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Abstract: Adverse drug reactions (ADRs) are a major health problem in the primary care setting,
particularly among the elderly population. While the high frequency of ADRs in the elderly has
several causes, a major and common determinant is polypharmacy, which can in turn increase the
risk of drug-drug interactions (DDIs). In this paper, we analyzed the drugs prescriptions dispensed
to elderly outpatients, to assess changes in the prevalence of selected DDIs in the period 2013–2019.
Overall, about 15% of the patients aged >65 years were poly-treated. Among them, a decreasing
trend in prevalence was observed for the majority of DDIs during the study period. This trend was
particularly noticeable for DDIs involving fluoroquinolones and vitamin K antagonists, where a sharp
reduction of over 40% was observed. On the opposite, a small increase in prevalence was observed
for the association of antidiabetics and beta-blocking agents and for that of clopidogrel and PPIs.
While the occurrence of most of the considered DDIs among poly-treated elderly decreased over time,
the prevalence of some of them is still worrying. The complexity of the national drug formularies, as
well as the increased number of prescribing actors that are involved, further urges the update of DDI
lists to be used to monitor drug appropriateness and reduce avoidable ADRs.

Keywords: elderly; drug-drug interactions; time trend

1. Introduction

Adverse drug reactions (ADRs) are a major health problem in the primary care setting
as they correlate with morbidity and mortality [1–4], and this is even more relevant in
the elderly (≥65 years) population [5,6] where over a quarter of the patients have been
reported to suffer from ADRs [7]. Similarly, an analysis of the World Health Organisation’s
pharmacovigilance database reported that the highest rate (33.3%) of fatal ADRs is found
in those over 75 years of age [4].

While the high risk of ADRs in the elderly has several causes, including frailty, comor-
bidities, and different degrees of physiological or pathological hepatic and renal impair-
ment [8,9], a major and common determinant is due to polypharmacy. For example, the
most recent Italian National drug report shows that the average drug consumption for the
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entire Italian population is approximately 1 defined daily dose (DDD) per inhabitant, but it
rises to 2 in the 65–69 years-old patients and to 2.5 in the 70–74 years-old patients, exceeding
a value of 3 in those over 75 years [10]. Although in most cases polypharmacy is necessary
to treat multiple coexisting conditions, it is acknowledged that this also increases the prob-
ability of drug-drug interactions (DDIs), in which co-administered drugs may negatively
interact at either the pharmacokinetic or pharmacodynamic level [11–13]. A high prevalence
of DDIs in poly-treated patients have been reported by several authors. The MULTIPAP
study, carried out in Spanish primary health care centres on multi-treated (≥5 drugs) el-
derly patients (65–74 years) with multimorbidity (≥3 chronic diseases), showed that half
of the patients had at least one DDI in their prescriptions [14]. Similarly, a cross-sectional
study carried out in Brazil reported that the prevalence of DDI among elderly patients
(≥60 years) who were poly-medicated was around 35% [15]. The impact of DDIs on the
population rates of ADRs can be considerable. Indeed, it has been estimated that between
6% and 30% of all ADRs in the population are due to DDIs, and as such could be largely
avoidable [16,17]. Constant monitoring at patient and/or population level of inappropriate
prescriptions that may lead to DDIs is therefore an important activity to prevent ADRs.

Although the importance of DDIs in the onset of ADRs cannot be overemphasized,
to date only few studies have evaluated time trends of DDI prevalence among elderly in
the primary care setting, both in Italy [18,19] or elsewhere [20,21]. Overall, all these studies
report that the prevalence of DDI remained fairly stable or increased over time, despite
the implementation of several information and education campaigns directly targeted to
health professionals.

In the present paper, we analyzed the prescriptions of reimbursed drugs that were
dispensed to elderly outpatients in the Piedmont region (Italy), to assess changes in the
prevalence of polypharmacy and of selected DDIs between 2013 and 2019.

2. Materials and Methods
2.1. Data Sources

The current study is based on the data retrieved from the healthcare utilization
database of the Piedmont region (over 4 million inhabitants, corresponding to 7.5% of
the Italian population). The drug reimbursed by the Italian National Health System dis-
pensed by hospital and local pharmacies extracted from this database were linked to the
inhabitants’ registry containing sex and age through an encrypted identification code.

2.2. Setting

The target population consisted of all subjects aged 65 years or older residing in
Piedmont between 2013 and 2019 treated with polytherapy. Polytherapy was defined
as the concomitant use of at least five therapeutic classes (defined at the fourth level of
the ATC code) each with a coverage of at least 90 days within the first 6 months of the
year [18,22]. For each year considered, subjects alive on the 1st of January were included in
the cross-sectional observation.

2.3. Evaluation of Drug-Drug Interactions

Raschi et al. identified 53 DDIs at the fourth or fifth ATC level and evaluated their
prevalence in the Emilia Romagna Region between 2011 and 2013 [18]. From this list,
we focused on DDIs with a reported prevalence above 5%, namely: (i) antidiabetics and
beta- blocking agents; (ii) antidiabetics and fluoroquinolones; (iii) angiotensin-converting-
enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) and non-steroidal
anti-inflammatory drugs (NSAIDs); (iv) ACEIs or ARBs and potassium-sparing agents;
(v) ACEIs or ARBs in combination with diuretics and NSAIDs; (vi) diuretics and NSAIDs;
(vii) selective serotonin reuptake inhibitors (SSRIs) and NSAIDs or acetyl salicylic acid
(ASA); (viii) vitamin K antagonist and proton pump inhibitors (PPIs); (ix) vitamin K
antagonists and statins; (x) clopidogrel and PPIs; and (xi) corticosteroids and NSAIDs or
ASA. For each year, all the prescriptions of the drugs of interest were identified and the
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coverage of each prescription was calculated according to their defined daily dose. The
full list of the ATC codes is reported in the Supplementary Materials (Table S1). A subject
was defined as experiencing a specific DDI if the coverage of the drugs involved in the DDI
overlapped for at least one day.

