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Background: Any medication can cause drug-related problems (DRPs), which can often be detected by
medication reviews. So far, only limited information is available on the practicability of systematic
medication reviews in community pharmacies in daily routine and their value in Germany. Since 2012,
the community pharmacy-centered medication review project “ATHINA e Arzneimittelther-
apiesicherheit in Apotheken [medication safety in community pharmacies]” is endorsed by four
Chambers of Pharmacists in Germany. The aim of this evaluation was to post-hoc analyze the nature of
medication reviews performed in ATHINA.
Methods: For this analysis, information from anonymized, structured documentation sheets of medica-
tion reviews performed from 2012 to 2015 were analyzed. Documentation sheets contained de-
mographic information of the patient, the patient's medication, and structured information on any
information need or DRP identified for a specific drug, the pharmacists' actions taken with regard to the
identified problem (e.g. contact with a physician), and whether the problem was ultimately resolved
completely, partly, or not at all.
Results: Overall, 241 pharmacists documented 912 medication reviews with on average 10.8 ± 3.6 drugs.
In 869 reviews (95.3%), the pharmacist documented at least one drug with information need or DRP. In
75.7% (N ¼ 3972/5248) of the drugs with at least one information need or DRP, the pharmacists docu-
mented the action taken to solve the problem. At the end of the medication review, 359 (39.4%) of the
cases had only drugs with resolved or no identified problems. Overall, the ratio of DRPs per drug regimen
was reduced from 56% ± 22.7 drugs with at least one information need or DRP in the beginning to
28.9% ± 18.3 in the end.
Conclusion: This analysis indicates that community pharmacists can deliberately identify patients with
information needs and DRPs and solve many of these problems in the course of a medication review.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

Anymedication can cause drug-related problems (DRPs), i.e. “an
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event or circumstance involving drug therapy that actually or
potentially interferes with desired health outcomes”1 and in
German community pharmacies, almost one in five patients col-
lecting a dispensed drug had at least one DRP.2 To comprehensively
analyze particularly complex treatment regimens, medication re-
views, i.e. “a structured evaluation of a patient's drug regimen”3 are
well-suited.4 In community pharmacies, medication reviews can
help detecting DRPs and improve medication handling, adherence,
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and medication overuse, misuse, and underuse, and, thus, the
quality of prescribing if the information is exchanged with the
primary care physician.4e7

Even though systematic evaluations of medication reviews
have been performed in many different countries such as
Australia, Canada, England, the Netherlands, Switzerland, and the
United States of America,5,7e9 the transferability of study results is
often limited due to differences in the health care systems,
implementation deficiencies, or study settings that do not quite
match routine care conditions e.g. in terms or staff or time
ressources.7,9 For Germany, only limited information is available
on the practicability of systematic medication reviews in com-
munity pharmacies and their net impact,10 because in most in-
stances, medication reviews were part of a multifactorial
pharmaceutical care intervention, in which medication reviews
were only one element among other interventions such as in-
depth patient counseling or motivational interviewing.
Moreover, earlier studies focused on selected patient populations
questioning the transferability of their findings to routine care
settings.11

“ATHINA e Arzneimitteltherapiesicherheit in Apotheken
[medication safety in community pharmacies]” is a community
pharmacy-centered project that was initiated in 2012 in Germany
by the Chamber of Pharmacists North Rhine and that is currently
also supported by the Chambers of Pharmacists in Lower Saxony,
Baden-Württemberg, and Hesse.12 In this project, interested
pharmacists receive by their chamber of pharmacists a two-day
training on how to perform a medication review and an Excel®

(Microsoft Corporation, Redmond, USA) template guiding the
conduct and documentation of the medication review. In their
community pharmacies, they could invite patients to participate in
the project; typically, they would invite older patients on poly-
pharmacy (i.e. regularly taking 5 or more drugs) with a higher risk
for DRPs, yet these were not mandatory inclusion criteria. If
willing to participate in the project, the patients signed an
informed consent form and, in an initial visit, the pharmacist
performed a brown bag review, i.e. based on the drug packages,
the patient brought along, he assessed which drugs the patient
was taking and how he took them.13 After the patient had left the
pharmacy, the pharmacist analyzed the current drug regimen,
documented the findings and corresponding conclusions in the
Excel® template, and sent the documentation sheet after pseu-
donymization of the patient's name to the respective chamber of
pharmacists for a formal check of the documentation sheet. For
selected cases (e.g. if it was the first medication review of a
pharmacist or if the pharmacist explicitly asked for it) the docu-
mentation sheet was sent to a tutor to comment on the pharma-
cist’s suggested interventions or answer any open questions.
Typically about two weeks after the brown bag review, the phar-
macist conducted a closing meeting with the patient to discuss the
medication review results with him and hand over a medication
schedule. Because ATHINA is a pharmacy-centered project, infor-
mation exchange during data collection with physicians was not
mandatory and typically, the medication review only included
information from the brown bag review, the customer records,
and the conversation with the patient (medication review type
2a14), whereas clinical information of the patient's attending pri-
mary care physician was not routinely sought.

