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Adverse Drug Events in Older Patients 
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SUMMARY
Background: Lists of potentially inappropriate medications (PIMs) for the 
elderly, such as the German PRISCUS list, have been published as expert 
 recommendations with the aim of improving drug safety for this patient group. 
In this study, we tried to determine how often adverse drug events occur in the 
emergency department and what role PRISCUS medications might play in these 
events.

Methods: We prospectively reviewed the medical records of 752 patients who 
were treated in the emergency department (ED) of a level III hospital in Ger-
many for adverse drug events due to medication errors (MEs) and for adverse 
drug reactions (ADRs). The evaluation was performed in two steps by pharma-
cologists, clinical pharmacologists, and board-certified internists.

Results: Both clinically important MEs and ADRs became more common with 
 advancing age. Among the 351 patients who were over age 65, 307 (87.5%) 
were taking at least one medication at home. Of these 307 patients, 16.6% 
(95% confidence interval [CI]: 12.9–21.2%) were taking at least one PIM, as 
 defined by the German PRISCUS list. In relative terms, PIMs were more 
 commonly associated with ADRs or MEs than other drugs (27.0% [95% CI: 
17.5–39.1% versus 15.7% [95% CI: 14.1–17.4%], Odds ratio 1.99 [95% CI: 
1.23–3.52: p = 0.018), but in absolute terms ADRs and MEs involved non-PIM 
more often than PIM.

Conclusion: Elderly patients more frequently suffer from ADR and from the 
clinical consequences of medication errors. Elderly patients taking PIMs are 
more likely to suffer from ADRs and MEs, even though most drug-related 
events are still attributable to non-PIM. 
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T he number and proportion of emergency ad -
missions of elderly patients with multiple morbid-

ities and correspondingly extensive medication plans 
has been increasing continuously in recent years (1, 2).

Adverse drug events (ADEs) are common reasons 
for treatment, but are often not recognized as such (1, 
3–6). Adverse drug events are caused by either conven-
tional adverse drug reactions (ADRs) (7) or medication 
errors (MEs) (6) that lead to clinical symptoms. Over-
all, greater attention to drug therapy safety seems to be 
necessary in elderly patients.

To identify and prevent risks more easily, lists of po-
tentially inappropriate medications (PIMs) for elderly 
patients have been developed on the basis of expert 
consensus. Well-known examples are the Beers list (8), 
the STOPP and START criteria (9), and, since 2010 in 
Germany, the PRISCUS list (10, 11). It is assumed that 
these potentially inappropriate medications are associ-
ated with an increased risk of ADEs in elderly patients.

Current studies, however, indicate that PIMs are 
 responsible for only a relatively small percentage of 
ADEs in elderly patients (1, 12, 13). Moreover, in the 
international literature on PIMs a substantial percen-
tage of drugs and cases were excluded from analyses, 
and no distinction was made between MEs and ADRs 
(1, 14). This raises the question of the extent to which 
errors caused by methodological shortcomings when 
data on ADEs were collated led to database bias, 
 causing the potential number of PIMs to be under -
estimated. There are currently no studies available on 
the occurrence of such events in acute clinical care for 
drugs on the PRISCUS list.

This study therefore aimed to investigate the effects 
of PIMs on elderly patients admitted as emergency 
cases regarding ADEs, involving and not involving 
MEs.

Methods
Study design and population
This prospective study was part of a multiple-phase 
study on optimizing the medication process in acute 
clinical care. It was funded by the German Health 
 Ministry as part of its 2010–2012 Drug Therapy Safety 
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Initiative (15). In the first of the three study phases 
 (involving at least 750 patients) all patients admitted to 
Fürth Hospital’s central emergency admissions depart-
ment over a three-week period in September 2010 who 
had no trauma or outward signs of injury were enrolled 
in the study.

Fürth Hospital has 749 beds and is a specialized care 
and teaching hospital within Friedrich-Alexander 
 University of Erlangen–Nuremberg. Every year, 
 approximately 45 000 patients receive inpatient or 
 outpatient treatment at its interdisciplinary central ad-
missions department. The hospital is the sole care 
 provider for emergency patients from the city and 
 region, with a combined population of more than 
226 000. Approval by Friedrich-Alexander Univer-
sity’s Ethics Committee as well as the consent of the 
hospital’s data protection officers were obtained for the 
study.

