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Objective: To assess how lipid-lowering drugs (LLDs) are administered in the hospitalized 
patients aged 65 and older and their association with clinical outcomes according to their 
health-related profiles.
Design: This is a retrospective study based on data from REPOSI (REgistro POliterapie 
SIMI – Italian Society of Internal Medicine) register, an Italian network of internal medicine 
hospital wards.
Setting and Participants: A total of 4642 patients with a mean age of 79 years enrolled 
between 2010 and 2018.
Methods: Socio-demographic characteristics, functional abilities, cognitive skills, labora
tory parameters and comorbidities were used to investigate the health state profiles by using 
multiple correspondence analysis and clustering. Logistic regression was used to assess 
whether LLD prescription was associated with patients’ health state profiles and with short- 
term mortality.
Results: Four clusters of patients were identified according to their health state: two of them 
(Cluster III and IV) were the epitome of frailty conditions with poor short-term outcomes, whereas 
the others included healthier patients. The average prevalence of LLD use was 27.6%. The lowest 
prevalence was found among the healthier patients in Cluster I and among the oldest frail patients 
with severe functional and cognitive impairment in Cluster IV. The highest prevalence was among 
multimorbid patients in Cluster III (OR=4.50, 95% CI=3.76–5.38) characterized by a high cardi
ovascular risk. Being prescribed with LLDs was associated with a lower 3-month mortality, even 
after adjusting for cluster assignment (OR=0.59; 95% CI = 0.44–0.80).
Conclusion: The prevalence of LLD prescription was low and in overall agreement with 
guideline recommendations and with respect to patients’ health state profiles.
Keywords: statins, health state profile, multimorbidity, polypharmacy

Introduction
Population ageing is a global phenomenon,1 with strong implications on the 
economic, social and healthcare systems. Ageing is associated with loss of home
ostasis, decrease in physiological reserves and of the functional capacity to adapt to 
internal and external stressors, thereby leading to an increased vulnerability to 
disease and ultimately to frailty.

Cardiovascular events are the leading cause of morbidity and mortality in adults 
aged 65 and older, with coronary heart disease and stroke accounting for 60% of 
deaths in the oldest old.2 Among the most important risk factors for cardiovascular 
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disease, there are lifestyle and smoking habits, hyperten
sion, diabetes and hypercholesterolemia. Besides modify
ing inadequate lifestyles and diets, drugs may help to 
prevent cardiovascular diseases, especially in older 
populations.3,4

Lipid-lowering drugs (LLDs), particularly statins, 
reduce mortality and atherothrombotic events, especially 
among high-risk patients and/or those for secondary pre
vention in the younger as well as in the older populations.4 

Information from international guidelines is relatively 
scarce, mainly due to the limited evidence deriving from 
clinical trials in reducing atherothrombotic cardiovascular 
events. In particular, indication for treatment is controver
sial in primary prevention above the age of 75 years.4–8 In 
these patients, the management of hypercholesterolemia 
still represents a challenge, due to the high prevalence of 
comorbidities and polypharmacy that requires 
a comprehensive geriatric assessment of the complex 
health state of this increasing population.9

Health state assessment is a critical issue in the older 
people, and its evaluation is often problematic.9 The iden
tification of health state profiles associated with different 
clinical outcomes was thought to provide a better practical 
support to address in older population the appropriate 
choice of pharmacological therapy.

With this background, we used a novel approach in 
order to investigate 1) the use of lipid-lowering drugs 
(LLDs) in relation to the patient health state and 2) the 
association of LLDs use to short-term mortality in a large 
cohort of older patients acutely hospitalized in Internal 
Medicine or Geriatric wards of the REPOSI (REgistro 
POliterapie SIMI) register.

Methods
Setting
The REPOSI register is a collaborative project promoted by the 
Italian Society of Internal Medicine (SIMI), the Fondazione 
IRCCS Cà Granda Ospedale Maggiore Policlinico and the 
Istituto di Ricerche Farmacologiche Mario Negri IRCCS in 
Milan, that is currently involving approximately 70 internal 
medicine and geriatrics hospital wards throughout Italy. The 
main purpose of the register is to investigate multimorbidity 
and polypharmacy, and their clinical-epidemiological corre
lates in a population of older patients hospitalized for any 
cause.

