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Linköping, Sweden

Abstract

Purpose: Adverse drug events (ADEs) are common and often preventable among inpatients, but self-reported ADEs have
not been investigated in a representative sample of the general public. The objectives of this study were to estimate the 1-
month prevalence of self-reported ADEs among the adult general public, and the perceived preventability of 2 ADE
categories: adverse drug reactions (ADRs) and sub-therapeutic effects (STEs).

Methods: In this cross-sectional study, a postal survey was sent in October 2010 to a random sample of 13 931 Swedish
residents aged $18 years. Self-reported ADEs experienced during the past month included ADRs, STEs, drug dependence,
drug intoxications and morbidity due to drug-related untreated indication. ADEs could be associated with prescription, non-
prescription or herbal drugs. The respondents estimated whether ADRs and STEs could have been prevented. ADE
prevalences in age groups (18–44, 45–64, or $65 years) were compared.

Results: Of 7099 respondents (response rate 51.0%), ADEs were reported by 19.4% (95% confidence interval, 18.5–20.3%),
and the prevalence did not differ by age group (p.0.05). The prevalences of self-reported ADRs, STEs, and morbidities due
to drug-related untreated indications were 7.8% (7.2–8.4%), 7.6% (7.0–8.2%) and 8.1% (7.5–8.7%), respectively. The
prevalence of self-reported drug dependence was 2.2% (1.9–2.6%), and drug intoxications 0.2% (0.1–0.3%). The respondents
considered 19.2% (14.8–23.6%) of ADRs and STEs preventable. Although reported drugs varied between ADE categories,
most ADEs were attributable to commonly dispensed drugs. Drugs reported for all and preventable events were similar.

Conclusions: One-fifth of the adult general public across age groups reported ADEs during the past month, indicating a
need for prevention strategies beyond hospitalised patients. For this, the underlying causes of ADEs should increasingly be
investigated. The high burden of ADEs and preventable ADEs from widely used drugs across care settings supports
redesigning a safer healthcare system to adequately tackle the problem.
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Introduction

Improving patient safety and reducing preventable patient

harm, including adverse drug events (ADEs), is emphasised by

national and global health authorities [1,2]. An ADE is commonly

defined as ‘‘an injury resulting from medical intervention related to a drug’’

[3], although other definitions exist [4,5]. In hospitals, 4–5% of

patients experience ADEs [4,6], including ADE-related hospital-

isations and ADEs occurring during hospitalisation. In previous

studies, 11–86% of ADEs among outpatients being hospitalised

[7–9], and 15–90% of ADEs among inpatients [6,9–11] are

estimated preventable. However, current evidence on ADEs is

largely limited to inpatients and voluntary reports of health

professionals. Although patients outside hospitals report ADEs not

detected otherwise [12], few and often small studies have

investigated patient-reported ADEs [13–22], and no studies have

investigated ADEs in a representative sample of the general

population. Further, few studies have defined sub-categories of

ADEs, other than adverse drug reactions (ADRs), even though

other types of ADEs have been identified [23–31]. Thus, we

conducted a population-based survey study to estimate the 1-

month prevalence of self-reported ADEs, sub-categories of ADEs,

and two sub-categories of preventable ADEs (ADRs and sub-

therapeutic effects of drug therapy (STEs)) among the adult

general public in Sweden. Other aims were to assess the perceived

preventability of ADRs and STEs by the general public, and to

identify drug classes and organ systems associated with self-

reported ADEs.
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Methods

Ethics Statement
An ethical approval for the study was received from the

Regional Ethics Board in Gothenburg (archive number 238-10).

Participants provided a written consent to participate through

responding to a postal survey, accompanied with an introductory

letter that was in accordance with the Declaration of Helsinki.

Study Design and Sample
This cross-sectional study among the adult general public in

Sweden combines survey and register data (Fig. 1). The survey was

mailed to random sample of 13 931 residents aged $18 years,

drawn from the Total Population Register at Statistics Sweden.

The sample size was based on an estimated 10% 1-month

prevalence of self-reported ADRs, slightly higher than in a

previous Swedish survey reporting a 2-week prevalence of 6.4%

[13], and an expected preventability of 10% [15,19]. Requiring a

maximum length of a 95% confidence interval of +/20.3% unit,

and expecting a 60% response rate [13], the calculated minimum

number of respondents was n= 7 043. The sample size was

doubled to n= 14 000 individuals, allowing more detailed

analyses.

Definitions
An ADE was defined as ‘‘an injury resulting from medical intervention

related to a drug’’ [3], and ADEs could be associated with

prescription, non-prescription or herbal drugs. Preventability was

defined according Hallas as ‘‘the drug event was due to a drug treatment

procedure inconsistent with presentday knowledge of good medical practice or

was clearly unrealistic, taking the known circumstances into account‘‘

(definitely preventable) or ‘‘the prescription was not erroneous, but the drug

event could have been avoided by an effort exceeding the obligatory demands’’

(possibly preventable) [32]. Some have previously considered

ADEs to consist of non-preventable ADRs, and medication errors

that are by definition preventable [33], while others have defined

ADR differently and considered part of them preventable [34,35].

In the current study, ADRs were defined according to the World

Health Organization [36,37] for designing the survey question,

were included in ADEs, and could also be preventable. Although

‘‘injury’’ in the broad definition for ADEs [3] could be interpreted

to include a range of other events other than ADRs, and

medication errors such as omission of a dose [38] may result in

other events, other event categories are not detailed in most studies

on ADEs. Instead, previous studies on self-reported ADEs have

used a general question on all ADEs, such as: ‘‘After taking your

prescription medication(s), have you had any problems or symptoms?’’ [19].