The aim of this study was to post-hoc analyze the impact of
medication reviews performed in German community pharmacies
during ATHINA on the detection of DRPs and patients' information
needs and to estimate the potential influence of these medication
reviews on the patient's medication, e.g. in terms of medication
errors.
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2. Material and methods

2.1. Inclusion and exclusion criteria

After approval by the responsible Ethics Committee of the
Medical Faculty of Heidelberg University, we analyzed the medi-
cation reviews collected by the participating chambers of phar-
macists between 2012 (start of ATHINA) and May 2015 and for
which the respective pharmacists gave their written informed
consent. For analysis, the chambers allocated identifiers to each
case (i.e. X_YY_ZZZ where X indicated the respective chamber, YY a
specific pharmacist, and ZZZ an individual patient) and transferred
the data to Heidelberg University Hospital for analysis. Hence, for
analysis, data were de facto anonymized to the authors.

2.2. Data collection during ATHINA

Only information from the structured Excel® template the
pharmacists used for documentation of the medication review was
analyzed. The documentation sheet contained information on the
patient, i.e. sex, age category, any available additional treatment-
related information as free-text (e.g. diagnoses or laboratory
values as reportedby thepatient), and indicatedwhether thepatient
already had a medication schedule before the start of the project. It
further contained comprehensive information on the patient's
medication, i.e. whether the patient brought any duplicate, expired,
or discontinued drugs to the brown bag review and what the pa-
tient's actual medication was, i.e. drug name, active ingredient,
strength, dosage form, national drug identification number (i.e.
PZN), dosage scheme, and dosage recommendation. Subsequently,
the pharmacists documented their assessment of each drug ac-
cording to predefined categories by using respective checkboxes
specifying whether the patient required informationwith regard to
drug dosage, administration or indication or whether the pharma-
cist identified a DRP based on the data available to perform a
medication review type 2a. Thereby, DRPs could also be caused by
lacking information and classified as drug-drug interactions,
potentially inappropriate medication in the elderly, adverse drug
reactions, contraindications, or adherence problems. From a pre-
defined list of four options, the pharmacists documented their ac-
tions (i.e. counseling the patient, contacting the physician, advising
the patient to consult the physician, or any other measure (not
further specified)) andwhethere according to their judgmente the
problemwas ultimately resolved completely, partly, or not at all. In
addition to the selection of predefined options, pharmacists could
also use a free text field to add any additional identified problem,
explain their assessment, or outline open questions. If the case was
reviewedbya tutor, the tutor could document his recommendations
in another free text field linked to each individual drug. Hence, for
each drug, all related information was stored in one single line. If
during the assessment themedicationwasmodified, e.g. the dosage
was changed or a recommendation regardingdrug intakewas given,
these changes were entered directly in the Excel® template over-
writing the previous documentation of the medication and hence
precluding consecutive evaluation of medication changes. Never-
theless, the documented assessment of the medication by the
pharmacist with regard to initially identified information needs or
DRPs using the predefined checkboxes remained unchanged and
allowed an aggregated analysis of problems, taken actions, and
whether this was considered successful by the pharmacists.

At the end of an ATHINA review, the pharmacists documented
the net duration of the medication review, how satisfied pharma-
cist and patient were with the medication review, whether a
pharmaceutical intervention appeared necessary, a physician was
contacted, and if so, whether it was only to inform the physician or
German community pharmacies e Post-hoc analysis of documented
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Table 1
Overview of the study population.