The REPOSI register enrols patients aged 65 years or 
older consecutively admitted to the participating wards 

during four index weeks (one per each season) per year. 
Data were initially obtained every two years (in 2008, 
2010, 2012 and 2014) and yearly from 2016.

A standardized case report form (CRF) must be compiled 
for all admitted patients including socio-demographic charac
teristics, laboratory parameters, main comorbidities 
(Cumulative Illness Rating Scale – CIRS),10 ability in activity 
of daily life (Barthel Index – BI),11 cognitive skills (Short 
Blessed Test – SBT)12 and the drugs prescribed at hospital 
admission, during hospitalization and at discharge. Data on 
mortality and hospital readmission were collected from 2012 
onward by means of a telephone interview done 3 months after 
hospital discharge. More details are provided elsewhere.13,14 

The study was conducted according to Good Clinical Practice 
and the Declaration of Helsinki,15 and was approved by the 
Ethical Committee of the IRCCS Ca’ Granda Maggiore 
Policlinico Hospital Foundation of Milan and by the Ethics 
Committees of the participating centers. All patients provided 
signed informed consent.

All medical conditions were codified according to the 
International Classification of Diseases – Ninth Revision 
(ICD-9-CM) and all drugs according to the Anatomic 
Therapeutic Chemical Classification (ATC).

Statistical Analysis
Identification of Health-Related Profiles
In order to assess the health state profile, we used 
a previously described approach16 that integrates the 
Multiple Correspondence Analysis (MCA) and then the 
Hierarchical Clustering Analysis (HCA).

MCA aimed to discover relationships among several cate
gorical variables. Continuous variables were also accommo
dated by splitting them into categories. MCA allows to reduce, 
with the least possible loss of information, a large number of 
correlated variables into few independent variables called fac
torial axis, whose values and interpretations are based on the 
categories of the original variables and may help to quantify 
unmeasurable phenomena such as the health state.17 Results of 
MCA can be graphically represented in a low dimensional 
space (eg the plane identified by the factorial axes). 
Categories of the original variables and/or individuals are 
represented on the plane as points with specific coordinates 
on each axis. Although the distance between points has no easy 
interpretation, the distances between points of categories of 
different variables may provide an approximate description of 
how different categories tend to be present together in the same 
individuals.
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HCA was then performed on the MCA scores of the 
obtained factorial axis in order to classify patients into 
homogeneous subsets based on their health state.18 The 
stability of the identified clusters was investigated by 
means of resampling. To this aim, 1000 bootstrap resam
ples with replacement were randomly generated from the 
original data. Each participant was then assigned to 
the cluster in which it was most frequently classified.19

To perform MCA (Supplementary Materials), we started 
from a large set of variables available in the REPOSI register 
and expected to be related to an unhealthy condition. 
Comorbidities with very low prevalence or with 
a negligible contribution to the structure of the data (ie to 
the explanation of the factorial axes) were discarded.

The variables finally included in the MCA analysis were:
● Sociodemographic, anthropometric and lifestyle 

data: sex, age, body mass index (BMI), living con
dition, smoking and alcohol consumption.

● Medical history: previous hospitalizations within 6 
months, total number of diagnoses and drug intake, 
presence of illnesses (hypertension, diabetes, heart fail
ure, ischemic heart diseases, atrial fibrillation and other 
arrhythmias, peripheral arteriopathy, chronic obstruc
tive pulmonary disease [COPD], chronic kidney disease 
[CKD], arthritis and other musculoskeletal diseases, 
osteoporosis including fractures and prosthesis, stroke 
and Parkinson's disease).

● Performance in activities of daily living as measured 
by the BI.

● Cognition according to the SBT.
● Clinical and laboratory parameters: haemoglobin, 

glucose and estimated creatinine clearance.20

The diagnosis of dyslipidaemias and prescription of 
LLDs were not included in the MCA analysis meant to 
identify the clusters.

