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Background: Risks associated with polypharmacy and drug—drug interactions represent
a challenge in drug treatment, especially in older adults. The aim of the present study was to
assess the use of prescription and non-prescription drugs and the frequency of potential
drug—drug interactions in home-dwelling older individuals.

Methods: A cross-sectional study design was applied. Data were collected during preven-
tive home visits among individuals aged >75 in three separate communities of Western
Norway. A questionnaire, which was filled out by the individual, their next-of-kin, and the
nurse performing the home visit was used for the collection of demographic and clinical data
(age, sex, medication use, diagnoses, need of assistance with drug administration). Potential
drug—drug interactions were identified electronically by IBM Micromedex Drug Interaction
Checking. Point prevalence of potential drug—drug interactions and polypharmacy (>5 drugs)
were calculated. Binary logistic regression analyses were performed to assess factors poten-
tially associated with polypharmacy or potential drug—drug interactions.

Results: Among the 233 individuals (mean age 78+3 years, 46% male) included in the study,
43% used >5 drugs, 3.4% >10 drugs, while 4.3% used no drugs. In 54% of the 197 individuals
using two or more drugs, at least one potential drug—drug interaction was detected. Low-dose
aspirin and simvastatin were most frequently involved in potential drug—drug interactions. In
total, 25% of the individuals reported current use of drugs sold over the counter of which more
than 95% were analgesic drugs. Potential drug—drug interactions involving ibuprofen were
identified in nine of 11 (82%) individuals using over-the-counter ibuprofen.

Conclusion: The study revealed a high prevalence of polypharmacy and potential drug—drug
interactions with both prescription and non-prescription drugs in older home-dwelling indivi-
duals. Close monitoring of the patients at risk of drug—drug interactions, and increased awareness
of the potential of over-the-counter drugs to cause drug—drug interactions, is needed.
Keywords: drug—drug interactions, polypharmacy, home-dwelling, old people

Introduction

Polypharmacy in older people is frequent, and recent data from the Norwegian
Prescription Database has shown that 23% of the prescription drug users 65 years
and older were prescribed 10 or more drugs in 2017." Polypharmacy in older people is
a double-edged sword. Many drugs are crucial in the treatment of diseases, and relief of
symptoms, in multimorbid older individuals. Concomitantly, polypharmacy is asso-
ciated with increased risk of drug—drug interactions and adverse events leading to
functional decline, hospital admission, and even death.”* Adverse events related to
drug use are estimated to cause around 10% of hospital admissions in older people.”
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Drug—drug interactions (DDIs) occur when the effect
affected by a
administered second drug. The result of drug—drug inter-

of a drug is concomitantly
actions can be either decreased effect of the affected drug
or enhanced effect, and consequently increased risk of
side-effects. The frequency of DDIs increases with
increasing number of drugs.’ The reported frequencies of
DDIs in observational studies vary between 15% and 70%
depending on the characteristics of the study participants
(age, morbidity), the setting, and assessment of potential
DDIs.> '

Through the last decades, increasing attention has been
drawn towards improving drug prescription in older indi-
viduals. This has resulted in increased use of clinical
decision support systems for prescribers, and increased
use of structured medication reviews. In Norway, all inha-
bitants are assigned a regular general practitioner. The
regular general practitioner is responsible for the coordi-
nation of the patients’ drug treatment and performing
a medication review when needed in patients with

' Both clinical decision support systems

polypharmacy.'
and systematic medication reviews have been shown to
reduce negative health outcomes from multiple drug use
by reducing potentially serious DDIs and adverse drug
reactions.'*'?

