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Abstract

Background: Few studies have been carried out to estimate the prevalence of polypharmacy in the general
population using administrative databases. Different methods and definitions have been proposed, but no
comparisons have been provided. The aim of this study is to estimate the prevalence and the determinants of
polypharmacy in Rome (ltaly).

Methods: Adults (35+; n=331,923) residing in 2008 in the Local Health Authority ‘Roma D’ (southern part of
Rome) were included; prescriptions (years 2009-12) were retrieved from a database which collects information on all
drugs prescribed. Three algorithms were defined: (1) the number of different drugs prescribed for at least 60 days per
year; the number of different drugs prescribed for at least 60 days per quarter per year, using 90-days-fixed- (2), and
-mobile-windows (3). Determinants of polypharmacy based on patients’ and general practitioner’ (GP) characteristics
were investigated using multilevel logistic regression models.

Results: The prevalence of major polypharmacy (>5 drugs) ranged between 6 and 10%, depending on the
algorithm used, yielding estimates similar to those in the existing literature. Algorithm 1 provided higher estimates
than Algorithm 2 and 3; a temporal increase of about 3% for each algorithm was observed as well. Multilevel
models showed that polypharmacy was more frequent among women, ltalian-born-subjects, elderly, patients with
> 3 comorbidities, and subjects living in disadvantaged areas. No particular differences were detected by GPs’
characteristics.

Conclusions: Polypharmacy is an emerging public health issue with increasing prevalence. Prevalence
estimates were sensitive to the algorithm used. Major polypharmacy was principally related to age and comorbidities,
but other patient’s characteristics may play a role as well.

adverse effects [11,12]. A recent study [13] identifies the concomitant
use of five or more drugs as the optimal cut-off to estimate the drug-
related adverse effects of frailty, disability, falls and mortality in the
elderly over 70 years of age.
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Introduction

Polypharmacy is an emerging public health issue with increasing
prevalence in developed countries. The term “polypharmacy” has been
defined in several ways: the concomitant use of multiple drugs; the use
of more drugs than is clinically appropriated; the use of potentially
inappropriate medications; and the duplication of medication [1].
The increase in polypharmacy has been associated with an increased
risk of adverse drug events, both due to the high risk of exposure to
adverse drug-to-drug interaction, and to the decrease in adherence to
therapies when the number of drugs increases [2-4]. Most of the studies
investigating polypharmacy have focused on the elderly population,
given the higher prevalence of concomitant diseases, resulting in the
administration of multiple therapies. Although there is agreement
on the adverse health outcomes associated with polypharmacy, the
number of simultaneous medications that should be considered as a
threshold for the definition of polypharmacy is still undefined. Different
methods of identifying cases of polypharmacy were proposed, but no
comparisons were provided so far.

To date, only few studies have been carried out to estimate
the prevalence of polypharmacy in the general population using
administrative databases [8,9,14]; all methods previously used
estimated yearly prevalence by means of fixed time windows such as
one day (point prevalence) [5,7,12] or one trimester [8,10,14]; one
study defined 60 days of therapy as the minimum duration of therapy
to be considered in the case detection [10]. Methods based on fixed
time windows might underestimate the prevalence of polytherapy,
failing to detect treatments beginning in a time window and ending in
a different one; on the other hand, yearly prevalence could overestimate
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Regarding the definition of “concomitant use” of drugs, some
investigators have defined polypharmacy as the concomitant use of four

or more medications [5], others as five or more [6-9], and others as the
long-term simultaneous use of two or more medications [10]. Recent
studies focus the definition of polypharmacy on the specific context in
which the use of a drug combination is associated with a high risk of
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the real drug consumption as it is usually based on a minimum length
of therapy (e.g. 60 days) and could include short occasional use which
summed up over the year could match the polytherapy definition. In
order to minimize both type of error, we propose a new method based
on a mobile time window.

The aim of this study is to estimate the prevalence and the
determinants of polypharmacy in a population-based cohort of adult
individuals resident in Rome, Italy. A prescription database is used; a
new algorithm is proposed and compared with the existing ones.