Characteristic Value

Cases N ¼ 912
439 from Lower Saxony (48.1%)
323 from North Rhine (35.4%)
86 from Baden-Württemberg
(9.4%)
64 from Hesse (7.0%)

Age distribution <50 N ¼ 20 2.2%
50e60 N ¼ 57 6.3%
61e65 N ¼ 75 8.2%
66e70 N ¼ 114 12.5%
71e75 N ¼ 199 21.8%
76e80 N ¼ 210 23.0%
80e85 N ¼ 161 17.7%
>85 N ¼ 76 8.3%

Sex N ¼ 421 males (46.2%)
N ¼ 491 females (53.8%)

Mean drugs/case ±SD (min, max) N ¼ 10.8 ± 3.6 (4, 21)
Overall number of drugs N ¼ 9872
Participating pharmacists N ¼ 241
Mean cases/pharmacist ±SD (min, max) N ¼ 3.8 ± 1.7 (1, 12)
Median duration of intervention 90 min (60, 120)
(Q1, Q3) N ¼ 224 missing values
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to suggest a modification, and whether the physician accepted or
rejected the suggestion.

2.3. Data analysis

For analysis, raw data were transferred to a secured relational
database (Microsoft SQL Server Version 2008 R2, Microsoft Cor-
poration, Redmond, USA) and verified by HMS and JB. Therefore,
basic plausibility checks were performed and, in cases where poor
documentation quality prevented immediate analysis of the data,
corrections were performed (e.g. national drug identification
numbers were checked and corrected if necessary and proper usage
of check boxes was verified.).

Data were descriptively analyzed with regard to process-related
and medication-related aspects. Process-related aspects included
the case description regarding demographic data, number of drugs,
and the documented duration of the medication brown bag review.
Medication-related aspects included the number and types of DRPs
and information needs as specified according to the predefined
categories (i.e. selectable via predefined checkboxes), involved drug
classes and different distribution chains (i.e. over-the-counter
drugs or prescription drugs), which measures were taken to solve
DRPs, and whether they were considered resolved at the end of the
medication review.

To assess the comprehensiveness of the medication review, we
assessed how different categories of information needs or DRPs
were addressed. To this end, we hypothesized that information
needs on drug administration or adherence problems were more
likely to be successfully resolved by measures in the pharmacy
whereas DRPs referring to contraindications, adverse drug re-
actions, and potentially inappropriate drugs for elderly would likely
require the interaction with a physician. In a multivariate analysis,
we assessed predictors for successful solution of an information
need or DRP. Therefore, the following parameters were considered
of relevance and hence included: patients' age and sex, the drug's
Anatomical Therapeutic Chemical (ATC) group, whether it was an
over-the-counter or a prescription drug, whether it was an as
needed or regular medication, the identified information need and
DRP, the measure(s) taken if a drug with information need or a DRP
was identified, the overall number of cases the pharmacist sub-
mitted to the chamber of pharmacists, the fact whether the case
was reviewed by a tutor, the overall number of drugs, the relative
number of drugs with information need or DRP, and the chamber of
pharmacists contributing the case.

To assess the potential benefit of the medication review, we
compared the percentage of drugs with an identified information
need or DRP in each medication to the percentage of drugs with
partly or unsolved information need or DRP. Moreover, it was hy-
pothesized, that after a thorough medication review, the medica-
tion regimen should be free of major risks that can be identified in a
medication review type 2a.14 We therefore analyzed drug-drug
interactions with an electronic database (AiDKlinik®, Dosing
GmbH Heidelberg, Germany) and assessed whether there were any
contraindicated drug-drug interactions in the regimen left, and if
so, whether they were acknowledged.

To assess potential limitations of a community pharmacy-
centered approach, we analyzed how often a contraindication
could have been overlooked due to a missing laboratory value. As a
proxy, we assessed with the same electronic database which
medication would be contraindicated in patients with renal
impairment.

2.4. Statistical analysis

All data were descriptively analyzed with median and first and
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third quartiles or mean and standard deviation in case of contin-
uous data and scores, with absolute and relative frequencies in case
of categorical data. Differences between relative number of drugs
with identified information need or DRP and partly or unsolved
information need or DRP were analyzed with Wilcoxon signed-
rank test. Differences between percentage of patients without any
information need or DRP from the beginning and percentage of
patients with only solved or no information needs or DRPs in the
end were analyzed with McNemar test. Otherwise, differences
between two groups were analyzed with Chi-Square test (cate-
gorical data) or Mann Whitney U test (ordinal data). In the multi-
variate binary logistic regression analysis to detect possible
modulators of successful handling of an information need or DRP,
datasets with missing values were excluded from the analysis.
Where appropriate, sensitivity analyses were performed. All tests
were performed two-sided, confidence intervals were set to 95%,
and a p-value of �0.05 was considered statistically significant. P-
values were considered as descriptive only. Statistics were per-
formed with SAS 9.4 (multivariate analyses, SAS institute GmbH,
Heidelberg, Germany) and IBM SPSS 21 statistics (univariate ana-
lyses, IBM® SPSS® Statistics, Ehningen, Germany).

