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ABSTRACT
Objectives To determine the prevalence and incidence of 
polypharmacy/hyperpolypharmacy and which medications 
are most prescribed to patients with varying burden of 
polypharmacy.
Design Retrospective, population- based cohort study.
Setting Iceland.
Participants Including patients (≥18 years) admitted to 
internal medicine services at Landspitali – The National 
University Hospital of Iceland, between 1 January 2010 
with a follow- up of clinical outcomes through 17 March 
2022.
Main outcomes measures Participants were categorised 
into medication use categories of non- polypharmacy 
(<5), polypharmacy (5–10) and hyperpolypharmacy (>10) 
based on the number of medications filled in the year 
predischarge and postdischarge. The primary outcome 
was prevalence and incidence of new polypharmacy. 
Secondary outcomes were mortality, length of hospital stay 
and re- admission.
Results Among 85 942 admissions (51% male), the 
median (IQR) age was 73 (60–83) years. The prevalence of 
preadmission non- polypharmacy was 15.1% (95% CI 14.9 
to 15.3), polypharmacy was 22.9% (95% CI 22.6 to 23.2) 
and hyperpolypharmacy was 62.5% (95% CI 62.2 to 62.9). 
The incidence of new postdischarge polypharmacy was 
33.4% (95% CI 32.9 to 33.9), and for hyperpolypharmacy 
was 28.9% (95% CI 28.3 to 29.5) for patients with 
preadmission polypharmacy. Patients with a higher level 
of medication use were more likely to use multidose drug 
dispensing and have a diagnosis of adverse drug reaction. 
Other comorbidities, including responsible subspeciality 
and estimates of comorbidity and frailty burden, were 
identical between groups of varying polypharmacy. There 
was no difference in length of stay, re- admission rate and 
mortality.
Conclusions Preadmission polypharmacy/
hyperpolypharmacy and postdischarge new polypharmacy/ 
hyperpolypharmacy is common amongst patients 
admitted to internal medicine. A higher level of 
medication use category was not found to be associated 
with demographic, comorbidity and clinical outcomes. 
Medications that are frequently inappropriately prescribed 

were among the most prescribed medications in the 
group. An increased focus on optimising medication usage 
is needed after hospital admission.
Trial registration number NCT05756400.

INTRODUCTION
Polypharmacy refers to the simultaneous 
use of multiple medicines.1 The most widely 
accepted definition for polypharmacy refers 
to the use of 5 or more medications, but 
more recently, hyperpolypharmacy has been 
defined as the use of 10 or more medica-
tions.2 Polypharmacy has predominantly 
been studied in older populations,3–5 and 
only a minority of studies describe the epide-
miology in populations including younger 
adults.1 6 The prevalence varies among studies 
depending on study settings, applied defini-
tions and study period. A recent meta- analysis 
reported pooled prevalence of polypharmacy 
was 37% (95% CI 31% to 43%).7 The Global 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Connection between the nationwide prescription 
database, which included 95% of prescriptions in 
Iceland, with clinical data from hospital and primary 
care settings.

 ⇒ Comprehensive examination of all tertiary care and 
most of secondary care of internal medicine patients 
in Iceland, as Landspitali is the main referral hospital 
for the country.

 ⇒ Extended study period allowing many patients in the 
study cohort.

 ⇒ Limitations include the absence of information on 
the patient’s medication adherence, which may lead 
to an overestimation of the prevalence of polyphar-
macy and hyperpolypharmacy.

 ⇒ The study does not include over- the- counter med-
ications, which may lead to an underestimation of 
polypharmacy and hyperpolypharmacy.
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Patient Safety Challenge, released by WHO in 2017, high-
lights high- risk situations, polypharmacy and transitions 
of care as three key areas to focus on to prevent avoidable 
medication- related harm.8

Improved survival of the population will likely result in 
increased burden of multimorbidity and, consequently, 
polypharmacy in the upcoming years.9–11 Increasing multi-
morbidity and associated polypharmacy is associated with 
several adverse health consequences, including increased 
likelihood of potentially inappropriate prescribing,12 
hospitalisation,13–15 re- admission16 and death.15 17 18 
Prescription of multiple medications simultaneously may 
be appropriate and clinically needed in certain instances. 
Nevertheless, inappropriate prescribing of multiple 
medications simultaneously contributes to adverse health 
outcomes if medications are used when no longer clini-
cally indicated.19 Polypharmacy is associated with higher 
age (45% ≥65 years vs 25% <65 years), and management 
in certain healthcare settings have been identified as 
patient- related risk factors for developing polypharmacy 
(community 20% vs outpatients 37% vs inpatients 52%).7

Studies have shown that a medication review, 
where healthcare professionals identify inappropriate 
prescribing during hospitalisation, is associated with 
reduced risk of re- admission.20 21 Deprescribing is ‘the 
withdrawal process of an inappropriate medication, 
supervised by a health care professional with the goal of 
managing polypharmacy and improving outcomes, and 
should be a part of a medication review’.22–24 Clinical 
trials on safety aspects of new medicine usually exclude 
older patients with multiple comorbidities, which may 
lead to limited knowledge of the potential risk of taking 
numerous medications.25 Additionally, there has been 
a significant increase in clinical guidelines addressing 
specific conditions that risk shifting the focus on indi-
vidual conditions rather than how multiple coexisting 
conditions and their treatments interact.7 26 27 System- 
related risk factors for polypharmacy include poorly 
updated medical records and automated medication 
re- prescribing.28

Polypharmacy in patients admitted to internal medi-
cine is likely prevalent as this population carries a signif-
icant burden of comorbidities and frailty. Furthermore, 
an acute admission to the internal medicine ward may 
increase the burden of polypharmacy.