The original variables included in the MCA were then 
tabulated within the clusters to which the patients were 
allocated.

The association between cluster allocation and in- 
hospital and 3-month mortality was assessed via logistic 
regression models.

Use of LLDs and Association with Clinical 
Outcomes According to Patients’ Health 
State Profiles
The associations among diagnosis of dyslipidemia (ICD9: 
272.*) and LLD use with the clusters identified were 

assessed via multinomial regression models, while the 
association between the LLD use with the short-term out
comes (in-hospital and 3-month mortality) via logistic 
regression. The results of logistic regression were reported 
using Odd Ratios (OR) and 95% confidence interval 
(95% CI).

LLDs (ATC: C10*) included both single drug (ie sta
tins, fibrates, bile acid sequestrants and other LLDs) and 
drug combinations.

In order to assess in depth the proper use of LLDs 
among clusters, we also investigated situations in which 
statin use was not advisable, such as when they are 
involved in potential drug–drug interactions (DDI) or 
when they are used in pre-existing chronic conditions. 
Thus, we looked for the co-prescription among the most 
frequently prescribed statins (ie, atorvastatin and simvas
tatin) and calcium channel blockers, in particular: amlodi
pine (ATC: C08CA01), verapamil (C08DA01) and 
dilitiazem (C08DB01); and among simvastatin and amio
darone (C01BD01), ticagrelor (B01AC24) and dabigatran 
(B01AE07). Even the co-prescriptions of atorvastatin or 
rosuvastatin and fibrates were assessed.21,22

Moreover, because the use of statins is debated in 
patients with acute and/or decompensated liver diseases, 
this condition was also investigated.4

Statistical analysis was performed using SAS version 
9.4 software (SAS Institute Inc., Cary, NC, USA) and 
R version 3.5 program.

Results
Health-Related Profiles
Overall, 6207 patients enrolled in 116 hospital wards partici
pating in the REPOSI from 2010 onward were eligible for the 
study. The sample was well balanced between males (48.8%) 
and females (51.2) and mean (std. dev.) age was 79 (7.5) years. 
In all, 4642 patients assessable for the variables of interest were 
used for the identification of the health state profiles by MCA 
(Figure 1).

According to the results of the MCA analysis, three factor
ial axes were retained that explained 70.5% of the total var
iance. The resulting figures showing the categories and the 
individuals according to cluster assignment projected on the 
plane identified by the factorial axes were depicted in Figures 
S1 and S2, along with a detailed explanation.

Four clusters were identified: two of them featured 
a broadly healthy profile, and the remaining two featured 
a state of frailty. Patients’ characteristics according to their 
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health state profiles are reported in Table 1. Cluster 
I features healthy patients, mostly males (68.8%), younger 
old (51.2% patients aged less than 75 years), with an 
overall low prevalence of chronic conditions and negligi
ble functional and cognitive declines. Cluster II features 
pre-frail patients, mostly women (93.4%), mainly aged 
75–85 years and with a healthy lifestyle. Despite their 
initial physiologic losses that mainly involved the meta
bolic (near 46% overweight or obese, 87.8% with hyper
tension and 27% with diabetes) and musculoskeletal 
systems (with high prevalence of osteoporosis and arthri
tis), nor functional defects nor cognitive impairments were 
evident in them. Cluster III features the multimorbid 
patients, mainly males (82.4%), aged 75–85 years, former 
smokers, on polypharmacy, with a high prevalence of 
diseases mainly related to the cardiovascular systems 
(87.8% hypertension, 33.4% heart failure and 60% 
ischemic heart disease), renal failure (45.2%) and diabetes 
(50.6%). In them, functional disabilities and losses in 
specific capabilities are becoming evident because nearly 

25% of them had at least a moderate functional depen
dence. Cluster IV features frail patients, with the highest 
prevalence of oldest old, mainly females (70.2%) affected 
by cerebrovascular (37.6% patients had previous stroke) 
and musculoskeletal diseases and severe cognitive impair
ment and functional disability (64%).

