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Abstract

Purpose: To assess the pattern of in‐hospital changes in drug use in older patients from 2010

to 2016.

Methods: People aged 65 years or more acutely hospitalized in those internal medicine and

geriatric wards that did continuously participate to the REgistro POliterapie Società Italiana di

Medicina Interna register from 2010 to 2016 were selected. Drugs use were categorized as 0

to 1 drug (very low drug use), 2 to 4 drugs (low drug use), 5 to 9 drugs (polypharmacy), and 10

or more drugs (excessive polypharmacy). To assess whether or not prevalence of patients in rela-

tion to drug use distribution changed overtime, adjusted prevalence ratios (PRs) was estimated

with log‐binomial regression models.

Results: Among 2120 patients recruited in 27 wards continuously participating to data collec-

tion, 1882 were discharged alive and included in this analysis. The proportion of patients with

very low drug use (0‐1 drug) at hospital discharge increased overtime, from 2.7% in 2010 to

9.2% in 2016. Results from a log‐logistic adjusted model confirmed the increasing PR of these

very low drug users overtime (particularly in 2014 vs 2012, PR 1.83 95% CI 1.14‐2.95). Moreover,

from 2010 to 2016, there was an increasing number of patients who, on polypharmacy at hospital

admission, abandoned it at hospital discharge, switching to the very low drug use group.

Conclusion: This study shows that in internal medicine and geriatric wards continuously par-

ticipating to the REgistro POliterapie Società Italiana di Medicina Interna register, the proportion

of patients with a very low drug use at hospital discharge increased overtime, thus reducing the

therapeutic burden in this at risk population.
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1 | INTRODUCTION

The older population represents a great challenge for healthcare sys-

tems, being usually affected by multiple co‐occurring long‐term dis-

eases (multimorbidity) and thus being exposed to polypharmacy.1

Because the older people with multimorbidity prescribed with multiple

medications are increasing worldwide,2 they are becoming the proto-

type of patients most frequently hospitalized and so those with whom

such hospital clinicians as internists and geriatricians must deal.

Accordingly, hospitalization could represent a proper occasion to

review the complex regimen of drugs in multimorbid older patients.
wileyonlinelibrary.com/jou
Even though medications are expected to positively impact on dis-

eases, there is increasing evidence that polypharmacy (usually defined

as the concomitant use of 5 or more medications) is often inappropri-

ate and associated with a higher risk of inappropriate prescribing, med-

ication errors, poor adherence, drug‐drug interactions, adverse

reactions, geriatric syndromes (such as falls, delirium, cognitive impair-

ment, and frailty), hospital readmissions, longer hospital stay, and

mortality.3,4

While several studies have shown that an increasing number of

drugs is prescribed overtime in community‐dwelling older people,3,5-8

no studies have assessed to date the changes of drug use overtime
Copyright © 2017 John Wiley & Sons, Ltd.rnal/pds 1
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Key points

• Overall, from hospital admission to discharge, there was

an increase in the number of drugs prescribed in the

older people.

• Patients discharged with a very low drug use increased
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in hospitalized older people, even though hospitalization represents in

this population a risk factor to receive more drug prescriptions.9 With

this background and gap of knowledge, this study was designed to

investigate the in‐hospital changes in drug use in older patients from

2010 to 2016 in the frame of internal medicine and geriatric wards

participating continuously to the REgistro POliterapie Società Italiana

di Medicina Interna (REPOSI) register.

overtime from 2010 to 2016, but those exposed to

polypharmacy and excessive polypharmacy did not

increase.

• From 2010 to 2016, an increasing number of patients

prescribed with polypharmacy (5‐9 drugs) at hospital

admission switched to a very low drug use (0‐1 drug)

at hospital discharge.
2 | METHODS

2.1 | Setting

The present study is based upon data prospectively collected in the

frame of the REPOSI project. REgistro POliterapie Società Italiana di

Medicina Interna is an ongoing collaboration between the Italian

Society of Internal medicine, the Istituto di Ricovero e Cura a

Carattere Scientifico‐Istituto di Ricerche Farmacologiche “Mario

Negri,” and Istituto di Ricovero e Cura a Carattere Scientifico

Fondazione Ca′ Granda Ospedale Maggiore Policlinico, both in Milan.

