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ABSTRACT
Purpose The aim of this study is to assess the prevalence of patients exposed to potentially severe drug–drug interactions (DDIs) at
hospital admission and discharge and the related risk of in-hospital mortality and adverse clinical events, readmission, and all-cause mortality
at 3months.
Methods This cross-sectional, prospective study was held in 70 Italian internal medicine and geriatric wards. Potentially severe DDIs
at hospital admission and discharge; risk of in-hospital mortality and of adverse clinical events, readmission, and all-cause mortality at
3-month follow-up.
Results Among 2712 patients aged 65 years or older recruited at hospital admission, 1642 (60.5%) were exposed to at least one potential
DDI and 512 (18.9%) to at least one potentially severe DDI. Among 2314 patients discharged, 1598 (69.1%) were exposed to at least one
potential DDI and 1561 (24.2%) to at least one potentially severe DDI. Multivariate analysis found a significant association with an increased
risk of mortality at 3months in patients exposed to at least two potentially severe DDIs (Odds ratio 2.62; 95% confidence interval, 1.00–6.68;
p= 0.05). Adverse clinical events were potentially related to severe DDIs in two patients who died in the hospital, in five readmitted, and one
who died at 3months after discharge.
Conclusions Hospitalization was associated with an increase in potentially severe DDIs. A significant association was found for mortality
at 3months after discharge in patients with at least two potentially severe DDIs. Careful monitoring for potentially severe DDIs, especially
those created at discharge or recently generated, is important to minimize the risk of harm. Copyright © 2013 John Wiley & Sons, Ltd.
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INTRODUCTION

Polypharmacy is very common among older adults
and is often associated with inappropriate prescribing,
poor adherence to therapies, adverse drug events, and
higher than usual prevalence of potential drug–drug
interactions (DDIs).1–11 Aging is also an independent

risk factor for an increase in potential DDIs,12 which
may even have life-threatening consequences in older
adults,13 because of age-related physiological changes
affecting the pharmacokinetics and pharmacodynam-
ics of various medications.14 The main age-related
changes affecting drug excretion is the decrease in
renal and hepatic drug clearance.15–17

The prevalence of potential DDIs and the related
risk of adverse clinical outcomes in the elderly hospital
patients are not well defined. Estimates vary consider-
ably in published reports, reflecting variability in
patient populations and settings, DDIs considered,
and databases and information sources used.18–21

Studies of the prevalence rates of potential DDI may
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have overestimated their clinical significance because
exposure to a DDI does not always result in adverse
reactions.17 Studies of DDIs that led to adverse out-
comes may provide more accurate estimates of the
risks. According to a large prospective observational
study, 1% of all hospital admissions are due to DDIs,22

but the risk of adverse outcomes could be particularly
serious in the elderly. A review of the literature found
that in the elderly, DDIs were responsible for 4.8% of
the admissions.23 The higher prevalence of DDIs in
elderly patients is also supported by another recent
review, which showed that prevalence of DDIs was
between 15% and 45% in hospital and that it was
higher in patients with heart diseases and elderly
people.24 We examined Registry of Polytherapies
SIMI (Società Italiana di Medicina Interna) (REPOSI),
a network of internal medicine and geriatric wards
created to investigate the prevalence and correlates of
polymorbidity and polypharmacy in elderly hospital
patients, to assess the prevalence of those exposed to
potentially severe DDIs and possible associations with
in-hospital mortality and the related risk of adverse
clinical events, readmission, and all-cause mortality
at 3months after hospital discharge. We also checked
whether adverse clinical events were associated with
the potential DDI.