As a general question on ADEs was considered to have been

ambiguous for laymen to interpret and the current study aimed at

identifying sub-categories of ADEs, our research group identified

other ADE categories from the literature on drug-related injuries

[23–31]. In the event categorisation, we aimed at classifying types

of morbidity or injury, rather than reasons for it. The identified

ADE categories, in addition to ADRs, were: drug intoxications

from overdose [28], drug dependence [27], STEs [29–31], and

morbidity due to drug-related untreated indication [23–26]. Prior

to designing the survey, these ADE categories were defined

partially based on the literature [32,39,40], and partially based on

the decision of the research group (Table S1). Modifying a

previous definition [32], we defined STEs as an absence of

therapeutic response that could be linked causally either to

(prescribed) dose that was too low, to drug non-compliance, recent

dose reduction/discontinuation or inadequate monitoring, or to

improper drug selection. Further, STEs could also occur when the

treatment has been rational (e.g. first line treatment or best

available medicines were not effective enough). Definitions for the

other ADE categories are described in Table S1. Each of the ADE

categories could be preventable but were not automatically

considered preventable.

Figure 1. Study flow diagram.
doi:10.1371/journal.pone.0073166.g001
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Survey Design
We examined previous studies of self-reported ADEs in the

survey development [13,15], but none of the previous question-

naires was found directly applicable for the aims of our study.

Thus, the research group developed new questions for laymen on

experienced ADEs during the past month, based on the pre-

defined definitions (Table S1). The respondents were requested to

describe symptoms of and/or drugs associated with ADEs,

depending on the ADE category as detailed in Table S1. As a

result of pilot-tests for face and content validity in different

populations, including health professionals, immigrants, and the

elderly, the questions were simplified from the original definitions,

as it became evident that laymen do not read long instructions and

definitions. Simplification was also considered necessary for

minimising the risk of non-response and reporting biases among

persons with language, health literary or cognitive barriers. For the

same reason, the length of the survey was minimised, which was

why preventability was asked only for the two ADE categories that

were expected to be the most frequent: ADRs and STEs. Based on

the definition for preventability [32], and after several rounds of

piloting, the final question on the perceived preventability of each

self-reported ADR read (in Swedish): ‘‘Do you think you or someone else

could have done something to prevent this side effect? For example at the time of

prescribing the drug, purchase of the drug, use of the drug, or monitoring of the

treatment. If yes, describe what.’’ The corresponding question for each

STE was: ‘‘Do you think you or someone else could have done something for

reaching a sufficient effect from the drug? For example at the time of prescribing

the drug, purchase of the drug, use of the drug, or monitoring of the treatment. If

yes, describe what.’’ Other response alternatives were ‘‘no’’ and ‘‘don’t

know’’.

The survey included questions on whether the respondents had

healthcare encounters during the past month, as described in

detail elsewhere [41]. In short, the encounters could be with nurse

or physician, visits or telephone contacts, outpatient or inpatient,

and specialised or not, and excluded dental care. We also asked

whether the respondents had during the past month used

prescription, non-prescription or herbal drugs, each including

pre-defined drug categories for laymen to comprehend and an

additional free text field for other drugs.

The questionnaire, an introduction letter and a prepaid return

envelope were mailed by Statistics Sweden in October 2010. One

postal card reminder (October 2010) and two reminders including

the questionnaire (November 2010, January 2011) were sent.

Coding
Handwritten self-reported symptoms of and drugs associated

with ADEs were transcribed and coded (KMH), according to a

prespecified coding protocol. All reported ADEs were included in

the analyses, including when the respondent could not specify the

event (n = 31), unless if it was evident from the answer that the

question was misunderstood (Table S1). ADRs and STEs were

considered preventable when respondents had answered ‘‘yes’’ on

preventability and/or described perceived actions for preventing

the ADR or STE. Because the causality and preventability

assessments were done by the respondents, we use the terms ‘‘self-

reported ADEs’’ and ‘‘perceived preventability’’.

However, some cases required interpretation, for example when

several ADEs were reported in the same free text field or the same

ADE in multiple fields. Interpretation was also required for coding

unspecific self-reported symptoms, such as ‘‘feeling lazy’’, and

when answers on the nominal question on preventability (‘‘yes’’/

‘‘no’’/‘‘I don’t know’’) and the free text field on preventability

contradicted. When such interpretations were required, a senior

clinical pharmacologist (SH) verified the coding. To further

improve the coding, an additional researcher independently coded

10% of all responses. After comparing the double-coding with the

first coding (KMH), the coding protocol was clarified and all cases

re-coded accordingly (KMH).

Register Data
Survey and register data were linked using the personal identity

number (Figure 1). The respondents’ year of birth was retrieved

from the Total Population Register. Variables from the national

Swedish Prescribed Drug Register [42] on drugs dispensed to the

respondents included the date of dispensing and the drug code

according to the Anatomical Therapeutic Chemical (ATC)

Classification System [43]. The drug register covers all drugs

dispensed in Swedish pharmacies but excludes drugs bought over-

the-counter, or administrated in hospitals or other facilities with

own drug distribution.