The project was launched in 2008 and continued in 2010, 2012,

2014, and 2016, with the aim to investigate various aspects related

to multimorbidity and polypharmacy in an acutely hospitalized older

population. REgistro POliterapie Società Italiana di Medicina Interna

is a multicenter prospective register that collects information on

patients aged 65 or older, consecutively and acutely admitted to

internal medicine or geriatric wards of Italian hospitals during 4 index

weeks (1 for each season). The principal data collected include

sociodemographic factors, clinical and laboratory data, pharmacologi-

cal therapies, comorbidities according to the Cumulative Illness Rating

Scale (CIRS),10 and performance in the basic activities of daily living

according to the Barthel Index scale.11 After discharge, additional fol-

low‐up data were collected via telephone calls at 3 months, since

2012 onward follow‐up data were also collected at 12 months. Data

collection in the REPOSI register was thought to be suitable to per-

form pharmacoepidemiological studies in hospitalized elderly patients,

with special emphasis on the appropriateness of drug prescription

and its influence on such clinical outcomes as hospital and short‐term

mortality after discharge, and re‐hospitalization. Participation was

voluntary, and all participants signed an informed consent. More

detailed description of the data set is available elsewhere.12 The

REPOSI project was approved by the local ethical committees of

the participating centers.
2.2 | Data collection

For the purpose of this analysis, only centers regularly and continu-

ously participating to data collection every year from 2010 to 2016

were selected. All patients enrolled and assessable at hospital dis-

charge were included in the analysis. Drug use was categorized accord-

ing to the following distribution, as 0 to 1 drug, defining very low drug

use; 2 to 4 drugs, defining low drug use; 5 to 9 drugs, defining

polypharmacy, and 10 or more drugs, defining excessive polypharmacy.

The number of drugs was defined according to the number of different

active substances (identified by using unique Anatomical Therapeutical
Classification codes) as prescribed at hospital discharge, regardless of

their dosage. The drugs computed included also when required and top-

ical, local, and transdermal medicines. The drug classes most frequently

prescribed both at hospital admission and at discharge for the overall

sample, and at hospital discharge for each study year were also

investigated.
2.3 | Statistical analysis

Variables were summarized as frequencies or by means and standard

deviations or medians and interquartile ranges as appropriate. Demo-

graphic and clinical factors associated with polypharmacy and exces-

sive polypharmacy were studied by means of a multinomial logistic

regression model with random effect to account for nonindependence

among patients within the same wards: no polypharmacy (defined as 0

to 4 drugs) was used as reference category. The model was adjusted

for sex, age, number of drugs at admission and number of comorbidi-

ties, CIRS severity index, and Barthel Index. The last variable was

dichotomized at a cut‐off point of 90, which allows to identify people

with a negligible degree of dependence. The number of drugs at admis-

sion and the number of diagnoses were modeled to allow for a nonlin-

ear relationship with the outcome.

To assess whether or not the prevalence of patients according to

drug use distribution at hospital discharge changed overtime control-

ling for confounders, adjusted prevalence ratios (PR) were also esti-

mated.13 Prevalence ratios are useful to evaluate the effect of an

exposure on the occurrence of an outcome (ie, prevalence) and should

be suitable for cross‐sectional studies. To this purpose, log‐binomial

regression models or an alternative Poisson regression model with ran-

dom effect was used. The log‐binomial model is fitted in a similar

way as logistic regression for a binary distribution of the outcome

using a link “log” that allows the response variable to be a proportion,

instead of the most common link “logit,” which implies that the

response variable is an odd. Walter parameterization for the study

year was preferred,14 because this alternative coding scheme for

ordinal categorical variables is particularly useful in dose‐response

regression analyses. It does indeed allow to assess contrasts in the

response variable between 2 adjacent levels of the independent
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variable, instead of that between each category versus a reference

one. The model was adjusted for wards (as random effect), sex, age,

number of drugs at admission, and number of comorbidities. To deeply

investigate the results of the logistic regression model, drug use

(according to the predefined 4 categories) was also analyzed at hospital

discharge versus admission. All statistical analyses were carried out

with SAS Software 9.4.
3 | RESULTS

Among the 116 wards participating at least once in the REPOSI regis-

ter, 27 throughout Italy (16 in the north, 6 in the center, and 5 in the

south) did participate to data collection with no interruption from

2010 to 2016, enrolling 2120 patients. Among the selected wards,

almost all were internal medicine wards (23) and only few4 being geri-

atric wards. Because 238 of these patients were not assessable at dis-

charge (68 died during hospital stay and 170 were transferred to

another ward), 1882 discharged patients were included in the analyses

(Figure 1). Among them, 78 patients (4.2%) were nursing home resi-

dents and 1450 (77.3%) were admitted through the emergency room.
FIGURE 1 Flow chart of the study
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0-1 drug (very low

drug use) at
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3.1 | Overall description

Table 1 shows patient characteristics according to drug use distribu-

tion at hospital discharge. Of them, 981 (52.1%) were female and

487 (25.9%) were 85 years old or more. Positive female/male ratio is

shown in all classes of drug use, but among patients on excessive

polypharmacy, the prevalence of female patients increased from

42.1% in 2010 up to 55.4% in the 2016.