The study aimed to determine the prevalence of pread-
mission polypharmacy and incidence of postdischarge 
polypharmacy/hyperpolypharmacy and their association 
with patient factors, admitting subspeciality, and clinical 
outcomes.

We hypothesised that predischarge and postdischarge 
polypharmacy is common, especially among: (1) Older 
patients and (2) Patients with a high comorbidity and 
frailty burden. We further hypothesised that preadmission 
polypharmacy and hyperpolypharmacy were associated 
with: (1) Increased short- term and long- term mortality; 
(2) A more extended primary hospitalisation; and (3) A 
higher risk of re- admission.

METHODS
Study population
The study was a retrospective, population- based cohort 
study that included all patients ≥18 years hospitalised in 
internal medicine wards at Landspitali – The National 
University Hospital of Iceland during the study period 
between 1 January 2010, with a follow- up of clinical 
outcomes through 17 March 2022. The hospital serves as 
the primary hospital for approximately 75% of the nation 
and the tertiary hospital for the whole country. While 
the hospital has subspeciality- specific wards (eg, haema-
tology, oncology, cardiology, pulmonology), patients with 
generic admission diagnoses not requiring subspecialty 
care are often admitted to general internal medicine or 
any subspeciality wards with bed availability.

All data sources used for research were de- identified 
before statistical analysis, and all work was compliant with 
the General Data Protection Regulation of the European 
Union. The study protocol was published on  clinical-
trials. gov before analysis (NCT05756400), and the study 
reporting adheres to the STROBE guideline reporting of 
observational studies in epidemiology.29

Patient and public involvement
None

Clinical data
The processing of variables for this study from various 
electronic data sources resulted in the generation of the 
Icelandic Internal Medicine Database. This retrospective 
database includes clinical data on all patients admitted to 
internal medicine services at Landspitali – the National 
University Hospital of Iceland, between 1 January 2010 
and 31 December 2020. The database contains baseline 
patient characteristics such as gender, age and admitting 
internal medicine subspecialty. If the patient was trans-
ferred between services (1.8% of admissions), the service 
primarily available for the admission was documented 
as the admitting service. The database also included 
information on whether the patient was admitted to the 
intensive care unit and whether the admission was linked 
to rehabilitation, geriatric or palliative care services 
following discharge from the acute service. Information 
on the date of admission and discharge, as well as the 
length of acute admission and length of acute and reha-
bilitation admission, was also registered. An admission to 
the internal medicine ward was defined as any admission 
for patients to an inpatient status within internal medi-
cine service regardless of its duration. This excluded 
patients who solely received care in the acute and emer-
gency departments.

Patient comorbidities were gathered from hospital 
information and primary care coded with the Interna-
tional Statistical Classification of Diseases, and Related 
Health Problems, tenth revision, (ICD10) classification 
system, and these diagnoses were also used to estimate the 
comorbidity and frailty burden using the van Walraven 
Modified Score,30 the Elixhauser Comorbidity Index31 
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and the Hospital Frailty Risk Score.32 Information on the 
date of death was collected from the Iceland Causes of 
Death Register. While establishing this Internal Medicine 
Database, no patients were lost to follow- up for mortality 
outcomes. Adverse drug reactions were defined as any 
documentation of ICD10 codes for adverse drug effects 
(Y40–59, X40–59, T36–59).

Medication data
Information on filled/dispensed medications from the 
Prescription Medicines Registry of the Directorate of 
Health database spanning 1 year before admission and 
1 year postdischarge was gathered. The Icelandic Prescrip-
tion Registry provides real- time information about all 
outpatient drug prescriptions in Iceland. Its accuracy is 
estimated frequently by comparing prescribed medica-
tions against dispensed medications and is estimated to 
be 95%. The database includes all prescribed regular and 
as- required drugs but does not include over- the- counter, 
topical and herbal medications. Medication information 
was coded based on the Anatomical Therapeutical Chem-
ical (ATC) classification. The database also includes infor-
mation that can be used to identify whether a multidose 
drug dispensing service was used.33

Exposure variable definition
The primary exposure was the extent of medication use, 
defined as the number of different medications filled in 
the year preceding (preadmission) and the year following 
discharge (postdischarge). Patients were separated into 
three groups based on these medication use categories of 
non- polypharmacy (<5), polypharmacy5–9 and hyperpoly-
pharmacy (≥10) based on their predischarge and post-
discharge medication filling. Furthermore, the number 
of medications within different anatomical/pharmaco-
logical groups (ATC first level) and pharmacological/
therapeutical subgroups (ATC second level) filled in the 
year preceding and following admissions were counted. 
The medication use category was also estimated after 
eliminating antibiotics from the medication database to 
estimate the burden of polypharmacy without antibiotics. 
The additional analysis was done to evaluate for how 
many patients the inclusion of antibiotics would change 
the polypharmacy/hyperpolypharmacy classification.

