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Abstract Background The elderly population is often in
continuous use of several medications and is more subject
to the “iatrogenic triad” of polypharmacy, potentially
inappropriate medication use and drug—drug interactions.
However, few studies have investigated these three factors
concomitantly. Purpose To assess the prevalence and inter-
relationship of potentially inappropriate medication (PIM)
use, polypharmacy and drug—drug interactions in older
adults, together with their associated factors. Setting city of
Juiz de Fora, Brazil. Methods a cross-sectional, observa-
tional and door-to-door epidemiologic study in commu-
nity-dwelling older adults was conducted. Main outcome
measure The primary outcomes were polypharmacy,
inappropriate medication use (2012 Beers and 2015 STOPP
criteria) and drug—drug interactions. Associated factors
were also investigated using bivariate and multivariate
analyses. Results a total of 368 (92%) older adults were in
continuous use of at least one drug. There was a high
prevalence of polypharmacy (44.6%), drug—drug interac-
tion (72.3%) and PIMs by Beers (42.1%) and PIMs
by STOPP (46.2%). Analysis of the inter-relationship of
the criteria (polypharmacy, PIMs STOPP and drug—drug
interactions) revealed that 108 (29.3%) of the older adults
had all three criteria concomitantly and multivariate anal-
ysis showed that frailty and having a caregiver were
associated with this “iatrogenic triad”. Conclusion A high
prevalence of iatrogenic effects from drugs was found in
the older adults assessed. One in every three elderly
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participants of the study had all three iatrogenic criteria
concomitantly, highlighting the major public health impact
of this problem. The results of this study can serve to
inform new preventive and educational strategies for health
professionals.

Keywords Brazil - Drug interactions - Inappropriate
prescribing - Polypharmacy

Impacts on practice

e One in every three older adults has the “iatrogenic
triad” in the present study. Health professionals must
be aware of this important public health problem.

e Identifying patients at risk for iatrogenic effects is an
important step to minimize the adverse events related to
inappropriate prescription.

e New preventive and educational strategies are neces-
sary to ensure that health professionals are trained to
deal with the “iatrogenic triad”.

Introduction

The process of an aging population is a reality in many
societies, where an estimated 12% of the world population
is elderly [1]. This increase in the elderly population poses
new challenges to health care, since this age group has a
greater prevalence of chronic-degenerative diseases and is
therefore subject to constant use of a high number of drugs
[2, 3]. Thus, pharmacological therapy in older adults calls
for special care since aging can affect the body’s ability to
deal with medications owing to changes in kidney, liver
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function, pharmacokinetics and pharmacodynamics of
drugs [4].

This factor renders older persons susceptible to adverse
effects of medication use [2], where this age group has a
higher prevalence of polypharmacy (chronic concomitant
use of multiple drugs) [5], potentially inappropriate medi-
cation (PIM) use (not indicated based on evidence,
increasing risk of adverse reactions compared to younger
patients, or not cost effective) [6, 7] and drug—drug inter-
action (defined as the effect one drug has on another) [8].

Many studies have indicated a high prevalence of
iatrogenic effects in elderly patients. An estimated 5-78%
of elderly are subject to polypharmacy [9], 13-58% to
drug—drug interactions [10] and 2.9-38.5% to inappropriate
prescriptions [11], leading to greater health costs, mor-
bidity, hospital admissions and mortality.

However, although numerous studies have investigated
aspects related to these iatrogenic effects, few studies have
assessed these three aspects (named here as the “iatrogenic
triad”) concomitantly. Based on the premise that an
iatrogenic effect rarely occurs alone, such investigations
can contribute by shedding light on the inter-relationship
among inappropriate conducts and helping devise public
policies and programs aimed at educating health
professionals.

Aim of the study

The objective of this study was to assess the prevalence of
potentially inappropriate medication use, polypharmacy
and drug—drug interactions in older adults, along with their
inter-relationship and associated factors.

Ethics approval

The study was approved by the Research Ethics Committee
of the Federal University of Juiz da Fora and all partici-
pants signed a consent term.

Method

A cross-sectional, observational epidemiologic study was
conducted by door-to-door survey in the city of Juiz de
Fora, Minas Gerais state, Brazil. Juiz de Fora has a popu-
lation of 516,247 (2010 Demographic Census de 2010),
13.6% of whom are elderly [12]. For the present study, a
representative population in the Northern area of Juiz de
Fora, a more populous region of the city with greater
socioeconomic diversity [13], was assessed comprising a

total of 106,355 residents, 10.68% of whom were elderly
[14].