Data collection and evaluation procedures
For all patients, in addition to diagnosis and treatment 
data, all drug information was collated prospectively 
and psydonomized. In addition to medication plans, 
this included all drugs prescribed on an outpatient 
basis, self-medication, medication prescribed by 
emergency physicians, and medication prescribed in 

the emergency department (ED), including medication 
prescribed on referral to another unit or on direct 
 discharge from the ED. For medication administered 
before admission, with only a few exceptions (e.g. 
amiodarone), drugs administered up to five half-lives 
before admission were included. For our analyses of 
PRISCUS drugs, only medication prescribed on an out-
patient basis, including self-medication, was included, 
because the PRISCUS list does not include emergency 
indications.

All patients admitted as emergency cases as stated 
above were analyzed using psydonomized, electronic 
patient records by pharmacists, clinical pharmacol-
ogists, and internists for ADEs, ADRs, and MEs. They 
were then entered in a study database certified for clini-
cal trials (secuTrial, interActive Systems GmbH, 
 Berlin) (16). All acute events or clinical symptoms 
 (including information from emergency physicians’ 
records, medical histories, ECGs, laboratory tests, etc.) 
and diagnoses for an individual patient were systemati-
cally examined for a possible causal relationship with 
each individual drug administered to him or her. The 
data recorded in the summary of product characteristics 
(SPC) were used as the basis for this (MMI Pharmindex 
Plus, Medizinische Medien Informations GmbH, Neu-
Isenburg).

TABLE 1

ICD-10 primary diagnoses on admission

ICD-10 primary diagnoses on inpatient admission
(percentage of age group)

A–B Certain infectious and parasitic diseases

C Neoplasms

D Diseases of the blood and blood-forming organs and certain disorders 
involving the immune mechanism

E Endocrine, nutritional, and metabolic diseases

F Mental and behavioral disorders

G Diseases of the nervous system

H Diseases of the eye and adnexa/ear and mastoid process

I Diseases of the circulatory system

J Diseases of the respiratory system

K Diseases of the digestive system

L Diseases of the skin and subcutaneous tissues

M Diseases of the musculoskeletal system and connective tissue

N Diseases of the genitourinary system

O Pregnancy, childbirth, and puerperium

R Symptoms, signs and abnormal clinical and laboratory findings, not 
 elsewhere classified

S. T. Z Injury, poisoning and certain other consequences of external causes; 
Factors influencing health status and contact with health services

No inpatient admission

Patients  
<65 years (%)

401

14 (3.5)

4 (1.0)

2 (0.5)

4 (1.0)

41 (10.2)

24 (6.0)

4 (1.0)

71 (17.7)

23 (5.7)

31 (7.7)

2 (0.5)

3 (0.7)

3 (0.7)

1 (0.2)

75 (18.7)

19 (4.7)

80 (20.0)

Patients 
= 65 years (%)

351

15 (4.3)

7 (2.0)

7 (2.0)

15 (4.3)

2 (0.6)

26 (7.4)

4 (1.1)

123 (35.0)

32 (9.1)

37 (10.5)

0 (0.0)

5 (1.4)

7 (2.0)

0 (0.0)

54 (15.4)

7 (2.0)

10 (2.8)

All patients 
(%)

752

29 (3.9)

11 (1.5)

9 (1.2)

19 (2.5)

43 (5.7)

50 (6.6)

8 (1.1)

194 (25.8)

55 (7.3)

68 (9.0)

2 (0.3)

8 (1.1)

10 (1.3)

1 (0.1)

129 (17.2)

26 (3.5)

90 (12.0)
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Causality was rated using the evaluation system of 
the WHO’s Uppsala Monitoring Centre. Only events 
rated as possible, probable/likely and certain were in-
cluded in the evaluation (17). In a second evaluation, 
all recorded ADRs and MEs were re-evaluated by two 
independent experts (a clinical pharmacologist and an 
internist). When their evaluations differed from each 
other, all evaluators  had to reach a consensus. To esti-
mate the false negative rate, 75 of the cases recorded as 
being free of ADRs and MEs were selected at random 
and re-evaluated by a clinical pharmacologist and an 
internist. The false negative rate was 2.7% (95% 
 confidence interval [CI]: 1.7 to 9.8%).

Potentially inappropriate medications in the elderly
All drugs were categorized as either PRISCUS or non-
PRISCUS according to the published list of potentially 
inappropriate medications for the elderly (the  PRISCUS 
list). When the study was conducted the PRISCUS list 
contained 83 drugs classified as PIMs on the basis of ex-
pert consensus (11). Dose-dependent and indication-spe-
cific aspects of the PRISCUS list were taken into account.