2.4. Statistical Analysis

Descriptive statistics were used to summarize the main characteristics of the subjects.
Categorical variables were reported as absolute frequencies and percentages while con-
tinuous variables as mean and standard deviation (SD). For each year, the prevalence of
each DDI, expressed as percentage, was calculated as the ratio between the number of
subjects experiencing the DDI and the number of poly-treated subjects. The prevalence
was calculated on the entire sample and stratified by sex and age classes (65–69 years,
70–74 years, 75–79 years, 80–84 years, and ≥85 years). The relative change in prevalence
of the DDIs between 2013 and 2019, calculated as the difference in prevalence between
2013 and 2019 divided by the prevalence in 2013, and the corresponding 95% confidence
intervals (95% CI) were also calculated for the overall sample. All analyses were performed
using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA).

3. Results

Table 1 shows the main characteristics of the included subjects by year. While the
overall population size saw a slight decrease over time, the proportion of older subjects
(≥65 years) and those poly-treated slightly increased along the study period. Polypharmacy,
defined as subjects prescribed to at least five different therapeutic classes at a given time,
increased from 13.49% of the ≥65 population in 2013 to 14.99% in 2019. No relevant changes
over time were observed regarding sex distribution and age, reported both as mean and
age classes. The prevalence of the analyzed DDIs is represented in Figures 1 and S1
(Supplementary Materials) and the relative change in prevalence between 2013 and 2019 is
reported in Table 2.

Table 1. Main characteristics of study subjects by year. 2013–2019, Piedmont region (Italy).

Year

2013 2014 2015 2016 2017 2018 2019

Subjects, N 4,924,918 4,874,715 4,825,135 4,771,202 4,719,997 4,666,102 4,612,679

Over 65, N (%) 1,146,111
(23.27)

1,160,271
(23.80)

1,173,887
(24.33)

1,180,494
(24.74)

1,190,234
(25.22)

1,196,981
(25.65)

1,205,837
(26.14)

Polypharmacy, N (%) 154,584
(13.49)

162,809
(14.03)

166,984
(14.22)

173,534
(14.70)

177,804
(14.94)

179,669
(15.01)

180,750
(14.99)

Males, N (%) 491,701
(42.90)

499,622
(43.06) 507,160 (43.2) 511,591

(43.34)
517,580
(43.49)

522,214
(43.63)

527,763
(43.77)

Age, mean (SD) 76.21 (7.97) 76.29 (8.04) 76.4 (8.11) 76.5 (8.16) 76.61 (8.22) 76.7 (8.28) 76.78 (8.34)
Age Class, N (%)

65–69 years 279,275
(24.37)

286,799
(24.72)

297,187
(25.32)

291,655
(24.71)

285,931
(24.02)

279,039
(23.31)

277,388
(23.00)

70–74 years 259,228
(22.62)

250,269
(21.57)

238,264
(20.30)

244,551
(20.72)

253,199
(21.27)

263,515
(22.01)

270,870
(22.46)

75–79 years 234,410
(20.45)

241,058
(20.78)

245,690
(20.93)

245,772
(20.82)

242,620
(20.38)

235,066
(19.64)

226,956
(18.82)

80–84 years 184,095
(16.06)

185,598
(16.00)

186,361
(15.88)

186,833
(15.83)

190,430
(16.00)

197,028
(16.46)

203,225
(16.85)

≥85 years 189,103
(16.50)

196,547
(16.94)

206,385
(17.58)

211,683
(17.93)

218,054
(18.32)

222,333
(18.57)

227,398
(18.86)
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Figure 1. Trend in prevalence of DDIs involving antihypertensives and/or NSAIDs overall and by
sex. 2013–2019, Piedmont region (Italy).

Table 2. Relative change in DDI prevalence between 2013 and 2019 and the corresponding 95% CI.

DDI
2013 2019 Percent Change (95% CI)

% %

Antidiabetics—beta-blocking agents 21.85 24.24 10.94 (9.57; 12.33)
Antidiabetics—fluoroquinolones 10.91 5.97 −45.25 (−46.5; −43.97)

ACEIs/ARBs—NSAIDs 27.87 21.54 −22.7 (−23.62; −21.77)
ACEIs/ARBs—potassium-sparing agents 8.28 7.45 −10.06 (−12.12; −7.95)

ACEIs/ARBs + diuretics—NSAIDs 13.38 9.37 −30.00 (−31.33; −28.65)
Diuretics—NSAIDs 24.66 17.71 −28.19 (−29.14; −27.24)

SSRIs—NSAIDs/ASA 13.61 11.76 −13.61 (−15.13; −12.05)
vitamin K antagonists—PPIs 10.75 5.64 −47.52 (−48.75; −46.26)

vitamin K antagonists—statins 8.38 4.79 −42.81 (−44.3; −41.29)
Clopidogrel—PPIs 7.09 8.11 14.36 (11.67; 17.12)

Corticosteroids—NSAIDs/ASA 14.24 13.36 −6.14 (−7.72; −4.53)

