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A B S T R A C T   

Background: Comorbidity indexes were designed in order to measure how the disease burden of a patient is 
related to different clinical outcomes such as mortality, especially in older and intensively treated people. 
Charlson’s Comorbidity Index (CCI) is the most widely used rating system, based on diagnoses, but when this 
information is not available therapy-based comorbidity indices (TBCI) are an alternative: among them, Drug 
Derived Complexity Index (DDCI), Medicines Comorbidity Index (MCI), and Chronic Disease Score (CDS) are 
available. 
Aims: This study assessed the predictive power for 1-year mortality of these comorbidity indices and 
polypharmacy. 
Methods: Survival analysis and Receiver Operating Characteristic (ROC) analysis were conducted on three Italian 
cohorts: 2,389 nursing home residents (Korian), 4,765 and 633 older adults admitted acutely to geriatric or 
internal medicine wards (REPOSI and ELICADHE). 
Results: Cox’s regression indicated that the highest levels of the CCI are associated with an increment of 1-year 
mortality risk as compared to null score for all the three samples. DDCI and excessive polypharmacy gave similar 
results but MCI and CDS were not always statistically significant. The predictive power with the ROC curve of 
each comorbidity index was poor and similar in all settings. 
Conclusion: On the whole, comorbidity indices did not perform well in our three settings, although the highest 
level of each index was associated with higher mortality.   

1. Introduction 

Multimorbidity is commonly defined by the presence of two or more 
chronic diseases (Jakovljević & Ostojić, 2013; Valderas, Starfield, Sib-
bald, Salisbury & Roland, 2009), with a prevalence ranging from 49% to 
99% in the older adults (Bonavita & De Simone, 2008; Fortin, Bravo, 
Hudon, Vannasse & Lapointe, 2005; Taylor, 2010). Multimorbidity is 
associated with worse clinical outcomes, greater health care costs, 
higher mortality and more complex clinical management such as poly-
pharmacy, defined as the use of five medications or more, that exposes 
patients to an increased risk of inappropriate prescribing, adverse drug 
events and potentially severe drug-drug interactions (DDI) (Bonavita & 

De Simone, 2008; Fortin et al., 2005; Taylor, 2010). For all these rea-
sons, detecting frail multimorbid people is important for clinicians and 
health policy makers (Valderas et al., 2009). Different indices are pro-
posed to measure the burden of chronic diseases, with different criteria 
based on the physician’s judgment, recorded diagnoses or drug thera-
pies. Charlson’s Comorbidity Index (CCI) is one of the most widely used, 
having proved valid and reliable for measuring multimorbidity (Charl-
son, Pompei, Ales & MacKenzie, 1987; De Groot, Beckerman, Lankhorst 
& Bouter, 2003) and predicting mortality (Bannay, 2016; Charlson et al., 
1987; Chuang, Chuang, Huang & Wang, 2017; McFerrin, 2019). 
Different Therapy-Based Comorbidity Indices (TBCI) have been pro-
posed to classify a person’s clinical status as an alternative to those 
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based on the number of diagnoses. However, it is not yet clear which 
TBCI detects severe multimorbidity and predicts mortality better in 
older adults. 

We previously compared how the Drug Derived Complexity Index 
(DDCI) (Robusto, 2016), Medicine Comorbidty Index (MCI) (Narayan & 
Nishtala, 2017) and Chronic Disease Score (CDS) (Von Korff, Wagner & 
Saunders, 1992) detect severe multimorbidity according to the CCI 
classification in hospitalized or institutionalized older adults (Novella 
et al., 2021). CDS and MCI detected severe multimorbidity better than 
DDCI in older adults from nursing homes and geriatric or internal 
medicine wards, according to the CCI classification. However, TBCIs are 
also predictors of mortality and other clinical outcomes, but their 
comparative performances are not known (Narayan & Nishtala, 2017; 
Robusto, 2016; Von Korff et al., 1992). In addition, each setting of care 
(e.g. nursing homes and hospital wards) has different situations which 
require specific assessments. With this background and gaps of knowl-
edge, the main aim of this study was to compare the relations between 
CCI, DDCI, MCI, CDS and polypharmacy with 1-year mortality in each 
sample of three different cohorts of older adults. 

2. Methods 

2.1. Study design and data collection 

For this longitudinal study, we used data collected in three different 
settings of older adults: (i) residents of nursing homes (NH), the Korian 
sample and two cohorts of inpatients admitted acutely to geriatric or 
internal medicine wards, (ii) the REPOSI; and (iii) the ELICADHE co-
horts. Data collection for each study complied fully with Italian law on 
personal data protection. 

2.1.1. Korian cohort 
Korian collects data from a sample of Italian long-term care NHs. 

Socio-demographic details, diagnosis and drug treatments of each NH 
resident during the study were collected on web-based Case Report 
Forms (CRF). Drug prescription information, diseases and socio- 
demographic details of NH residents were collected four times during 
2018 and 2019: T1 (1 April 2018), T2 (1 December 2018), T3 (1 April 
2019) and T4 (1 December 2019). All data were anonymous and 
informed consent was not required for this study, which was approved 
by the ethics committee of the IRCCS Carlo Besta Foundation. 