Of the 4642 patients assessed, 41 of them were not 
assessable at hospital discharge and 140 (3.0%) died dur
ing hospitalization (Figure 1). Table 2 shows the results of 
the logistic regression model of the associations of health 
state profiles and statin use with outcomes. In particular, 
Cluster III and much more so Cluster IV were significantly 
associated (p<0.0001) with higher in-hospital mortality.

Among the 4461 patients assessable at hospital dis
charge, 3136 were also assessable at 3-month follow-up 
and 314 died (Figure 1). Cluster III and much more so 
Cluster IV were again associated (p<0.0001) with short- 
term mortality. On the other hand, female patients included 
in Cluster II showed lower 3-month mortality than those, 
almost men, included in Cluster I (p = 0.01).

Figure 1 Flow-chart of the study.
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Table 1 Patients’ Characteristics at Hospital Admission According to the Health State Profile Identified

Variables Cluster I 
N(%) 
1370

Cluster II 
N(%) 
1308

Cluster III 
N(%) 
1265

Cluster IV 
N(%) 
699

Gender
Male 942 (68.8) 87 (6.6) 1042(82.4) 208 (29.8)

Famale 428 (31.2) 1221(93.4) 223 (17.6) 491 (70.2)

Age (years)
Young old (60–74) 702 (51.2) 342 (26.1) 361 (28.5) 39 (5.6)

Middle old (75–84) 537 (39.2) 660 (50.5) 669 (52.9) 220 (31.5)

Oldest old (85+) 131 (9.6) 306 (23.4) 235 (18.6) 440 (62.9)

Body mass index (BMI) *
Underweight 425 (31.0) 324 (24.8) 254 (20.1) 310 (44.4)

Normal weight 570 (41.6) 385 (29.4) 470 (37.1) 212 (30.3)

Overweight 240 (17.5) 262 (20.0) 278 (22.0) 95 (13.6)

Obese 135 (9.9) 337 (25.8) 263 (20.8) 82 (11.7)

Living condition
Alone 292 (21.3) 512 (39.1) 201 (15.9) 85 (12.2)

With relatives 970 (70.8) 699 (53.5) 946 (74.8) 372 (53.2)

Caregiver 43 (3.1) 58 (4.4) 55 (4.4) 146 (20.9)

Nursing home 65 (4.8) 39 (3.0) 63 (5.0) 96 (13.7)

Alcohol
Never 469 (34.2) 997 (76.2) 373 (29.5) 443 (63.4)

Ex drinker 92 (6.7) 19 (1.5) 134 (10.6) 41 (5.9)

Drinker 809 (59.1) 292 (22.3) 758 (59.9) 215 (30.7)

Smoke
Never 513 (37.5) 1147(87.7) 301 (23.8) 501 (71.7)

Ex-smoker 636 (46.4) 127 (9.7) 852 (67.3) 174 (24.9)

Smoker 221 (16.1) 34 (2.6) 112 (8.9) 24 (3.4)

Barthel index (BI) †

No or negligible dependence 1080 (78.8) 724 (55.4) 667 (52.7) 50 (7.2)

Mild dependence 177 (12.9) 347 (26.5) 287 (22.7) 72 (10.3)

Moderate 69 (5.0) 160 (12.2) 195 (15.4) 132 (18.9)

Severe dependence 23 (1.7) 54 (4.1) 79 (6.3) 168 (24.0)

Total dependence 21 (1.6) 23 (1.8) 37 (2.9) 277 (39.6)

Short blessed test (SBT)
Normal (0–4) 783 (57.2) 522 (39.9) 494 (39.1) 47 (6.7)

Possible cog imp (5–9) 226 (16.5) 280 (21.4) 267 (21.1) 37 (5.3)

Moderate cog imp (10–19) 314 (22.9) 455 (34.8) 451 (35.6) 168 (24.0)

Severe cog imp (20–28) 47 (3.4) 51 (3.9) 53 (4.2) 447 (64.0)

Hemoglobin ‡

No anemia 727 (53.1) 640 (48.9) 386 (30.5) 248 (35.5)

Mild anemia 322 (23.5) 220 (16.8) 436 (34.5) 140 (20.0)

