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IMPORTANCE Polypharmacy and inappropriate drug regimens are major health concerns
among older adults. Various interventions focused on medication optimization strategies
have been carried out, but the effect on patient-relevant outcomes remains uncertain.

OBJECTIVE To investigate the effect of clinical geriatric assessments and collaborative
medication reviews by geriatrician and family physician (FP) on health-related quality of life
and other patient-relevant outcomes in home-dwelling older patients receiving
polypharmacy.

DESIGN, SETTING, AND PARTICIPANTS Cluster randomized, single-blind, clinical trial.
Norwegian FPs were recruited from March 17, 2015, to March 16, 2017, to participate in the
trial with their eligible patients. Participants were home-dwelling patients 70 years or older,
using at least 7 medications regularly, and having their medications administered by the home
nursing service. Patients in the control group received usual care. Randomization occurred at
the FP level. A modified intent-to-treat analysis was used.

INTERVENTION The intervention consisted of 3 main parts: (1) clinical geriatric assessment of
the patients combined with a thorough review of their medications; (2) a meeting between
the geriatrician and the FP; and (3) clinical follow-up.

MAIN OUTCOMES AND MEASURES The primary outcome was health-related quality of life as
assessed by the 15D instrument (score range, 0-1; higher scores indicate better quality of life,
with a minimum clinically important change of ±0.015) at week 16. Secondary outcomes
included changes in medication appropriateness, physical and cognitive functioning, use of
health services, and mortality.

RESULTS Among 174 patients (mean [SD] age, 83.3 [7.3] years; 67.8% women; 87 randomized
to the intervention group and 87 randomized to the control [usual care] group) in 70 FP
clusters (36 intervention and 34 control), 158 (90.8%) completed the trial. The mean (SD)
15D instrument score at baseline was 0.708 (0.121) in the intervention group and 0.714 (0.113)
in the control group. At week 16, the mean (SD) 15D instrument score was 0.698 (0.164) in
the intervention group and 0.655 (0.184) in the control group, with an estimated
between-group difference of 0.045 (95% CI, 0.004-0.086; P = .03). Several secondary
outcomes were also in favor of the intervention. There were more drug withdrawals, reduced
dosages, and new drug regimens started in the intervention group.

CONCLUSIONS AND RELEVANCE This study’s findings indicate that, among older patients
exposed to polypharmacy, clinical geriatric assessments and collaborative medication reviews
carried out by a geriatrician in cooperation with the patient’s FP can result in positive effects
on health-related quality of life.
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O lder patients are prescribed an increasing number of
medications.1,2 Polypharmacy is associated with nega-
tive health outcomes,3 although many drugs may have

good clinical indications individually. Evidence-based meth-
ods to manage complex treatment regimens in a way that en-
sures positive effects on clinical and patient-relevant out-
comes are lacking to date. Therefore, there is a need for
strategies that can guide clinicians on how to provide the ben-
efits of drug treatment for these patients but at the same time
avoid negative consequences.

Previousstudiesaimedatimprovingdrugtreatmentforolder
patients have mainly studied effects on surrogate clinical out-
comes, such as potentially inappropriate medications.4,5 Nu-
merous tools to assess medication appropriateness have been
developed, but effects on such criteria-based outcomes do not
necessarily mean that the patient has benefited from the
intervention.6 Although some studies have included clinical out-
comes, the results have been inconclusive.7,8 We hypothesized
that most improvements in drug treatment (eg, better pain con-
trol, enhanced symptom control in heart failure, or less iatro-
genic dehydration or sedation) have the potential to improve
health-related quality of life (HRQoL). In our opinion, HRQoL is
thus an appropriate outcome measure when the aim is to im-
prove drug treatment in an individualized manner across a broad
spectrum of drug classes. Two core outcome sets for polyphar-
macy interventions have been developed, both highlighting
HRQoL as the most important patient-related outcome to
assess.9,10 So far, it is unclear whether interventions to improve
pharmacotherapy result in clinical improvements, and there is
no evidence regarding an effect on HRQoL.11

Geriatricians are trained in assessments of multimorbid-
ity and polypharmacy. A closer cooperation between geriatri-
cians and family physicians (FPs), who have a key role in the
follow-up of patients over time, might thus be beneficial. We
investigated whether clinical geriatric assessments and col-
laborative medication reviews carried out by a geriatrician in
cooperation with the patient’s FP could have positive effects
on HRQoL and other patient-relevant outcomes in home-
dwelling older patients receiving polypharmacy.