Considering the overall analyzed period 2010 to 2016, from hospi-

tal admission to discharge, the number of patients taking less than 5

drugs decreased and those taking more than 5 drugs increased. In par-

ticular, 1292 (68.7%) were on polypharmacy and excessive

polypharmacy at hospital discharge. The most prescribed drug classes

at hospital admission were proton pump inhibitors (PPIs) (46.9%),

followed by antiplatelets (38.5%) and diuretics (35.0%). At hospital

discharge, the drug classes most prescribed remained, PPIs (56.6%),

with an increased prevalence followed by diuretics (39.1%) and

antiplatelets (37.6%). Assessing other drug categories often pre-

scribed to the older people, 73 patients (3.9%) were prescribed with

at least 1 antipsychotic drug at hospital admission and 101 patients

(5.4%) at discharge: among them, 22 patients (21.8%) were exposed

to excessive polypharmacy. The prevalence of patients prescribed
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TABLE 1 Demographic and clinical characteristics of 1882 patients at hospital discharge

0‐1 Drug (Very
Low Drug Use)

2‐4 Drugs (Low
Drug Use)

5‐9 Drugs
(Polypharmacy)

≥10 Drugs (Excessive
Polypharmacy) Missing Total

N = 111 N = 479 N = 1029 N = 263

Year (N,%)

2010 15 (13.5) 152 (31.7) 318 (30.9) 76 (28.9) 561

2012 25 (22.5) 130 (27.1) 278 (27.0) 73 (27.8) 506

2014 34 (30.7) 111 (23.2) 211 (20.5) 58 (22.0) 414

2016 37 (33.3) 86 (18.0) 222 (21.6) 56 (21.3) 401

Gender (N,%)

Male 43 (38.7) 217 (45.3) 500 (48.6) 141 (53.6) 901

Female 68 (61.3) 262 (54.7) 529 (51.4) 122 (46.4) 981

Living arrangement (N,%) 3

Home 106 (95.5) 461 (96.6) 982 (95.4) 252 (96.2) 1801

Nursing home 5 (4.5) 16 (3.4) 47 (4.6) 10 (3.8) 78

Age (N,%)

65‐74 37 (33.3) 157 (32.8) 280 (27.2) 73 (27.7) 547

75‐84 47 (42.4) 204 (42.6) 469 (45.6) 128 (48.7) 848

85+ 27 (24.3) 118 (24.6) 280 (27.2) 62 (23.6) 487

Geographic area in Italy (N,%)

North 54 (48.7) 273 (57.0) 605 (58.8) 162 (61.6) 1094

Center 27 (24.3) 126 (26.3) 212 (20.6) 56 (21.3) 421

South 30 (27.0) 80 (16.7) 212 (20.6) 45 (17.1) 367

Barthel Index (N,%) 20

0‐24 8 (7.4) 42 (8.9) 110 (10.8) 29 (11.1) 189

25‐49 5 (4.6) 22 (4.7) 85 (8.3) 35 (13.4) 147

50‐74 17 (15.8) 51 (10.8) 164 (16.0) 43 (16.5) 275

75‐90 20 (18.5) 70 (14.9) 205 (20.1) 64 (24.5) 359

91‐100 58 (53.7) 286 (60.7) 458 (44.8) 90 (34.5) 892

Previous hospitalization (N,%) 25 (22.5) 98 (20.5) 327 (31.7) 133 (50.6) 583

CIRS 14

Comorbidity index (median,
interquartile range)

2 (1‐3) 2 (1‐3) 3 (2‐4) 4 (3‐6) 3 (2.4)

Severity index (mean,
standard deviation)

1.5 (0.4) 1.5 (0.3) 1.7 (0.3) 2 (0.3) 1.7 (0.3)

Number of diagnoses (median
and interquartile range)

4 (3‐7) 5 (3‐7) 6 (5‐8) 8 (7‐11) 6 (4‐8)

Comorbidities (N,%)

Hypertension 64 (56.7) 315 (65.8) 858 (83.4) 238 (90.5) 1475

Ischemic heart disease 19 (17.1) 54 (11.3) 276 (26.8) 123 (46.8) 472

Heart failure 15 (13.5) 39 (8.1) 234 (22.7) 96 (36.5) 384

Chronic obstructive pulmonary
diseases (COPD)

