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Drug Safety for Nursing-Home 
Residents
Findings of a Pragmatic, Cluster-Randomized, Controlled Intervention Trial 
in 44 Nursing Homes

Ulrike Junius-Walker*1, Olaf Krause*1, Petra Thürmann, Simone Bernhard, Angela Fuchs, 
 Lisa Sparenberg, Anja Wollny, Regina Stolz, Hannah Haumann, Antje Freytag, Claudia Kirsch, 
Svetlana Usacheva, Stefan Wilm*2, Birgitt Wiese*2, on behalf of the HIOPP-3-iTBX study group

T he majority of nursing-home residents are exposed 
to polypharmacy (concurrent use of five or more 
different medications) (1). Polypharmacy is associ-

ated with an increased risk for adverse drug events 
(ADEs), more falls, higher hospitalization rates, and 
higher risk of mortality (2). In addition, nursing-home 
residents are far more likely to use potentially inadequate 
medications (PIM) compared to elderly people living at 
home (3). In conjunction with a fragile physical disposi-
tion (for example, frailty), PIM are associated with a 
 particularly high risk for ADEs (4, 5). Psychopharma -
cological drugs (including antidepressants, neuroleptic 
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drugs, and benzodiazepines) also merit specific attention. 
Approximately 50% of nursing-home residents receive 
neuroleptic drugs (6) that have been shown to be associ-
ated with cardiovascular events and hip fractures, as well 
as well with higher all-cause mortality  (7, 8).

Drug management poses a challenge not only with 
regard to polypharmacy and the prescription of PIM/
neuroleptic drugs, but also in terms of the collabo -
ration between the professionals involved (9). To 
date, there has been little instruction on interprofes-
sional drug management; recommendations, such as 
the use of a “drug therapy safety card” by nursing 
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staff, are profession-specific (10). Structured path-
ways of collaboration and information sharing are not 
mandatory for general practitioners, physicians in 
other specialties, pharmacists, or nurses, nor are 
medication reviews required (11).

Efforts have been made meanwhile to improve 
drug therapy safety for nursing-home residents, and to 
demonstrate their effects in randomized controlled 
trials (RCTs). Three reviews carried out in the years 
2010–2012 of the handful of RCTs conducted up to 
that time found evidence that while effective collabo -
ration or medication reviews can reduce inadequate 
prescribing, this produced no health benefits (12–14). 
According to Alldred et al., the available evidence is 
based on studies of insufficient methodological 
quality and, therefore, does not permit reliable con-
clusions to be drawn (14). More recently, additional 
cluster-randomized studies (cRCTs) from the 
 European area have been published (15–17), demon -
strating optimization of medication in nursing-home 
residents, although two studies found no improve-
ment in the clinical endpoints (15, 16). The COSMOS 
study (17), in contrast, showed an improvement in 
quality of life as well as activities of daily living func-
tions among participants.

The HIOPP-3-iTBX study (HIOPP, primary care 
initiative to optimize patient safety in polypharmacy; 
iTBX, interprofessional toolbox) is the first cRCT on 
medication optimization in nursing homes in Ger-
many (18). Preliminary studies (19–21) used a variety 
of interventional elements (medication reviews, 
further training for nursing staff, physicians, and 
pharmacists, as well as a toolbox). These were further 
developed as part of the project and supplemented 
with moderated change management seminars for the 
three professional groups involved.

The aim of this study was to increase drug therapy 
safety by reducing the proportion of nursing-home 
residents using ≥ one PIM and/or ≥ two neuroleptic 

drugs through complex, multiprofessional interven-
tions, including medication reviews.

Methods
Study design
Between May 2018 and July 2019, a cluster-
 randomized controlled intervention study was 
 conducted in nursing homes. In a first step, four centers 
(the Institutes for General Practice in Düsseldorf, 
Hannover, Rostock, and Tübingen) recruited nursing 
homes with care agreements according to §  72  of 
Book XI of the German Social Code (SGB). Each 
home formed a cluster, meaning that the residents were 
either fully in the invention arm or fully in the control 
arm. This was to prevent contamination occurring 
 between intervention and routine measures.