Outcome data
Primary outcomes included prevalence of preadmis-
sion and incidence of new postdischarge polypharmacy. 
Secondary outcomes were mortality (short- term, < 30 days 
and long- term mortality), length of hospital stay (number 
of days, ≥10 days) and re- admission (number of days until 
re- admission, re- admission <30 days).

Statistical analysis
Data analysis was undertaken from December 2022 
through March 2023. All statistical analyses for this study 
were conducted using R V.4.2.2 (The R Foundation for 
Statistical Computing R, Vienna, Austria), via R studio 

V.2022.12.0 (RStudio PBC, USA). Descriptive statistics 
were used to exhibit the number of medications. The 
distribution of the medication use into categories of 
varying polypharmacy predischarge and postdischarge 
was described as a percentage with a 95% CI calculated 
using the Pearson- Klopper method to obtain binomial 
probability in the binom package in R. Logistic regression 
was used to compare patient and admission properties 
between the medication use categories predischarge and 
postdischarge, mortality within 30 days and re- admission 
within 30 days. The Kaplan Meier plot was used to plot 
long- term mortality between different medication use 
categories. No missing data were identified in the vari-
ables used for this study.

Adverse outcomes were compared between categories of 
medication use using χ2 tests. Likewise, adverse outcomes 
were contrasted between patients with and without an 
increase in polypharmacy from the year preceding admis-
sion to the year following discharge (an increase from no 
polypharmacy to polypharmacy/hyperpolypharmacy or 
polypharmacy to hyperpolypharmacy).

RESULTS
Clinical characteristics of the patient cohort
The cohort included 85 942 individual admissions to 
internal medicine at the Landspitali University Hospital 
for 38 338 patients with a median (IQR) 1 (1–3) admis-
sion, ranging from 1 to 40 admissions. Of the cohort, 
43 914 were male (51.1%), and the median (IQR) age was 
73 (60–82) years. Most of the study population had a high 
burden of comorbidity (Elixhauser Comorbidity Score 
(39%>8) and a risk of frailty (medium or high Hospital 
Frailty Risk Index classification (62.5%)). The most 
common comorbidity was hypertension (54.1%), chronic 
obstructive pulmonary disease (32.3%), ischaemic heart 
disease (30.8), malignant neoplasm (25.0%) and conges-
tive heart failure (20.2%).

Admissions were most common to cardiology (21.7%), 
general medicine (13.5%) and pulmonology (10.6%). 
Most patients used a multidose drug dispensing service 
(54.7%) before admission (online supplemental table 
S1). Table 1 also compares admitting specialty and medi-
cation usage for the patient cohort based on varying 
degrees of polypharmacy.

Clinical characteristics of the patient cohort by preadmission 
filling
The prevalence of preadmission non- polypharmacy was 
15.1% (95% CI 14.9% to 15.3%), polypharmacy was 
22.9% (95% CI 22.6% to 23.2%) and hyperpolyphar-
macy was 62.5% (95% CI 62.2 to 62.9) (figure 1). Patients 
with a higher level of medication use category were more 
likely to be male and have a previous diagnosis of adverse 
drug reaction. Patients with hyperpolypharmacy were 
more likely to use multidose drug dispensing services 
(65.9%) compared with polypharmacy (45.6%) and non- 
polypharmacy (22.0%). Patients who used multidose 
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drug dispensing services before admission were more 
likely to have a previous diagnosis of an adverse drug 
reaction. Figure 2 shows a comparison of the medication 
use categories separated into three groups based on the 
medication use categories of non- polypharmacy (<5), 
polypharmacy5–9 and hyperpolypharmacy (≥10) and over 
the observation period 2010–2020. If antibiotics were 
excluded from the medication list the patients, 87.9% of 
patients with polypharmacy and 90.8% with hyperpoly-
pharmacy would have remained within their medication 
use category. There was no change in the prevalence of 
polypharmacy/hyperpolypharmacy over the study period.

Types of medications used and multidose dispensing
The most common classes of medications filled in the 
year preceding preadmission are medications acting on 
the central nervous system. A total of 80.6% of the group 
filled prescriptions within this category, including opioids 
(51.0%), Z- drugs (43%), antidepressants (37.9%) and 
benzodiazepines (29.0%). The second most filled medi-
cation class was cardiac medications (74.5%) (table 2).

