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Abstract: In pharmacies in Sweden, a clinical decision support system called Electronic Expert
Support (EES) is available to analyse patients’ prescriptions for potential drug-related problems.
A nationwide intervention was performed in 2018 among all Swedish pharmacy chains to increase
the use of EES among patients 75 years or older. The aim of this research was to study the use of
EES in connection with the national intervention in order to describe any effects of the intervention,
to understand how pharmacists use EES and to identify any barriers and facilitators for the use of
EES by pharmacists for elderly patients. Data on the number and categories of EES analyses, alerts,
resolved alerts and active pharmacies was provided by the Swedish eHealth Agency. The effects of
the intervention were analysed using interrupted time series regression. A web-based questionnaire
comprising 20 questions was sent to 1500 pharmacists randomly selected from all pharmacies in
Sweden. The study shows that pharmacists use and appreciate EES and that the national intervention
had a clear effect during the week of the intervention and seems to have contributed to a faster
increase in pharmacists’ use of EES during the year to follow. The study also identified several issues
or barriers for using EES.

Keywords: clinical decision support system; pharmacy; drug-related problems; interrupted time
series analysis; questionnaire

1. Introduction

Medication is an essential part of health care, and appropriate treatments with medications can
cure and prevent many conditions [1]. However, drug-related problems (DRPs) are frequent and
cause suffering for patients and lead to substantial costs for society [2–4]. Medication treatment in
the elderly is especially challenging due to an increased prevalence of multi-morbidity along with
changes in physiology, pharmacokinetics and pharmacodynamics [5,6]. Information or knowledge
regarding medications is ever growing and needs to be continuously updated and implemented in
clinical practice [7–9].

Clinical decision support systems (CDSSs) in the medication management process are being
used to support decisions regarding medication, to facilitate evidence-based medicine, to reduce
the incidence of DRPs and to improve health care quality and efficiency [7,10–16]. A CDSS can, for
example, support physicians and pharmacists in detecting potential DRPs by linking patients’ current
medications together with patient-specific factors. By using defined algorithms based on a knowledge
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database, analysis of these data will generate patient-specific alerts. Some medications are known to
have an unfavourable risk–benefit balance for older patients and are often referred to as potentially
inappropriate medications for the elderly [17]. CDSSs have been shown to be a useful tool to reduce
potentially inappropriate medications in the elderly [17].

At community pharmacies, pharmacists are responsible for the safe dispensing of prescription
drugs and for examining prescriptions before dispensing, and thus they play an important role in
detecting prescription errors and preventing DRPs [18–20]. A pharmacy dispensing information
system is a system used at pharmacies for processing and dispensing prescriptions, but systems
differ in functionality and design. One way of supporting pharmacists in detecting potentially
inappropriate prescriptions or avoiding dispensing errors are CDSSs that may be integrated in the
pharmacy information system or provided in another manner [13,21–24].

At pharmacies in Sweden, a CDSS called Electronic Expert Support (EES) is available. EES analyses
patients’ electronically stored prescriptions in the Swedish national prescription repository in
order to detect potential DRPs such as drug–drug interactions, high doses, therapy duplications,
and inappropriate drugs and doses for elderly patients or paediatric patients.

EES is not available to prescribers in Swedish health care. Previous studies have described the
potential DRPs detected by EES in patients with multi-dose drug dispensing and have shown that
physicians regard the majority of alerts as clinically relevant [25,26]. Although EES has been available
at pharmacies for many years, its use has been low and only studied in a few small studies where
most of them are not published scientifically [27]. Behaviour change interventions and strategies for
implementing clinical guidelines include, for example, education and the implementation of CDSSs,
but the effects of these interventions vary [28,29]. The effects and the use of a CDSS depend on
factors such as implementation, design, clinical relevance of alerts [9,30–34] and social factors [9,35].
Many alerts from CDSSs are being ignored, and the override rates range between 29% and 91%
depending on the categories of alert [36–40].

A nationwide intervention initiated by the association of Swedish pharmacies was performed as a
joint effort between all Swedish pharmacy chains in 2018 in order to increase the use of EES, focusing
on elderly patients. The goal of the national intervention was to offer each patient aged 75 years or
older, collecting prescription medication at a Swedish community pharmacy during one specific week,
an EES analysis. The intervention included a web-based education module for pharmacists as well as
information within each pharmacy company about the intervention week. It is not known if this kind
of nationwide intervention involving several different pharmacy companies can have a significant
effect on the use of IT applications in pharmacy practice. From previous research we know that it
is important to pay attention to many different factors in relation to the use and implementation of
health IT. Educating and giving instruction on how to use a system may not be enough if there are
other issues that have to be improved or solved. A holistic sociotechnical approach is needed to better
understand the use and implementation of health IT, involving both organizational, technical and
user-specific aspects.

The aim of this research was to study the use of EES in connection with the national intervention in
order to describe any effects of the intervention, to better understand how EES is used by pharmacists
and to identify any barriers and facilitators for the use of EES by pharmacists as a part of their work to
improve medication use for elderly patients. More specifically, we wanted to

• examine the impact of the national intervention on the weekly number of EES analyses;
• describe the proportion of patients aged 75 years or older getting an analysis with EES; the number

of alerts for potential DRPs; and the proportion being resolved before, during, and after
the intervention;

• describe what types of alerts for potential DRPs that were generated, which types were resolved,
and what kinds of actions that were taken to resolve them during the week of the intervention; and

• describe pharmacists’ perceptions and experience with EES and the national intervention.
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2. Materials and Methods

The study had two parts and used a mixed methods approach, including both data on the use
of EES before and after the national intervention and a questionnaire distributed to pharmacists at
Swedish community pharmacies. A parallel design was used, where quantitative and qualitative data
were collected concurrently and analysed separately. This approach, combining objective data on
actual use in all of Sweden and subjective views from pharmacists using the system, provides insights
and deeper understanding about both “how” and “why” [41].

2.1. Setting

In this nationwide study we included all pharmacies in Sweden, approximately 1500 pharmacies
in total. To dispense a prescription, pharmacists in Sweden have to use a dispensing system in order to
handle relevant information and tasks. When the study took place in 2018, Sweden had the following
pharmacy chains; Apoteket AB, Apotek Hjärtat, Apoteksgruppen, Kronans Apotek, Lloyds Apotek
and Apotea as well as some small independent pharmacies. All community pharmacies in Sweden are
connected to the prescription repository, which includes 99% of the prescriptions being dispensed in
Sweden (less than 1% being paper prescriptions or other prescriptions).

2.1.1. Electronic Expert Support System (EES)

EES is a government-owned CDSS that analyses patients´ electronically stored prescriptions in the
Swedish national prescription repository. It was originally developed by Medco Health Solutions in the
US and has been adapted to Swedish clinical practice [25]. EES is available to Swedish pharmacies and
is developed and maintained by the Swedish eHealth Agency. EES has been available in pharmacies
since 2010, and the level of use was initially low but has been increasing. EES has gone through
extensive development since then and is continuously being updated. EES can detect potential DRPs,
including drug–drug interactions (since 2016 based on Janusmed Interactions, previously known as
Sfinx [42], the same interaction database as available in health care), therapy duplication (dispensing of
two or more drugs within the same therapeutic category), high dose (a prescribed dose exceeding the
maximum daily dose), drug–disease inferred (potential contraindications for a drug with an existing
inferred disease), drug gender warning and potentially inappropriate drugs and doses for elderly
patients or paediatric patients [25]. The alerts are visible to the pharmacists first when the pharmacists
make an active choice to perform an EES analysis, which also requires patient consent the first time.
In some pharmacy chains, EES is integrated into their dispensing system, and at some pharmacy chains
the pharmacist accesses EES over the Internet using a separate web browser. Each time a pharmacist
utilises EES (i.e., presses the button in the system), EES analyses the patient’s prescriptions and may
generate a number of alerts. EES analyses current prescriptions in the prescription repository, as well as
previous prescriptions for which it is likely that the patient still has medication left at home. When the
pharmacist resolves a DRP, they can close the alert and document the reason so that it will not show
again when the same medications are dispensed on another occasion.

2.1.2. National Intervention

In connection with this study, a national intervention called “the focus week” was performed.
The goal of the national intervention was to offer each patient aged 75 years or older collecting
prescription medication at a Swedish community pharmacy during one week (week 15, 9 April to
15 April 2018) an analysis of the patient’s prescriptions in the prescription repository using EES in order
to detect potential DRPs. During the intervention, the pharmacy chains in Sweden joined towards
this goal, also setting the goal that all pharmacists at community pharmacies should complete the
web-based education regarding the use of EES before the week of the intervention. The long-term aim
for the intervention was to increase the knowledge and use of EES among community pharmacists in
order to increase medication safety among the elderly.
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Before the week of the intervention, information was sent to the pharmacists by the respective
pharmacy chain on several occasions informing them about the intervention and about the research
being done in connection with the intervention. The first information was sent in January/February
2018. Information regarding the intervention and the research was also available to pharmacies and
patients through other channels.