3. Results

3.1. Study population

Of 432 trained pharmacists, 267 gave their consent to partici-
pate in the retrospective data analysis. Altogether, 241 pharmacists
documented 912 medication reviews (54% female patients) of
which 83% were 66 years or older (Table 1). There is no further
information available on the pharmacists not participating in the
retrospective data analysis. The tutors reviewed 364 (39.9%) of the
medication reviews. On average, each patient took 10.8 ± 3.6 drugs
leading to a total of 9872 drugs that were included in the analysis.
These drugs most frequently belonged to ATC code group C (car-
diovascular system, 32.3%), A (alimentary drug and metabolism,
18.2%), and N (nervous system,13.7%, Table 2) and 1955 drugs were
over-the-counter drugs (19.8%).

In 869 of 912 cases (95.3%), referring to N ¼ 5248/9872 drugs,
the pharmacist documented at least one information need or DRP
according to the predefined categories. The absolute number of
DRPs or information needs increased with the number of drugs
German community pharmacies e Post-hoc analysis of documented
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Table 2
Distribution of ATC codes of drugs and association with information needs or DRP.

ATC group Total count Information need or
DRP

No information
need or DRP

N row% N row% N row%

A Alimentary tract and metabolism 1797 18.2% 978 54.4% 819 45.6%
B Blood and blood forming organs 803 8.1% 402 50.1% 401 49.9%
C Cardiovascular system 3186 32.3% 1870 58.7% 1316 41.3%
D Dermatologicals 82 0.8% 14 17.1% 68 82.9%
G Genito-urinary system and sex hormones 237 2.4% 104 43.9% 133 56.1%
H Systemic hormonal preparations excl. sex hormones and insulins 389 3.9% 210 54.0% 179 46.0%
J Antiinfectives for systemic use 34 0.3% 21 61.8% 13 38.2%
L Antineoplastic and immunomodulating agents 86 0.9% 46 53.5% 40 46.5%
M Musculo-skeletal system 662 6.7% 413 62.4% 249 37.6%
N Nervous system 1356 13.7% 707 52.1% 649 47.9%
P Antiparasitic products, insecticides and repellents 3 0.0% 1 33.3% 2 66.7%
R Respiratory system 605 6.1% 300 49.6% 305 50.4%
S Sensory organs 176 1.8% 51 29.0% 125 71.0%
V Various 452 4.6% 131 29.0% 321 71.0%

Total 9868 100.0% 5248 53.2% 4620 46.8%
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while the relative number of drugs with DRP remained comparable
(Fig. 1). Thereby, most often one information need or DRP per drug
was detected (N ¼ 3227/5248, 61.5%), but some drugs were also
associated with two (N ¼ 1329/5248, 25.3%), three (N ¼ 513/5248,
9.8%), or even up to seven information needs or DRPs (N ¼ 179/
5248, 3.4%). There was a difference in distribution of drug classes
with regard to drugs with information need or DRP and those
without (p < 0.001, Table 2). Over-the-counter drugs were less
often associated with an information need or DRP than prescription
drugs (699/1955 (35.8%) vs. 4549/7917 (57.5%), p < 0.001) and in
over-the-counter drugs, information needs occurred more often
than DRPs (25.8% (497/1955) vs. 19.9% (388/1955)) which was vice
versa in prescription drugs (26.8% (2118/7917) vs. 45.4% (3597/
7917)).
3.2. Nature of the medication reviews

In 75.7% (N ¼ 3972/5248) of the drugs with at least one iden-
tified information need or DRP, the pharmacists documentedwhich
measure(s) they took to solve the problem. They indicated con-
tacting the physician in 13.0% (N ¼ 680/5248) and referring the
patient to the physician in 20.5% (N ¼ 1074/5248) of the drugs. In
739 drugs (14.0%), the pharmacist’s advice was the sole interven-
tion and no other measures i.e. contacting the physician, sending
the patient to see the physician, or any other measures were taken.
Analyzed at the patient level, this referred to 599 of 869 cases
(68.9%), inwhich the pharmacist himself contacted the physician or
sent the patient to see the physician and 50 of 869 cases (5.8%) that
were completely solved in the pharmacy solely by the pharmacist's
advice.