Methods
Trial Oversight
This was a cluster randomized, single-blind, clinical trial with
follow-up at 16 weeks and 24 weeks. The trial protocol has pre-
viously been published,12 and the version submitted to the in-
stitutional review boards is available in Supplement 1. Inclu-
sion of patients was based on written informed consent. Patients
unable to give a valid consent because of dementia were in-
cluded based on written informed consent from a close relative
in combination with assent from the patient. The trial was ap-
proved by the Regional Committee for Medical and Health Re-
search Ethics and by the Data Protection Officer at Oslo Univer-
sity Hospital (Oslo, Norway) and was carried out in accord with
the Declaration of Helsinki.13 This study followed the Consoli-
dated Standards of Reporting Trials (CONSORT) reporting
guidelines.

Participants
Family physicians from the counties of Akershus and Oslo, Nor-
way, were invited to participate in the trial with their eligible
patients. Patients were eligible for enrollment if they were
home-dwelling individuals, were 70 years or older, used at least
7 systemic medications taken regularly, and had their medi-
cations administered by the home nursing service. Patients
were excluded if they were expected to die or become perma-
nently institutionalized within 6 months, if the FP discour-
aged participation, or if valid information was unavailable. De-
tails are available in eAppendix 1 and eTable 1 in Supplement 2.

Trial Procedures
Our intervention consisted of 3 main parts. First was geriatric
assessment consisting of a medical history, systematic screen-
ing for current problems, clinical examination of the patient,
and relevant supplementary tests as well as a detailed review
of each medication in use, with emphasis on indication, dos-
age, possible adverse effects, and interactions. Assessments
were done by a physician trained in geriatric medicine, super-
vised by a senior consultant. On average, 1 hour was spent on
each clinical consultation. Second was a meeting between the
geriatrician and the FP, with discussion of each medication,
establishing a collaborative plan for adjustments and follow-
up. Approximately 15 minutes were spent discussing each pa-
tient. Third was clinical follow-up by the geriatrician or FP, as
agreed on. Follow-up was in general done by the FP. Details
on the various components of the intervention are provided
in eAppendix 1, eFigure 1, and eFigure 2 in Supplement 2. The
control group received usual care.

Cluster randomization at the FP level was performed to
avoid between-group contamination. To avoid large varia-
tions in cluster sizes, each FP participated with a maximum
of 5 patients, and stratification was performed based on the
number of contributing patients (1-2 vs 3-5). Randomization
was computer generated and carried out in blocks of un-
known and variable size. A statistician not otherwise in-
volved in trial procedures prepared the allocation sequence.
The research assistant, who provided all assessments, was
blinded with respect to allocation. The patients received 3 home
visits from the research assistant: at baseline, 16 weeks, and

Key Points
Question Can clinical geriatric assessments and collaborative
medication reviews carried out by a geriatrician in cooperation
with the patient’s family physician have positive effects on
health-related quality of life in older patients receiving
polypharmacy?

Findings In this cluster randomized clinical trial that included 70
participating family physicians with 174 patients, health-related
quality of life after 16 weeks was statistically significantly better in
patients who received the intervention compared with those who
received usual care.

Meaning Clinical geriatric assessments and collaborative
medication reviews have the potential to improve health-related
quality of life among older patients exposed to polypharmacy.
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24 weeks. Detailed descriptions of the trial procedures are given
in eAppendix 1 and eTable 2 in Supplement 2.