Participants

The study sample included older adults (60 years or older
according to the WHO concept for developing countries)
who agreed to take part in the study and were present
during the three attempts to collect data (made on different
days and at different times). Participants scoring below the
minimum on the Mini-Mental State Examination (MMSE)
according to the cut-off scores suggested by the local
government (25 points for those with four or more years of
education and 18 points for those with less than 4 years of
education) [15], were only eligible to take part if another
person (informant) in the household answered the questions
on their behalf, else the subject was excluded.
Participants were selected in two ways: (a) all partici-
pants (n = 462) in the study by Cruz et al. [16] were
included, the addresses of whom were drawn from the
original survey database. These participants were selected
by multistage stratified random cluster sampling in which
primary sampling units were the census sectors, as
described in more detail in a previous publication [16];
(b) new subjects were recruited for the sample to offset the
loss of panel members from the original population sur-
veyed (change of address and inability to track new
address, away on long trips, long hospital admissions and
transfer to nursing home). These extra individuals were
indicated by neighbors where data was being collected and
subsequently asked by the research team to take part in the
study. Thus, the final sample comprised 248 elderly from
the 2010 survey plus 175 elderly recruited for the sample
during the present study, giving a total of 423 participants.

Procedures and instruments

The data collection stage was performed door-to-door (at
elderly persons’ homes) between October 2014 and March
2015, and the average time required for application of the
questionnaire was 1 h. The questionnaire was filled out by
previously trained researchers conducting the interview.
The present study employed the following instruments:

e Demographic and socioeconomic profile: age, gender,
ethnicity, socioeconomic status, educational Ievel,
among others;

e Cognitive assessment by applying the Mini-Mental
State Examination (MMSE) as outlined above;

e Edmonton Frail Scale (EFS): this scale was validated in
Brazil [17]. The EFS covers 9 domains comprising 11
items and has a maximum score of 17 points, with
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higher scores indicating greater degrees of frailty.
Frailty can by classified according to score obtained
into: not frail, vulnerable or frail;

e Health profile: this section was applied to assess the use
of health services by the elderly person, self-reported
health and vision, use of glasses/contact lenses, pres-
ence of health insurance, current or past health
problems, hospitalization in the past year and if the
person has a caregiver;

e History of falls: through the question “Have you had
any falls in the past year?”. If the respondent stated
“yes”, the next question was “how many?” where the
number of falls reported by the elderly person was then
recorded;

e Patient Health Questionnaire (PHQ-4): a widely used
screening instrument for depression and anxiety in
different healthcare and community settings [18]. The
PHQ-4 comprises two questions assessing anxiety
(questions 1 and 2) and two questions assessing
depression (questions 3 and 4);

e Lawton & Brody scale [19] (1969): this scale was
employed to assess functional status for performing
instrumental activities of daily living (IADLSs);

e Anthropometric measures: weight, height and BMI;

e Use of Medications: through the question “Are you in
continuous use of any drugs?”. If the respondent stated
“no”, the interviewers skipped to the next section; if
the respondent answered “yes”, then they were asked
“how many?” and the number of drugs reported by the
respondent was recorded. Respondents were then asked
to show the boxes or blister packs of the drugs used
continuously to allow completion of a table with the
following information: name of active pharmaceutical
ingredient, whether the box or blister pack was shown,
whether the drug was generic, drug dosage, time using
this drug, and the therapeutic regimen. “Continuous
use” was defined to the patient as “a medication which
you need to take everyday, or almost everyday and that
you use it in an uninterrupted way (with no specific date
to stop)”.

Primary outcomes

After tabulating the drugs used by the elderly participants,
the following classification was applied:

Polypharmacy

Defined as concomitant use of five drugs or more [20],
polypharmacy is associated with increased risk and sever-
ity of adverse reactions to drugs, and promotion of drug—
drug interactions, cumulative toxicity, medication errors,
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poor adherence to treatment and increased morbi-mortality
[10]. In the present study, only “continuous use” drugs
were included in the polypharmacy criteria. Acute use of
antibiotics, creams and injectables was not considered.
Creams and patches were considered only if they were for
“continuous use” and prescribed by a doctor for a chronic
disease.

Drug—drug interaction

Drug—drug interaction is a specific type of adverse drug
event; it occurs when the effect of one drug is changed by
the presence of another drug, resulting in increased toxicity
or reduction [21]. In the present study, the presence or
absence of drug interactions was determined using the
Drug Interaction Checker software program (http://refer
ence.medscape.com/drug-interactionchecker). The pro-
gram also enabled interactions to be classified into mild,
moderate and severe. Moderate and severe interactions can
require specific medical intervention to prevent the exac-
erbation of previously existing medical conditions and
reduce the chance of severe adverse effects, respectively
[22, 23].

Potentially inappropriate medications

The 2012 Beers [24] and 2015 STOPP [25] criteria were
used to classify the medications as potentially inappropriate.