For the group with preadmission hyperpolyphar-
macy, the most filled medication class was medications 
acting on the nervous system (94.4%), including opioids 
(65.7.0%), antidepressants (50.2%) and benzodiazepines 
(40.2%). The second most filled medication class was 
cardiac medications (87.4%). Similarly, in patients with 
polypharmacy, the most filled medications class was medi-
cations acting on the nervous system (74.1%), including 
opioids (34.6%), antidepressants (24.6%) and benzodiaz-
epines (14.9%). The second most filled medication class 
was cardiac medications (69.9%). In patients with non- 
polypharmacy, the most filled medication class was medi-
cations acting on the nervous system (33.5%), including 
opioids (14.8%), antidepressants (7.2%) and benzodiaze-
pines (4.0%); the second most filled medication class was 
cardiac medications (27.7%).

Incidence of new postdischarge polypharmacy/
hyperpolypharmacy
Of 85 942 admissions, 18.4% (95% Cl 18.2% to 18.7%) 
had an increase in the medication use category, moving 

Figure 1 A consort diagram of participant inclusion based on the number of different medications filled in the year preceding 
admission by internal medicine (<5 medications = non- polypharmacy, 5–9 medications = polypharmacy and ≥10 medications = 
hyperpolypharmacy).

Figure 2 The annual prevalence of the medication use categories over the study period 2010–2020. Colours indicate the 
medication use categories (green <5 medications = non- polypharmacy, yellow 5–9 medications = polypharmacy and red ≥10 
medications = hyperpolypharmacy) filled in the year preceding admission by internal medicine.
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either from non- polypharmacy to polypharmacy/hyper-
polypharmacy or polypharmacy to hyperpolypharmacy 
(online supplemental table S2). The incidence of new 
postdischarge polypharmacy/hyperpolypharmacy was 
55.5% (95% Cl 54.7% to 56.4%). For patients with poly-
pharmacy, the incidence of new postdischarge hyper-
polypharmacy was 44.3% (95% CI 43.6% to 45.0%). The 
patient characteristics were comparable between the 
group of patients who had an increase in the polyphar-
macy burden and those who did not, apart from the fact 
that patients with increased polypharmacy burden after 
discharge were less likely to use multidose dispensing 
services at the time of admission (40.6% vs 57.9%). They 
were also less likely to have been diagnosed with adverse 
drug reactions before admission (12.0% vs 5.8%) or after 
discharge (6.2% vs 15.0%) than those with no change 
(online supplemental table S2). The most frequently 
added medications were anticoagulants (15.6%), antibi-
otics (14.9%), opioids (14.2%), proton pump inhibitors 

(13.2%), antiplatelets (12.0%), corticosteroids (10.3%), 
respiratory medications (9.6%) and medication acting on 
the central nervous system (8.9%), with Z- drugs (8.4%).

Clinical outcomes of patients with varying preadmission 
medication use
An unadjusted restricted cubic spline analysis revealed no 
relationship between the absolute number of different 
medications filled in the year preceding admission and 
the incidence of 30- day mortality (online supplemental 
figure S1), the risk of re- admission within 30 days (online 
supplemental figure S2), and with a prolonged length of 
primary hospital stay (>10 days) (online supplemental 
figure S3). Online supplemental figure S4 compares 
the long- term survival between the medication use cate-
gories, and there was no survival difference. Among the 
total cohort, 30- day mortality was 6.6%. The incidence of 
prolonged admission was 10.2%, and the 30- day re- admis-
sion rate was 15.0%.

Table 2 The table shows the patients' patterns of preadmission prescribed medications

Non- polypharmacy Polypharmacy Hyperpolypharmacy All patients P value

Total number of patients 12 926 (15.1) 19 554 (22.9) 53 462 (62.5) 85 942

Preadmission medication <0.001

  Proton pump inhibitors 1163 (9.0) 5352 (27.4) 33 063 (61.8) 39 578 (46.1)

  Antidiabetics 281 (2.2) 1632 (8.3) 10 481 (19.6) 12 394 (14.4)

  Anticoagulants 729 (5.6) 5303 (27.1) 27 087 (50.7) 33 119 (38.5)

  Antiplatelets 365 (2.8) 3023 (15.5) 16 125 (30.2) 19 513 (22.7)

  Cardiovascular 3578 (27.7) 13 660 (69.9) 46 748 (87.4) 63 986 (74.5)

  Beta- blockers 1434 (11.1) 7386 (37.8) 29 415 (55.0) 38 235 (44.5)

  Calcium channel blockers 550 (4.3) 3198 (16.4) 15 536 (29.1) 19 284 (22.4)

  ACE inhibitors and angiotensin II receptor 
blockers

1582 (12.2) 7057 (36.1) 27 140 (50.7) 35 779 (41.6)

  Statins 997 (7.7) 5660 (28.9) 24 057 (45.0) 30 714 (35.7)

  Urinary 1241 (9.6) 4399 (22.5) 20 449 (38.2) 26 089 (30.4)

  Hormones 874 (6.8) 4464 (22.8) 29 318 (54.8) 34 656 (40.3)

  Corticosteroids 461 (3.6) 2896 (14.8) 23 863 (44.6) 27 220 (31.7)