Overall, a decreasing trend in prevalence over time was observed for all DDIs, except
for antidiabetics and beta-blocking agents and for clopidogrel and PPIs, for which an
increase of 10.94% (95% CI 9.57%; 12.33%) and 14.36% (11.67%; 17.12%) was observed,
respectively (Table 2). DDIs involving fluoroquinolones or vitamin K antagonists showed
the highest decrease, with a reduction of about 50%. The decreasing trend was also
particularly marked for diuretics and NSAIDs (relative change: −28.19%, 95% CI −29.14;
−27.24) and ACEIs/ARBs and NSAIDs (percent change: −22.70%, 95% CI −23.62%;
−21.77%), Regarding the stratification by sex, the time trends in men and women were
similar but men had a higher prevalence of DDIs for clopidogrel and PPIs (8.38% vs. 5.80%
in 2013) as well as vitamin K antagonists and statins (9.77% vs. 6.99% in 2013) while no
substantial difference between genders were observed for ACEIs/ARBs and potassium-
sparing agents (men 8.54% vs. women 8.02% in 2013), corticosteroids and NSAIDs/ASA
(men 13.51% vs. women 14.97% in 2013), vitamin K antagonists and PPIs (men 11.20 %
vs. women 10.30% in 2013), antidiabetics and both beta-blocking agents (men 22.26% vs.
women 21.43% in 2013), and fluoroquinolones (men 11.33% vs. women 10.48% in 2013).
The yearly prevalence stratified by age classes are reported in Table 3 (DDIs involving
antihypertensives and/or NSAIDs) and Table S2 (Other DDIs).
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Table 3. Prevalence of DDIs involving antihypertensives and/or NSAIDs by year stratified by age
classes. 2013–2019, Piedmont region (Italy).

2013 2014 2015 2016 2017 2018 2019

Age Group % % % % % % %

A
C

EI
s/

A
R

B
s

+
po

ta
ss

iu
m

-
sp

ar
in

g
ag

en
ts 65–69 years 6.67 6.26 6.21 6.12 6.12 6.35 6.46

70–74 years 7.31 7.23 6.79 6.64 6.56 6.48 6.80
75–79 years 7.99 7.66 7.58 7.24 6.95 6.75 7.35
80–84 years 9.37 9.04 8.72 8.07 7.85 7.59 7.93
≥85 years 9.90 9.55 9.24 8.78 8.54 7.89 8.23

A
C

EI
s/

A
R

B
s

+
D

iu
re

ti
cs

—
N

SA
ID

s

65–69 years 14.77 13.86 12.56 12.00 11.11 10.17 9.78
70–74 years 14.81 14.13 13.19 12.62 11.72 10.59 10.42
75–79 years 14.87 13.34 12.91 12.01 11.41 10.22 10.30
80–84 years 12.63 12.07 11.09 10.77 10.28 9.56 9.36
≥85 years 9.25 8.72 8.02 8.08 7.24 7.03 7.07

A
C

EI
s/

A
R

B
s

+
N

SA
ID

s

65–69 years 30.80 29.32 27.52 26.21 25.23 23.56 24.14
70–74 years 30.17 28.54 27.37 26.81 25.63 24.00 24.37
75–79 years 29.59 27.58 26.55 25.21 24.51 22.27 22.91
80–84 years 26.74 25.26 23.98 23.05 22.34 20.34 21.03
≥85 years 21.5 20.18 18.59 18.26 17.12 15.94 16.29

di
ur

et
ic

s
+

N
SA

ID
s

65–69 years 24.08 22.66 21.05 20.05 18.62 17.12 16.64
70–74 years 24.73 23.39 22.10 21.18 19.93 18.29 18.18
75–79 years 25.65 23.50 22.57 21.19 20.25 18.15 18.57
80–84 years 25.00 23.75 22.22 21.02 19.98 18.03 18.22
≥85 years 23.23 21.85 20.08 19.42 18.35 16.59 16.37

co
rt

ic
os

te
ro

id
s

+
N

SA
ID

s/
A

SA

65–69 years 13.79 14.24 14.05 13.84 14.32 13.97 14.29
70–74 years 14.19 14.16 13.97 14.06 14.07 13.72 14.24
75–79 years 14.40 13.71 14.27 13.84 13.95 13.23 13.73
80–84 years 13.97 13.33 13.56 13.08 13.16 12.69 13.11
≥85 years 14.78 13.84 13.57 12.62 12.72 12.17 11.84

SS
R

Is
+

N
SA

ID
s/

A
SA

65–69 years 11.54 11.22 10.73 10.66 10.42 10.08 10.15
70–74 years 11.98 11.80 11.64 11.42 11.19 10.75 10.66
75–79 years 13.47 13.06 12.77 12.70 12.40 12.03 11.56
80–84 years 14.82 14.70 13.72 13.20 13.08 12.69 12.81
≥85 years 16.10 15.39 14.71 13.87 13.97 12.91 12.85

In the first years of our analysis (2013–2016), older age was associated with a reduced
prevalence of co-prescription of ACEIs/ARBs with diuretics and NSAIDs, but then this
difference blunted due to a decreased co-prescription in the younger age groups. On the
other hand, the trend remained when evaluating only the prescriptions of ACEIs/ARBs
and NSAIDs. Conversely, in 2013 there was an increased prescription of SSRIs and
NSAIDs/ASA that correlated with age that blunted in later years.

4. Discussion

In the present study, we used administrative data from a large Italian region to evaluate
changes in the prevalence of polypharmacy and selected DDIs over a 7-year period.

We found that in 2019 about 15% of the elderly residents used at least five different
therapeutic classes, which corresponds to an absolute increase of about 1.5% from 2013.
These results are similar to those by Raschi et al., reporting 15.2% of Emilia-Romagna
residents prescribed more than five drug classes in 2011 and 16.7% in 2013 [18]. The
increase over time of polypharmacy that we observed was probably due to the expansion
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of the drug formulary and the consequent increase of the available therapeutic options,
although changes in the age structure of the elderly population could also have played
some role. Overall, our data further strengthen the notion that polypharmacy is common
among the elderly.