Methods

Study population

The study base included all residents in the Local Health Authority
“Roma D”, which comprises the southern part of the municipality of
Rome (2,844,821 inhabitants) and the municipality of Fiumicino
(66,510 inhabitants), for a total of 575,912 inhabitants. Residents above
34 years of age on January 1, 2008 were included in the study.

The presence of one or more chronic and/or severe illnesses at
baseline as well as census tract information on socioeconomic status
(i.e., deprivation index) were available for this data set until December
31, 2010, as described elsewhere [15]; follow-up was completed until
December 31, 2012 through record linkage with hospital admissions
and mortality records. For each year, the Charlson Comorbidity
Index was computed in order to estimate patient comorbidities (i.e.
diseases), through record linkage with acute hospital admissions for the
main chronic causes of hospitalization [16]. The Charlson index was

computed for the entire period 2008-2012 considering the maximum
number of comorbidities resulting from year-specific Charlson's
indexes, each referred to previous 5 years’ hospital admissions.

All prescriptions filled by the resident population during the
period 2008-2012 were retrieved from the Drug Prescription Registry
for the Lazio region, which collects all drug prescriptions purchased
in the Region and contains information on all drugs prescribed by
general practitioners (GP) and public ambulatories, including patient
demographic characteristics, code of the Anatomical Therapeutic
Chemical Classification System (ATC), number of packages, the date
of the prescription, and the standard Defined Daily Doses (DDD) [17].
Record linkage between the population database and all other health
sources was performed through a deterministic linkage procedure
using the tax code as unique identifier. GPs characteristics were
retrieved from the Regional Informative System of GPs (N=5,005)
which contains the following information: age; gender; whether they
are General Practitioners or Pediatricians; how long they have practiced
medicine; and the number of patients in their practice. Databases were
linked through deterministic record linkage using physician’s codes as
unique identifiers.

Definition of polypharmacy and Statistical analyses

Polypharmacy was defined as “minor” (2-3 different drugs),
“moderate” (4-5 different drugs), “major” (> 6 different drugs) on the
basis of the number of filled prescriptions, each with at least 60 days
of therapy in a year for each specific ATC code. Given that for some
therapeutic schemes it is possible to switch to a different drug within
the same class, polypharmacy was also calculated using the first 4-digits

Algorithm 1 A
e >60 daysin a year N
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Algorithm 2

A A

A A

>60days per trimester

NS

[ >60days per trimester

\ [ >60days per trimester

\ [ >60days per trimester \

fixed fixed fixed fixed
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Algorithm 3 A
/ >60d trimest \
2 ayfngili’lél mester A A A
A
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Algorithm 1: number of drugs (different ATC class, 4 digits) prescribed for at least 60 days of therapy per year; Algorithm 2: number of drugs (different ATC class, 4
digits) prescribed for at least 60 days per quarter per year (fixed time windows); Algorithm 3: number of drugs (different ATC class, 4 digits) prescribed for at least

60 days per quarter per year (mobile window).

Figure 1: Methods used to estimate polypharmacy among adult residents in the Local Health unit Roma D.
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Gender Women
Men
Age (years) 35-49
50-54
65+
Nationality Italian
Non-Italian
Deprivation index Low
Medium
High
Number of comorbidities None
1-2
3+
Vital status (end of follow-up) Alive
Dead

Page 3 of 7
N

(total=331,923) %
180,761 54.5
151,162 455
134,543 40.5
93,603 28.2
103,777 31.3
306,123 92.7
24,060 7.3
77,597 24.0
181,863 56.3
63,850 19.7
273,966 82.5
48,790 14.7
9,167 2.8
312,753 94.2
19,170 5.8

Totals may vary due to missing information; Nationality: Nationality at birth; Vital status: vital status at 31.12.2012; Deprivation index: composite area-based deprivation
index of census tract of the area of residence; Number of comorbidities: maximum number of comorbidities resulting from year-specific Charlson's indexes referred to

previous 5 years hospital admissions.

