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Abstract

Background: A complex drug treatment might pose a barrier to safe and reliable drug administration for patients.
Therefore, a novel tool automatically analyzes structured medication data for factors possibly contributing to com-
plexity and subsequently personalizes the results by evaluating the relevance of each identified factor for the patient
by means of key questions. Hence, tailor-made optimization measures can be proposed.

Methods: In this controlled, prospective, exploratory trial the tool was evaluated with nine general practitioners (GP)
in three study groups: In the two intervention groups the tool was applied in a version with (G, ;) and a version
without (G, ,imour) INtegrated key questions for the personalization of the analysis, while the control group (G¢) did
not use any_tools (routine care). Four to eight weeks after application of the tool, the benefits of the optimization
measures to reduce or mitigate complexity of drug treatment were evaluated from the patient perspective.

Results: A total of 126 patients regularly using more than five drugs could be included for analysis. GP suggested 117
optimization measures in Gy i, 83N G| ihour aNd 2 in Ge. Patients in G, ., were more likely to rate an optimization
measure as helpful than patients in G im0y (IRR: 3.5;95% CI: 1.2—10.3). Thereby, the number of optimization meas-
ures recommended by the GP had no significant influence (P=0.167).

Conclusions: The study suggests that an automated analysis considering patient perspectives results in more helpful

optimization measures than an automated analysis alone — a result which should be further assessed in confirmatory
studies.
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Trial registration: The trial was registered retrospectively at the German Clinical Trials register under DRKS-ID DRKSO

0025257 (17/05/2021).
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Introduction

A complex drug treatment results from various fac-
tors of a drug treatment or the medication process, that
potentially make the administration of a drug treatment
difficult for patients. Many of these so-called complex-
ity factors are associated with non-adherence or admin-
istration errors [1], suggesting that they are also linked
to treatment success. However, a distinct definition of a
complex drug treatment is still missing so far [1, 2]. Dif-
ferent approaches have been described to assess and
reduce complexity of drug treatment. For example, the
established Medication Regimen Complexity Index
(MRCI), a score to assess the complexity of a medica-
tion regimen [3], has been automated to identify patients
with a complex medication regimen. This algorithm was
combined with the proposal of standardized optimiza-
tion measures to nurses [4, 5]. Another approach was to
develop guiding questions to help health professionals
reduce the complexity of drug treatment [6].

All currently available approaches address health
professionals, but do not consider individual patient
perspective. However, it is well known that patient cen-
teredness is essential to effectively tailor health care to
patient needs, thereby fostering the acceptance and sus-
tainability of potential changes in drug treatment [7]
while promoting patient adherence and satisfaction at the
same time [8—10].

Therefore, an electronic tool was developed that is
applied by health professionals but attempts to com-
prehensively consider the patient perspective [11]. It
automatically screens structured medication data for 38
known factors contributing to complexity (automated
assessment). Subsequently, the tool personalizes the
results by evaluating the actual relevance of the factors
identified for the patient by proposing key questions for
the health professional using the tool. These key ques-
tions address the complexity factors identified in the
automated assessment in order to evaluate whether the
patient indeed experiences difficulties in this respect and
therefore needs help. Based on the respective patient’s
response, specific optimization measures are proposed
that have the potential to eliminate the complexity fac-
tor (e.g. by exchanging the drug or changing the dosage
scheme) or to mitigate its impact (e.g. by offering teach-
ing material to the patient). Furthermore, the tool dis-
plays eight additional questions on 14 possible problems
with drug handling and administration (e.g. potential

problems with swallowing) the health professional should
ask every patient.

The objective of this pilot study was to evaluate the
benefit of the developed tool in primary care. It was
hypothesized that optimization measures recommended
to the patient by the health professional are more often
considered helpful by the patient when based on an auto-
mated and personalized complexity analysis compared to
an exclusively automated complexity analysis.