Regarding the prevalence of specific DDIs, the five most frequent ones that we ob-
served in the Piedmont region are the same that Raschi et al. reported for the Emilia-
Romagna region in the first semester of 2013 [18]. However, we also found a substantial
reduction of prevalence over time for most of the considered DDIs. In particular, the
co-prescription of fluoroquinolones and antidiabetics, of vitamin K antagonists and PPIs,
and of vitamin K antagonists and statins decreased by over 40% over the study period. We
assume that the main reason for this is attributable to the changing landscape in therapeutic
strategies that occurred during the study period, rather than to an increasing awareness of
prescribers about this DDIs. Fluoroquinolones have been recently subject to safety scrutiny
and in 2018 both FDA [23] and EMA [24] issued safety warnings, which translated into a
subsequent restriction or suspension of several drugs belonging to this class. The effect of
these warnings is evident in our data in 2019 and it is in line with the observed change in
prescribing patterns in the US following regulatory changes due to safety re-assessment
of this class of antibiotics [25]. Nevertheless, we note that the use of fluoroquinolones in
Piedmont was still higher than expected even in 2019, considering the reported health risks
and the availability of alternatives. This suggests that the inappropriate use of this class of
antibiotics is still relatively common.

We also observed a decrease in DDIs involving vitamin K antagonists. In our opinion,
this could be mainly due to the gradual transition from warfarin to new oral anticoagulants,
such as dabigatran and rivaroxaban, which occurred in the last decade. Thus, also in this
case changes in prescribers’ awareness towards DDIs probably played a limited role in the
observed results.

A second cluster of potential DDIs saw a relative decrease of around 30%, namely
those involving NSAIDs and hypertensive drugs working on the renin-angiotensin system,
either in presence or absence of diuretics. Co-administration of these drugs is postulated to
trigger pharmacodynamic interactions in which the hypotensive effect of ACEIs/ARBs is
antagonized by NSAIDs and there is also an increased risk of renal failure in the presence
of diuretics [18]. It should be noted that in the elderly population, owing to a physiolog-
ical liver and kidney impairment, even the chronic use of NSAIDS alone is considered
inappropriate [18,26–28] because of the increased risk of gastrointestinal toxicity, renal side
effects, and cardiovascular events [9,29–32]. The reduction in the use of NSAIDs in the
elderly population is also the most likely explanation for the observed reduction of in the
co-prescription of SSRIs and NSAIDs/ASA.

During the study period, two DDIs showed a slightly increase, namely antidiabetics
and beta-blocking agents and clopidogrel and PPIs. As for the DDI involving antidiabetics
and beta-blocking agents, this may provide an example of two drugs deliberately and un-
avoidably prescribed together [33]. In the Italian population, beta-blocking agents represent
one the most frequently prescribed drug classes, with a prevalence of use of around 25% in
patients between 65 and 74 years and an even higher one among those older than 85 years
(about 40%) [27]. Yet, beta-blocking agents may trigger unrecognized hypoglycemic crisis
and impair glycemic control, thereby affecting the action of antidiabetic drugs. While this
DDI is still considered important, newer beta-blocking agents seem to have a reduced
effect on glycemic control. This suggests that educational campaigns to guide clinicians
in choosing these newer beta-blockers and/or to inform them of the importance of moni-
toring glucose levels more frequently in patients using both medications could be more
effective than recommending the avoidance of such combinations altogether [34]. Given
that clopidogrel is a prodrug that is activated by CYP2C19 and that most PPIs are inhibitors
of this enzyme, it has been suggested that their co-administration may result in an in-
creased thrombotic risk [35]. However, the pharmacodynamic interaction between PPIs
and clopidogrel depends on the potency of each PPI to inhibit CYP2C19 [36] and therefore
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not all the co-prescriptions would significantly increase patient risk. On the other hand,
it has been observed that PPIs, which are frequently prescribed in poly-treated patients
and in those with comorbidities, are often inappropriately prescribed and even involved
in ADRs themselves, posing questions to their real necessity [37,38]. Indeed, reducing the
inappropriate prescription of PPIs is still an important health policy issue [39–41].

Overall, our data suggest that most DDIs that had been a focus of pharmacoepidemio-
logical studies and educational campaigns in the last decade now have a reduced prevalence
and impact, either because clinicians pay more attention to these DDIs or because newer
and safer drugs have emerged on the market, replacing those involved in DDIs.

This underlines the importance of periodically updating DDIs to be monitored to
reduce the risk of ADRs. To the same aim, strategies aimed to avoid DDI such as minimizing
the number of drugs prescribed by physicians, considering non-pharmacological treatment
options, or adjusting drugs’ dosage, among others, should be implemented [42].

Outcome studies at the local level can support periodical updates of DDI lists as well
educational campaigns to reduce them. For instance, Swart et al. recently used data from
a different Northern Italian area and found an increase in hospitalization due to DDIs
involving antidiabetics-fluoroquinolones, NSAIDs- vitamin K antagonists, and NSAIDs-
SSRIs. The decrease of these co-prescriptions shown by our work thus could represent a
favorable finding also in terms of clinical outcomes [43].