Outcomes
The primary outcome was HRQoL, measured by the 15D in-
strument at 16 weeks.14,15 The 15D instrument is a generic, 15-
dimensional measure assessing mobility, vision, hearing,
breathing, sleeping, eating, speech, elimination, usual activi-
ties, mental function, discomfort/symptoms, depression, dis-
tress, vitality, and sexual activity. Each dimension is rated by
the respondent on an ordinal scale with 5 levels. Single index
scores are calculated by population-based utility weights and
range from 0 to 1, with higher scores indicating better HRQoL.16

A change of ±0.015 or more is considered clinically impor-
tant, and a change of more than 0.035 in the positive direc-
tion represents “much better HRQoL.”17

Secondary outcomes were appropriateness of drug regi-
mens as assessed by the Medication Appropriateness Index and
the Assessment of Underutilization18,19; physical functioning
as assessed by the Short Physical Performance Battery, gait
speed, and grip strength20,21; cognitive functioning as as-
sessed by the Digit Span Forward and Digit Span Backward,
Trail Making Test A and Trail Making Test B, and Five Digits
Test22-24; physical and cognitive disability as assessed by the
Functional Independence Measure25; and caregiver burden as
assessed by the Relative Stress Scale.26 We also assessed or-
thostatic blood pressure, falls, weight, hospital admissions, the
number of days the patient spent in his/her own home during
follow-up, use of the home nursing service, admission to per-
manent institutional care, and mortality. Details on second-
ary outcomes are listed in eTable 3 in Supplement 2.

Statistical Analysis
Detailed power calculations are included in eAppendix 2 and
eTable 4 in Supplement 2. We planned to randomly assign 200
patients (100 per trial group), which was expected to give
greater than 80% power to detect a difference of 0.035 in the
15D instrument score after 16 weeks, at a 2-sided significance
level of 5%.

In the primary analysis, all participants were kept in the
treatment group to which their FP had been randomly as-
signed. However, a strict intent-to-treat analysis was not pos-
sible because outcome data were missing for some patients.
According to protocol, an analysis of covariance model was
used, with the 15D instrument score at 16 weeks as the depen-
dent variable, randomization group as the fixed factor, and clus-
ter size and baseline 15D instrument score as covariates. A clus-
tered sandwich estimator of the SE with FP as the cluster was
applied. Missing data were imputed by multiple imputation,
as explained in eAppendix 2 in Supplement 2. Distributional
assumptions were checked by visual inspection of residual
plots. Secondary analysis of the primary outcome included ad-
justment for other covariates expected a priori to be prognos-
tic of the outcome. These included age, sex, comorbidity (Cu-
mulative Illness Rating Scale27), dementia severity (Clinical
Dementia Rating Scale Sum of Boxes28,29), and use of the home
nursing service (hours per week), all measured at baseline. If
the introduction of a covariate to the model changed the ef-

fect estimate for the randomization variable by at least 10%,
the covariate was incorporated in a final model that included
all variables with an effect of this size. We also carried out a
linear mixed model analysis, adjusting for cluster size, apply-
ing an unstructured covariance matrix, and using a clustered
sandwich estimator to estimate SE. The same analytic ap-
proach was used for 15D instrument scores at 24 weeks. We
performed multiple additional sensitivity analyses, de-
scribed in eAppendix 2 in Supplement 2. Analyses of the pri-
mary outcome were carried out by a statistician blinded to
group allocation.

Responder analyses classified all patients with an improve-
ment of at least 0.015 on the 15D instrument as responders.
These analyses were performed by logistic regression after ad-
justing for cluster size and covariates as described above, using
the clustered sandwich estimator to estimate SE.

Secondary outcomes with repeated measurements were
analyzed by using a linear mixed model as described above.
When distributional assumptions were violated, percentile CIs
were estimated by 100 bootstrap replications, with FP as the
unit of resampling. Outcomes measured only once were ana-
lyzed by multiple linear regression or logistic regression as ap-
propriate. The analyses were adjusted for age, sex, dementia
severity, and use of the home nursing service at baseline, and
the clustered sandwich estimator was used to estimate SE. Use
of the Cumulative Illness Rating Scale did not affect any of the
estimates, and this scale was not included as a covariate for
adjustment.

Statistical analyses were performed with software pro-
grams. These included SPSS (version 25.0.0.1; IBM) and Stata
(version 15; StataCorp).

