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Abstract

Introduction

Drug errors pose a major health hazard to a number of patient populations. However,
patients with type 2 diabetes mellitus seem especially vulnerable to this risk as diabetes mel-
litus is usually concomitant with various comorbidities and polypharmacy, which present sig-
nificant risk factors for the occurrence of drug errors. Despite this fact, there is little data on
drug errors from patients’ perspective. The present survey aimed to examine the viewpoints
of patients with type 2 diabetes mellitus regarding their experiences with medication errors,
the overall treatment satisfaction, and their perceptions on how a medication error was han-
dled in daily hospital routine.

Materials and methods

Inpatients at the Department of Endocrinology and Diabetology of the University Hospital of
Graz were included in the survey. Out of 100 patients, one-half had insulin therapy before
hospitalization while the other half had no insulin therapy prior to admission. After giving
informed consent, patients filled out a questionnaire with 22 items.

Results

Independent of their preexisting therapy, 25% of patients already suffered at least one drug
error, whereby prescribing a wrong dose seemed to be the most common type of error. Fur-
thermore, 26% of patients in the non-insulin versus 50% in the insulin group (p = 0.084)
were convinced that drug errors were addressed honestly by the medical staff, while 54% in
the non-insulin versus 80% in the insulin-group (p = 0.061) assumed that adequate mea-
sures were taken to prevent drug errors. Finally, 9 out of 10 patients seemed satisfied with
their treatment regardless of their diabetes therapy.
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Discussion/conclusion

The results of the survey clearly showed that patients experienced at least one medication
error during hospitalization. However, these errors only rarely led to patient harm. The sur-
vey also revealed the value of an honest and respectful doctor-patient relationship regarding
patient perception of medication errors and general complaints. Increasing patient aware-
ness on the existing in-hospital error management systems could eliminate treatment-
related concerns and create a climate of trust that is essential for effective treatment.

Introduction

Therapy-associated errors such as medication errors are becoming increasingly common in
public perception. Today consensus exists that medication errors pose a serious risk to the
well-being of patients, which is underestimated both in terms of incidence and in terms of the
impact of errors. Therefore, increasing efforts are being made to investigate their causes and
effects. According to a prospective cohort study by Barker, errors occur in up to 20% of all
medication-related processes, with the most frequent being drug administration at the wrong
time (43%), no administration of a prescribed medication (30%), and wrong dose administra-
tion (17%) [1]. Healthcare professionals may make these errors but also patients who are self-
administrating medications. Thereof, 7% of all medication errors have the potential to cause
adverse drug events [1].

Up to now, there has been no consistent definition of medication errors in the scientific lit-
erature and consequently the incidence of medication errors varies from five to 967 per one
thousand patient days [2-4]. The World Health Organization, for example, defines medication
error as “a preventable event that may cause or lead to inappropriate medication use or patient
harm while the medication is in the control of the healthcare professional, patient, or consumer”
[5-7]. Conversely/Similarly, the British psychologist James Reason postulated a system-ori-
ented error theory with the help of the "Swiss cheese model of system accidents" [8]. According
to his theory, risks and errors only occur when several safety barriers, which can be both
human and technical, fail simultaneously. This means that the faulty system barriers are by no
means rigid, but change over time [9].

A prominent risk factor for the occurrence of medication errors could be a lack of work
experience [10]. Nurses with little work experience as well as doctors at the beginning of their
career are at an increased risk of making a medication error. A study examining the theoretical
and practical pharmacological knowledge of undergraduate students from seventeen European
countries revealed that 46% of pharmaceutical therapies established by undergraduate students
were wrong and that 55% of prescriptions contained at least one error. The most frequent
error was choosing the wrong active agent or prescribing a wrong, usually too high, dosage.
Even students in the final year of their training did not feel confident enough to prescribe
medication safely and correctly [11]. Moreover, 30% of first-year physicians rated their knowl-
edge of clinical pharmacology and pharmacotherapy as insufficient, while only 8% evaluated
their knowledge as good [12-14].

Although diabetes mellitus is not an independent risk factor for the occurrence of medica-
tion errors, patients with diabetes mellitus are at higher risk to medication errors than others
[15] due to the fact that antihyperglycaemic drugs, insulin in particular, belong to the group of
so-called high-alert medications [16-20]. Furthermore, despite diabetes mellitus being a
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complex and widespread disease of great concern not only to those affected but also to their
environment, including healthcare professionals, to date there are hardly any data on medica-
tion errors from the patients’ point of view. Therefore, the aim of the study was to survey hos-
pitalized patients with type 2 diabetes mellitus (T2D) in terms of their perception of error
management, therapy-associated satisfaction, and diabetes-specific treatment aspects during
their hospital stay.

Materials and methods
Ethics statement

The study was approved by the Ethics Committee of the Medical University of Graz (submis-
sion number 29-278 ex 16/17). All participants gave their written consent to participate in the
survey before any study-related procedures took place. The study was performed at the Uni-
versity Hospital of Graz in full accordance with the principles of the “Declaration of Helsinki”
and Good Scientific Practice.