Aggregated data on the respondents’ and non-respondents’

(linkage using the personal identity number), and the sampling

frame’s socio-demographics were retrieved from Statistics Sweden:

age in three groups; marital status as married or registered

partnership, single, divorced or widowed; area of residence as

cities including commuting municipalities or others; country of

birth as born in Sweden or not, and born in an Organisation for

Economic Co-operation and Development (OECD) country or

not; highest level of education in mandatory school (6–9 years),

secondary/high school (2–3 years after mandatory school) or high

education ($1 years after secondary school); and yearly individual

income in quintiles (defined in 2009).

Analyses
The aggregated socio-demographic variables from Statistics

Sweden were reported descriptively for the respondents, non-

respondents and sampling frame (Table 1). Differences between

the characteristics of the respondents and non-respondents were

tested statistically, using t-test for mean ages and x2 test for

categorical variables.

The 1-month prevalences of different ADE categories, with

95% confidence intervals (CI), were calculated for all respondents

in the main analysis. Individuals with at least one ADE of each

category were used in the numerator and the total number of

respondents in the denominator. All respondents were chosen as

the denominator, because ADEs could occur without dispensed

drugs (non-prescription drugs and drugs from previous stockpile),

morbidities due to drug-related untreated indications and STEs

did not require drug use, and prolonged symptoms of ADEs can

be experienced without current drug use. As sensitivity analyses,

the prevalences were also calculated using two alternative

denominators: respondents with self-reported prescription, non-

prescription or herbal drug use during the past month; and

respondents who reported at least one healthcare encounter

during the past month. In further sensitivity analyses, we

investigated how the total ADE prevalence was influenced by

omitting morbidities due to drug-related untreated indications and

non-preventable STEs from ADEs. This was done using all

respondents, respondents with drug use and respondents with

healthcare encounters as denominators. For preventability, the

number of preventable ADRs and STEs were divided by the

number of all ADRs and STEs.

The prevalence of each ADE category, using all respondents in

the denominator, was calculated in three age groups and

compared using x2 or Fisher’s exact test: aged 18–44, 45–64,

and 65 years or more. Age 45 was chosen as a cut-off, because

cardiovascular mortality [44] and drug use [45], among other

health conditions, increase in Sweden at this age. After the

Prevalence of Self-Reported Adverse Drug Events
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retirement age of 65, morbidities further increase and the

proportion of the population with dispensed drugs exceeds 80%

[42]. To investigate the robustness of the age categorisation, the

prevalences were also compared in age groups with 5-year

intervals. STATA software version 10 was used in all analyses.

When calculating drugs associated with ADEs, the total number

of ADEs of the category was the denominator. Drugs were

categorised according to the ATC Classification System [43],

including all main groups (1st level) and pharmacological

subgroups (3rd level) representing .1% of the ADE category,

and chemical substances (5th level) representing$20% of the given

Table 1. Characteristics of the study population (n = 13 931) compared to the adult general population in Sweden, retrieved from
Statistics Sweden.

Variable Study population
Adult general population
n (%)

Respondents n (%) Non-respondents n (%) P-valuea

Total 7099 (51.0) 6832 (49.0) 7 382 226

Ageb

mean (SD) 53.2 (18.2) 45.4 (18.9) ,0.001c 49.3 (18.9)

18–44 years 2432 (34.3) 3674 (53.8) ,0.001c 3 196 795 (43.3)

45–64 years 2508 (35.3) 2011 (29.4) ,0.001c 2 415 481 (32.7)

$65 years 2159 (30.4) 1147 (16.8) ,0.001c 1 769 906 (24.0)

Missing 0 (0) 0 (0) 44 (0.0)

Sex

Female 3839 (54.1) 3117 (45.6) ,0.001c 3 737 939 (50.6)

Missing 0 (0) 0 (0) 44 (0.0)

Marital statusb

Single 2231 (31.4) 3226 (47.2) ,0.001c 2 841 758 (38.5)

Married or registered partnership 3505 (49.4) 2424 (35.5) ,0.001c 3 179 760 (43.1)

Divorced 869 (12.2) 802 (11.7) 0.36d 885 669 (12.0)

Widowed 494 (7.0) 308 (5.6) 0.001c 474 995 (6.4)

Missing 0 (0) 0 (0) 44 (0.0)

Area of residenceb

Cities and commuting municipalities 5260 (73.7) 5164 (75.6) 0.04c 5 440 849 (73.7)

Missing 0 (0) 0 (0) 5368 (0.1)

Country of birth

Other than Sweden 819 (11.5) 1504 (22.0) ,0.001c 1 226 097 (16.6)

Non-OECD country 403 (5.7) 929 (13.6) ,0.001c 669 341 (9.1)

Missing 0 (0) 0 (0) 955 (0.0)

Highest level of educatione

Mandatory school 1499 (21.1) 1804 (26.4) ,0.001c 1 680 087 (22.8)

Secondary/high school 3054 (43.0) 3091 (45.2) ,0.001c 3 267 860 (44.3)

High education 2499 (35.2) 1734 (25.4) ,0.001c 2 254 400 (30.5)

Missing 47 (0.7) 203 (3.0) 179 879 (2.4)

Yearly individual incomef

0–11769 EUR 1368 (19.3) 2248 (32.9) ,0.001c 1 994 505 (27.0)

11770–19112 EUR 1461 (20.6) 1267 (18.5) 0.002c 1 446 496 (19.6)

19113–25703 EUR 1482 (20.9) 1279 (18.7) 0.001c 1 448 504 (19.6)

25704–33706 EUR 1494 (21.0) 1109 (16.2) ,0.001c 1 334 734 (18.1)