METHODS

Data collection

The Registry of Polytherapies SIMI (REPOSI) is a
collaborative, independent, voluntary initiative of SIMI
and the Istituto di Ricerche Farmacologiche Mario
Negri. The registry was set up in 2008 from a network
of internal medicine and geriatric wards to collect infor-
mation on an Italian cohort of elderly hospital patients
with multimorbidities often receiving polytherapy. The
first wave of data collection was between January and
December 2008 and the second between January and
December 2010. Participation was voluntary, and all
patients gave signed informed consent. Data collection
complied fully with Italian laws on personal data
protection and required no ethical committee approval
under the applicable legal principles on patient regis-
tries. The attending physicians completed a standard-
ized web-based case report form including diagnosis at
hospital admission, sociodemographic details, and drug
treatment at hospital admission, during hospital stay,
and at discharge.
In the second wave of REPOSI, it was decided to

collect additional information and follow-up to im-
prove the quality of data: main laboratory parameters,
comorbidity according to the Cumulative Illness

Rating Scale (CIRS),25 basic activities of daily living
according to the Barthel Index,26 cognitive impairment
according to the Short Blessed Test,27 depression
according to the Geriatric Depression Scale,28 and
clinical events during hospital stay and outcomes.
Patients were also followed for 3months after dis-
charge with a telephone interview that collected infor-
mation on new diagnoses, new hospital admission,
drug regimens, adverse events, and Barthel Index.
To establish the prevalence of potential DDIs, we

considered all patients recruited in both waves of
REPOSI. To evaluate the related risk of adverse
clinical events, readmission, and all-cause mortality,
we considered only patients recruited in the second
wave with a complete 3-month follow-up. Of the1380
in-patients recruited in the second wave, follow-up data
were not available for 536 (38%) because of death
before discharge, transfer to another ward, refusal of
the 3-month telephone follow-up, or logistic reasons.
We anticipated, on the basis of the literature, that

approximately 20% of the discharged patients would
have at least one potentially severe DDI. Because
follow-up data were available on about 800 patients,
we calculated that we had an approximately 80%
power to declare significant, with criterion of signifi-
cance set at 0.05, an (univariate) odds ratio (OR) with
a magnitude of at least 2.5 relative to the association
between DDIs and death.

Potential drug–drug interactions

Potential DDIs were analyzed by a computerized
system, using the Italian interaction database devel-
oped by the Istituto di Ricerche Farmacologiche Mario
Negri, previously validated and described in details.29

Each potential DDI was classified by clinical impact
as severe (drug combination should usually be avoided
as it may lead to serious clinical consequences, such
as severe adverse effects or lack of clinical effects;
close monitoring is required), moderate (drugs can
be combined; the precipitant drug may modify the
effect of the object drug, but the effect can be
controlled by individual dose adjustment and⁄ or on
the basis of drug plasma concentration), and minor
(drug combination probably has no clinical impact or
has not been completely assessed).

Outcomes

To assess the risk of in-hospital mortality, we consid-
ered all patients exposed to at least one potentially
severe DDI at admission. To evaluate the risk of
adverse clinical events from discharge to follow-up
date, readmission, and all-cause mortality at follow-up
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associated with potentially severe DDIs, we considered
only patients with complete follow-up data eligible for
the analyses. Information on readmission and survival
of the patients was obtained after 3months. To check
whether adverse clinical events were associated with
potentially severe DDIs, we investigated, for each
patient, the cause of death, readmission, or adverse
clinical event.

Statistical analysis

Analysis of variance was used for the relationship be-
tween potentially severe DDIs and length of hospital
stay and logistic regression between potentially severe
DDIs and incidence of adverse clinical events,
readmission, and mortality. Multivariate analyses were
adjusted for age, sex, and CIRS comorbidity index as
possible confounders for adverse clinical outcomes.
Analyses were carried out with JMP PRO 10
(SAS Institute Inc., Cary, NC, USA).

RESULTS

Prevalence of patients with potential drug–drug
interactions

The study sample included 2712 patients recruited in
70 internal medicine and geriatric wards (Table 1). In
all, 1642 patients (60.5%) were exposed at hospital
admission to at least one potential DDI. Among patients
admitted, 989 (36.5%) were exposed to at least one
potentially moderate DDI and 512 (18.9%) to at least
one potentially severe DDI. Of the 4938 potential DDIs,
675 (13.7%) were severe and 3207 (64.9%) were
moderate. The median number of potential DDIs per
patient with DDIs was two (range 1–16). Among 2314
patients discharged from the hospital, 1598 (69.1%)
were exposed to at least one potential DDI, 927
(40.1%) to at least one potentially moderate DDI, and
561 (24.2%) to at least one potentially severe DDI. Of
the 5244 potential DDIs, 802 (15.3%) were severe and
3353 (63.9%) were moderate. In all, 2505 potential
DDIs were created at hospital discharge, and 464 of
them were severe. At discharge, the median number of