The questionnaire

Two diabetologists, a diabetes educator, and a medical student developed the questionnaire in
German language. The questionnaire was pretested in a small sample (n = 10) of individuals
with type 2 diabetes from the outpatient clinic for relevance and comprehensibility and to
remove any ambiguity which could affect question response. The feedback was integrated into
the final version of the questionnaire. The questionnaire was completed in German only and
was translated for publication (S1 and S2 Tables).

Study design and setting

This single-center survey was carried out from April 2017 to February 2019 at the ward of the
Division of Endocrinology and Diabetology. The subjects included a hundred patients with
T2D: of these, fifty patients were on oral antihyperglycaemic agents (OAH) and the other fifty
were on preexisting insulin therapy (with or without OAH). The classification of the two
groups was based on individual treatment regimen prior to inpatient admission independent
of the glucose-lowering therapy the patients received during their hospital stay. The patients
were randomly recruited and those who met all inclusion (> 18 years of age, type 2 diabetes
mellitus with pre-existing insulin therapy or pre-existing therapy with oral antidiabetic drugs)
and none of the exclusion (type 1 diabetes mellitus, gestational diabetes, other forms of diabe-
tes mellitus, patient unable to provide informed consent) criteria were included in the survey.
Furthermore, demographic data (age, sex), height, weight and health data (diabetes duration,
diabetes-specific therapy, HbAlc value from the routine laboratory), were also recorded. The
patients were asked to complete a 22-item paper-based questionnaire (Table 1) which was col-
lected after completion by study staff. Data, which were collected on the paper-based question-
naire, were manually entered into a digital database. All database entries were independently
double-checked for correctness by two study team members. To obtain usable answers, only
patients fluent in German were invited to participate in the survey.

Data collection

Items 1 to 8 of the questionnaire dealt with general aspects of medication errors such as fear of
receiving a wrong medication as well as methods to avoid medication errors. Items 9 to 12
focused on the personal experience with medication errors. Items 13 to 17 dealt with therapy-
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Table 1. Baseline characteristics.

Growp . Female(%) __|Age(years) __|Diabetesduration (years) | HbAlc(mmolmol) __|BMI (kg/m’)
OAH Mean (SD) 38 67.9+11.9 5.9+6.5 63 + 25 29.8+6.8

Min. 42 0 38 21.5

Max. 89 25 127 50.2
Insulin (w./w.0. OAH) Mean (SD) 48 71.1+11.9 20.0 +10.3 66 + 20 31.0+6.4

Min. 34 1 40 16.7

Max. 89 55 128 50.2

https://doi.org/10.1371/journal.pone.0267570.t001

associated patient satisfaction. Finally, items 18 to 22 of the questionnaire dealt with aspects
associated with diabetes therapy.

For most items four answering categories existed: "yes", "rather yes", "rather no" and "no".
Only items 6 and 8 involved open-ended questions. Details on questionnaire items are shown
in the “S1” and the “S2” Tables.

Statistical analysis

The COSMIN methodology was used for sample size estimation [21]. Furthermore, a quantita-
tive survey was used to identify relevant content for a patient-reported outcome measure
(PROM), while the survey sample size should be large enough to assume that saturation is
reached. According to COSMIN recommendations, a very good rating is given if the sample
size is at least one hundred. Therefore, an overall sample size of one hundred participants with
fifty participants per subgroup (insulin-treated vs. insulin-naive patients with T2D) was chosen.

Descriptive statistics (mean, standard deviation (SD)), frequency, and percentages were
applied to all questionnaire items. Statistical data analysis was carried out by cross-tabulations
(Chi2-test, Software: IBM SPSS Statistics, version 27, International Business Machines Corpo-
ration (IBM), USA). The significance level was set at o = 5%. All tests were two-sided and a p-
value <0.05 was regarded as statistically significant.

Results

Patients in the insulin group were older and had diabetes longer as compared to the OAH
group. The proportion of women in the OAH group was 38% (n = 19) compared to 48%

(n = 24) in the insulin group. The full set of baseline characteristics can be found in Table 1.
Complete questionnaire results are shown in Tables 2-4.

Patient perception of medication errors

For item 1, 28% (n = 14) of patients in the OAH group reported that they already experienced
a medication error at least once during hospitalisation compared to 22% (n = 11) in the insulin
group (p = 0.365). In addition, only 38% (n = 19) in the non-insulin group were aware of the
existence of error reporting systems such as the critical incident reporting system compared to
54% (n = 27) of patients in the insulin group. Furthermore, patients who suffered from at least
one medication error indicated that the error was caused by a wrong dose (OAH: n = 6 vs.
insulin: n = 7) or a wrong drug/drug combination (OAH: n = 8 vs. insulin: n = 4). The reasons
for medication errors (item 6) were answered manifold, with the following being assumed
most often: work stress (OAH: 24% vs. insulin: 25%), staff shortage (OAH: 11% vs. insulin:
9%), distraction (OAH: 8% vs. insulin: 6%), human error (OAH: 4% vs. insulin: 7%) or com-
munication failure (OAH: 6% vs. insulin: 1%).
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Table 2. Beliefes on medication errors (group I = insulin; group O = oral antihyperglycaemic agent). Differences were calculated between both groups (O/I), duration
of diabetes (D), age (A), gender (G) and education level (E). Any significance is given in the column “p-value” (n.s. = not significant). Significant differences for duration
of diabetes, age, gender and education level are indicated in the description below the table.