12 (10.8) 53 (11.1) 193 (17.8) 88 (33.5) 346

Diabetes 20 (18.0) 69 (14.4) 299 (29.1) 136 (51.7) 524

Long‐term kidney disease 13 (11.7) 42 (8.8) 222 (21.6) 99 (37.6) 376

Cerebrovascular disease 14 (12.6) 88 (18.4) 225 (21.9) 60 (22.8) 387

Dementia 16 (14.4) 52 (10.9) 104 (10.1) 26 (9.9) 198

Psychiatric disorders
(excluded dementia)

12 (10.8) 57 (11.9) 198 (19.2) 68 (25.9) 335

Cancer 17 (15.3) 108 (22.6) 211 (20.5) 52 (19.8) 388
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with at least 1 opioid drug increased from 3.1% (59/1882) at hospital

admission up to 5.6% (102/1882) at discharge. A similar pattern was

also shown for patients prescribed with at least 1 laxative drug, who

increased from 59 (3.7%) at hospital admission to 118 (6.3%) at

discharge.
3.2 | Predictors of polypharmacy and excessive
polypharmacy

Table S1 in the Supporting Information shows the predictors of

polypharmacy and excessive polypharmacy at hospital discharge. The
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number of drugs at admission and the mild to severe dependence in

the activities of daily living were similarly associated with both

polypharmacy and excessive polypharmacy. An increasing number of

diagnoses and an increasing CIRS severity index were most likely asso-

ciated with excessive polypharmacy. Among specific diagnoses, cardio-

vascular diseases (hypertension and ischemic heart disease) and

chronic obstructive pulmonary disease were significantly associated

to both polypharmacy and excessive polypharmacy (not shown).
3.3 | Changes overtime

Considering each year of the study period, the proportion of patients

prescribed at discharge with 0 to 1 drugs (very low drug use) with

respect to those prescribed 2 or more increased from 2.7% (15/561)

to 9.2% (37/401) (Tables 1 and 2). Patients exposed to 5 to 9 drugs

decreased from 83.8% in 2010 to 76.8% in 2016; those exposed to

excessive polypharmacy remained almost stable, around 14%.

Table 2 (third and fourth columns) also shows the results from the

logistic regression model with the link “log,” confirming the increasing

prevalence overtime of patients characterized by a very low drug

use, also after adjusting for demographic and clinical characteristics

(sex, age, number of comorbidities, and drugs at admission). On the

other hand, the proportion of patients on polypharmacy (5+ vs 2‐4
TABLE 2 Prevalence of patients with very low drug use (0‐1 drug) in
each year of the REPOSI register and unadjusted/adjusted prevalence
ratios (respect to previous year)

Study Year N (%)
Unadjusted PR
(95% CI)

Adjusted PR
(95% CI)*

2010 15 (2.7) Ref. Ref.

2012 25 (4.9) 1.85 (0.99‐3.47) 1.68 (0.92‐3.09)

2014 34 (8.2) 1.66 (1.01‐2.74) 1.83 (1.14‐2.95)

2016 37 (9.2) 1.12 (0.72‐1.75) 1.06 (0.69‐1.64)

*Prevalence ratios (PR) adjusted for wards (as random effect), sex, age,
number of diagnoses, and number of drugs used at hospital admission.

TABLE 3 Drug distribution overtime at hospital admission versus discharg

Drug Use at Hospital Admission Study Year

Drug

0‐1

2010 0‐1 10 (2
2‐4 2 (1
5‐9 3 (1
10+ 0 (0

2012 0‐1 17 (3
2‐4 3 (1
5‐9 5 (2
10+ 0

2014 0‐1 8 (2
2‐4 11 (7
5‐9 14 (7
10+ 1 (2

2016 0‐1 7 (2
2‐4 5 (4
5‐9 23 (1
10+ 2 (4

0‐1 drug: very low drug use; 2‐4 drugs: low drug use; 5‐9 drugs: polypharmacy; a
drugs) did not increase overtime (PR 2012 vs 2010 0.85 95% CI