2.1.2. REPOSI cohort 
The Registro Politerapie SIMI (REPOSI) is a collaborative initiative of 

the Italian Society of Internal Medicine (SIMI), the IRCCS Istituto di 
Ricerche Farmacologiche Mario Negri and the IRCCS Ca’ Granda Mag-
giore Policlinico Hospital Foundation. The registry was set up in 2008 
from a network of internal medicine and geriatric wards to collect 
clinical and therapeutic information on older adults in-patients, and is 
still ongoing. To ensure that an unselected population of older adults (65 
years old and over) is included, the first five patients acutely admitted to 
the wards participating in the study during four-week periods three 
months apart were consecutively recruited. Participation was voluntary 
and all patients gave signed informed consent. The ethical committees of 
each medical ward participating in REPOSI approved the study. The 
attending physicians completed a standardized web-based CRF for each 
patient, including admission diagnoses, socio-demographic details and 
drug use at admission, in hospital and at discharge. Patients were fol-
lowed with a telephone interview for three and twelve months after 
discharge to collect information on new diagnoses, hospital read-
missions, mortality, drug regimens, adverse events and basic activities of 
daily living. 

2.1.3. ELICADHE cohort 
This cluster randomized, single-blind controlled was run in 20 Italian 

internal medicine and geriatric wards from July 2014 to July 2015, 

(Franchi et al., 2016) to assess whether an e-learning intervention was 
associated at hospital discharge with a reduction in the prescriptions of 
potentially inappropriate medication (PIMs), as defined by the updated 
(2012) Beers Criteria. Information about mortality and incidence of any 
re-hospitalization was collected during a 12-month follow-up. The study 
population included all patients aged 75 years or over consecutively 
admitted to the participating wards. Exclusion criteria were refusal of 
consent or estimated life expectancy less than 6 months. 

All data were managed according to Italian law on privacy and pa-
tients enrolled were appropriately informed about the study aims and 
requested to sign written consent. The study was first approved by the 
ethics committee of the coordinating clinical unit (IRCCS Cà Granda 
Maggiore Hospital Foundation, Milan, Italy) and then also by the ethics 
committees of the other hospitals. 

2.2. Rating system used to assess comorbidity burden 

The rating systems used have been described in detail in our previous 
study (Novella et al., 2021). The following is the main information about 
the indices. 

2.2.1. Charlson comorbidity index 
We used the most recent CCI version (2008) (Charlson, 2008). For 

each of the 23 classes, weights range from 1 to 6, with no extra point 
linked to age. We used the cut-off originally proposed by the authors: 
CCI = 0 for healthy cases, 1–2 for mild; 3–4 for moderate and 5 or more 
for severe cases (Charlson et al., 1987; Chuang et al., 2017). 

2.2.2. Chronic disease score 
The CDS is one of the most cited TBCIs, comprising 17 conditions 

with weights from 1 to 5; for some conditions (e.g. heart disease, res-
piratory illness, acne and hypertension) the weight changes with the 
number of drug classes used (e.g. drugs for heart disease score 3 to 5). 
Three levels of multimorbidity severity are identified with CDS: 
0 healthy, 1–3 mild comorbidity, 4 or more for most severe conditions 
(Von Korff et al., 1992). 

2.2.3. Medicine comorbidity index 
This index was created from the CDS and adapted to older people by 

selecting 20 classes of disease mainly seen in older adults. Each disease is 
weighted from 1 to 3 and no cut-off was proposed to identify patients 
with severe conditions (Narayan & Nishtala, 2017). The thresholds used 
in this work were defined on the basis of empirical observation of the 
recorded frequencies. 

2.2.4. Drug derived complexity index 
The DDCI was developed on the basis of drug classes, with some 

items having a negative weight (i.e. immunosuppressants) (Robusto, 
2016). The authors proposed score 7 as a tentative cut-off to identify 
severe comorbidity (Robusto, 2018). 

2.3. Number of drugs and polypharmacy 

The number of drugs was defined as the number of different principal 
actives, according to Anatomical Therapeutic Chemical (ATC) Classifi-
cation System, recorded per subject at the start of follow-up. Poly-
pharmacy was defined as five medications or more, and excessive 
polypharmacy as ten or more. This definition included systemic and 
topical drugs (Herr et al., 2017). 

2.4. Statistical analysis 

Socio-demographic characteristics were presented using standard 
descriptive statistics. We tabulated percentages for discrete variables, 
mean and standard deviations for continuous variables. To assess the 
relation between TBCIs or CCI and mortality, hospital discharge was 
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considered as basal time point for REPOSI and ELICADHE, while for the 
Korian sample we used the first time point of each resident with at least 
two visits. Cut-off values used for TBCIs to detect mild, moderate or 
severe comorbidity were in accordance with those proposed by the 
index’s authors or (for DDCI and MCI) reported in our previous study. 

A survival analysis was conducted on the three samples to compare 
how TBCI, number of medications or CCI predicted one-year mortality in 
the different cohorts. For each comorbidity item, the survival rate was 
estimated using the Kaplan-Meier (KM) estimator and differences among 
levels were evaluated using a log-rank test. Then, after the proportional 
hazard assumption was verified, Cox’s regression was run to estimate 
hazard ratios (HR) among the score levels. Two models were then pro-
posed: an unadjusted model and one corrected by age and sex. Statistical 
significance and Confidence Intervals (CI) were calculated using Wald’s 
test. Receiver Operating Characteristic (ROC) curves were used to assess 
the predictive power of each comorbidity index for 1-year mortality 
according to the respective threshold for severe comorbidity. 