Despite the use of decision support systems and medica-
tion reviews, there is a risk of DDIs, especially for patients
where multiple prescribers are involved in drug
prescription.'* This is likely to be the case for home-
dwellers, as they may visit other medical doctors such as
different specialists, practitioners at the out-of-hours emer-
gency primary health care or hospitals, in addition to their
regular general practitioner. A Norwegian multicenter study
from 2015 showed discrepancies in up to 80% of medica-
tion lists upon hospital admission, illustrating the challenge
of information transfer.'> Since 2012 there have been
ongoing national efforts to develop a common system for
electronic patient records across levels of the health care
sector in Norway, but full implementation is still years
away.'® Therefore, the transfer of patient information
between levels will remain a challenge for several years to
come. Also, self-medication with over-the-counter (OTC)
drugs is frequent in older people with a prevalence of
around 40% in western countries.'”'® Previous studies
have shown that common OTC drugs like aspirin and
other non-steroid anti-inflammatory drugs (NSAIDs) are
frequently involved in DDIs, and are also the drugs most
commonly involved in DDIs

leading to hospital

admission.*>'° The use of OTC drugs, therefore, adds to
the total risk of potential DDIs. This is a challenge in
general practice, as self-medication with OTC drugs are
often not recorded in electronic patient records.”® Also,
most studies on the consequences of drug—drug interactions
for hospitalization or visits to the emergency department are
based on medical records, and OTC drugs are therefore
often ignored when evaluating drug—drug interactions."’
On this basis, we aimed to assess the use of prescription
and non-prescription drugs and the frequency of potential
drug—drug interactions in a cross-sectional study with home
interviews of older home-dwelling individuals.

Methods
Study Design and Data Collection

A cross-sectional study design with preventive home-visits
in home-dwelling older individuals was applied.?! Older
of three different
neighboring municipalities, one urban and two rural muni-

home-dwelling inhabitants non-
cipalities of different sizes, situated in Western Norway,
were invited to receive a preventive home visit. The three
municipalities were selected as they were starting up
a preventive home visit program (ie, convenience sam-
pling). The visits aimed to identify persons at risk of
developing illness by addressing four focal areas; malnu-
trition, falls, cognitive impairment, and polypharmacy. The
home visit program has previously been described in
detail.?! Briefly, older home-dwellers able to communicate
in Norwegian were eligible for inclusion. In the smaller
community, all individuals 75 years of age and above were
included in the preventive home visit program, while in
the two larger communities only home-dwellers 77 years
of age were invited to receive a preventive home visit. The
individuals were identified by the Norwegian National
Registry, contacted by telephone, and asked to participate
in the study. Approximately 60% of the invited individuals
agreed to participate.”! The preventive home visits were
performed by specially trained nurses. The nurses col-
lected data using a questionnaire, which consisted of
a substantial number of questions and validated tests on
cognitive function, balance/falls, nutrition, and polyphar-
macy, in addition to questions on demographics, lifestyle,
and medical diagnoses.?' For the focal area polypharmacy,
the individual’s age, sex, place of living (urban/rural),
prescription and non-prescription drugs, medical diag-
noses, and need for help with administration of medication
were registered. Data on the use of prescription and non-
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prescription medication was collected during the home
visit by a combination of sources; interview with partici-
pant and next-of-kin, visual inspection of medication after
asking the participants to show the medication they were
using, and written information in form of a medication list
issued by the individuals’ general practitioner (available
for 23% of the participants) or home care nursing ser-
vice (11%).

Data Analysis
Two of the authors screened for drug—drug interactions.
IBM Micromedex®™ Drug Interaction Checking (electronic
version) was selected as knowledge base to identify poten-
tial drug—drug interactions, based on previous reports on
accuracy and comprehensiveness.zz*24 In the presentation
of the results, the term potential drug—drug interaction
(pDDI) is used, as many drug—drug interactions are avoid-
able and manageable with dose adjustments and/or close
clinical follow-up and we do not have data on the conse-
quence of the pDDI in the individual patient. PDDIs were
classified in accordance with the classification system of
Micromedex as either; contraindicated, major (interaction
may be life-threatening or require medical intervention to
minimize or prevent adverse effects), or moderate (the
interaction may result in exacerbation of the patient’s con-
dition and/or require an alteration on therapy). The primary
and secondary endpoints were point-prevalences of pDDIs
and polypharmacy, respectively. Polypharmacy was defined
as the use of five or more drugs.”> All participants were
included in the analysis of point prevalence of polyphar-
macy, while only individuals using 2 or more drugs were
included in the calculations of point-prevalence of pDDIs.
The study sample was described in terms of demo-
graphics (age, sex, place of living (urban/rural), diagnoses,
need for help with medicine administration), polypharmacy
and drug—drug interactions using mean and standard devia-
tion for continuous variables and frequencies and percen-
tages for categorical variables. Binary logistic regression
analyses were used to assess factors potentially associated
with polypharmacy, and drug—drug interactions. Age, sex,
place of living (urban/rural), “need help with medicines”
(yes/no) and clinical diagnose were investigated as potential
covariates in the analysis of polypharmacy. In the analysis
of pDDIs, the total number of medications was also
included as a potential covariate. The category “need help
with medicines” included individuals that received help
with administration of medicines from their next-of-kins
or home care nurses. Diagnose categories were collapsed