33707 EUR – 1294 (18.2) 929 (13.6) ,0.001c 1 157 987 (15.7)

Missing 0 (0) 0 (0) 0 (0)

OECD=Organisation for Economic Co-operation and Development; EUR = Euro.
aFor statistical significance between respondents and non-respondents using t-test for comparing mean ages and x2 test for comparing categorical variables.
bSeptember 24th 2010, just before the survey was sent.
cSignificant difference between the respondents and non-respondents.
dNon-significant difference between the respondents and non-respondents.
eIn 2010.
fIn 2009 before taxation. Yearly average exchange rate in 2009 from Swedish krona to Euro 10.6213.
doi:10.1371/journal.pone.0073166.t001
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pharmacological subgroups. Psycholeptics (antipsychotics, anxio-

lytics, hypnotics and sedatives) (N05) and psychoanaleptics

(antidepressants, psychostimulants, agents used for ADHD,

nootropics, psycholectics and psychoanaleptics in combination,

and anti-dementia drugs) (N06) were also categorised into the 4th

level drug classes. ADE categories associated with herbal drugs

without an ATC code were reported. For comparing drugs

associated with ADEs to common drugs, the most common drugs

dispensed to all respondents during six months before returning

the survey were described, using data from the Swedish Prescribed

Drug Register. For each respondent, all drugs with a unique ATC

code [43] dispensed between six months before the survey return

date and the return date were included. Dispensed drugs during

six months was considered to appropriately reflect on drugs that

could have caused ADEs during the study period, because

regularly used drugs are prescribed for three months in Sweden

and doubling the three months allowed non-adherence. A 6-

month period enabled also capturing prescriptions for irregular

use, such as analgesics, that were filled before and used during the

1-month study period. Because of the dominance of antibiotics in

yearly statistics on dispensed drugs, a full calendar year was

considered unsuitable for reflecting drug classes potentially causing

ADEs during the 1-month study period.

For ADRs, the System Organ Classes and Preferred Terms, i.e.

individual symptoms, were determined according to the Medical

Dictionary for Regulatory Activities (MedDRA) [46], and

presented when they represented $1% of all or preventable

ADRs. Chemical substances [43] associated with the reported

Preferred Terms at least twice were reported.

Results

Study Population
In total, 7099 responded giving a response rate of 51.0%

(Table 1). The non-respondents were younger, more commonly

men and born outside Sweden, lived more commonly alone and in

urban areas, and had lower level of education and income.

Prevalence
In the main analyses, 19.4% (95% CI, 18.5–20.3%) of all

respondents reported at least 1 ADE during the past month

(Table 2). The prevalence did not differ in the three age groups for

all ADEs, ADRs, drug intoxications, and morbidities due to drug-

related untreated indications. For drug dependence and STEs, the

prevalence differed in the three age groups (p,0.001 respective

p= 0.001), also when investigated in age groups with 5-year

intervals. Of the 1377 respondents reporting ADEs, 54.2%

reported 1, 35.9% 2–3, and 9.9% 4–11 ADEs.

One or more preventable ADRs or STEs were reported by 208

respondents (Table 2), resulting in a combined prevalence of 2.9%

(2.5–3.3%). The prevalence did not differ by age group for all

preventable ADEs and preventable ADRs (p = 0.11 respective

p= 0.73), but did for preventable STEs (p= 0.010). Of the 208

respondents with preventable ADRs or STEs, 70.7% reported 1,

25.5% 2–3, and 3.8% 4–6 preventable ADEs.

In the sensitivity analyses using respondents with drug use as the

denominator (Table 3), the prevalence of all ADEs and its

subcategories increased slightly compared to the main analysis. Of

all 1377 respondents reporting ADEs, 189 (13.7%) reported

healthcare encounters. Among the respondents with healthcare

encounters, the prevalences of ADRs and STEs increased from the

main analysis, while the prevalences of the other ADE categories

remained similar to the main analyses. When morbidities due to

drug-related untreated indications were omitted from ADEs, the

prevalences of ADEs were 14.7% (13.9–15.6%) among all

respondents, 17.6% (16.6–18.6%) among respondents with drug

use, and 29.6% (25.9–33.3%) among respondents with healthcare

encounters. The prevalence decreased further when both

morbidities due to drug-related untreated indications and non-

preventable STEs were omitted from ADEs, being 10.7% (10.0–

11.4%) for all respondents, 12.7% (11.9–13.6%) for respondents

with drug use, and 22.3% (18.9–25.7%) for respondents with

healthcare encounters.

Categories of ADEs and Perceived Preventability
Of all reported 2578 ADEs, 847 (32.9%) were ADRs, 20 (0.8%)

drug intoxications, 174 (6.7%) drug dependences, 745 (28.9%)

STEs, and 792 (30.7%) morbidities due to drug-related untreated

indications. Reported 139 preventable ADRs and 167 preventable

STEs resulted in preventability estimates of 16.4% (13.9–18.9%)

and 22.4% (19.4–25.4%), respectively. The combined prevent-

ability for both was 19.2% (14.8–23.6%).

Associated Drugs
Nervous system drugs were the most commonly associated with

ADRs (33.2%), drug dependences (93.7%), drug intoxications

(50.0%), and STEs (32.0%) (Table 4). Within nervous system

drugs (Table S2), antidepressants were the most common among

ADRs (15.4%), analgesics among STEs (16.6%), hypnotics and

sedatives among drug dependences (53.7%), and analgesics among

intoxications (26.7%).