Strength and Limitations

The present contribution has as its major strength the long observation time (7 years)
and the use of the same list of DDIs proposed in previous studies [18], thus making
comparisons with published research straightforward. A further strength is given by
the large dataset examined, which included over a million elderly inhabitants. Some
weaknesses of the study should be highlighted as well. First, the data used came from
administrative databases and focused on DDIs that are known or suspected to increase
the risk of ADRs. However, as we did not collect clinical data, we cannot estimate in
which proportion of patients ADRs actually occurred. Regarding this, it should be also
underlined that the risk and the severity of ADRs can be very variable depending on the
DDIs considered and on the dosage of the drugs involved in the DDI. Second, to align the
definitions to what was done previously, most drug classes were defined at the fourth ATC
code, thereby ignoring the differences that indeed exist within some classes of considered
drugs, such as PPIs and beta-blocking agents. This limitation can have overestimated the
actual prevalence of relevant DDIs. On the other hand, as our database included only drugs
reimbursed by the Italian National Health System, DDIs involving medications that can
also be purchased out-of-pocket (e.g., NSAIDs) were probably underestimated. Last, we
extracted DDIs but did not correlate this with the overall use of the single classes, which is
a plausible explanation for some observed changes (e.g., reduced used of fluoroquinolones
and warfarin). Finally, while the present approach allowed us to include a large number
of known DDIs, it should be kept in mind that our knowledge on possible inappropriate
uses of medications increases every day. New methods based on the evaluation of drugs
(in particular psychotropics) according to their receptor affinity hold the promise of better
defining inappropriate prescribing in the near future [44].

5. Conclusions

While the occurrence of most of the considered DDIs among poly-treated elderly
decreased over time, the prevalence of some of them is still worrying, also considering the
concurrent increase of polypharmacy in the population. The complexity of the national
drug formularies, as well as the increased number of prescribing actors that are involved,
further urges the update of DDI lists to be used to monitor drug appropriateness and
reduce avoidable ADRs.



Int. J. Environ. Res. Public Health 2022, 19, 7353 8 of 10

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19127353/s1, Figure S1: Trend in the prevalence of other
DDIs, overall and by sex. 2013–2019, Piedmont region (Italy); Table S1: List of ATC codes used
to identify the DDI; Table S2: Prevalence of DDI by year stratified by age classes. 2013–2019,
Piedmont region.

Author Contributions: Conceptualization, F.B.-A., M.G., A.U. and E.P.; methodology, F.B.-A., M.G.,
E.P. and L.S.; software, M.G. and L.S.; formal analysis, L.S.; data curation, L.S., M.G. and D.F.;
writing—original draft preparation, E.G. and L.S.; writing—review and editing, E.G., L.S., M.G., A.U.,
D.F., E.P., A.A.G. and F.B.-A.; supervision, F.B.-A. and A.A.G.; funding acquisition, F.B.-A. and A.A.G.
All authors have read and agreed to the published version of the manuscript.

Funding: This study was partially funded by the AGING Project—Department of Excellence-
Department of Translational Medicine, Università del Piemonte Orientale and by the grant NET-2016-
02361805 (MULTIPLAT_AGE), issued by the Italian Ministry of Health.

Institutional Review Board Statement: All procedures conducted in this study were in accordance
with the ethical standards of the institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The study protocol
was approved by the local ethical committee of the “Maggiore della Carità” Hospital, Novara (CE
144/19). The study was conducted using data routinely collected in the aforementioned regional
administrative healthcare databases, in which authors had access to anonymized data only, hence
informed consent was not required.

Informed Consent Statement: All personal data (names and identification numbers) were replaced
by a univocal numerical code, making databases anonymous at source, in strict compliance with the
Italian Privacy Law (Decree 196, 30 June 2003). The study design (observational and retrospective in
nature) meant that informed consent was not required from the subjects (Decree 196/03, art. 110).

Data Availability Statement: The pooled data that support the findings of this study are available
from the corresponding author, L.S., upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Onder, G.; Pedone, C.; Landi, F.; Cesari, M.; Della Vedova, C.; Bernabei, R.; Gambassi, G. Adverse Drug Reactions as Cause of

Hospital Admissions: Results from the Italian Group of Pharmacoepidemiology in the Elderly (GIFA). J. Am. Geriatr. Soc. 2002,
50, 1962–1968. [CrossRef] [PubMed]

2. Sultana, J.; Cutroneo, P.; Trifirò, G. Clinical and Economic Burden of Adverse Drug Reactions. J. Pharmacol. Pharm. 2013, 4, 73.
[CrossRef] [PubMed]

3. Khalil, H.; Huang, C. Adverse Drug Reactions in Primary Care: A Scoping Review. BMC Health Serv. Res. 2020, 20, 5. [CrossRef]
[PubMed]

4. Montastruc, J.; Lafaurie, M.; Canecaude, C.; Durrieu, G.; Sommet, A.; Montastruc, F.; Bagheri, H. Fatal Adverse Drug Reactions: A
Worldwide Perspective in the World Health Organization Pharmacovigilance Database. Br. J. Clin. Pharmacol. 2021, 87, 4334–4340.
[CrossRef] [PubMed]

5. Violan, C.; Foguet-Boreu, Q.; Flores-Mateo, G.; Salisbury, C.; Blom, J.; Freitag, M.; Glynn, L.; Muth, C.; Valderas, J.M. Prevalence,
Determinants and Patterns of Multimorbidity in Primary Care: A Systematic Review of Observational Studies. PLoS ONE 2014,
9, e102149. [CrossRef]

6. Oscanoa, T.J.; Lizaraso, F.; Carvajal, A. Hospital Admissions Due to Adverse Drug Reactions in the Elderly. A Meta-Analysis. Eur.
J. Clin. Pharmacol. 2017, 73, 759–770. [CrossRef]

7. Insani, W.N.; Whittlesea, C.; Alwafi, H.; Man, K.K.C.; Chapman, S.; Wei, L. Prevalence of Adverse Drug Reactions in the Primary
Care Setting: A Systematic Review and Meta-Analysis. PLoS ONE 2021, 16, e0252161. [CrossRef]