The Area Under the ROC Curve (AUC) for each TBCI and differences 
with CCI were analyzed using Delong’s test. Finally, operating charac-
teristics (sensitivity, specificity, positive predictive values (PPV) and 
negative predictive values (NPV)) were compared in order to assess the 
diagnostic power of the cut-off detected. Statistical significance (alpha) 
was set at 0.05 for all tests. 

In accordance with previous studies, MCI and DDCI recorded AUC for 
the prediction of 1-year mortality between 0.64 and 0.76 (Franchi et al., 
2016; Novella et al., 2021). With the prevalence of 1-year mortality in 
our cohorts, we expected AUC ranging between these values with an 
error of ±0.03 in Korian, ± 0.03 in REPOSI and ± 0.07 in ELICADHE 
populations, with a statistical power of 80% (D’Hoore, Bouckaert & 
Tilquin, 1996). These analyses were developed using JMP Pro 14 (SAS 
Institute Inc., Cary, NC) and RStudio (RStudio Inc., Boston, MA). 

3. Results 

We collected data on 2389 subjects from Korian, 4675 from REPOSI 
and 633 from ELICADHE. Socio-demographic characteristics, mean 
number of drugs, mean scores according to the three TBCI and 1-year 
mortality rates are reported in Table 1. CCI disease classes with the 
highest prevalence in REPOSI and ELICADHE were hypertension, 
congestive heart failure and diabetes without chronic complications, 
while dementia, hypertension and cerebrovascular disease were the 
most frequent in Korian (Table 1). Benzodiazepines, proton pump in-
hibitors (PPI), laxatives, antipsychotics and antiplatelets were the most 
prevalent drug classes in the Korian cohort; PPI, high-ceiling diuretics, 
antiplatelets, ACE-ARB inhibitors and beta-blockers were the most 
frequent in ELICADHE and REPOSI (Table 2). 

3.1. Survival and receiver operating characteristic analysis in Korian 

The 1-year mortality rate rose as the subjects’ comorbidity status 
worsened in accordance with all the indices except MCI (p = 0.08, 
Fig. 1). Polypharmacy and excessive polypharmacy were associated 
with a higher risk of mortality, with HRs ranging from 1.27 to 1.62 when 
NH residents with 5–9 medications or at least 10 medicines were 
compared with those with less than five drugs. 

According to CCI, the risk of mortality during the follow-up was 
double for NH residents with severe comorbidity (CCI ≥ 5) compared to 
healthy people. Results were similar for CDS and DDCI: CDS ≥ 4 and 
DDCI ≥ 7 had an HR for 1-year mortality of 1.57 and 1.65, respectively, 
compared with the lowest level of the scale (Table 3). 

CCI had low predictive power for 1-year mortality (AUC: 0.60, CI: 
[0.57–0.62]). However no statistically significant differences were 
found comparing it with MCI (AUC: 0.59 [0.57–0.62], p = 0.71), CDS 
(AUC: 0.59, CI: [0.56–0.61], p = 0.37) or DDCI (AUC: 0.61, CI: 
[0.58–0.63], p = 0.32); all comorbidity indices gave a very high NPV 
and very low PPV. Specificity was much higher than sensitivity for CCI, 

Table 1 
Main characteristics of the three cohorts.   

ELICADHE 
(633) 

KORIAN 
(2389) 

REPOSI 
(4765) 

Age, yrs (mean ± SD) 91.08 ±
5.84 

88.56 ±
8.47 

79.31 ±
7.58 

Women, no. (%) 367 (57.98) 1853 
(77.56) 

2468 
(51.79) 

Number of drugs (mean ± SD) 10.9 ± 4.83 7.5 ± 3.42 8.76 ±
4.46 

Polypharmacy no (%) 
None, 0 – 4 
Yes, 5 – 9 
Excessive, 10+

36 (5.7) 
244 (38.5) 
353 (55.8)  

477 (20.0) 
1272 
(53.2) 
640 (26.8)  

715 
(15.0) 
2288 
(48.0) 
1762 
(37.0) 

Dead, no. (%) 108 (17.06) 615 
(25.74) 

513 
(10.77) 

Therapy-based comorbidity scores 
MCI (mean ± SD) 4.49 ± 2.07 3.21 ±

1.92 
3.64 ±
1.97 

MCI cat, no. (%) 
0 
1–2 
3–4 
5+

3 (0.47) 
108 (17.06) 
228 (36.02) 
294 (46.45)  

108 (4.52) 
850 
(35.58) 
877 
(36.71) 
554 
(23.19)  

79 (1.66) 
1444 
(30.30) 
1809 
(37.96) 
1433 
(30.08) 

DDCI (mean ± SD) 7.03 ± 3.93 5.73 ±
3.46 

4.95 ±
3.24 

DDCI cat, no. (%) 
0 
1–2 
3–4 
5–6 
7+

8 (1.26) 
68 (10.74) 
101 (15.96) 
137 (21.64) 
319 (50.39)  