Study participants
Firstly, all nursing homes in the Hannover, Düsseldorf, 
and Tübingen regions, as well as in the federal state of 
Mecklenburg-Western Pomerania, were contacted. All 
treating general practitioners and pharmacists in the 
 interested nursing homes were approached. Only if a 
multiprofessional team could be formed from these 
professionals were the residents of the respective nurs-
ing home approached. The inclusion criterion for par-
ticipants was age ≥ 65 years. Exclusion criteria 
 included: no consent from the resident or their legal 
guardian, short-term care, and a life expectancy of less 
than 6 months. Detailed information on the recruitment 
process can be found in Kirsch et al.  (22).

Complex intervention
The multiprofessional HIOPP-3-iTBX intervention 
comprised elements I–IV shown in the Box. 
● The first of these elements was the mandatory 

pharmaceutical medication review (23). The phar-
macists supplying the nursing homes performed a 
one-off review for each nursing-home resident in 
the intervention group. To this end, they used the 
German ATHINA assessment criteria (drug ther-
apy safety in pharmacies) (24) in the context of a 
more advanced medication analysis (type 2b). The 
pharmacists then faxed a form with their recom-
mendations (Med-Check fax) to the responsible 
general practitioners, who decided on treatment 
changes. 

● The second element consisted of training sessions 
or continuing education. All pharmacists were 
required to participate in the ATHINA advanced 
training program organized by the German 
Chambers of Pharmacists, where they learned the 
requirements for the medication review, as well as 
a 1-day study-related training session on the prob-
lems of medications in nursing-home residents. 
The advanced training programs for general practi-
tioners and nursing staff were optional. General 
practitioners could take part in a 2-h group training 
session on the topic of “Drug therapy safety in 
nursing homes” or, alternatively, a personal 

BOX 

The four elements of the HIOPP-3-iTBX 
intervention

● Medication review
 –  By pharmacist
 –  ABDA type 2b
 –  One-off

● Further training
  –  Pharmacists
 –  Physicians
 –  Nursing staff

● Toolbox
  –  Discharge tool, ward 

round tool
 –  AMTS card, Priscus list, 

treatment monitoring

● Change management
  –  Three sessions per home
 –  Interprofessional

ABDA, Federal Association of German Pharmacists (Bundesvereinigung 
Deutscher Apothekerverbände); AMTS, drug therapy safety (Arzneimittel-
therapiesicherheit)
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 training session (in person/by telephone). Nursing 
staff were offered two training sessions on 
 frequent medication-specific adverse effects in 
nursing homes.

● The third intervention element comprised the inter-
professional toolbox: a collection of materials to 
promote collaboration as well as to be used to look 
up drug-related risks. 

● Finally, all professionals affiliated to nursing 
homes in the intervention group attended three 
change management seminars over the course of 
the intervention. 

Professionals in the control group did not receive 
any measures. Detailed information on the complex 
intervention can be found in eMethods Section 1 and 
the eTable.

Endpoints
The primary endpoint was the proportion of nursing-
home residents that were using at least one PIM and/or 
at least two neuroleptic drugs 6 months following the 
baseline survey. Secondary endpoints related to the 
 following variables: fall incidence, hospitalizations, 
quality of life, and health economic outcomes.

Data collection
Study personnel carried out two surveys in nursing 
homes in both the intervention arm and in the control 
arm: one shortly before the intervention (T0) and one at 
the end of the intervention phase at 6 months (T1). In 
addition to patients’ current medication plans, the 
 following were collected from the nursing records for 
the preceding 6 months: fall events, diagnoses, number 
and duration of hospitalizations, and uptake of other 
health services. Furthermore, using an extensive list of 
symptoms (20 items), possible adverse drugs events in 
nursing-home residents were recorded either from the 
residents themselves or based on third-party accounts. 
The EQ-5D-3L questionnaire was used to determine 
health-related quality of life.

Randomization
Nursing homes were randomized to the intervention or 
to the control arm by an independent person using 
block randomization with stratification by centers and 
number of subjects per home and were included paral-
lel in time. Blinding was not possible due to the design 
of the intervention. Further details on the methodology 
of the study can be found in the eMethods Section.