The version of the Beers criteria published in 2012 [24]
is divided into three lists: the first list contains medications
or classes of medications that should be avoided by elderly
patients, their potential risks and some of their concentra-
tions. The second list contains medications that should be
avoided according to disease diagnosis, while the third
contains medications or classes of medications to be used
with caution.

Recently, the second version of the STOPP and START
criteria were developed and validated by O’Mahony et al.
[25], enabling more comprehensive identification of
potentially inappropriate medications which can have
severe deleterious effects on the health and well-being of
elderly patients in most clinical situations. This new cri-
teria was developed to be added to the list devised by
Gallagher et al. [26].

Statistical analysis

The data collected were tabulated and analyzed using the
Statistical Package for Social Sciences® (SPSS) version
21.0 software. The data were initially submitted to
descriptive analysis to give measures of absolute (preva-
lence) and relative frequency of each categorical variable
and measures of central tendency (mean, median and
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mode) and dispersion (standard deviation and variance) for
continuous variables. Inferential analysis was then carried
out.

After investigating for PIMs using both tools, there was
a significant overlapping between criteria. Therefore, we
decided to include only STOPP criteria in the analysis of
the “iatrogenic triad” (inappropriate prescribing, drug—
drug interactions and polypharmacy), since this criterion
identified more PIM and was newer.

Chi square tests were performed to evaluate the factors
associated with the “iatrogenic triad”. Then, binary logistic
regression models were conducted using the “iatrogenic
triad” (presence or not) as dependent variable. Factors that
showed p values <0.10 in the bivariate tests were included
as independent variables in the binary logistic regression.
The Hosmer-Lemeshow test and Nagelkerke R Square
were used for model fitting. A level of significance of
p < 0.05 was adopted with a 95% confidence interval.

Results

Of the 423 older adults interviewed, 23 were excluded for
low MMSE score (indicating possible cognitive impair-
ment) and in the absence of another person (informant) in
the home to answer on their behalf. No patient refused to
participate or refused to sign the consent term. Of the 400
participants analyzed in the study, 32 (8.0%) were not in
use of any drugs, i.e. 368 older adults (92.0%) were in
continuous use of at least one drug.

The general characteristics of the whole sample are
given in Table 1. Participants were predominantly female
(64.5%), married (55.8%), non-white ethnicity (54.5%),
with low income (<R$1685.00/US$421.00 per month)
(70.8%), low educated (0—4 yearS education) (74.1%),
independent (84.5%) and with a mean age of 73.8 (8.0)
years.

Regarding drugs used (Table 2), there was a high
prevalence of polypharmacy (44.6%) and drug—drug
interactions (72.3%) among the patients, where 17.9% of
these interactions were classified as severe. The main
severe drug—drug interactions found were: amlodipine and
simvastatin (10.6%), amiodarone and simvastatin (10.6%),
nifedipine and simvastatin (9.0%), quetiapine and levodopa
(6.0%), and digoxin and omeprazole (6.0%). Considering
all patients, the average number of drug interactions per
patient was 3.32 (SD: 4.45) and the mean number of drugs
used per patient was 4.46 (SD: 3.10).

A high prevalence of PIMs by Beers (42.1%) and
STOPP (46.2%) criteria was found, with mean number of
Beers PIMs per patient of 0.52 and STOPP PIMs per
patient of 0.57. The five most commonly used PIMs were
the same for both Beers and STOPP criteria, namely:

Table 1 Sociodemographic data

N (%) Mean (SD)

Gender

Male 142 (35.5)

Female 258 (64.5)
Age

60-74 231 (57.8) 73.80 (8.019)

>75 169 (42.3)
Marital status

Married 223 (55.8)

Not married 177 (44.3)
Color/ethnicity

White 182 (45.5)

Non-white 218 (54.5)
Income classification

High Income 117 (29.3)

Low income 283 (70.8)
Education

0 to 4 years 292 (74.1) 4.15 (3.14)

5 or more years 102 (25.9)
Having a caregiver

Yes 162 (40.5)

No 238 (59.5)
Cognitive impairment

Yes 76 (19)

No 315 (78.8)
Hospitalization

Yes 69 (20.4)

No 270 (79.6)
Frailty

Frail 121 (37.5)

Vulnerable 75 (22.1)

Not frail 143 (42.2)
Self-reported health

Good 178 (56.5)

Regular/Poor 137 (43.5)
Self-reported vision

Good 142 (45.1)

Regular/Poor 173 (54.9)
PHQ 1.2

Normal 229 (72.7)

Changed 86 (27.3)
PHQ 3.4

Normal 243 (77.1)

Changed 72 (22.9)
Functionality

Independent 338 (84.5)