126 (5.27) 
274 
(11.47) 
555 
(23.23) 
507 
(21.22) 
927 
(38.80)  

265 
(5.56) 
953 
(20.0) 
1083 
(22.73) 
1010 
(21.20) 
1454 
(30.51) 

CDS (mean ± SD) 8.16 ± 3.11 5.43 ±
2.86 

6.58 ±
2.82 

CDS cat, no. (%) 
0 
1–3 
4+

4 (0.63) 
20 (3.16) 
609 (96.21)  

171 (7.16) 
382 
(15.99) 
1836 
(76.85)  

92 (1.93) 
525 
(11.02) 
4148 
(87.05) 

Charlson index (mean ± SD) 2.18 ± 1.33 3.20 ±
1.86 

1.88 ±
1.29 

CCI cat, no. (%) 
0 
1–2 
3–4 
5+

43 (6.79) 
369 (58.29) 
191 (30.17) 
30 (4.74)  

64 (2.68) 
909 
(38.05) 
907 
(37.97) 
509 
(21.31)  

530 
(11.12) 
2935 
(61.59) 
1146 
(24.05) 
154 
(3.23) 

Main comorbidities, no. (%) 
Myocardial infarction 15 (2.37) 103 (4.31) 168 

(3.53) 
Congestive heart failure 245 (38.7) 232 (9.71) 1257 

(26.38) 
Peripheral vascular disease 63 (9.95) 325 

(13.60) 
310 
(6.51) 

Cerebrovascular disease 72 (11.37) 1010 
(42.28) 

475 
(9.97) 

Dementia 29 (4.58) 1726 
(72.25) 

204 
(4.28) 

Chronic pulmonary disease 146 (23.06) 366 
(15.32) 

593 
(12.44) 

Rheumatic disease 14 (2.21) 42 (1.76) 153 
(3.21) 

(continued on next page) 
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MCI and DDCI, with opposite results for CDS (Table 4). 

3.2. Survival and receiver operating characteristic analysis in REPOSI 

1-year mortality rate was not influenced by the increase in the CDS 
(p = 0.42) or MCI (p = 0.45, Fig. 1). Only excessive polypharmacy had a 
higher risk of 1-year mortality compared to subjects with no excessive 
polypharmacy (less than 5 drugs) with an HR of 1.73. An association was 
found between comorbidity status and 1-year mortality from the CCI 
and DDCI scores. Cox’s models for CCI and DDCI indicated that subjects 
in severe conditions had a greater risk of mortality than healthy patients: 
those with CCI ≥ 5 and DDCI ≥ 7 had an HR for 1-year mortality of 1.55 
and 1.82, respectively compared with the lowest level of the scale 
(Table 3). 

CCI gave low predictive power for 1-year mortality: AUC= 0.64 
[0.61–0.66]; this was no different using DDCI (AUC=0.64, CI: 
[0.61–0.66], p = 0.78), but was higher than with MCI (AUC=0.62, CI: 
[0.60–0.65], p = 0.007) and CDS (AUC=0.62, CI: [0.60–0.65], p =
0.007); CCI presented high specificity but poor sensitivity and CDS gave 
the opposite results. In the REPSOI cohort, all comorbidity indices gave 
very different PPV and NPV (Table 4). 

3.3. Survival and receiver operating characteristic analysis in ELICADHE 

In accordance with the small number of deaths recorded in the 
lowest levels of all three TBCI and number of drugs, in this setting we 
compared the higher levels of TBCI with the sum of the other classes (see 
supplementary materials S1). As in the REPOSI sample, CDS (p = 0.52) 
and MCI (p = 0.18) showed no different mortality rates in the compar-
ison of groups during follow-up (Fig. 1). Cox regressions showed an 
increased risk of 1-year mortality for excessive polypharmacy: patients 
receiving at least 10 drugs had an HR of 2.06 compared to patients with 
fewer than 10 medications and those with a DDCI ≥ 7 had an HR for 1- 
year mortality of 2.31 compared to the reference group. According to the 
CCI classification, survival analysis showed that the risk of 1-year 
mortality was more than 5.45 fold compared to patients with moder-
ate comorbidity status and almost 9 times higher for those with severe 
conditions compared to a null CCI score (Table 3). The AUC of CCI was 
0.63 (CI: [0.57–0.69]). In the ELICADHE cohort no differences were 
found with MCI (AUC=0.64, CI: [0.59–0.70], p = 0.46), CDS 
(AUC=0.62, CI: [0.55–0.68], p = 0.30) or DDCI (AUC=0.67, CI: 
[0.62–0.72], p = 0.07). CCI, again, presented high specificity and low 
sensitivity, the opposite of CDS. Previous results on PPV and NPV were 

confirmed in this cohort (Table 4). 