Definition of an adverse drug event
Adverse drug events (ADEs) were subdivided into ad-
verse drug reactions (ADRs) and events caused by 
medication errors (ME+) in line with the cited defini-
tions (6). MEs were taken to be clinically incorrect or 
inappropriate use of drugs, such as the following (6):
● Absolute contraindication
● No indication
● Dosing error
● Administration error
● Duplicate prescription.
In line with the overwhelming majority of the litera-

ture, intentional overdoses, for example suicide 
 attempts, were not included. In addition, off-label use 
that was clinically necessary and approved by specialist 
societies was not classified as an error. Medication 
 errors that led to symptoms and/or had direct clinical 
significance, e.g. renal failure caused by a dosing error, 
were classified as ME+. The term “ADR” here is used 
in line with the WHO’s definition and describes harm-
ful, unintentional drug reactions that occur at doses 
normally used in humans for prophylaxis, diagnosis, or 
treatment (7).

Statistical analyses
For discrete data, percentages and, where appropriate, 
95% confidence intervals are given. For normally dis-
tributed continuous data, mean and standard deviation 
are stated. Significance was calculated using the chi-
square test or Fisher’s exact test for discrete data, and 
the appropriate parametric and nonparametric tests for 
continuous data. The primary question was whether 
drugs on the PRISCUS list were associated with ADEs 
more frequently than other drugs. All other analyses 
must be formally considered to be exploratory. SPSS 
Version 20.0 (IBM, USA) and Prism 5 (GraphPad Soft-
ware Inc., USA) were used for statistical evaluation.

Results
The study population as a whole
Over the three-week study period, 752 patients ad-
mitted as emergency cases (50.0% of them women) 
were included in the study. ICD-10 primary diagnoses 
on admission are shown in Table 1. At least one medi-
cation prescription or administration was recorded for 
702 patients (93.4%). At least one ADR was recorded 
for 149 (21.2%) of the 702 patients, giving a total of 
185 ADRs (181 involving medication prescribed on an 
outpatient basis or self-medication), and a total of 277 
MEs were observed in 166 patients (23.6%) (1 to 6 
MEs per patient). The most frequent MEs were no indi-
cation or inappropriate indication (59.2%) and over-
looked contraindication (23.5%). MEs led to clinically 
significant events (ME+) in 28.5% of cases.
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FIGURE 1

Distribution of adverse drug reactions (ADRs), medication errors (MEs), and medication errors 
leading to a clinical event (ME+) by age group. 
The percentage of ME+ is significantly higher for patients >65 years than for younger 
 patients (p<0.001).
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Study population aged 65 years or older
The group of patients aged 65 years or older contained 
351 patients (46.7%; 78±7 years old [maximum 101]; 
154 men, 197 women), of whom 307 (87.5%) received 
at least one drug on an outpatient basis. However, only 
51 (16.6%; 95% CI: 12.9 to 21.2) patients in this age 
group received PRISCUS drugs.

As expected, the ADR and ME rates increased with 
age (Figure 1, Table 2). Of the total of 149 patients with 
at least one ADR, 67.8% were aged 65 years or older.

In patients aged 65 years or older, a total of 132 
ADRs and 117 MEs were diagnosed on admission. 51 
of the MEs (43.6%; 95% CI: 35.0 to 52.6) were associ-
ated with a clinical event (ME+).

Detailed analysis of MEs revealed that the percen-
tage of ME+ was significantly higher in patients aged 
65 years or older (Table 2, Figure 1). Whereas only 
14.0% of patients under the age of 65 years presented 
with clinical manifestations associated with a ME 
(ME+), for patients aged 65 years or older the figure 
was 40.4% (p<0.001, Table 2).

Adverse drug events associated with PRISCUS  
and non-PRISCUS drugs
In patients aged 65 years or older, of 1881 drugs taken 
on an outpatient basis, including self-medication, only 
63 (3.3%) were on the PRISCUS list (Figure 2). How-
ever, drugs on the PRISCUS list were significantly 
more frequently associated with ADRs or ME+ than 
other drugs (27.0% versus 15.7%; odds ratio: 1.99 
[95% CI: 1.23 to 3.52; p = 0.018]) (Figure 2). Never-
theless, in absolute terms more non-PRISCUS drugs 
than PRISCUS drugs were involved in ADRs and MEs 
(Figure 2): only eight (6.1%; 95% CI: 2.9 to 11.7) of 
132 ADRs, and only 15 (12.8%; 95% CI: 7.8 to 20.2) of 
117 MEs in patients aged 65 years or older involved 
PRISCUS drugs. An overview of PRISCUS and 
 non-PRISCUS drugs associated with clinical events is 
provided in Tables 3a and 3b.