Dependent 62 (15.5)
Fall in the past year

Yes 141 (35.3)

No 259 (64.8)
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Table 2 Number of patients with the different combinations of cri-
teria for the “iatrogenic triad”

Combinations of criteria N (%)
None 69 (18.8)
Only drug interaction 65 (17.7)
Only PIM 26 (7.1)
Interaction + PIM 30 (8.2)
Polipharmacy 1(0.3)
Polypharmacy + Interaction 63 (17.1)
Polipharmacy + PIM 6 (1.6)
“latrogenic triad” 108 (29.3)
(Polypharmacy + Interaction + PIM)
Total 368 (100.0)

clonazepam-benzodiazepine (8.69%), amiodarone—antiar-
rhythmic (4.89%), glibenclamide/glyburide—sulfonylureas
(4.62%), methyldopa—alpha-2 adrenergic agonist (4.62%)
and bromazepam-benzodiazepine (4.07%).

Analysis of the inter-relationship between the criteria
suggestive of iatrogenic effects (polypharmacy, PIM by
STOPP and drug—drug interactions) revealed that 108
(29.3%) patients showed the presence of all three criteria
(the “iatrogenic triad”); 99 (26.9%) of two criteria, 92
(25.0%) of one criterion and only 69 (18.8%) exhibited
none of the criteria.

In the bivariate analysis, hospitalization in the past year
(p = 0.006), frailty (p <0.001), dependency—Lawton/
Brody scale (p =0.003) and having a caregiver
(p < 0.001) were significant associated with the “iatro-
genic triad”. Other variables, such as, age (p = 0.066) and
self-reported health (p = 0.062) were marginally non-sig-
nificant (p < 0.10). Ethnicity, marital status, income, self-
reported vision perception, BMI, PHQ, education, falls,
gender, cognitive impairment, medical appointment and
health insurance were not significant (p > 0.10).

Table 3 shows the results of the logistic regression, with
the best model created based on associations in the
bivariate model. Results revealed that the “iatrogenic
triad” was associated with presence of a caregiver (OR
2.22, CI95% = 1.13-4.37, p = 0.020) and presence of
frailty (OR 2.13, CI95% = 1.01-4.54, p = 0.049). Hos-
mer-Lemeshow test was non-significant, indicating a good
fit of the model.

Discussion
The present study identified a high prevalence of medica-
tion-related iatrogenic effects in the elderly studied,

revealing an important inter-relationship among polyphar-
macy, inappropriate prescribing and drug—drug interactions.

@ Springer

These results are consistent with other studies finding
that polypharmacy was associated with both inappropriate
prescribing [27] and drug-drug interactions [28], and
inappropriate prescribing was also associated with drug—
drug interactions [29]. These results support the premise
that a single iatrogenic prescription never comes alone and
that, once a medication has been inappropriately pre-
scribed, health professionals should be aware of the pos-
sible associated iatrogenic effects.

Although several studies have investigated prescription
in older adults, few studies have addressed inappropriate
medication use, polypharmacy and drug—drug interactions
concomitantly in elderly patients. To our knowledge, this is
the first study to assess the inter-relationship and factors
associated with this “iatrogenic triad”.

A previous study in older adults infected with the HIV
virus assessed these three items together and found that
52% of the participants used at least one PIM, 70% had
drug—drug interactions with recommendation for change of
therapy, and 11% had interactions that should be avoided,
while 96% of the participants were in use of five or more
drugs [30]. Similarly, a study of elderly nursing home
residents in Singapore found polypharmacy and potentially
inappropriate medication use in 58.6 and 70.0% of resi-
dents, respectively, while 5.8% had risk of drug—drug
interactions [31] and a study conducted in Sweden based
on a register of elderly patients found a mean of 5.4 drugs
per patient, a 17% prevalence of potentially inappropriate
medication use and 4% risk of severe drug—drug interac-
tions [32].

However, all these studies were from specific popula-
tions and have just reported the percentages of each
iatrogenic aspect. In the present study, we are proposing a
combination of factors, which we named as the “iatrogenic
triad“. We believe that this new concept could add further
information to the field of inappropriate prescribing,
because it can reveal patients at higher risk of adverse
effects, which may deserve interventions.

Concerning the factors associated with this triad, only
having a caregiver and frailty remained significant. Several
studies have already shown that inappropriate prescribing
is common in frail elderly [33, 34]. Our study provides
further support for this data, showing that frailty is also
associated with the “iatrogenic triad”. Since frailty iden-
tifies a vulnerable group of older people at highest risk of
adverse clinical outcomes [34], there is a need for assessing
how appropriate a therapy is, valuing factors such as
quality of life, functional status and the remaining life
expectancy [35].

