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Abstract
In the last 2–3 decades internists have confronted dramatic changes in the pattern of patients acutely admitted to hospital 
wards. Internists observed a shift from younger subjects affected by a single organ disease to more complex patients, usually 
older, with multiple chronic conditions, attended by different specialists, with poor integration and treated with multiple 
drugs. In this regard, the concept of complex patients is addressed daily in clinical practice even if there is no agreed defini-
tion of patient complexity. To try to evaluate clinical complexity different instruments have been proposed. Among these, 
the number of comorbidities (NoC) was considered a marker of clinical complexity. However, this instrument would not give 
information about the clinical relevance of each condition. On the contrary, cumulative illness rating scale (CIRS) addresses 
the problem calculating both CIRS severity index (CIRS-SI) and CIRS comorbidity index (CIRS-CI). In light of this, 4714 
patients from the RePoSI register were retrospectively analyzed to show if CIRS assessment of comorbidity burden is dif-
ferent from the simple count of comorbidities in predicting the length of hospital stay (LOS) and all-cause of mortality in 
hospitalized elderly patients and if NoC could be a valid tool to measure patient’s complexity. CIRS-SI resulted the best 
predictor of all-cause in-hospital mortality [OR: 2.66 (1.88–3.77)] in comparison with NoC that did not result statistically 
significant (p = 0.551). CIRS-SI was also the best predictor of all-cause of post-discharge mortality corrected for age and sex 
[OR: 2.12 (1.53–2.95)]. CIRS-SI (coefficient ± standard error: 1.23 ± 0.59; p < 0.0381) and CIRS-CI (coefficient ± standard 
error: 0.27 ± 0.10; p < 0.011) were strong predictors of LOS in comparison with NoC that did not result statistically signifi-
cant (coefficient ± standard error: 0.04 ± 0.06 p < 0.0561). In conclusion, CIRS assessment of comorbidity burden is a better 
clinical tool in comparison with the simple count of comorbidities especially considering the length of hospital stay and 
all-cause mortality in hospitalized elderly patients.
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Introduction

In the third millennium, health care systems, physicians, 
and particularly internists are facing dramatic demographic 
changes characterized by the increasing share of older per-
sons in the whole population. Worldwide, the oldest-old 
people will rise from 125 million of 2015 to 434 million 
of 2050. In Europe by 2060, people aged 65 and older will 
become 28% of the entire population [1]. In Italy by 2050 
people aged 65 and older will be 24% of the population and 
15% of them will be older than 80 years [2]. Aging is clearly 
characterized by multiple chronic diseases in the same indi-
vidual. Approximately 133 million American persons suffer 
from at least one chronic disease [3]. 62% of people aged 
65–74 years and 82% for those aged ≥ 85 years are affected 
by two or more coexisting chronic conditions [4]. As a con-
sequence, internists must take care of a complex patient, 
usually older, with multiple chronic conditions, followed by 
many different specialists, with no integration, treated with 
multiple drugs. Recently, Tonelli et al. [5] have found out a 
high level of some complexity markers in patients seen by 
different type of physician. However, among subspecialists 
the approach to complexity is very different. First of all, 
family physician has to manage and coordinate processes 
of care; essentially, his approach to clinical complexity 
consists of coordinating critical pathways and to answer to 
specific problems at the minimum level of complexity. On 
the contrary, general internist, as hospitalist, has to manage 
clinical complexity by a holistic view. His approach should 
be focused on the diagnostic and therapeutic reconciliation, 
optimizing the critical pathway by wisdom and often beyond 
the evidence, using subspecialty support [6]. On the other 
hand, some markers of complexity do not adequately repre-
sent it. This is the case of the NoC. Indeed, in the moment 
of assessment, the number of comorbidities have no infor-
mation about the clinical relevance of each condition. CIRS 
resolves the matter allowing to calculate both CIRS-SI and 
CIRS-CI. This study aims to verify if CIRS assessment 
of comorbidity burden is different by the simple count of 
comorbidities in elderly inpatients hospitalized in internal 
medicine wards. If complexity exists, it has to be linked with 
process indices and outcomes. For this reason, we used LOS 
and all-cause mortality as proxy variables to face complexity 
in elderly inpatients from the RePoSI register.