Item Yes (%) Rather yes (%) | Rather no (%) No (%) No answer (%) | p-value
o I o I o I o I o I

1: received wrong medication” 26 22 2 0 0 4 72 74 0 0 n.s.
2: received another patient’s medication * 0 0 0 0 0 0 100 100 0 0 n.s.
3: hospital tries to prevent medication errors” 36 60 18 20 32 12 12 8 2 0 n.s.
4: medication errors are reported in a system” 18 36 20 18 30 18 22 24 10 4 n.s.
5: medication errors are openly addressed” 10 32 16 18 28 18 36 26 10 6 n.s.
6: what are reasons for medication errors Open-ended question

7: electronic prescribing can prevent medication errors” 16 ‘ 22 ‘ 12 | 20 | 20 ‘ 16 ‘ 40 ‘ 36 | 12 | 6 n.s
8: what measures should be taken to avoid errors Open-ended question

9: worried about receiving wrong medication” 14 10 14 12 10 14 62 64 0 0 n.s.
10: are concerns taken seriously” 44 52 32 30 20 14 4 2 0 2 n.s.
11: due to fear, did you stop medication intake” 34 38 4 2 6 6 56 54 0 0 n.s.
12: refused to take medication due to fear of an error” 14 18 8 4 12 10 66 68 0 0 n.s.

*For items 1-5, 7, 9-12, no statistically significant difference was observed for D, A, G, and E.

https://doi.org/10.1371/journal.pone.0267570.t002

Table 3. Therapy associated satisfaction (group I = insulin; group O = oral antihyperglycaemic agent). Differences were calculated between both groups (O/I), dura-
tion of diabetes (D), age (A), gender (G) and education level (E). Any significance is given in the column “p-value” (n.s. = not significant). Significant differences for dura-
tion of diabetes, age, gender and education level are indicated in the description below the table.

Item Yes (%) Rather yes (%) Rather no (%) No (%) No answer (%) p-value
(6] I (6] I (6] I (6] I (6] I
13: satisfied with physician’ care” 64 66 22 28 12 6 0 2 0 n.s.
14: satisfied with nursing care” 68 66 18 28 10 6 2 2 0 n.s.
15: concerns and questions were explained to you” 48 54 24 32 18 2 8 12 2 0 n.s.
16: received information about medication for intake” 36 54 34 22 22 16 8 8 0 0 n.s.
17: informed myself about medication intake” 54 60 8 6 10 10 28 24 0 0 n.s.

*For items 13-17, no statistically significant difference was observed for D, A, G, and E.

https://doi.org/10.1371/journal.pone.0267570.t003

Table 4. Diabetes specific aspects (group I = insulin; group O = oral antihyperglycaemic agent). Differences were calculated between both groups (O/I), duration of
diabetes (D), age (A), gender (G) and education level (E). Any significance is given in the column “p-value” (n.s. = not significant). Significant differences for duration of
diabetes, age, gender and education level are indicated in the description below the table.

Item Yes (%) Rather yes (%) | Rather no (%) No (%) No answer p-value
(%)
o I o I o I o I o I
18: blood glucose level is adjusted appropriately” 40 40 10 20 24 14 26 26 0 0 n.s.
19: afraid of hypoglycaemia” 8 32 6 10 8 8 76 50 0 0O/1: 0.023
20: hypoglycaemia after self-administration 6 56 - - - - 94 44 - - O/I: <0.001
21: hypoglycaemia after OAH” treatment by physician/nurse 2 6 - - - - 98 94 - - n.s.
22: hypoglycaemia after insulin treatment by physician/nurse 4 30 - - - - 96 70 - - O/I: 0.001
G:0.047

*For items 18-19, and 21 no statistically significant difference was observed for D, A, G, and E. For item 20, D: p<0.001, G: p = 0.041. For item 22, G: p = 0.016, G:
p =0.047.

https://doi.org/10.1371/journal.pone.0267570.t004
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The question on which measures should be taken to increase safety was answered by more
respondents in the OAH group, (46%, n = 23) then in the insulin group (44%, n = 22). In this
context, i) the desire for more information i.e., information about the therapy in general, the
mode of drug action or potential adverse drug reactions, ii) more interaction with the physi-
cian or the nursing staff or iii) the wish for more time for patients’ needs was chosen most fre-
quently. Furthermore, i) demand for more staff, ii) the desire for clear and more open
communication both within the treating team and between patients and medical staff and iii)
the desire for an open-minded patient safety culture were also mentioned.