Other finding of the present study is that “having a
caregiver” was associated with the “iatrogenic triad”. This
relation could be due to the fact that older adults who had a
caregiver tend to be more dependent and frail, probably
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Table 3 Factors associated with the “iatrogenic triad” through the
logistic regression model

“latrogenic triad”® OR P

Having a caregiver

Yes 2.22 (1.13-4.37) 0.020
No 1.00

Age
60 to 74 0.91 (0.47-1.74) 0.781
>75 1.00

Hospitalization
Yes 1.30 (0.59-2.87) 0.502
No 1.00

Functionality
Independent 0.77 (0.24-2.50) 0.674
Dependent 1.00

Self-reported health
Regular/Poor 1.04 (0.51-2.11) 0.897
Good 1.00

Frailty
Yes 2.13 (1.01-4.54) 0.049
No 1.00

All significant variables associated with “Ilatrogenic Triad” on the
bivariate analyses were entered in the model

4 Hosmer-Lemeshow test: Chi square 4.332, p = 0.741, Nagelkerke
R Square = 0.110

having more comorbidity, and therefore more indications
for medication use, increasing the risk of PIMs and inter-
actions. However, it could also be related to the fact that
caregivers on a PIM for a specific condition (e.g.,
diphenhydramine for sleep, naproxen for pain, fluoxetine
for depression) may recognize similar symptoms in the
care-recipient and seek similar prescription or over-the-
counter therapies [36].

In regard to the most common severe drug—drug inter-
actions observed in our study, more than 10% of patients
presented the interaction between amlodipine and simvas-
tatin, 10% between amiodarone and simvastatin and 9%
between nifedipine and simvastatin. All these interactions
could significantly increase the blood levels of simvastatin
and the risk of side effects such as liver damage and
rhabdomyolysis [37]. The interaction between levodopa
and quetiapine, found in 6% of participants, could reduce
the effectiveness of levodopa and increase the risk of side
effects like drowsiness, low blood pressure, dizziness, and
lightheadedness [38]. Finally the combination of digoxin
and omeprazole, found in 6% of participants, may increase
the effects of digoxin, which could cause arrhythmias and
digitalis toxicity [39]. The health professional that work
with older adults should be aware of these interactions and
monitor these patients.

Finally, our study underscores the fact that one in every
three community dwelling older adults exhibited all three
iatrogenic criteria concomitantly, highlighting the major
public health impact of this problem. The fact that the
elderly population is a major user of health services and
that monthly expenditure on medications can represent up
to a quarter of the income of this group [40], points to the
need for greater education of health professionals involved
in elderly patient care, and for policies facilitating access of
this population to medications and promoting rational drug
use, thereby averting iatrogenic events and consequently
greater costs to the health system. Particularly in the
Brazilian case, some factors could help to justify these
findings, such as the fact that some PIMs are available
over-the-counter  (Acetylsalicylic acid, Antitussives;
expectorants; mucolytics; antihistamine-decongestant) and
that at least one out of four medications available free of
charge to the population are included in the Beers criteria
as PIM [41].

These results can serve to inform new preventive and
educational strategies to ensure that health professionals
are trained to deal with the “iatrogenic triad” as a whole
rather than each factor separately. Thus, by considering the
multiplicity of factors that, not just alone but in conjunc-
tion, cause adverse event in elderly patients, iatrogenic
events can be more effectively prevented. In the region in
which the present study was conducted (Juiz de Fora,
Brazil), there are few interventions to minimize the “ia-
trogenic triad”. There is no routine assessment of inap-
propriate prescribing or polypharmacy in these family
medical clinics. Some settings have clinical pharmacists
who are responsible for delivering medications free of
charge for the community. However, interventions such as
annual medication reviews are very scarce. We believe our
study could alert healthcare professionals and managers to
promote continuing medical education and the use of
inappropriate prescription criteria (such as STOPP or
Beers), drug—drug interaction softwares or polypharmacy
computerized support systems in order to identify wrong
patterns and reduce inappropriate prescribing [42].

The present study has the following limitations. First,
not all the clinical data on the patients was available,
information often required to classify a drug as potentially
inappropriate by the STOPP criteria (e.g. serum creatinine,
estimated glomerular filtration rate, preserved systolic
ventricular function), where this may have led to under-
estimation of the results of this analysis, since these drugs
were not considered PIM. Second, the study was conducted
in a Brazilian city, where this may limit the generalization
of its results. Third, most participants were women
(64.5%). The possible reason for this is the feminization of
aging and the fact that women usually are responsible for
housework, staying at home more frequently. Third, the
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2012 Beers criteria were employed for this study [24]
although updated criteria have recently been published
[43]. Future studies should adopt these latest criteria.
Finally, we have not followed those patients identified with
“severe drug—drug interactions” in order to see if they
actually experienced a clinical problem/symptom as a
result of this interaction.

