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Abstract 

Purposes: To evaluate the prevalence and factors associated with polypharmacy, and to investigate 

the role of polypharmacy as a predictor of length of hospital stay and in-hospital mortality. 

Methods: Thirty-eight internal medicine wards in Italy participated in the Registro Politerapie 

SIMI (REPOSI) study during 2008. One thousand three hundred and thirty two in-patients aged 65 

years or older were enrolled. Polypharmacy was defined as the concomitant use of five or more 

medications. Linear regression analyses were used to evaluate predictors of length of hospital stay, 

and logistic regression models for predictors of in-hospital mortality. Age, sex, Charlson’s index, 

polypharmacy, and number of in-hospital clinical adverse events (AEs) were used as possible 

confounders.  

Results: The prevalence of polypharmacy was 51.9% at hospital admission and 67.0% at discharge. 

Age, number of drugs at admission, hypertension, ischemic heart disease, heart failure, and chronic 

obstructive pulmonary disease were independently associated with polypharmacy at discharge. In 

multivariate analysis, the occurrence of at least one AE while in hospital was the only predictor of 

prolonged hospitalization (each new AE prolonged hospital stay by 3.57 days, p<0.0001). Age (OR 

1.04; 95%CI: 1.01-1.08; p=0.02), comorbidities (OR 1.18; 95%CI: 1.12-1.24; p<0.0001), and AEs 

(OR 6.80; 95%CI: 3.58-12.9; p<0.0001) were significantly associated with in-hospital mortality.  

Conclusions: Although most elderly in-patients receive polypharmacy, in this study it was not 

associated with any hospital outcome. However, AEs were strongly correlated with a longer 

hospital stay and higher mortality risk.      

 

Key words: elderly, polypharmacy, hospital stay, in-hospital mortality 
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Introduction 

Polypharmacy is a problem for rational drug prescribing in elderly patients (1-4), who are the 

greatest consumers of medicines, often taking from two to five drugs on a regular basis. A survey of 

community-dwelling elderly showed that more than 90% of those aged 65 years or more used at 

least one drug weekly and more than 40% took five or more (5). Among hospitalized elderly, the 

prevalence of polypharmacy ranged from 20% to 60%, reflecting different criteria used to select 

patients and collect medication data (6-8). Although polypharmacy has no generally accepted 

definition, most often it is defined by cut-offs, in terms of the number of medications taken, ranging 

from two to ten (9-12). However, regardless of the definition, its prevalence has been reported to 

rise with age, and is associated with an increased risk of inappropriate drug prescription, under-use 

of effective treatment, medication errors, poor adherence to pharmacological therapies, drug/drug 

and drug/disease interactions, and adverse effects (3,13-18).  

The incidence of adverse drug reactions (ADRs) rises exponentially rather than linearly with the 

number of drugs taken, and advanced age and polypharmacy are associated with a substantial 

increase in the risk of ADRs (4,10,15,19-21).  

Polypharmacy is often a consequence of multiple chronic conditions, which lead physicians to 

prescribe more than one drug, increasing the risk of disability, hospitalization, and mortality (22-

27). Although the available guidelines have improved and rationalized drug prescription in many 

disease-oriented fields, they are still weak for elderly people with multiple chronic conditions 

exposed to polypharmacy (28-29). One chronic condition can potentially worsen another, and drugs 

can interact negatively with others, increasing the risk of ADRs and reducing the expected benefit.  

Older patients and patients with multiple chronic disorders are almost always excluded from trials 

to verify the effectiveness of drugs, because of the fear they may be unable to complete the studies 



  
- 4 - 

 

 

 

because of poor compliance, frequent side effects or death. Therefore many drugs are subsequently 

used in these patients even though their benefit-risk profile in not known (27-28).  

Many risk factors for polypharmacy have been identified, including demographic aspects such as 

age, white race, education, sex, poor health, number of chronic diseases, living arrangements, and 

the number and characteristics health providers (1-2, 14-16). Elderly patients with multiple chronic 

conditions are common in general medicine specialties such as internal and geriatric medicine. 

They are usually frail, are highly sensitive to pharmacotherapy because of changes in their 

pharmacokinetic and pharmacodynamic parameters, and are often admitted with acute diseases, 

which may increase their susceptibility to polypharmacy (10, 21).  

Hospitalization is a major risk for older persons, particularly the very old. In many cases 

hospitalization is associated with an irreversible decline in functional status, cognitive performance, 

and quality of life (14, 20, 24,30). Although polypharmacy and the risk of inappropriate use of 

medications in community-living and institutionalized elderly patients have been amply described, 

few studies have analyzed the prevalence, the predictors and the in-hospital outcomes of 

polypharmacy in elderly.  

The aims of this study were to evaluate in a sample of hospitalized elderly people the prevalence of 

polypharmacy (defined as five or more drugs) at admission and at discharge from internal and 

geriatric medicine wards, to assess the prevalence of the most frequently prescribed medications, to 

analyze the predictors of polypharmacy at hospital discharge, and to investigate the role of 

polypharmacy as a predictor of longer hospital stay and raising in-hospital mortality. 