Discussion
These data show that the PIMs in the PRISCUS list are 
associated with an increased rate of adverse drug 
events. This means that avoiding PIMs could contribute 
to improved drug therapy safety. The possible contribu-
tion of PIMs to adverse drug events should be seen in 
relative terms, however, as PIMs accounted for only 
3.3% of drugs taken before hospital admission among 
patients aged 65 years or older. Adverse drug reactions 
to PIMs accounted for only 6.1% of adverse drugs reac-
tions, and ME+ involving PIMs accounted for only 
17.6% of all ME+. Focusing on PIM lists can help 
identify high-risk drugs, but must not lead physicians in 
acute clinical care to underestimate the risks of other 
drugs. This observation is backed up by data from a US 
study conducted by Budnitz et al., which despite 
 methodological differences show that most drug- related 

No. of drugs

Non-PRISCUS drugs
Non-PRISCUS drugs associated with ADR/EM+
PRISCUS drugs
PRISCUS drugs associated with ADR/EM+
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17

FIGURE 2

PRISCUS drugs and non-PRISCUS drugs in patients >65 years
Of 1818 non-PRISCUS drugs, 285 (15.7%; 95% confidence interval 
[CI]: 14.1 to 17.4) were associated with an adverse drug reaction 
(ADR) or a medication error leading to a clinical event (ME+), versus 
17 of 63 PRISCUS drugs (27%; 95% CI: 17.5 to 39.1). Odds ratio: 
1.99 (95% CI: 1.23 to 3.52, p = 0.018)

TABLE 2

Relative distribution of medication errors leading to a clinical event (ME+) in patients aged <65 and ≥65 years*

*Percentages are percentages of patients in an age group in whom medication errors (MEs) have led to a clinical event (ME+), 
p<0.001 (Fisher’s exact test). 95% CI: 95% confidence interval

Age group (years)

All patients with ≥1 ME

Patients with ME but no clinical manifestations

Patients with at least 1 medication error leading to a clinical 
event (ME+)
 
No. of patients with ME+ as percentage of patients with ≥1 
ME in age group

<65

57

49

8  

 
14.0%  

(95% CI: 7.9 to 23.4)

≥65

109

65

44 

 
40.4%  

(95% CI: 32.9 to 48.2)

166

114

52 

 
p<0.001
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hospital admissions are caused by frequently used 
drugs that are not classified as PIMs, such as insulin, 
oral anticoagulants, etc. (1). 

Data available to date on the clinical significance 
and predictive value of PIM administration in the 
elderly are fairly inconsistent (1–3, 18–21). This can be 
explained in part by the fact that many drugs on these 
PIM lists are classified as PIMs only for specific indi-
cations, presentation forms, or doses. Because large 
studies usually lack sufficiently detailed information, 
with only a few exceptions (22), this often leads to the 
corresponding drugs or cases being excluded from 
analysis, which in turn may lead to bias in results (1). It 
should also be borne in mind that, particularly in large 
studies, methodological limitations (e.g. prior 
 definition of relevant ADEs) can lead to substantial bias 
regarding the type and frequency of observed ADEs 
(14).

The increase in the number of drugs taken that is 
usually observed with increasing age leads in turn to an 
almost incalculable rise in the number of theoretically 
possible drug interactions, and therefore to a 
 corresponding rise in the risk of medication errors (5, 
13, 23). By distinguishing between clinically important 
medication errors and medication errors without clini-
cal consequences, this article shows for the first time 
that in patients aged 65 years or older not only the 
 frequency of medication errors but also the percentage 
of clinically significant medication errors are higher 
than in younger patients. This shows increased vulner-
ability to or decreased tolerance of medication errors in 
elderly patients. Age itself, of course, is merely a rough 
indicator of the increased presence of factors that cause 
increased susceptibility to drug effects (18). Although 
the prevalence of PIMs in elderly patients in Germany 
has been estimated at up to 28.3% (10, 24), we found 
PIMs in only 16.6% of patients.

The number of PRISCUS drugs as a percentage of 
the drugs taken by the patients aged 65 years or older 
who were included in the study was only 3.3% in total, 
whereas analyses of the Scientific Institute of AOK (a 
large German statutory health insurance provider) 
based on drug prescriptions subject to reimbursement 
according to statutory health insurance in 2009 found a 
somewhat higher percentage of PIMs: 5.6% of all pre-
scriptions. It should be noted that the analysis presented 
here is more recent (so the PRISCUS list may already 
have affected prescription behavior) and that it also 
 included nonreimbursable prescriptions and self-
 medication. In particular, the self-medication not in-
cluded in the cited studies may lead to a different 
weighting of PIMs (24).