Results
Participants
From March 17, 2015, to March 16, 2017, we recruited 84 Nor-
wegian FPs to participate in the trial with their eligible pa-
tients. The screening procedure (eAppendix 1 in Supple-
ment 2) identified 355 patients who met the inclusion criteria.
Of these, 163 were excluded and 18 were withdrawn before
baseline measurements and randomization. Fourteen FPs did
not have eligible patients. The modified intent-to-treat analy-
sis is thus based on 70 FPs and 174 patients who underwent
randomization (Figure 1). Demographic and baseline data are
listed in Table 1. Among 174 patients (mean [SD] age, 83.3 [7.3]
years; 67.8% [118 of 174] women; 87 intervention and 87 con-
trol) in 70 FP clusters (36 intervention and 34 control), 158
(90.8%) completed the trial. The mean (SD) 15D instrument
score at baseline was 0.708 (0.121) in the intervention group
and 0.714 (0.113) in the control group.

Primary Outcome
At week 16, the mean (SD) 15D instrument score was 0.698
(0.164) in the intervention group and 0.655 (0.184) in the con-
trol group, with an estimated between-group difference of
0.045 (95% CI, 0.004-0.086; P = .03). Dementia severity, mea-
sured by the Clinical Dementia Rating Scale Sum of Boxes, was
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the only prespecified covariate that influenced the effect es-
timate for the randomization variable by at least 10%. After ad-
justment for the Clinical Dementia Rating Scale Sum of Boxes
score, the between-group difference was 0.055 (95% CI, 0.014-
0.096; P = .01). Analyzed by linear mixed model, the between-
group difference was 0.048 (95% CI, 0.006-0.090; P = .03).
All sensitivity analyses gave similar results (eAppendix 3 and
eTable 5 in Supplement 2). The proportion of responders was
higher in the intervention group (41 of 86 patients [47.7%])
compared with the control group (18 of 83 patients [21.7%]) (ad-
justed odds ratio, 3.32; 95% CI, 1.47-7.46; P = .004).

The mean 15D instrument score decreased in both
groups but at a slower pace in the intervention group

(Figure 2). At week 24, the mean (SD) 15D instrument score
was 0.675 (0.186) in the intervention group and 0.620
(0.216) in the control group, with an estimated between-
group difference of 0.052 (95% CI, −0.002 to 0.105;
P = .06). After adjustment for the Clinical Dementia Rating
Scale Sum of Boxes score, the between-group difference
was 0.064 (95% CI, 0.011-0.116; P = .02). Analyzed by linear
mixed model, the between-group difference was 0.061 (95%
CI, 0.004-0.118; P = .04). The proportion of responders at
week 24 was higher in the intervention group (37 of 85
patients [43.5%]) compared with the control group (19 of 83
patients [22.9%]) (adjusted odds ratio, 2.74; 95% CI,
1.13-6.65; P = .03).

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) Diagram of Participants in the Study

36 FPs were randomized to intervention

87 Patients were randomized to intervention
2 Did not receive allocated intervention
1 Withdrew consent before intervention
1 Was hospitalized and could not be approached

87 Patients were randomized to control
34 FPs were randomized to control

79 Patients completed 16-wk follow-up
4 Died
4 Withdrew consent

84 Patients completed 16-wk follow-up
2 Died
1 Withdrew consent

82 Patients completed 24-wk follow-up
1 Died
1 Was hospitalized and could not be approached

76 Patients completed 24-wk follow-up
3 Died

87 Patients were included in the primary modified
intent-to-treat analysis

87 Patients were included in the primary modified
intent-to-treat analysis

84 FPs were recruited

355 Patients met the inclusion criteria

192 Patients were enrolled in the trial
70 FPs were enrolled in the trial

14 FPs were excluded because of no
eligibile patients

18 Patients were withdrawn before baseline
measurements and randomization
8 Experienced severe illness or were hospitalized
8 Withdrew consent
2 Died

163 Patients were excluded
72 Declined to participate
33 Were ineligible because the maximum number

of patients had already been included in
the cluster

29 Were expected to die or become permanently
institutionalized within 6 mo

9 Had communication difficulties
8 Had ongoing severe acute illness
8 Were discouraged from participating by the FP
4 Did not give response