 

Methods 

This prospective cohort study ran from January 2008 to December 2008 in 38 hospitals in different 

Italian regions, all participating in the Registro Politerapie SIMI (REPOSI) study, a collaborative 
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effort between the Italian Society of Internal Medicine (SIMI) and the Mario Negri Institute for 

Pharmacological Research. The REPOSI study was designed with the purpose of setting up a 

network of internal medicine wards to investigate the prevalence and correlates of polymorbidity 

and polypharmacy in hospitalized elderly patients. Participation was voluntary, but in the choice of 

participating centers, we were careful to ensure they were representative in terms of country-wide 

distribution and size, and had unselected admissions from their own territory or the emergency 

room.  

The REPOSI study was specifically designed to describe the prevalence of multiple 

concurrentdiseases and treatments in hospitalized elderly patients, to correlate the patient’s clinical 

characteristics with the type and number of diseases and treatments, and to evaluate the main 

clinical outcomes at discharge.  

Study population 

Patients were eligible for REPOSI if: 1) they were admitted to one of the 38 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 2008); 2) their age was 65 years or older; 3) they gave 

informed consent. Each ward had to enrol at least the first ten consecutive eligible patients during 

each index week. 

During each index week, all wards had to complete the register of all patients admitted to the ward, 

and indicate those who were consecutively enrolled in the study. For patients who were excluded, 

the reason had to be given. On the basis of these data, during the four weeks, the recruitment rate 

for each ward was nearly 40% of patients admitted. Sixty eight percent of them were excluded 

because of age under 65 years. Other reasons for exclusion were refusal to participate or to sign 

informed consent (23%), seriousness of patient’s clinical condition or admission in terminal state 
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(6%), and other reasons (3%). No difference for age and sex (the only available data) emerged for 

these patients in comparison to the enrolled sample. 

Out of 1411 patients enrolled, 79 (5.6%) were excluded because of missing or incomplete data (25 

had missing data on hospital outcome, and 54 on most socio-demographic and clinical 

characteristics due to errors or omissions in data input and recording), and 1332 fulfilled the 

requirements for the present analysis. The 54 patients excluded because of missing data showed no 

significant differences in outcomes in comparison to the cohort analyzed. 

Data collection 

All data obtained from the patient’s medical records entered in a standardized web-based 

“essential” Case Report Form (CRF) by the attending physicians. The following data were recorded 

for each patient: basic socio-demographic details, clinical parameters, diagnoses and treatments at 

hospital admission and discharge, clinical events in hospital, and outcome. Before starting the 

enrolment, all investigators received instructions on how to standardize the procedure for patients’ 

inclusion, and how to enter and code the data in the electronic CRF. All the data were collected and 

checked by a central monitor institution (the Mario Negri Institute for Pharmacological Research, 

Milan). 

Data was colleced in full compliance with Italian law on personal data protection. However, under 

the applicable legal principles on patient registries, the study did not require the approval of an 

ethical committee. 

Diagnoses and comorbidities 

At admission the main reason for hospital admission and any comorbidities were recorded. At 

discharge, all diagnoses listed in the medical record were recorded. These were confirmed by 

clinical examination, anamnesis, laboratory and instrumental data collected by the attending 
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physicians, and were encoded according to “The International Classification of Diseases, 9th 

Revision, Clinical Modification" (ICD-9-CM), Sixth Edition (World Health Organization, 1987) 

(31). Chronic diseases identified by Veehof et al. (12) analyzed as potential predictors of 

polypharmacy were: hypertension, ischemic heart disease, atrial fibrillation, heart failure, diabetes 

mellitus, chronic obstructive pulmonary disease or bronchial asthma, osteoporosis or osteoarthritis, 

gastrointestinal disease (peptic or duodenal ulcer, non-specific bowel inflammation), and 

psychiatric disorders (dementia, depression). Depression was eventually excluded because there 

were only four patients.  

Comorbidity was evaluated by the Charlson’s comorbidity index (32), a method used in 

longitudinal studies for classifying comorbid conditions that might affect the risk of mortality. This 

weighted index takes into account the number and seriousness of comorbid diseases. Specific 

diseases are graded in three levels of severity: low (Charlson’s score 2 or less), moderate 

(Charlson’s score 3–4), and severe (Charlson’s score 5 or more) according to the level of individual 

organ function and prognostic importance. 

Drugs and polypharmacy 

All drugs taken at hospital admission and all medications recommended at discharge were recorded 

and encoded according to the Anatomical Therapeutic Chemical classification system (ATC) 

(WHO 1990) (33). The drug classes were determined in relation to the ATC 3rd level 

(pharmacological subgroup) classification. The numbers of drugs taken at admission and discharge 

were compared for each patient.  

Although there is still no consensus or commonly used cut-off for polypharmacy, since previous 

studies have mostly used four or five drugs as cut-off points, and most drugs prescribed to elderly 

patients are for chronic therapies, we defined polypharmacy as the exposure of a patient to five or 
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more different medications (2-4,9). The prevalence of polypharmacy was analyzed in five-year age 

brackets: 65-69, 70-74, 75-9, 80-84; 85-89, >90 years).  