Nonetheless, the present study has several strengths. The
study involved a representative sample of the community,
reducing selection bias and assessed three iatrogenic-re-
lated aspects which although common, have rarely been
assessed together.

Conclusion

One in every three community-dwelling older adults had
the “iatrogenic triad” concomitantly (potentially inappro-
priate medication use, polypharmacy and drug—drug
interactions). Further studies investigating these three fac-
tors should be conducted to gather evidence that can guide
the decision-making of doctors prescribing to this age

group.

Funding None.

Conflicts of interest None.

References

1. World Health Organization. Mental health and older adults.
http://www.who.int/mediacentre/factsheets/fs381/en/. Accessed
12 Jan 2015.

2. da Silva AF, de Oliveira Abreu CR, Barbosa EMS, Raposo NRB,
Chicourel EL. Problemas relacionados aos medicamentos em
idosos fragilizados da Zona da Mata Mineira. Brasil. Rev bras
geriatr gerontol. 2013;16(4):691-704.

3. Rozenfeld S. Prevaléncia, fatores associados € mau uso de
medicamentos entre os idosos: uma revisao Prevalence, associ-
ated factors, and misuse of medication in the elderly: a review.
Cad Saude Publica. 2003;19(3):717-24.

4. Shi S, Morike K, Klotz U. The clinical implications of ageing for
rational drug therapy. Eur J Clin Pharmacol. 2008;64(2):183-99.
doi:10.1007/s00228-007-0422-1.

5. Patel RB. Polypharmacy and the elderly. J Infus Nurs Off Publ
Infus Nurs Soc. 2003;26(3):166-9.

6. Fick DM, Cooper JW, Wade WE, Waller JL, Maclean JR, Beers
MH. Updating the Beers criteria for potentially inappropriate
medication use in older adults: results of a US consensus panel of
experts. Arch Intern Med. 2003;163(22):2716-24.

7. Fick DM, Mion LC, Beers MH, Waller JL. Health outcomes
associated with potentially inappropriate medication use in older
adults. Res Nurs Health. 2008;31(1):42-51.

8. Mallet L, Spinewine A, Huang A. The challenge of managing
drug interactions in elderly people. Lancet. 2007;370(9582):
185-91. doi:10.1016/s0140-6736(07)61092-7.

@ Springer

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Fulton MM, Riley Allen E. Polypharmacy in the elderly: a lit-

erature review. J Am Acad Nurse Pract. 2005;17(4):123-32.
Secoli SR. Polypharmacy: interaction and adverse reactions in the
use of drugs by elderly people. Revista Bras Enferm. 2010;63(1):
136-40.

Opondo D, Eslami S, Visscher S, de Rooij SE, Verheij R, Korevaar
JC, et al. Inappropriateness of medication prescriptions to elderly
patients in the primary care setting: a systematic review. PLoS
ONE. 2012;7(8):e43617. doi:10.1371/journal.pone.0043617.
INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA.
Sistema IBGE de Recuperacdo Eletr6nica (SIDRA). Populacdo
residente por sexo, situag@o e grupos de idade - Amostra - Carac-
teristicas Gerais da Populag@o: Tabela 200. http://www.sidra.ibge.
gov.br/bda/tabela/listabl.asp?z=t&c=200. Accessed 13 Feb 2014.
Plano de Desenvolvimento Local - Regides administrativas —dados
comparativos. Juiz de Fora 2004 p 20.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATIS-
TICA. Sistema IBGE de Recuperagdo Eletronica (SIDRA).
Populacdo residente, por cor ou raga, segundo a situacdo do
domicilio, o sexo e a idade: Tabela 3175. http://www.sidra.ibge.
gov.br/bda/tabela/listabl.asp?z=t&c=3175. Accessed 13 Feb
2014.

. MINAS GERAIS. Secretaria de Estado de Sadde. Manual do

Prontuario de Saide da Familia. Belo Horizonte: SES/MG; 2008.
Cruz DT, Ribeiro LC, Vieira Mde T, Teixeira MT, Bastos RR,
Leite IC. Prevalence of falls and associated factors in elderly
individuals. Rev Saude Publica. 2012;46(1):138-46.
Fabricio-Wehbe SCC, Schiaveto FV, Vendrusculo TRP, Haas VJ,
Dantas RAS, Rodrigues RAP. Cross-cultural adaptation and
validity of the” Edmonton Frail Scale-EFS” in a Brazilian elderly
sample. Rev Lat Am Enferm. 2009;17(6):1043-9.

Kocalevent R-D, Finck C, Jimenez-Leal W, Sautier L, Hinz A.
Standardization of the Colombian version of the PHQ-4 in the
general population. BMC Psychiatry. 2014;14(1):205.