Moderate anemia 238 (17.4) 391 (29.9) 373 (29.5) 260 (37.2)

Severe anemia 83 (6.0) 57 (4.4) 70 (5.5) 51 (7.3)

Glucose§

Normal 601 (43.9) 501 (38.3) 360 (28.5) 264 (37.8)

High 474 (34.6) 357 (27.3) 311 (24.6) 210 (30.0)

Very high 295 (21.5) 450 (34.4) 594 (46.9) 225 (32.2)

(Continued)
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Use of LLDs and Association with Clinical 
Outcomes According to Health State 
Profiles
Diagnosis of dyslipidemias and prescription of LLDs were 
found to be associated with the health state profiles 
(Table 3). An increased incidence of dyslipidemia was 

found in Clusters II (OR=1.75, 95% CI = 1.33–2.30) and 

III (OR=2.10, 95% CI = 1.60–2.74).
All in all, 1282 (27.6%) patients were prescribed with at 

least one LLD: 1198 patients taking only one, 83 patients 
taking two and one patient (in Cluster III) taking 3 different 
active substances. Although information was partly lacking 

Table 1 (Continued). 

Variables Cluster I 
N(%) 
1370

Cluster II 
N(%) 
1308

Cluster III 
N(%) 
1265

Cluster IV 
N(%) 
699

Creatinine clearance
Stage I >90 301 (22.0) 89 (6.8) 54 (4.3) 32 (4.6)

Stage II ≤90 725 (52.9) 567 (43.4) 389 (30.7) 227 (32.5)

Stage III ≤60 311 (22.7) 526 (40.2) 521 (41.2) 297 (42.5)

Stage IV ≤30 22 (1.6) 97 (7.4) 239 (18.9) 99 (14.1)

Stage V ≤15 11 (0.8) 29 (2.2) 62 (4.9) 44 (6.3)

Number of drugs
0–1 318 (23.2) 30 (2.3) 3 (0.2) 35 (5.0)

2-4 680 (49.6) 475 (36.3) 114 (9.0) 195 (27.9)

5–9 366 (26.7) 733 (56.0) 811 (64.1) 406 (58.1)

>10 6 (0.5) 70 (5.4) 337 (26.7) 63 (9.0)

Number of diagnosis
Healthy (0–1) 161 (11.8) 17 (1.3) 0 (0.0) 9 (1.3)

Morbid (2–4) 811 (59.2) 435 (33.3) 63 (5.0) 110 (15.7)

Multimorbid (>5) 398 (29.0) 856 (65.4) 1202 (95.0) 580 (83.0)

Previous hospitalization 289 (21.1) 370 (28.3) 629 (49.7) 276 (39.5)

Main Diagnosis:
Hypertension 741 (54.1) 1149(87.8) 1138 (90.0) 559 (80.0)

CKD || 35 (2.6) 135 (10.3) 572 (45.2) 164 (23.5)

Diabetes 161 (11.8) 354 (27.1) 640 (50.6) 124 (17.7)

COPD ** 194 (14.2) 135 (10.3) 494 (39.0) 168 (24.0)

Heart failure 51 (3.7) 183 (14.0) 422 (33.4) 168 (24.0)

Parkinson's 18 (1.3) 19 (1.5) 32 (2.5) 86 (12.3)

Osteoporosis 72 (5.3) 203 (15.5) 73 (5.8) 149 (21.3)

Ischemic heart disease 146 (10.7) 209 (16.0) 631 (49.9) 162 (23.2)

Arthritis 144 (10.5) 430 (32.9) 195 (15.4) 148 (21.2)

Stroke/TIA 159 (11.6) 164 (12.5) 252 (19.9) 263 (37.6)

Atrial fibrillation 156 (11.4) 384 (29.4) 479 (37.9) 236 (33.8)

Peripheral arterial 
disease

68 (5.0) 97 (7.4) 322 (25.5) 95 (13.6)

Dyslipidemia 91 (6.6) 145 (11.1) 164 (13.0) 44 (6.3)