Polypharmacy was evaluated at hospital admission (on the whole sample of 1332 patients) and at 

discharge (on the 1155 sent home). Data on drug prescription were not available for 111 patients 

who were not discharged to go home and 66 who died in hospital. However, no statistically 

significant difference was observed at admission between the socio-demographic and clinical 

characteristics of 111, 66, and 1155 patients.   

Predictors, clinical events and adverse outcome  

Patients’ characteristics, diagnoses, comorbidity (Charlson’s index), and AEs were considered 

potential predictors of polypharmacy. AEs were defined as any change in the individual's health, 

with specific symptoms and signs of recent onset, occurring after hospital admission (34-35). 

Length of hospital stay, rate of AEs and in-hospital mortality were used as outcome measures when 

evaluating the effect of polypharmacy,.  

Of the 111 patients who were not discharged to go home, and were excluded from the analysis, 61 

were transferred to other hospital wards because of acute medical or surgical disease during 

hospitalization, 44 were transferred to rehabilitation units or long-term facilities, and 6 were 

terminally ill at admission and were transferred to end-of-life care units.  

 

Statistical analysis 

Categorical variables were expressed as frequency and percentages, and continuous variables as 

means (+SD). The differences in distribution of categorical variables between patients with and 

without polypharmacy were computed using the chi-squared test, while for continuous variables the 

t-test was used.  
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Determinants of polytreatment at discharge were studied in 551 patients without polypharmacy at 

admission. We applied logistic regression models to identify the patient-related characteristics 

associated with polypharmacy. Each model was adjusted for sex, age, number of drugs at 

admission, and occurrence of at least an AE in hospital. Diagnoses were separately tested 

(hypertension, ischemic heart diseases, heart failure, atrial fibrillation, diabetes mellitus, COPD, 

dementia, cerebrovascular diseases, liver diseases, gastrointestinal disorders, 

oseoporosis/osteoarthritis, chronic renal failure, anemia, and malignancy). For each variable we 

calculated the odds ratio (OR) and 95% confidence interval (95%CI). 

Outcome measures (predictors of length of hospital stay and in-hospital mortality) were analysed 

using respectively linear and logistic regression analysis. Regression coefficients, odds ratio and 

their 95% confidence interval (95%CI) were calculated both at univariate analysis and after 

adjustment for sex, age, comorbidities at admission (Charlson index score), number of drugs at 

admission (five or more) and occurrence of at least an AE in hospital. In all multivariate models, 

standard errors were corrected to allow for the non-independence of patients within the same ward. 

All statistical calculations were done with the software JMP v 8.0.2 (SAS Institute Inc., Cary, NC, 

USA) and STATA v11.1
 
(Stata Corp LP, College Station, Texas, USA). 

 

Results 

Of the 1332 patients enrolled 772 (54.2%) were women, the average age was 79.4 years (SD+7.5), 

and 616 (46%) were aged 80 years or more. At admission, almost 90% of patients came from home, 

where 42% lived with their spouse, 24% alone, 19% with sons, and the remainder lived in a nursing 

home. The mean number of diagnoses was 5.2 (SD+2.3). The Charlson’s comorbidity index mean 

score was 0.5 (SD+0.8), and 545 (40%) patients had a Charlson index rated as moderate or severe. 
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The most frequent diagnoses at hospital admission were hypertension (57.8%), diabetes mellitus 

(24.0%), coronary heart disease (CHD, 23.0%), atrial fibrillation (AF, 20.6%), COPD (20.0%) and 

CVD (19.5%).  

Prevalence of polypharmacy 

At admission, the patients had an average of 5.2 (SD+2.3) diagnoses, were in treatment with an 

average of 4.9 (SD+2.9) drugs, and 51.9% were taking five or more different drugs 

(polypharmacy). Figure 1 shows the prevalence of polypharmacy at admission in relation to age. 

The prevalence rate was highest at ages 70-74 and 80-84 years, with nearly 60% of patients in 

polypharmacy. At discharge, the prevalence of patients in polypharmacy increased from 51.9% to 

67.0% (+15.1%), patients were discharged with an average of 6.0 (SD+2.9) drugs per person, and 

an average of 5.9 (SD+2.5) diagnoses.  

Among the 1155 patients discharged, 341 (29.5%) had no polypharmacy at either admission and or 

discharge, 210 (18.2%) shifted to polypharmacy at discharge, 40 (3.5%) were on polypharmacy at 

admission but not at discharge, and 564 (48.8%) were on polypharmacy at both admission and 

discharge. Figure 2 compares the distributions of patient in relation to the number of drugs at 

admission and at discharge, showing a clear increase of patients receiving five or more different 

medications at discharge. 

Table 1 lists the ten most frequently prescribed drug classes at admission and discharge. Except for 

blood glucose lowering drugs (A10B) the prevalence of treated patients was higher at discharge.  

Predictors of polypharmacy  

Table 2 shows the results of univariate analysis of the predictors of polypharmacy in relation to 

sociodemographic and clinical characteristics, for the 1332 patients at admission and the 1155 

discharged; in both samples, age 85 years or more, education, number of diagnoses, Charlson’s 
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comorbidity index score, number of drugs, number of AEs during hospital stay, diagnosis of 

hypertension, ischemic heart disease, atrial fibrillation, heart failure, diabetes mellitus, COPD, 

chronic renal failure, and osteoporosis/osteoarthritis were associated with the use of polypharmacy. 