4. Discussion 

None of the comorbidity indices chosen definitely predicted mor-
tality better than others in older adults from NHs or from geriatric or 
internal medicine wards. In agreement with the literature, all four co-
morbidity indices higher scores indicated poor life expectancy (Chuang 
et al., 2017; Narayan & Nishtala, 2017; Robusto, 2016; Von Korff et al., 
1992). High CCI and DDCI scores were statistically significant predictors 
of 1-year mortality in the three cohorts, but they did not guarantee high 
performance for accuracy. On the other hand, the highest scores of CDS 
and MCI showed predictive power similar to the other two comorbidity 
indices, although they were not always statistically different from their 
lower scores. This disagreement may be due to the lack of some drug 
classes in the definition of those two indices, even if they are commonly 
used in a specific clinical setting, as nursing home or hospital wards 

Table 1 (continued )  

ELICADHE 
(633) 

KORIAN 
(2389) 

REPOSI 
(4765) 

Peptic ulcer disease 52 (8.21) 19 (0.80) 440 
(9.23) 

Mild liver disease 15 (2.37) 130 (5.44) 157 
(3.29) 

Diabetes without chronic complications 77 (12.16) 343 
(14.36) 

493 
(10.35) 

Diabetes with chronic complications 4 (0.63) 59 (2.47) 53 (1.11) 
Hemiplegia or paraplegia 0 92 (3.85) 3 (0.06) 
Renal disease 46 (7.27) 318 

(13.31) 
174 
(3.65) 

Any malignancy (including lymphoma, 
leukemia, except neoplasms of the 
skin) 

17 (2.69) 139 (5.82) 162 
(3.40) 

Moderate or severe liver disease 3 (0.47) 4 (0.17) 71 (1.49) 
Metastatic solid tumor 1 (0.16) 9 (0.38) 15 (0.31) 
AIDS/HIV 0 0 2 (0.04) 
Hypertension 353 (55.77) 1628 

(68.15) 
2645 
(55.51) 

Depression 27 (4.27) 115 (4.81) 260 
(5.46) 

Skin Ulcer 3 (0.47) 77 (3.22) 14 (0.29)  

Table 2 
Prevalence of main drug classes in the three cohorts.  

Drug class, no. (%) ELICADHE KORIAN REPOSI 

ACEi-ARBs 317 (50.1) 737 (30.8) 2364 
(49.6) 

Folic acid 43 (6.8) 245 (10.3) 336 (7.1) 
Alpha-blocker for BPH 55 (8.7) 147 (6.2) 491 (10.3) 
Antiplatelets 326 (51.5) 1055 (44.2) 1832 

(38.4) 
Antidepressants 89 (14.1) 787 (32.9) 668 (14.0) 
Antiepileptic drugs 63 (9.9) 380 (15.9) 396 (8.3) 
Anti Parkinson drugs 21 (3.3) 242 (10.1) 168 (3.5) 
Antipsychotics 47 (7.4) 1096 (45.9) 279 (5.9) 
Benzodiazepines 161 (25.4) 1130 (47.3) 763 (16.0) 
Beta blockers 274 (43.3) 690 (28.9) 1927 

(40.4) 
Bisphosphonates 27 (4.3) 92 (3.8) 128 (2.7) 
Calcium-channel blockers 169 (26.7) 368 (15.4) 1022 

(21.4) 
Corticosteroids 156 (24.6) 104 (4.4) 671 (14.1) 
High-ceiling diuretics 356 (56.2) 846 (35.4) 2089 

(43.8) 
Potassium-sparing diuretics 106 (16.7) 150 (6.3) 823 (17.3) 
Heparin 240 (37.9) 191 (8.0) 536 (11.2) 
NSAID 25 (3.9) 59 (2.5) 40 (0.8) 
Iron supplement 82 (12.9) 201 (8.4) 257 (5.4) 
Testosterone 5a reductase 

inhibitors 
46 (7.3) 72 (3.0) 244 (5.1) 

Antigout preparations 96 (15.2) 141 (5.9) 715 (15.0) 
Insulin 121 (19.1) 169 (7.1) 661 (13.9) 
Laxatives 133 (21.0) 1099 (46.0) 327 (6.9) 
Levothyroxine 70 (11.1) 315 (13.2) 510 (10.7) 
Metformin 53 (8.4) 135 (5.6) 373 (7.8) 
Nitrates 112 (17.7) 255 (10.7) 586 (12.3) 
Oral anticoagulants 0 123 (5.1) 251 (5.3) 
Opioids 73 (11.5) 336 (14.1) 287 (6.0) 
Non-opioid analgesics 96 (15.2) 638 (26.7) 137 (2.9) 
Potassium supplements 64 (10.1) 141 (5.9) 149 (3.1) 
Proton pump inhibitors 484 (76.5) 1125 (47.1) 2948 

(61.9) 
Statins 195 (30.8) 227 (9.5) 1369 

(28.7) 
Vitamin D (cholecalciferol) 69 (10.9) 442 (18.5) 358 (7.5) 
Warfarin 116 (18.3) 176 (7.4) 674 (14.1) 
Antineoplastic drugs 33 (5.2) 50 (2.1) 132 (2.8) 
Anti-HIV drugs 0 11 (0.5) 12 (0.3) 
Erythropoietin 17 (2.7) 25 (1.0) 121 (2.5) 
Anti-dementia drugs 6 (0.9) 47 (2.0) 33 (0.7) 
Anti-glaucoma drugs 21 (3.3) 137 (5.7) 118 (2.5) 
Hepatitis antivirals 0 1 (0.04) 13 (0.3) 
Spironolactone and lactulose 32 (5.1) 326 (13.6) 100 (2.1) 
H2 antagonists 22 (3.4) 70 (2.9) 90 (1.9) 
Respiratory illness drugs 159 (25.1) 157 (6.6) 601 (12.6) 
Arthritis immunosuppressants 4 (0.6) 14 (0.6) 64 (1.3) 

ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin II receptor 
blockers; BPH, benign prostatic hyperplasia. 
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(Andersson, 1989; Pasina et al., 2020). For example, NH residents are 
typically frailer than those hospitalised in geriatric wards, with more 
than one functional impairment, while hospitalised older adults prin-
cipally suffer from one acute and severe condition; as expected we found 
that the CCI mean score was higher in Korian than REPOSI and ELI-
CADHE. On the contrary, the numbers of drugs for NH residents were 
lower than hospitalised older adults (especially the oldest ones in the 
ELICADHE cohort). For this reason and for the lack of inclusion of 
psychotropic drugs, which are commonly used in NH (Andersson, 1989; 
Pasina et al., 2020), but are not considered by MCI and CDS, we found a 
lower score at CDS and MCI for the NH residents of Korian. Again, the 
cut off used for MCI were empirically builded on the view of our pre-
cedent study and this could explain the difference found. We found that 
a larger number of medications was associated with a higher risk of 
death, particularly for excessive polypharmacy that was a predictor of 
mortality in all three samples. This probably reflects the fact that more 
drugs means more diseases and, even if these conditions are not 
weighted according to their severity, the larger number of medications is 
related to worse health and, of course, negative consequences (i.e. 
increased risk of adverse drug events or drug-drug interactions, reduced 
functional independence and increased risk of geriatric outcomes) 
(Andersson, 1989; Leelakanok, Holcombe, Lund, Gu & Schweizer, 2003; 
Pasina et al., 2020, 2013). Possible disagreement in performance of 
investigated indices could be due to all these differences that obviously 
can’t be resumed by item based only on diagnosis or therapies. 

In agreement with the results of our first study, thresholds to detect 
severe comorbidity showed a contrasting combination of specificity- 
sensitivity and very low NPV. Therefore, the comorbidity indexes do 
not seem to be an accurate predictor of mortality in our cohorts. A 
reason may be found in the nature of these scores. Similar CCI scores 
may result from different disease combinations: for instance, a total 
score of 3 is different when it comes from a metastatic patient than from 
three milder conditions such as hypertension, dementia and peptic ulcer 

disease (Stukenborg, Wagner & Connors, 2001). Moreover, TBCIs are 
exposed to a risk of bias concerning drug prescriptions and adherence 
that may affect the estimates of disease burden, especially in older adults 
frequently exposed to a high rate of inappropriate prescriptions (Mag-
alhães, Santos & Reis, 2019; Schneider, 2019), as well as to 
non-adherence or interruption of drug therapy that may mask the 
presence of disease. Additionally, TBCI are of course influenced by the 
number of drugs prescribed and hence by each physician’s prescribing 
habits. Many cases of wide variability in prescription rates are docu-
mented (Pasina et al., 2020) and in these situations inappropriate pre-
scriptions may affect TBCI reliability. With all these sources of bias, TBCI 
may be lower or higher than a real multimorbidity status: without in-
formation on diagnoses, it is hard to assess a patient’s real burden of 
disease and hence his mortality risk (Narayan & Nishtala, 2017; Novella 
et al., 2021; Von Korff et al., 1992). 

In conclusion, comorbidity indices can be useful for research pur-
poses, allowing the comparison of patients with comorbidities, but they 
are not reliable to detect with high precision patients at risk of death. For 
this purpose indices based on diagnoses like CCI might be better, as may 
the use of scores based on the physician’s judgment, such as the Cu-
mulative Illness Rating Scale (CIRS) (Linn, Linn & Gurel, 1968), because 
some diseases are more severe than others and the final TBCI score does 
not take this into account. 

This study has some strengths. It is the first that directly compares 
TBCIs developed for older adults, polypharmacy and CCI in relation to 
the risk of mortality in three large cohorts of older adults in different 
clinical settings. Previous studies compared all comorbidity indices in 
relation to various health outcomes like 1-year survival, re- 
hospitalization or similar ones (McGregor et al., 2005; Ou et al., 2012; 
Sharabiani, Aylin & Bottle, 2012), but no information was available on 
their comparative performances in order to predict mortality in different 
settings. Second, data on drug therapies and diagnoses were accurate 
and complete for each patient, thus allowing correct calculation of the 

Fig. 1. Kaplan–Meier survival curves comparing 1-year mortality rate in groups of each comorbidity index or polypharmacy, in the three cohorts.  
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multimorbidity scores. 
The study also has some limitations. First, ELICADHE is a cohort with 

a limited number of cases in the lowest level of the TBCI scale. This 
involved a different analysis strategy, limiting the possibility of applying 
our findings to hospitalized older adults with more severe conditions. 
Second, patients who did not die in the Korian and REPOSI samples had 
standardized observational times. Third, like in the prior study, our data 
do not permit us to assess how physicians’ prescribing attitudes 

Table 3 
Relation between comorbidity score or polypharmacy and 1-year mortality from 
proportional hazard models in the three cohorts. Adjusted models were cor-
rected by age and sex.   