potential DDIs per patients with DDIs was two (range
1–18). The number of potential DDIs rose from hospital
admission to discharge, as did the prevalence of patients
exposed to potentially severe DDIs (p< 0.0001). The
most frequent potentially severe DDIs at admission
and discharge are listed in Table 2. Multivariate analysis
(adjusted for age, sex, and CIRS comorbidity index)
found no significant differences in length of stay be-
tween patients exposed to potentially severe DDIs at
admission (mean days 10.8; 95% confidence interval
(CI), 9.3–12.1) and those with no potential DDIs
(11.5; 95% CI, 10.2–11.9; p= 0.53).

Potentially severe drug–drug interactions and
in-hospital mortality

Of the 64 patients who died during hospitalization, 25
were exposed to at least one potentially severe DDI.
Univariate and multivariate analyses (adjusted for
age and sex) found no association between exposure
to potentially severe DDIs and in-hospital mortality
(OR 1.25; 95% CI, 0.74–2.09; p = 0.40). The cause
of mortality for two patients was potentially related
to a severe DDI: one treated with alfuzosin,
clarithromycin, and fluconazole and one with flecainide
and clarithromycin died of cardiac arrest.

Potentially severe drug–drug interactions and adverse
clinical outcome at 3months

Follow-up data were available for 844 participants
(61.2%) (Table 3). Their sociodemographic character-
istics were very similar to patients with no follow-up
data (n = 536; mean age 79.3 years; female 49.4%;
CIRS severity index (mean ± standard deviation
(SD)) 1.7 ± 0.3; CIRS comorbidity index (mean ± SD)
3.0 ± 1.8). Among 844 patients with follow-up, 622
(73.7%) were discharged with at least one potential
DDI and 223 with at least one potentially severe
DDI. The median number of potential DDIs per patient
was three (range 1–18), and one for those with poten-
tially severe DDIs (range 1–7). Overall, 2158 potential
DDIs were detected, and 321 of them (14.9%) were
potentially severe. Of the patients with at least one
potentially severe DDI, 27 (12.1%) reported an
adverse clinical event at follow-up, 45 (20.2%) were
readmitted, and 16 (1.9%) died within 3months of
discharge. Exposure to potentially severe DDIs was
associated with no increase in the risk of adverse
clinical events, readmission, and all-cause mortality
at 3months after hospital discharge in both univariate
and multivariate analysis, after adjusting for potential
confounders (Table 4). To check whether potentially
severe DDIs were associated with adverse clinical

Table 1. Main sociodemographic characteristics of patients recruited in
Registry of Polytherapies SIMI

At admission At discharge

Number of patients 2712 2314
Age (mean ±SD) 79.1 (7.4) 79.0 (7.5)
Female (%) 1419 (52.3) 1221 (52.8)
Number of drugs (mean ± SD) 5.1 (2.8) 6.1 (2.9)
Number of diagnoses (mean± SD) 5.0 (2.7) 6.2 (2.7)

SD = standard deviation.
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events in patients with higher comorbidity, we consid-
ered different cut offs for the CIRS comorbidity index,
obtaining similar results. However, a significant asso-
ciation with an increased risk of mortality was ob-
served for patients exposed to at least two potentially
severe DDIs (n = 62) in univariate (OR 2.97; 95% CI,
1.16–7.39; p= 0.02) and multivariate analyses (OR
2.62; 95% CI, 1.00–6.68; p= 0.05).
For five patients, the cause of readmission was

classified as related to their potentially severe DDI at
discharge: two patients given clopidogrel and proton
pump inhibitors at discharge were readmitted for
transient ischemic attacks; one with the combination
of aspirin and methotrexate was readmitted for ane-
mia; one with digoxin and furosemide, sertraline and
trazodone, and ramipril and canrenoate was readmitted
for arrhythmias; and one patient receiving simvastatin
and amlodipine was readmitted for a muscular adverse
reaction. Finally, in one patient, the cause of death
might have been related to a severe DDI: one receiving
amiodarone and bisoprolol died for cardiac arrest.
Four cases had potentially severe DDIs created at
hospital discharge (Table 5).

