
Vol.:(0123456789)1 3

Aging Clinical and Experimental Research (2021) 33:1929–1935 
https://doi.org/10.1007/s40520-020-01706-w

ORIGINAL ARTICLE

Comparison between drug therapy‑based comorbidity indices 
and the Charlson Comorbidity Index for the detection of severe 
multimorbidity in older subjects

Alessio Novella1  · Chiara Elli1 · Mauro Tettamanti1 · Alessandro Nobili1 · Aladar Ianes2 · Pier Mannuccio Mannucci3 · 
Luca Pasina1 · the REPOSI* Investigators

Received: 18 June 2020 / Accepted: 1 September 2020 / Published online: 15 September 2020 
© Springer Nature Switzerland AG 2020

Abstract
Background To know burden disease of a patient is a key point for clinical practice and research, especially in the elderly. 
Charlson’s Comorbidity Index (CCI) is the most widely used rating system, but when diagnoses are not available therapy-
based comorbidity indices (TBCI) are an alternative. However, their performance is debated. This study compares the 
relations between Drug Derived Complexity Index (DDCI), Medicines Comorbidity Index (MCI), Chronic Disease Score 
(CDS), and severe multimorbidity, according to the CCI classification, in the elderly.
Methods Logistic regression and Receiver Operating Characteristic (ROC) analysis were conducted on two samples from 
Italy: 2579 nursing home residents (Korian sample) and 7505 older adults admitted acutely to geriatric or internal medicine 
wards (REPOSI sample).
Results The proportion of subjects with severe comorbidity rose with TBCI score increment, but the Area Under the Curve 
(AUC) for the CDS (Korian: 0.70, REPOSI: 0.79) and MCI (Korian: 0.69, REPOSI: 0.81) were definitely better than the 
DDCI (Korian: 0.66, REPOSI: 0.74). All TBCIs showed low Positive Predictive Values (maximum: 0.066 in REPOSI and 
0.317 in Korian) for the detection of severe multimorbidity.
Conclusion CDS and MCI were better predictors of severe multimorbidity in older adults than DDCI, according to the CCI 
classification. A high CCI score was related to a high TBCI. However, the opposite is not necessarily true probably because 
of non-evidence-based prescriptions or physicians’ prescribing attitudes. TBCIs did not appear selective for detecting of 
severe multimorbidity, though they could be used as a measure of disease burden, in the absence of other solutions.
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Introduction

Multimorbidity is commonly defined by the presence of two 
or more chronic diseases in an individual [1, 2], with preva-
lences ranging from 49 to 99% in the elderly [3–5]. Multi-
morbidity is associated with worse health outcomes, more 
complex clinical management and greater health care costs. 
Detecting frail multimorbid people is therefore important for 
physicians, researchers and health policy-makers [1].

Different indices are proposed to measure the burden of 
chronic disease with different criteria based on the physi-
cian’s judgement, recorded diagnoses or drug therapies. 
Charlson’s Comorbidity Index (CCI) is the most widely 
studied comorbidity index and has proven valid and reliable 
for measuring multimorbidity [6, 7]. The CCI is based on 
the weighted sum of the severity of several diseases. CCI is 
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a good predictor of such clinical events as mortality [7], hos-
pital readmission [8] or other outcomes (e.g., use of peculiar 
drugs [9]), especially in the elderly. CCI is also a good index 
to reduce confounding and to compare subjects with similar 
comorbidity status [10]. Different versions of CCI have been 
proposed,to obtain better predictive performances, such as 
for instance the age-adapted version that rises by 1 point for 
each decade over 50 years [11]. Furthermore, to predict mor-
tality better in elderly people, the original authors proposed 
an improved version in 2008 by, with the goal to predict 
health costs too [12].