Table 1: Demographic characteristics of the study population. Adults aged >35 years resident in the Local Health Authority Roma D, Italy, at 1.1.2008.

All patients
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N

4-5 drugs 6+ drugs

2008 2009 2010 2011 2012 v
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Figure 2: Prevalence of polypharmacy' by calendar year and algorithm definition among different gender and age groups.

of the ATC code instead of the entire 7-digits code.

Three different algorithms were considered to calculate
polypharmacy (Figure 1); for each prescription, the length of treatment
was computed using the DDDs beginning from the date of prescription.
We initially calculated the number of drugs belonging to different ATC
classes (4-digits codes) which were prescribed for at least 60 days
(Algorithm 1). We then considered the number of different drugs which
were prescribed for at least 60 days per quarter per year (i.e., fixed time
windows from January to March, and so on; Algorithm 2). Finally, a
60 days-mobile-window was used (i.e., from January to March, from
February to April, and so on; Algorithm 3). The use of 60 days as the
duration of treatment in each time window was chosen according to
standards in the literature [10].

Annual prevalences of drug use were calculated; in order to take
into account for the yearly variations in the population size, midyear
population was considered for each year of the follow-up period, i.e.
residents and alive at June 30 of each year. All analyses were stratified
by gender and age class (above/below 65 years).

Finally, the relationship of polypharmacy with several characteristics
of the subjects (ie., gender, age, deprivation index, comorbidities,
nationality) and of the GPs (i.e., age, gender, and number of patients)
were evaluated using multilevel logistic regression models by grouping
patients according to their GP and adjusting for all other variables.
Different outcomes for each calendar year were considered: > 2 vs. <2
drugs; > 4 vs. <4 drugs”; = 6 vs. <6 drugs. In the analysis of determinants
the number of drugs was calculated using Algorithm 3; sensitivity
analyses were performed with the other two Algorithm and the results
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were consistent (data not shown).

All statistical analyses were performed with the statistical package
STATA, version 12 [18].

Results

A total of 331,923 adults were included in the study population. The
demographic characteristics of the study population at the beginning of
follow-up are shown in Table 1. Fifty-four percent were females, 31%
were aged 65 or older, 93% were Italians, 35% were resident in highly o
very highly deprived areas. Median age was 56 years for women and 54
for men. During the study period 17% of the patients had at least one
chronic or severe disease according to Charlson’s index definition; the
cumulative mortality rate for the 5 years of follow-up was 5.8%.

A total of 24,543,189 prescriptions were retrieved from the Drug
Prescription Registry. The percentage of subjects that used at least one
drug was 79% in 2009, and decreased to 75% in 2012.

Figure 1 illustrates the three algorithms used for the estimation
of polypharmacy. Figure 2 illustrates the overall prevalence of
polypharmacy (4-digits-ATC) by algorithm; prevalence is also shown
for the elderly population and by gender. The percentage of subjects
with moderate (i.e., 4-5 drugs) or major (i.e., 6+ drugs) polypharmacy
increased by calendar year varying between 9% and 11%, and between
6% and 10%, respectively. Prevalence was higher among elderly
(range: 21-23% and 15-25% for moderate and major polypharmacy,
respectively). Women had higher prevalence rates (range: 9-12% for
moderate and major polypharmacy, respectively) compared to men

4-digits ATC (a)

minor moderate major
Gender
Women 21.2 10.5 7.4
Men 17.6 9.7 7.5
Age (years)
» 34-49 9.4 1.9 0.6
2 50-64 24.7 10 5.7
2 65+ 294 2.4 193
g Deprivation index
S Low 19.3 9.5 6.5
2 Medium 19.6 10.1 73
2 High 199 1 9.1
& IN. of comorbidities
None 19.1 8.6 5.1
1-2 24.7 24.1 27.3
3+ 15.8 23.5 50.1
Nationality
Italian 20 10.5 7.7
Non-Italian 15.1 6 3.8
Gender
Women 18.9 9.8 71
8 Men 19.8 10.3 75
% Age (years)
G <55 19.2 10 73
e >55 20 10.3 7.6
—E, Number of patients
o <1,000 19.2 10 7.5
1,000-1,500 20 10.4 7.6
>1,500 19.2 9.9 7.2