Therapy associated satisfaction

86% (n = 43) of patients in the OAH group and 94% (n = 47) in the insulin group were gener-
ally satisfied with physician care (item 13) during their hospital stay (p = 0.498). The same
results (item 14) were achieved with regard to the patients’ opinions about the nursing staff

(p = 0.463). Furthermore, 72% (n = 36) of patients in the OAH group and 86% (n = 43) in the
insulin group were satisfied with the explanation of any drug-related question (p = 0.073).
Finally, 62% (n = 31) of patients in the OAH group and 66% (n = 33) in the insulin group
reported that they searched the web or asked their family doctor for more specific information
regarding their medication (p = 0.929).

Diabetes-specific therapy concerns

50% (n = 25) of patients in the OAH group and 60% (n = 30) in the insulin group were convinced
that their blood glucose level (item 18) was in the target range (p = 0.394). In the insulin group,
42% (n = 21) were afraid of hypoglycaemia as compared to only 14% (n = 7) in the OAH group
(p =0.023). Only 6% (n = 3) of patients in the OAH group, assumed that hypoglycaemic events
during hospitalization occurred due to diabetes self-management (insulin dose calculation and
insulin administration) versus 56% in the insulin group (n = 28) who also shared that belief
(p<0.001). Additionally, diabetes duration correlated with the occurrence of hypoglycaemia: 11%
of patients with diabetes duration shorter than 10 years indicated that they already experienced
hypoglycaemia caused by self-administration of antihyperglycaemic medication, compared to
53% with diabetes duration longer than 10 years (p<0.001). In the insulin group, women were
42% (n = 21) more likely to report having experienced hypoglycaemia at least once (p = 0.041).

Discussion

This survey evaluated for the first time the perceptions of patients with T2D concerning medi-
cation errors, therapy associated satisfaction and diabetes-specific therapy concerns during hos-
pitalization. So far, questionnaires on medication errors assessed only the attitude of healthcare
providers towards error reporting while the patient perspective was not considered [22-24]. As
negative outcome of medication errors directly affects patients it is of utmost importance to also
assess patients’ perception on medication errors. To better address patients’ fears of medication
errors in an inpatient setting where they are not in control of their medication, we need to
understand their view on HCPs’ awareness, reporting and prevention of medical errors. Addi-
tionally, communication strategies to lay people on already established preventive error man-
agement can be adjusted to avoid knowledge gaps and fake news. Although patients with
insulin-treated diabetes are classically regarded as high-risk with regard to the occurrence of
medication errors, in this study no significant differences emerged with respect to medication
errors when compared to patients on oral antihyperglycaemic agents alone [15-20]. In both
groups, 25% of patients stated having experienced a medication error at least once. Most fre-
quently, errors such as prescribing the wrong dosage or agent was mentioned. However, in line
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with the results of recent studies, only a small number of medication errors led to serious harm,
while a large proportion of those had no lasting effect on patients’ wellbeing.

Of the cohort of patients with preexisting insulin therapy, only 26% assumed that medica-
tion errors that occurred were openly addressed. At the same time, slightly more than half of
respondents in the OAH group (54%) believed that enough was done to avoid medication
errors. Therefore, it can be assumed that there is still a chance to increase patients’ confidence
in error prevention within the hospital. A survey of hospital pharmacists on medication error
disclosure found, that the majority agreed that open communication is essential but differ-
ences in communication details and behavior when communicating to the patient (quote: “to
give it a positive spin”) were described. Additionally, the response rate to this survey was low
potentially having caused a positive selection bias overrepresenting pharmacists preferring
open communication after occurrence of a medication error [25].

However, regardless of the preexisting, form of therapy the majority of surveyed patients,
were not concerned about experiencing a medication error and felt that they were taken seri-
ously enough when they expressed concerns about their medication. Furthermore, patients
treated with OAH seemed to be more critical of the intra-hospital medication management
than patients with insulin treated T2D, even if the differences were not statistically significant.
Furthermore, patients undergoing insulin therapy were significantly more afraid of hypogly-
caemic events than patients treated with OHAs. This is probably due to the fact that patients
undergoing insulin therapy have already experienced hypoglycaemic episodes in the past. In
addition, patients with longer diabetes duration feared hypoglycaemia more often than
patients with a shorter duration of the disease. This finding may be explained by the fact that
these patients were more often already receiving insulin therapy. Finally, women reported
more frequently to having previously experienced hypoglycaemic episodes, which is in line
with studies researching gender differences in hypoglycaemia in T2D [26]. This might also
explain the greater fear of hypoglycaemia in females seen in our survey.