However, diagnoses are not always available or com-
plete, while drug therapies are almost always available. 
Therefore, Therapy-Based Comorbidity Indices (TBCIs) has 
been proposed to classify the clinical status of a subject, as 
an alternative to those based on diagnoses. Some of these 
indices aim to measure the comorbidity status when disease 
information is not available, and the Chronic Disease Score 
(CDS) was one of the first proposed as a main alternative 
to CCI [13], being created on population-based medication 
data to predict mortality and hospitalization. More recent 
TBCIs are the Medicine Comorbidty Index (MCI) [14] and 
the Drug Derived Complexity Index (DDCI) [15]. Like diag-
nosis-based indices, TBCIs are predictors of mortality and 
other clinical outcomes, but their comparative performances 
are debated [14, 15].

With this background and the gaps in our knowledge, and 
considering that no study so far has compared TBCIs for 
chronic disease status with the more commonly used diag-
nosis-based indices, this study compared how DDCI, MCI 
and CDS detect severe multimorbidity, according to the CCI 
classification, in elderly subjects hospitalised or institution-
alised, to see whether TBCIs could be reliable alternatives 
when diagnosis is lacking and no other item can be used.

Methods

Study design and data collection

For this cross-sectional study we used data collected in 
two different settings of older adults: (i) residents of nurs-
ing homes (NHs), the Korian sample, and (ii) inpatients 
admitted acutely to geriatric or internal medicine wards, the 
REPOSI sample.

Korian sample

Korian collects data from a sample of Italian long-term care 
NHs. Socio-demographic details, diagnosis and drug treat-
ments of each NH resident during the study were collected 
on web-based Case Report Forms (CRF). Drug prescrip-
tion information, diseases and socio-demographic details 

of NH residents were obtained at three times during 2018: 
April 1, September 1, and December 31. For each patient, 
we considered the last time point. All data were anonymous 
and informed consent was not required for the purpose of 
this study. Data collection complied fully with Italian law 
on personal data protection and the study was approved by 
the ethics committee of the IRCCS Carlo Besta Foundation.

REPOSI sample

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 Maggiore Policlinico Hospital 
Foundation. The registry was set up in 2008 from a network 
of internal medicine and geriatric wards with the goal to 
collect clinical and therapeutic information on elderly in-
patients and is currently ongoing. To ensure that an unse-
lected population of elderly patients (65 years o and over) is 
included, the first ten patients acutely admitted to the wards 
participating in the study during 4-week periods 3 months 
apart were consecutively recruited. Participation was vol-
untary and all patients gave signed informed consent. Data 
collection complied fully with Italian law on personal data 
protection and the ethical committees of each ward partici-
pating in REPOSI approved the study.

The attending physicians completed a standardized web-
based CRF for each patient, including admission diagno-
ses, socio-demographic details and drug use at admission, 
in hospital and at discharge. The reference time point was 
admission to hospital.

Rating system used to assses comorbidity burden

Charlson Comorbidity Index

We used the most recent version of CCI (2008) [12], which 
added three new classes of diseases to the original items 
(hypertension, depression and skin ulcer) and a supplemen-
tal condition related to use of warfarin. For each of the 23 
classes assessed, weights range from 1 to 6, with no extra 
point linked to age. To identify patients in severe clinical 
conditions, we chose the cut-off proposed by the authors: 
CCI ≥ 5 for severely affected cases (0 healthy, 1–2 mild, 3–4 
moderate) [7, 10].

Chronic Disease Score

The CDS is one of the most cited TBCIs. The 17 conditions 
have a weight ranging from 1 to 5; for heart disease, respira-
tory illness, acne and hypertension the weight is not fixed 
but changes with the number of drugs classes used by sub-
jects (e.g., drugs for heart disease score 3–5). Three levels 
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of multimorbidity severity are identified with subjects with 
CDS ≥ 4 having the most severe conditions (0 healthy, 1–3 
mild comorbidity) [13].