T polypharmacy defined according to Algorithm 3

(range: 9-10% for moderate and major polypharmacy, respectively).
Estimates of polypharmacy showed substantial differences among
algorithms. More subjects with moderate polypharmacy were detected
in each year, on average, with Algorithm 1 compared with Algorithms
2 and 3 (+1.5% and +1.1%; p<0.001). The same held true for major
polypharmacy (+3.8% and 3.0%; p<0.001). When stratifying by gender
and age, differences between the algorithms in women and in the
elderly were more marked (major polypharmacy: +10% for Algorithm
1 and +8% vs. Algorithm 2 and 3; p<0.001). Similar results were
obtained when analysis was performed using the complete 7-digits-
ATC-code, although the overall prevalence of major polypharmacy
was higher compared to that obtained with the first-4-digit-ATC code
(data not shown). As shown in Figure 2, the mobile window method
(Algorithm 3) is more sensitive with respect to the fixed windows
method (Algorithm 2) in identifying people with polypharmacy.

Table 2 shows the prevalence of polypharmacy in 2011 estimated
with Algorithm 3, and stratified by several characteristics of the subjects
and of the GPs. Regarding the individual effect: women had a higher
prevalence of minor polypharmacy compared to men, while there were
no substantial differences for major polypharmacy; polypharmacy (any
type) was much more frequent among patients aged > 65 years, among
subjects living in areas with a high deprivation index, and among
Italian-born subjects.

Regarding the characteristics of GPs, a slightly lower prevalence of
polypharmacy (any type) was observed for women GPs, older GPs and
GPs with a higher number of patients.

7-digits ATC (b) Difference (a)-(b)

minor moderate major minor moderate major
20.3 10.2 8.5 0.9 0.3 -1.2
16.7 9.4 9.4 0.8 0.2 -1.9
9.3 2.1 0.9 0.1 -0.2 -0.3
23.6 10 72 1.1 0 -1.5
27.7 21.1 22.5 1.7 1.2 -32
18.5 9.3 7.9 0.8 0.2 -1.4
18.7 9.8 8.7 0.9 0.3 -1.4
18.9 10.6 10.8 1 0.4 -1.7
18.3 8.6 6.2 0.8 0.1 -1.2
22.8 21.8 31.4 1.8 23 -4.2
14.6 20.3 54.2 1.2 3.2 -4.2
19 10.2 9.3 0.9 0.3 -1.5
14.5 6 4.7 0.6 0 -0.9
18.1 9.4 8.5 0.8 0.4 -1.4
18.9 10 9 0.9 0.3 -1.5
18.3 9.6 8.7 0.9 0.3 -1.5
191 10 9.1 0.9 0.3 -1.5
18.4 9.8 8.9 0.8 0.2 -1.4
191 10 9.1 0.9 0.4 -1.5
18.3 9.6 8.7 0.9 0.2 -1.4