1-year 
mortality 
No. (%) 

Unadjusted model 
HR (IC) p-value 

Adjusted model 
HR (IC) p-value 

KORIAN 
Polypharmacy 

None, 0 – 4 
Yes, 5 – 9 
Excessive, 10þ

96 (20.1) 
321 (25.2) 
198 (30.9)  

1 
1.26 (1.01 – 1.59) – 
0.04 
1.62 (1.27 – 2.07) - 
< 0.0001  

1 
1.27 (1.01 – 1.60) 
– 0.04 
1.64 (1.29 – 2.10) - 
< 0.0001 

CCI 
0 
1–2 
3–4 
5þ

10 (15.6) 
195 (21.5) 
247 (27.2) 
163 (32.0)  

1 
1.38 (0.73 – 2.60) – 
0.32 
1.81 (0.96 – 3.41) – 
0.07 
2.24 (1.81 – 4.24) – 
0.01  

1 
1.26 (0.66 – 2.38) 
– 0.48 
1.81 (0.96 – 3.41) 
– 0.07 
2.24 (1.81 – 4.24) 
– 0.01 

MCI 
0 
1–2 
3–4 
5þ

22 (20.4) 
210 (24.7) 
219 (25.0) 
164 (29.6)  

1 
1.22 (0.78 – 1.89) – 
0.38 
1.21 (0.78 – 1.88) – 
0.39 
1.49 (0.96 – 2.33) – 
0.08  

1 
1.16 (0.75 – 1.80) 
– 0.51 
1.17 (0.76 – 1.82) 
– 0.48 
1.50 (0.96 – 2.33) 
– 0.08 

CDS 
0 
1–3 
4þ

38 (17.5) 
88 (23.0) 
497 (27.1)  

1 
1.36 (0.90 – 2.06) – 
0.14 
1.61 (1.11 – 2.32) – 
0.01  

1 
1.38 (0.91 – 2.09) 
– 0.13 
1.57 (1.09 – 2.27) 
– 0.02 

DDCI 
0 
1–2 
3–4 
5–6 
7þ

28 (22.2) 
51 (18.6) 
114 (20.5) 
133 (26.2) 
289 (31.2)  

1 
0.80 (0.48 – 1.34) – 
0.40 
0.90 (0.57 – 1.44) – 
0.68 
1.24 (0.78 – 1.98) – 
0.36 
1.59 (1.02 – 2.47) – 
0.04  

1 
0.81 (0.48 – 1.37) 
– 0.43 
0.93 (0.58 – 1.49) 
– 0.76 
1.27 (0.79 – 1.66) 
– 0.32 
1.65 (1.06 – 2.57) 
– 0.03 

REPOSI  

Polypharmacy 
None, 0 – 4 
Yes, 5 – 9 
Excessive, 10þ

49 (6.9) 
202 (8.8) 
262 (14.9)  

1 
1.28 (0.94 – 1.75) – 
0.12 
1.90 (1.40 – 2.58) - 
< 0.0001  

1 
1.21 (0.88 – 1.65) 
– 0.23 
1.73 (1.28 – 2.36) - 
0.0004 

CCI 
0 
1–2 
3–4 
5þ

68 (12.8) 
274 (9.3) 
137 (12.0) 
34 (22.1)  

1 
0.69 (0.53 – 0.91) – 
0.007 
0.85 (0.64 – 1.14) – 
0.27 
1.59 (1.06 – 2.41) – 
0.02  

1 
0.66 (0.51 – 0.86) 
– 0.002 
0.82 (0.62 – 1.10) 
– 0.19 
1.55 (1.03 – 2.35) 
– 0.04 

MCI 
0 
1–2 
3–4 
5þ

7 (8.9) 
166 (11.5) 
185 (10.2) 
155 (10.8)  

1 
1.43 (0.67 – 3.06) – 
0.35 
1.24 (0.58 – 2.63) – 
0.58 
1.27 (0.60 – 2.71) – 
0.53  

1 
1.30 (0.61 – 2.76) 
– 0.50 
1.18 (0.55 – 2.51) 
– 0.68 
1.26 (0.59 – 2.69) 
– 0.55 

CDS 
0 
1–3 
4þ

7 (7.6) 
50 (9.5) 
456 (11.0)  

1 
1.34 (0.61 – 2.96) – 
0.46 
1.51 (0.72 – 3.18) – 
0.28  

1 
1.38 (0.63 – 3.05) 
– 0.42 
1.38 (0.65 – 2.91) 
– 0.40  

Table 3 (continued )  

1-year 
mortality 
No. (%) 

Unadjusted model 
HR (IC) p-value 

Adjusted model 
HR (IC) p-value 

DDCI 
0 
1–2 
3–4 
5–6 
7þ

22 (8.3) 
78 (8.2) 
90 (8.3) 
108 (10.7) 
215 (14.8)  

1 
1.07 (0.67 – 1.72) – 
0.78 
1.07 (0.67 – 1.70) – 
0.79 
1.40 (0.89 – 2.22) – 
0.14 
1.95 (1.26 – 3.03) – 
0.003  