The fear of being subjected to a medication error has so far received little attention as a risk
factor for non-adherence. In the present survey, nearly 25% of all patients—irrespective of the
preexisting treatment type—indicated that they have refused to take medication at least once due
to the fear of being subjected to a medication error. Chronic health conditions such as diabetes
mellitus often require years of conscientious medicating to achieve the best possible therapeutic
success. However, according to conservative estimates, more than 50% of all patients today do
not take their medication as prescribed and thus jeopardize their own therapeutic success. The
reasons for non-adherence found in the literature include inadequate health literacy, a challeng-
ing relationship between physicians and patients (especially in the sense of a paternalistic
approach on the part of physicians), complex therapy regimes, communication problems, inade-
quate information on adverse drug events or limited access to healthcare [27]. A large majority
of the surveyed patients saw stress as well as medical staff shortages as the root causes of medica-
tion errors. In addition, the lack of control mechanisms, multitasking, poor communication and
similarities in drug name and design were mentioned as important medication errors triggers.
Drugs with similar names [28, 29] or with similar appearance [30, 31] are a well-recognized risk
factor for the occurrence of medication errors. It is estimated that between 7 and 20% of all med-
ication errors occur due to similarly sounding name or similar physical shape of the drug [31].

In general, the vast majority of surveyed patients felt confident in their daily clinical routine
and did not make any concrete suggestions for improvement. However, their desire to commu-
nicate more with the medical professionals as a measure to increase their subjective sense of
safety in the treatment seemed to be a global concern. This finding is of great importance since
the equally frequent request for more healthcare professionals is certainly less easy to accommo-
date than the desire for more time for medical consultation and education about disease and
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therapy. Overall, the survey revealed that, above all, improving the interpersonal relationship
aspects (for example, appreciativeness, open-mindedness, etc.) helps to increase the patients’
personal sense of safety. Today, it is believed that good doctor-patient communication not only
positively impacts the patient’s subjective feelings of wellbeing and their confidence, but may
also improve compliance and in turn reduce the risk of medication errors [32]. Finally, the value
of good communication is clearly underlined by the fact that most complaints about physicians
are not based on their professional competence but on communication problems [33]. This is
particularly important since it has been shown that patients who feel well looked after and ade-
quately informed submit significantly fewer complaints and experience even less medication
errors or complications, which is certainly a great advantage from a medical point of view [34].

Conclusions

The survey results clearly show that patients experienced at least one medication error during
hospitalization, however, those errors only rarely led to patient harm. The survey also
highlighted the value of an honest and respectful doctor-patient relationship regarding the per-
ception of medication errors or complaints in general. In addition, the fact that the patients’
confidence in in-hospital medication management can still be improved, it also seems to be
important for day-to-day clinical routine, since many patients assume that errors are more
likely to be swept under the rug than openly addressed. Increasing patient education on in-
hospital error management systems could eliminate these concerns and create a climate of
trust that is essential for effective treatment.

Limitations

This study has several limitations. The survey was a monocentric study. Accordingly, the general
significance of the survey may be limited. In addition, the survey was conducted at a tertiary
care center, so the patient collective may be limited when compared to patient groups in primary
or secondary centers. A further limitation may be that only patients fluent in German were
included, which may have influenced or biased data. Finally, as with all surveys, there may have
been biased answers due to a tendency of respondents to provide socially desirable answers. This
particularly concerns the questions on own therapy adherence and therapy satisfaction.

Supporting information

S1 Table. Questionnaire (English translation of the questionnaire).
(DOCX)

$2 Table. Fragebogen (original version of the questionnaire in German language).
(DOCX)

Acknowledgments

The authors wish to express their gratitude to the patients at the Division of Endocrinology
and Diabetology for their participation in the study.

Author Contributions

Conceptualization: Julia K. Mader, Felix Aberer, Katharina M. Lichtenegger, Wolfgang Kole,
Gerald Sendlhofer.

Data curation: Julia K. Mader, Felix Aberer, Kerstin Sarah Drechsler, Tina Pottler.

PLOS ONE | https://doi.org/10.1371/journal.pone.0267570  April 28, 2022 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267570.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267570.s002
https://doi.org/10.1371/journal.pone.0267570

PLOS ONE

Medication error - patients’ perspective

Formal analysis: Julia K. Mader, Felix Aberer, Kerstin Sarah Drechsler, Gerald Sendlhofer.

Investigation: Julia K. Mader, Kerstin Sarah Drechsler, Tina Péttler, Gerald Sendlhofer.
Methodology: Julia K. Mader, Katharina M. Lichtenegger, Gerald Sendlhofer.

Project administration: Julia K. Mader.

Resources: Julia K. Mader, Wolfgang Kole.

Supervision: Julia K. Mader.

Writing - original draft: Julia K. Mader, Gerald Sendlhofer.

Writing - review & editing: Felix Aberer, Kerstin Sarah Drechsler, Tina Péttler, Katharina M.

Lichtenegger, Wolfgang Kole.

References

1.

10.

11.

12

13.

14.