DISCUSSION

In the present study, hospital discharge was associated
with a small increase in overall and potentially severe
DDIs, raising concerns of avoidable harm to elderly
patients. Despite different methods used to classify
DDIs, which makes it difficult to compare reports,

Table 2. Prevalence of the first 10 potentially severe drug–drug interactions (DDIs) at hospital admission and discharge among patients with at least one
potentially severe DDI

Patients (n (%))

Drug combination Potential adverse events At admission
(512)

At discharge
(561)

Digoxin + furosemide Increased risk of digoxin toxicity 149 (29.1) 147 (26.2)
Potassium-sparing diuretics +ACEi Increased risk of hyperkalemia 78 (15.2) 74 (13.2)
Aspirin (low dose) + clopidogrel or
ticlopidine

Increased risk of bleeding 51 (10.0) 43 (7.7)

Statin* + calcium antagonist† Increased risk of myopathy including rhabdomyolysis 44 (8.6) 40 (7.1)
Amiodarone + beta-blocker Hypotension, bradycardia, or cardiac arrest 35 (6.8) 33 (5.9)
Digoxin + spironolactone Increased risk of digoxin toxicity 27 (5.3) 34 (6.1)
Clopidogrel + proton pump inhibitor‡ Reduction in clinical efficacy of clopidogrel and increased risk for

thrombosis
27 (5.3) 40 (7.1)

Allopurinol + enalapril Hypersensitivity reactions (Stevens–Johnson syndrome and skin
eruptions)

23 (4.5) 26 (4.6)

Simvastatin + amiodarone Increased risk of myopathy including rhabdomyolysis 12 (2.3) 9 (1.6)
Digoxin + hydrochlorothiazide Increased risk of digoxin toxicity 11 (2.1) 6 (1.1)
Potassium+ potassium-sparing diuretics Increased risk hyperkalemia 6 (1.2) 16 (2.9)

ACEi = angiotensin-converting enzymes inhibitors.
*Statin: simvastatin and atorvastatin.
†Calcium antagonist: amlodipine, verapamil, or diltiazem.
‡Excluding pantoprazole.

Table 3. Main sociodemographic characteristics of patients with 3-month
follow-up data

Patients with follow-up (844)

Age (mean ±SD) 78.8 (7.4)
Female (%) 432 (51.2)
Number of drugs (mean ± SD) 6.3 (2.8)
Adverse clinical events (%) 82 (9.7)
Readmission (%) 145 (17.2)
Died (%) 66 (7.8)
Cumulative Illness Rating Scale
Diagnosis (mean ± SD) 6.7 (3.0)
Severity index (mean ±SD) 1.7 (0.3)
Comorbidity index (mean± SD) 3.0 (1.8)

Number of patients with at least one potential DDI at hospital discharge
Overall 622 (73.7)
Patients with new DDI at discharge 423 (50.1)
Severe 223 (26.4)
Patients with new DDI at discharge 133 (15.8)

SD = standard deviation; DDI = drug–drug interaction.

Table 4. Association between potentially severe drug–drug interactions
and adverse clinical outcomes at 3-month follow-up

Univariate analysis

OR (95% CI) p-value

Adverse clinical events 1.25 (0.69–2.27) 0.46
Readmission 1.56 (0.94–2.57) 0.08
All-cause mortality 1.35 (0.62–2.93) 0.44
Multivariate analysis*
Adverse clinical events 1.31 (0.68–2.54) 0.41
Readmission 1.37 (0.79–2.38) 0.26
All-cause mortality 1.14 (0.48–2.72) 0.76

*Adjusted for age, sex, and Cumulative Illness Rating Scale comorbidity
index.
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these findings are similar to other hospital-based
studies.3,21,30 Among 851 adults in an internal medi-
cine ward, the prevalence of those with at least one
potentially moderate or severe DDI at admission
and discharge was 30% and 31% using Pharmavista®

and 48% and 60% using Drug-Reax®, suggesting
that, like in our study, about 50% of these potential
DDIs were created by medication changes during
the hospital stay.21 Another retrospective study on
500 adults consecutively discharged from four gen-
eral medical wards found that 48% at admission
and 60% at discharge had a potentially interacting
drug combination.30