174 Patients underwent randomization
70 FPs underwent randomization

Through the screening procedure,
described in eAppendix 1 in
Supplement 2, a total of 355 patients
from 84 family physicians (FPs) were
identified as meeting the inclusion
criteria.
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Secondary Outcomes
Secondary outcomes are listed in Table 2 and eTable 6 in
Supplement 2. Medication appropriateness as assessed by the
Medication Appropriateness Index and the Assessment of Un-
derutilization improved in the intervention group compared
with the control group at 16 weeks and 24 weeks. There was
also a suggestion toward positive effects of the intervention
on several of the physical and cognitive tests (Table 2). Of those
completing the study, 31 of 82 patients in the intervention group
(37.8%) and 17 of 76 patients in the control group (22.4%) had
been hospitalized during follow-up (adjusted odds ratio, 2.03;
95% CI, 0.98-4.24; P = .06). There were no statistically sig-
nificant differences between groups regarding orthostatic blood
pressure, falls, weight, relative stress, disability (as assessed
with the Functional Independence Measure), the number of
days the patient spent in his or her own home during follow-
up, use of the home nursing service, admission to permanent
institutional care, or mortality.

Changes in drug regimens from baseline to week 16 are
listed in Table 3, and eTable 7 in Supplement 2 summarizes drug
regimens at baseline. There were more drug withdrawals, re-
duced dosages, and new drug regimens started in the inter-
vention group in the period from baseline to week 16, but there
were no statistically significant differences between groups in
the period from week 16 to week 24. At week 16, only 1 of 84
patients (1.2%) in the intervention group had not experi-
enced any drug changes at all compared with 28 of 79 pa-
tients (35.4%) in the control group.

Discussion
This cluster randomized clinical trial shows that clinical geri-
atric assessments and collaborative medication reviews car-
ried out by a geriatrician in cooperation with the patient’s FP
may have a positive effect on HRQoL among home-dwelling
older patients receiving polypharmacy. Secondary outcomes

Table 1. Baseline Characteristics of Participants

Characteristic
Intervention
(n = 87)

Control
(n = 87)

Age, mean (SD), y 82.2 (7.6) 84.4 (6.9)

Females, No. (%) 52 (59.8) 66 (75.9)

Cumulative Illness Rating Scale
summary score, mean (SD)

16.8 (4.4) 16.6 (4.1)

Clinical Dementia Rating Scale Sum
of Boxes score, mean (SD)

2.9 (3.7) 1.8 (2.8)

Regularly used drugs, mean (SD), No. 10.1 (2.7) 9.5 (2.6)

Medication Appropriateness Index,
mean (SD)

16.3 (9.2) 14.6 (7.2)

Assessment of Underutilization
score, mean (SD)

0.49 (0.70) 0.55 (0.74)

15D instrument score, mean (SD) 0.708 (0.121) 0.714 (0.113)

Short Physical Performance Battery
score, mean (SD)

4.8 (3.3) 4.3 (2.8)

Gait speed

No. of patients 81 81

Mean (SD), m/s 0.62 (0.21) 0.61 (0.20)

Grip strength, mean (SD), kg 19.4 (7.7) 17.7 (8.4)

Digit Span Forward

No. of patients 87 86

Maximum span, mean (SD) 4.69 (0.92) 4.57 (0.95)

Digit Span Backward

No. of patients 87 85

Maximum span, mean (SD) 2.94 (0.96) 2.96 (0.97)

Trail Making Test Aa

No. of patients 72 70

Mean (SD), s 163 (138) 130 (104)

Trail Making Test Ba

No. of patients 70 69

Mean (SD), s 359 (161) 398 (151)

Five Digits Test 1a

No. of patients 77 74

Mean (SD), s 47 (27) 48 (43)

Five Digits Test 2a

No. of patients 77 73

Mean (SD), s 56 (62) 51 (49)

Five Digits Test 3a

No. of patients 76 72

Mean (SD), s 108 (86) 83 (64)

Five Digits Test 4a

No. of patients 74 70

Mean (SD), s 229 (124) 202 (127)

Use of the home nursing service,
mean (SD), min/wk

155 (173) 181 (268)

Functional Independence Measure
score, mean (SD)

111 (11) 111 (11)

Relative Stress Scale score

No. of patients 81 77

Mean (SD) 14.4 (11.9) 11.8 (10.1)

Change in SBP after standing 1 min

No. of patients 82 77

Mean (SD), mm Hg −9.7 (19.3) −9.9 (22.8)

Abbreviation: SBP, systolic blood pressure.
a Values for patients unable to complete the test because of cognitive

difficulties were imputed as described in eTable 3 in Supplement 2.