Lawton MP, Brody EM. Assessment of older people: self-main-
taining and instrumental activities of daily living. Gerontologist.
1969;9(3):179-86.

Hovstadius B, Petersson G. Factors leading to excessive
polypharmacy. Clin Geriatr Med. 2012;28(2):159-72. doi:10.
1016/j.cger.2012.01.001.

Moura CS, Acurcio FA, Belo NO. Drug—drug interactions asso-
ciated with length of stay and cost of hospitalization. J Pharm
Pharm Sci Publ Can Soc Pharm Sci. 2009;12(3):266-72.

Costa SC. Avaliacdo da prescricdo de medicamentos para idosos
internados em servigo de clinica médica do sistema tnico de
sadde em um hospital puablico universitario brasileiro. Belo
Horizonte. Belo Horizonte Universidade Federal de Minas Gerais
Dissertagdo apresentada ao Programa de Pds-Graduagdo em
Ciéncias da Saude: Infectologia e Medicina Tropical. 2009.
Gotardelo DR, Fonseca LS, Masson ER, Lopes LN, Toledo VN,
Faioli MA, et al. Prevaléncia e fatores associados a potenciais
interagdes medicamentosas entre idosos em um estudo de base
populacional. Revista Brasileira de Medicina de Familia e
Comunidade. 2014;9(31):111-8.

American Geriatrics Society updated Beers Criteria for poten-
tially inappropriate medication use in older adults, Fick D, Semla
T, Beizer J, Brandt N, Dombrowski R, DuBeau CE, Flanagan N,
Hanlon J, Hollmann P, Linnebur S, Nau D, Rehm B, Sandhu S,
Steinman M. J Am Geriatr Soc. 2012;60(4):616-31. doi:10.1111/
j-1532-5415.2012.03923 x.

O’Mahony D, O’Sullivan D, Byrne S, O’Connor MN, Ryan C,
Gallagher P. STOPP/START criteria for potentially inappropriate
prescribing in older people: version 2. Age Ageing. 2015;44(2):
213-8. doi:10.1093/ageing/aful45.

Gallagher P, Ryan C, Byrne S, Kennedy J, O’Mahony D. STOPP
(Screening Tool of Older Person’s Prescriptions) and START


http://www.who.int/mediacentre/factsheets/fs381/en/
http://dx.doi.org/10.1007/s00228-007-0422-1
http://dx.doi.org/10.1016/s0140-6736(07)61092-7
http://dx.doi.org/10.1371/journal.pone.0043617
http://www.sidra.ibge.gov.br/bda/tabela/listabl.asp?z=t&c=200
http://www.sidra.ibge.gov.br/bda/tabela/listabl.asp?z=t&c=200
http://www.sidra.ibge.gov.br/bda/tabela/listabl.asp?z=t&c=3175
http://www.sidra.ibge.gov.br/bda/tabela/listabl.asp?z=t&c=3175
http://dx.doi.org/10.1016/j.cger.2012.01.001
http://dx.doi.org/10.1016/j.cger.2012.01.001
http://dx.doi.org/10.1111/j.1532-5415.2012.03923.x
http://dx.doi.org/10.1111/j.1532-5415.2012.03923.x
http://dx.doi.org/10.1093/ageing/afu145

Int J Clin Pharm (2017) 39:818-825

825

27.

28.

29.

30.

31.

32.

33.

34.

35.

(Screening Tool to Alert doctors to Right Treatment). Consensus
validation. Int J Clin Pharmacol Ther. 2008;46(2):72-83.

Bao Y, Shao H, Bishop TF, Schackman BR, Bruce ML. Inap-
propriate medication in a national sample of US elderly patients
receiving home health care. J Gen Intern Med. 2012;27(3):
304-10. doi:10.1007/s11606-011-1905-4.

Lao CK, Chan KK, Tou CF, Tong HHY, Chan A. Potentially
inappropriate prescribing and drug—drug interactions among
elderly Chinese nursing home residents in Macao. Int J Clin
Pharm. 2013;35(5):805-12.

Hosia-Randell HM, Muurinen SM, Pitkdla KH. Exposure to
potentially inappropriate drugs and drug-drug interactions in
elderly nursing home residents in Helsinki, Finland. Drugs Aging.
2008;25(8):683-92.

Greene M, Steinman MA, McNicholl IR, Valcour V. Polyphar-
macy, drug—drug interactions, and potentially inappropriate
medications in older adults with human immunodeficiency virus
infection. J Am Geriatr Soc. 2014;62(3):447-53. doi:10.1111/jgs.
12695.