At admission, a diagnosis of gastrointestinal disorders was also positively related to polypharmacy.   

Table 3 analyses the 551 patients without polypharmacy at admission, comparing the 

sociodemographic and clinical characteristics of the 341 who received less that five drugs at 

discharge, with the 210 discharged with polypharmacy. At univariate analysis, number of 

diagnoses, at least one AE, lenght of hospital stay and diagnosis of hypertension, ischemic heart 

disease, atrial fibrillation, heart failure, COPD, osteoporosis/osteoarthritis, or chronic renal failure 

were predictors of polypharmacy at discharge. 

At multivariate analysis, in the full sample of 1155 patients for whom prescription data were 

available both at admission and discharge, age, number of drugs at admission, hypertension, 

ischemic heart disease, heart failure, and COPD were the most important predictors of 

polypharmacy (Table 4). 

In a post-hoc analysis of the same 1155 patients, the predictors of changes in the numbers of drug at 

admission and at discharge were evaluated. For 148 patients (13.0%) the number of drugs at 

discharge were fewer than at admission (delta <0), while for 295 (25.4%) there was no difference 

(delta=0), and for 712 (61.6%) there was an increase (delta >0). Each disease was separately tested 

in multivariate analyses, to assess whether it was responsible for the change in the number of drugs 

at discharge. Hypertension raised the number of drugs at discharge by a mean of 0.33 (95%CI: 

0.09-0.56; p=0.008) independently of sex, age, number of drugs at admission, the ward, and the 

occurrence of at least one AE in hospital. Likewise, ischemic heart disease, heart failure, and COPD 

increased the number of drugs at discharge by a mean of 0.28 (95%CI: 0.04-0.53; p=0.02), 0.61 
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(95%CI: 0.22-1.00; p=0.003), and 0.61 (95%CI: 0.28-0.95; p=0.001). Dementia reduced the 

number of drugs at discharge by a mean of 0.76 (95%CI: 0.30- 1.22; p=0.0002). 

Length of hospital stay and in-hospital mortality 

In the whole sample of 1332 elderly patients, 1155 (86.7%) were discharged to go home, 111 

(8.3%) were transferred to another ward, and 66 (5.0%) died in hospital. The average hospital stays 

were respectively 13.1 (SD+11.6), 13.1 (SD+11.3), and 10.7 (SD+8.0) days. 

Table 5 shows the outcomes at discharge in relation to polypharmacy at admission, and the 

univariate and multivariate analyses of predictors of length of hospital stay and in-hospital 

mortality. Both analyses found that at least one AE while in hospital was positively related to the 

time in hospital, prolonging it by 3.57 days (95%CI 2.32-4.83; p<0.0001). 

Predictors of in-hospital mortality were age (OR=1.04; 95%CI: 1.01-1.09; p=0.02), comorbidity 

(Charlson’s index) (OR=1.18; 95%CI: 1.12-1.24; p<0.0001). An AE during the hospital stay raised 

the risk of in-hospital mortality of nearly seven-fold, independently of sex, age, comorbidity and 

polypharmacy (OR=6.80; 95%CI: 3.58-12.9; p<0.0001). Polypharmacy was not a predictor for 

either length of hospital stay or in-hospital mortality. Adding the ward to the covariates of logistic 

regression analysis had no effect on the results. 

Sensitivity analysis 

As the chosen cut-off of five or more drugs to define polypharmacy is not unanimously accepted, 

and in any case to estimate the sensitivity of the results to this cut-off, we re-run the multivariate 

analysis for four and six or more drugs.  

The estimates for the predictors of length of hospital stay and mortality were almost identical to 

those reported in Table 5, with statistical significance confirmed for the same variables. 



  
- 13 - 

 

 

 

Among different diseases, while hypertension and heart failure were still statistically significant, 

others were not always present, probably because of random fluctuations or complex interactions 

between the single variables in the full model. 

Discussion 

This study shows how common is polypharmacy in elderly patients admitted to an internal 

medicine or geriatric ward. More than 50% of patients aged 65 years or more in a network of 38 

Italian internal medicine hospital wards, voluntarily participating in the REPOSI Project, were 

taking five or more different drugs (polypharmacy), mostly as chronic therapies. Polypharmacy was 

more common in people between 70 and 84 years, and was related to comorbidities. The decline in 

polypharmacy after 85 years of age might be due to poor drug tolerance with age or with doctors’ 

fears of serious side-effects being more common in very old patients, as a reduction of morbidity 

with age is not likely. 

 Hospitalization did not lead to any reduction in the number of drugs. Only 13% of patients had 

fewer drugs prescribed at discharge than at admission, and more than 60% had an increase. 

Moreover, among patients admitted with polypharmacy, only 3.5% were discharged with fewer 

than five different medicines.  