FIGURE CONSORT flow 
diagram from the 
HIOPP-3-iTBX 
study
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– Data analyzed: n = 23 homes
– Intention-to-treat analysis: n = 399 nursing home 

residents
– Per-protocol analysis: n = 317 nursing home residents

– Data analyzed: n = 21 homes
– Intention-to-treat analysis: n = 374 nursing home 

residents
– Per-protocol analysis: n = 330 nursing home residents

Excluded n  =  480 homes: 
Participation declined: n  =  455 
Inclusion criteria not met: n = 25

Homes evaluated for study inclusion: n = 524

Randomized: n = 44 homes with 862 recruited nursing home residents

– Assigned to the intervention: n  =  23 homes 
–  Nursing home residents recruited: n  =  452 
–  Dropped out before baseline: n  =  50, of which
  – Participation withdrawn: n = 2
  – Deceased: n = 23
  – Other reasons: n = 25
– Participating nursing home residents: n = 402

– Assigned to control: n = 21 homes
– Residents recruited: n = 410 
– Dropped out before baseline: n = 25, of which
  – Participation withdrawn: n = 1
  – Deceased: n = 14
  – Other reasons: n = 10
– Participating nursing home residents: n = 385

Nursing home residents in whom primary endpoint not 
collected: n = 3

– Nursing home residents lost to follow-up: n = 78, of which
  – Participation withdrawn: n = 0
  – Deceased: n = 58
  – Other reasons: n = 20
–  Nursing home residents in whom treatment not per-
formed according to protocol (intervention): n = 7

Nursing home residents in whom primary endpoint 
not collected: n = 11

– Nursing home residents lost to follow-up: n = 55, of which
  – Participation withdrawn: n = 1 
  – Deceased: n = 48 
  – Other reasons: n = 6 
– Nursing home residents in whom treatment not per-

formed according to protocol (control): n = 0
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Results
Study participants
Of the 524 nursing homes contacted in the four regions, 
69 agreed to participate (for details see [22]). 
 Ultimately, 44 nursing homes with 862 residents were 
randomized. A total of 23 nursing homes with 452 par-
ticipants were assigned to the intervention group (IG) 
and 21 nursing homes with 410 participants to the con-
trol group (CG). In all, 787 residents could be surveyed 
for the baseline assessment (402 IG, 385 CG). The 
 follow-up assessment could not be performed in a total 
of  133 residents (78 in the IG and 55 in the CG). Never-
theless, the medication plan was recorded as the pri-
mary endpoint in 119 of these subjects that dropped 
out, meaning that 773 participants (399 in the IG and 
374 in the CG) were included in the intention-to-treat 
analysis (ITT). In addition to the subjects that dropped 
out, it was also not possible to carry out the intervention 
according to the protocol in seven residents, meaning 
that altogether 647 residents (317 in the IG and 330 in 
the CG) were included in the per-protocol analysis (PP) 
(Figure).

Patient characteristics
Table 1 shows the baseline survey (787 residents) in 
 detail. Half of residents had been living in their nursing 
home for at least 29 months. The average age was 84 
years and residents were predominantly female. Two 
thirds of residents were deemed to be suffering from 
dementia (according to the judgment of nursing staff, 
medical records, or the general practitioner). Approxi-
mately 80% of residents were moderately to severely 
impaired in terms of the Barthel index for activities of 
daily living. On average, general practitioners reported 
seven of 36 predefined chronic disorders for their 
 patients. The most frequent diagnoses included arterial 
hypertension, dementia, osteoarthritis, heart failure, 
renal failure, dyslipidemia, depression, and diabetes 
mellitus. In all, 50% of residents used 11 or more pre-
scription medications (including on-demand medi-
cation), thereby exhibiting excessive polypharmacy. A 
total of 41% of participants concurrently used at least 
one PIM and/or at least two neuroleptic drugs. Inter-
vention patients did not differ significantly from con-
trol patients in terms of characteristics (Table 1).

TABLE 1

Characteristics of nursing home residents (NHR) at baseline  (T0)

*1 Educational status according to CASMIN (25) 
*2 Sign of dementia: identified by nursing home or general practitioner
Ø, Average; IQA, interquartile range; PIM, potentially inadequate medications; SD, standard deviation

Ø Age in years (SD)

NHR, female, %

NHR with legal guardianship, % 

NHR with educational status*1, %
 – Low
 – Medium
 – High
 – Not specified

Nursing home stay in months,
– Median (IQA)

NHR with care level, %
 – None
 – 1 and 2
 – 3 and 4
 – 5
 – Not specified

Ø Number of diagnoses  (SD)

Barthel Index NHR  (U50.0–50), %
 – None, mild  (U50.0–10)
 – Moderate, moderately severe (U50.20–30)
 – Severe, very severe  (U50.40–50)