Barker KN, Flynn EA, Pepper GA, Bates DW, Mikeal RL. Medication errors observed in 36 health care
facilities. Arch Intern Med 2002; 162(16):1897-9083. https://doi.org/10.1001/archinte.162.16.1897 [pub-
lished Online First: 2002/08/28] PMID: 12196090

MacFie CC, Baudouin SV, Messer PB. An integrative review of drug errors in critical care. J Intensive
Care Soc 2016; 17(1):63—72. https://doi.org/10.1177/1751143715605119 [published Online First:
2016/02/01] PMID: 28979459

Ferner RE. The epidemiology of medication errors: the methodological difficulties. Br J Clin Pharmacol
2009; 67(6):614—20. https://doi.org/10.1111/j.1365-2125.2009.03417 .x [published Online First: 2009/
07/15] PMID: 19594528

von Laue NC, Schwappach DL, Koeck CM. The epidemiology of preventable adverse drug events: a
review of the literature. Wien Klin Wochenschr 2003; 115(12):407—15. https://doi.org/10.1007/
BF03040432 [published Online First: 2003/08/16] PMID: 12918183

NCCMERP. About Medication errrors 2017 [cited 2017 15.10.2017]. Available from: http://www.
nccmerp.org/about-medication-errors accessed 15.10.2017 2017.

Allan EA, BArker KN. Fundamentals of medication error research. Am J Health-System Pharmacy
1990; 47(3):555-571. https://doi.org/10.1093/ajhp/47.3.555 PMID: 2180287

EMA. Good practice guide on recording, coding, reporting and assessment of medication errors. 2015;
Available from: Good practice guide medication error recording coding reporting assessment (europa.
eu) accessed 04.03.2022

Perneger TV. The Swiss cheese model of safety incidents: are there holes in the metaphor? BMC
Health Serv Res 2005; 5:71. https://doi.org/10.1186/1472-6963-5-71 [published Online First: 2005/11/
11] PMID: 16280077

Reason J. Human error: models and management. BMJ 2000; 320(7237):768—70. https://doi.org/10.
1136/bmj.320.7237.768 [published Online First: 2000/03/17] PMID: 10720363

Simonsen BO, Daehlin GK, Johansson |, Farup PG. Differences in medication knowledge and risk of
errors between graduating nursing students and working registered nurses: comparative study. BMC
Health Serv Res 2014; 14:580. https://doi.org/10.1186/s12913-014-0580-7 [published Online First:
2014/11/22] PMID: 25413244

Brinkman DJ, Tichelaar J, Schutte T, Benemei S, Béttiger Y, Chamontin B, et al. Essential competen-
cies in prescribing: A first european cross-sectional study among 895 final-year medical students. Clin
Pharmacol Ther 2017; 101(2):281-89. https://doi.org/10.1002/cpt.521 [published Online First: 2016/09/
21] PMID: 27648725

Tobaigy M, McLay J, Ross S. Foundation year 1 doctors and clinical pharmacology and therapeutics
teaching. A retrospective view in light of experience. Br J Clin Pharmacol 2007; 64(3):363-72. https://
doi.org/10.1111/j.1365-2125.2007.02925.x [published Online First: 2007/05/18] PMID: 17506779

Dornan T AD HH, Lewis PJ, Miles J, Taylor D TM, Wass V. An in depth investigation into causes of pre-
scribing errors by foundation trainees in relation to their medical education. EQUIP study. https://www.
gmc-uk.org/-/media/documents/Final_Report_prevalence_and_causes_of_prescribing_errors.pdf_
28935150.pdf accessed 04.03.2022

Aly A. Definitionen zu Pharmakovigilanz und Arzneimitteltherapiesicherheit (AMTS). Arzneiverordnung
in der Praxis, Themenheft Arzneimitteltherapiesicherheit. 2015 https://www.akdae.de/Arzneimittel
therapie/AVP/Artikel/201503/099.pdf accessed 03.04.2022

PLOS ONE | https://doi.org/10.1371/journal.pone.0267570  April 28, 2022 9/10


https://doi.org/10.1001/archinte.162.16.1897
http://www.ncbi.nlm.nih.gov/pubmed/12196090
https://doi.org/10.1177/1751143715605119
http://www.ncbi.nlm.nih.gov/pubmed/28979459
https://doi.org/10.1111/j.1365-2125.2009.03417.x
http://www.ncbi.nlm.nih.gov/pubmed/19594528
https://doi.org/10.1007/BF03040432
https://doi.org/10.1007/BF03040432
http://www.ncbi.nlm.nih.gov/pubmed/12918183
http://www.nccmerp.org/about-medication-errors
http://www.nccmerp.org/about-medication-errors
https://doi.org/10.1093/ajhp/47.3.555
http://www.ncbi.nlm.nih.gov/pubmed/2180287
https://doi.org/10.1186/1472-6963-5-71
http://www.ncbi.nlm.nih.gov/pubmed/16280077
https://doi.org/10.1136/bmj.320.7237.768
https://doi.org/10.1136/bmj.320.7237.768
http://www.ncbi.nlm.nih.gov/pubmed/10720363
https://doi.org/10.1186/s12913-014-0580-7
http://www.ncbi.nlm.nih.gov/pubmed/25413244
https://doi.org/10.1002/cpt.521
http://www.ncbi.nlm.nih.gov/pubmed/27648725
https://doi.org/10.1111/j.1365-2125.2007.02925.x
https://doi.org/10.1111/j.1365-2125.2007.02925.x
http://www.ncbi.nlm.nih.gov/pubmed/17506779
https://www.gmc-uk.org/-/media/documents/Final_Report_prevalence_and_causes_of_prescribing_errors.pdf_28935150.pdf
https://www.gmc-uk.org/-/media/documents/Final_Report_prevalence_and_causes_of_prescribing_errors.pdf_28935150.pdf
https://www.gmc-uk.org/-/media/documents/Final_Report_prevalence_and_causes_of_prescribing_errors.pdf_28935150.pdf
https://www.akdae.de/Arzneimitteltherapie/AVP/Artikel/201503/099.pdf
https://www.akdae.de/Arzneimitteltherapie/AVP/Artikel/201503/099.pdf
https://doi.org/10.1371/journal.pone.0267570