This finding suggests that most of the disorders affecting elderly people admitted to hospital are 

chronic and need stable therapy. The increase in the number of prescriptions at discharge suggests 

that hospitalization leads to new diagnoses which require further drugs or that old therapies need to 

be replaced by new, more complex therapies. The increases involved all classes of drugs, thus 

excluding that the additional drugs are needed because of inadequate treatment at home.   

Prevalence of polypharmacy 
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Only a few studies have analyzed the prevalence of polypharmacy in a general hospital setting. 

They used different thresholds for polypharmacy and the prevalence at admission ranged from 20% 

to 60% (6-7), and was higher at hospital discharge. In the Wawruch study (7), which analyzed 600 

patients aged 65 years or more in an internal medicine ward, the prevalence of polypharmacy (six or 

more drugs) at admission was 60%, rising to 62% at discharge. Another study (8) found that among 

543 patients aged 75 or older admitted to selected internal wards, 58% were taking more than six 

different medications. Finally, 57% of 2465 elderly patients admitted to geriatric and internal 

medicine wards were using more drugs at discharge than in the month before admission (6).  

Our analysis showed that nearly 40% of 1155 elderly patients discharged to home, who at 

admission were taking less than five different medicines, had shifted to polypharmacy at discharge. 

On average they were taking five drugs at admission and six at discharge, thus fewer than in other 

studies, which reported an average of six and seven drugs at admission and discharge (6,8).  

Antithrombotic agents were the most prescribed drugs both at admission and at discharge, followed 

by drugs for peptic ulcer and gastroesophageal reflux disease (GERD), high ceiling diuretics and 

ACE-inhibitors. Drugs for peptic ulcer and GERD showed the largest increase at discharge, shifting 

from 41% at admission to 56%. This might indicate an area of inappropriate prescribing that was 

specifically assessed in an ad-hoc analysis (36), where more than 60% of patients receiving these 

drugs had no specific indication to their use.  

Predictors of polypharmacy in hospital in-patients has been examined only in a few studies (6-7), 

which indicated different sociodemographic and clinical factors, such as age, sex, living alone, 

multiple pathologies, and some specific chronic diseases (e.g. hypertension, diabetes mellitus, heart 

failure, CVD, and COPD). We too found that age, number of drugs at admission, hypertension, 

ischemic heart disease, heart failure, and COPD were predictors of polypharmacy at discharge.   
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As in other studies (6-8), the present results indicate that several cardiovascular chronic diseases at 

admission should be considered a predictor of polypharmacy at discharge, because the worsening of 

these chronic disorders might justify the prescription of new drugs over and above previous home 

therapy. Furthermore, clinicians might add new drug therapies at discharge to manage the 

conditions that led to the hospital admission, or to “prevent” some disease or drug-related risk, such 

as gastroprotective agents for patients taking aspirin or non-steroidal anti-inflammatory drugs, or 

polypharmacy itself.  

Another reason for polypharmacy is often the need to treat some chronic condition such as diabetes, 

hypertension, heart failure and atrial fibrillation, according to the guidelines for each disease. In 

many cases guidelines for each specific disease support the need to prescribe more than one drug, 

but only in a few cases they take into account the patient’s comordities and the number and type of 

drugs currently taken (10,21,27-29,37).  

Although the absolute number of drugs cannot be considered a direct indicator of prescribing 

appropriateness, there is growing evidence that polypharmacy is associated with increases in many 

adverse outcomes, including adverse drug reactions, drug-drug or drug-disease interactions, falls, 

hospital admission, and mortality (3-4,16,20,29). Moreover, although analysis of the 

appropriateness of drug prescribing was not the aim of our paper, we do want stress the importance 

of reviewing drug regimens for older persons in hospital taking multiple medications, as discussed 

in the ACOVE quality indicators for appropriate drug use in vulnerable elders (39). However, 

considering the small proportion of enrolled patients whose medications at discharge were fewer 

than at admission, our study seems to suggest that hospitalization fails as an important step for 

reviewing patient’s drug regimens, and that clinicians still prefer a disease-oriented approach (28-

29).   
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Length of hospital stay and in-hospital mortality 

One study found that the number of drugs used at hospital admission was related to the number of 

drug-related problems while in hospital. The risk of a drug-related problem increased with each 

additional drug supplied in hospital; this linear relationship was present over the whole range of 

drugs, without any specific number (9).    

To our knowledge, only one report has analyzed the relation between polypharmacy and the length 

of hospital stay and in-hospital mortality (8). This study too found that polypharmacy was not 

related to the length of hospital stay or in-hospital mortality. We also found, as expected, that the 

occurrence of AEs in hospital was the most significant predictor for these outcomes, prolonging the 

hospital stay by nearly four days, and raising the risk of in-hospital death seven-fold. Only a case of 

suspected adverse drug reaction was reported by clinicians. This low rate is probably due to the lack 

of an explicit request to signal ADR and to the well known under-reporting of suspected ADR by 

physicians. 

Although common consequences of polypharmacy include ADRs that can negatively influence 

outcomes, probably an account of the restricted window of observation during the hospital stay or 

to the “diluted effect” of the number of prescribed drugs, we could not find any effects of 

polypharmacy on the major clinical outcomes. Furthermore, polypharmacy may be unavoidable and 

appropriate in some patients, especially when it is carefully prescribed and monitored.  