Methods

Study design

The tool was exploratively evaluated in a controlled,
prospective, pilot study with general practitioners (GP)
allocated to three study groups. Group 1 (Gy ;) used
the full version of the tool [11], while group 2 (G; ihout)
used a version of the tool with limited functionality that
did not propose key questions and, therefore, lacked per-
sonalization of the automated results. Group 3 (G¢) was a
control group representing routine care where physicians
did neither receive a training in complexity reduction nor
use any version of the tool. In each group, complexity was
assessed at two points in time (Fig. 1): the first analysis
(ty) was performed by the GP either as part of a regular
patient consultation, or at a specifically arranged appoint-
ment (depending on the preference of GP and patients),
the second analysis was performed by a study assistant in
person or by telephone and was planned four weeks after
t,- The study was conducted from May to October 2018
after receiving unrestricted ethical clearance (i.e. from
the Medical Faculty of Heidelberg (S-672/2017), the Uni-
versity of Witten/Herdecke (57/2018), and the respective
responsible authorities of the practice locations). The
study was carried out in context of the Declaration of
Helsinki and the data protection laws of the German state
and the respective federal states as well as the European
General Data Protection Regulation (GDPR), which came
into force during the course of the study. The trial was
registered retrospectively at the German Clinical Trials
register under DRKS-ID DRKS00025257 (17/05/2021).

GP recruitment and randomization

For inclusion GP had to meet the following cri-
teria: routine use of the nationally standardized
medication schedule (“Bundeseinheitlicher Medika-
tionsplan’, BMP) and access to the internet. Nine GP
were recruited in three different German federal states


https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00025257
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Fig. 1 Study design

(Baden-Wuerttemberg: N=4, North Rhine-West-
phalia: N=3, Mecklenburg-Western Pomerania: N=2).
Among the GP of each federal state one was randomly
assigned to one of three groups by the study team using
the algorithm at www.randomization.com (first genera-
tor). This way each study group was supposed to contain
one GP of each federal state, but one GP withdrew study
participation and was replaced (eventually two GP of Gy ;.
out Were located in the same federal state). Before inclusion
of patients, all GP were trained in the study protocol and the
GP allocated to Gy i, and Gy o FeCeived a face-to-face
training in the use of the respective tool version.

Patient recruitment and inclusion

Patients were recruited non-consecutively in each gen-
eral practice and each practice should include approxi-
mately 20 patients. Given the explorative nature of the
study, sample size per practice was determined based
on previous experiences of the study team concern-
ing the feasibility of patient recruitment. For inclusion,
patients had to be at least 18 years old and to give written
informed consent. Furthermore, patients had to use more

than five drugs by themselves and on a long-term basis.
Polypharmacy is a complexity factor that was assumed to
be identified easily by the GP and, thus, every patient was
affected by at least one complexity factor in the medica-
tion regimen. Patients were excluded if poor language
skills or cognitive or physical impairment prevented
them from participation or if they withdrew their con-
sent. Patients of all groups were asked to fill in a paper-
based questionnaire with their sociodemographic data
before the analysis. Thereby, additional patient character-
istics assumed to potentially affect patient’s perception of
the study were collected (e.g. a prior medical knowledge
or difficulties in medication administration experienced
in the past).

First analysis (t,)

In G; i and Gy yihour GP analyzed the current drug
treatment with the respective tool version and conse-
quently took measures to mitigate or reduce the com-
plexity. The selection of the optimization measures, the
communication of the measures (including verbal infor-
mation and potentially handout of the provided patient
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leaflets) and eventually also the implementation was left
to the responsibility and discretion of the GP. Thereby,
GP could refer to the optimization measures suggested
by the electronic tool or also implement their own meas-
ures. The drug regimen, all complexity factors identi-
fied, the time required for the analysis, and, if applicable,
answers to key questions as well as the optimization
measures chosen were documented in the tool by the GP
(respective buttons were integrated in the tool). Addi-
tionally, GP could also document whether they carried
out an optimization measure that was not suggested by
the tool. Subsequently, GP in Gy, and Gy inou Were
asked by the tool, whether they believed that the analysis
had simplified drug treatment for the respective patient
or not. The GP of G did not receive any support for
analyzing and reducing complexity but were aware of
the study’s focus and, thus, could have concentrated on
the complexity of drug treatment as part of the routine
patient consultation. The BMP of patients of G was ana-
lyzed retrospectively with the electronic tool by the study
team.