Statin user 230 (16.8) 335 (25.6) 602 (47.6) 115 (16.5)

Notes:*BMI: Underweight (<23), Normal weight (≥23 and <27), Overweight (≥27 and <30), Obese (≥30); † Barthel Index: No Dependence (91–100), Mild Dependence 
(75–90), Moderate Dependence (50–74), Severe Dependence (25–49), Total Dependence (0–24); ‡ Hemoglobin: No anemia (male: ≥13 g/dL, female: ≥12 g/dL), mild 
anemia (male: ≥11 g/dL and <13 g/dL, female: ≥11 g/dL and <12 g/dL), moderate anemia (male and female: ≥8 g/dL and <11g/dL), severe anemia (male and female: <8 g/dL); § 

Glucose: Normal (<100 mg/dL), High (≥100 mg/dL and <125 mg/dL), Very High (≥125 mg/dL); ICD-9-CM code for assessing main diagnosis: Hypertension: 401 (CIRS 
item 2); || CKD: Chronic Kidney Disease: 585; Diabetes: 250; ** COPD: Chronic Obstructive Pulmonary Disease: 491; Heart failure: 402.*1, 428; Parkinson's: 322; 
Osteoporosis (including Fractures and prosthesis): 733, 829, V436; Ischemic heart disease: 410–414; Arthritis (and other rheumatic diseases): 710–729; Stroke: 430–438; 
Atrial fibrillation (and other arrhythmias): 427; Peripheral arterial disease: 440–441; Dyslipidemia: 272.
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due to missing data, almost all patients (eg 1054–91.5% - out 
of 1152 patients) has been prescribed with LLDs for at least 6 
months before hospital admission.

The most prescribed drugs (overall and for each clus
ter) were statins: firstly, atorvastatin (N=553), which 
accounts for 40.5% of all prescriptions, followed by sim
vastatin (N=374, 27.4%) and rosuvastatin (N=189, 
13.8%). Only few patients (N=43) were prescribed with 
the combination of simvastatin and ezetimibe (Figure 2). 
No significant differences were observed among clusters, 
but with respect to the overall population atorvastatin was 
more prescribed in Clusters III and IV, simvastatin was 
more prescribed in cluster I and IV and less prescribed in 
Cluster III, while all the other LLDs were less prescribed 
in cluster IV.

The most prescribed patients were those in Cluster III, 
who were in average 75 years old and affected by cardi
ovascular diseases (OR=4.50, 95% CI = 3.76–5.38). Even 
females in Cluster II received statins more often than 

patients included in Cluster I and III (OR=1.70, 95% CI 
= 1.41–2.06).

All in all, 202 patients out of 1282 (15.8%) had at least 
one DDI, in particular among the most prescribed statins 
with calcium channel blockers (N = 169), with an increas
ing prevalence in the multimorbid patients in Cluster III. 
The incidence of liver disease among the prescribed 
patients was lower (5.3%) than in the overall population 
(near the 9.0%), with less cases in the Cluster I.

Being prescribed with lipid lowering drugs was asso
ciated with a lower 3-month mortality, even after adjusting 
for cluster assignment (OR=0.59; 95% CI = 0.44–0.80) 
(Table 2).

Discussion
We chose to analyse the data stemming from the REPOSI 
register of hospitalized older patients in order to identify 
the main features defining clusters of patients based on 
their health state profiles, with the ultimate goal to evalu
ate whether or not there was a relationship between the 
prescription of lipid-lowering drugs and the health state 
phenotypes identified. The analysis identified four differ
ent clusters of patients, two of them (III and IV) being 
characterized by a frailty profile, associated with multi
morbidities and disabilities. An overall low prevalence of 
statin prescription (slightly higher than 25%) was found. 
Among the multimorbid patients of Cluster III with a high 
cardiovascular risk, the prevalence of statin use was the 
highest (nearly 50%), whereas the lowest prevalence 
(16.5%) was recorded among the frail patients of Cluster 
IV characterized by functional and cognitive impairments, 
poor nutritional state and poor clinical outcome.