NHR with signs of dementia*2, %

Ø Number of drugs prescribed  (SD)

NHR receiving ≥ 1 PIM and/or ≥ 2 neuroleptics, %

Total  (N = 787)

84.3 (± 7.7)

73.8

33.1 (19 missing)

45.4
30.5
  7.5
16.6

29 (13–53)
(6 missing)

  0.4
22.0
64.7
12.6
  0.3

7.4 (± 3.5)  
(34 missing)

17.5
44.4
38.1

(3 missing)

64.5
(1 missing)

11.1 (± 4.5)

41.3

Intervention (N = 402)

84.7 (± 7.7)

76.4

32.6 (9 missing)

46.8
30.8
  9.0
13.4

29 (13–52)
(2 missing)

0
20.0
66.3
13.8

0

7.7 (± 3.3)
(24 missing)

18.0
44.9
37.1

(3 missing)

65.6
(1 missing)

11.7 (± 4.7)

42.0

Control (N = 385)

83.9 (± 8.1)

71.2

33.6 (10 missing)

43.9
30.1
  6.0
20.0

28 (12–54)
(4 missing)

  0.8
24.1
63.1
11.4
  0.5

7.0 (± 3.7)
(10 missing)

16.8
43.9
39.3

63.4

10.5 (± 4.1)

40.5
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Primary endpoint
For the follow-up investigation, the most recent medi-
cation plans of 773 nursing-home residents (399 in the 
IG and 374 in the CG) were evaluated. The percentage 
of residents using at least one PIM and/or at least two 
neuroleptic drugs did not differ between the two groups 
(Table 2); the percentage in the IG was 40.6% and in 
the CG 40.4%. In mixed model 1, the homes were 
 accounted for as a random effect; in model 2, the vari-
ables age, sex, dementia, number of illnesses, and use 
of ≥ one PIM and/or ≥ two neuroleptic drugs were addi-
tionally included at baseline. Even after adjusting for 
these variables, no differences were found for the pri-
mary endpoint. A sensitivity analysis with the “per 
protocol” population also yielded no significant differ-
ences (Table 2).

Secondary endpoints
Secondary endpoints were recorded in the follow-up 
assessment by survey and using the documentation 
from the nursing home records. Since full follow-up 
was not possible in 140 nursing-home residents, an 
evaluation of the per-protocol population was carried 
out.

Over the 6-month observation period, 39% of resi-
dents in the intervention arm and 30% of residents in 
the control arm experienced at least one fall. The 
 results of the mixed ordinal logistic models clearly 
show that allocation to the intervention or to the con-
trol group had no effect on the number of fall events. 
Similarly, there were no significant differences in 
terms of the number of hospitalizations or the propor-
tion of nursing-home residents requiring emergency 
or rescue services on at least one occasion in the 
preceding 6 months. Participants in the intervention 
arm also showed no notably different quality of life 
(Table 3). The overall costs will be presented in a sep-
arate publication.

Discussion
The complex intervention used in the HIOPP-3-iTBX 
study to increase drug therapy safety for nursing-home 
residents consisted of a mandatory medication review 
and the optional elements of further training, tools to 
increase awareness of drug therapy safety and to over-
come interprofessional/intersectorial boundaries, as 
well as change management seminars to optimize col-
laboration. In the intervention nursing homes, these 
measures resulted neither in less prescribing of PIM 
and/or neuroleptic drugs nor in a measurable improve-
ment in the health status of residents.

Medication management in nursing homes is an 
elaborate process: it begins with establishing the indi-
cation for a medication and ends with its use by the 
nursing-home residents, as well as with health checks. 
In addition to residents and their relatives, this pro-
cess involves general practitioners, other medical 
specialists (for example, neurologists, psychiatrists, 
and urologists), pharmacists, and nurses, and possibly 
also additional centers, such as service providers who 
package medications in blister packs for patients on 
an individual basis (26). Also, nursing-home residents 
have free choice of physician, leading to a large 
amount of contact between carers and various (pri-
mary care) physicians (9). Furthermore, care culture 
and boundary conditions, such as nursing staff 
 resources and drug discount contracts, affect the pro-
cess (9). 