Our finding of a slightly higher prevalence of poten-
tial DDIs may be because of the design of REPOSI
that focus on elderly patients, because an increase in
the prevalence of potential DDIs is associated with
aging and an increasing number of prescribed drugs.12

We found that the most frequent potentially severe
DDI at admission and discharge was the combination
of digoxin and diuretics. Combinations with furose-
mide or thiazide diuretics can result in digitalis toxicity
secondary to hypokalemia and hypomagnesemia and
may precipitate or contribute to the development of
arrhythmias, especially in patients with cardiac abnor-
malities. Similarly, the combination with a potassium-
sparing diuretic may precipitate digoxin toxicity because
of reduced renal clearance of digoxin. Low-dose aspirin
and clopidogrel or ticlopidine are increasingly pre-
scribed in combinations to the elderly to prevent
atherothrombotic events (ischemic heart disease,
ischemic stroke, and peripheral arterial disease). A study
using an Italian database of spontaneously reported drug
adverse reactions found that over 17 years, the combina-
tion of anticoagulant and antiplatelet agents was
responsible for the greatest number of serious adverse
reactions and deaths.31 Because elderly patients treated
with antithrombotic drugs have an increased risk of
complications,32 careful monitoring of blood counts
and signs and symptoms of bleeding is essential when
coadministration is required.

The clinical outcome of a potential DDI is often not
known, and epidemiological data dealing with this
problem are rare. However, exposure to potential
DDI is associated with an increased risk of hospitaliza-
tion.33 Egger et al. evaluated the potential clinical
significance of DDIs in 500 consecutively discharged
medical patients and found that of 44 with a poten-
tially severe DDI, only one was readmitted within
2months after discharge because of adverse conse-
quences of the possible DDI, giving the impression
that the clinical impact of the potential DDIs with the
highest degree of severity is limited. However, only
rehospitalizations were analyzed as an outcome
resulting from a potentially severe DDI, and other rel-
evant adverse effects may have been missed.30 As out-
comes, we analyzed the association with in-hospital
mortality and any adverse clinical outcomes 3months
after discharge and found a significant association with
mortality at 3months in patients exposed to at least
two potentially severe DDIs. Because of the REPOSI
design, we could not assess whether patients were
monitored for clinical responses or laboratory tests
were performed, such as serum potassium or digoxin
levels, but particular attention should be paid to the
recently created potentially severe DDIs. For those of
the 64 patients who died in the hospital potentially
related to severe DDIs, one patient treated with
alfuzosin, clarithromycin, and fluconazole and one
with flecainide and clarithromycin died for cardiac
arrest. All these drugs are known to be associated with
an increased risk of cardiotoxicity (QT prolongation,
torsades de pointes, and cardiac arrest), so monitoring
for QT prolongation is required. Although in both
cases the starting date of antimicrobial therapy was
not available, we suspect that these drugs were
recently prescribed (for acute respiratory tract infec-
tions) so the potentially severe DDIs had been created
recently. At follow-up of 223 patients with a potential
severe DDI, five were readmitted within 3months, and
the cause was considered potentially related to their
DDI. Two patients prescribed the combination of
clopidogrel and proton pump inhibitors at discharge
were readmitted for transient ischemic attacks, poten-
tially because of a loss of clinical efficacy of
clopidogrel.34 In one case, the proton pump inhibitor
was not given at admission and was added at
discharge, and in the other case, this drug replaced
ranitidine, which has no risk of interaction with
clopidogrel. Although the clinical impact of interac-
tion between proton pump inhibitors and clopidogrel
is currently debated, if one of the latter drugs is
required, pantoprazole should be preferred, because
the platelet response was better than with omeprazole

Table 5. Adverse events reported at follow-up and potentially severe
drug–drug interactions after hospital discharge

Drug combination Adverse events reported
at follow-up

Time from
discharge

Digoxin + furosemide Readmission for cardiac
arrhythmias

2months
Ramipril + spironolactone
Simvastatin + amlodipine Readmission for

myopathy
1month

Clopidogrel + esomeprazole Readmission for TIA 2months
Clopidogrel + lansoprazole Readmission for TIA 19 days