This nationwide intervention was the first of its kind (i.e., all chains joining in together)
since the re-regulation of the Swedish pharmacy market. The association for pharmacies
(Sveriges Apoteksförening) made the initiative for the intervention, and their board decided that all
pharmacies in Sweden would participate. They were also the initiator of the research study, but were
not involved in the research itself.

2.2. Data and Statistics on The Use of EES

Data and statistics from the eHealth Agency included the number of EES analyses, the number of
individuals having prescriptions dispensed, the number of EES alerts, the number of resolved alerts
and the number of active pharmacies (Table 1). The data are automatically generated when EES is
used, covering all pharmacies using EES in Sweden. Different data were available for different time
periods and populations. Statistics on the use of EES for the total population were available per year
from 2014 to 2018 and per week from 2017. Data specifically for individuals 75 years or older were only
available for certain weeks. Week 15 of 2018 was the primary week for measurement, i.e., the week of
the intervention. For comparison, we chose four other reference weeks during the year for which we
collected data: one of the weeks was before the intervention (week 11 of 2018, which was as early as
possible when data for patients 75 years or older were available) and three of the weeks were after
the intervention (week 21 of 2018, week 36 of 2018, and week 11 of 2019). The reference weeks were
chosen to be as representative as possible, i.e., no holidays or special events. Data on the number of
pharmacies, types of alerts for potential DRPs that were generated, which alerts were resolved and
what kinds of actions were taken to resolve them were also provided for the week of the intervention.
All data were extracted and handled in an aggregated form, and no data pertaining to individuals
were used by the researchers.

Table 1. Description of data and statistics, time period and population. If not stated otherwise, data are
for both the total population and specifically for individuals aged 75 years or older at the time.

Data Description Time Period

Number of EES analyses

Statistics from eHealth Agency
Number of times EES is used, active choice to

press the EES button. (only calculated
once/unique individual/pharmacy/day).

Total population
Per year 2014–2017

Per week from week 1 of 2017
to week 11 of year 2019.

Number of EES analyses

Statistics from eHealth Agency
Number of times EES is used, active choice to

press the EES button. (only calculated
once/unique individual/pharmacy/day).

75 years or older
Per week (week 11,15, 21, 36 of

2018 and week 11 of 2019)

Individuals having
prescriptions dispensed

Statistics from eHealth Agency
Number of individuals having prescriptions

dispensed (only calculated once /unique
individual/pharmacy/day).

Per week (week 11, 15, 21, 36
of 2018 and week 11 of 2019)

Proportion of individuals
getting an EES analysis

Calculation
Number of EES analyses/Individuals having

prescriptions dispensed (%).

Per week (week 11, 15, 21, 36
of 2018 and week 11 of 2019)



Pharmacy 2020, 8, 118 5 of 20

Table 1. Cont.

Data Description Time Period

Number of EES alerts

Statistics from eHealth Agency
Total number of alerts from EES. Each time a

pharmacist utilises EES, EES analyses the
patient’s prescriptions in the prescription

repository and may generate a number of alerts.

Per week (week 11, 15, 21, 36
of 2018 and week 11 of 2019)

Average number of alerts
per EES analysis

Calculation
Number of EES alerts/number of EES analysis.

How many alerts are generated on average
each time EES is used.

Per week (week 11, 15, 21, 36
of 2018 and week 11 of 2019)

Closed (resolved)
EES alerts

Statistics from eHealth Agency
In EES the pharmacist can close an alert after it
has been resolved. When an alert is closed the
pharmacist can provide the reason for closing

the alert from a number of alternatives
in the system.

Per week (week 11, 15, 21, 36
of 2018 and week 11 of 2019)

Proportion of alerts
being closed

Calculation
Closed alerts/number of alerts (%).

Per week (week 11, 15, 21, 36
of 2018 and week 11 of 2019)

Type of alert generated,
resolved, and

documented action

Statistics from eHealth Agency
According to eHealth Agencies alert categories

and reasons for closing alert available
in the system.

Week 15 of 2018

Active pharmacies
Statistics from eHealth Agency

Number of pharmacies actively using EES, e.g.,
at least one EES analysis during the week.

Per week (week 11, 15, 21, 36
of 2018 and week 11 of 2019)

2.3. Questionnaire among Pharmacists

The web-based questionnaire comprised 20 questions divided onto six pages and was developed
by the researchers for the study. The questions included multiple-choice questions, statements where
the respondents gave their degree of agreement with a statement according to a six-point Likert
scale, and open-ended questions that could be answered in free text (Table 2). The face validity of
the questionnaire was evaluated by experts in the reference group for this study. The questionnaire
was then tested among 13 individuals, most of whom were pharmacists, to see if the questions were
relevant and easy to answer from their perspective. The questionnaire was then slightly adjusted
before the large-scale survey.

The questionnaire was sent to the work-related email addresses of pharmacists randomly selected
from all pharmacies in Sweden. All pharmacy chains in Sweden were included in the study, and the
lists of email addresses were provided by the respective pharmacy chains. A random selection using
the RAND function in Excel was made by the researcher (TH) based on the proportion of the pharmacy
market each pharmacy chain had in January 2018. For most of the pharmacies, including the largest
ones, the random selection was made from a list of all pharmacists employed by the pharmacies.
However, exceptions had to be made for some of the pharmacies. For one pharmacy chain, the random
selection had to be made from a list of the pharmacists in charge of quality management. For the small
independent pharmacies and one chain the questionnaire was instead sent to a shared email address for
each of the individual pharmacies where it could be answered by one of their pharmacists. Along with
the questionnaire, the pharmacist received information about the research, about the questionnaire and
how the data would be used and handled. By answering the questionnaire, the pharmacists agreed to
be included in the study.
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Table 2. Description of the questionnaire developed for the study. For multiple-choice questions, the
alternatives can be seen from Figure 2 and Tables 6 and 7.

Question Description

1 Year of birth YYYY

2 Gender Multiple choice:

3 Education Multiple choice

4 Years as a pharmacist at a community pharmacy Multiple choice

5 What pharmacy chain do you work at? Multiple choice

6 How do you characterise the vicinity of the pharmacy where you
most often work? Multiple choice

7 How do you characterise the city or region where the pharmacy
where you most often work is located? Multiple choice

8 How often have you on average used EES during the past year? Multiple choice

9

Five questions about the intervention (here called focus week)
Have you received information about the focus week (before

this questionnaire)?
Has your work been affected by the focus week?

Have you used EES more actively in general during the focus week?
Have you used EES more actively for patients aged 75 years or older during

the focus week?
Have you used EES less than usual for patients younger than 75 years

during the focus week?

Multiple choice: yes/no/do not
know

Before the questions, the
questionnaire had one sentence

about the focus week for clarification

10

Have you gone through any education regarding EES?
(Web-based education from eHealth Agency/Education with a supervisor

from eHealth Agency/Meetings or days of education at your pharmacy chain/
Reading material on your own/Other education/ No education/ Do not know)

Multiple choice
Several answers possible.

Possible to answer in free text

11 Six statements about the pharmacist’s perceptions about using EES
Degree of agreement on a

six-point Likert scale (1 = do not
agree at all, 6 = totally agree)

12 Which EES alert category do you perceive provides you with the best
support in pharmacological control (for pharmacy customers all ages)

Multiple choice. Several
answers possible.

13
Have you ever handled or taken actions related to an EES alert, for

example, having a dialogue with the customer or contacting the
prescriber, without closing the alert?

Multiple choice

14 If you answered yes to 13, what was the reason?
Multiple choice. Several answers
possible. Possible to answer in

free text.

15 For the times you do not use EES for pharmacy customers aged 75
years or older, what is the reason?

Multiple choice. Several answers
possible. Possible to answer in

free text.

16 What would you need to use EES more often?
Multiple choice. Several answers
possible. Possible to answer in

free text.

17 Do you perceive any needs for improvement or development in EES?
Describe these. Free text

18
What other decision support or sources of information do you use

regularly (at least once a month) in your work to improve use
of medication?

Multiple choice. Several answers
possible. Possible to answer in

free text.

19
What would facilitate or make it easier for you in your work with

improving the use of medications for pharmacy customers aged 75
years or older?

Free text

20 Do you have any other comments about EES, the focus week, or
the questionnaire? Free text
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The questionnaire was distributed to pharmacists the week after the intervention.
The questionnaire was sent to 1500 pharmacists at Swedish pharmacies, and the responses were
collected from 17 April 2018 to 27 May 2018. From a total population of pharmacists of approximately
5000 individuals, it was calculated that at least 357 answers to the questionnaire were needed in order
for our sample to represent the views of pharmacists in Sweden in general with a margin of error of 5%
and a confidence level of 95%. The questionnaire was originally sent to 1000 pharmacists, but after two
weeks with one reminder the number of responses was lower than expected (n = 254), thus another
500 pharmacists were randomly selected following the same procedure as the first 1000 and were sent
the questionnaire on 3 May 2018. After that, two reminders were sent out to all pharmacists included
in the study, thus the first 1000 received a total of three reminders and the 500 included later received
two reminders.