Strengths and limitations 

The major strengths of the REPOSI study include the multicenter design that involved 38 internal 

medicine and geriatric wards throughout Italy, resulting in a sample representative of the 

hospitalized elderly population; second, patients were enrolled in four different weeks (one per 

season) in order to balance the effect of seasons on the acute diseases leading to hospital admission. 
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However, a few limitations must also be mentioned. First, problems can arise when using hospital 

data for research, because hospital records are not designed for this purpose but rather for patient 

care, and their diagnostic quality may vary depending on different hospitals, physicians and clinical 

units, they also do not routinely collect data on disability and cognitive status. Moreover, 

admissions are often selective on the basis of local characteristics, associated medical conditions 

and admissions policies, which can vary from hospital to hospital. Second, the REPOSI data set was 

not planned to include multidimensional geriatric assessment, because it is not a general practice in 

internal medicine wards. Thus we have no information on patient’s functional profiles. Third, the 

study did not allow any general conclusion about the number of drugs taken before admission, or on 

the appropriateness of drugs prescribed. We did not include over-the-counter drugs or herbal 

medicines taken before admission. 

 

Conclusions 

Although the published studies on polypharmacy did not all use the same cut-off point, undoubtedly 

elderly in-patients are exposed to a large number of drugs, often on a chronic basis, and 

hospitalization often leads to a significant increase in the number of medications. When assessing 

the risk of polypharmacy, clinicians should carefully consider the patient’s age, the number and 

type of drugs at admission, and the presence of any chronic disease such as hypertension, ischemic 

heart disease, heart failure, or COPD. At discharge the presence of polypharmacy and an increase in 

the number of drugs should alert clinicians to carefully review each patient’s drug portfolio with the 

aim of withdrawing useless or inappropriate medications. Last but not least, the occurrence of an 

AE in hospital should raise the level of clinical monitoring for the patient, because AEs are strongly 

related to the risk of prolonging the hospital stay or in-hospital mortality.   
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Table 1. Ten most frequently prescribed drug classes (3rd level of ATC classification).  

 At admission 

(1332 patients) 

No. (%) 

At discharge 

(1155 patients) 

No. (%) 

B01A, antithrombotic agents 692 (52.0) 690 (59.7) 

A02B, drugs for peptic ulcer and GERD 546 (41.0) 647 (56.0) 

C03C, high ceiling diuretics  465 (34.9) 454 (39.3) 

C09A, ACE inhibitors 359 (27.0) 361 (31.3) 

C07A, beta-blocking agents 334 (25.1) 329 (28.5) 

C10A, lipid modifying agents 230 (17.3) 210 (18.2) 

A10B, blood glucose lowering drugs, excl. insulins 205 (15.4) 168 (14.6) 

C01A, cardiac glycosides 119 (8.9) 105 (9.1) 

C01D, vasodilators used in cardiac diseases 224 (16.8) 223 (19.3) 

A10A, insulins and analogues 111 (8.3) 129 (11.2) 

ATC, Anatomical Therapeutic Chemical classification; GERD, gastro-esophageal reflux disease; ACE, 

angiotensin-converting enzyme 
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Table 2. Univariate analysis of predictors of polypharmacy (five or more drugs)  

at admission and discharge.  
 

Variables 
Admission (1332) Discharge (1155) 

No Polypharmacy  

 (641) 

Polypharmacy  

 (691) 
P  

No Polypharmacy  

 (381) 

Polypharmacy  

 (774) 
P  

Socio-demographic variables       

Females, No. (%) 359 (56.0) 363 (52.5) 0.20 206 (54.1) 414 (53.5) 0.85 

Age (years), mean (+SD) 79.6 (8.0) 79.2 (7.2) 0.35 79.8 (8.2) 78.9 (7.2) 0.08 

Age > 75 years, No. (%) 446 (69.6) 482 (69.8) 0.94 268 (70.3) 533 (68.9) 0.61 

Age > 85 years, No. (%) 178 (27.8) 146 (21.1) 0.004 109 (28.6) 160 (20.7) 0.003 

Education (years), mean (+SD) 6.1 (3.5) 6.54 (3.8) 0.03 5.9 (3. 7) 6. 6 (3.8) 0.006 

Widow/er, No. (%) 265 (41.3) 282 (40.8) 0.89 161 (42.2) 310 (40.1) 0.54 

Living alone, No. (%) 152 (23.7) 163 (23.6) 0.95 102 (26.8) 176 (22.7) 0.15 

Clinical variables       

Number of diagnoses, mean (+SD) 3.3 (2.0) 5.1 (2.3) <0.0001 5.0 (2.1) 6.8 (2.4) <0.0001 

Five or more diagnoses, No. (%) 273 (42.6) 527 (76.3) <0.0001 126 (33.1) 556 (71.8) <0.0001 

Charlson index, mean score (+SD) 2.0 (2.6) 3.0 (2.5) <0.0001 2.2 (2.3) 3.3 (2.9) <0.0001 

Charlson index score <2, No. (%) 455 (71.0) 322 (48.1)  

<0.0001 

255 (67.3) 330 (42.6)  