Medicine Comorbidity Index

The baseline chronic conditions employed to develop MCI 
did stem from the CDS framework, as the index was cre-
ated specifically for older people. The authors selected 20 
disease classes related to the elderly, with weights from 1 
to 3 [14]. No cut-off was proposed to identify subjects in 
severe conditions.

Drug Derived Complexity Index

The DDCI differs from CDS and MCI because it was devel-
oped on the basis of drug classes; some items have a nega-
tive weight (i.e., immunosuppressants). Negative scores are 
assigned 0, as suggested [15]. In a later study, the authors 
set seven as hypothetical cut-off to identify severe comor-
bidity [16].

Statistical analysis

The patients’ socio-demographic characteristics were pre-
sented using standard descriptive statistics. We tabulated 
percentages for discrete variables, mean and standard devia-
tions for continuous variables. Then we analyzed correla-
tions between CCI and the remaining three TBCIs using a 
test for comparing elements of a correlation matrix [17]. To 
assess how TBCIs detect subjects with a severe comorbidity 
status (CCI ≥ 5), analysis was done in four steps. First, we 
used an explorative univariate logistic regression model for 
each TBCI, to propose possible cut-offs intended to identify 
severe conditions according to the CCI. Second, we con-
ducted a logistic regression analysis adding age and sex to 
the models: first as covariate then as stratifying variables. 
Odds Ratios (OR) were calculated for all the TBCI, statisti-
cal significance and Confidence Interval (CI) were calcu-
lated using Wald’s test.

Third, Receiver Operating Characteristic (ROC) curves 
were used to assess the predictive power of TBCI for CCI 
outcome in adjusted models. We calculated the Area Under 
the ROC Curve (AUC) for each TBCI and differences were 
analyzed using Delong’s test. Finally, we compared oper-
ating characteristics (sensitivity, specificity, positive and 
negative predictive values, PPV and NPV) to evaluate the 
diagnostic power of the cut-off detected.

Statistical significance (alpha) was 0.05 for all tests. On 
the assumption that severe comorbid conditions according 
to the CCI are predictors of a high risk of 1-year mortality 
[7, 10, 18], and that according to previous studies MCI and 
DDCI recorded AUC for the prediction of 1-year mortality 

between 0.64 and 0.76 [14, 15], we expected similar values 
for the AUC, ± 0.04 in Korian and ± 0.07 in REPOSI popula-
tions, with a statistical power higher than 80% [19]. These 
analyses were developed using JMP Pro 14 (SAS Institute 
Inc., Cary, NC) and RStudio (RStudio Inc., Boston, MA).

Results

We collected data on 2579 subjects from Korian and 7505 
from REPOSI. NH residents were older, received more 
drugs and had higher mean scores according to the CCI and 
DDCI. The percentage of women and residents with CCI ≥ 5 
in Korian was higher than in the acute medical patients 
recruited in REPOSI: about 20% of patients in Korian had a 
CCI ≥ 5 vs 2% in REPOSI. Mean CDS and MCI scores were, 
however higher in REPOSI (Table 1).

CCI disease classes with a higher prevalence in REPOSI 
were hypertension, congestive heart failure and diabetes 
(without chronic complications), while dementia, hyperten-
sion and cerebrovascular disease were the most frequent in 
Korian (Supplementary Table S1).

TBCI analysis in Korian

Correlations with CCI were similar (p = 0.30) for CDS (0.35 
[0.31–0.38]) and MCI (0.34 [0.30–0.37]), and definitely 
higher (p < 0.0001) than correlation between CCI and DDCI 
(0.27 [0.19–0.26]). The proportion of subjects with more 
severe comorbidity rose with for each TBCI point. Univari-
ate logistic models showed that a higher MCI score pre-
dicted a severe comorbidity status (OR = 1.37 [1.30–1.43], 
p < 0.0001) better than CDS (OR = 1.28 [1.23–1.33], 
p < 0.0001) or DDCI (OR = 1.13 [1.10–1.16], p < 0.0001). 
Thresholds for TBCIs that captured NH residents in more 
severe conditions were six for DDCI and CDS and four for 
MCI. In the adjusted logistic regression, the ORs for the risk 
of a severe comorbidity burden status rose to more than five 