Overall, the current literature shows varying effects 
that have been achieved by consistently avoiding PIMs. 
A large US study in which more than 177 000 elderly 
patients admitted as emergency cases were examined 
for ADEs reported no increase in risk for PIMs on the 
Beers list, while smaller, usually methodically more 
precise studies have shown a significant effect on the 
risk of ADEs of PIMs (2, 25). More complex strategies, 

TABLE 3a

Regular (non-PRISCUS) medications with at least 3 events*

*Home-administered drugs, including self-medication, associated with clinical events or clinically relevant 
findings in patients aged 65 years or older on inpatient admission. When examining figures, please note 
that a single drug may be involved in multiple adverse drug events in a single patient, and that multiple 
drugs may also be involved in some individual events (interaction)

Regular medication
Acetylsalicylic acid

Amlodipine

Bisoprolol

Ciprofloxacin

Citalopram

Clopidogrel

Enoxaparin

Furosemide

Hydrochlorothiazide

Isosorbide mononitrate

Levodopa + benserazide

Melperone

Metformin

Metoprolol 

Mirtazapine

Molsidomine

Nitrendipine

Phenprocoumon

Prednisolone

Pregabalin

Quetiapine

Ramipril

Risperidone

Simvastatin

Spironolactone

Sulpiride

Torasemide

Verapamil

Xipamide

No. of Events
20

4

4

3

5

3

4

6

17

3

3

4

4

16

5

3

3

4

3

6

5

27

8

4

3

4

17

4

4

Adverse drug events (ADEs)
Gastrointestinal bleeding, ulcer, 
anemia

Dizziness

Acute left-heart decompensation, 
hypotension, syncope

QT prolongation, gastrointestinal 
complaints

Syncope, QT prolongation, dizzi-
ness, micturition disorders

Gastrointestinal bleeding, anemia

Gastrointestinal bleeding, hemato-
ma, anemia

Hypokalemia, dehydration

Dehydration, hyponatremia, hypo-
kalemia

Dizziness, hypotension, syncope

Syncope

Dizziness, QT prolongation, 
 somnolence

Elevated lactate

AV block, bradycardia, broncho -
spasticity, syncope, hypotension

Fall, suicide attempt, hypertensive 
crisis

Acute decompensated heart failure

Hypotension, dizziness

Hematoma, gastrointestinal 
 bleeding, anemia

Gastrointestinal ulcers

Paresthesia, dizziness,   
QT prolongation

Drowsiness, syncope, coprostasis

Hypotension, collapse, hyperkale-
mia, acute renal failure

Convulsions, syncope, fall,  
QT prolongation

Elevated transaminases, elevated 
creatine kinase, rhabdomyolysis

Acute renal failure, hyperkalemia

Extrapyramidal motor disorder, 
syncope, QT prolongation

Hypokalemia, dehydration, hypo-
tension

AV block, dizziness, increased 
 digoxin intoxication

Dehydration, hypokalemia

  

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2013; 110(13): 213−9 217

M E D I C I N E



such as STOPP/START, may be superior to a PIM list 
alone in this respect (26).

Limitations
Although Fürth Hospital is the only facility providing 
care for the emergency patients indicated above in a re-
gion with a population of more than 226 000 and well 
over 130 referring physicians, this study is formally 
single-center in design and may not be representative of 
the situation outside the region. Because this study 
phase lasted only three weeks, seasonal effects may 
have affected the prevalence of adverse drug events. 
These seasonal effects can only be quantified following 
final evaluation of all phases of the study. Although 
drug history and drug research were performed 
 prospectively and sources were stated, for drug history 
in particular intentional or unknowing omission of 
some information cannot be ruled out.

Summary
The number of prescribed drugs increases with age, as 
does the percentage of patients suffering from ADRs. 
The prevalence of medication errors and the proportion 
of medication errors that lead to clinical manifestations 
also increase with age. For drugs on the PRISCUS list 
there is an increased risk of adverse drug events in 
elderly patients. However, only a small percentage of 
prescriptions for elderly patients are for drugs on the 
PRISCUS list, which means that most ADEs in elderly 
patients are caused by non-PRISCUS drugs. The data 
presented here show that adverse drug events occur 
mainly in the context of absent or inappropriate indi-
cations and/or overlooked contraindications.
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KEY MESSAGES

● The risk of adverse drug events is higher for PRISCUS 
drugs than for other drugs.

● Most adverse drug events in the elderly are not associ-
ated with PRISCUS drugs.

● The prevalence of adverse drug events with and without 
involvement of medication errors increases with age.

● The percentage of medication errors with clinical conse-
quences  increases more than proportionally with age.
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