<0.0001 Charlson index score =3-4, No. (%) 125 (19.5) 220 (31.8) 85 (22.4) 271 (35.1) 

Charlson index score >5, No. (%) 61 (9.5) 139 (20.1) 39 (10.3) 173 (22.3) 

Number of drugs, mean (+SD) 2.6 (1.2) 7.1 (2.1) <0.0001 4.2 (1.9) 7.7 (2.6) <0.0001 

Five or more drugs, No. (%) == 691 (51.9) == == 774 (67.0) == 

AEs, mean (+SD) 0.6 (1.1) 0.7 (1.2) 0.083 0.5 (1.0) 0.6 (1.1) 0.02 

One AE, No. (%) 137 (21.4) 160 (23.2) 
0.06 

80 (21.0) 160 (20.7)  

0.01 

 More than one AEs, No. (%) 78 (12.2) 110 (15.9) 32 (8.4) 112 (14.5) 

Hospital stay - days, mean (+SD) 11.0 (9.3) 11.0 (7.9) 0.97 10.2 (8.6) 10.9 (7.7) 0.15 

Comorbid diseases, No. (%)       

Hypertension 334 (52.1) 441 (63.8) <0.0001 192 (50.4) 509 (65.76) <.0001 

Ischemic heart disease 72 (11.2) 242 (35.0) <0.0001 37 (9.7) 259 (33.46) <.0001 

Atrial fibrillation 92 (14.4) 165 (23.9) 0.0001 54 (14.2) 198 (25.58) <.0001 

Heart failure 63 (9.8) 129 (18.7) <0.0001 21 (5.5) 194 (25.06) <.0001 

Diabetes mellitus 86 (13.4) 244 (35.3) <0.0001 55 (14.4) 257 (33.20) <.0001 

COPD/bronchial asthma 98 (15.3) 174 (25.2) <0.0001 53 (13.9) 198 (25.58) <.0001 

Dementia 45 (7.0) 59 (8.5) 0.30 41 (10.8) 65 (8.40) 0.18 
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Cerebrovascular disease 133 (20.8) 172 (24.9) 0.07 92 (24.2) 216 (27.91) 0.19 

Depression 3 (0.5) 7 (1.0) 0.25 1 (0.3) 3 (0.39) 0.74 

Liver disease 50 (7.8) 72 (10.4) 0.10 43 (11.3) 93 (12.02) 0.74 

GI disorders 84 (13.1) 132 (19.1) 0.003 60 (15.8) 151 (19.5) 0.13 

Osteoporosis/osteoarthritis 96 (15.0) 109 (15.8) 0.69 43 (11.3) 132 (17.1) 0.01 

Chronic renal failure 47 (7.3) 153 (22.1) <0.0001 27 (7.1) 163 (21.1) <0.0001 

Anemia 88 (13.7) 102 (14.8) 0.59 67 (17.6) 165 (21.3) 0.15 

Malignancy  114 (17.8) 132 (19.1) 0.54 100 (26.3) 184 (23.8) 0.33 

AE, Adverse clinical event; COPD, Chronic obstructive pulmonary disease; GI, gastrointestinal.  
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Table 3. Univariate analysis of predictors of polypharmacy (five or more drugs) at discharge  

for 551 patient admitted without polypharmacy.  

Variables* No polypharmacy 

 341 (61.9%) 

Polypharmacy 

 210 (38.1%) 

P  

Socio-demographic variables    

Females, No. (%) 182 (53.4) 120 (57.1) 0.39 

Age (years), mean (+SD) 79.6 (8.2) 79.1 (7.5) 0.49 

Age > 75 years, No. (%) 237 (69.5) 144 (68.6) 0.82 

Age > 85 years, No. (%) 95 (27.9) 51 (24.3) 0.36 

Education (years), mean (+SD) 5.9 (3.6) 6.5 (3.6) 0.09 

Widow/er, No. (%) 140 (41.1) 79 (38.0) 0.48 

Living alone, No. (%) 87 (25.7) 43 (20.7) 0.18 

Clinical variables    

Number of diagnoses, mean (+SD) 3.8 (1.8) 5.0 (1.9) <0.0001 

Five or more diagnoses, No. (%) 101 (29.6) 121 (57.6) <0.0001 

Charlson index, mean score (+SD) 1.7 (2.2) 2.1 (2.6) 0.04 

 Charlson index score < 2, No. (%) 256 (75.1) 144 (68.6)  

0.24  Charlson index score = 3-4, No. (%) 59 (17.3) 47 (22.4) 

 Charlson index score > 5, No. (%) 26 (7.6) 19 (9.1) 

Number of drugs, mean (+SD) 2.2 (1.2) 3.2 (1.0) <0.0001 

AEs, mean (+SD) 0.4 (0.9) 0.6 (1.2) 0.04 

One AE, No. (%) 71 (20.8) 35 (16.7) 
0.01 

More than one AE, No. (%) 25 (7.3) 32 (15.2) 

Hospital stay - days, mean (+SD) 9.9 (8.7) 11.5 (8.1) 0.03 

Comorbid diseases, N (%)    