Preventable ADRs were the most commonly from drugs for the

nervous system (30.9%), cardiovascular system (20.9%), and

genitourinary system and sex hormones (7.9%). Preventable STEs

were most commonly reported from drugs for the nervous system

(35.9%), musculoskeletal system (10.8%), and alimentary tract and

metabolism (9.6%). As for all ADRs and STEs, antidepressants

were the most common subgroup among preventable ADRs

(12.2%), and analgesics among preventable STEs (15.0%).

Organs Affected by ADRs
ADRs were the most frequently gastrointestinal (26.9%) or

general disorders (17.5%) (Tables 5 and S3). Affected organ

systems and the main drug classes, subgroups and chemical

substances for all and preventable ADRs and STEs were similar.

Discussion

Our 19% 1-month prevalence of self-reported ADEs among the

general public was comparable to previous studies with 18–25%

ADE prevalences during 3–12 months, among mainly elderly

outpatients [15,18–22]. However, considering our younger study

population and shorter study period, our prevalence was relatively

high, although our ADE definition and the inclusion of ADEs from

non-prescription drugs were expected to increase our prevalence.

When we excluded morbidities due to drug-related untreated

indications and non-preventable STEs from ADEs, to mimic a

previous definition for ADEs [15,19], the ADE prevalence

decreased to 11%, which is still considerable. Although possible

over-reporting may have resulted in overestimating our ADE

prevalence, our prevalence was probably also decreased by recall

bias, underreporting of asymptomatic ADEs, and potentially poor

response rate among person with likely high ADE burden,

including persons in hospitals [4,6] and residential care [47,48],

and the frail elderly [49]. Acknowledging the factors that may have

increased and decreased our prevalence, our study does indicate

that ADEs are a significant burden in the general population,

which is also suggested by previous expert panel studies [50,51].

Prevalence of Self-Reported Adverse Drug Events
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The lack of previous similar studies hinders comparing our

prevalences of different ADE categories to previous findings.

Differing study periods may explain our higher ADR prevalence

compared to a 2-week prevalence [13], and our lower prevalence

Table 3. Sensitivity analyses for the 1-month prevalence of self-reported ADEs and preventable ADEs, varying the denominator.

Main analysis: Sensitivity analyses:

Denominator all respondents
(n =7099)

Denominator respondents
with self-reported drug useb

(n=5798)

Denominator respondents with
self-reported healthcare
encounters (n=578)

n Prevalence % (95% CI) n Prevalence % (95% CI) n Prevalence % (95% CI)

Any ADEa 1377 19.4 (18.5–20.3) 1318 22.7 (21.7–23.8) 189 32.7 (28.9–36.5)

Adverse drug reactions 554 7.8 (7.2–8.4) 540 9.3 (8.6–10.1) 106 18.3 (15.2–21.5)

Drug intoxications from overdose 14 0.2 (0.1–0.3) 14 0.2 (0.1–0.4) 1 0.2 (–0.2–0.5)

Drug dependences 158 2.2 (1.9–2.6) 154 2.7 (2.2–3.1) 20 3.5 (2.0–5.0)

Sub-therapeutic effects of drug therapy 539 7.6 (7.0–8.2) 528 9.1 (8.4–9.8) 89 15.4 (12.4–18.3)

Morbidities due to drug-related
untreated indications

575 8.1 (7.5–8.7) 535 9.2 (8.5–10.0) 55 9.5 (7.1–11.9)

Preventable adverse drug reactions or sub-
therapeutic effects of drug therapya

208 2.9 (2.5–3.3) 204 3.5 (3.0–4.0) 38 6.6 (4.5–8.6)

Preventable adverse drug reactions 92 1.3 (1.0–1.6) 91 1.6 (1.2–1.9) 14 2.4 (1.2–3.7)

Preventable sub-therapeutic effects
of drug therapy

131 1.8 (1.5–2.2) 128 2.2 (1.8–2.6) 27 4.7 (2.9–6.4)

ADE= adverse drug event; CI = confidence interval.
aAs one person could have multiple ADEs, the combined prevalence is lower than the sum of the prevalences of the ADE categories.
bSelf-reported use of prescription, non-prescription or herbal drugs during the 1-month study period for which the respondents reported ADEs.
doi:10.1371/journal.pone.0073166.t003

Table 4. Drug classesa associated to self-reported adverse drug events (ADEs), ordered according to the most commonly
dispensed drugs to all respondents.

Drug classa

Dispensed to all
respondentsb (n =7099),
n (%)

ADRs (n =847),
n (%)

Sub-therapeutic
effects of drug
therapy
(n =745), n (%)

Drug dependences
(n=174), n (%)

Drug intoxications
from overdose
(n =20),
n (%)

Cardiovascular system 2093 (29.5) 163 (19.2) 52 (7.0) 0 (0) 6 (30.0)

Nervous system 1700 (23.9) 281 (33.2) 238 (32.0) 163 (93.7) 10 (50.0)

Alimentary tract and metabolism 1501 (21.1) 34 (4.0) 70 (9.4) 0 (0) 0 (0)

Blood and blood forming organs 1219 (17.2) 24 (2.8) 10 (1.3) 0 (0) 2 (10.0)

Genito urinary system and sex
hormones

1109 (15.6) 53 (6.3) 24 (3.2) 0 (0) 0 (0)

Respiratory system 1110 (15.6) 56 (6.6) 73 (9.8) 0 (0) 0 (0)