PLOS ONE

Medication error - patients’ perspective

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Breuker C, Abraham O, di Trapanie L, Mura T, Macioce V, Boegner C, et al. Patients with diabetes are
at high risk of serious medication errors at hospital: Interest of clinical pharmacist intervention to
improve healthcare. Eur J Intern Med 2017; 38:38—45. https://doi.org/10.1016/j.ejim.2016.12.003 [pub-
lished Online First: 2016/12/23] PMID: 28007439

"High-alert’ medications and patient safety. Int J Qual Health Care 2001; 13(4):339—40. https://doi.org/
10.1093/intghc/13.4.339 [published Online First: 2001/09/19] PMID: 11560354

Amori RE, Pittas AG, Siegel RD, Kumar S, Chen JS, Karnam S, et al. Inpatient medical errors involving
glucose-lowering medications and their impact on patients: review of 2,598 incidents from a voluntary
electronic error-reporting database. Endocr Pract 2008; 14(5):535—42. https://doi.org/10.4158/EP.14.5.
535 [published Online First: 2008/08/30] PMID: 18753094

Winterstein AG, Hatton RC, Gonzalez-Rothi R, Gonzalez-Rothi R, Johns TE, Segal R. Identifying clini-
cally significant preventable adverse drug events through a hospital’s database of adverse drug reaction
reports. Am J Health Syst Pharm 2002; 59(18):1742-9. https://doi.org/10.1093/ajhp/59.18.1742 [pub-
lished Online First: 2002/09/27] PMID: 12298112

ISMP. ISMP List of High-Alert Medications in Acute Care Setting. 2018 https://www.ismp.org/sites/
default/attachments/2018-08/highAlert2018-Acute-Final.pdf accessed 03.04.2022

Rushmer R, Voigt D. MEASURE IT, IMPROVE IT: the Safer Patients Initiative and quality improvement
in subcutaneous insulin therapy for hospital in-patients. Diabet Med 2008; 25(8):960-7. https://doi.org/
10.1111/j.1464-5491.2008.02470.x [published Online First: 2008/10/31] PMID: 18959610

Terwee CB, Prinsen CAC, Chiarotto A, de VEt HCW, Bouter LM, Alonso J et al. COSMIN methodology
for assessing the content validity of PROMs. https://cosmin.nl/wp-content/uploads/COSMIN-
methodology-for-content-validity-user-manual-v1.pdf accessed 04.03.2022

Jang SJ, Lee H, Son YJ. Perceptions of patient safety culture and medication error reporting among
early- and mid-career female nurses in South Korea. Int J Environ ResPublic Health 2021; 18(9), 4853.
https://doi.org/10.3390/ijerph18094853 PMID: 34062845

Samsiah A, Othman N, Jamshed S, Hassali MA. Knowledge, perceived barriers and facilitators of medi-
cation error reporting: a quantitative survey in Malaysian primary care clinics. Int J Clin Pharm 2020; 42
(4):1118-1127. https://doi.org/10.1007/s11096-020-01041-0 PMID: 32494990

Hung CC, Chu TP, Lee BO, Hsiao CC. Nurses’ attitude and intention of medication administration error
reporting. J Clin Nurs 2016; 25(3—4):445-53. https://doi.org/10.1111/jocn.13071 PMID: 26510836

Kim CY, Mazan JL, Qunones-Boex AC. Comparison of community and hospital pharmacists’ attitudes
and behaviors on medication error disclosure to the patient: a pilot study. J Am Pharm Association
2017; 57(2):201-205. https://doi.org/10.1016/.japh.2016.10.008 PMID: 27876529

Kautzky-Willer A, Kosi L, Lin J, Mihaljevic R. Gender-based differences in glycaemic control and hypo-
glycaemia prevalence in patients with type 2 diabetes: results from patient-level pooled data of six ran-
domized controlled trials. Diabetes Obes 2015; 17(6):533-540. https://doi.org/10.1111/dom.12449
PMID: 25678212

Brown MT, Bussell JK. Medication adherence: WHO cares? Mayo Clin Proc 2011; 86(4):304—14.
https://doi.org/10.4065/mcp.2010.0575 [published Online First: 2011/03/11] PMID: 21389250