Methods

Data from the RePoSI register were retrospectively ana-
lyzed. RePoSI is an independent and ongoing collabora-
tive register, organized by the Italian Society of Internal 

Medicine (SIMI) and the Mario Negri Institute for Phar-
macological Research. It involved the creation of an ongo-
ing network of 102 internal medicine and geriatric wards 
that collected information about polytherapy on elderly 
patients, affected by multiple diseases. Patients were 
eligible for RePoSI if: (1) they were admitted to one of 
the participating internal medicine wards during the four 
index weeks chosen for recruitment (one in February, one 
in June, one in September, and one in December); (2) 
their age was 65 years or older; (3) they gave informed 
consent. Each ward had to enroll by physicians, at least 
ten consecutive eligible patients during each index week 
recording data on socio-demographic details, the main 
reason for admission and comorbidities, diagnoses, treat-
ment (including all drugs taken at hospital admission and 
recommended at discharge), clinical events during hos-
pitalization and outcome. During those weeks, all par-
ticipating centers had to complete the registration of all 
patients admitted, indicating those who were consecutively 
enrolled. For patients who were excluded, the reason had 
to be given. Also, data on mortality or any new hospi-
talization were collected, with a telephone interview per-
formed by a physician to the patient or his/her relatives, 3 
and 12 months after hospital discharge. Then, a final data-
base was created and checked by the Mario Negri Insti-
tute for Pharmacological Research. The RePoSI study was 
approved by the Ethics Committee of each participating 
centre. All the details of database and population char-
acteristics may be found in previous publication [7]. The 
project’s design is accessible at the related website [8].

The dataset relating to 4714 patients was used for all the 
analyses. Socio-demographic variables such as age classes, 
marital status, living arrangement and hospital admissions 
were all considered. As clinical characteristics, we evaluated 
disease distribution at hospital admission (classification was 
based on the International Classification of Diseases-Ninth 
Revision), cognitive status and mood disorders (tested with 
the Short Blessed Test, SBT [9] and the Geriatric Depres-
sion Scale, GDS [10], functional status at hospital admission 
(measured by means of the Barthel Index [11]) classified as 
mild (BI 75–90), moderate (BI 50–74), severe (BI 25–49) 
and total dependence (BI 0–24), kidney function by means 
of eGFR (calculated using the Chronic Kidney Disease 
Epidemiology Collaboration formula [12]), severity and 
comorbidity indexes (evaluated respectively by the CIRS-
SI and CIRS-CI [13]) and in-hospital, 3-month and 1-year 
mortality rates.

Cumulative illness rating scale consists of 14 items 
exploring impairment regarding different organ and systems: 
(1) cardiac system, (2) vascular system, (3) hematological 
system, (4) respiratory system, (5) eye, ear, nose, throat, 
larynx system, (6) upper gastroenterological, (7) lower gas-
troenterological system, (8) hepatic and pancreatic system, 
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(9) renal system, (10) genitourinary system, (11) musculo-
skeletal system, (12) neurological system, (13) endocrine-
metabolic system, (14) psychiatric/behavioral system.

Each system was rated from 1, no impairment, to 5, 
extremely severe-impairment-life threatening. CIRS-SI was 
calculated as the average of all the CIRS items CIRS-CI 
score is based on the count of the organ system with moder-
ate (score = 3) to more significant impairment.

Statistical analysis

Data were reported as percentages for categorical variables 
and as means (95% confidence intervals) for quantitative 
variables. A Barthel index (BI) score of ≤ 40 was used to 
select patients with significant disability according to our 
population characteristics. To measure the relationship 
between continuous variables, linear regression analysis 
was used. In the case of a dichotomous outcomes, the rela-
tionship with the respective variables was used a logistic 
analysis. Odds ratios and 95% confidence intervals were 
computed. To graphically represent groups of numeric data, 
through their quartiles, the boxplot method was used. Stata 
Statistical Software 2016, Release 14.1 (StataCorp, College 
Station, TX, USA) was used for database management and 
all the analyses.