Table 1  Main characteristics of the two samples

Korian REPOSI

Number of subjects 2579 7507
NH/wards (min–max subjects) 27 (14–145) 122 (5–190)
Age, years (mean ± SD) 86.83 ± 7.32 79.40 ± 7.55
Women, no (%) 1995 (77.4) 3879 (51.7)
Daily drugs (mean ± SD) 7.54 ± 3.50 5.60 ± 2.90
CCI (mean ± SD) 3.18 ± 1.82 1.55 ± 1.24
Frail subjects (CCI ≥ 5), no (%) 523 (20.2) 175 (2.3)
CDS (mean ± SD) 5.38 ± 2.83 6.01 ± 2.90
DDCI (mean ± SD) 5.66 ± 3.50 4.41 ± 3.08
MCI (mean ± SD) 3.20 ± 1.97 3.29 ± 1.96
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when the TBCIs scores rose above their cut-off (Table 2). 
Results were similar for stratified analysis (Supplementary 
Table S2).

The Delong test showed that the AUCs for CDS (0.70 
[0.68–0.73]) and MCI (0.69 [0.68–0.72]) were definitely 
higher than those for DDCI (0.66 [0.63–0.68], respectively 
p < 0.0001 and p = 0.0066), but no difference was found in 
the correlations between MCI and CCI and between CDS 
and CCI (p = 0.2529) (Fig. 1a). Analyzing the diagnostic 
power of the thresholds detected on the basis of the oper-
ating characteristics, CDS showed the highest sensitivity 
(0.71), MCI the best specificity (0.67). All three TBCIs had 
a very low PPV (the maximum was 0.317 with MCI) but a 
good NPV (0.88 by CDS) (Table 4).

TBCI analysis in REPOSI

MCI and CDS correlated more (p < 0.0001) with CCI 
(respectively 0.46 [0.45–0.48]) and 0.45 [0.43–0.47]) than 
DDCI (0.36 [0.34–0.38]). Univariate logistic regressions 
showed that the OR of MCI for one-point increment was 
higher (1.66 [1.55–1.77], p < 0.0001) than for CDS (1.40 
[1.33–1.48], p < 0.0001), and DDCI (1.27 [1.22–1.33], 
p < 0.0001), thus detecting a severe comorbidity status, the 
corresponding thresholds being respectively 5, 8, 7. The 
risk of a severe comorbidity status increased with DDCI, 
CDS and MCI when they reached respective cut-off, by 
respectively 5, 4 and sevenfold, adjusting by sex and age 
(Table 3). Stratified analysis gave similar results (Supple-
mentary Table S3).

The AUC using DDCI (0.74 [0.71–0.78]) was smaller 
than with CDS (0.79 [0.76–0.83], p = 0.0137) and also with 
MCI (0.81 [0.77–0.84], p = 0.0012); no significant differ-
ences were found comparing the correlation between MCI 
and CCI and between CDS and CCI (p = 0.229) (Fig. 1b). 
The sensitivity was highest with CDS (0.74), and specificity 
highest with MCI (0.70). Again, all three TBCIs had a very 
low PPV but good NPV (Table 4).

Discussion

CDS and MCI detected severe multimorbidity better than 
DDCI in older adults from nursing homes and from geriatric 
or internal medicine wards too according to the CCI clas-
sification. No difference was found between MCI and CDS. 
However, as MCI was developed for older subjects, it may 
be preferable for similar target populations.