Second analysis (t,)

The current drug treatment was reanalyzed by a study
assistant (pharmacist). For this purpose, the study assis-
tant obtained copies of the patients’ BMPs from the GP
practices, which, if necessary, had been updated by the
GP after the first analysis. The study assistant analyzed
the BMPs of all patients with the full version of the elec-
tronic tool (automated and personalized complexity
analysis) in all study groups. Furthermore, the patients
in Gy i and Gy o Were asked to rate if the opti-
mization measures recommended by the GP at t, have
had an influence on the handling of their drug treat-
ment (four-point Likert item: improved, little improved,
no effect, worsened). Thereby, the wording should indi-
cate on whether the measures were indeed implemented
by the patient. Conversely, patients of G were asked
whether the GP made any recommendations, gave any
explanations or adapted the medication schedule in
order to address the complexity of their drug treatment.
If changes in the BMP were noticed at t, that were not
documented in the tool, the patients were asked whether
or not they were made by the GP based on the initial
complexity analysis (G i, and Gy yihou) Te€SPectively the
study visit (Ge).

Outcome

Primary outcome was the number of optimization meas-
ures per patient reported as helpful by patients. Count-
ing absolute numbers was considered more suitable than
for instance a percentage, because the use of percentages
would have overestimated the ratings of patients with

Page 4 of 10

only small numbers of optimization measures proposed.
Optimization measures were considered not helpful if
patients indicated at t; that it did not improve (no effect)
or even worsened the handling of their drug treatment.
Furthermore, optimization measures that patients could
not remember at t; were considered not helpful. The
number of complexity factors and medications and the
type and number of recommended and helpful meas-
ures were analyzed in all three groups. The time needed
for the analysis with the electronic tool was evaluated in
groups Gy i and Gy_yinour-

Statistical analysis

All results as well as the socio-demographic data were
reported descriptively (mean and standard deviation, or
median and minimum/maximum). The primary outcome
was compared between Gj ;i and Gy yiiou Using Pois-
son regression; incidence rate ratios (IRR) were derived
as exponentiated parameter estimates from the regres-
sion model. All other outcomes and socio-demographic
data were analyzed using nonparametric tests (i.e. x>-test,
Kruskal-Wallis test, Mann—Whitney U test). P-values
less than 0.05 were considered as formally significant,
yet all p-values should be regarded as exploratory. All
analyses were carried out using Microsoft Excel 2016,
IBM SPSS Statistics 25 and the R software environment
in version 4.0.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Patient characteristics

A total of 155 patients were recruited, 144 patients met
the inclusion criteria, for 139 patients complete data at t,
were available, and for 126 patients (G yin: 46; Gy ithout:
38; G¢: 42) complete data on both visits were collected,
allowing these patients to be included for statistical anal-
ysis (Fig. 2). The groups were comparable in socio-demo-
graphic details (Table 1), with the exception of the mean
duration of GP-patient-relationship.

The actual interval between the first and the sec-
ond analysis was 7.14+2.1 weeks, 6.4+1.8 weeks, and
6.1£1.2 weeks in Gp gy Gy withowwr and Gg, respec-
tively, with no significant differences between the groups
(P=0.107; Kruskal-Wallis test). In G, the date of the
written informed consent was used for this calculation,
assuming that written informed consent was obtained at
the date of t,,

Number of complexity factors and number of medications

There was no significant decrease in the number of com-
plexity factors detected automatically in the BMPs from
t, to t; in any group. Furthermore, the number of com-
plexity factors did not differ significantly between the
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Fig. 2 Recruitment and inclusion of patients

groups at t,, but it did at t; (Table 2). There was no sig-
nificant difference in the number of medications at t, and
t; for each group or between the groups at any time of
analysis (see Additional File 1).