2.4. Data Analysis

Data was analysed using Excel, SPSS and STATA. Analysis of the effects of the intervention
on the number of EES analyses was performed as an interrupted time series analysis. In the first
step, a two-sample t-test with unequal variances was used to present before and after intervention
comparisons. In the next step, a single interrupted time series analysis (ITSA) was conducted to
evaluate the intervention effect. This regression approach included three covariates. The first covariate
(t) represented the pre-intervention slope and reflected the trend before the intervention. The second
covariate (x) represented the change in the level at the intervention point, i.e., the level change between
the time points immediately before and after the intervention. The third covariate (xt) represented
the change in the slope from pre-intervention to post-intervention [43]. In addition to these three
covariates, a post-intervention slope was calculated. The number of EES analyses each week for
the total population was used as the outcome variable in the regression model. In total, the data
included 115 time points (weeks), and the intervention was conducted at week 67. Problems with
autocorrelations (i.e., that a measure at some time point is correlated with its past values) were identified
by the Breusch–Godfrey (x2(1) = 56.7, p < 0.001) [44]. To handle this problem, OLS regression with
Newey–West standard errors were used. The number of lags was based on four goodness-of-fit indices
that all suggested three lags: Akaike Information Criterion (AIC), Bayesian Information Criterion
(BIC), Final Prediction Error (FPE) and Hannan–Quinn Information Criterion (HQIC). The interrupted
time-series analysis was performed in Stata 16.0, including the command ITSA [45].

The data from the questionnaire were treated as ordinal data and analysed with descriptive
statistics in SPSS. The responses to the questionnaire in free text were analysed and categorised using
manifest content analysis methods [46].

2.5. Ethics Statement

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
assessed by the Ethical Advisory Board in South East Sweden. We received an advisory ethical
assessment from the Ethical Advisory Board in South East Sweden (Date 19 February 2018, Project
identification code EPK 469–2018, Advisory Opinion on the project “Pharmacists’ use of Electronic Expert
Support (EES) to improve drug use for the elderly”). Based on the nature of the data being handled and
collected the Ethical Advisory Board did not see any ethical issues or obstacles with the present study.
The Ethical Advisory Board did not regard the research to fall within the Swedish Ethical Review Act
(SFS 2003:460); and accordingly, an additional ethical approval from the regional ethics committee was
not necessary. The national intervention at pharmacies was a part of the pharmacies’ improvement
work and was not a part of the research. The researchers did not initiate or control the intervention,
and only measured any effects of it. The data from the Swedish eHealth Agency were delivered to
the researchers in aggregated form with no data on the individual level. The questionnaire for the
pharmacists only asked about their professional role and was conducted and analysed in a de-identified
form so that it was not possible to link individual pharmacist’s identities to their responses.
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3. Results

The use of EES, i.e., the number of EES analyses, has increased since it was implemented. In 2014,
the number of analyses was 125,637 compared with 5,190,519 in 2018. The number of EES analyses
per week for the total population was 25,278 in week 1 of 2017 and 186,557 analyses in week 11 of 2019,
which represents an approximately sevenfold increase (Figure 1). The number of EES analyses in the
week of the intervention for the total population was 144,423.

3.1. Effects of The National Intervention on The Use of EES

The number of EES analyses per week was significantly higher after the intervention
(mean = 117,860, number of observations = 48) compared with before the intervention (mean = 58,568,
number of observations = 67, p = 0.000) (Figure 1). Before the intervention, the increase in the number of
EES analyses every week (the pre-intervention slope) was on average 816.0 analyses (95% CI 652.5–979.5).
After the intervention, there was an average increase in EES analyses (the post-intervention slope) of
1742.8 (95% CI 884.2–2601.5) per week. Thus, the increase per week was significantly higher after the
intervention compared with before (Coef. 926.8, 95% CI 38.4–1815.1, p = 0.041) as seen by the change
in slope (Figure 1). The time series plot indicates that the level of use decreased markedly during
holidays both before and after the intervention, especially during summer and Christmas.
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Figure 1. Number of Electronic Expert Support (EES) analyses per week between week 1, 2017 and
week 11, 2019. Interrupted time series regression of the use of EES (number of EES analyses) for the
total population, comparing the trend before and after the intervention. The time series starts week 1,
2017 (time = 0), and ends week 11, 2019 (time = 115). The intervention occurred during week 15 in
April 2018 (time = 67), indicated as a dotted line. The four reference weeks used in this study was
week 11 of 2018 (time = 63), week 21 of 2018 (time = 73), week 36 of 2018 (time = 88), and week 11 of
2019 (time = 115). Summer holidays in Sweden occurred during June to August (primarily during
time = 24–33 and time = 76–85), and Christmas holidays occurred in the end of December (primarily
during time = 51–53 and time = 102–105) Regression with Newey–West standard errors. Number of
observations = 115. Maximum lag = 3. Performed with the ITSA script for STATA.
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3.2. EES Analyses and The Numbers of Alerts Generated and Resolved before and after The Intervention

For patients aged 75 years or older, the number of EES analyses the week of the intervention was
55,180, which represents 21% of those having prescriptions dispensed that week (Table 3). Alerts that
were closed in the system represented almost 7% of the alerts. Both the numbers and proportions of
EES analyses as well as closed alerts varied during the five weeks of measurements.

Table 3. Number and proportion of EES analyses and alerts being resolved during the week of the
intervention (week 15) as well as the reference weeks before and after. Patients aged 75 years or older
and patients of all ages (total population). For details on data and calculations, see Table 1.

Week 11
2018

Week 15
2018

Week 21
2018

Week 36
2018

Week 11
2019

75 years or
older

Number of EES analyses 27,829 55,180 28,348 31,635 51,953
Individuals having

prescriptions dispensed 253,938 257,783 258,449 253,678 261,990

Proportion of individuals
getting an EES analysis 11% 21% 11% 12% 20%

Number of EES alerts 139,648 329,138 137,708 207,583 339,289
Average number of alerts per

EES analysis 5.0 6.0 4.9 6.6 6.5

Number of closed EES alerts 4601 21,952 3579 3662 6327
Proportion of alerts being

closed (%) 3.3% 6.7% 2.6% 1.8% 1.9%

Total
population

Number of EES analyses 92,312 144,423 93,175 103,153 186,557
Proportion of individuals
getting an EES analysis 10% 15% 10% 11% 19%

Number of EES alerts 587,323 837,572 585,236 630,909 1,104,063
Average number of alerts per

EES analysis 6.7 5.8 6.3 6.1 5.9

Number of closed EES alerts 14,906 46,634 12,606 11,715 23,620
Proportion of alerts being

closed (%) 2.5% 5.6% 2.2% 1.9% 2.1%

Number of active pharmacies 1245 1358 1301 1342 1390

The most common type of alert for a potential DRP among patients aged 75 years or older during
the week of the intervention was drug–drug interactions (69% of all alerts) (Table 4). Different categories
of alerts were resolved to different extents. More than 80% of the alerts being closed were due to
dialogue with patient for verification of the treatment (Table 5).

Table 4. Number of alerts per category, number of closed alerts, and proportion of alerts being
closed within each category (week 15, patients aged 75 years or older). Explanation of alert categories:
A interaction (Minor interaction of no clinical relevance), B interaction (Clinical outcome of the interaction
is uncertain and/or may vary), C interaction (Clinically relevant interaction that can be handled,
e.g., by dose adjustments.), D interactions (Clinically relevant interaction. The combination is best
avoided.), therapy duplication (dispensing of two or more drugs within the same therapeutic category),
high dose (a prescribed dose exceeding the maximum daily dose), high dose for elderly (a prescribed
dose exceeding the maximum daily dose for elderly) drug–disease inferred (potential contraindications
for a drug with an existing inferred disease), drug gender warning, and supplementary rules (alerts
outside the other categories such as potentially inappropriate combination of drugs for elderly patients).

Alert Categories Number of Alerts Proportion of
All Alerts (%)

Number of
Closed Alerts

Proportion Being
Closed (%)

B interaction 103,722 31.5 1828 1.8
C interaction 97,710 29.7 9040 9.3

Therapy duplication 54,512 16.5 5843 10.7
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Table 4. Cont.

Alert Categories Number of Alerts Proportion of
All Alerts (%)

Number of
Closed Alerts

Proportion Being
Closed (%)

High dose for elderly 19,716 6.0 1948 9.9
A interaction 17,231 5.2 37 0.21

Supplementary rules 8226 2.5 428 5.2
D interaction 7140 2.2 1107 15.5

Drug-disease inferred 6714 2.0 464 7.0
High dose 2680 0.8 187 7.0

Drug gender warning 74 0.0 6 8.1

Total 329,138 21,952 6.7

Table 5. Action to resolve an alert (i.e., reasons for closing an alert documented in the system, number
for each category (week 15, patients aged 75 years or older).