The complex HIOPP-3-iTBX intervention was 
 developed and elaborated in preliminary studies 
 taking these factors into account. Nevertheless, this 
study was unable to demonstrate a relevant effect. A 
number of limiting factors already became evident 
during the study. As also observed in the preliminary 
AMTS I and AMTS-Ampel studies (19, 20), some 
general practitioners had difficulty complying with 
the HIOPP-3-iTBX intervention in all its aspects. For 

TABLE 2

Effects of the intervention on the use of PIM and neuroleptic drugs at 6 months following inclusion

*1 The homes are included in the analysis as a cluster or random effect. ICC for ITT  =  0.073; ICC for PP  =  0.089
*2 The homes are included in the analysis as a cluster or random effect. Adjusting variables include: age, sex, dementia, number of diseases, use of ≥ 1 PIM 

and/or ≥ 2 neuroleptic drugs at baseline

IICC, intraclass correlation; ITT, intention-to-treat analysis; OR, odds ratio; PIM, potentially inadequate medications; PP, per-protocol analysis; 95% CI, 95% 
confidence interval

Study 
participants

ITT (n = 773)

PP (n = 647)

Nursing home residents with ≥ 1 PIM and/or ≥ 2 neu -
roleptics

Intervention group  
n (%)

162
(40.6 %)

130
(41.0 %)

Control group  
n (%)

151
(40.4 %)

133
(40.3 %)

Mixed model  1*1

OR [95% CI] 
 (unadjusted) (p)

1.05 [0.68; 1.62]
(p = 0.836)

1.04 [0.64; 1.69]
(p = 0.864)

Mixed model 2*2

OR [95% CI] 
(adjusted) (p)

0.90 [0.55; 1.46]
(p = 0.762)

(32 missing)

0.78 [0.42; 1.42]
(p = 0.409)
(6 missing)
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example, the participation rate among physicians at 
the three consecutive change management seminars 
fell to 46%, whereas the final seminar was still 
 attended by 60% of the nursing staff originally pres-
ent and 75% of pharmacists. It is possible that this 
situation was contributed to by the increasing work 
demands on primary care practices due to a lack of 
general practitioners, as well as by the prioritization 
of tasks within practices (27). 

In addition, a comparatively low rate of adoption 
by physicians of recommendations made by pharma-
cists was observed. For example, written feedback 
was provided by general practitioners for 239 of the 
360 medication reviews carried out by pharmacists in 
the intervention group. The pharmacists initially pro-
posed that 939 (32.4%) of the medications reviewed 
required optimization. The general practitioners 
 responded to 590 proposals: they accepted recom-
mendations for 153 medications (25.9%), wanted to 
potentially respond at a later point regarding 176 
medications (29.8%), and made no changes at all for 
349 proposals. 

Whereas pharmacists focus on drug therapy safety, 
general practitioners additionally need to consider 
other factors such as clinical need in the absence of 
better alternatives, as well as the expectations of resi-
dents and/or their relatives, nursing home staff, and 
co-treating specialists. However, experience gained in 
local initiatives shows that direct contact and personal 
collaboration between physicians and pharmacists 
can lead to greater acceptance of their mutual exper -
tise (28). Ultimately, it is the vulnerable and changing 
health status of the nursing-home residents 
 themselves that consistently prompts changes in 
medication. The extent to which an initially one-off 

medication review can have a sustained effect under 
these ever-changing conditions is unclear.

Review articles assess with caution the effects on op-
timizing home medication due to the variability and 
quality of outcomes in two respects: on the one hand 
one sees indications of improved quality of medication, 
and on the other virtually no effects on the health status 
of residents. Recently published randomized controlled 
studies from Europe (15–17) confirm these previous 
findings. In contrast to our study, they demonstrate im-
proved drug therapy safety. However, the medication 
endpoints relate to the reduction in the number of medi-
cations, PIM, or PIM and  potentially underprescribed 
medications. Only the COSMOS study (17) specifi-
cally deals with psychotropic drugs, with no sustained 
change being apparent, much like the current PROPER 
study, in which the reduction in psychotropic drugs in 
the nursing home was the primary objective (29). Posi-
tive effects on health status are demonstrated only in 
the COSMOS study in terms of quality of life, activities 
of daily living (ADL) function, and mental health 
symptoms (agitation). In addition to a medication re-
view, the intervention also included non-pharmacologi-
cal measures. It is possible that for nursing-home resi-
dents in particular, a comprehensive intervention 
 approach of this kind in combination with drug therapy 
safety management is effective.