Time required for analysis

There was no significant difference (P=0.718; Mann—
Whitney U test) for the average time required between
the groups (6.4£3.6 min) and Gj wihout
(6.3 4.3 min). .

GI_with

Type and number of optimization measures

There was a significant yet very small difference in the
counts of optimization measures that were considered
helpful by patients (Fig. 3), between Gy, (17 of 117

recommended measures; on average 0.410.8 (range:
0 — 4, median 0, IQR: 0 — 0.75)) and Gy ;nouc (4 of 83 rec-
ommended measures; on average 0.1+0.3 (range: 0 — 1,
median 0, IQR: 0 — 0)) (P=0.025; Poisson regression).
Patients in G; ,,;, Were three times more likely to rate an
optimization measure as helpful than patients of G; yiour
(IRR: 3.5; 95% CI: 1.2—10.3). The number of optimization
measures recommended by the GP (Table 3) had no sig-
nificant effect on this outcome (P=0.167; Poisson regres-
sion). In both groups, more than half of the recommended
measures were not remembered by the patients (Gy
64.1%; Gy yithout: 73-5%, P=0.167; x* test with Yates™ cor-
rection; one measure not analyzable).

In Gy iy the most helpful optimization measures were
the recommendations for actions (which were also the
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Table 1 Socio-demographic data (collected via paper-based questionnaire)
GLwith GLwithout Gc
(N=46) (N=38) (N=42)
Age, mean £ SD [years] 716+11.1 739+94 703+£116
(m.a:1) (m.a:2)
Number of women (%) 21 (45.7) 17 (44.7) 21 (50.0)
(m.a:1)
Number of medications, mean 4 SD 99426 89+2.1 9.14+£26
Number of patients having the following education (%)
no graduation 2 (4.3) 1(2.6) 3(7.1)
lower secondary 29 (63.0) 27 (71.1) 18 (42.9)
secondary 5(10.9) 4(10.5) 10 (23.8)
high school 8(174) 4(10.5) 8(19.0)
other 1(2.2) 1(2.6) 3(7.1)
missing answer 1(2.2) 1(2.6) 0(0)
Number of patients having medical knowledge because of their profession (%) 4 (8.7) 3(7.9) 0(0)
(m.a:2) (m.a.5)
Median duration of GP-patient-relationship [years] (range) 9* (0.5 - 45.0) 16 (1 —40.0) 5%(0.2 - 35.0)
(m.a.: 3) (m.a.:3) (m.a.2)
Number of patients who experienced difficulties with medication administra- 5(109) 5(13.2) 7(16.7)
tion in the past (%) (m.a: 1)

" Statistically significant difference (P=0.001; Kruskal-Wallis test); G, ,: automated and personalized analysis; G, inout: €Xclusively automated analysis; G, routine

care; m.a.: missing answer

Table 2 Number of drugs and automatically detected complexity factors per patient, for all groups and both time points respectively

Gy with Gy without Gc Between-group
comparison®
Drugs
Median number of drugs at t, (range) 9.5 (6—15) 8.5 (6—14) 9.0 (6—16) Panova=0.284
Median number of drugs at t; (range) 9.0 (5—18) 85(6—14) 8.0(6—16) Panova=0.148
Within-group comparison (t, vs t;)? Panova=0.921 Panova=0.939 Panova=0.715

Complexity factors

Median number of factors at t, (range); total number of factors
Median number of factors at t; (range); total number of factors
Within-group comparison (t, vs t;)?