The likelihood of a pharmacist involving a physician depended
on the type of information need or DRP. For instance, if a drug was
solely associated with an information need with regard to drug
administration or an adherence problem (N ¼ 539), the pharma-
cists involved a physician substantially less often (17.1%; N ¼ 92/
539) than for DRPs related to contraindications, adverse drug re-
actions, or potentially inappropriate medication (51%; N¼ 122/239,
p < 0.001, Table 3).

Irrespective of the measures undertaken or not undertaken, the
information need or DRP of a drug was rated as resolved in 60.9% of
the drugs (N ¼ 3198/5248), in 22.7% (N ¼ 1190/5248) as partly
solved, and in 10.4% (N ¼ 545/5248) as not solved. In 5.5%, the
problem was considered irrelevant in the specific case (N ¼ 291/
5248) and in 0.5% (N ¼ 24/5248), the pharmacist did not document
whether the problem was solved or not. Overall, referring to those
Please cite this article in press as: Seidling HM, et al., Medication review in
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cases with identified information need or DRP, the percentage of
drugs with information needs or DRPs was reduced from
56% ± 22.7 per case with at least one information need or DRP in
the beginning to 28.9% ± 18.3 in the end (p < 0.001). Moreover, after
the medication review and the documented measures, the phar-
macists indicated in 359 (39.4%) of the cases that all identified in-
formation needs or DRPs were solved compared to 4.7% of the cases
(N ¼ 43/912) for whom the medication review did not identify any
information needs or DRPs at the time of review (p < 0.001).

In the multivariate analysis, all 5248 drugs with at least one
information need or DRP were included. For 53 drugs it was not
specified whether it was an as needed or regular medication or
whether the problem was ultimately resolved or not, hence, these
drugs were excluded from analysis.

In the multivariate logistic regression model, an information
need or a DRP was more likely resolved if the patient was male, the
drug belonged to ATC class B (blood and blood forming organs) or C
(cardiovascular system) or was an over-the-counter drug. On the
other hand, the likelihood that an information need or a DRP was
resolved dropped if the overall relative number of information
needs and DRPs in a medication regimen was higher or if other
health care professionals needed to be involved (higher complexity
of the cases). Moreover, the likelihood to solve a problem varied
between different chambers of pharmacists transferring the case
(Table 4). To estimate the impact of the chambers of pharmacists,
we performed a sensitivity analysis yielding similar results with
slightly varying p-values also when excluding the chamber of
pharmacists from the logistic regression model (see online only
material).

To estimate how comprehensively the medication review
identified andmitigated risks of the current treatment regimen, we
assessed whether the medication profiles contained contra-
indicated drug-drug interactions after the medication review.
Fourteen contraindicated combinations were identified (out of
5230 combinations with a known drug-drug interaction, i.e. 0.23%).
Thirteen of those combinations were correctly identified and
assessed, most often triggering a consultation with the physician,
which was still pending at the time of the closing meeting. One
combination (i.e. gemfibrozil and simvastatin) was not detected
and, consequently, no action was taken.
3.3. Assessment of potential limitations of the medication review

In older patients such as the ATHINA population, the prevalence
of renal impairment is certainly high15 and consequently, some
German community pharmacies e Post-hoc analysis of documented
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Fig. 1. Absolute (-, left y-axis) and relative ( , right y-axis) number of drug related problems (DRPs) and information needs with regard to the number of drugs included in a
medication regimen. Thin lines indicate standard deviation for each data set. The absolute number of DRPs significantly increases with increasing number of drugs in a medication
regimen while the relative number of drugs with DRPs or information needs remains unchanged.
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drugs might be contraindicated due to renal impairment. In the
analyzed data, 6.0% of the drugs (N¼ 586/9872) contained an active
ingredient that was contraindicated in patients with certain de-
grees of renal impairment (i.e. creatinine clearance values < 60 ml/
min, <30 ml/min, or <20 ml/min, depending on the respective
active ingredient). The most frequent active ingredient involved in
a potential contraindication was metformin (contraindicated in the
beginning of the project at creatinine clearance values < 60 ml/min
and, since spring 2015, <45 ml/min, N ¼ 175 prescriptions), fol-
lowed by spironolactone (contraindicated <30 ml/min; N ¼ 76
prescriptions), lercanidipine (contraindicated <30 ml/min, N ¼ 54
prescriptions), glimepiride (contraindicated <30 ml/min, N ¼ 39
prescriptions), and methotrexate (contraindicated for most
Table 3
Overview of detected information needs and DRPs (summarized as incidents). For 3227 inc
the pharmacist as well as the documented success are displayed.