Antiinfectives for systemic use 1077 (15.2) 42 (5.0) 24 (3.2) 0 (0) 2 (10.0)

Musculo-skeletal system 895 (12.6) 61 (7.2) 111 (14.9) 1 (0.6) 1 (5.0)

Systemic hormonal preparationsc 667 (9.4) 46 (5.4) 14 (1.9) 0 (0) 0 (0)

Dermatologicals 633 (8.9) 10 (1.2) 42 (5.6) 0 (0) 0 (0)

Sensory organs 554 (7.8) 5 (0.6) 5 (0.7) 0 (0) 0 (0)

Antineoplastic and immunomodulating
agents

178 (2.5) 73 (8.6) 12 (1.6) 0 (0) 0 (0)

No dispensed drugs during the
past 6 months

2417 (34.0) NA NA NA NA

ATC not availabled NA 115 (11.9) 69 (9.3) 10 (5.8) 0 (0)

ADE= adverse drug event; ADR= adverse drug reaction; ATC=Anatomical Therapeutic Chemical; NA= not applicable.
aCategorised according to the Anatomical Therapeutic Chemical (ATC) Classification System [43] main groups (1st level) representing .1% of the ADE category.
bDispensed drugs from the Swedish Prescribed Drug Register, including all drugs with a unique the Anatomical Therapeutic Chemical (ATC) Classification System [43]
code for each respondent, dispensed from six months before the survey return date until the return date.
cExcluding sex hormones and insulins.
dDrug missing or unclear, or complementary medicine.
doi:10.1371/journal.pone.0073166.t004
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compared to an annual prevalence among the elderly [16]. The

use of a checklist for ADR symptoms may have caused a higher

ADR prevalence of ‘‘current’’ ADRs in one study [17], although a

causality assessment decreased markedly the prevalence. The

Table 5. Organ systems and symptoms affected by all and preventable self-reported adverse drug reactions (ADRs).

Organ systemsa and symptomsb ADRs (n =847) n (%) Preventable ADRs (n =139) n (%)

Gastrointestinal disorders 228 (26.9) 28 (20.1)

Nausea 55 (6.5) 9 (6.5)

Diarrhoea 32 (3.8) 2 (1.4)

Dry mouth 30 (3.5) –

Abdominal pain upper 28 (3.3) 4 (2.9)

Gastric disorder 24 (2.8) 4 (2.9)

Constipation 22 (2.6) 4 (2.9)

Vomiting – 2 (1.4)

General disorders and administration site conditions 148 (17.5) 17 (12.2)

Fatigue 94 (11.1) 8 (5.8)

Pain – 4 (2.9)

Hyperhidrosis – 3 (2.2)

Nervous system disorders 98 (11.9) 17 (12.2)

Dizziness 33 (3.9) 8 (5.8)

Headache 23 (2.7) 3 (2.2)

Tremor 12 (1.4) –

Hypoaesthesia 2 (1.4)

Psychiatric disorders 97 (11.5) 20 (14.4)

Anxiety 20 (2.4) 3 (2.2)

Insomnia 15 (1.8) 4 (2.9)

Depressed mood 14 (1.7) 5 3.6)

Skin and subcutaneous tissue disorders 43 (5.1) 12 (8.6)

Pruritus 10 (1.3) 3 (2.2)

Alopecia 9 (1.1) –

Rash – 3 (2.2)

Musculoskeletal and connective tissue disorders 43 (5.1) 10 (7.2)

Muscle spasms 11 (1.3) 3 (2.2)

Cardiac disorders 32 (3.8) 7 (5.0)

Palpitations 10 (1.2) –

Dizziness 9 (1.1) –

Respiratory, thoracic and mediastinal disorders 31 (3.7) 5 (3.6)

Epistaxis – 2 (1.4)

Reproductive system and breast disorders 29 (3.4) 5 (3.6)

Erectile dysfunction – 2 (1.4)

Metrorrhagia – 2 (1.4)

Vascular disorders 17 (2.0) 6 (4.3)

Investigations 14 (1.7) 2 (1.4)

Weight increased 14 (1.7) 2 (1.4)

Renal and urinary disorders 14 (1.6) –

Eye disorders 10 (1.2) 3 (2.2)

Metabolism and nutrition disorders 9 (1.1) 2 (1.4)

Increased appetite – 2 (1.4)

Immune system disorders – 2 (1.4)

ADR= adverse drug reaction.
aRepresenting $1% of all or preventable ADRs. According to the System Organ Classes according to the Medical Dictionary for Regulatory Activities (MedDRA) [46]. For
11 (1.30%) ADRs, the System Organ Class could not be determined.
bRepresenting $1% of all or preventable ADRs. According to the Preferred Terms of the Medical Dictionary for Regulatory Activities (MedDRA) [46].
doi:10.1371/journal.pone.0073166.t005
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prevalence of self-reported drug dependences in our study was

high compared to a lower monthly prevalence of non-therapeutic

use of prescription narcotic and addictive drugs (0.6% for men and

1.3% for women) previously estimated in Sweden [52], which may

indicate an overestimation in our study, if respondents interpreted

the question as being dependent on a drug. Alternatively, the

difference may be due to excluding dependence when drug

treatment was appropriate in the previous study [52]. Among the

few self-reported drug-intoxications in our study, serious cases

must be underrepresented, such as fatal intoxications [28], because

hospitalised patients are less likely to reply to a home-posted

survey. STEs and morbidities due to drug-related untreated

indications have previously been common among hospitalised and

emergency care patients [26,29,30,53–56], and in expert panel

studies investigating all patients with medical care [50,51,57].