Strengths and limitations
With 862 residents recruited from 44 nursing homes, 
the requisite high number of cases was achieved despite 
the prevailing challenges. However, it is possible that 
there may have been an unintentional selection of the 
primarily interested nursing homes, pharmacists, and 
general practitioners.

TABLE 3

Effects of the intervention on fall events, hospitalizations, use of emergency services, and quality of life in nursing home residents

The homes are included in the analysis as a random effect. 
*1 Adjusted variables: age, sex, and number of falls 6 months prior to baseline
*2 Adjusted variables: age, sex, and hospitalizations 6 months prior to baseline survey, number of diseases
*3 Adjusted variables: age, sex, and number of call-outs 6 months prior to baseline
*4 Adjusted variables: age, sex, EQ-5D-3L at baseline
β, Regression coefficient; OR, odds ratio; SD, standard deviation; 95% CI, 95% confidence interval

Nursing home residents (N)

Average number of falls per nursing home resident 
in the preceding 6 months, (SD) (N = 539)

Average number of hospitalizations per nursing home 
resident in the preceding 6 months, (SD) (N = 645)

Rate of residents requiring emergency or rescue ser-
vices at least once in the preceding 6 months  
(N = 645)

Mean of quality of life questionnaire EQ-5D-3L,  
(SD) (N = 583 )*4

Intervention 
group

0.7 (± 2.1)

0.4 (± 0.7)

24.3 %
(N = 77)

0.54 (± 0.30)

Control 
group

0.5 (± 1.6)

0.3 (± 0.6)

19.2 %
(N = 63)

0.53 (± 0.31)

Mixed model  1  
unadjusted 
[95% CI] (p)

OR = 1.30 [0.78; 2.19]
(p = 0.319) 

OR = 1.28 [0.89; 1.85]
(p = 0.188) 

OR = 1.27 [0.78; 2.099
(p = 0.336) 

β = 0.0056 [− 0.0503; 0.6167] 
(p = 0.842)

Mixed model  2
adjusted   

[95% CI] (p)

OR = 0.92 [0.45; 1.88]*1

(p = 0.811)
(1 missing)

OR = 1.39 [0.92; 2.10]*2

(p = 0.115)
(9 missing)

OR =1.37 [0.84; 2.27] *3

(p = 0.206) 

β = 0.0007 [− 0.0513; 0.0527]*4 

(p = 0.979)
(51 missing)

710 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2021; 118: 705–12



M E D I C I N E

Attention was paid to ensure that the HIOPP-
3-iTBX study adhered to the principles of a pragmatic 
intervention under routine practice conditions, as also 
reflected in the realistic further training times. 
 Therefore, although it is not possible to demonstrate 
maximum potential effectiveness, the “real” effec-
tiveness that can be expected in the routine care 
 setting can be shown (30). This has once again high-
lighted how challenging it is to implement a complex 
intervention that requires harmonious multiprofes-
sional communication and collaboration under the 
prevailing conditions of fragmentation and delin-
eation of tasks in medication management  (26, 28, 31).

The selected 6-month duration of follow-up can be 
evaluated critically on the one hand with regard to 
 demonstrating effectiveness. It is possible that at the 
time of the follow-up survey the complex interven-
tions had not yet been consolidated. However, the 
generally high mortality rate among nursing-home 
residents and higher study costs were arguments 
against a longer follow-up. Comparable nursing home 
studies have follow-up periods of between 6 weeks 
and 24 months (14–17). On the other hand, the pri-
mary endpoint chosen by us, “reduction in PIM and 
neuroleptic drugs,” was possibly not tailor-made for 
the broad-based intervention. A recommendation that 
has since been published on the selection of endpoints 
to demonstrate the effectiveness of medication 
 reviews suggests, moreover, that too little attention 
has been paid to the expectations of elderly patients in 
previous medication studies  (32).
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Brown Tumor
A 75 years old woman was diagnosed with 
 primary hyperparathyroidism and serum 
 calcium levels of 2.96 mmol/L (2.18–2.60 
mmol/L). Parathyroid hormone was increased 
to 644.2 ng/L (18.4–80.1 ng/L). Sestamibi 
 (methoxyisobutylisonitrile) scintigraphy 
 detected a typical uptake on the left side of 
the neck (1) and another uncommonly high 
 uptake in the right thorax (2). On computed 
 tomography this lesion corresponded to a 5.3 cm 
large mass in the right fourth rib. Parathyroid 
surgery for an upper left parathyroid adenoma 
was performed together with a left hemithyroid -
ectomy for multinodular goiter. Histopathological 
examination revealed parathyroid adenoma 
4.0 cm in size, weighing 8.5 g. Postoperatively, 
both serum calcium and parathyroid hormone 
levels decreased to the normal range of 2.02. 
mmol/L, and 51.3 ng/L respectively. Biopsy of the right fourth rib identified a giant-cell brown tumor which is an osteolytic lesion that arises due to 
excessive osteoclast activity, leading to degeneration of bone and replacement with connective tissue. Until now, brown tumors on sestamibi 
scintigraphy have rarely been described. No specific treatment is necessary. Supplementation of vitamin D restores the bone defect in the course 
of time.
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a) MIBI scintigraphy: increased uptake by left parathyroid adenoma and right fourth rib;  
b) Thoracic computed tomography: brown tumor of right fourth rib