to reduce the number of independent variables and increase
the frequency of positive outcomes in each category.
Diagnose categories with less than 10% positive outcomes
(ie, less than persons with the disease) were not included in
the regression models. The included diagnose categories
were as follows: diabetes, cardiovascular disease (hyperten-
sion, hyperlipidemia, heart failure, coronary heart disease),
lung disease (chronic obstructive pulmonary disease and
asthma), cancer, musculoskeletal disorders (osteoporosis,
arthritis). Preliminary analyses were performed to ensure
that the variables were not subjected to multicollinearity.
The ratio of cases to variables in the logistic regression
analysis was above 20. As there were no variables with
a positive response rate of less than 10%, the sample size
was considered sufficient for this analysis. A p-value <0.05
was considered a statistically significant difference. SPSS
version 27 (IBM Corporation, Armonk, NY, USA) was used
for statistical analyses.

Results

In total, data from 233 home-dwellers were included, 109
from the urban community and 124 from the rural com-
munities. The mean age of the participants was 7843 years
and 46% were male. Hypertension and hyperlipidemia
were the two most common diagnoses, affecting 52%
and 43% of the individuals, respectively (Table 1).

Polypharmacy

The median number of drugs was 4 (range 0-15) and poly-
pharmacy was registered for 102 individuals (43%). Eight
individuals (3.4%) used 10 or more drugs while 10 (4.3%)
individuals did not use any drugs (Table 2). Diabetes diag-
nose (P=0.021), cardiovascular disease (P<0.001), and “need
help with medicines” (P=0.022) were positively associated
with polypharmacy (Table 3). Age, sex, place of living, and
the diagnoses of cancer, lung disease, and musculoskeletal
disease were not significantly associated with polypharmacy.

Potential Drug—Drug Interactions

In total, 197 individuals used two or more drugs. Among
these individuals, 302 pDDIs were identified, affecting
107 (54%) of the individuals. A total number of 132
pDDIs were classified as major pDDIs and these affected
80 (41%) of the individuals (Table 2). Two of the patients,
using 10 and 14 different drugs, respectively, were each
exposed to six major pDDIs. The total number of drugs
was associated with both being exposed to a least one
pDDI and at least one major pDDI (P<0.001, Table 3).

Journal of Multidisciplinary Healthcare 2021:14
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Table | Socio-Demographic Characteristics of Study
Participants (n=233)
Characteristics MeaniSD
Age 78+3
N (%)
Gender
Male 107 (46)
Female 126 (54)
Place of living
Urban 109 (47)
Rural 124 (53)
Diagnosis
Hypertension 120 (52)
Hyperlipidemia 101 (43)
Eye disease 50 (21)
Arthritis 41 (18)
Cancer 34 (15)
Diabetes 29 (12)
Help with administration of medicines 33 (14)
Help from home care service 9 (4)
Help from next-of-kin 9 4)
Unspecified 15 (6)

Abbreviation: SD, standard deviation.

Also, cardiovascular disease was positively associated
with being exposed to a pDDI (P=0.023). Age, sex, place
of living, need of help with medicines, and the diagnoses
of diabetes, lung disease, musculoskeletal disease, and

cancer were not significantly associated with pDDIs.