Reason for Closing Alert n %

Dialogue with patient—verification of treatment 18,055 82.2
Only pharmaceutical assessment 1989 9.1

Dialogue with patient—referring to prescriber 869 4.0
Dialogue with patient—maculation of prescription 255 1.2

Contact with prescriber—without change of prescription 143 0.7
Contact with prescriber—change of prescription 44 0.2

Other action/measure 597 2.7

Total 21,952 100

3.3. Pharmacists’ Perceptions of EES and The Intervention

A total of 457 pharmacists working in Swedish pharmacies answered the questionnaire
(response rate 30%, 457/1500). For background information of the respondents, see Table 6. Almost all
(97.6%) of the pharmacists said that they had some form of education related to EES (Table 7),
where the most common answer was a web-based course distributed by the Swedish eHealth Agency.
The majority (58.9%) of the respondents said they had used EES daily during the past year (Table 7).
Among the respondents, 99% (n = 450) knew about the national intervention during week 15 of
2018. Two-thirds of the respondents (n = 303) answered that their work had been affected during the
intervention, 70% (n = 320) reported that they had used EES more actively overall, 74% reported that
they used EES more than usual for pharmacy customers aged 75 years or older and 11% reported that
they used it less than usual for pharmacy customers younger than 75 years.

The proportion of pharmacists who agreed with the statements (answering with 4, 5 or 6 on the
six-point Likert scale) ranged from 88% to 95% (Figure 2). The majority answered with 6 (totally agree)
for five of the six statements. When the pharmacists were asked which EES alert category gave them
the best support, the most common answer was drug-drug interactions (92%) (Table 7). The most
common reason (73%) for not using EES to analyse prescriptions for patients 75 years or older was that
it was difficult when medications were collected by a relative or caregiver (Table 7). Other reasons
described in free text responses included, among others, lack of time at the pharmacy, the pharmacist
forgetting, the patient not wanting it and difficulties related to communication. When asked what they
would need to use EES more often, the most common answers were more time with the patient (71%),
more knowledge among patients about EES (32%) and more experience (31%) (Table 7). The most
common issue described in free text was that the pharmacists wished that they did not need consent to
perform the EES analysis. Other reasons described in free text included examples of improvement or
development of EES and more education for pharmacists.

Pharmacists’ free text answers about their perceived need for improvement or additional
functionality in EES revealed several categories/themes among the answers. Many pharmacists wanted
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to be able to add medication for analysis such as over-the-counter (OTC) medication. Many also
wanted more alerts and new functionality to support them or allow them to access more information.
Pharmacists also described a need for improvements of the system, and recurring answers were
regarding the design/user interface, reducing the number of duplicate alerts, improving existing alerts,
making it easier to close an alert, improving the documentation in the system, to have more education
for pharmacists, and to remove the request for consent.

When the pharmacists were asked if they had ever handled or taken actions to prevent a potential
problem according to an EES alert without closing the alert, many answered “yes, often” (38%) or
“yes, sometimes” (47%) (Table 7). Among reasons for not closing an alert (among multiple choice
alternatives), the most common answer was lack of time and that they wanted other pharmacists to
see the alert. Free text answers about reasons for not closing an alert included a perceived unfinished
task/matter, taking too much time, technical issues when trying to close an alert, that they forgot and
uncertainty about the action or other reasons.

Table 6. Background information of respondents (n = 457).

Background Characteristics n %

Gender
Female 398 87.1
Male 55 12.0
Other 4 0.9

Year of birth

1959 or before 66 14.4
1960–1969 100 21.9
1970–1979 125 27.4
1980–1989 125 27.4

1990 or later 41 9.0

Education *
Pharmacist (5–year education) 157 34.4

Pharmacist (or prescriptionist, 3–year education) 297 65.0
Other 3 0.7

Years as pharmacist at a
community pharmacy

< 5 years 99 21.7
5–10 years 123 26.9

11–20 years 127 27.8
> 20 years 108 23.6

Pharmacy chain

Apotea 10 2.2
Apotek Hjärtat 178 38.9
Apoteket AB 124 27.1

Apoteksgruppen 61 13.3
Kronans Apotek 68 14.9
Lloyds Apotek 11 2.4

Other pharmacy company 5 1.1

Pharmacy area/vicinity

Pharmacy in connection with hospital 39 8.5
Pharmacy in connection with primary healthcare centre 107 23.4
Pharmacy in connection with commercial streets/major

shopping mall/supermarket 230 50.3

Pharmacy in connection with junction/public transport 36 7.9
None of the options above 45 9.8

City or region where the
pharmacy is located

Larger city (more than 100,000 inhabitants) 141 30.9
Small town (10,000–100,000 inhabitants) 229 50.1

Village/sparsely populated region (< 10,000 inhabitants) 80 17.5
None of the options above 7 1.5

* In this study, we use the term pharmacist when referring to the two categories of licensed pharmacists in Sweden:
the pharmacists with 5 years of university education and prescriptionists with 3 years of university education.
Both are licensed pharmacy practitioners with similar legal rights and obligations.
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Table 7. Pharmacists’ answers to the questionnaire (n = 457).

Question Answer (Multiple Choice) n %

How often have you used
EES during the past year?

Daily 269 58.9
Several times a week 132 28.9

Several times a month 32 7.0
A few times 20 4.4

Never 2 0.4
Do not know 2 0.4

Have you had any education
regarding EES?

Yes 446 97.6
No 11 2.4

Which alert category gives
you the best support in the
pharmaceutical control? **

Drug—drug interactions 421 92.1
Elderly warnings 258 56.5

Paediatric warnings 253 55.4
High dose 237 51.9

Drug—disease inferred 213 46.6
Therapy duplication 197 43.1

Drug gender warning 45 9.8
Do not know 5 1.1

What are the reasons for not
using EES to analyse

prescriptions for patients
75 years or older? **

Difficult with relatives or caregivers collecting the medication 335 73.3
The requirement for consent is an obstacle 209 45.7

I feel that it takes too much time 144 31.5
I see no need 133 29.1

I do not have enough experience with the system 19 4.2
I lack sufficient knowledge 10 2.2

I think EES is difficult to use 6 1.3
Other reason * 72 15.8
Do not know 9 2.0

What do you need to use
EES more? **

More time for the patient 326 71.3
More knowledge among patients about EES 146 31.9

More experience 141 30.9
More user-friendly system 74 16.2

Changed working procedures at the pharmacy 61 13.3
Other functionality in EES 43 9.4

More education 43 9.4
Different leadership/management at the pharmacy 16 3.5

Nothing, do not want to use 2 0.4
Other * 37 8.1

Do not know 19 4.2

Have you ever resolved a
potential problem from an

EES alert without closing it?

Yes, many times 172 37.9
Yes, a few times 215 47.4

No, never 48 10.6
Do not know 19 4,2

If you have (resolved without
closing), what is the reason

for not closing the alert?

Lack of time 270 59.1
Want other pharmacists to see the alert 187 40.9

Not sure I selected/chose the right action 70 15.3
Unclear when to close alerts 54 11.8
Have not seen the meaning 16 3.5

Other reason * 51 11.2
Do not know 21 4.6

* Those who answered “other” could comment in free text; ** Several answers were possible.



Pharmacy 2020, 8, 118 13 of 20Pharmacy 2020, 8, x FOR PEER REVIEW 13 of 20 

 

 

Figure 2. Perceptions regarding the use of EES among pharmacists on a six-point Likert scale (1 = do 
not agree at all, 6 = totally agree) (n = 457). The statements were as follows. (A) “EES provides support 
in improving the use of medications for patients aged 75 years or older.” (B) “EES provides support 
in improving the use of medication for patients younger than 75.” (C) “EES alerts are relevant to me 
when meeting the patients 75 or older.” (D) “The information presented in the alert description text 
in EES provides a good support for me in dialogue with patients aged 75 or older.” (E) “The 
information presented in the message text in EES provides a good support for me in dialogue with 
doctors for patients aged 75 or older.” (F) “I develop my pharmaceutical skills by using EES for 
patients 75 or older.” Missing answers ranged from 3 to 13 for the different statements and are not 
shown in the figure. 

4. Discussion 

This study shows that during the week of the intervention the number of EES analyses increased; 
approximately 21% of patients aged 75 years or older, and 15% of patients all ages, collecting 
prescription medications during the week of the intervention had their prescriptions analysed with 
EES. Furthermore, the results show that the mean number of analyses per week as well as the increase 
in number of analyses per week was significantly higher after the intervention compared with before. 
The questionnaire among pharmacists also showed that pharmacists appreciate EES and feel that it 
supports them in their work. Pharmacists described usability issues with the system, barriers for 
using EES, and had some suggestions for improvements.  