  Medication acting on the nervous system 4330 (33.5) 14 485 (74.1) 50 477 (94.4) 69 292 (80.6)

  Antibiotics 2906 (22.5) 9120 (46.6) 40 158 (75.1) 52 184 (60.7)

  Opioids 1911 (14.8) 6766 (34.6) 35 120 (65.7) 43 797 (51.0)

  Paracetamol/orphenadrine combinations 1524 (11.8) 4188 (21.4) 16 400 (30.7) 22 112 (25.7)

  Non- steroidal anti- inflammatory drugs 1352 (10.5) 3389 (17.3) 11 921 (22.3) 16 662 (19.4)

  Selective COX-2 inhibitors 200 (1.5) 940 (4.8) 6236 (11.7) 7376 (8.6)

  Antipsychotics 362 (2.8) 1815 (9.3) 10 011 (18.7) 12 188 (14.2)

  Z- drugs 9281 (19.0) 11 613 (23.7) 28 060 (57.3) 48 954 (57.0)

  Benzodiazepines 522 (4.0) 2914 (14.9) 21 473 (40.2) 24 909 (29.0)

  Antidepressants 935 (7.2) 4804 (24.6) 26 832 (50.2) 32 571 (37.9)

  Antidementia 147 (1.1) 902 (4.6) 2269 (4.2) 3318 (3.9)

  Respiratory 1229 (9.5) 5147 (26.3) 27 612 (51.6) 33 988 (39.5)

  Antihistamin 281 (2.2) 1180 (6.0) 7725 (14.4) 9186 (10.7)

The number of medications preadmission (<5 medications = non- polypharmacy, 5–9 medications = polypharmacy and ≥10 medications 
= hyperpolypharmacy). Values are presented as count (%) or median (IQR) unless specified otherwise.
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DISCUSSION
This current study identified that preadmission poly-
pharmacy/hyperpolypharmacy and postdischarge new 
polypharmacy/hyperpolypharmacy were common 
among internal medicine patients, which aligns with 
the previously stated primary hypothesis. However, no 
association was found between the category of medica-
tion use (non- polypharmacy <5, polypharmacy 5–9 and 
hyperpolypharmacy ≥10) and the patient characteristics, 
admitting internal subspecialities and clinical outcomes. 
This contradicts the secondary hypothesis that a higher 
category of medication use is associated with adverse clin-
ical outcomes and increased comorbidity burden in this 
patient cohort. However, there is obviously an immense 
difference in the amount and different types of medi-
cation patients use depending on their medication use 
category (non- polypharmacy <5, polypharmacy 5–9 and 
hyperpolypharmacy ≥10).

Prevalence and incidence
Although this study aligns with previous studies claiming 
that preadmission polypharmacy/hyperpolypharmacy 
(22.9% and 62.5%) and postdischarge new polyphar-
macy/hyperpolypharmacy is common (55.5%), the prev-
alence is significantly higher in this cohort deriving from 
an inpatient hospital setting. A recent systematic review 
determined that the pooled estimated prevalence was 
37%; however, the prevalence was higher among inpa-
tients at 52%, like our study.7 The prevalence of polyphar-
macy in the community setting was 20% and 37% in a 
cohort derived from an outpatient setting.7 Similarly, a 
study focusing on surgical inpatients reported a preva-
lence of polypharmacy at 32.2% and hyperpolypharmacy 
at 23.5%.34 This was anticipated as the internal medi-
cine patients have higher comorbidity and frailty indices 
compared with the surgical population, which contains 
a substantial number of patients undergoing elective 
surgery.34 The internal medicine patients were also older 
(73 vs 55 years).34 Additionally, the results reveal that in 
the cohort, patients with a higher level of polypharmacy 
burden were more likely to be male. Previous evidence 
has been conflicting. A recent meta- analysis reported that 
there were no differences in polypharmacy prevalence in 
subgroup analyses based on sex.7 In our entire cohort, 
the proportion of men, 43 914 (51.1%) vs 42 028 (48.9%) 
women, reflects the general population in Iceland (51.3% 
were male).35 It is unclear why the level of polypharmacy 
is higher for this group but it is possible that a burden 
of frailty or disease is higher for men in this subgroup of 
society exposed to internal medicine admission.

The only patient characteristics differentiating patients 
with different levels of polypharmacy burden were the 
likelihood of using multidose dispensing services, which 
was higher with more polypharmacy burden, similar 
to a study on older adults.36 Secondarily, patients with 
polypharmacy/hyperpolypharmacy were more likely to 
have been diagnosed with adverse drug reactions, which 
aligns with previous studies.37 However, studies have 

reported that adverse drug reactions are under- reported 
and therefore it is likely that the prevalence is higher 
in real life. Therefore, the findings of our study raise 
various intriguing questions regarding the appropriate-
ness of medication use among internal medicine patients 
with polypharmacy and hyperpolypharmacy, as they are 
unlikely to be explained solely by a higher comorbidity 
burden.