However, our prevelences of STEs and morbidities due to drug-

related untreated indications, and their proportions of all ADEs,

were relatively high compared to the previous studies

[26,29,30,53–56]. Despite the possible misclassification of ADEs

between the categories and possible over- and under-reporting,

our study demonstrates that drug-related injuries of different

nature are frequently experienced by the adult general public.

The drug classes associated with the ADE categories differed

partially, but the majority of self-reported ADEs were attributable

to commonly used drugs, as described previously [15]. Drugs for

the nervous system were the most commonly associated with all

categories of self-reported ADEs, similarly to previous findings

[13,16,17,52,58]. Within the drug class, pharmacological groups

varied by ADE category: ADRs were dominated by antidepres-

sants, STEs by analgesics, and drug dependence by hypnotics and

sedatives. Drugs for the cardiovascular system were commonly

associated with self-reported ADRs, as found previously

[16,17,58], but self-reported STEs of cardiovascular drugs were

not, although described frequent in emergency care [31]. This is

probably due to the respondents’ limited capability to recognise

STEs of drugs for non-symptomatic conditions and prophylaxis,

leading to their underestimations. Nonetheless, the differing

patterns of ADE-related drugs indicate that categorising ADEs

provides additional information on their nature, compared to

reporting all ADEs together. Thus, categorising ADEs may

enhance investigating their preventability and contributing factors.

ADRs reported by the general public in our study expectedly

differed from ADRs causing admissions [59,60], or occurring in

hospitals [61]. NSAIDs, diuretics, warfarin and antidiabetics have

commonly been associated with ADR-related admissions [59,62],

while we found these drugs less common. Drugs described to

commonly cause ADRs occurring during hospitalisation include

loop diuretics, opioids, systemic corticosteroids, inhaled beta-

agonists, oral anticoagulants, and antibiotics [61], differing from

our self-reports. However, antidepressants and in particular

selective serotonin reuptake inhibitors appear a preeminent cause

of ADRs across settings, as they are a common cause of ADR-

related admissions [59], and dominate ADRs in our and others’

studies outside hospitals [15,63]. In hospitals, ADRs commonly

result in hepatic, renal and hematologic disorders, bleedings,

hypoglycemia and electrolyte disturbances [59,61,62], while we

and others [13,16] found self-reported ADRs more commonly

gastrointestinal, general disorders, related to the nervous system,

psychiatric, or dermatological. If symptomless, ADRs common

among inpatients may be under-reported in our study, or

respondents may have reported e.g. hypoglycemia as tremor

causing an under-estimation of hypoglycemia. However, our

results do suggest that the general public experiences a large

quantity of ADRs that are not captured in studies among

inpatients.

The general public’s perceived preventability of ADRs and

STEs was lower than in most previous studies [6–11,50,51],

perhaps due to the respondents’ limited capability to judge

preventability. Although preventable ADEs due to errors related

to clinical decision making were probably under-reported, our

study provides valuable information on the burden of preventable

ADEs due to other, patient-experienced errors, for example in self-

administration. However, we found reported drugs and affected

organs for all and preventable events similar, as in studies in

hospitals [6,64,65], indicating that understanding preventable

ADEs requires other research methods. Thus, future studies

should investigate the underlying causes of preventable ADEs

reported by patients using qualitative methods. Studying factors

related to the health system and using root cause analyses have, for

example, been suggested [66,67].

The differing prevalences and nature of self-reported ADEs and

their sub-categories in our study compared to studies in various

care settings indicate that combining self-reports from the public to

clinical data would be advantageous for investigating ADEs in the

future. As most self-reported ADEs were experienced without

healthcare encounters, including a telephone contact, and few

ADEs involved a hospitalisation, a large proportion of ADEs are

probably overlooked in studies investigating exclusively patients, in

particular inpatients. Even though we were unable to assess

seriousness, the self-reported ADEs among the general public

without healthcare encounters were most likely less serious than

ADEs in hospitals. As a large quantity of non-serious adverse

events in hospitals have previously been found to consume more

resources than fewer serious adverse events [68], non-serious

ADEs in the general population may also consume considerable

resources, for example in primary care or through decreased

productivity [41]. In studies in oncology, patients have reported

ADRs, such as fatigue and nausea, earlier and more frequently

than clinicians [69], patient-reports have correlated better to the

overall health status [69], and clinicians have underestimated the

impact of the ADRs on the patients’ daily life [70]. The general

public’s perception on preventability is also likely to complement

practitioners’ preventability assessments based clinical data, as

clinical data probably lack information on patients’ perception on,

for example, adequate patient-clinician communication and errors

in drug use outside care units. Thus, self-reported ADEs and their

perceived preventability should not be ignored from investigations

of the prevalence, nature and prevention of ADEs. However,

studies relying exclusively on self-reports, like ours, reflect to some

extent reporting behaviour and patient satisfaction, and are

limited by recall, reporting, and non-response biases and the

inability to assess causality and preventability against clinical data,.

For improving the understanding of ADEs and their prevention

from both clinical and patient perspectives, ADEs and their

preventability should be studied using both self-reports and clinical

data for the same population sample.

Once ADEs are better understood, interventions for their

prevention, detection and mitigation may be developed [71].