8. Tragni, E.; Casula, M.; Pieri, V.; Favato, G.; Marcobelli, A.; Trotta, M.G.; Catapano, A.L. Prevalence of the Prescription of Potentially
Interacting Drugs. PLoS ONE 2013, 8, e78827. [CrossRef]

9. Mangoni, A.A.; Jackson, S.H.D. Age-Related Changes in Pharmacokinetics and Pharmacodynamics: Basic Principles and Practical
Applications: Age-Related Changes in Pharmacokinetics and Pharmacodynamics. Br. J. Clin. Pharmacol. 2003, 57, 6–14. [CrossRef]

10. OSMED 2020 Osservatorio Nazionale Sull’impiego Dei Medicinali. L’uso Dei Farmaci in Italia. Rapporto Nazionale 2020; Agenzia
Italiana Del Farmaco: Roma, Italy, 2021.

11. Pont, L.; Alhawassi, T.; Bajorek, B.; Krass, I. A Systematic Review of the Prevalence and Risk Factors for Adverse Drug Reactions
in the Elderly in the Acute Care Setting. CIA 2014, 9, 2079. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph19127353/s1
https://www.mdpi.com/article/10.3390/ijerph19127353/s1
http://doi.org/10.1046/j.1532-5415.2002.50607.x
http://www.ncbi.nlm.nih.gov/pubmed/12473007
http://doi.org/10.4103/0976-500X.120957
http://www.ncbi.nlm.nih.gov/pubmed/24347988
http://doi.org/10.1186/s12913-019-4651-7
http://www.ncbi.nlm.nih.gov/pubmed/31902367
http://doi.org/10.1111/bcp.14851
http://www.ncbi.nlm.nih.gov/pubmed/33837554
http://doi.org/10.1371/journal.pone.0102149
http://doi.org/10.1007/s00228-017-2225-3
http://doi.org/10.1371/journal.pone.0252161
http://doi.org/10.1371/annotation/01652378-8216-4387-9b89-a43429707cae
http://doi.org/10.1046/j.1365-2125.2003.02007.x
http://doi.org/10.2147/CIA.S71178


Int. J. Environ. Res. Public Health 2022, 19, 7353 9 of 10

12. Mallet, L.; Spinewine, A.; Huang, A. The Challenge of Managing Drug Interactions in Elderly People. Lancet 2007, 370, 185–191.
[CrossRef]

13. Delafuente, J.C. Understanding and Preventing Drug Interactions in Elderly Patients. Crit. Rev. Oncol. Hematol. 2003, 48, 133–143.
[CrossRef] [PubMed]

14. Rogero-Blanco, E.; Del-Cura-González, I.; Aza-Pascual-Salcedo, M.; García de Blas González, F.; Terrón-Rodas, C.; Chimeno-
Sánchez, S.; García-Domingo, E.; López-Rodríguez, J.A.; Group MULTIPAP. Drug Interactions Detected by a Computer-Assisted
Prescription System in Primary Care Patients in Spain: MULTIPAP Study. Eur. J. Gen. Pract. 2021, 27, 90–96. [CrossRef]

15. Santos, T.R.A.; Silveira, E.A.; Pereira, L.V.; Provin, M.P.; Lima, D.M.; Amaral, R.G. Potential Drug-Drug Interactions in Older
Adults: A Population-Based Study: Potential Drug-Drug Interactions. Geriatr. Gerontol. Int. 2017, 17, 2336–2346. [CrossRef]
[PubMed]

16. Classen, D.C. Computerized Surveillance of Adverse Drug Events in Hospital Patients. JAMA 1991, 266, 2847. [CrossRef]
[PubMed]

17. Franceschi, M.; Scarcelli, C.; Niro, V.; Seripa, D.; Pazienza, A.M.; Pepe, G.; Colusso, A.M.; Pacilli, L.; Pilotto, A. Prevalence, Clinical
Features and Avoidability of Adverse Drug Reactions as Cause of Admission to a Geriatric Unit: A Prospective Study of 1756
Patients. Drug Saf. 2008, 31, 545–556. [CrossRef]

18. Raschi, E.; Piccinni, C.; Signoretta, V.; Lionello, L.; Bonezzi, S.; Delfino, M.; Di Candia, L.; Di Castri, L.; Pieraccini, F.; Carati, D.; et al.
Clinically Important Drug-Drug Interactions in Poly-Treated Elderly Outpatients: A Campaign to Improve Appropriateness in
General Practice: Clinically Important Drug-Drug Interactions in Poly-Treated Elderly Patients. Br. J. Clin. Pharmacol. 2015, 80,
1411–1420. [CrossRef]

19. Franchi, C.; Tettamanti, M.; Pasina, L.; Djignefa, C.D.; Fortino, I.; Bortolotti, A.; Merlino, L.; Nobili, A. Changes in Drug Prescribing
to Italian Community-Dwelling Elderly People: The EPIFARM–Elderly Project 2000–2010. Eur. J. Clin. Pharmacol. 2014, 70,
437–443. [CrossRef]

20. Haider, S.I.; Johnell, K.; Thorslund, M.; Fastbom, J. Trends in Polypharmacy and Potential Drug-Drug Interactions across
Educational Groups in Elderly Patients in Sweden for the Period 1992–2002. Int. J. Clin. Pharmacol. Ther. 2007, 45, 643–653.
[CrossRef]

21. Guthrie, B.; Makubate, B.; Hernandez-Santiago, V.; Dreischulte, T. The Rising Tide of Polypharmacy and Drug-Drug Interactions:
Population Database Analysis 1995–2010. BMC Med. 2015, 13, 74. [CrossRef]

22. Onder, G.; Bonassi, S.; Abbatecola, A.M.; Folino-Gallo, P.; Lapi, F.; Marchionni, N.; Pani, L.; Pecorelli, S.; Sancarlo, D.; Scuteri,
A.; et al. High Prevalence of Poor Quality Drug Prescribing in Older Individuals: A Nationwide Report From the Italian Medicines
Agency (AIFA). J. Gerontol. A Biol. Sci. Med. Sci. 2014, 69, 430–437. [CrossRef] [PubMed]

23. FDA Drug Safety Communication. FDA Warns about Increased Risk of Ruptures or Tears in the Aorta Blood Vessel with
Fluoroquinolone Antibiotics in Certain Patients. Available online: https://www.fda.gov/drugs/drug-safety-and-availability/
fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics (accessed on 13 April 2022).