TIA = transient ischemic attack.
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when platelet reactivity was measured,35 and no risk of
recurrent myocardial infarction was found in elderly
patients treated with clopidogrel and proton pump in-
hibitors.34 One patient given aspirin and methotrexate
was readmitted for anemia: concomitant aspirin has
been reported to increase methotrexate toxicity,
reducing its clearance, and inducing severe hemato-
logic toxicity. In general, salicylates should not be
administered within 10 days of high-dose methotrexate
(the doses used in cancer therapy), and if concomitant
treatment is necessary, myelosuppression and renal
toxicity should be closely checked. One patient receiv-
ing simvastatin and discharged with a new prescription
of amlodipine was readmitted for adverse muscle reac-
tion: this combination is associated with an increased
risk of myopathy including rhabdomyolysis because
of competition with cytochrome P450 3A4-mediated
simvastatin metabolism. Limiting the simvastatin dose
to no more than 20mg/day and monitoring serum
creatine phosphokinase and muscular symptoms are
generally recommended when this combination cannot
be avoided (our patient was taking 40mg/day of
simvastatin). One patient readmitted for arrhythmias
was exposed to three different potentially severe
DDIs associated with an increased risk of arrhythmias,
that is, the combination of digoxin and furosemide,
sertraline and trazodone, and ramipril and canrenoate.
Two of these potentially severe DDIs were created at
hospital discharge. Close check of serum potassium
and digoxin levels should be considered and of
QT prolongation induced by coadministration of ser-
traline and trazodone. Finally, one patient receiving
amiodarone and bisoprolol died of cardiac arrest, a
potential consequence of this combination because of
their additive cardiac effects and possible CYP2C9
inhibition by amiodarone of beta-adrenergic blocker
metabolism. Administration of amiodarone and beta-
blockers calls for close attention to cardiac function.
Limitations of the present study include a small

number of patients with 3-month follow-up data,
which were not available for about 38% of patients
recruited in the second wave of REPOSI and
may introduce a bias in the results, and the lack
of information about adverse clinical events or
readmission for those patients who died after
discharge, which, however, tends to underestimate
the real relevance of DDIs. Again, we could not as-
sess whether or not the patient’s clinical responses,
laboratory tests, or clinical management were used
to reduce the risk of adverse outcomes associated
with potentially severe DDIs, especially those com-
monly seen in practice (e.g., furosemide and
digoxin) that can be easily managed clinically with

appropriate monitoring. To better quantify the clin-
ical relevance of potentially interacting drug com-
binations at discharge, a prospective design would
be necessary, including longer follow-up after dis-
charge and specific collection of drug-related
problems. Lack of information about adherence
to drug therapy or changes in drug regimen after
discharge is another limit.

CONCLUSION

This study shows that the prevalence of potential DDIs
among the elderly is high both at hospital admission
and discharge and that hospitalization is associated
with increases in potential and potentially severe
DDIs. A significant association was found for mortal-
ity 3months after discharge in patients with at least
two potentially severe DDIs. Careful monitoring for
these severe DDIs, especially for those created at
discharge or recently generated, is important to mini-
mize the risk of harm. When we examined whether
adverse clinical events were associated with the poten-
tial DDI, we saw that in the two patients who died in
the hospital, the potentially severe DDIs were proba-
bly created shortly before admission, and in four
readmitted, they were created at discharge. Because
multiple drug treatment is common in hospitals,
greater attention should be paid to the DDIs and
particularly in elderly patients, who are at higher risk
of adverse drug reactions. Built-in software with
electronic prescribing databases and the involvement
of a clinical pharmacist within multidisciplinary teams
may help to highlight DDIs and minimize the occur-
rence of related risk.
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KEY POINTS
• Hospitalization is associated with increases in
potential and potentially severe DDIs and more
than half of potentially severe DDIs are created
at discharge.

• A significant association was found for mortality
3months after discharge in patients with at least
two potentially severe DDIs.

• Careful monitoring for severe DDIs, especially for
those created at discharge or recently generated, is
important to minimize the risk of harm.
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