Potentially inappropriate prescribing
One interpretation of these findings is that a higher medi-
cation use category is due to potentially inappropriate 
prescribing. Polypharmacy has been identified as the 
leading risk for potentially inappropriate prescribing.12 
Potentially inappropriate medication is associated with 
adverse health and economic outcomes.38 39 Among the 
medicines that are common in our patient cohort, in 
particular within the groups of patients with polyphar-
macy, are sedatives (43%) or benzodiazepines (29%). 
Polypharmacy, therefore, can be a helpful indicator 
of prescribing practice and medicine safety. However, 
healthcare professionals must identify when polyphar-
macy is inappropriate, as it can lead to adverse effects 
and poorer patient health outcomes.38 40 Several criteria- 
based methods to identify inappropriate prescribing have 
been published; examples are the Beers criteria, the most 
widely used and recently updated.41 Another widely used 
tool is a Screening Tool for Older Persons' potentially 
inappropriate Prescriptions (START (Screening Tool to 
Alert to Right Treatment) and STOPP (Screening Tool 
of Older Persons' Prescriptions)) criteria.42 These tools 
are all only for older adults. There is a lack of tools to 
identify potentially inappropriate prescribing among all 
adults and studies focusing on polypharmacy among all 
adults and not solely older patients. Studies have shown 
that frailty is increasing among younger adults,43 which 
emphasises the need for tools to address medication 
appropriateness regularly across the life course to hinder 
and prevent problematic polypharmacy through the life 
course.

Medications
Medications that are often predicted to be inappro-
priate41 42 were more frequently used by patients with 
higher polypharmacy burden preceding the admission, 
including opioids (14.8% non- polypharmacy vs 34.6% 
polypharmacy vs 65.7% hyperpolypharmacy), benzodi-
azepines (4.0% vs 14.9% vs 40.2%) and proton pump 
inhibitors (7.3% vs 24.3% vs 51.5%). Our findings of high 
prevalence prescribing of those medication classes among 
internal medicines reveal the lack of solutions to tackle 
health problems like anxiety and mood disorder by other 
means than medication use and also challenges in the 
process of deprescribing.44 45 It could also be linked to a 
lack of follow- up after hospital admission or new prescrip-
tion that should be a short- term relief rather than long- 
term management, like benzodiazepines,46 sedatives,46 
opioids47 and proton pump inhibitors.48
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Clinical outcomes
Contrary to the findings of numerous studies,34 49–51 we 
did not find a link between the polypharmacy burden 
and clinical outcomes like mortality, longer hospital stay 
and re- admission rate. This may be because patients in 
all three medication use categories have similar burden 
of comorbidity (Elixhauser Comorbidity Score (39%>8) 
and risk of frailty (medium or high hospital frailty risk 
index classification)), which likely drives the observed 
difference in these outcomes in studies where there is a 
good correlation between comorbidity burden and poly-
pharmacy. This study implies that the increased polyphar-
macy burden, like polypharmacy and hyperpolypharmacy, 
might be driven by potentially inappropriate medication 
use.

Strength and limitations
A key strength of the present research is the ability to link 
the nationwide prescription database, which included 
95% of prescriptions in Iceland, with clinical data from 
hospital and primary care settings. One of the strengths 
of this study is that it represents a comprehensive exam-
ination of all tertiary care and most of secondary care of 
internal medicine patients in Iceland, as Landspitali is 
the main referral hospital for the country. The extended 
study period also allows for many patients in the study 
cohort. Finally, another strength is that there is no loss of 
follow- up of patients.

Among the limitations is a retrospective design that 
relies on the data collected and documented in the 
healthcare system for clinical purposes. The study is 
limited by the absence of information on the patient’s 
medication adherence, which may, on the one hand, lead 
to an overestimation of the prevalence of polypharmacy 
and hyperpolypharmacy. We are also unable to determine 
if a medication was prescribed for short- term use only, 
which could overestimate the burden of polypharmacy. 
However, it must be noted that over- the- counter medi-
cations were not included in the study, which may, on 
the other hand, lead to an underestimation of polyphar-
macy and hyperpolypharmacy. Additionally, combination 
therapies frequently used in cardiology like thiazide and 
angiotensin receptor blockers are counted as one medi-
cation in this study, which may lead to underestimation in 
some patients using this methodology.

CONCLUSION
Preadmission polypharmacy and hyperpolypharmacy, 
new polypharmacy, and hyperpolypharmacy postdis-
charge are common among internal medicine patients. 
There appears to be no association between the level of 
medication use category and comorbidities and admitting 
specialty clinical outcomes in this selected population. It 
is, therefore, likely that the underlying disease does not 
explain polypharmacy in this population and serves as 
an indicator of potentially inappropriate prescribing. 
Recognition of polypharmacy and hyperpolypharmacy is 

significant, and increased emphasis is needed to review 
patients' medications regularly and after a hospitalisation.
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Appendix A. Supplementary data  

 