0.67‐1.07; PR 2014 vs 2012 1.09 95% CI 0.85‐1.41; and PR 2016 vs

2014 0.85 95% CI 0.64‐1.13). In support of this evidence, Table 3

shows a decreasing proportion of patients still taking 5 to 9 drugs

(polypharmacy) at hospital discharge than at hospital admission (from

80.1% in 2010 to 71.9% in 2016). The most evident change was the

trend of the increasing proportion of patients abandoning

polypharmacy to switch to a very low drug use (from 1.0% in 2010

to 11.0% in 2016). Although PPIs remained at hospital discharge the

most prescribed drug category overtime, their prescription slightly

decreased from 59.4% in 2010 to 52.3% in 2016. The use of antiplate-

let drugs first increased in 2012 up to 46% and then dramatically

decreased to 31.7% in 2016. The prevalence of diuretics decreased

to 37.5% since 2012 and then remained stable.
4 | DISCUSSION

This study, conducted in internal medicine and geriatric wards contin-

uously participating to the REPOSI, points out 3 important findings: (1)

hospitalization leads to an overall increased number of drugs pre-

scribed in older patients; (2) the proportion of those patients with very

low drug use increased at hospital discharge from 2010 to 2016 (also

adjusting for health variables), while the proportion of patients

exposed to polypharmacy and excessive polypharmacy did not

increase; and (3) overtime, there was an increasing number of patients

who abandoned polypharmacy at hospital discharge with respect to

hospital admission and switched to a very low drug use.

That hospitalization represents that a risk factor for increasing the

number of drugs prescribed to the older people was already known,

since our previous study has shown that the high rate of polypharmacy

observed at the time of hospital admission (52%), rather than decreas-

ing, dramatically increased at discharge (67%).9 This was probably due

to the addition of therapies employed to handle the acute conditions

that led to hospital admission, but also to the poor critical review of

drugs that hospital internists and geriatricians should perform when a
e (in brackets, raw percentages are reported)

Use at Hospital Discharge N (%)

2‐4 5‐9 10+ Total

7.8) 20 (55.5) 6 (16.7) 0 (0) 36
.1) 112 (59.3) 72 (38.1) 3 (1.6) 189
.0) 20 (7.0) 229 (80.1) 34 (11.9) 286
) 0 (0) 11 (22.0) 39 (78.0) 50

2.7) 25 (48.1) 9 (17.3) 1 (1.9) 52
.9) 83 (52.5) 66 (41.8) 6 (3.8) 158
.1) 20 (8.2) 191 (78.6) 27 (11.1) 243

2 (3.8) 12 (22.6) 39 (73.6) 53

5.0) 21 (65.6) 3 (9.4) 0 (0) 32
.6) 76 (52.8) 53 (36.8) 4 (2.8) 144
.4) 14 (7.5) 138 (73.4) 22 (11.7) 188
.0) 0 (0) 17 (34.0) 32 (64.0) 50

0.6) 17 (50.0) 10 (29.4) 0 (0) 34
.3) 57 (49.1) 53 (45.7) 1 (0.9) 116
1.0) 12 (5.7) 151 (71.9) 24 (11.4) 210
.9) 0 (0) 8 (19.5) 31 (75.6) 41

nd 10+ drugs: excessive polypharmac.
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new acute clinical event adds to the long‐term conditions in this at risk

population.

Studies carried out in community dwelling older people had previ-

ously shown an increasing worldwide trend of exposure to an increas-

ing number of drugs and thus to polypharmacy in older patients.5-8,15

On the contrary, the present study shows that from 2010 to 2016 in

older people hospitalized in internal medicine and geriatric wards,

exposure to polypharmacy did not increase.

Furthermore, patients exposed to polypharmacy (5‐9 drugs) at

hospital discharge decreased overtime with respect to admission. From

hospital admission to discharge, there was an increasing number of

patients abandoning polypharmacy and switching to a very low drug

use. Instead, the proportion of patients joining excessive polypharmacy

remained stable from 2010 to 2016.

All in all, these results suggest that the continuous and regular par-

ticipation to the REPOSI register, specifically aimed to tackle the

appropriateness of drug therapies in hospitalized older people with

multimorbidity and polypharmacy, did indeed sensitize the involved cli-

nicians on this topic, prompting a medical review of prescribed drugs

that is likely to have led to a decrease of the therapeutic burden in this

at risk population. In support of this hypothesis, this study also showed

a slightly decreasing trend of prescription of PPI, 1 of the drug class

more often prescribed without any specific and/or proper clinical indi-

cations in the older people and widely debated in the frame of REPOSI

register.16 Finally, the present results suggest that the REPOSI register

is a good weapon to perform clinical and pharmacoepidemiological

research nowadays and hopefully in the future.

4.1 | Strengths and limitations

The main strength of this study, based upon data from a large register

of older people acutely hospitalized in medical wards, is the provision

on an ongoing and recent update of the in‐hospital changes in drug

exposure of older patients. However, there are some limitations. First,

even if we selected only wards continuously participating, the clini-

cians involved in data collection may have changed overtime, perhaps

causing a nonhomogeneous way of data collection. Second, for the

purpose of this study, we did not evaluate whether or not drug pre-

scription appropriateness did change.
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