Results

We analysed data on 4714 hospitalized patients aged 65 
years or older. Women were slightly more than men (50.9 
vs 49.1%). The mean age was 79.5 years with approximately 
one quarter of the patients previously hospitalized. More 
than half of patients have a caregiver, a significantly higher 
proportion of subjects were ex-smoker or smoker and 35.3% 
were also overweight (Table 1). The analyses of the clinical 
characteristics (Table 2) showed that 35.9% of inpatients had 
an overt cognitive impairment and almost a quarter needed 
positioning of urinary catheter. Subjects with clinically 
significant disability (BI ≤ 40) were 14.5% and 18.4% had 
a probable depression (GDS > 2). Elderly inpatients had a 
significantly high CIRS for the evaluation of both severity 
and comorbidity index (Table 2).

The trend in hospitalization (11.7 days) and in-hospital 
mortality (5.4%) are reported in Table 3. Disease distribu-
tion showed that hypertension, diabetes, atrial fibrillation, 
ischemic heart disease, anemia, chronic renal failure, heart 
failure, COPD, cancer, dementia and peripheral artery dis-
ease are the most frequent comorbidities (Table 4).

Figures  1 and 2 show the linear trend relationship 
between NoC and both CIRS-CI and CIRS-SI box-whisker 
plots, respectively. The median values of CIRS increase 
according to the number of comorbidities. However, by 

linear regression analysis and correcting for age and sex, 
NoC explained only 35% of variations of CIRS-SI (adjusted 
R2 0.3532; p < 0.0001) and only 26% of CIRS-CI varia-
tions (adjusted R2 0.2625; p < 0.0001). Moreover, CIRS-SI 
resulted the best predictor of all-cause in-hospital mortality 
even though corrected for age and sex [OR (95% CI) 2.66 
(1.88–3.77)] while NoC did not result statistically significant 
(p = 0.551). CIRS-SI also resulted the best predictor of all-
cause post-discharge mortality corrected for age and sex [OR 
(95% CI) 2.12 (1.53–2.95)]. NoC also failed the prediction 
of LOS (coefficient ± standard error: 0.04 ± 0.06 p < 0.0561) 
unlike both CIRS-SI (coefficient ± standard error: 
1.23 ± 0.59; p < 0.0381) and CIRS-CI (coefficient ± standard 

Table 1  Socio-demographic characteristics and some modifiable risk 
factors of the RePoSI elderly population

a Data are reported as mean (95% confidence interval)

Variables Inpatient

No of subjects 4.714
Men (%) 49.1
Agea 79.5 (79.3–79.7)
Marital status (%)
 Married 53.9
 Widow 36.8
 Separated 1.3
 Divorced 1.4

Living arrangement (%)
 Alone 22.9
 Spouse 45.0
 Sons 15.7
 Spouse and sons 7.0
 Other 8.7
 Previously institutionalized (%) 5.7
 Previously hospitalized (%) 22.5

Caregiver (%) 52.5
 Spouse 33.3
 Brother/sister 3.3
 Son/daughter 46.8
 Son/daughter in law 1.3
 Grandson 3.7
 Other 11.7
 Never smoked (%) 36.8
 Ex-smoker (%) 54.5
 Smoker (%) 8.6
 BMIa 25.9 (25.8–26.1)
 Underweight patients (%) 4.0
 Optimal weight patients (%) 41.1
 Overweight patients (%) 35.3
 Class I obesity (%) 12.7
 Class II obesity (%) 3.2
 Class III obesity (%) 1.5
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error: 0.27 ± 0.10; p < 0.011) even if adjusted for in-hospital 
mortality. In the latter case, linear regression analysis was 
performed correcting for age and sex, and according to the 
magnitude of the regression coefficient above-mentioned, 
CIRS-SI showed a stronger relationship with the outcome 
measure again.