As expected, because NH residents are typically frailer, 
the CCI mean score was higher in Korian than REPOSI, 
while CDS and MCI scores from NH residents were simi-
lar to those of hospitalized older adults. This disagreement 
is probably due to the widespread use of psychotropic 

Table 2  Relations between TBCI scores and severe comorbidity sta-
tus in Korian, adjusted by age and sex

Number of subjects CCI ≥ 5 OR (95% CI)

DDCI No (%) No (%)
 0 159 (6.2) 8 (5.0) 1
 1 144 (5.6) 25 (17.4) 3.92 (1.70–9.04)
 2 151 (5.9) 16 (10.6) 2.24 (0.93–5.42)
 3 328 (12.7) 40 (12.2) 2.55 (1.16–5.89)
 4 282 (10.9) 46 (16.3) 3.65 (1.67–7.96)
 5 271 (10.5) 51 (18.8) 4.43 (2.04–9.62)
 6 261 (10.1) 58 (22.2) 5.35 (2.48–11.57)
 7 279 (10.8) 73 (26.2) 6.59 (3.08–14.12)
 8 183 (7.1) 46 (25.1) 6.03 (2.74–13.26)
 9 152 (5.9) 51 (33.6) 9.27 (4.21–20.41)
 10 124 (4.8) 37 (29.8) 7.63 (3.39–17.18)
 11 + 245 (9.5) 72 (29.4) 7.83 (3.64–18.82)
 p value < 0.0001
 Continuous – – 1.12 (1.09–1.16)
 p value < 0.0001

CDS
 0 186 (7.2) 9 (4.8) 1
 1 96 (3.72) 12 (12.5) 2.80 (1.13–6.93)
 2 83 (3.2) 6 (7.2) 1.55 (0.53–4.53)
 3 249 (9.7) 24 (9.6) 2.05 (0.93–4.52)
 4 352 (13.7) 41 (11.7) 2.64 (1.25–5.56)
 5 371 (14.4) 60 (16.2) 3.86 (1.87–7.98)
 6 351 (13.6) 78 (22.2) 5.58 (2.73–11.44)
 7 328 (12.7) 85 (25.9) 6.54 (3.20–13.38)
 8 214 (8.3) 76 (35.5) 10.44 (5.04–21.62)
 9 152 (5.9) 46 (30.3) 8.00 (3.76–17.05)
 10 113 (4.4) 46 (40.7) 12.93 (5.98–27.95)
 11 + 84 (3.3) 40 (47.6) 18.44 (8.30–40.98)
 p value < 0.0001
 Continuous – – 1.27 (1.22–1.32)
 p value < 0.0001

MCI
 0 108 (4.2) 6 (5.6) 1
 1 412 (16.0) 46 (11.2) 2.07 (0.86–4.99)
 2 545 (21.1) 66 (12.1) 2.27 (0.95–5.38)
 3 530 (20.6) 93 (17.6) 3.52 (1.49–8.27)
 4 401 (15.6) 110 (27.4) 6.16 (2.62–14.48)
 5 250 (9.7) 62 (24.8) 5.33 (2.22–12.78)
 6 167 (6.5) 59 (35.3) 8.91 (3.68–21.60)

7+ 166 (6.4) 81 (48.8) 16.11 (6.68–38.87)
 p value < 0.0001
 Continuous – – 1.37 (1.30–1.44)
 p value < 0.0001
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drugs, not considered by the two TBCIs but commonly 
used in NH [20].