Figure 2. Primary Outcome of Health-Related Quality of Life
as Measured by the 15D Instrument
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Shown are mean (SD) 15D instrument scores at baseline, week 16, and week 24.
The score range is 0 to 1, with higher scores indicating better quality of life.
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suggested positive effects also on several physical and cogni-
tive tests. We believe that the intervention could be imple-
mented within the framework of a geriatric outpatient clinic.

Whether comparable results could be achieved by other health
care professionals using a similar method can be the topic of
future studies.

Table 2. Change in Secondary Outcomes From Baseline to Week 16 and Week 24a

Outcome

Change From Baseline to Week 16 Change From Baseline to Week 24
Intervention
(n = 84)

Control
(n = 79)

Estimated Effect of
Intervention (95% CI)

Intervention
(n = 82)

Control
(n = 76)

Estimated Effect of
Intervention (95% CI)

Medication Appropriateness
Index, mean (SD)

−6.6 (7.1) −0.1 (4.3) −6.5 (−8.6 to −4.3) −7.2 (7.2) −0.4 (4.9) −6.9 (−9.1 to −4.7)

Short Physical Performance
Battery score

No. of patients 83 76 NA 79 73 NA

Mean (SD) −0.15 (1.52) 0.03 (1.28) −0.17 (−0.58 to 0.23) −0.29 (1.60) −0.18 (1.29) −0.09 (−0.51 to 0.33)

Gait speed

No. of patients 74 68 NA 69 66 NA

Mean (SD), m/s 0.02 (0.12) 0.00 (0.08) 0.01 (−0.02 to 0.05) 0.02 (0.12) −0.02 (0.09) 0.04 (0.00 to 0.07)

Grip strength

No. of patients 84 78 NA 80 75 NA

Mean (SD), kg −0.4 (2.5) −1.3 (2.2) 1.0 (0.2 to 1.7) −1.4 (3.1) −2.0 (3.9) 0.6 (−0.4 to 1.7)

Digit Span Forward

No. of patients 83 76 NA 78 74 NA

Maximum span, mean (SD) −0.07 (0.91) −0.33 (0.62) 0.23 (−0.01 to 0.48) −0.08 (0.98) −0.41 (0.72) 0.30 (0.03 to 0.58)

Digit Span Backward

No. of patients 83 76 NA 78 74 NA

Maximum span, mean (SD) 0.12 (0.77) 0.00 (0.69) 0.12 (−0.08 to 0.33) 0.03 (0.93) −0.26 (0.85) 0.27 (−0.01 to 0.56)

Trail Making Test A

No. of patients 60 58 NA 60 56 NA

Mean (SD), s −5.4 (55.5) 11.0 (28.1) −15.0 (−31.7 to −2.9)b 9.3 (90.7) 35.0 (81.5) −23.9 (−58.5 to 7.4)b

Trail Making Test B

No. of patients 59 57 NA 59 57 NA

Mean (SD), s 23.6 (131.6) 25.0 (133.1) −1.8 (−44.0 to 31.4)b 16.2 (159.3) 35.7 (133.6) −19.5 (−61.1 to 24.1)b

Five Digits Test 1

No. of patients 67 61 NA 62 59 NA

Mean (SD), s 3.7 (28.3) 12.2 (45.1) −6.5 (−17.8 to 4.8)b 8.0 (40.0) 18.6 (53.6) −6.7 (−21.4 to 8.0)b

Five Digits Test 2

No. of patients 67 61 NA 61 59 NA

Mean (SD), s 6.2 (43.7) 9.7 (40.7) −10.7 (−34.2 to 6.2)b 5.2 (69.1) 18.7 (61.3) −26.6 (−69.5 to 6.2)b

Five Digits Test 3

No. of patients 66 60 NA 60 58 NA

Mean (SD), s 8.3 (66.2) 5.4 (15.3) −0.3 (−12.6 to 14.5)b 4.5 (51.7) 14.2 (37.8) −8.9 (−26.4 to 10.1)b