Table 2: Prevalence of polypharmacy' for year 2011 according to patients's and GPs' characteristics. Comparisons of estimates using 4-digits vs. 7-digits ATC codes.
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> 2 vs <2 drugs >4 vs<4 drugs > 6 vs<6 drugs
OR Cl 95% OR Cl 95% OR Cl 95%
Gender
Women 1.00 - - 1.00 - - 1.00 - -
Men 0.84 0.83 0.86 0.98 0.96 1.00 1.02 0.99 1.05
Age (years)
34-49 1.00 - - 1.00 - - 1.00 - -
50-64 4.71 4.61 4.81 6.49 6.24 6.75 8.48 7.86 9.13
:f(;;f 65+ 15.38 15.04 15.74 22.22 21.40 23.07 28.15 26.20 30.25
g Deprivation index
g Low 1.00 - - 1.00 - - 1.00 - -
é Medium 1.07 1.05 1.10 1.10 1.07 1.13 1.10 1.06 1.14
g High 1.20 1.17 1.24 1.27 1.23 1.32 1.33 1.27 1.40
é_"u' N. of comorbidities
None 1.00 - - 1.00 - - 1.00 - -
1-2 3.87 3.74 3.99 3.92 3.80 4.03 3.91 3.78 4.04
3+ 5.43 4.80 6.15 7.33 6.66 8.05 8.19 7.53 8.91
Nationality
Italian 1.00 - - 1.00 - - 1.00 - -
Non-Italian 0.81 0.78 0.84 0.80 0.77 0.85 0.82 0.76 0.88
Gender
Women 1.00 - - 1.00 - - 1.00 - -
8 Men 1.00 0.96 1.04 0.99 0.95 1.04 0.98 0.93 1.04
% Age (years)
‘g <55 1.00 - - 1.00 - - 1.00 - -
8 > 55 0.98 0.95 1.02 0.99 0.95 1.03 1.01 0.96 1.06
:n) N. of patients
& <1,000 1.00 - - 1.00 - - 1.00 - -
1,000-1,500 1.05 1.00 1.09 1.02 0.97 1.07 1.01 0.94 1.07
1,500+ 1.05 1.01 1.1 1.06 1.00 1.12 1.05 0.98 1.13

T polypharmacy defined according to Algorithm 3 and using up to 4-digits ATC

Table 3: Adjusted Odds Ratios (OR) of polypharmacyt by characteristics of patients and of GPs. Year 2011.

It is of note that prevalence estimates of major polypharmacy were
higher using the 7-digit code when compared to the 4-digit code,
particularly among older patients and among those with comorbidities.
However, the association with the individual and GPs characteristics
was similar to that found for the 4-digit- code.

Similar results, in terms of differences, were observed for the other
calendar years and when using the other algorithms (data not shown).

Results of multilevel models with respect to year 2011 are reported
in Table 3. When comparing subjects with > 2 vs. <2 drugs, we
estimated that men had a significant 16% reduction in polypharmacy
compared to women; this reduction diminished to 4% when comparing
> 4 vs. <4 drugs and disappeared when comparing > 6 vs. <6 drugs.
Independent of other individual characteristics which were considered,
polypharmacy increased significantly with age group and the effect
also increased from minor to major polypharmacy. Subjects living in
more deprived areas were significantly at higher risk of polypharmacy
and this effect increased from 20 to 34% comparing minor with major
polypharmacy. A similar tendency was observed when considering
the number of comorbidities. Finally, those born outside Italy were
significantly at lower risk of polypharmacy.

No differences were detected for GPs characteristics, except for a
slight increase in polypharmacy among GPs having more than 1,500
patients when comparing > 2 vs <2 drugs (OR=1.05).

We observed a low variation of polypharmacy among individual
GPs: the Intra-cluster Correlation Coeflicient (ICC) estimated in the

model comparing >2 vs <2 drugs was 1.0% (95% Confidence Interval,
CI: 0.8-1.2%), while in the model comparing >6 vs <6 drugs the ICC was
1.8% (95% CI: 1.4-2.1%). Similar results were obtained when models
were performed using 7-digits-ATC as well as when considering other
calendar years (data not shown).

Discussion

We estimated the prevalence of polypharmacy in a population-
based study of more than 330,000 adult residents in Rome, Italy. We
provided estimates testing different approaches, some of which had
been in previous studies [10]. In the past drug consumption during a
trimester has been considered as a valid proxy to estimate the point-
prevalence of polypharmacy [10,14]. This proxy was necessary because
of the computational difficulties caused by the use of mobile time
windows when evaluating multiple prescriptions over defined periods
of time. In addition to methods used in previous studies, we have tested
a modified algorithm using 90-days mobile windows instead of fixed
trimesters. This algorithm provided slightly higher estimates compared
to the algorithm with fixed trimesters, and it proved to be more sensitive
compared to Algorithm 2 with fixed windows in identifying patients
receiving at least 60 days of therapy every three consecutive months.