1 
1.06 (0.66 – 1.71) 
– 0.80 
1.04 (0.65 – 1.65) 
– 0.88 
1.31 (0.83 – 2.08) 
– 0.25 
1.82 (1.17 – 2.82) 
– 0.008 

ELICADHE 
Excessive 

polypharmacy 
None, 0 – 9 
Excessive, 10þ

31(11.1) 
77 (21.8)  

1 
2.04 (1.34 – 3.10) – 
0.0008  

1 
2.06 (1.37 – 3.13) - 
0.0007 

CCI 
0 
1–2 
3–4 
5þ

2 (4.7) 
53 (14.4) 
44 (23.0) 
9 (30.0)  

1 
3.12 (0.76 – 12.81) – 
0.11 
5.17 (1.25 – 21.3) – 
0.02 
8.35 (1.80 – 38.67) – 
0.007  

1 
3.17 (0.77 – 13.01) 
– 0.11 
5.45 (1.32 – 22.49) 
– 0.02 
8.94 (1.93 – 41.40) 
– 0.005 

MCI 
0–4 
5þ

51 (15.0) 
57 (19.4)  

1 
1.29 (0.89 – 1.89) – 
0.18  

1 
1.53 (1.04 – 2.24) 
– 0.03 

CDS 
0–3 
4þ

3 (12.5) 
105 (17.2)  

1 
1.45 (0.46 – 4.56) – 
0.53  

1 
1.45 (0.46 – 4.56) 
– 0.53 

DDCI 
0–6 
7þ

35 (11.2) 
73 (22.9)  

1 
2.29 (1.53 – 3.42) – 
< 0.0001  

1 
2.31 (1.54 – 3.46) 
– < 0.0001  

Table 4 
Operating characteristics for thresholds for each comorbidity index in the three 
cohorts.   

Korian REPOSI ELICADHE 

CCI    
Sensitivity 0.27 (0.23 – 0.30) 0,07 (0,05 – 0,09) 0.08 (0.04 – 0.15) 
Specificity 0.80 (0.79 – 0.82) 0,97 (0,97 – 0,98) 0.96 (0.94 – 0.97) 
PPV 0.32 (0.28 – 0.36) 0,22 (0,16 – 0,29) 0.30 (0.17 – 0.48) 
NPV 0.76 (0.74 – 0.78) 0,87 (0,89 – 0,91) 0.84 (0.80 – 0.86) 
CDS    
Sensitivity 0.81 (0.76 – 0.84) 0,889 (0,86 – 0,91) 0.97 (0.92 – 0.99) 
Specificity 0.25 (0.23 – 0.27) 0,132 (0,12 – 0,14) 0.04 (0.03 – 0.06) 
PPV 0.27 (0.25 – 0.29) 0,110 (0,10 – 0,12) 0.17 (0.14 – 0.20) 
NPV 0.79 (0.75 – 0.82) 0,908 (0,88 – 0,93) 0.88 (0.69 – 0.96) 
MCI    
Sensitivity 0.27 (0.23 – 0.30) 0.30 (0.26 – 0.34) 0.53 (0.43 – 0.62) 
Specificity 0.78 (0.76 – 0.80) 0.70 (0.69 – 0.71) 0.55 (0.51 – 0.59) 
PPV 0.30 (0.26 – 0.34) 0.11 (0.09 – 0.13) 0.19 (0.15 – 0.24) 
NPV 0.75 (0.73 – 0.77) 0.89 (0.88 – 0.90) 0.85 (0.81 – 0.88) 
DDCI    
Sensitivity 0.47 (0.43 – 0.51) 0,42 (0,38 – 0.46) 0.68 (0.58 – 0.76) 
Specificity 0.64 (0.62 – 0.66) 0,71 (0,70 – 0,72) 0.53 (0.49 – 0.57) 
PPV 0.31 (0.28 – 0.34) 0,15 (0,13 – 0,17) 0.23 (0.19 – 0.28) 
NPV 0.78 (0.76 – 0.80) 0,91 (0,90 – 0,92) 0.89 (0.85 – 092)  

A. Novella et al.                                                                                                                                                                                                                                 



Archives of Gerontology and Geriatrics 100 (2022) 104649

7

influenced our results. Indeed, TBCI are strictly connected with the 
number of drugs received by patients and consequently by the pre-
scribing attitude of their clinicians. High variability in prescription rates 
is reported in literature (Pasina et al., 2020) and in these cases inap-
propriate prescriptions may influence TBCI reliability with over/-
underestimation of a subject’s real multimorbidity status (Narayan & 
Nishtala, 2017; Von Korff et al., 1992). 

Our study suggests that, despite their poor predictive power, exces-
sive polypharmacy or all TBCI at the highest scores can be used to 
predict the risk of 1-year mortality of older adults. Future research 
should develop a more sensitive and accurate prognostic tool, able to 
more accurately define the threshold of mortality risk. 

5. Conclusion 

This study shows that no comorbidity index was able to predict 1- 
year mortality better than others in these settings. High scores for 
each index were associated with a higher risk of death in the next 12 
months, similarly to excessive polypharmacy, but all predictive perfor-
mances were on the whole poorly useful in critical comorbidity condi-
tions. CCI fitted better as a predictor of 1-year mortality than others. 
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