4.1. Effects of The National Intervention 

This study shows that it seems possible to perform this kind of nationwide intervention 
involving all pharmacy companies, with a clear effect on pharmacists’ use of EES both short term and 
long term. Most pharmacists reported that they knew about the intervention and that their work was 
affected by it. Almost 90% of pharmacies in Sweden actively used EES during the week of the 
intervention. Moreover, the statistics on the number of EES analyses showed a marked increase 
during that specific week, and the results also indicated that the intervention contributed to a more 
rapid increase in the use of EES during that year after the intervention compared with before. The 
interrupted time series regression did not show a level increase, only a slope increase. The reason for 
this is not clear but it is probably partly due to the summer holidays starting soon after the 
intervention. Data on the use of EES from previous year’s show that the use of EES always decreases 

Figure 2. Perceptions regarding the use of EES among pharmacists on a six-point Likert scale (1 = do
not agree at all, 6 = totally agree) (n = 457). The statements were as follows. (A) “EES provides support
in improving the use of medications for patients aged 75 years or older.” (B) “EES provides support
in improving the use of medication for patients younger than 75.” (C) “EES alerts are relevant to me
when meeting the patients 75 or older.” (D) “The information presented in the alert description text in
EES provides a good support for me in dialogue with patients aged 75 or older.” (E) “The information
presented in the message text in EES provides a good support for me in dialogue with doctors for
patients aged 75 or older.” (F) “I develop my pharmaceutical skills by using EES for patients 75 or
older.” Missing answers ranged from 3 to 13 for the different statements and are not shown in the figure.

The pharmacists used many other decision support and information sources, including knowledge
and support available online or in print. What pharmacists described in free text about their need in
order to improve the use of medications included, among other things, more time for patients at the
pharmacy, improved communication and connection with health care, improvements and development
of the pharmacy information system or EES, more education for pharmacists, removing the need for
consent from patients to perform an EES analysis, a different focus for the work at pharmacies and
improvements related to generic substitutions. Other comments from the pharmacists were that they
appreciated the intervention (the focus week) and wanted more of similar activities.

4. Discussion

This study shows that during the week of the intervention the number of EES analyses increased;
approximately 21% of patients aged 75 years or older, and 15% of patients all ages, collecting
prescription medications during the week of the intervention had their prescriptions analysed with
EES. Furthermore, the results show that the mean number of analyses per week as well as the increase
in number of analyses per week was significantly higher after the intervention compared with before.
The questionnaire among pharmacists also showed that pharmacists appreciate EES and feel that it
supports them in their work. Pharmacists described usability issues with the system, barriers for using
EES, and had some suggestions for improvements.

4.1. Effects of The National Intervention

This study shows that it seems possible to perform this kind of nationwide intervention involving
all pharmacy companies, with a clear effect on pharmacists’ use of EES both short term and long term.
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Most pharmacists reported that they knew about the intervention and that their work was affected
by it. Almost 90% of pharmacies in Sweden actively used EES during the week of the intervention.
Moreover, the statistics on the number of EES analyses showed a marked increase during that specific
week, and the results also indicated that the intervention contributed to a more rapid increase in the
use of EES during that year after the intervention compared with before. The interrupted time series
regression did not show a level increase, only a slope increase. The reason for this is not clear but
it is probably partly due to the summer holidays starting soon after the intervention. Data on the
use of EES from previous year’s show that the use of EES always decreases markedly during June
to August. Moreover, for a sustainable increase a more long-term change in working procedures
may be necessary which perhaps took some time. The pharmacies’ goal with the intervention was to
provide all patients aged 75 years or older with an EES analysis. A potential negative effect of this
kind of focused intervention could have been that other groups got less attention, but our results show
the opposite.

As far as we can find, there are no similar studies on the effects of interventions at pharmacies
to increase the use of CDSSs. Behaviour change interventions including, for example, education,
training or implementation of CDSSs have been shown to effectively modify healthcare professionals’
practice and patients’ outcomes; however, the effects of such interventions vary [29]. A systematic
review of intervention research to enhance community pharmacists’ cognitive services showed that
planned interventions have the potential to improve and expand pharmacists’ cognitive service
delivery, but that there is a need for well-designed intervention research that can evaluate the impact
of such interventions [47]. A systematic review of implementation strategies for clinical guidelines to
community pharmacies showed that the most commonly used strategy was education, but the greatest
effect on outcome was demonstrated using CDSSs [28]. In the present study, the CDSS was already in
place and the intervention was instead directed at increasing the use.

From previous research we know that organisational aspects are very important for successful
implementation of health information technology [27,48,49]. This intervention involved pharmacies
at the management level, which can have long-term effects on leadership and other organisational
aspects. All these aspects might have contributed to the effect of the intervention. Moreover, because
preparation for the intervention started already during the fall/winter 2017, this could have contributed
to an increase in the use of EES before the intervention as well.

This study shows that the use of EES varied over time and that the use decreased markedly
during summer and Christmas. The system is continuously being updated and developed, and the
alert algorithms are adjusted such that new alerts might be added or removed, which might affect
the number of alerts being generated and in turn might affect the proportion of alerts being resolved.
For example, although the absolute number of alerts being closed was higher during week 11 of
2019 compared with week 11 of 2018, the proportion of alerts being closed was lower. In 2019 each
EES analyses generated a higher number of alerts than before. Our results indicate that perhaps
pharmacists do not have enough time to handle all the new alerts, or more of the alerts were not
relevant. Other types of designs or integration into dispensing systems can also affect how and when
EES is used. This finding highlights the importance of measurements over time when studying the use
of a CDSS.

4.2. Alerts Being Resolved

Only a small proportion of alerts were being closed. However, pharmacists’ responses to the
questionnaire showed that it was common that they resolved issues related to an alert without closing
the alert. The most common reasons for this were a lack of time and that they wanted other pharmacists
to see the alert. Our results indicate the need for improvement of the system so that it is easier to
close an alert and perhaps finding other ways of documenting or communicating between pharmacists
related to an alert.
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The proportion of alerts being closed differed between alert categories indicating that pharmacists
acted more often on potentially more serious alerts. One explanation can be that pharmacists can
filter for alerts in their system, for example choosing not to see A- and B-interactions (less serious).
Not closing alerts for A-interactions also indicate that a lack of time is a major obstacle or that is unclear
when to close the alert. Tracking the closing of non-relevant alerts could be used to further improve
the system and reducing the risk of alert fatigue.

The way EES is currently implemented and regulated, the pharmacists have to make an active
choice to perform an EES analysis, which is different from many other CDSSs that are integrated and
automatically provide alerts or indicate that there might be a potential DRP. This makes it difficult to
compare our results with the numbers of alert overrides from other studies.

4.3. Pharmacists’ Perceptions and Experiences with EES

Previously reported barriers to implementing permanent therapy changes based on CDSSs
include lack of time, low alert specificity, and poor agreement and communication between health
care services and pharmacies [17]. All these aspects were also mentioned in free text by pharmacists
in different parts of the questionnaire, and many stated that they wanted to reduce the number
of duplicate alerts or improve existing alerts. Other more specific issues or barriers found in this
study include not having enough experience and difficulties when the patient does not come to the
pharmacy themselves, but rather a relative or caregiver is picking up the medication. Pharmacists
also wanted to be able to add non-prescription medications to the analysis, something that is not
possible today. At the time of the study, patient consent was needed to perform an EES analysis, even
though the pharmacists automatically view all of a patient’s prescriptions when a patient wants to
collect prescription medication at a pharmacy. The need for this extra patient consent to perform
an EES analysis was repeatedly mentioned as problematic in this study, as well as in a previous
study [27]. Moreover, the second most common suggestion for improvement was that patients should
have more knowledge about EES. Having to explain the system to obtain consent was perceived as
time consuming and confusing for patients. A study among pharmacy customers in 2018 indicate that
their knowledge and awareness of pharmacists using EES is low, but that they seem to be generally
positive towards this kind of review of prescriptions (unpublished data under review, Hammar et al.).
The requirement for consent was reassessed by the Swedish eHealth Agency from a legal point of view
after this study was conducted, and the need for the consent in order to perform an EES analysis was
removed in June 2020.