Five Digits Test 4

No. of patients 63 57 NA 59 55 NA

Mean (SD), s 5.2 (66.0) 19.0 (56.0) −13.1 (−35.3 to 10.2)b 17.4 (67.5) 41.3 (83.0) −24.4 (−52.6 to 3.2)b

Functional Independence Measure
score, mean (SD)

−2.4 (8.5) −1.6 (3.6) −0.7 (−3.0 to 1.6) −5.5 (14.2) −3.1 (4.9) −2.2 (−5.6 to 1.1)

Relative Stress Scale score

No. of patients 74 71 NA 75 67 NA

Mean (SD) −0.2 (6.3) −0.6 (4.8) 0.4 (−1.4 to 2.2) −1.0 (6.5) −0.5 (4.6) −0.3 (−2.2 to 1.7)

Change in SBP after standing
1 min

No. of patients 77 69 NA 73 67 NA

Mean (SD), mm Hg −0.3 (22.9) 1.4 (21.2) −0.3 (−10.5 to 9.9) −1.0 (21.9) 0.4 (20.0) 2.3 (−7.8 to 12.4)

Abbreviations: NA, not applicable; SBP systolic blood pressure.
a The results were derived by linear mixed model after adjustment for baseline

values, cluster size, age, sex, severity of dementia, and use of the home
nursing service at baseline.

b Bootstrap (100 replications) with percentile CIs. Values for patients unable to
complete the test because of cognitive difficulties were imputed as described
in eTable 3 in Supplement 2.
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The 15D instrument assesses different dimensions of
HRQoL that in our experience are perceived as important for
older patients. Although 15D instrument scores declined in both
groups, we found a statistically significant between-group dif-
ference in favor of the intervention group. The responder analy-
ses indicate that a higher proportion of patients in the inter-
vention group experienced clinically significant improvements
in 15D instrument scores compared with the control group.
Therefore, we regard our results to be clinically relevant.

Medication appropriateness improved in the interven-
tion group compared with the control group. Our results also
suggested a positive effect on most secondary outcomes as-
sessing physical and cognitive functioning. There were no sta-
tistically significant effects regarding orthostatic blood pres-
sure, falls, weight, relative stress, activities of daily living
functioning, or use of formal care resources. For these out-
comes, other aspects of the patient’s health and social situa-
tion might be of greater importance.

There were more hospital admissions in the intervention
group than in the control group. Although the difference was
not statistically significant, it cannot be excluded that this was
due in part to negative effects from medication changes after
the intervention. However, some patients were hospitalized
because examinations carried out during the intervention pro-
cedure identified severe illness. For these patients, being ad-
mitted to the hospital was a positive event. Data on hospital
admissions were incomplete for patients who withdrew con-
sent or died, and the analysis only included patients still par-
ticipating after 24 weeks. Because more patients died in the
control group, it is possible that they would have contributed
with hospital admissions related to their terminal illness if all
patients had been considered for this outcome.

The intervention group experienced more drug withdraw-
als, reduced dosages, and prescriptions of new drugs com-
pared with the control group. The number of medication
changes that indicate reduced treatment intensity (eg, drug
withdrawals and reduced dosages) outnumbered new pre-
scriptions. Deprescribing is a process focused on gradual with-
drawal of inappropriate or unnecessary medications, a pro-
cess that becomes increasingly important the more frail a
patient gets.31-33 At the same time, even in the context of poly-
pharmacy, an optimized pharmacotherapy sometimes in-
volves initiation of new drug regimens.

A possible reason for our positive results is that the col-
laborative medication reviews were led by a physician expe-
rienced in evaluating geriatric pharmacotherapy. Older people
exposed to polypharmacy are heterogeneous, and our aim was
to assess their diverse clinical problems and thereby person-
alize the pharmacotherapy. We presume that clinical exami-
nations and relevant supplementary tests are necessary for
medication reviews to be effective in this population. The cli-
nician must carefully balance potential benefits and harms of
all medications while taking the patient’s wishes into consid-
eration. Our intervention was time-consuming, but the re-
sults indicate that such thorough evaluations are beneficial for
patients with pronounced and complex polypharmacy. Inter-
ventions that only use standardized prescription tools or guide-
lines and do not include individual clinical assessments are less
likely to provide health benefits.34