CLINICAL SNAPSHOT
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More detailed information on the complex intervention

ATHINA medication review
The ATHINA medication review is the product of a further training pro-
gram for pharmacists offered and coordinated by the chambers of pharma-
cists in a number of federal states of Germany. The medication review is 
structured and is aimed at increasing the effectiveness of drug therapy and 
minimizing drug risks. Pharmacies usually undertake a broader type 2a 
medication review (medication data and patient medical history). To 
 review the medication of nursing home residents in the HIOPP-3-iTBX 
study, pharmacists used the type 2b medication review (medication data 
and clinical data).

The reviews in the nursing homes were based on the residents’ medi-
cation plans (medication use, long-term and on-demand medication, 
times at which medications were taken, and dose) as well as obtaining 
both personal and clinical data (patient age, sex, long-term diagnoses, list 
of symptoms, laboratory values [such as sodium, potassium, and glo-
merular filtration rate]).

Based on these date, the pharmacists assessed the presence of the fol-
lowing potential problems for each medication:

a) Indication cannot be derived from the long-term diagnoses
b) Negative benefit:risk ratio (according to the PRISCUS list)
c) Potentially relevant drug interaction
d) Potentially relevant disease–drug interaction
e) Duplication of prescriptions
f) Potentially inadequate in older patients (as per the PRISCUS list)
g) Possible relevant adverse effects
h) Inadequate mode of application/administration
i) Check possible underdosing 
j) Check possible overdosing
k) Contraindication
l) Check treatment duration
m) Other reasons
The medication plan was then faxed to general practitioners, together 

with the Med-Check Fax including the pharmacists’ recommendations 
on medication. The physicians assessed the pharmacists’ recommen-
dations and, where appropriate, made changes to the drug therapy of the 
nursing home residents. 

ATHINA training program
The ATHINA training program comprises a 2-day seminar that provides a 
basic understanding of drug therapy safety as well as a structured approach 

eMETHODS SECTION 1
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to carrying out a medication review. Attendees work through patient cases 
taken from routine practice and learn the working methods. The pharma-
cists, guided by a tutor with an additional clinical pharmaceutical qualifi-
cation, go on to present at least four patient cases. 

HIOPP further training (ATHINA-Plus)
ATHINA-Plus is a standardized further training program for pharmacists 
supplying nursing homes developed as part of the HIOPP-3-iTBX project. 
Aspects of geriatric pharmacy (falls, delirium, somnolence, pain; labora-
tory values, whether drugs can be administered via enteral feeding tube) 
and potentially inadequate medication, in particular with regard to neu -
roleptic drug treatment. In addition, tools/instruments to identify drug-
 related problems, as well as for interdisciplinary communication in the 
nursing home setting, are presented. 

Physician and nurse training
Exchange of experience in the problems of drug therapy safety in nursing 
homes, recognizing potentially inadequate medications (using correspond-
ing instruments/tools). Other areas of focus: neurolpetic drugs in the nurs-
ing home, presenting tools/instruments to identify drug-related problems 
and promote interdisciplinary communication in the nursing home setting. 