Incident, i.e. information need or
DRP

Identified as one
incident amongst
others [N/%]

Identified as sole incident, i.e. n
other incidents were identified
for this drug [N/%]

Information
needs

Administration 1293/15.8% 432/13.4%
Indication 928/11.3% 261/8.1%
Dosage 1124/13.7% 280/8.7%

Drug-
related
problems

Drug-drug
interaction

3239/39.5% 1908/59.1%

Potentially
inappropriate
medication in the
elderly

273/3.3% 87/2.7%

Adherence 436/5.3% 77/2.4%
Contraindications 216/2.6% 36/1.1%
Adverse drug
reaction

688/8.4% 146/4.5%

Total 8197/100% 3227/100%

DRP: drug-related problem.
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indications and dosage forms <60 ml/min and for some <20 ml/
min, N ¼ 31 prescriptions). In 69 of these 586 prescriptions (11.7%),
the pharmacist or the tutor commented on the risk in patients with
renal insufficiency. Conversely, in 88.2% of the drugs (N ¼ 517/586),
no reference to a potential clearance-dependent contraindication
was made.

4. Discussion

In this large cohort of community pharmacy-centered medica-
tion reviews, almost all of the 912 patients and more than half of
the 9872 drugs were considered associated with at least one in-
formation need or DRP, summing up to a total of 8197 information
idents that were detected as sole incident in one drug, themeasure(s) undertaken by

o Measure(s) undertaken in drugs
with only one incident

Incident solved or considered as no
incident (only referring to incidents
identified as sole incident)[N/%]

Advise in
pharmacy

Contact
with
physician/
sent
patient to
physician

other or no
measure

205 47.5% 50 11.6% 287 66.4% 364/84.3%
66 25.3% 52 19.9% 193 73.9% 192/73.6%
97 34.6% 86 30.7% 196 70.0% 194/69.3%
655 34.3% 417 21.9% 1461 76.6% 1437/75.3%

23 26.4% 25 28.7% 69 79.3% 55/63.2%

20 26.0% 30 39.0% 53 68.8% 41/53.2%
4 11.1% 15 41.7% 26 72.2% 14/38.9%
55 37.7% 66 45.2% 100 68.5% 55/37.7%

1125 34.9% 741 22.9% 2385 73.9% 2352/72.9%
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Table 4
Multivariate analysis of predictors for successful handling of an identified information need or DRP.Were appropriate, frequencies are added in parantheses. Of 5248 cases with
at least one information need or DRP, 53 were excluded due to missing data.

Predictor Reference Odds 95% CI p-value

age 1.005 0.966 1.045 0.8151
Female (N ¼ 2854) Male 0.810 0.706 0.928 0.0025
ATC Code A (N ¼ 964) Other ATC codes 0.987 0.731 1.331 0.0948
ATC Code B (N ¼ 400) 1.554 1.077 2.242 0.0093
ATC Code C (N ¼ 1862) 1.354 1.013 1.811 0.0094
ATC Code H (N ¼ 209) 1.554 0.999 2.419 0.0510
ATC Code M (N ¼ 409) 1.141 0.795 1.637 0.9406
ATC Code N (N ¼ 696) 0.912 0.665 1.252 0.0201
ATC Code R (M ¼ 297) 0.796 0.547 1.160 0.0062
Over-the-counter drug (N ¼ 681) No 1.436 1.140 1.810 0.0022
As needed medication (N ¼ 809) regular medication 1.131 0.914 1.399 0.2581
Information need on administration (N ¼ 1278) no 1.316 1.111 1.559 0.0015
Information need on indication (N ¼ 915) 1.047 0.872 1.256 0.6247
Information need on dosage (N ¼ 1112) 0.858 0.722 1.019 0.0812
DRP: inadequate medication in the elderly (N ¼ 266) 0.631 0.467 0.852 0.0027
DRP: adherence (N ¼ 430) 0.526 0.414 0.667 <0.0001
DRP: adverse drug reaction (N ¼ 679) 0.335 0.277 0.406 <0.0001
DRP: drug-drug interaction (N ¼ 3216) 0.899 0.765 1.057 0.1990
DRP: contraindication (N ¼ 213) 0.621 0.452 0.854 0.0034
Measure: pharmacist gives the patient an advice (N ¼ 2075) 1.197 1.039 1.380 0.0130
Measure: pharmacist contacts the physician (N ¼ 670) 0.398 0.329 0.481 <0.0001
Measure: pharmacist sends the patient to see the physician (N ¼ 1064) 0.148 0.126 0.173 <0.0001
Measure: other (N ¼ 2369) 1.023 0.893 1.170 0.7468
Cases per pharmacist 0.994 0.963 1.025 0.6870
Review by a tutor (N ¼ 2416) 0.897 0.780 1.032 0.1279
Number of drugs 0.981 0.963 1.000 0.0444
Relative number of drugs with DRP or information need in the beginning 0.633 0.448 0.894 0.0094
Chamber of pharmacists B (N ¼ 2480) Chamber of pharmacists A 0.872 0.755 1.008 <0.0001
Chamber of pharmacists C (N ¼ 453) 1.798 1.354 2.388 0.0010
Chamber of pharmacists D (N ¼ 374) 1.626 1.215 2.177 0.0227
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needs or DRPs. In comparison, the prevalence of DRPs in German
community pharmacies was lower in previous studies including
consecutive patients, suggesting that community pharmacists in
the ATHINA project successfully identified patients potentially
benefiting from such an intervention. Indeed, when assessing
consecutive patients and considering the actual prescription2 or
when using a patient survey,16 about one in five patients was
detected with a DRP. If only over-the-counter drugs were included,
about one in six patients was found to have a DRP.17 Hence, the
higher number of patients with DRPs in the ATHINA population
may be explained by the fact that patients were particularly
approached if the pharmacists assumed that they might benefit
from a medication review, and indeed, the study population rep-
resented typically older patients with 4 out of 5 patients being older
than 66 years and taking on average 11 drugs, which is a higher
number than previously reported for outpatients18,19 (hyper-
polypharmacy). While age as such was not a risk factor for DRP, at
least in earlier studies in hospitalized patients,20,21 the likelihood
for DRP typically is increased in patients with polypharmacy19 and
also in our sample, the absolute number (yet not the percent ratio)
of DRP increased with higher numbers of drugs.