One individual used a contraindicated combination (iso-
sorbide mononitrate and sildenafil). Among the 132 identi-
fied major pDDIs, the drugs most frequently involved were
low-dose aspirin (47 times) and simvastatin (32 times)
(Table 4). Simvastatin in combination with a calcium chan-
nel blocker, amlodipine (17 individuals), verapamil (3 indi-
viduals), and diltiazem (1 individual) was the most common
pDDI. For aspirin, the most common pDDI was combination
with a diuretic (hydrochlorothiazide or loop-diuretic, n=16).
Also, aspirin in combination with other drugs affecting
platelet function or coagulation, NSAID (6 individuals),
warfarin (1 individual), and clopidogrel (1 individual) was
frequently observed. Buprenorphine was the drug most fre-
quently involved in pDDIs considering the number of users,
with eight pDDIs in only four individuals (Table 4).

Over-the-Counter Medications

In total, 61 (26%) of the individuals reported current use
of OTC medication. In 95% of the observations, the OTC
drug was a pain reliever, mainly paracetamol which was
used by 55 (90%) of the OTC users. Nine of the 11
individuals (82%) using ibuprofen were exposed to at
least one potential drug—drug interaction involving ibupro-
fen. In seven of the nine individuals (56%) with a pDDI
involving ibuprofen, the interaction was classified as
major. The major pDDIs involving ibuprofen were inter-
actions with aspirin or amitriptyline causing an increased
risk of bleeding (n=3) and interactions with thiazide diure-
tics resulting in loss of diuretic effect (n=2).

Table 2 Polypharmacy and Potential Drug—Drug Interactions in 233 Older Home-Dwellers

Median (Range)
Number of drugs per patient 4 (0-15)
N (%)

Polypharmacy

Individuals using 25 drugs 102 (43)

Individuals using 210 drugs 8 (3.4)
Potential drug-drug interactions

Individuals with potential drug—drug interactions (major and/or moderate) 107 (54%)

Individuals with 21 major potential drug—drug interactions 80 (41%)

Individuals with 22 major potential drug-drug interaction 28 (16°)
Potential drug-drug interactions involving over-the-counter drugs

Individuals with 21 potential drug—drug interactions (major and/or moderate) 9 (159

Individuals with 22 potential drug—drug interactions (major and/or moderate) 3 (59

Individuals with major potential drug—drug interactions 7 (11

Notes: *Percentage of number of individuals using 22 drugs (n=197). ®Percentage of number of individuals using 23 drugs (n=173). “Percentage of number of users of over-
the-counter medicines with a total number of drugs 22 (n=61). “Percentage of number of users of over-the-counter medicines with a total number of drugs 23 (n=61).
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Table 3 Sociodemographic and Clinical Variables Associated with Polypharmacy and Potential Drug—-Drug Interactions

Polypharmacy Potential Drug-Drug Interaction Major Potential Drug-Drug
Interaction
Variables Exp 95% CI° for Exp P-value Exp 95% CI" for Exp P-value Exp 95% CI® for Exp P-value
(®)°* (B) (8)°* (B) (®)°* (B)

Age 1.092 0.961-1.240 0.177 1.070 0.906—-1.265 0.424 0.983 0.854-1.131 0.808
Sex 1.054 0.518-2.144 0.885 0.820 0.342-1.966 0.657 1.169 0.514-2.657 0.710
Place of living 1.683 0.796-3.559 0.173 0.693 0.276-1.739 0.435 0.625 0.263-1.483 0.286
Drugs (n) - - - 2.138 1.657-2.760 <0.001 1.687 1.354-2.102 <0.001
Help with medicines 0.330 0.128-0.851 0.022 1.006 0.301-3.363 0.993 0.827 0.293-2.329 0.719
Diabetes 3.547 1.213-10.372 0.021 2.564 0.592-11.111 0.208 1.250 0.435-3.597 0.679
Cardiovascular disease 5.057 2.122-12.051 <0.001 3.527 1.195-10.414 0.023 2.256 0.772-6.593 0.137
Lung disease 2.116 0.729-6.142 0.168 0.274 0.071-1.055 0.060 0.681 0.215-2.160 0.515
Musculoskeletal 0.887 0.405-1.897 0.738 0.982 0.292-3.309 0.962 0.872 0.357-2.133 0.765
disease

Cancer 2012 0.780-5.188 0.148 0.989 0.296-3.309 0.977 0.706 0.245-2.037 0.520

Notes: Significant P-values are shown in bold print (P<0.05). *Exp (B), odds ratio. °Cl, confidence interval.