We have also estimated higher prevalences of polypharmacy than
those reported by other studies when using identical methods. Veehof
et al. [10] reported a prevalence of 9% in patients > 65 years old at the
end of follow-up, defining polypharmacy as the use of > 6 drugs and
using the same method as Algorithm 2 with 4-digits-ATC (between 13
and 18% in our study, Figure 2). A recent study of Italian residents over
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65 years of age, estimated a 11% prevalence of polypharmacy for the
year 2011 - polypharmacy being defined as 10 or more drugs using up
to 5-digits ATC - using an algorithm based on the maximum number of
drugs registered in a trimester [8]. When applying this method to our
dataset we obtained for the year 2011 a 15% prevalence of 10 or more
drugs among the elderly (data not shown).

As expected, Algorithm 1 provided higher estimates compared
with the other two, because with this method single drugs prescribed
during different periods of the year are considered as overlapping. The
other two algorithms seemed more appropriate to identify overlapping
drugs; however, Algorithm 3 based on a mobile time window was more
sensitive compared to Algorithm 2 with fixed windows (Figure 2). Given
that both findings based on 4 and 7-digits codes could be of interest
when investigating polypharmacy, both approaches were reported in
this study. As expected, higher prevalences of major polypharmacy
were obtained when using the 7-digit-ATC code. The choice between
the 4 and the 7-digit code should be addressed according to the context
and the objective of the study. In fact, the 4-digit code allows the
identification as same therapy of different drugs belonging to the same
ATC class, while the 7-digit code permits the discrimination of drugs
within the same ATC class when they are simultaneously administered
according to a therapeutic protocol (e.g., for HIV treatment). However,
apart from any specific indications, it cannot be excluded that the higher
prevalence found with 7-digits codes could be partly due to medication
duplication (i.e. the prescription of two or more different drugs of the
same ATC class).

In considering the results regarding the determinants of
polypharmacy, our findings are consistent with other studies conducted
both in Italy and in other European countries, although those studies
were based on geriatric in-hospital patients’ data, excepting a Danish
study conducted in the late 90s on the general population [9].

We found that polypharmacy, irrespective of the definition used,
was strongly related to age and to the number of comorbidities, as
already reported in the literature [7-10]. Vetrano et al. [19] observed
an increase in the prevalence of polypharmacy among the elderly when
recent hospitalization and/or comorbidities were present. However, they
reported a lower prevalence as age and disabilities increased, when the
concerns of quality of life and life expectancy outweighs the benefit from
multiple therapies. A previous work conducted in our region showed
that ATC codes from pharmacy data can provide reliable prevalence
estimates of several chronic conditions in the general population,
compared with those estimated by hospital information system using
list of ICD9-CM diagnosis. It is possible that the presence of other
chronic diseases was underestimated in this study, as ambulatory visits
are not included in the estimation of patients’ diseases; however, this
should not have affected the comparisons with similar studies, as the
Charlson’s comorbidity index is the method most commonly used to
estimate the presence of one or more diseases in a group of patients [20].

In our study we also found small changes in the prevalence of
polypharmacy related to gender (only for minor polypharmacy), as has
been found in other studies conducted in the USA [21] and Europe
[9,22]. Hofer-Duckelmann [22] ascribed the higher prevalence of
polypharmacy found among women above 80 years of age to a variety
of factors, including a differing attitude of women compared to men
towards the acceptance of drugs, the propensity to consult a physician
and the willingness to talk about their problems.

Our finding of a statistically significant increase in polypharmacy
in the more deprived areas is consistent with the socioeconomic

inequalities already described for this cohort [15] and which has also
been reported in the literature with respect to the access to treatments
[23,24], drug consumption [21,22] and access to health care [25]. A
study of physician utilization in 21 developed countries including
Italy, reported that people with higher incomes were significantly more
likely to see a specialist than people with lower incomes and, in most
countries, with greater frequency [26]. Nevertheless, although the level
of deprivation of the area of residence represents a condition of health
disadvantage, and although we included into our statistical models
other factors related to polypharmacy such as age and comorbidities,
it is possible that some residual confounding could affect our results.