Discussion

Clinical complexity represents one of the major challenges 
of modern medicine since healthcare organization is not 
well-equipped to deal with [14]. Common medical diagnos-
tic and therapeutic approaches focus on each single disease, 
and do not take into account disease and drug interactions 
impairing health and functional outcomes.

Clinical practice suggests that patient complexity is an 
interaction among medical issues, psychological and social 
characteristics and healthcare factors. To try to evaluate the 
complexity in clinical practice different instruments have 
been introduced. Among these, the INTERMED is a model 
that takes into account biological, psychological, social, 

Table 2  Laboratory and clinical 
characteristics of the RePoSI 
population at hospital admission

BMI body mass index, CIRS cumulative illness rating scale
a Data are reported as means (95% confidence interval)

Variables Inpatient

Systolic blood pressure (mmHg)a 131.9 (131.2–132.5)
Diastolic blood pressure (mmHg)a 73.5 (73.2–73.8)
Heart rate (bpm)a 79.0 (78.5–79.5)
Body temperature (°C)a 37.8 (36.1–39.4)
Fasting glucose (mg/dL)a 127.4 (125.6–129.3)
Creatinine (mg/dL)a 1.3 (1.2–1.3)
GFRa 59.3 (58.6–60.0)
Hemoglobin (mg/dL)a 11.8 (11.8–11.9)
Leucocytes (cells per microliter) (×103/μL)a 9.9 (9.3–10.4)
Platelets (cells per microliter) (×103/μL)a 230.5 (227.3–233.7)
Cholesterol (mg/dL)a 159.6 (158.1–161.2)
Short blessed test  scorea 9.1 (8.9–9.4)
Overt cognitive impairment (short blessed test score ≥ 10) (%) 35.9
Need for urinary catheter (%) 22.5
Barthel index  scorea 77.5 (76.7–78.4)
Clinically significant disability (Barthel index ≤ 40) (%) 14.5
Geriatric depression scale  scorea 1.4 (1.3–1.4)
Probable depression (geriatric depression scale score > 2) (%) 18.4
No of drugs at hospital  admissiona 5.8 (5.7–5.8)
No of in-hospital  drugsa 7.9 (7.7–8.0)
No of drugs at hospital  dischargea 7.7 (7.5–7.8)
No of drugs at follow up 3  monthsa 6.6 (6.5–6.7)
No of drugs at follow up 1  yeara 6.5 (6.2–6.7)
Severity index (by CIRS)a 1.67 (1.66–1.68)
Comorbidity index (by CIRS)a 3.05 (2.99–3.10)

Table 3  Length of hospital stay, destination at hospital discharge, in-
hospital and at follow-up mortality of the whole RePoSI population

a Data are reported as means (95% confidence interval)

Variables Inpatient

Length of hospital  staya (days) 11.7 (11.4–12.1)
In-hospital mortality (%) 5.4
3-month mortality (%) 16.8
12-month mortality (%) 52.6
Destination at discharge (3-month)
 Home (%) 89.3
 Home care (%) 3.2
 Institution (%) 3.5
 Rehospitalization (%) 4.0

Destination at discharge (12-month)
 Home (%) 89.0
 Home care (%) 2.7
 Institution (%) 2.7
 Rehospitalization (%) 5.6
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healthcare factors based on careful medical history [15]. 
The “Complexity framework” includes five health dimen-
sions such as health and social experience, medical/physical 
health, demographics, social capital and mental health [16]. 

The Mathematic Vector Model [17] is characterized by five 
vectors, expression of biological, socioeconomic, cultural, 
environmental and behavioural forces as health determi-
nants. The Comprehensive Geriatric Assessment (CGA) 
[18] is a multidimensional, interdisciplinary diagnostic 
and therapeutic tool to determine the medical, psychologi-
cal and functional problems of elderly patients to develop 
an integrated plan for treatment and long-term follow-up. 
Recently, the FADOI-COMPLIMED study group has pro-
posed a new predictive model to measure complexity: the 
FADOI-COMPLIMED scores [19]. This model is made by 
two scores, one score tries to measure the first dimension of 
complexity that is the degree of dependence and frailty, the 
second score measures the second dimension of complexity 
such as the degree of comorbidity.