Table 4 Drug Most Frequently Involved in the 132 Major Potential Drug—Drug Interactions (pDDIs) in Older Home-Dwelling Older

People Using 22 Drugs (n=197)

Drug® Number of Involvements in Number of Affected Total Number of Number of pDDIs per
pDDls Individuals Users User
Aspirin 47 32 58 0.8
Simvastatin 32 31 73 0.4
Amlodipine 19 19 34 0.6
Hydrochlorothiazide 13 12 26 0.5
Warfarin I 10 15 0.7
Ibuprofen 8 5 9 0.9
Buprenorphine 8 2 2.0
Diclofenac 7 5 1.2
Metformin 7 6 12 0.6
Codeine 6 4 0.9

Note: *Drugs involved in <5 pDDlIs are not listed.

Discussion

The results of this study demonstrate that almost half of the
older home-dwelling individuals use five or more drugs.
Few other studies have described the prevalence of poly-
pharmacy in a sample of home-dwellers not restricted to
diagnosis or morbidity. However, the results are comparable
to three recently published studies.®’*® Santos et al® and
Novaes et al’ found prevalences of polypharmacy from 26%
to 45% in home-dwelling older individuals in Brazil, while
Wauters et al*® observed a prevalence of approximately 60%
in slightly older individuals (mean age 84) in Belgium.
There are several challenges associated with polypharmacy,
the main one being drug—drug interactions and risk of
adverse events.”” In agreement with previous findings,
a strong association between the number of drugs and

drug—drug interaction was also observed in the present
study.” Recently, polypharmacy has also been shown to be
associated with under-prescribing, and it is speculated that
this might be a result of fear of causing harm to the patient
through drug—drug interactions and adverse events.?’
Overall, in the present study pDDIs were detected in
54% of home-dwelling older individuals using two or
more drugs. This was higher than previous findings in
similar age groups and settings.®’ Cardiovascular disease
was the most common diagnosis in this population and
having a cardiovascular diagnose was positively associated
with both polypharmacy and pDDIs. This was in agree-
ment with the finding that drugs used to treat cardiovas-
cular disease were most frequently involved in major
pDDIs, with simvastatin and aspirin being the two most
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frequent. For simvastatin, the most commonly observed
combination was with the calcium channel blocker amlo-
dipine. Concomitant use of these two drugs may lead to
increased systemic exposure of simvastatin due to inhibi-
tion of CYP3A4 by amlodipine and consequently
increased risk of myopathy and rhabdomyolysis.*® The
risk of rhabdomyolysis is dose-related, and doses of
20 mg or lower of simvastatin are recommended when
used concomitantly with amlodipine.*** The risk of rhab-
domyolysis is elevated in older individuals, and there have
been several case reports on serious rhabdomyolysis in
older individuals where simvastatin has been used in com-
bination with a CYP3A4 inhibitor.*'>* In the present
study, more than 95% of statin users were using simvas-
tatin. The high use of simvastatin compared with other
statins relates to a decision made by the Norwegian
Medicines Agency in 2005 that simvastatin should be the
preferred statin to reduce costs for the society.** After
2014, the prescription of statins has not been subjected to
restrictions, but many patients have nevertheless continued
using simvastatin. The large number of major pDDIs
involving simvastatin observed in this study is therefore
probably not only a result of the drug—drug interaction
potential of simvastatin compared with other statins but
also the large use of this drug in the population.

For aspirin, a common major pDDI was combination
with drugs causing an additive risk of bleeding. In the
present study, both prescribed and OTC NSAIDs are regis-
tered, but even so, the reported frequency of the combina-
tion of aspirin and an NSAID is lower than previously
reported data from the Swedish prescription registry in
people >75 years.” However, in total, 58% of the 81
individuals in the present study using antithrombotic treat-
ment (warfarin, aspirin, clopidogrel, or dabigatran) were
exposed to a major pDDI. This is similar to the recent
finding by Schneider et al, where potentially severe or
contraindicated interactions were detected in 58% of out-
patients >60 years on antithrombotic therapy.’> The high
frequencies of major pDDIs in patients on antithrombotic
therapy calls for a continuous close monitoring of these
patients.