Supplementary Figure 1 

Prevalence of polypharmacy among patients admitted to internal medicine ward                                

(<5 medications = non-polypharmacy, 5-9 medications = polypharmacy,  

and ≥ 10 medications = hyper-polypharmacy)and 30-day mortality. The figure shows the result of 

restricted cubic spline analysis of proportion of patients with the three outcomes. Colours indicate 

the number of different medications (green <5 medications = non-polypharmacy, yellow 5-9 

medications = polypharmacy, and red ≥ 10 medications = hyper-polypharmacy) filled in the year 

preceding admission by internal medicine.  
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Supplementary Figure 2 

The association between the number of medications pre-admission and a long hospital stay (> 10 

days). The figure shows the result of restricted cubic spline analysis of proportion of patients with 

the three outcomes. Colours indicate the number of different medications (green <5 medications = 

non-polypharmacy, yellow 5-9 medications = polypharmacy, and red ≥ 10 medications = hyper-

polypharmacy) filled in the year preceding admission by internal medicine.  
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Supplementary Figure 3 

The association between the number of medications pre-admission and risk of readmission within 30 

days. The figure shows the result of restricted cubic spline analysis of proportion of patients with the 

three outcomes. Colours indicate the number of different medications (green <5 medications = non-

polypharmacy, yellow 5-9 medications = polypharmacy, and red ≥ 10 medications = hyper-

polypharmacy) filled in the year preceding admission by internal medicine.  
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Supplementary Figure 4 

 A Kaplan-Meier survival curve of long-term survival of patients compared based on the number of 

medications pre-admission (green <5 medications = non-polypharmacy, yellow 5-9 medications = 

polypharmacy, and red ≥ 10 medications = hyper-polypharmacy). ). Bolder lines indicate patients 

censored at end of follow-up. 
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Supplementary Table 1 

Patient characteristics of cohorts (<5 medications = non-polypharmacy, 5-9 medications = 

polypharmacy and ≥ 10 medications = hyper-polypharmacy) based on the number of medications 

filled in the year preceding admission by internal medicine and whether they used multidose 

dispensing services. Values are presented as count (%) or median (IQR) unless specified otherwise. 

  No multidose 

dispensing 

Multidose dispensing p 

Total number of patients 38950 46992   

Sex (male)  19876 (51.0) 24038 (51.2) 0.786 

Age (median [IQR]), years  72.00 [69.00, 77.00] 78.00 [73.00, 84.00]  <0.001 

Number of pre-admission medications (median 

[IQR]) 

9.00 [6.00, 13.00]  13.00 [9.00, 18.00] <0.001 

Number of pre-admission medications (median 

[IQR]) 

9.00 [5.00, 13.00]  14.00 [9.00, 18.00] <0.001 

Elixhauser Comorbidity Index  [IQR])                    0.503 

   (<1] 10578 (27.2) 12682 (27.0)   

   (1-4] 5932 (15.2) 6981 (14.9)   

   (4-5] 2632 (6.8) 3191 (6.8)   

   (5-8] 4685 (12.0) 5705 (12.1)   

   (>8] 15123 (38.8) 18433 (39.2)   

Internal Medicine Sepciality     0.710 

   Cardiology 8405 (21.6) 10256 (21.8)   

   Dermatology 200 (0.5) 242 (0.5)   

   Endocrinology 613 (1.6) 764 (1.6)   

   Gastroenterology 3215 (8.3) 3788 (8.1)   

   General Medicine 5255 (13.5) 6362 (13.5)   

   Geriatrics 3353 (8.6) 3932 (8.4)   

   Haematology 2015 (5.2) 2391 (5.1)   

   Infectious Disease 2203 (5.7) 2542 (5.4)   

   Nephrology 920 (2.4) 1160 (2.5)   

   Neurology 3230 (8.3) 3892 (8.3)   

   Oncology 2484 (6.4) 2978 (6.3)   

   Palliative Care 679 (1.7) 825 (1.8)   

   Pulmonology 4099 (10.5) 4981 (10.6)   

   Rehabilitation 407 (1.0) 541 (1.2)   

   Rheumatology 1872 (4.8) 2338 (5.0)   

Linked admissions       

Geriatrics 1447 (3.7) 1714 (3.6) 0.613 

Palliative care 378 (1.0) 456 (1.0) 1.000 

Rehabilitation 407 (1.0) 463 (1.0) 0.403 

General internal medicine 820 (2.1) 994 (2.1) 0.938 

Intensive care unit admission 2181 (5.6) 2598 (5.5) 0.662 

Charlson (mean (SD)) 2.95 (3.18) 2.95 (3.17) 0.805 
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Hospital Frailty Risk Score Class     0.384 

   Low (< 5) 14533 (37.3) 17735 (37.7)   

   Med (5-15) 17650 (45.3) 21092 (44.9)   

   High (> 15) 6767 (17.4) 8165 (17.4)   