For all three TBCIs, higher score indicated poor life 
expectancy [12–14]. High CCI scores are related to high 
TBCI ratings, but these did not always match high CCI 
score: for all three indices, our thresholds (but also the 
original thresholds, which are lower) showed a very low 
PPV, thus a higher percentage of subjects in severe condi-
tions than CCI. TBCIs are exposed to risk bias concerning 
drug prescriptions and adherence that may affect estiamtes 
of the disease burden, especially in older adults frequently 
exposed to a high rate of inappropriate prescriptions [21, 
22], as well as non-adherence or interruption of drug 
therapy that may mask the presence of disease. Moreover, 
TBCI are, of course, influenced by the number of drugs 
prescribed and consequently by each physician’s prescrib-
ing attitude. Many cases of high variability in prescription 
rates are documented [23] and in these situations, inap-
propriate prescriptions may affect TBCI reliability. For all 
these sources of bias, without information on diagnoses it 
is hard to evaluate the patient’s real burden disease, and 
TBCI may be lower or higher than a subject’s real multi-
morbidity status [13, 14]. It is therefore suggested to use 
indices based on diagnoses like CCI, or scores based on 
the physician’s judgment such as the Cumulative Illness 
Rating Scale (CIRS) [24]. An alternative when data are 
incomplete is to use a multimorbidity scoring system that 
is based on both drug therapy and diagnoses. A recent 
example is the Multisource Comorbidity Score (MCS) 
developed by Corrao et  al. on the basis of the Italian 
National Health System database [25].

When diagnoses are lacking, TBCI are possible alterna-
tives, particularly in research, as a measure of multimorbid-
ity or to adjust estimates affected by possible confounder, but 
they are not reliable when it is necessary to precisely iden-
tify subjects in severe conditions (e.g., in clinical practice). 
Many other scoring items have been proposed with different 
criteria. In this study, we avoided to evaluate TBCIs using 
complex scoring systems (e.g., decimal weights for each 
class conditions [26]) or items created on samples with spe-
cific characteristics, like a common clinical condition (e.g., 
presence of cancer [27]).

This study has some strengths. It is the first that directly 
compares TBCIs developed for older adults to CCI, since 
previous studies compared all comorbidity indices in rela-
tion to various health outcomes like 1-year survival, re-
hospitalization or similar ones. Second, in two large patient 
samples from different clinical settings (nursing homes and 
geriatric or internal medicine wards), we obtained similar 
results. Third, data on drug therapies and diagnoses were 
accurate and complete for each patient, thus allowing correct 
calculation of the multimorbidity scores.

On the other hand, there are three main limitations. First, 
REPOSI has a large sample but with a limited number of 
severe cases (only 2% of subjects with CCI ≥ 5). This might 
influence results, so our findings may not apply to patient 
samples with a higher percentage of hospitalized older 
adults with more severe conditions. Second, we lack infor-
mation on life expectancy or other typical health outcomes 
investigated by other studies. Third, our data do not allow 
us to assess how physicians’ prescribing attitudes influenced 
our results. Thus, these results should be taken as a starting 

Fig. 1  Receiver Operating Characteristic (ROC) curves comparing the discriminant power of DDCI (continued line), CDS (dashed line) and 
MCI (grey line) for prediction of severe comorbidity status according to CCI in Korian (a) and REPOSI (b)



1934 Aging Clinical and Experimental Research (2021) 33:1929–1935

1 3

point for future research to prospectively understand the true 
predictive power of TBCI on hard health outcomes, such as 
mortality or hospitalization.

Conclusion

MCI and CDS performed better than DDCI in both patient 
samples for detection of a severe multimorbidity status 
defined according to CCI. Thus, they seem to be the best 
alternatives when diagnoses are lacking. However, we 
found disagreement between TBCI and CCI: using TBCIs, 
subjects often appear frailer than they really were. Thus, 
TBCIs do not appear to be highly suitable for detecting 
subjects with severe comorbid conditions, although they 
allow comparisons within subjects, as a measure of disease 
burden or for confounder adjustment.
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Table 3  Relations between TBCI scores and severe comorbidity sta-
tus in REPOSI, adjusted by age and sex

Number of subjects CCI ≥ 5 OR (95% CI)