4.4. Using CDSSs to Improve Medication Safety

From this study we cannot draw any conclusion on clinical effects from the use of EES, neither on
clinical relevance of the alerts. Theoretically, increased use of a CDSS would indicate that pharmacists
are working with decreasing the risk of potential DRPs. However, we cannot know what actions
would have been taken regardless of the availability of the CDSS. Neither do we know if it would
be reasonable to perform EES analysis for all patients or if it would be reasonable to take actions
and resolve all of the alerts generated by EES. Some of the alerts may already have been resolved
or evaluated by the healthcare services without the pharmacists knowing about this, and there is a
risk that patients receive contradicting information from the pharmacist. A previous study among
physicians showed that they regarded 68% of EES alerts to be clinically relevant, and 11% of all alerts
were followed by a change in drug treatment [26]. In our study, contact with the prescriber and change
of prescription was documented for only 0.2% of all closed alerts. Even if the true rate might be
higher (but alerts not closed), we cannot say if there were alerts overridden by the pharmacist that
would have been regarded as clinically relevant by the prescriber. Pharmacists do not have access to
patient data from electronic health records (EHR) such as medication history, diagnoses and lab values.
This contributes to some difficulties in deciding if the alert is clinically relevant. Although pharmacies
and health care cannot use the same decision support, it would be good if the knowledge database
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used in their respective CDSS were the same so that the alerts they receive correspond with each
other, like with the interaction database used today on both health care CDSS and EES. In Sweden,
prescribers do not have access to the Swedish national prescription repository and pharmacists at
community pharmacies do not have access to the medication list in the EHR. Thus, having access to
different lists of a patient’s current medications can also lead to pharmacists and physicians receiving
alerts that are not the same. A new nationally shared medication list is being implemented based
on a new law put into force in 2021 with the goal that all of the involved actors will have access to
the same medication list [50]. Hopefully, this can contribute to improved accuracy of the medication
lists, improved relevancy of CDSS alerts, as well as facilitating collaboration between health care
and pharmacies [51,52].

Some unintended consequences of the implementation of CDSSs have been described, for example,
increased pharmacist–physician communication load [53]. Research has also shown the need for
improvement of many aspects of CDSSs such as usability [40].

It is important for quality work at pharmacies to get knowledge about the detection and handling of
potential DRPs. Another study described the development and evaluation of a coding to systematically
collect and assess information on pharmacists’ interventions [54], and in that study the documentation
was manual.

Increasing the use of a CDSS and preventing DRPs likely requires organisational interventions,
such as solving issues with pharmacists not having enough time to deal with the alerts, as well as
optimising the design of the system and the clinical relevance of the alerts. Other changes that might
be good to consider include other means of documenting or communicating in relation to the alerts.

4.5. Method Discussion (Strengths and Weaknesses)

The strengths of the study were the national perspective, covering all pharmacies in Sweden, and
the combination of methods, with objective and automatic measurements of CDSS use at different
points in time together with questionnaire data. The data from the Swedish eHealth Agency regarding
dispensed prescriptions and the use of EES are automatically generated for statistical purposes and
are of high quality. However, the study was not designed to identify effects on any clinical or
patient outcomes.

The questionnaire had a response rate of 30%, which is in line with other similar studies.
The pharmacists answering the questionnaire may have been more positive towards EES and been
using it to a higher degree than pharmacists in general. This is indicated by data from the eHealth
Agency showing a lower use than indicated by the pharmacists’ responses on the questionnaire
regarding how often they used EES. The response rate and the use of EES also varied between different
pharmacy chains. The selection of the pharmacists could not be made randomly at some of the smaller
pharmacy chains, thus the results from the questionnaire may not be possible to generalise to all
pharmacists in Sweden.

Because the use of EES has been continuously increasing, it is difficult to separate the effect of
the intervention from the increase that would have occurred anyway. The interrupted time series
regression comparing the slope before the intervention to that after the intervention shows a faster
increase; however, we cannot be sure that this long-term increase would not have occurred independent
of the intervention.

4.6. Future Research

Community pharmacy practice as well as the pharmacist’s role is changing due to several factors,
including digitalisation, new pharmacy services and increased knowledge. It is important therefore to
perform research in community pharmacies as well as to develop strategies for how to implement new
knowledge in practice [55]. In Sweden, pharmacy research decreased after the re-regulation of the
pharmacy market. The current study described an intervention as a joint effort between all pharmacy
chains in Sweden, which is a positive development. Future studies should investigate the clinical
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effects of the use of CDSSs and how the use of CDSSs is affected if the requirement for consent is
removed or if EES is integrated in other ways in the dispensing systems.

5. Conclusions

This study shows that pharmacists use and appreciate EES as a decision support at pharmacies
and that the national intervention had a clear effect across different pharmacy chains during the week of
the intervention and seems to have contributed directly or indirectly to a faster increase in pharmacists’
use of EES during the year to follow. However, the study also identified several barriers or issues
that need to be addressed to facilitate an increase in the use of the system, such as the usability of the
system, specificity of the alerts, clarification about when to close an alert, the requirement for patient
consent and the lack of time. The effects seen by the intervention are likely multifactorial, through
the education and information directly to pharmacists, but probably also on an organisational level
because the pharmacy chains were involved in the intervention on a higher management level, which
might have affected leadership, routines and other organisational factors. More research is needed on
the actual clinical effects of using EES and strategies for increasing the use of CDSSs at pharmacies.

Author Contributions: Conceptualization, T.H. and L.E.; Data curation, T.H. and L.E.; Formal analysis, T.H.;
Funding acquisition, T.H.; Investigation, T.H. and L.E.; Methodology, T.H., L.H. and L.E.; Project administration,
T.H.; Validation, T.H., L.H. and L.E.; Writing—original draft, T.H.; Writing—review and editing, L.H. and L.E.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Swedish pharmacy association (Sveriges Apoteksförening), Unionen
(Swedish trade union) and Swedish pharmaceutical society (Apotekarsocieteten).

Acknowledgments: The authors would like to thank Linn Widlund for advice and support with data and statistics
from the Swedish eHealth Agency, Kristofer Årestedt (Linnaeus University) for help and support with statistical
analysis, and Maria Qvarfordt for support with analysing the free text answers in the questionnaire. The authors
would also like to thank the reference group of the project Robert Svanström (Sveriges Apoteksförening at the
time of the study), Maria Wanrud (the Swedish eHealth Agency at the time of the study) and Bodil Lidström (the
Swedish eHealth Agency at the time of the study). Finally, yet importantly, the authors would like to thank all the
pharmacies helping in the preparation of the study as well as all the pharmacists answering the questionnaire.

Conflicts of Interest: The authors declare no conflicts of interest. One of the researchers in this study (Lisa Ericson)
is employed by the Swedish eHealth Agency and worked with developing EES at the time of the study. One of the
funders (Sveriges Apoteksförening) was the initiator for the intervention and took part in the design of the study.
The funders had no role in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in
the decision to publish the results.

References

1. James, M.; Ritter, L.D.L.; Timothy, G.K.; Mant, A.F. A Textbook of Clinical Pharmacology and Therapeutics;
Hodden Education: London, UK, 2008.

2. Bemt, P.M.V.D.; Egberts, T.; Berg, L.T.D.J.-V.D.; Brouwers, J.R.; Bemt, P.M.V.D. Drug-related problems in
hospitalised patients. Drug Saf. 2000, 22, 321–333. [CrossRef] [PubMed]

3. Avery, A.; Sheikh, A.; Hurwitz, B.; Smeaton, L.; Chen, Y.-F.; Howard, R.; Cantrill, J.; Royal, S. Safer medicines
management in primary care. Br. J. Gen. Pract. 2002, 52, S17–S22. [PubMed]

4. Salvi, F.; Marchetti, A.; D’Angelo, F.; Boemi, M.; Lattanzio, F.; Cherubini, A. Adverse drug events as a cause
of hospitalization in older adults. Drug Saf. 2012, 35, 29–45. [CrossRef]

5. Topinková, E.; Baeyens, J.P.; Lang, P.-O.; Topinková, P.E.; Michel, J.P. Evidence-based strategies for the
optimization of pharmacotherapy in older people. Drugs Aging 2012, 29, 477–494. [CrossRef]

6. Spinewine, A.; Schmader, K.E.; Barber, N.; Hughes, C.; Lapane, K.L.; Swine, C.; Hanlon, J.T. Appropriate
prescribing in elderly people: How well can it be measured and optimised? Lancet 2007, 370, 173–184.
[CrossRef]

7. McKibbon, K.A.; Lokker, C.; Handler, S.; Dolovich, L.; Holbrook, A.M.; O’Reilly, D.; Tamblyn, R.; Hemens, B.J.;
Basu, R.; Troyan, S.; et al. The effectiveness of integrated health information technologies across the phases
of medication management: A systematic review of randomized controlled trials. J. Am. Med. Inform. Assoc.
2011, 19, 22–30. [CrossRef]

http://dx.doi.org/10.2165/00002018-200022040-00005
http://www.ncbi.nlm.nih.gov/pubmed/10789826
http://www.ncbi.nlm.nih.gov/pubmed/12389765
http://dx.doi.org/10.1007/BF03319101
http://dx.doi.org/10.2165/11632400-000000000-00000
http://dx.doi.org/10.1016/S0140-6736(07)61091-5
http://dx.doi.org/10.1136/amiajnl-2011-000304


Pharmacy 2020, 8, 118 18 of 20

8. Eiermann, B.; Bastholm, R.P.; Korkmaz, S.; Landberg, C.; Lilja, B.; Shemeikka, T.; Veg, A.; Wettermark, B.;
Gustafsson, L.L. Knowledge bases for clinical decision support in drug prescribing—Development, quality
assurance, management, integration, implementation and evaluation of clinical value. In Decision Support
Systems; Jao, C.S., Ed.; InTech: Rijeka, Croatia, 2010.