24. EMA/795349/2018 Disabling and Potentially Permanent Side Effects Lead to Suspension or Restrictions of Quinolone and
Fluoroquinolone Antibiotics. Available online: https://www.ema.europa.eu/en/news/disabling-potentially-permanent-side-
effects-lead-suspension-restrictions-quinolone-fluoroquinolone (accessed on 13 April 2022).

25. Sankar, A.; Swanson, K.M.; Zhou, J.; Jena, A.B.; Ross, J.S.; Shah, N.D.; Karaca-Mandic, P. Association of Fluoroquinolone
Prescribing Rates With Black Box Warnings from the US Food and Drug Administration. JAMA Netw. Open 2021, 4, e2136662.
[CrossRef] [PubMed]

26. Fick, D.M.; Semla, T.P.; Steinman, M.; Beizer, J.; Brandt, M.; Dombrowski, R.; DuBeau, C.E.; Pezzullo, L.; Epplin, J.J.; Flanagan,
N.; et al. American Geriatrics Society 2019 Updated AGS Beers Criteria® for Potentially Inappropriate Medication Use in Older
Adults: 2019 AGS Beers Criteria® Update Expert Panel. J. Am. Geriatr Soc. 2019, 67, 674–694. [CrossRef]

27. OSMED 2019 Osservatorio Nazionale Sull’impiego Dei Medicinali. L’uso Dei Farmaci Nella Popolazione Anziana in Italia. Rapporto
Nazionale 2019; Agenzia Italiana Del Farmaco: Roma, Italy, 2021.

28. Motola, D.; Vaccheri, A.; Silvani, M.C.; Poluzzi, E.; Bottoni, A.; De Ponti, F.; Montanaro, N. Pattern of NSAID Use in the Italian
General Population: A Questionnaire-Based Survey. Eur. J. Clin. Pharmacol. 2004, 60, 731–738. [CrossRef]

29. Conaghan, P.G. A Turbulent Decade for NSAIDs: Update on Current Concepts of Classification, Epidemiology, Comparative
Efficacy, and Toxicity. Rheumatol. Int. 2012, 32, 1491–1502. [CrossRef]

30. Wehling, M. Non-Steroidal Anti-Inflammatory Drug Use in Chronic Pain Conditions with Special Emphasis on the Elderly and
Patients with Relevant Comorbidities: Management and Mitigation of Risks and Adverse Effects. Eur. J. Clin. Pharmacol. 2014, 70,
1159–1172. [CrossRef]

31. Dreischulte, T.; Morales, D.R.; Bell, S.; Guthrie, B. Combined Use of Nonsteroidal Anti-Inflammatory Drugs with Diuretics and/or
Renin–Angiotensin System Inhibitors in the Community Increases the Risk of Acute Kidney Injury. Kidney Int. 2015, 88, 396–403.
[CrossRef]

32. Wongrakpanich, S.; Wongrakpanich, A.; Melhado, K.; Rangaswami, J. A Comprehensive Review of Non-Steroidal Anti-
Inflammatory Drug Use in The Elderly. Aging Dis. 2018, 9, 143. [CrossRef]

33. Grodzinsky, A.; Arnold, S.V.; Jacob, D.; Draznin, B.; Kosiborod, M. The Impact of Cardiovascular Drugs on Glycemic Control: A
Review. Endocr. Pract. 2017, 23, 363–371. [CrossRef]

http://doi.org/10.1016/S0140-6736(07)61092-7
http://doi.org/10.1016/j.critrevonc.2003.04.004
http://www.ncbi.nlm.nih.gov/pubmed/14607376
http://doi.org/10.1080/13814788.2021.1917543
http://doi.org/10.1111/ggi.13070
http://www.ncbi.nlm.nih.gov/pubmed/28635169
http://doi.org/10.1001/jama.1991.03470200059035
http://www.ncbi.nlm.nih.gov/pubmed/1942452
http://doi.org/10.2165/00002018-200831060-00009
http://doi.org/10.1111/bcp.12754
http://doi.org/10.1007/s00228-013-1621-6
http://doi.org/10.5414/CPP45643
http://doi.org/10.1186/s12916-015-0322-7
http://doi.org/10.1093/gerona/glt118
http://www.ncbi.nlm.nih.gov/pubmed/23913935
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-increased-risk-ruptures-or-tears-aorta-blood-vessel-fluoroquinolone-antibiotics
https://www.ema.europa.eu/en/news/disabling-potentially-permanent-side-effects-lead-suspension-restrictions-quinolone-fluoroquinolone
https://www.ema.europa.eu/en/news/disabling-potentially-permanent-side-effects-lead-suspension-restrictions-quinolone-fluoroquinolone
http://doi.org/10.1001/jamanetworkopen.2021.36662
http://www.ncbi.nlm.nih.gov/pubmed/34851398
http://doi.org/10.1111/jgs.15767
http://doi.org/10.1007/s00228-004-0826-0
http://doi.org/10.1007/s00296-011-2263-6
http://doi.org/10.1007/s00228-014-1734-6
http://doi.org/10.1038/ki.2015.101
http://doi.org/10.14336/AD.2017.0306
http://doi.org/10.4158/EP161309.RA