Table 2 Results of Logistic Regression Model (or, 95% CI) to Assess the Impact of the Health State Profile and Statin Use, Adjusted 
for Health State Profile, on Main Clinical Outcomes

Main Outcomes

In Hospital Mortality* 3-Month Mortality**

N OR (95% CI) N OR (95% CI)

Cluster I 18 Ref. Ref. 76 Ref. Ref.

Cluster II 14 0.81 (0.40–1.63) 0.83 (0.41–1.67) 50 0.64 (0.44–0.92) 0.66 (0.46–0.96)

Cluster III 42 2.56 (1.47–4.47) 2.79 (1.58–4.93) 107 1.48 (1.09–2.02) 1.71 (1.24–2.36)

Cluster IV 66 7.78 (4.58–13.21) 7.78 (4.58–13.21) 81 2.45 (1.75–3.43) 2.46 (1.76–3.45)

Statin use – 0.75 (0.49–1.14) – 0.59 (0.44 – 0-80)

Notes: *The model was fitted using 4601 observation; **The model was fitted using 3136 observation. 
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.

Table 3 Results of Logistic Regression Model (or (95% CI)) to 
Assess the Association Among Diagnosis of Dyslipidemia (A) and 
Statin Prescription (B) with Cluster Assignment

(A) – Dyslipidemia (B) – Statin User

N OR (95% CI) N OR (95% CI)

Cluster I 91 Ref. 230 Ref.

Cluster II 145 1.75 (1.33–2.30) 335 1.70 (1.41–2.06)

Cluster III 164 2.09 (1.60–2.78) 602 4.50 (3.76–5.38)

Cluster IV 66 0.95 (0.65–1.37) 115 0.98 (0.76–1.25)

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.
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The overall low prevalence of statin use in our popula
tion was not dissimilar to that reported in the worldwide 
adult population aged 40+.21 Despite their undisputed effi
cacy in the prevention and treatment of cardiovascular 
diseases, the poor use could be explained by the intoler
ance mainly associated with muscle symptoms and related 
adverse events.23 Moreover, new LLDs, such as bempe
doic acid, a non-statin drug that targets cholesterol bio
synthesis and provides promising results both alone or in 
combination with statins,21 might have offered a valid 
alternative in these patients, especially in those enrolled 
in the last runs of the REPOSI register.24

The highest prevalence of statin use found in the Cluster 
III of patients at high risk (around 50%), is generally in line 
with data reported for secondary prevention in the Italian 
population, even if a direct age-matched comparison is not 
easy to achieve. The National Report on medicine use in 
Italy describes an overall use of LLDs of nearly 50% in all 
subjects with a diagnosis of dyslipidemia, with a prevalence 
of such diagnosis ranging from 33% to 41% in the over 65.25 

Another report in the older patients on secondary cardiovas
cular prevention described a similar prevalence of statin use 
(49%),26 whereas data collected in high-risk subjects with 
a mean age of 71 showed a 53% prevalence of use.27

The management of cardiovascular risk in older adults 
still represents a critical challenge, owing to poor evidence 
and scanty guidelines for this population.28 A recent large 

meta-analysis confirmed a protective effect of statins in 
older patients, even if most of the studies considered were 
not specifically designed for this age group and the benefit 
was less evident in primary prevention above age 75.29 

Lipid-lowering drugs are considered effective and safe for 
primary prevention in the older as well as in younger 
patients with a high risk of cardiovascular disease and 
for secondary prevention in those with a history of cardi
ovascular events (Class I level A evidence according to the 
ESC guideline).4,29,30 On the other hand, the use of statins 
in primary prevention for moderate cardiovascular risk 
patients is much more debated and less evidence is avail
able (Class IIb Level B).4,30 A similar approach is sug
gested by the recent AHA/ACC guidelines,8 whereas no 
evidence of benefit is available in patients aged 80 years or 
more with no previous coronary artery disease, peripheral 
vascular disease or cerebrovascular disease.28,30 The use of 
statins should be carefully evaluated and generally avoided 
in patients with a small body frame, multimorbidity and 
exposed to polypharmacy, ie, the epitome of the frailest 
older people.31 The decision to continue therapy in the 
oldest elderly may also be influenced by impaired physical 
and cognitive functions.