Notably, numerous studies highlighted that the deter-
mination of the number of comorbidities was a simple and 
valid method for analyzing the impacts of comorbidities 
and clinical complexity. By analysing a large administrative 
database developed for the Japanese case-mix classification 
system, Kuwabara et al. [20] showed that a higher number 
of comorbidities was associated with longer hospital stay 
for neonatal and pediatric diseases and higher mortality for 
respiratory, digestive tract, hepatobiliary and pancreatic, and 
hematological diseases. In a prospective cohort of people 
with Chronic Kidney Disease stage 3 where comorbidity 
was defined by a self-reported doctor-diagnosed condi-
tion, a higher number of comorbidities was associated with 
polypharmacy and higher mortality [21]. Bayliss et al. [22] 
using a cohort of people aged 65 years or older found an 

Table 4  The most frequent clinical diagnoses (as percentage) in the 
RePoSI population (the table only shows the diagnoses whose fre-
quency was more than 10%)

Comorbidities %

Hypertension 59.1
Diabetes 29.3
Atrial fibrillation 24.6
Ischemic heart disease 22.8
Anemia 20.4
Chronic renal failure 20.2
Heart failure 20.0
COPD 19.8
Cancer 18.9
Bronchitis 15.9
Dementia 14.9
Vasculopathy 14.7
Gastritis 13.2
Hypertensive heart disease 13.0
Rheumatic diseases 12.9
Atherosclerosis 12.1
Cerebrovascular disease 11.7
Prostatic hypertrophy 11.4
Arthrosis 11.1

Fig. 1  Box-whisker plot of 
CIRS comorbidity index 
according to number of 
comorbidities. CIRS cumulative 
illness rating scale
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independent association between higher morbidity measured 
by ICD-9 diagnoses and clinical outcomes. Recently, the 
analysis of a large Canadian administrative database showed 
that a higher number of comorbidities was associated with 
all-cause mortality, hospitalization, and increased length of 
hospital stay [5].

Nevertheless, to consider the dimension of clinical com-
plexity Charlson index [23] or CIRS [13] for the evalua-
tion of multimorbidity, considered as complexity, were the 
most used tool in clinical practice, because of simplicity and 
repeatability. CIRS was used to try to evaluate clinical com-
plexity in our RePoSI dataset. According to European Medi-
cines Agency [24] CIRS may be considered the instrument 
of choice for multimorbidity assessment in clinical trials for 
a better characterization of the population recruited, to sup-
port a better correlation with the real word settings. This tool 
has been validated in geriatric inpatients and outpatients and 
in long term subjects. It has the benefit to predict mortality 
hospital readmission and prolonged hospital stay [25, 26].

Our analysis showed that hospitalized elderly inpatients 
are more often complex patients, previously institutional-
ized and hospitalized, with high CIRS-s and CIRS-c and 
were in treatment with more than five drugs, in agree-
ment with our previous findings [7, 27, 28]. According 
to the theory of network medicine [29] human diseases 
are the consequence of biological processes that interact 
in a complex network: the “diseasome”. Aging per se is 
characterized by chronic low-grade systemic inflamma-
tion, and it is associated with multiple chronic conditions. 
This phenomenon is aggravated by hospitalization that 

results in progressive decline of cognitive status, clini-
cal performance and quality of life [30, 31]. Our patients 
had clinically significant depressive symptoms and overt 
cognitive impairment, both lead to progressive disability 
[32] especially in oldest-old subjects [33], thus poten-
tially affecting short- and long-term outcomes. The cur-
rent analysis outlined that hospitalized elderly patients 
had a worse functional status; this result is in agreement 
with our previous data that showed that patients affected 
by pneumonia with a clinically significant disability have 
higher mortality risk [34]. Recent data showed that male 
gender, previously hospitalized, polypharmacy (more than 
5 drugs), lower functional status and frailty, depression, 
heart diseases, COPD, urinary tract infection were associ-
ated with a higher risk of hospitalization [35].