7.0 (1—20); 360
6.5 (0—16); 336
Paova=0363

6.0 (1—19); 260
6.0 (1—18); 239
Panova=0.347

6.0 (1—22); 286
50 (1—21); 252
Paoun=0.143

Panova=0.134
Panova=0.044

2 Poisson regression with an ANOVA-based group comparison (test statistics compared by chi-square distribution); analysis of number of drugs was controlled for

number of factors and vice versa

most frequently recommended optimization measures in
this group; see Additional File 2), such as the recommen-
dation to explain something to the patient or to suggest a
spacer for the use of a metered dose inhaler. In Gy ihout
an educational material (e.g. patient leaflet), two times
the switch of a product (proposed by an algorithm inte-
grated in the electronic tool) and a measure that was not
proposed by the electronic tool were perceived helpful by
patients. Indeed, such optimization measures that were
not primarily proposed by the electronic tool were rec-
ommended most frequently in G; ,inoue € 8- to ensure
on the prescription that the drug of one manufacturer
cannot be exchanged for a drug of another manufacturer.

In G, only two patients reported that they had been rec-
ommended one optimization measure each by their GP.
The two recommended optimization measures were both
considered helpful (sticker for the drug packaging, dose
variation to avoid tablet splitting) and both measures
would also have been recommended by the tool if it had
been applied to the respective BMP.

GP perception of the benefit of the complexity analysis
performed

GP of G; i expected 39 (84.8%) of their analysis to be
helpful for the respective patient. In Gy o Signifi-
cantly fewer analysis, i.e. less than one third (12 analysis;
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or patient was unsure whether he or she had received it

Table 3 Number of recommended and helpful optimization measures

G| yith G| withowt ~ Between-group comparison
Number of patients with at least one recommended optimization measure (% of all patients) 41 (89.1) 29 (76.3) P2 with vates correction = 0-202
Median (range) of the number of recommended optimization measures per patient 20(0—10) 15(0—16) Phann-whitney U test = 0-268
Total number of helpful optimization measures (% of all optimization measures) 17 (14.5) 4(4.8)° P with vates correction = 0:052
Number of patients who rated at least one optimization measure as helpful (% of patients) 12 (26.1) 4(105° P2 with Vates correction = 0-141

Gy ith: automated and personalized analysis, G, ,ihout: €Xclusively automated analysis
2 One optimization measure could not be analyzed

b One patient could not be analyzed (one optimization measure not rated by patient)

31.6%) of the analysis were considered helpful by the per-  However, although patients and GP in Gy ,;,, subjectively

forming GP (P<0.001; x* test). valued the results of the intervention, it did not have any
influence on the number of medications. The number of
Discussion complexity factors identified indeed differed in all groups

When individual patient preferences were used to per- between t, und t;, but there was no difference between
sonalize an automated analysis, the patients considered the three groups, thus the intervention does not seem to
significantly more optimization measures helpful than have had any influence on this.

when this was not done. In addition, the GP whose analy- Several approaches to reduce medication regimen
sis took the patients’ views into account (G; ;) consid-  complexity have been reported [5, 6, 12]. So far, stud-
ered their analyses to be helpful more than 2.5 times as  ies evaluating such tools to reduce complexity mostly
often as GP only using the automated analysis (G; \ihou):  focused on the reduction of complexity or the number of
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medications to measure the efficacy of the intervention.
In contrast, this study suggests that an intervention was
considered helpful by patients without having an impact
on the number of complexity factors identified or the
number of drugs. This may either indicate that perceived
helpfulness of recommendations does not correspond
to the objective measurement of outcomes or that com-
plexity alone is not the best indicator of polypharmacy
patients’ ability to handle their drug treatment. Indeed,
there are complexity factors such as different admin-
istration times or splitting tablets that can be resolved
easily by changes in the medication regimen [13] which
in turn would translate in a reduced complexity score
or number of drugs. However, other complexity factors,
such as complex dosage forms (e.g. inhalers) can only
be mitigated by optimization measures (e.g. training) in
most instances. Consequently, these latter optimization
measures might be helpful to prevent administration
errors, to promote adherence, and, thus, reduce patient-
perceived complexity of a medication regimen without
reducing complexity scores or the number of drugs. This
may be the reason why no statistically significant differ-
ences in the number of complexity factors or medication
were identified between t; and t; for any group whereas
patients and GP still evaluated the intervention positively.