Hypertension 156 (45.8) 139 (66.2) <0.0001 

Ischemic heart disease 26 (7.6) 33 (15.7) 0.003 

Atrial fibrillation 35 (10.3) 38 (18.1) 0.009 

Heart failure 13 (3.8) 38 (18.1) <0.0001 

Diabetes mellitus 40 (11.7) 32 (15.2) 0.24 
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COPD/bronchial asthma 37 (10.9) 40 (19.1) 0.007 

Dementia 25 (7.3) 10 (4.8) 0.23 

Cerebrovascular disease 67 (20.0) 47 (22.4) 0.44 

Depression 1 (0.3) 2 (1.0) 0.31 

Liver disease 33 (9.7) 15 (7.1) 0.31 

GI disorders 46 (13.5) 25 (11.9) 0.59 

Osteoporosis/osteoarthritis 38 (11.1) 41 (19.5) 0.006 

Chronic renal failure 19 (5.6) 16 (7.6) 0.034 

Anemia 46 (13.5) 25 (11.9) 0.59 

Malignancy  63 (18.5) 29 (13.8) 0.15 

AE, Adverse clinical event; COPD, Chronic obstructive pulmonary disease; GI, gastrointestinal. 
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Table 4. Multivariate analysis of predictors of polypharmacy at discharge among 1155 

patients discharged to home.  

Variables Odds ratio† (95% CI) P  

Females   1.00 (0.75-1.32) 0.98 

Age (years), mean  0.96 (0.94-0.98) <0.0001 

Number of drugs at admission, mean 2.32 (1.96-2.74) <0.0001 

Adverse clinical events (one or more) 1.08 (0.72-1.63) 0.70 

Hypertension 1.84 (1.34-2.53) <0.0001 

Ischemic heart disease 1.72 (1.18-2.50) 0.005 

Heart failure 3.77 (1.77-8.01) 0.001 

Atrial fibrillation 1.09 (0.66-1.82) 0.61 

Diabetes mellitus 0.88 (0.54-1.43) 0.70 

COPD 1.93 (1.33-2.79) 0.001 

Dementia 0.69 (0.29-1.66) 0.41 

Cerebrovascular disease 0.93 (0.62-1.39) 0.73 

Liver disease 0.90 (0.49-1.63) 0.72 

GI disorders 0.99 (0.59-1.66) 0.98 

Osteoporosis/osteoarthritis 1.44 (0.84-2.46) 0.18 

Chronic renal failure 0.98 (0.51-1.89) 0.96 

Anemia 0.88 (0.56-1.40) 0.59 

Malignancy  0.72 (0.47-1.10) 0.13 

CI, confidence interval; COPD, Chronic obstructive pulmonary disease;  GI, gastrointestinal. 
†Adjusted for sex (female vs. male), age (mean), number of drugs at admission (mean), occurrence of at least 

one AE in hospital, single diagnosis, and for the non-independence of patients within the same ward. 
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Table 5. Outcome measures and predictors of outcome at discharge.  

 No polypharmacy 

(641 patients) 

No. (%) 

Polypharmacy 

(691 patients) 

No. (%) 

 

P value 

Outcome measures    

Hospital stay - days, mean (+SD) 11.0 (9.3) 11.0 (7.9) 0.97 

Discharged. No. (%) 551 (86.0) 604 (87.4)  

0.27 Transferred. No. (%) 61 (9.5) 50 (7.2) 

Died. No. (%) 29 (4.5) 37 (5.4) 

Univariate and multivariate analysis 

Length of hospital stay Regression coefficient 

(95% CI) 

Regression coefficient* 

(95% CI) 

Females   – 0.14 (– 1.06; 0.79) – 0.19 (– 1.34; 0.96) 

Age (years) (mean)  0.00 (– 0.06; 0.06) – 0.02 (– 0.11; 0.06) 

Charlson index, at admission (mean score) 0.16 (– 0.03; 0.35) 0.09 (– 0.21; 0.39) 

Polypharmacy (five or more drugs) 0.28 (– 0.64; 1.21) – 0.07 (– 1.30; 1.15) 

Adverse clinical events (one or more) 3.56 (2.60; 4.52) # 3.57 (2.32; 4.83)# 

Mortality   Odds ratio (95% CI) Odds ratio* (95% CI) 

Females   0.97 (0.59-1.60) 0.94 (0.54-1.67) 

Age (years), mean 1.05 (1.02-1.09)§ 1.04 (1.01-1.08)† 

Charlson index, at admission (mean score) 1.20 (1.12-1.28)# 1.18 (1.12-1.24)# 

Polypharmacy (five or more drugs) 1.16 (0.71-1.92) 1.00 (0.59-1.69) 

Adverse clinical events (one or more) 8.19 (4.41-15.2)# 6.80 (3.58-12.9)# 

CI, confidence interval.  

*Adjusted for sex (female vs. male), age (mean), comorbidity (Charlson index score, mean), number of 

drugs at admission (five or more), occurrence of at least one AE in hospital, and for the non-independence of 

patients within the same ward.  

#p<0.0001; §p=0.002; †p=0.02. 
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Figure 1. Prevalence of polypharmacy at admission in different age groups. 
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Figure 2. Prevalence of drug use at admission and at discharge in 1155 patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