Furthermore, the assessment of prescription appropri
ateness may be especially challenging in hospitalized older 
patients with varied sociodemographic, clinical and phar
macological features, such as those participating in the 

Figure 2 Barplot of the distribution of lipid lowering drugs according to cluster assignment.
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REPOSI register. Thus, we choose to implement 
a methodological approach based on the identification of 
health state profiles with the goal to make 
a comprehensive assessment of these patients who needed 
more focused and personalized strategies.

With this background, the results of this study may be 
interpreted as indicating an overall use of statins among 
older hospitalized patients broadly in agreement with the 
recommendations of the guidelines. The prevalence of use 
of LLDs was 27.6% at hospital admission. This average 
prevalence was found in patients from Cluster II featuring 
healthy females presenting with musculoskeletal-related 
deficits and some early evidence of the metabolic syn
drome (hypertension, diabetes, overweigh). Among them, 
the prevalence of dyslipidemia was higher than in the 
overall sample and similar to that observed among multi
morbid patients from Cluster III (11% vs 13%), who pre
sented a moderate to high cardiovascular risk. The highest 
prevalence of statin use (nearly 50%) was observed in 
Cluster III that gathered patients in the context of second
ary prevention of cardiovascular disease (heart failure, 
ischemic heart disease) or with a high cardiovascular risk 
(hypertension, diabetes, former smokers and alcohol drin
ker) even if they had little or no cognitive impairment and 
few functional limitations. There was a lower prevalence 
of statin use among patients from Clusters I and IV. 
Cluster I included mainly healthier males, younger old, 
with low to moderate cardiovascular risk, so that this low 
prevalence was expected and appropriate. On the other 
hand, patients from Cluster IV had the highest prevalence 
of previous stroke/TIA (37.6%) and other conditions asso
ciated with a high cardiovascular risk, but they were also 
the oldest old with more severe cognitive impairment and 
loss of functional independence. On the whole, their health 
state profile apparently justifies the low prevalence of 
statin use, in agreement with guidelines and recommenda
tions stemming from the literature,4–8,31,32 but in contrast 
with the findings of Borne et al, who observed an overuse 
of statins for primary prevention in the community- 
dwelling population aged 80 years or more.33 The 
observed relatively low prevalence of drug–drug interac
tions, albeit increasing in Cluster III further supports our 
concluding remark of an overall proper use of LLDs in this 
hospitalized population of older patients.

Strengths and Limitations
The main strength of this study is the large number of 
internal medicine and geriatric wards throughout Italy 

participating in the REPOSI register, which provide 
a representative and real-world sample of older hospita
lized patients that reflect the overall prescribing habits of 
Italian clinicians. On the other hand, the real-world data 
collection in the frame of a register leads to a partial lack 
of collected data and to a huge number of missing data. In 
this context, the record linkage of data from different 
sources (eg health administrative database) might be an 
opportunity to improve the quality of the data collected in 
real-life studies.

The missing total cholesterol serum values in a large 
fraction of the sample, for example, prevented us from 
accurately assessing cardiovascular risk scores. Some 
diagnoses or specific conditions (such as malnutrition, 
sensorial deficit etcetera) might also be underreported. 
Finally, although the identification of health state pheno
type helps to recognize patients’ need according to differ
ent cardiovascular risk profiles, it did not allow us to 
evaluate the appropriateness of prescription at the indivi
dual level.

Conclusion
The decision whether or not a pharmacological treatment 
with lipid-lowering drugs should be implemented and/or 
continued in hospitalized older adults needs to be indivi
dually tailored to each patient. At the time of prescribing, 
consideration should be given to life expectancy, comor
bidities, polypharmacy and increased risks of adverse reac
tions in the geriatric population, especially in the oldest 
old.34 Our approach used herewith in order to identify the 
health state profiles of older patients may also be useful 
both for the management and assessment of this and of 
other pharmacological treatments in older patients 
admitted to hospitals.

Data Sharing Statement
Not applicable.
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