In G only two patients reported to have talked about
complexity in drug treatment with their GP and to have
received optimization measures. Thus, this may indicate
that GP did not know how to identify complexity of a
drug treatment or to reduce complexity in routine care.
The results of this study show the potential of an auto-
mated analysis that considers the patient perspective to
highlight possibilities to reduce the complexity of drug
treatment. Nearly nine out of ten patients of G; ,;;, were
recommended at least one optimization measure by
their GP in this study. And in Gy 0y three quarters of
patients were suggested an optimization measure, even
though the GP’s decision to recommend an optimiza-
tion measure was not necessarily based on the patient
perspective.

Given the small number of patients included and opti-
mization measures that were actually remembered by
patients at t;, the transferability of the results is limited.
However, the pilot study presents a rather new approach
to focus on the analysis and reduction of complexity from
the patients’ point of view. So far, the patients’ perspec-
tive has rarely been considered when assessing (or reduc-
ing) complexity of drug treatment. In a prospective,
observational study a visual analogue scale was used to
assess patient’s perception of the complexity of their drug
treatment and the results strengthen the idea of consider-
ing the patient-perceived complexity of drug treatment,
because no concordance was found in the complexity of
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the antiretroviral therapy perceived by patients and the
one calculated using the MRCI [14].

As an exploratory pilot trial, this study has several
limitations. First, patients in Gj ,ino had a signifi-
cantly longer relationship with their GP than patients of
the other groups. This might have led to a more trust-
ing relationship with the GP and, thus, it is more likely
that difficulties have already been discussed in routine
care, which could have weakened the difference between
Gy yith and G| yinour- Moreover, also the number of drugs
was not equally distributed over the different groups
with patients taking on average one drug more in Gy .
While the sheer number of drugs does not necessarily
lead to a complex drug treatment [3, 15] and in our study,
no strong correlation between the number of drugs and
the complexity factors that indeed impede the adminis-
tration of a drug treatment for individual patients was
found, it would be helpful to balance further studies with
regard to the number of drugs. Additionally, patients
were included non-consecutively by GP and, thus, there
is a risk of selection bias. Moreover, no further informa-
tion was collected on patients’ health (e.g., current health
status) and their current treatment (e.g., frequency of GP
visits, previous hospitalization), as these aspects could
also influence which optimization measures the GP pro-
posed. Furthermore, the evaluation whether an optimi-
zation measure was helpful or not was solely based on
the patients’ answers and there was a high percentage of
optimization measures that could not be remembered
by the patients in the second analysis, although the opti-
mization measures were brought forward directly by the
study assistant. One reason could be that the interval
between the first and the second analysis was longer than
intended (i.e. 6—7 weeks on average instead of 4 weeks as
planned) because the new European General Data Pro-
tection Regulation (GDPR) became effective which led
to a revision of the study documents, and practices and
patients were on holidays due to summer months. Fur-
thermore, there could have been optimization measures,
e.g. the search for alternative dosage forms, that were
performed by the GP without any patient participation.
However, all groups were equally affected by the above-
mentioned circumstances and, thus, this might not have
had an impact on the intervention effect.

Conclusion

This pilot study suggests that the involvement of
patients in the analysis and reduction of the complexity
of a drug treatment leads to a needs-based assistance
by GP, because patients considered more recommenda-
tions by their GP helpful if the analysis also took into
account patients’ views. However, the observed effects
are small and could have been influenced by different
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factors, e.g., differences between study groups or a
selection bias due to the non-consecutive inclusion of
patients.
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