The eTable presents additional components of the toolbox and change 
management. 
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 Additional details on methodology

Sample size determination 
Sample size determination was based on the assumption that 50% of nursing 
home residents receive at least one PIM and/or at least two neuroleptic 
drugs (18). A reduction in the proportion of participants using this medi-
cation from 50% to 30% was considered clinically important. At an intra-
cluster correlation (ICC) of ρ  =  0.1, a cluster size of n  =  5 NHR, an α error 
of 0.05, and a power of 80%, 632 nursing home residents were required to 
detect this difference (two-sided χ² test). Taking into account an annual mor-
tality rate of approximately 30% as well as possible withdrawals from par-
ticipation, a drop-out rate of 20% was assumed, meaning that 760 residents 
in 32 nursing homes needed to be recruited. 

Data quality management
Data were recorded locally at the centers using the web-based data capture 
system secuTrial® and saved in a central ORACLE database. To this end, 
on-site training sessions on data capture were held for those involved. 

Statistical methods
To evaluate the endpoints, mixed models were used in which residence in 
the respective home was entered as a random effect. To analyze the primary 
endpoint, a mixed logistic regression model was used. Here, all subjects 
were included in the analysis for whom the primary endpoint was recorded, 
even if they dropped out of the study or did not receive the intervention 
 (intention-to-treat population). For the secondary endpoints “number of 
falls” and “number of hospitalizations,” mixed ordinal logistic regression 
models were used, while for the endpoint EQ5D, a mixed linear regression 
model was used. To analyze the secondary outcomes, as well as for sensi-
tivity analyses, the per-protocol population, which included all subjects in 
whom the study was carried out according to the protocol, was used. Ana-
lyses of the secondary endpoints were exploratory and performed using 
STATA/SE Version 16.1.

eMETHODS SECTION 2
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eTABLE

HIOPP-3-iTBX study: a pragmatic complex intervention comprising four elements to increase 
drug therapy safety in nursing homes

“AMTS,” German interventional studies on drug therapy safety; ATHINA, drug therapy safety in German pharmacies; HIOPP, German primary care physicians’ initiative to optimize patient safety 
in polypharmacy; PIM, potentially inadequate medications

Who/what

1. Medication review

Pharmacists

2. Training programs/further training

Pharmacists

Physicians

Nursing staff 

3. Toolbox 

Med-Check fax

Drug therapy safety (AMTS) 
card with additional info card for 
nursing staff

PRISCUS list

Treatment monitoring sheet

Hospital discharge tool

Ward round tool

4. Change management

Interdisciplinary  
– Pharmacists 
– Physicians 
– Nursing staff

Content and procedure

ATHINA medication review

ATHINA training program

HIOPP training program

Training program 
Medication management and PIM/neuroleptic 
drugs in nursing homes

Two further training sessions
a) Recognizing adverse drug events
b) Managing agitated patients/own role in the 

prescription of neuroleptic drugs

Pharmacist sends recommendations to general 
practitioner; general practitioner transmits any 
necessary instructions to the nursing home

Essential content of geriatric drug therapy 
safety at a glance

List of potentially inadequate medications for 
older patients and treatment alternatives

Structured guide to recognizing and 
documenting new health complaints

Information from the home for the general 
practitioner after hospital discharge, feedback 
from general practitioner possible

Sheet for structured recording of decisions 
taken during a joint round

1. Kick-off session
 – Current situation and analysis of 

strengths/weaknesses
 – Jointly agreed changes in medication 

management: plan of action
 – Presentation of the toolbox

2. Half-time session
 – Feedback on implementation and 

forwarding of medication reviews
 – Feedback on initial changes: obstacles 

and opportunities
 – Fresh motivation 

3. Closing session
 – Experiences: useful/effective versus 

short-term/ineffective change
 – Consolidation in routine care
 – Boundary conditions required for change

Framework

Duration approximately 1 h per resident

16 Hours

8 Hours

2-Hour group session; individual 
training session in the practice or 
by telephone

Approximately 15 min

Joint use by pharmacist and general 
practitioner with transmission to the 
nursing staff

Provision of information for nursing 
staff, general practitioners, and phar-
macists

Provision of information for nursing 
staff, general practitioners, and phar-
macists

Nursing staff

General practitioners, nursing staff

General practitioners, nursing staff, 
pharmacists

2 Hours

1 Hour

1 Hour

How often

One-off

One-off

One-off

One-off

Twice

One-off

Continuous

Continuous

Continuous

Upon hospital 
discharge

On ward rounds

Three sessions

Mandatory

Yes

Yes

Yes

No

No

Yes

No

No

No

No

No

No