A striking observation in this study was the high pre-
valence of major pDDIs in patients using buprenorphine.
In two of the four individuals using buprenorphine, eight
major pDDIs involving buprenorphine were detected.
However, these were multimorbid patients using 14 and
8 prescription drugs, respectively. Although the risk of
DDiIs is known to increase with an increasing number of

drugs, the high number of major pDDIs per user involving
buprenorphine warrants a close follow-up of patients using
this drug.’

A common feature of many of the pDDIs observed in
this study is that a potentially harmful clinical outcome
may theoretically be limited by dose adjustments of the
affected drug and/or increased monitoring of the patients.
No information on the prescribers was collected in this
study, and consequently, information on precautions like
dose adjustments or close follow-up of the patients was
not available. However, the relatively high prevalence of
major pDDIs might indicate that medication reviews
should be performed more frequently. Currently, in
Norway, a legal regulation calls for yearly medication
reviews in patients where the regular general practitioner
finds it necessary, but data on how often this is performed
in practice is not available. Also, it is known from pre-
vious research that medication records are incomplete or
contain errors in more than half of the cases in both
primary and secondary health care, which complicates
the work with identifying pDDIs.*®*’

Nine of the 11 individuals using OTC ibuprofen, used
it in combination with a prescription drug resulting in
a pDDIs causing increased risk of bleeding (aspirin,
tricyclic antidepressants) or affecting renal function
(diuretics). Although the risk of GI bleeding has not
been studied specifically for OTC NSAIDs, there is
a large body of evidence showing that GI bleedings
associated with NSAID use increases with increasing
age and use of multiple NSAIDs, including low dose
aspirin.®® The fact that 82% of the older individuals
that used ibuprofen also used an interacting prescription
drug, could be due to unawareness of the potentially
harmful effects of OTC analgesics. Previous studies
have shown that there is a general misperception among
older adults that OTC drugs are too weak to cause any
harm®® and that the awareness of pDDIs is higher in
younger compared with older individuals.** Safe use of
OTC drugs is complicated by the fact that, typically, the
regular general practitioner is not informed about the
patients’ use of OTC drugs as these are generally not
registered in the electronic patient records, and therefore
the risk of prescribing an interacting drug increases.?
Improved labeling of OTC analgesics, as suggested by
Roumie and co-workers, could potentially reduce the use
of OTC NSAIDs in patients at risk, or may lead to
patients informing the regular general practitioner about
their OTC drug use.>® Also, for patients receiving home
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care services or preventive home visits, information
about the patients’ use of OTC drugs could be commu-
nicated to the regular general practitioner by the nurse
performing the visit.*'

A limitation to the present study is the relatively lim-
ited variance in age among the included participants,
which might explain the lack of association between age
and polypharmacy observed in this study. The study is
strengthened by the fact that information on drug use is
based on more than one source of information. In addition
to medication lists from the general practitioner or home
care service where this was available, information on drug
use was also collected through interviews with the
patients themselves and their next-of-kin and visual
inspection of actual medication in use. This increases the
possibility of getting more complete information as it is
known from previous research that medication lists fre-
quently contain errors.>® Unfortunately, the general prac-
titioners were not contacted and data on possible
precautions (dose adjustments, closer follow-up) and clin-
ical outcome of the pDDI are therefore lacking.
Information on clinical outcome would have strengthened
the study further. The response rate was around 60% and
the main reason given for declining participation was no
need for a preventive home visit. Unfortunately, charac-
teristics of the individuals who declined participation
were not collected and, thus, a possible selection bias
cannot be ruled out.?' It is possible that the presented
data represent individuals with a higher disease burden
and drug use than the general population in this region.
However, health status in terms of self-rated health in the
participants was comparable to other large-scale European

epidemiological studies,

42-44

indicating a representative

sample.

Conclusion

This study revealed a high prevalence of polypharmacy
and pDDIs with both prescription and non-prescription
drugs in older home-dwelling individuals. Close monitor-
ing of the patients at risk of pDDIs, increased awareness of
the potential of OTC drugs to cause DDIs, and good
communication between the general practitioner and
patient is needed, to reduce the risk related to pDDI.
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