Similar to previous studies,17,22 information needs or DRPs were
less frequent with over-the-counter medication than with pre-
scription drugs. This was particularly true for DRPs, possibly due to
the generally lower toxicity of these drugs and, hence fewer
adverse drug reactions.22,23 Moreover, polypharmacy might be a
result of multiple prescribers,24,25 which by itself increases the risk
for DRPs such as drug-drug interactions or adverse drug events.26,27

On the other hand, patients included in ATHINA are likely regular
customers in the pharmacy inviting them to participate in the
medication review, and, hence, self-medication in these patients
was presumably guided and coordinated by only one health care
professional, likely the participating pharmacist. In this case, the
pharmacist might have verified the medication more thoroughly or
Please cite this article in press as: Seidling HM, et al., Medication review in
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provided already more information on over-the-counter medica-
tion than on prescription drugs28 thus primarily preventing DRPs
caused by over-the-counter medication.

At the end of the medication reviews, for over 65% of the drugs
with identified information need or DRP, the pharmacists indicated
to have solved the problem entirely or that the problem was not
relevant in the specific situation. Concordantly, at the end of the
project nearly half of the patients were reported to have a medi-
cation regimen free of DRPs and without open information needs.
Thereby, pharmacists were especially successful in resolving
problems concerning over-the-counter medication and drug
administration information. This emphasizes the important role of
community pharmacies as primary point of contact for over-the-
counter products and provider of information on drug
administration.

Despite the successfully solved problems, approximately one in
ten and one in four identified information needs or DRPs were
according to the pharmacist not or only partly resolved, respec-
tively at the end of the medication review. Compared to previous
studies assessing the perceived rate of solved DRPs in over-the-
counter drugs, this number is lower15 compared to previous
studies counting the perceived rate of solved DRP detected in a
current prescription form, the number is higher.2 In our data, a
problem was less likely solved if the DRP concerned an inappro-
priate selection of drugs, adverse drug reactions, or adherence
problems. Moreover, a DRP was less likely solved if the pharmacists
had involved another health care professional, most likely because
the study duration with only two assessment points within typi-
cally two weeks was probably too short to manage complex
problems requiring interprofessional collaboration. Likewise, the
likelihood of a problem to be solved was smaller the higher the
relative number of information needs and DRPs in one medication
regimen was, suggesting that in complex cases with many prob-
lems also single problems become more difficult to solve.
German community pharmacies e Post-hoc analysis of documented
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In this study, in only 6% of the cases, the DRPs or information
needs were solved by a pharmacist's advice alone and in approxi-
mately two in three cases, the pharmacist involved the physician
either directly or indirectly via the patient, particularly to help solve
contraindications or adverse drug reactions. This highlights the
necessity for interprofessional collaboration also if a medication
review type 2a is planned and conducted. However, if nevertheless,
interprofessional collaboration is needed, also clinical information
could be exchanged to perform medication review beyond type 2a.
In this dataset, about 5.9% of the drugs would have been contra-
indicated in case of renal insufficiency, suggesting that even more
drugs might have required a dosage adjustment in case of renal
impairment. This indicates that basic clinical parameters to assess
medication appropriateness should probably also be included in
commonly available documents such as a medication schedule.