Another potentially important factor was the involve-
ment of FPs, who are physicians with a key role in patient fol-
low-up over time. This close cooperation between hospital spe-
cialists and the primary health care system is innovative and
combines the strengths of both specialties. Many participat-

Table 3. Changes in Drug Regimens From Baseline to Week 16

Drug Change

No. of Occurrences

Drug Withdrawals Reduced Dosages New Drug Regimens Started Increased Dosages
Intervention
(n = 84)

Control
(n = 79)

Intervention
(n = 84)

Control
(n = 79)

Intervention
(n = 84)

Control
(n = 79)

Intervention
(n = 84)

Control
(n = 79)

Total No. of drug changes 224 56 84 18 109 50 38 29

Alimentary tract and metabolism
(ATC group A)

53 13 17 4 47 15 6 6

Blood and blood-forming organs
(ATC group B)

31 7 4 1 12 5 4 0

Cardiovascular system
(ATC group C)

68 14 35 5 19 3 13 5

Genitourinary system and reproductive
hormones (ATC group G)

11 3 2 0 2 2 0 0

Systemic hormonal preparations,
excluding reproductive hormones
and insulin (ATC group H)

2 0 2 1 0 0 2 0

Anti-infective agents for systemic use
(ATC group J)

4 0 0 0 0 1 0 0

Antineoplastic and immunomodulating
agents (ATC group L)

0 0 0 0 1 0 1 0

Musculoskeletal system (ATC group M) 5 2 1 0 1 0 0 1

Nervous system (ATC group N) 37 15 21 6 24 21 11 15

Respiratory system (ATC group R)a 13 2 2 1 3 2 1 2

Various (ATC group V) 0 0 0 0 0 1 0 0

Abbreviation: ATC, Anatomical Therapeutic Classification.30

a Includes codeine used as an analgesic (in combination with acetaminophen).
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ing FPs knew their patients well and contributed with valu-
able input in the discussions on medication changes. How-
ever, most FPs had limited experience and confidence
regarding performing structured evaluations of complex phar-
macotherapy. Time constraints were also highlighted as a rea-
son for why the FPs rarely performed equally comprehensive
assessments. The patients included in our trial were clini-
cally stable, and the FPs seldom had any specific concerns
about their drug regimens. Although the geriatrician could sug-
gest changes to the drug regimen, the FP retained the medi-
cal responsibility for the patient and was in charge of all medi-
cation changes. Therefore, the discussion between the 2
physicians was important to reach a common understanding,
achieve implementation of suggested medication changes, and
ensure further follow-up.

Strengths and Limitations
A strength of our trial was the combination of a rigorous de-
sign with an examination of real-life scenarios involving older
patients with multiple comorbidities. Our focus on patient-
related outcomes provides valuable knowledge regarding clini-
cal effects of collaborative medication reviews.

This study also has some limitations. Our use of a com-
plex, pragmatic, and not completely standardized interven-
tion might be viewed as a limitation with regard to replica-
tion. We have provided a detailed description of the
intervention in eAppendix 1 in Supplement 2. However, rec-

ommended medication changes are inevitably dependent
on the competence of the physician performing the assess-
ments. Because all interventions were carried out by a
single physician, we do not know if other geriatricians
would have achieved similar results. The inability to blind
patients to group allocation was a possible source of bias.
Although we repeatedly instructed patients not to reveal
their allocation group to the research assistant, such revela-
tions may have occurred. The recommendations resulting
from the geriatric assessment were focused on medication
use and not on other aspects of the patient’s situation. In a
few cases, however, the FP was advised to refer patients to a
specialist for further investigation. In such situations, as
well as when patients were admitted to the hospital because
of severe illness revealed by the geriatric assessment, the
intervention could have led to improved HRQoL beyond our
recommendations on medication use.

Conclusions
In older, home-dwelling patients exposed to polypharmacy,
clinical geriatric assessments and comprehensive drug re-
views carried out by a geriatrician in cooperation with the pa-
tient’s FP may constitute a beneficial model of care. This can
result in positive effects on HRQoL as measured by the 15D
instrument.
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