DDCI No (%) No (%)
 0 640 (8.5) 4 (0.6) 1
 1 882 (11.8) 4 (0.5) 0.74 (0.18–2.97)
 2 872 (11.6) 6 (0.7) 1.12 (0.31–3.97)
 3 833 (11.1) 7 (0.8) 1.37 (0.40–4.69)
 4 873 (11.6) 21 (2.4) 4.11 (1.40–12.06)
 5 852 (11.4) 18 (2.1) 3.52 (1.18–10.46)
 6 735 (9.8) 16 (2.2) 3.71 (1.23–11.18)
 7 662 (8.8) 23 (3.5) 5.92 (2.03–17.25)
 8 345 (4.6) 20 (5.8) 10.02 (3.39–29.62)
 9 316 (4.2) 20 (6.3) 11.06 (3.74–32.71)
 10 194 (2.6) 11 (5.7) 9.78 (3.07–31.14)
 11+ 303 (4.0) 25 (8.3) 14.54 (5.00–42.26)
 p value < 0.0001
 Continuous – – 1.27 (1.22–1.33)
 p value < 0.0001

CDS
 0 275 (3.7) 3 (1.1) 1
 1 280 (3.7) 5 (1.8) 1.64 (0.39–6.92)
 2 335 (4.5) 1 (0.3) 0.27 (0.03–2.64)
 3 548 (7.3) 1 (0.2) 0.17 (0.02–1.64)
 4 730 (9.7) 7 (1.0) 0.88 (0.23–3.45)
 5 1002 (13.4) 6 (0.6) 0.55 (0.14–2.24)
 6 1098 (14.6) 11 (1.0) 0.93 (0.26–3.36)
 7 1003 (13.4) 12 (1.2) 1.10 (0.31–3.92)
 8 801 (10.7) 21 (2.6) 2.40 (0.71–8.12)
 9 633 (8.4) 32 (5.1) 4.73 (1.43–15.62)
 10 361 (4.8) 19 (5.3) 4.90 (1.43–16.75)
 11+ 441 (5.9) 57 (12.9) 13.17 (4.08–42.57)
 p value < 0.0001
 Continuous – – 1.39 (1.32–1.47)
 p value < 0.0001

MCI
 0 223 (3.0) 1 (0.5) 1
 1 1165 (15.5) 4 (0.3) 0.78 (0.09–7.00)
 2 1633 (21.8) 8 (0.5) 1.11 (0.14–8.91)
 3 1431 (19.1) 14 (1.0) 2.20 (0.29–16.86)
 4 1218 (16.2) 26 (2.1) 4.81 (0.65–35.63)
 5 828 (11.0) 28 (3.4) 7.71 (1.04–57.03)
 6 505 (6.7) 28 (5.5) 12.89 (1.74–95.37)
 7+ 504 (6.7) 66 (13.1) 32.98 (4.54–239.27)
 p value < 0.0001
 Continuous – – 1.65 (1.55–1.76)
 p value < 0.0001

Table 4  Operating characteristics for thresholds detected by logistic 
models for each TBCI for two samples

Korian REPOSI

DDCI ≥ 6 ≥ 7
 Sensitivity 0.644 (0.602–0.684) 0.566 (0.492–0.637)
 Specificity 0.559 (0.537–0.580) 0.765 (0.755–0.775)
 PPV 0.271 (0.247–0.296) 0.054 (0.045–0.066)
 NPV 0.861 (0.841–0.878) 0.987 (0.983–0.989)

CDS ≥ 6 ≥ 8
 Sensitivity 0.709 (0.669–0.747) 0.737 (0.667–0.797)
 Specificity 0.576 (0.555–0.598) 0.713 (0.702–0.723)
 PPV 0.299 (0.274–0.325) 0.058 (0.049–0.068)
 NPV 0.886 (0.868–0.902) 0.991 (0.991–0.993)

MCI ≥ 4 ≥ 5
 Sensitivity 0.597 (0.554–0.638) 0.697 (0.625–0.760)
 Specificity 0.673 (0.653–0.693) 0.766 (0.756–0.776)
 PPV 0.317 (0.289–0.347) 0.066 (0.056–0.079)
 NPV 0.868 (0.850–0.883) 0.991 (0.988–0.993)
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