Tsuiji T, Irisa T, Tagawa S, Kawashiri T, Ikesue H, Kokubu C, et al. Differences in recognition of similar med-
ication names between pharmacists and nurses: a retrospective study. J Pharm Health Care Sci 2015;
1:19. https://doi.org/10.1186/s40780-015-0017-4 [published Online First: 2016/01/29] PMID: 26819730

Aronson JK. Medication errors resulting from the confusion of drug names. Expert Opin Drug Saf 2004;
3(8):167—72. https://doi.org/10.1517/e0ds.3.3.167.31069 [published Online First: 2004/05/25] PMID:
15155145

You MA, Choe MH, Park GO, Kim SH, Son YJ. Perceptions regarding medication administration errors
among hospital staff nurses of South Korea. Int J Qual Health Care 2015; 27(4):276-83. https://doi.org/
10.1098/intghc/mzv036 [published Online First: 2015/06/10] PMID: 26054575

Schnoor J, Rogalski C, Frontini R, Engelmann N, Heyde CE. Case report of a medication error by look-
alike packaging: a classic surrogate marker of an unsafe system. Patient Saf Surg 2015; 9:12. https:/
doi.org/10.1186/s13037-014-0047-0 [published Online First: 2015/03/15] PMID: 25767564

Stewart MA. Effective physician-patient communication and health outcomes: a review. CMAJ 1995;
152(9):1423-33. [published Online First: 1995/05/01] PMID: 7728691

Ha JF, Longnecker N. Doctor-patient communication: a review. Ochsner J 2010; 10(1):38—43. [pub-
lished Online First: 2011/05/24] PMID: 21603354

Cydulka RK, Tamayo-Sarver J, Gage A. Association of patient satisfaction with complaints and risk
management among emergency physicians. J Emerg Med 2011; 41(4):405-11. https://doi.org/10.
1016/j.jemermed.2010.10.021 [published Online First: 2011/01/11] PMID: 21215554

PLOS ONE | https://doi.org/10.1371/journal.pone.0267570  April 28, 2022 10/10


https://doi.org/10.1016/j.ejim.2016.12.003
http://www.ncbi.nlm.nih.gov/pubmed/28007439
https://doi.org/10.1093/intqhc/13.4.339
https://doi.org/10.1093/intqhc/13.4.339
http://www.ncbi.nlm.nih.gov/pubmed/11560354
https://doi.org/10.4158/EP.14.5.535
https://doi.org/10.4158/EP.14.5.535
http://www.ncbi.nlm.nih.gov/pubmed/18753094
https://doi.org/10.1093/ajhp/59.18.1742
http://www.ncbi.nlm.nih.gov/pubmed/12298112
https://www.ismp.org/sites/default/attachments/2018-08/highAlert2018-Acute-Final.pdf
https://www.ismp.org/sites/default/attachments/2018-08/highAlert2018-Acute-Final.pdf
https://doi.org/10.1111/j.1464-5491.2008.02470.x
https://doi.org/10.1111/j.1464-5491.2008.02470.x
http://www.ncbi.nlm.nih.gov/pubmed/18959610
https://cosmin.nl/wp-content/uploads/COSMIN-methodology-for-content-validity-user-manual-v1.pdf
https://cosmin.nl/wp-content/uploads/COSMIN-methodology-for-content-validity-user-manual-v1.pdf
https://doi.org/10.3390/ijerph18094853
http://www.ncbi.nlm.nih.gov/pubmed/34062845
https://doi.org/10.1007/s11096-020-01041-0
http://www.ncbi.nlm.nih.gov/pubmed/32494990
https://doi.org/10.1111/jocn.13071
http://www.ncbi.nlm.nih.gov/pubmed/26510836
https://doi.org/10.1016/j.japh.2016.10.008
http://www.ncbi.nlm.nih.gov/pubmed/27876529
https://doi.org/10.1111/dom.12449
http://www.ncbi.nlm.nih.gov/pubmed/25678212
https://doi.org/10.4065/mcp.2010.0575
http://www.ncbi.nlm.nih.gov/pubmed/21389250
https://doi.org/10.1186/s40780-015-0017-4
http://www.ncbi.nlm.nih.gov/pubmed/26819730
https://doi.org/10.1517/eods.3.3.167.31069
http://www.ncbi.nlm.nih.gov/pubmed/15155145
https://doi.org/10.1093/intqhc/mzv036
https://doi.org/10.1093/intqhc/mzv036
http://www.ncbi.nlm.nih.gov/pubmed/26054575
https://doi.org/10.1186/s13037-014-0047-0
https://doi.org/10.1186/s13037-014-0047-0
http://www.ncbi.nlm.nih.gov/pubmed/25767564
http://www.ncbi.nlm.nih.gov/pubmed/7728691
http://www.ncbi.nlm.nih.gov/pubmed/21603354
https://doi.org/10.1016/j.jemermed.2010.10.021
https://doi.org/10.1016/j.jemermed.2010.10.021
http://www.ncbi.nlm.nih.gov/pubmed/21215554
https://doi.org/10.1371/journal.pone.0267570