Comorbidities       

Hypertension 21093 (54.2) 25397 (54.0) 0.756 

Diabetes Mellitus 6275 (16.1) 7780 (16.6) 0.080 

Chronic obstructive pulmonary disease 12596 (32.3) 15189 (32.3) 0.965 

Ischemic heart disease 11898 (30.5) 14563 (31.0) 0.163 

Liver disease 1281 (3.3) 1417 (3.0) 0.023 

Chronic kidney disease 3874 (9.9) 4759 (10.1) 0.385 

Malignant neoplasm 9668 (24.8) 11794 (25.1) 0.356 

Benign neoplasm 15442 (39.6) 18678 (39.7) 0.767 

Delerium 3568 (9.2) 4130 (8.8) 0.059 

Dementia 834 (2.1) 960 (2.0) 0.327 

Psychiatric 6503 (16.7) 7687 (16.4) 0.188 

Diagnosis of adverse drug reaction pre-

admission(%) 

2713 (7.0) 6622 (14.1) <0.001 

Diagnosis of adverse drug reaction post 

admission(%) 

1847 (4.7) 3280 (7.0) <0.001 
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Supplementary Table 2 

Patient characteristics of cohorts based on whether they changed to a higher polypharmacy 

category. Values are presented as count (%) or median (IQR) unless specified otherwise.  

  No shift to higher 

polypharmacy category  

Shift to higher 

polypharmacy category  

P-value 

Total number of patients 70095 15847   

Sex (male)  35816 (51.1) 8098 (51.1) 0.642 

Age (median [IQR]), years  73.00 [60.00, 82.00] 73.00 [60.00, 83.00] 0.622 

Number of pre-admission medications (median [IQR]) 14.00 [10.00, 19.00] 5.00 [3.00, 8.00] <0.001 

Number of post-admission medications (median 

[IQR]) 

12.00 [6.00, 18.00] 11.00 [8.00, 13.00] <0.001 

Multidose dispensing services 40559 (57.9) 6433 (40.6) <0.001 

Internal Medicine Sepciality     0.425 

   Cardiology 15175 (21.6) 3486 (22.0)   

   Dermatology 350 (0.5) 92 (0.6)   

   Endocrinology 1124 (1.6) 253 (1.6)   

   Gastroenterology 5687 (8.1) 1316 (8.3)   

   General internal medicine 9518 (13.6) 2099 (13.2)   

   Geriatrics 5944 (8.5) 1341 (8.5)   

   Haematology 3617 (5.2) 789 (5.0)   

   Infectious_Disease 3846 (5.5) 899 (5.7)   

   Nephrology 1726 (2.5) 354 (2.2)   

   Neurology 5772 (8.2) 1350 (8.5)   

   Oncology 4449 (6.3) 1013 (6.4)   

   Palliative_Care 1229 (1.8) 275 (1.7)   

   Pulmonology 7397 (10.6) 1683 (10.6)   

   Rehabilitation 774 (1.1) 174 (1.1)   

   Rheumatology 3487 (5.0) 723 (4.6)   

Linked admissions       

Geriatrics 2621 (3.7) 540 (3.4) 0.048 

Palliative care 681 (1.0) 153 (1.0) 0.980 

Rehabilitation 706 (1.0) 164 (1.0) 0.787 

Intensive care unit admission 3899 (5.6) 880 (5.6) 0.978 

Elixhauser Comorbidity Index  [IQR])                    0.599 

   (<1] 18967 (27.1) 4293 (27.1)   

   (1-4] 10527 (15.0) 2386 (15.1)   

   (4-5] 4770 (6.8) 1053 (6.6)   

   (5-8] 8523 (12.2) 1867 (11.8)   

   (>8] 27308 (39.0) 6248 (39.4)   

Hospital Frailty Risk Score Class     0.138 

   Low (< 5) 26264 (37.5) 6004 (37.9)   

   Med (5-15) 31707 (45.2) 7035 (44.4)   

   High (> 15) 12124 (17.3) 2808 (17.7)   

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2023-078890:e078890. 14 2024;BMJ Open, et al. Jonsdottir F



8 

 

 

Comorbidities       

Congestive heart failure 14078 (20.1) 3252 (20.5) 0.220 

Diabetes Mellitus 11469 (16.4) 2586 (16.3) 0.903 

Hypertension       

Chronic obstructive pulmonary disease 22701 (32.4) 5084 (32.1) 0.465 

Ischemic heart disease 21610 (30.8) 4851 (30.6) 0.598 

Liver disease 2185 (3.1) 513 (3.2) 0.449 

Chronic kidney disease 7006 (10.0) 1627 (10.3) 0.311 

Malignant neoplasm 17520 (25.0) 3942 (24.9) 0.762 

Benign neoplasm 27819 (39.7) 6301 (39.8) 0.871 

Delirium  6239 (8.9) 1459 (9.2) 0.229 

Dementia  1462 (2.1) 332 (2.1) 0.966 

Psychiatric 11536 (16.5) 2654 (16.7) 0.381 

Fall pre-admission 201 (0.3) 18 (0.1) <0.001 

Fall post admission 71 (0.1) 21 (0.1) 0.342 

Diagnosis of adverse drug reaction pre-admission (%) 8423 (12.0) 912 (5.8) <0.001 

Diagnosis of adverse drug reaction post admission(%) 4332 (6.2) 795 (5.0) <0.001 
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