly patients. Because dialysis does not always enhance survival 
in elderly patients, distinguishing the patients with poor prognosis 
before dialysis start is important. 

The present study has identified, in a 693 patient population, CKD 
stage IV, baseline demographic, clinical and biochemical predictors of 
adverse outcome among a retrospective cohort of pre-dialysis patients. 

We showed that high CCI levels are an independent risk factor 
for hospitalization and cardiovascular mortality. A higher number 
of comorbid conditions in CKD pre-dialysis patients is associated 
with an increased risk of mortality, as shown by univariate logistic 

regression: G4 had a higher risk of death than G1 and the other 
groups. 

Additionally, survival time was dramatically decreased in patients 
with CCI ≥7.5 (G4) regardless of age: 30.4% (G4) vs 86.7% (G1). 

ESRD is becoming an increasingly geriatric condition and the option 
for nondialytic management is increasingly recognized and delivered21.

This index requires 15 minutes (often less) to complete and the 
metric is easy to use. It can instantly supply information that might 
be used by a clinician to make the decision of initiating dialysis or not, 
a rising dilemma in our daily practice. 

Di Iorio et al.22 reported that the crude mortality rate increased 
by approximately 60% of patient-years across incident hemodialysis 
patients when the CCI score was 6 in contrast to a CCI score of 3. 

The mortality rate within CKD population using renal replacement 
technique is about 16 to 22%, which is considered by the literature 
to be very high. More than half of these deaths are related to cardio-
vascular disease15,23. 

For a selected group of elderly patients with a heavy burden of 
comorbid illness, although dialysis may be technically feasible, the 
short-term mortality is often very high, particularly in those with 
advanced cardiovascular disease and/or diabetes24. In our study, dur-
ing the follow-up period, 125 patients died due to cardiovascular 
events, representing 18% of the study population. 

This probably should make us reconsider starting RRT on these 
patients. 

Morbidity may be increased by additional burdens imposed by 
dialysis, such as time spent on dialysis itself, transportation to and 
from dialysis units, loss of autonomy, neurological impairment, com-
plications of the vascular access (mainly infection), pain and hospi-
talization days. Although patients may live longer with dialysis, the 
extension of lifetime may be associated with poor quality of life and 
degradation of their basal state10,21.

Some studies have demonstrated that the survival of elderly 
patients on dialysis may actually be considerably reduced, compared 
to that of the non-dialysis population of the same age25,26.

Most patients with CKD have at least one comorbidity. A quarter 
of the patients, however, may present 3 or more comorbidities and 
7% have 5 or more27. 

Through the results obtained in our study, we can advance that the 
presence of comorbidities increases hospitalizations occurrence and, 
additionally, the more comorbidities presented by a CKD patient (higher 
CCI), the greater the hospitalization risk will be. The same is valid when 
we analyze the survival by Kaplan-Meier analysis (Table IV and Figure 1), 
since it will be progressively lower, the higher the CCI. 

Tonelli et al.28 found that the risk attributed to hospitalizations 
was greater for diabetes, hypertension, myocardial infarction, cardiac 

Table IV

Survival by Kaplan-Meier analysis

Months G1 (≤ 5.3) G2 (5.4 – 6.4) G3 (6.5 – 7.4) G4 (≥.7.5)
85 86.7% 65.9% 59.3% 30.4%

 

Figure 1

Survival according to CCI by Kaplan-Meier analysis
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insufficiency, chronic lung disease, lymphoma, and cancer, among 
others. Plus, according to Mix et al.29, among 1000 CKD patients at 
risk, 134 required hospitalization, with most of these hospitalizations 
caused by CKD-associated comorbidities26. 

Our study indicated that higher CCI might be able to predict survival 
in incident dialysis patients and could therefore be used for risk strati-
fication in clinical practice. 

This study has several limitations. Information about factors such 
as smoking and functional impairment, which may affect survival, was 
not available. However, as with all studies that use datasets, the key 
comorbid conditions that contribute additionally to prognostic infor-
mation besides laboratory and clinical parameters were reported. 

Another limitation is that the CCI score was only obtained at base-
line. Since comorbidity must have changed in some patients over 
time, this might have affected our results. 

We considered that the inclusion of a larger sample, more variables 
such as ethnicity and a greater variety of CKD stages population could 
be important to provide more data. 

In conclusion, in this study, the CCI was shown to be a strong 
predictor of mortality and hospitalizations in patients with stage IV 
CKD. 

Nowadays, identifying the ideal patient for conservative treatment 
and how to approach and manage care are issues of great debate. 
Our findings can help to stratify the risks of starting dialysis in elderly 
patient populations and are informative for the dialysis decision-
making process. Conservative treatment might be considered for 
ESRD patients with multiple comorbidities and low survival rates, 
since treatment aims for patients with ESRD are not only to prolong 
life, but also to achieve the greatest possible well-being and 
function. 

Disclosure of potential conflicts of interest: none declared
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