9. Coleman, J.J.; van der Sijs, H.; Haefeli, W.E.; Slight, S.P.; McDowell, S.E.; Seidling, H.M.; Eiermann, B.;
Aarts, J.; Ammenwerth, E.; Ferner, R.E.; et al. On the alert: Future priorities for alerts in clinical decision
support for computerized physician order entry identified from a European workshop. BMC Med. Inform.
Decis. Mak. 2013, 13, 1–8.

10. Garg, A.X.; Adhikari, N.K.J.; McDonald, H.; Rosas-Arellano, M.P.; Devereaux, P.J.; Beyene, J.; Sam, J.;
Haynes, R.B. Effects of computerized clinical decision support systems on practitioner performance and
patient outcomes. JAMA 2005, 293, 1223–1238. [CrossRef]

11. Black, A.D.; Car, J.; Pagliari, C.; Anandan, C.; Cresswell, K.; Bokun, T.; McKinstry, B.; Procter, R.; Majeed, A.;
Sheikh, A. The impact of ehealth on the quality and safety of health care: A systematic overview. PLoS Med.
2011, 8, e1000387. [CrossRef]

12. Kuperman, G.; Bobb, A.; Payne, T.H.; Avery, A.; Gandhi, T.K.; Burns, G.; Classen, D.C.; Bates, D.W.
Medication-related clinical decision support in computerized provider order entry systems: A review. J. Am.
Med. Inform. Assoc. 2007, 14, 29–40. [CrossRef]

13. Robertson, J.; Walkom, E.; Pearson, S.-A.; Hains, I.; Williamsone, M.; Newby, D.A. The impact of pharmacy
computerised clinical decision support on prescribing, clinical and patient outcomes: A systematic review of
the literature. Int. J. Pharm. Pract. 2010, 18, 69–87.

14. Coiera, E.; Westbrook, J.; Wyatt, J. The safety and quality of decision support systems. Yearb. Med. Inform.
2006, 15, 20–25.

15. Hemens, B.J.; Holbrook, A.; Tonkin, M.; Mackay, J.A.; Weise-Kelly, L.; Navarro, T.; Wilczynski, N.L.;
Haynes, R.B. Computerized clinical decision support systems for drug prescribing and management:
A decision-maker-researcher partnership systematic review. Implement. Sci. 2011, 6, 89. [CrossRef] [PubMed]

16. Jaspers, M.; Smeulers, M.; Vermeulen, H.; Dusseljee-Peute, L.W. Effects of clinical decision-support systems
on practitioner performance and patient outcomes: A synthesis of high-quality systematic review findings.
J. Am. Med. Inform. Assoc. 2011, 18, 327–334. [CrossRef] [PubMed]

17. Mulder-Wildemors, L.G.M.; Heringa, M.; Floor-Schreudering, A.; Jansen, P.A.F.; Bouvy, M.L.
Reducing inappropriate drug use in older patients by use of clinical decision support in community
pharmacy: A mixed-methods evaluation. Drugs Aging 2019, 37, 115–123. [CrossRef] [PubMed]

18. Mandt, I.; Horn, A.M.; Ekedahl, A.; Granas, A.G. Community pharmacists’ prescription intervention
practices—Exploring variations in practice in Norwegian pharmacies. Res. Soc. Adm. Pharm. 2010, 6, 6–17.
[CrossRef]

19. Teinilä, T.; Kaunisvesi, K.; Airaksinen, M. Primary care physicians’ perceptions of medication errors and error
prevention in cooperation with community pharmacists. Res. Soc. Adm. Pharm. 2011, 7, 162–179. [CrossRef]

20. Seidling, H.M.; Send, A.F.J.; Bittmann, J.; Renner, K.; Dewald, B.; Lange, D.; Bruckner, T.; Haefeli, W.E.
Medication review in German community pharmacies—Post-hoc analysis of documented drug-related
problems and subsequent interventions in the ATHINA-project. Res. Soc. Adm. Pharm. 2017, 13, 1127–1134.
[CrossRef]

21. Saverno, K.R.; Hines, L.E.; Warholak, T.L.; Grizzle, A.J.; Babits, L.; Clark, C.; Taylor, A.M.; Malone, D.C.
Ability of pharmacy clinical decision-support software to alert users about clinically important drug-drug
interactions. J. Am. Med. Inform. Assoc. 2011, 18, 32–37. [CrossRef]

22. Campmans, Z.; Van Rhijn, A.; Dull, R.M.; Santen-Reestman, J.; Taxis, K.; Borgsteede, S.D. Preventing
dispensing errors by alerting for drug confusions in the pharmacy information system—A survey of users.
PLoS ONE 2018, 13, e0197469. [CrossRef]

23. Scott, I.; Pillans, P.I.; Barras, M.; Morris, C. Using EMR-enabled computerized decision support systems to
reduce prescribing of potentially inappropriate medications: A narrative review. Ther. Adv. Drug Saf. 2018,
9, 559–573. [CrossRef] [PubMed]

24. Galt, K.A.; Fuji, K.T.; Kaufman, T.K.; Shah, S.R. Health information technology use and patient safety:
Study of pharmacists in Nebraska. Pharmacy 2019, 7, 7. [CrossRef] [PubMed]

http://dx.doi.org/10.1001/jama.293.10.1223
http://dx.doi.org/10.1371/journal.pmed.1000387
http://dx.doi.org/10.1197/jamia.M2170
http://dx.doi.org/10.1186/1748-5908-6-89
http://www.ncbi.nlm.nih.gov/pubmed/21824383
http://dx.doi.org/10.1136/amiajnl-2011-000094
http://www.ncbi.nlm.nih.gov/pubmed/21422100
http://dx.doi.org/10.1007/s40266-019-00728-y
http://www.ncbi.nlm.nih.gov/pubmed/31782128
http://dx.doi.org/10.1016/j.sapharm.2009.03.003
http://dx.doi.org/10.1016/j.sapharm.2010.03.007
http://dx.doi.org/10.1016/j.sapharm.2016.10.016
http://dx.doi.org/10.1136/jamia.2010.007609
http://dx.doi.org/10.1371/journal.pone.0197469
http://dx.doi.org/10.1177/2042098618784809
http://www.ncbi.nlm.nih.gov/pubmed/30181862
http://dx.doi.org/10.3390/pharmacy7010007
http://www.ncbi.nlm.nih.gov/pubmed/30634591


Pharmacy 2020, 8, 118 19 of 20

25. Hammar, T.; Hovstadius, B.; Lidström, B.; Petersson, G.; Eiermann, B. Potential drug related problems
detected by electronic expert support system in patients with multi-dose drug dispensing. Int. J. Clin. Pharm.
2014, 36, 943–952.

26. Hammar, T.; Lidström, B.; Petersson, G.; Gustafson, Y.; Eiermann, B. Potential drug-related problems detected
by electronic expert support system: Physicians’ views on clinical relevance. Int. J. Clin. Pharm. 2015, 37,
941–948. [CrossRef] [PubMed]

27. Hammar, T.; Ohlson, M.; Hanson, E.; Petersson, G. Implementation of information systems at
pharmacies—A case study from the re-regulated pharmacy market in Sweden. Res. Soc. Adm. Pharm. 2015,
11, e85–e99. [CrossRef]

28. Watkins, K.; Wood, H.; Schneider, C.R.; Clifford, R. Effectiveness of implementation strategies for clinical
guidelines to community pharmacy: A systematic review. Implement. Sci. 2015, 10, 151. [CrossRef]

29. Chauhan, B.F.; Jeyaraman, M.M.; Mann, A.S.; Lys, J.; Skidmore, B.; Sibley, K.M.; Abou-Setta, A.M.;
Zarychanski, R.; Zarychanksi, R. Behavior change interventions and policies influencing primary healthcare
professionals’ practice—An overview of reviews. Implement. Sci. 2017, 12, 3. [CrossRef]

30. Seidling, H.M.; Schmitt, S.P.W.; Bruckner, T.; Kaltschmidt, J.; Pruszydlo, M.G.; Senger, C.; Bertsche, T.;
Walter-Sack, I.; Haefeli, W.E. Patient-specific electronic decision support reduces prescription of excessive
doses. BMJ Qual. Saf. 2010, 19, e15. [CrossRef]

31. Scott, G.P.T.; Shah, P.; Wyatt, J.C.; Makubate, B.; Cross, F.W. Making electronic prescribing alerts more
effective: Scenario-based experimental study in junior doctors. J. Am. Med. Inform. Assoc. 2011, 18, 789–798.
[CrossRef]

32. Mollon, B.; Chong, J.J.; Holbrook, A.; Sung, M.; Thabane, L.; Foster, G. Features predicting the success
of computerized decision support for prescribing: A systematic review of randomized controlled trials.
BMC Med. Inform. Decis. Mak. 2009, 9, 11. [CrossRef]

33. Horsky, J.; Phansalkar, S.; Desai, A.; Bell, U.; Middleton, B. Design of decision support interventions for
medication prescribing. Int. J. Med. Inform. 2013, 82, 492–503. [CrossRef] [PubMed]