The higher prevalence of polypharmacy that we observed among
Italian-born citizen, irrespective of all other characteristics considered,
may be partly ascribed to the so called "healthy migrant" effect [26],
i.e. the hypothesis that first-generation immigrants should be healthier
than Italian born-people, and thus have fewer health needs. However,
in our study the only information available was the nationality at birth,
which did not allow us to distinguish new migrants from those who
have lived in Italy for a longer time [27].

It is of note that in our study no particular characteristics of the
GPs were found to be associated with the risk of having polypharmacy,
except for a slight increase in polypharmacy among GPs having more
than 1,500 patients when comparing > 2 vs <2 drugs. Bjerrum and
Bergman [28] explored the variation in polypharmacy associated
with GPs’ characteristics in Denmark, and observed that the number
of different drugs prescribed was related to the workload, the number
of patients listed per doctor, and the percentage of elderly patients. A
cross-sectional study conducted in the Lazio Region, which includes
Rome, observed that younger physicians were more likely to prescribe
medications, independent of the presence of any chronic condition in
their patients; furthermore, female GPs, those practicing in a group
and those practicing in urban areas showed higher average drug
expenditure [29]. Finally, the observed low variation of patients with
polypharmacy between GPs was not surprising; “polypharmacy” itself
is not to be considered as a negative nor a positive outcome, but a
phenomenon strongly dependent on individual factors, such as age and
comorbidities, rather than on GPs’ characteristics.

Our analyses were based on retrieval of prescriptions from the
regional health service (RHS) for at least 60 days in a year (Algorithm 1)
or ina period of 90 days (Algorithms 2 and 3). This and other constraints
related to the availability of information imply that our study has some
limitations that could affect the results. First, prescription is only a
proxy of drug administration; furthermore the date of prescription and
the DDDs are only a proxy of the date of starting and of the duration
of therapy, respectively. Second, prescriptions from the RHS do not
include all the drugs that a person takes; it is possible that in some
cases subjects purchased their drugs at their own expense without
reimbursement from the RHS and were therefore not recorded in the
data sources considered in this study. As health care in Italy is virtually
free of charge for any citizen with a chronic condition, it is possible
that we are not capturing prescriptions for occasional medications or
medications prescribed for minor conditions: as this is more likely to
happen in wealthier citizens, this suggests that polypharmacy could be
underestimated in this group and the effect of the deprivation index
reduced. Furthermore, herbal and over-the-counter products were not
included in the data set. A study conducted in Canada raised the question
of how the inclusion of other products would affect the definition of
polypharmacy; authors identified three patterns of medication usage,
considering the use of ATC classified drugs alone or in addition to
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other products, showing that the variation can be ascribed to various
socio-demographic characteristics [30]. Third, the choice of 60 days as
the minimum length for treatment duration may fail to detect cases of
polypharmacy of brief duration, which may be particularly at risk for
side effects in acute diseases episodes. Finally, we cannot exclude that
potentially interacting drugs were prescribed in different periods which
were too close in time to guarantee the wash-out.

In conclusion, our study highlighted that in Italy polypharmacy is
an emerging public health issue with increasing prevalence, and that
prevalence estimates can largely vary according to the different methods
used. We propose a new algorithm which refines the definitions of
time windows previously used in the computation of polypharmacy.
Moreover, this study contributes to the knowledge of the determinants
of polypharmacy, confirming those already known such as age and
comorbidities, and exploring other socioeconomic factors related both
to patients and to GPs.

Polypharmacy deserves to be further investigated in terms of
appropriateness of prescriptions, potential drug-to-drug interaction,
and adverse drug events. Further analyses should identify target
subgroups in order to properly address prevention programs aimed at
reducing unnecessary polypharmacy.
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