Int. J. Environ. Res. Public Health 2022, 19, 7353 10 of 10

34. Hirst, J.A.; Farmer, A.J.; Feakins, B.G.; Aronson, J.K.; Stevens, R.J. Quantifying the Effects of Diuretics and β-Adrenoceptor
Blockers on Glycaemic Control in Diabetes Mellitus—A Systematic Review and Meta-Analysis: Diuretics and β-Blockers on
Glycaemic Control in Diabetes. Br. J. Clin. Pharmacol. 2015, 79, 733–743. [CrossRef]

35. Juurlink, D.N.; Gomes, T.; Ko, D.T.; Szmitko, P.E.; Austin, P.C.; Tu, J.V.; Henry, D.A.; Kopp, A.; Mamdani, M.M. A Population-
Based Study of the Drug Interaction between Proton Pump Inhibitors and Clopidogrel. CMAJ 2009, 180, 713–718. [CrossRef]
[PubMed]

36. Agewall, S.; Cattaneo, M.; Collet, J.P.; Andreotti, F.; Lip, G.Y.H.; Verheugt, F.W.A.; Huber, K.; Grove, E.L.; Morais, J.; Husted,
S.; et al. Expert Position Paper on the Use of Proton Pump Inhibitors in Patients with Cardiovascular Disease and Antithrombotic
Therapy. Eur. Heart J. 2013, 34, 1708–1713. [CrossRef] [PubMed]

37. Pasina, L.; Nobili, A.; Tettamanti, M.; Salerno, F.; Corrao, S.; Marengoni, A.; Iorio, A.; Marcucci, M.; Mannucci, P.M. Prevalence
and Appropriateness of Drug Prescriptions for Peptic Ulcer and Gastro-Esophageal Reflux Disease in a Cohort of Hospitalized
Elderly. Eur. J. Inter. Med. 2011, 22, 205–210. [CrossRef] [PubMed]

38. Marengoni, A.; Pasina, L.; Concoreggi, C.; Martini, G.; Brognoli, F.; Nobili, A.; Onder, G.; Bettoni, D. Understanding Adverse
Drug Reactions in Older Adults through Drug–Drug Interactions. Eur. J. Inter. Med. 2014, 25, 843–846. [CrossRef] [PubMed]

39. Montano, N.; Costantino, G.; Casazza, G.; Sbrojavacca, R.; Lenti, M.V.; Falsetti, L.; Guzzo, A.; Majo, R.; Perticone, F.; Corazza,
G.R. The Italian Society of Internal Medicine Choosing Wisely Campaign. Intern. Emerg. Med. 2016, 11, 1125–1130. [CrossRef]
[PubMed]

40. Stasi, E.; Michielan, A.; Morreale, G.C.; Tozzi, A.; Venezia, L.; Bortoluzzi, F.; Triossi, O.; Soncini, M.; Leandro, G.; Milazzo, G.; et al.
Five Common Errors to Avoid in Clinical Practice: The Italian Association of Hospital Gastroenterologists and Endoscopists
(AIGO) Choosing Wisely Campaign. Intern. Emerg. Med. 2019, 14, 301–308. [CrossRef]

41. Savarino, V.; Dulbecco, P.; de Bortoli, N.; Ottonello, A.; Savarino, E. The Appropriate Use of Proton Pump Inhibitors (PPIs): Need
for a Reappraisal. Eur. J. Inter. Med. 2017, 37, 19–24. [CrossRef]

42. Carpenter, M.; Berry, H.; Pelletier, A.L. Clinically Relevant Drug-Drug Interactions in Primary Care. Am. Fam. Physician 2019,
99, 558–564.

43. Swart, F.; Bianchi, G.; Lenzi, J.; Iommi, M.; Maestri, L.; Raschi, E.; Zoli, M.; Ponti, F.D.; Poluzzi, E. Risk of Hospitalization from
Drug-Drug Interactions in the Elderly: Real-World Evidence in a Large Administrative Database. Aging 2020, 12, 19711–19739.
[CrossRef]

44. Salvi, V.; Barone-Adesi, F.; D’Ambrosio, V.; Albert, U.; Maina, G. High H1-Affinity Antidepressants and Risk of Metabolic
Syndrome in Bipolar Disorder. Psychopharmacology 2016, 233, 49–56. [CrossRef]

http://doi.org/10.1111/bcp.12543
http://doi.org/10.1503/cmaj.082001
http://www.ncbi.nlm.nih.gov/pubmed/19176635
http://doi.org/10.1093/eurheartj/eht042
http://www.ncbi.nlm.nih.gov/pubmed/23425521
http://doi.org/10.1016/j.ejim.2010.11.009
http://www.ncbi.nlm.nih.gov/pubmed/21402255
http://doi.org/10.1016/j.ejim.2014.10.001
http://www.ncbi.nlm.nih.gov/pubmed/25312593
http://doi.org/10.1007/s11739-016-1560-1
http://www.ncbi.nlm.nih.gov/pubmed/27804077
http://doi.org/10.1007/s11739-018-1992-x
http://doi.org/10.1016/j.ejim.2016.10.007
http://doi.org/10.18632/aging.104018
http://doi.org/10.1007/s00213-015-4085-9

	Introduction 
	Materials and Methods 
	Data Sources 
	Setting 
	Evaluation of Drug-Drug Interactions 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