Polypharmacy is more common in people in the 70–85-
year age group and was related to comorbidities [28]. This 
finding suggests that most disorders affecting elderly people 
admitted to hospital are chronic and need stable therapy. 
Hospitalization did not lead to a reduction in the number 
of drugs. The increase in the number of drugs at discharge 
suggests that hospitalization leads to different diagnoses that 
require the addition of drugs or that old therapies need to be 
replaced by more complex therapies.

According to our analysis hypertension along with dia-
betes, atrial fibrillation, ischemic heart disease, anemia, 
chronic renal failure, heart failure, COPD are the most fre-
quent comorbidities. These observations are consistent with 
previous studies that identified cardiovascular comorbidities 
such as hypertension, ischemic heart disease, heart failure, 

Fig. 2  Box-whisker plot of 
CIRS severity index according 
to number of comorbidities. 
CIRS cumulative illness rating 
scale
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along with age, COPD and number of drugs at the admis-
sion as predictors of polypharmacy at discharge [28, 36–38].

In this sense, the RePoSI register has produced many 
reports about multimorbidity and polypharmacy in elderly 
people acutely admitted in Italian hospital wards of Internal 
Medicine and Geriatrics. Recent studies have showed that 
in hospitalized elderly people male sex was more affected 
than women concerning cumulative illness burden [7, 27]. 
Particularly, CIRS was a strong predictor of mortality at in-
hospital and 1-year mortality. CIRS-SI overcome cardio-
metabolic comorbidities as powerful predictor of mortal-
ity in patients aged 65 years or older [39]. In patients with 
pneumonia a higher severity and comorbidity index by CIRS 
is present in comparison with subjects without pneumonia 
[34]. In addition, CIRS index > 3 represents an independent 
risk factor for gastrointestinal bleeding [40]. CIRS with a 
level of impairment at discharge of 3 or more was signifi-
cantly associated with a risk of hospital readmission within 
3 months [41].

Although this is an observational study with rigorous col-
lection of data, our study has some limitations. The RePoSi 
register was not specifically designed to evaluate clinical 
information and any correspondence among different types 
of diseases, specific treatments and outcomes. The diagno-
ses of different diseases are only based on ICD-9 codes that 
do not allow a better definition of disease itself. The main 
limitation is that CIRS is the only instrument available in 
the study protocol of RePoSI even if there are different tools 
that could be superior. The major strength of the study is 
that CIRS is an indicator provided by the study protocol 
and not calculated retrospectively with a great reliability. 
The multicenter design of the RePoSI register and the large 
number of participating centers result in a representative 
sample of hospitalized elderly inpatients. Internal medicine 
and geriatric wards represent the best setting where evaluate 
the clinical complexity of older people since elderly patients 
with comorbidities are commonly treated.

The importance of our study lies in the fact that our 
results pointed out the meaning and the importance of the 
CIRS assessment of comorbidities in comparison with NoC 
in a relevant subset of internal medicine inpatients. Particu-
larly, our results highlighted that NoC does not represent a 
useful marker of complexity neither can be considered a reli-
able predictor of LOS. On the contrary, CIRS-SI has shown 
to be the best predictor of meaningful outcomes. In our opin-
ion, to explore complexity, especially in patients affected by 
chronic conditions, CIRS-SI along with multidimensional 
evaluation [42] is a mandatory index to consider. In view of 
our findings and reflections, the results and conclusions of 
some analysis such as Tonelli’s study have to be interpreted 
with cautions because burdened by confounding factors. 
In conclusion, general internist, as hospitalist, is the best 
physician that may and must exercise a holistic approach 

to complexity [43], and comorbidity count does not reflect 
neither severity nor the effective burden of comorbidities, in 
particular regarding over 65-year-old inpatients.
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