Mamun K, Lien CT, Goh-Tan CY, Ang WS. Polypharmacy and
inappropriate medication use in Singapore nursing homes. Ann
Acad Med Singapore. 2004;33(1):49-52.

Johnell K, Fastbom J, Rosen M, Leimanis A. Inappropriate drug
use in the elderly: a nationwide register-based study. Ann Phar-
macother. 2007;41(7):1243-8. doi:10.1345/aph.1K154.

Hanlon JT, Artz MB, Pieper CF, Lindblad CI, Sloane RJ, Ruby
CM, et al. Inappropriate medication use among frail elderly
inpatients. Ann Pharmacother. 2004;38(1):9-14.

Hubbard RE, O’Mahony MS, Woodhouse KW. Medication pre-
scribing in frail older people. Eur J Clin Pharmacol. 2013;69(3):
319-26.

Poudel A, Hubbard RE, Nissen L, Mitchell C. Frailty: a key
indicator to minimize inappropriate medication in older people.
QJM Mon J Assoc Phys. 2013;106(10):969-75. doi:10.1093/
gqjmed/hct146.

36.

37.

38.

39.

40.

41.

42.

43.

Thorpe JM, Thorpe CT, Kennelty KA, Gellad WF, Schulz R. The
impact of family caregivers on potentially inappropriate medi-
cation use in noninstitutionalized older adults with dementia. Am
J Geriatr Pharmacother. 2012;10(4):230—41. doi:10.1016/j.amjo
pharm.2012.05.001.

Nishio S, Watanabe H, Kosuge K, Uchida S, Hayashi H, Ohashi
K. Interaction between amlodipine and simvastatin in patients
with hypercholesterolemia and hypertension. Hypertens Res Off J
Jpn Soc Hypertens. 2005;28(3):223-7. doi:10.1291/hypres.28.
223.

Haueis P, Russmann S, Zorina OI, Grohmann R, Kullak-Ublick
GA, Jaquenoud Sirot E, et al. Coprescription of levodopa with
antipsychotics in a population of 84,596 psychiatric inpatients
from 1994 to 2008. Pharmacopsychiatry. 2012;45(4):127-32.
doi:10.1055/s-0031-1291348.

Kiley CA, Cragin DJ, Roth BJ. Omeprazole-associated digoxin
toxicity. South Med J. 2007;100(4):400-3.

Lima-Costa MF, Barreto SM, Giatti L. Condigdes de saude,
capacidade funcional, uso de servicos de saide e gastos com
medicamentos da populagdo idosa brasileira: um estudo des-
critivo baseado na Pesquisa Nacional por Amostra de Domicilios.
Cad Saudde Publica. 2003;19(3):735-43.

Lucchetti G, Lucchetti ALG, Pires SL, Gorzoni ML. “Farmadcia
Dose Certa” program and Beers-Fick criteria: general versus
specific analysis. Sao Paulo Med J. 2012;130(4):268.

Kaur S, Mitchell G, Vitetta L, Roberts MS. Interventions that can
reduce inappropriate prescribing in the elderly. Drugs Aging.
2009;26(12):1013-28.

American Geriatrics Society 2015 Updated Beers Criteria for
Potentially Inappropriate Medication Use in Older Adults, Fick
DM, Semla TP, Beizer J, Brandt N, Dombrowski R, DuBeau CE,
Eisenberg W, Epplin JJ, Flanagan N, Giovannetti E, Hanlon J,
Hollmann P, Laird R, Linnebur S, Sandhu S, Steinman M. J Am
Geriatr Soc 2015;63(11):2227-46. doi:10.1111/jgs.13702.

@ Springer


http://dx.doi.org/10.1007/s11606-011-1905-4
http://dx.doi.org/10.1111/jgs.12695
http://dx.doi.org/10.1111/jgs.12695
http://dx.doi.org/10.1345/aph.1K154
http://dx.doi.org/10.1093/qjmed/hct146
http://dx.doi.org/10.1093/qjmed/hct146
http://dx.doi.org/10.1016/j.amjopharm.2012.05.001
http://dx.doi.org/10.1016/j.amjopharm.2012.05.001
http://dx.doi.org/10.1291/hypres.28.223
http://dx.doi.org/10.1291/hypres.28.223
http://dx.doi.org/10.1055/s-0031-1291348
http://dx.doi.org/10.1111/jgs.13702

	The ‘‘iatrogenic triad’’: polypharmacy, drug--drug interactions, and potentially inappropriate medications in older adults
	Abstract
	Impacts on practice
	Introduction
	Aim of the study
	Ethics approval
	Method
	Participants
	Procedures and instruments
	Primary outcomes
	Polypharmacy
	Drug--drug interaction
	Potentially inappropriate medications

	Statistical analysis

	Results
	Discussion
	Conclusion
	References