Successful interventions for reducing preventable ADEs include

computerised prescribing aids [72] and clinical pharmacists’

participation in physician rounds in hospitals [73], to name some.

The design, implementation and evaluation of interventions for

improving safety and quality must be carefully planned, as

introducing new interventions may alter the pattern of errors

without necessarily improving safety [74,75], and the lack of

resources probably hinders adopting all possible interventions.

Further, as simplifying and standardising complex systems are
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known to improve safety [71,76,77], adding complexity to an

already complex healthcare may decrease safety [76]. Instead,

improving patient safety significantly has been argued to require

large-scale efforts to redesign a safer healthcare system [77–79],

including implementing generic, cross-sectional and specific

interventions. Although there are many solutions to reduce ADEs,

the high burden of ADEs and preventable ADEs from widely used

drugs across care settings supports, in our view, the argument for

system redesign to adequately tackle the problem.

Methodological Considerations
The varying definitions for ADEs [4,5] and preventability [80]

in the literature limit comparison of studies in the field. Because

our study was driven by a research question on the burden of

ADEs in the general population, we chose a broader definition for

ADEs than in most previous studies. Our ADE categorisation,

however, enabled mimicking ADEs as defined by some [15,19].

We believe our ADE categorisation improved the understanding

of the nature of ADEs and the respondents’ capability to report

ADEs, but is was not faultless. The interpretation of ‘‘normal dose’’

to differentiate ADRs and intoxications was somewhat ambiguous,

and combining the two categories should be considered in future

studies. We purposefully separated drug dependence from ADRs,

because dependence may be associated with too high a dose. Drug

dependence with normal dose may, however, also fall under the

definition for ADRs. We purposefully also classified morbiditeis

due to drug interactions as ADRs or STEs, according to the health

consequence rather than the cause, although some consider all

interactions as ADRs. Even though we did not assess the

preventability of morbidities due to drug-related untreated

indications, we considered prior to conducting the study that such

ADEs may or may not be preventable. In hindsight, all such cases

could be considered preventable, as an error has occurred if a

needed therapy was not initiated. We suggest future studies to

further investigate improving the categorisation of all and

preventable ADEs, as categorisation appears useful for conceptu-

alising this heterogeneous group of events.

As our data were restricted to a mailed survey, we could not

assess the causality or perceived preventability of the reported

ADEs against clinical data, nor further interview the respondents.

We did ask the respondents to describe the preventable ADEs,

which will be reported in a separate article. Although we assessed

the questions on ADEs and preventability for face and content

validity, some respondents misinterpreted them. Further validation

of the survey instrument would have improved our study, and is

recommended for future studies. As our study focused on the

respondents’ experiences, few ADEs and preventable ADEs were

excluded during coding. Therefore, the coding was less likely to

influence our results than the recall and reporting biases. Due to

these limitations in our case detection, our results must be

interpreted with caution and further studies are needed to confirm

our findings.

Our respondents were more representative of the general

population than in previous studies, but the non-response bias

limits the generalisability of our findings to all adults in Sweden.

Although our 51% response rate was lower than we anticipated,

based on a survey on ADRs to the Swedish general public in 2004

[13], it was in line with the declining response rates in Sweden. For

example, the response rate to the National Survey of Public Health

has declined from 61% in 2004 to 52% in 2009 [81]. Apart from

this trend, our response rate was probably negatively affected by

the length of the survey, 21 pages including questions reported

elsewhere [41], and the complexity of the research area. In

hindsight, fewer questions and further validation could have

increased the response rate. The non-response bias probably

affected ADE prevalences differently by age. Young non-

respondents were probably relatively healthy and may have had

fewer ADEs than respondents, possibly resulting in overestimating

the ADE prevalence. Among the elderly, however, respondents

may have been healthier [49], and less commonly hospitalised or

institutionalised, and probably suffered from fewer ADEs than

elderly non-respondents, resulting in underestimating the ADE

prevalence. Most ADEs were experienced without healthcare

encounters and thus probably occurred in the community, but we

were unable to assess the origin of them. As we surveyed prevalent

ADEs, some ADEs experienced in the community during the

study period may have debuted previously in inpatient care, and

vice versa. Even though these limitations probably influenced the

nature of the reported ADEs and our inability to detect prevalence

differences between the age groups, our study still demonstrates

that ADEs are a considerable health concern in the community in

Sweden, across age groups. Although the prevalence and pattern

of ADEs vary depending on the patient population, settings, ADE

definitions, and methods [4], the burden of ADEs is also likely to

be significant in other geographical areas.

Finally, our ADE prevalences among all respondents were fairly

robust for using respondents with self-reported drug use as the

denominator. When respondents with healthcare encounters were

used as the denominator, the prevalences of ADRs and STEs

increased markedly, suggesting that persons with ADRs and STEs

visit healthcare more than persons with the other ADEs.

Conclusions

One fifth of the adult general public reported ADEs during the

past month, with our ADE definition, indicating that ADEs are a

significant disease burden in all age groups and beyond hospitals.

Thus, ADEs experienced by the public must be considered in the

prevention of ADEs. Prevalence and associated drugs varied

between the ADE categories, suggesting that categorising ADEs

enriches characterising ADEs. For developing prevention strate-

gies, the underlying causes of such ADEs should increasingly be

investigated. Although there are many solutions to reduce ADEs,

the high burden of ADEs and preventable ADEs from widely used

drugs across care settings supports, in our view, redesigning a safer

healthcare system to adequately tackle the problem.
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