A particular achievement of this project is its integration into
routine care. Until today, about 1300 pharmacists in four different
regions across Germany have been trained over four years and
currently conduct medication reviews in their daily routine.
Because this project was initially not planned as an efficacy trial for
medication reviews, it allows for assessment of potential challenges
for such projects under real life conditions. For instance, the
multivariate analysis suggested that the chamber of pharmacists
sending in the anonymized datasheets influenced the likelihood to
solve a detected information need or DRP. This rather surprising
finding might be linked to the fact that the procedures of data
documentation evolved differently in the chambers of pharmacists:
One chamber of pharmacists typically stored the documentation
sheet the pharmacist sent in right before his closing meeting,
anticipating the results of the conversation with the patient (i.e. B),
while the other three chambers of pharmacists stored the docu-
mentation sheet only after the closing meeting. Of the latter, two
chambers contacted their pharmacists in case of any missing in-
formation in order to finally store only fully filled-in documenta-
tion sheets (i.e. C and D). One chamber used the internal plausibility
check of the documentation sheet before handing in the Excel®

template for analysis (i.e. A). Hence, these differences in the data
documentation e which are also reflected in the results (e.g. cases
from the chamber of pharmacists storing the Excel® templates
before the closing meeting tended to have less likely resolved in-
formation needs or DRPs) indicates how crucial it is to implement
longitudinal quality assurance strategies such as round robin tests if
several centers are involved. Indeed, in a sensitivity analysis, the
logistic regression model still showed similar results when the
chambers of pharmacists were excluded from the model.

4.1. Limitations

There are several shortcomings associated with ATHINA and this
post-hoc analysis.

A first shortcoming of ATHINA is the way how medication re-
view was documented. This refers to both the use of Excel® tem-
plates, which might be advantageous because of their ease of use
while being less well suited for documentation of complex and
dynamic intervention processes. For instance, data input may be
unclear or false due to manual data entry or ambiguous because
different users interpreted the documentation sheet differently and
no formal double-check on completeness of data was routinely
performed at the time of review. However, over the years, an
increasing number of plausibility checks was included in the Excel®

template to support completeness of files, overall documentation
requirements were reduced to aminimum (e.g. by using predefined
categories with checkboxes, which facilitated completeness at least
for these categories), and all participating pharmacists received
training on how to interpret the documentation sheets. Moreover,
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except for the cases that were seen by tutors, also the assessment
and intervention of the pharmacists was not formally double-
checked at the time of review and in all cases, the documentation
modalities prevented the retrospective assessment of the initial
medication regimen.

A second limitation derives from the fact that the analysis only
included cases where the participating pharmacists consented to
the analysis. Indeed, not all participating pharmacists signed the
informed consent form (N ¼ 267/432, i.e. 38.2% were non-
consenting pharmacists), and hence, a selection bias towards
those pharmacists who felt particularly confident with the quality
of their medication reviews cannot be excluded.

Third, in the ATHINA-project, no patient-related outcomes were
collected and no follow-up was performed to assess the efficacy of
the pharmacists' interventions. Hence, with the present data, it is
unclear whether the interventions improved care. There were,
however, several cases in which the pharmacist highlighted the
added value of his interventions in the free-text fielde for instance,
in one case, the pharmacist detected a patient on metformin with
acidosis. He indicated to have contacted the primary care physician
who admitted the patient to the hospital where the antidiabetic
medication was switched. However, these are single cases, and the
overall benefit of the pharmacy-centeredmedication review cannot
be assessed without standardized documentation of patient-
reported or clinical endpoints.

5. Conclusion

The post-hoc data analysis of an intervention in a large number
of German community pharmacies demonstrated that pharmacists
very successfully identified patients with information deficits and
DRPs and resolved the vast majority of these problems in a thor-
ough medication review and a follow-up visit after two weeks.
Unresolved problems were more likely to concern contraindica-
tions, adverse drug reactions, or potentially inappropriate medi-
cation and hence, might particularly benefit from interprofessional
collaboration.
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