34. Riedmann, D.; Jung, M.; Hackl, W.; Ammenwerth, E. How to improve the delivery of medication alerts
within computerized physician order entry systems: An international Delphi study. J. Am. Med. Inform. Assoc.
2011, 18, 760–766. [CrossRef]

35. Ranji, S.R.; Rennke, S.; Wachter, R.M. Computerised provider order entry combined with clinical decision
support systems to improve medication safety: A narrative review. BMJ Qual. Saf. 2014, 23, 773–780.
[CrossRef] [PubMed]

36. Jani, Y.H.; Barber, N.; Wong, I.C. Characteristics of clinical decision support alert overrides in an electronic
prescribing system at a tertiary care paediatric hospital. Int. J. Pharm. Pract. 2011, 19, 363–366. [CrossRef]

37. Nanji, K.C.; Slight, S.P.; Seger, D.L.; Cho, I.; Fiskio, J.M.; Redden, L.M.; Volk, L.A.; Bates, D.W. Overrides
of medication-related clinical decision support alerts in outpatients. J. Am. Med. Inform. Assoc. 2014, 21,
487–491. [CrossRef]

38. Van Der Sijs, H.; Aarts, J.; Vulto, A.; Berg, M. Overriding of drug safety alerts in computerized physician
order entry. J. Am. Med. Inform. Assoc. 2006, 13, 138–147. [CrossRef] [PubMed]

39. Van Der Sijs, H.; Mulder, A.; Van Gelder, T.; Aarts, J.; Berg, M.; Vulto, A. Drug safety alert generation and
overriding in a large Dutch university medical centre. Pharmacoepidemiol. Drug Saf. 2009, 18, 941–947.
[CrossRef]

40. Payne, T.H.; Hines, L.E.; Chan, R.C.; Hartman, S.; Kapusnik-Uner, J.; Russ, A.L.; Chaffee, B.W.; Hartman, C.;
Tamis, V.; Galbreth, B.; et al. Recommendations to improve the usability of drug-drug interaction clinical
decision support alerts. J. Am. Med. Inform. Assoc. 2015, 22, 1243–1250. [CrossRef]

41. Shorten, A.; Smith, J. Mixed methods research: Expanding the evidence base. Évid. Based Nurs. 2017, 20,
74–75. [CrossRef]

42. Böttiger, Y.; Laine, K.; Andersson, M.L.; Korhonen, T.; Molin, B.; Ovesjö, M.-L.; Tirkkonen, T.; Rane, A.;
Gustafsson, L.L.; Eiermann, B.; et al. SFINX—A drug-drug interaction database designed for clinical decision
support systems. Eur. J. Clin. Pharmacol. 2009, 65, 627–633. [CrossRef]

43. Kontopantelis, E.; Doran, T.; A Springate, D.A.; Buchan, I.; Reeves, D. Regression based quasi-experimental
approach when randomisation is not an option: Interrupted time series analysis. BMJ 2015, 350, h2750.
[CrossRef] [PubMed]

http://dx.doi.org/10.1007/s11096-015-0146-8
http://www.ncbi.nlm.nih.gov/pubmed/26047943
http://dx.doi.org/10.1016/j.sapharm.2014.08.002
http://dx.doi.org/10.1186/s13012-015-0337-7
http://dx.doi.org/10.1186/s13012-016-0538-8
http://dx.doi.org/10.1136/qshc.2009.033175
http://dx.doi.org/10.1136/amiajnl-2011-000199
http://dx.doi.org/10.1186/1472-6947-9-11
http://dx.doi.org/10.1016/j.ijmedinf.2013.02.003
http://www.ncbi.nlm.nih.gov/pubmed/23490305
http://dx.doi.org/10.1136/amiajnl-2010-000006
http://dx.doi.org/10.1136/bmjqs-2013-002165
http://www.ncbi.nlm.nih.gov/pubmed/24728888
http://dx.doi.org/10.1111/j.2042-7174.2011.00132.x
http://dx.doi.org/10.1136/amiajnl-2013-001813
http://dx.doi.org/10.1197/jamia.M1809
http://www.ncbi.nlm.nih.gov/pubmed/16357358
http://dx.doi.org/10.1002/pds.1800
http://dx.doi.org/10.1093/jamia/ocv011
http://dx.doi.org/10.1136/eb-2017-102699
http://dx.doi.org/10.1007/s00228-008-0612-5
http://dx.doi.org/10.1136/bmj.h2750
http://www.ncbi.nlm.nih.gov/pubmed/26058820


Pharmacy 2020, 8, 118 20 of 20

44. Bernal, J.L.; Cummins, S.; Gasparrini, A. Interrupted time series regression for the evaluation of public health
interventions: A tutorial. Int. J. Epidemiol. 2017, 46, 348–355.

45. Linden, A. Conducting interrupted time-series analysis for single- and multiple-group comparisons. Stata J.
2015, 15, 480–500. [CrossRef]

46. Sandelowski, M. Whatever happened to qualitative description? Res. Nurs. Health 2000, 23, 334–340.
[CrossRef]

47. Patwardhan, P.D.; Amin, M.E.K.; Chewning, B. Intervention research to enhance community pharmacists’
cognitive services: A systematic review. Res. Soc. Adm. Pharm. 2014, 10, 475–493. [CrossRef] [PubMed]

48. Cresswell, K.; Bates, D.W.; Sheikh, A. Ten key considerations for the successful implementation and adoption
of large-scale health information technology. J. Am. Med. Inform. Assoc. 2013, 20, e9–e13. [CrossRef]
[PubMed]

49. Cresswell, K.; Sheikh, A. Organizational issues in the implementation and adoption of health information
technology innovations: An interpretative review. Int. J. Med. Inform. 2013, 82, e73–e86. [CrossRef] [PubMed]

50. Swedish eHealth Agency. Nationella läkemedelslistan [In Swedish]. Available online:
https://www.ehalsomyndigheten.se/tjanster/yrkesverksam/nationella-lakemedelslistan/ (accessed on
7 July 2020).

51. Hammar, T.; Ekedahl, A.; Petersson, G. Implementation of a shared medication list: Physicians’ views on
availability, accuracy and confidentiality. Int. J. Clin. Pharm. 2014, 36, 933–942. [CrossRef]

52. Manskow, U.S.; Lind, K.F.; Bergmo, T.S. Digital solutions for a shared medication list—A narrative
literature review. In Proceedings of the 17th Scandinavian Conference on Health Informatics, Oslo,
Norway, 12–13 November 2019.

53. Pontefract, S.K.; Coleman, J.J.; Vallance, H.K.; Hirsch, C.A.; Shah, S.; Marriott, J.F.; Redwood, S. The impact of
computerised physician order entry and clinical decision support on pharmacist-physician communication
in the hospital setting: A qualitative study. PLoS ONE 2018, 13, e0207450. [CrossRef]

54. Krähenbühl, J.-M.; Kremer, B.; Guignard, B.; Bugnon, O. Practical evaluation of the drug-related problem
management process in Swiss community pharmacies. Pharm. World Sci. 2008, 30, 777–786. [CrossRef]

55. Hermansyah, A.; Sainsbury, E.; Krass, I. The operation of a Research and Development (R&D) program and
its significance for practice change in community pharmacy. PLoS ONE 2017, 12, e0184954.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/1536867X1501500208
http://dx.doi.org/10.1002/1098-240X(200008)23:4&lt;334::AID-NUR9&gt;3.0.CO;2-G
http://dx.doi.org/10.1016/j.sapharm.2013.07.005
http://www.ncbi.nlm.nih.gov/pubmed/24071523
http://dx.doi.org/10.1136/amiajnl-2013-001684
http://www.ncbi.nlm.nih.gov/pubmed/23599226
http://dx.doi.org/10.1016/j.ijmedinf.2012.10.007
http://www.ncbi.nlm.nih.gov/pubmed/23146626
https://www.ehalsomyndigheten.se/tjanster/yrkesverksam/nationella-lakemedelslistan/
http://dx.doi.org/10.1007/s11096-014-0012-0
http://dx.doi.org/10.1371/journal.pone.0207450
http://dx.doi.org/10.1007/s11096-008-9217-4
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Setting 
	Electronic Expert Support System (EES) 
	National Intervention 

	Data and Statistics on The Use of EES 
	Questionnaire among Pharmacists 
	Data Analysis 
	Ethics Statement 

	Results 
	Effects of The National Intervention on The Use of EES 
	EES Analyses and The Numbers of Alerts Generated and Resolved before and after The Intervention 
	Pharmacists’ Perceptions of EES and The Intervention 

	Discussion 
	Effects of The National Intervention 
	Alerts Being Resolved 
	Pharmacists’ Perceptions and Experiences with EES 
	Using CDSSs to Improve Medication Safety 
	Method Discussion (Strengths and Weaknesses) 
	Future Research 

	Conclusions 
	References

