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ABSTRACT
Background: We investigated if the addition of an inter-professional student-led medication review 
team (ISP-team) to standard care can increase the number of detected ADRs and reduce the number of 
ADRs 3 months after an outpatient visit.
Research design and methods: In this controlled clinical trial, patients were allocated to standard care 
(control group) or standard care plus the ISP team (intervention group). The ISP team consisted of 
medical and pharmacy students and student nurse practitioners. The team performed a structured 
medication review and adjusted medication to reduce the number of ADRs. Three months after the 
outpatient visit, a clinical pharmacologist who was blinded for allocation performed a follow-up 
telephone interview to determine whether patients experienced ADRs.
Results: During the outpatient clinic visit, significantly more (p < 0.001) ADRs were detected in the 
intervention group (n = 48) than in the control group (n = 10). In both groups, 60–63% of all detected 
ADRs were managed. Three months after the outpatient visit, significantly fewer (predominantly mild 
and moderately severe) ADRs related to benzodiazepine derivatives and antihypertensive causing 
dizziness were detected in the patients of the intervention group.
Conclusions: An ISP team in addition to standard care increases the detection and management of 
ADRs in elderly patients resulting in fewer mild and moderately severe ADRs.
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1. Introduction

With the average age of the population rising, the number 
of patients with multimorbidity and polypharmacy has 
increased over the last decades [1]. Many comorbidities, 
such as cognitive disorders, reduced glomerular filtration 
rate, and cardiovascular disease, as well as polypharmacy 
are risk factors for adverse drug reactions (ADRs) [2,3]. 
Regardless of their severity, ADRs are a frequent cause of 
visits to the emergency department and hospital admission 
(10–15%) and can have a significant impact on health- 
related quality of life and have a high prevalence in out-
patient care settings (up to 78%) [2,4].

Despite being common, ADRs, and especially mild and 
moderately severe ADRs, often go undetected and untreated 
[5,6]. Reasons for this ADR unawareness in healthcare profes-
sionals are time constraints in clinical practice combined with 
a lack of pharmacological knowledge of ADRs [7,8]. This is not 
surprising since under- and postgraduate curricula devote 
little curriculum time to general pharmacotherapy education 

and even less to geriatric pharmacotherapy education or med-
ication reviews [9,10]. The lack of knowledge, in combination 
with the increasingly specialized goals of outpatient clinics, 
may explain why there appears to be too little attention paid 
to optimizing medication and detecting and treating ADRs. 
This is especially worrying with regard to elderly patients with 
cognitive decline, as these individuals may have difficulties 
remembering ADRs and talking about their health [11–13]. 
Despite taking longer to evaluate, elderly patients remain at 
greater risk of inappropriate prescribing and ADRs caused by 
cardiovascular drugs, analgesics, and antidiabetics [4].

This vulnerability of older patients prompted us to develop 
an intervention to teach future prescribers to optimize medi-
cation and to detect and treat ADRs in patients with cognitive 
decline. This educational intervention, the inter-professional 
student-led medication review team (ISP team), is run by an 
inter-professional team of healthcare students (medicine, 
pharmacy, and nurse practitioner) who review the medication 
of elderly patients at a memory outpatient clinic. The ISP team 
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has proven its worth in the diagnosis of ADRs and has 
a clinical value on top of standard care in optimizing the 
medication list of patients during an outpatient clinic [14,15]. 
We have not assessed the clinical value of the ISP team in 
terms of detecting, managing and reducing the number of 
ADRs when added to standard care. Therefore, our main 
objective in this study was to investigate whether the addition 
of the ISP team to standard care is associated with a reduction 
of ADRs 3 months after the outpatient visit. Secondary objec-
tives in this study were to investigate if the addition of the ISP 
team to standard care is associated with the detection and 
management of more ADRs during the outpatient visit.

2. Methods

2.1. Setting and patients

This controlled clinical trial, with an allocation ratio of 1:1, was 
performed at a memory outpatient clinic in an academic 
hospital. The patient group consisted of older patients (most 
were aged 70 years or older) who were suspected of cognitive 
decline [16]. The memory outpatient clinic assesses four 
patients a week who are suspected of cognitive function 
decline.

At the memory clinic, four patients (and their care-
givers) per week receive multiple, serial consultations by 
a resident (internal medicine, psychiatry, or hospital med-
icine), a supervisor (internist-geriatrician or geriatrician), 
a nursing consultant geriatric medicine, and 
a neuropsychologist. On the same day, all patients 
undergo additional laboratory testing (complete blood 
count, electrolytes, kidney function, liver panel, thyroid 
hormones, full cholesterol panel and vitamin D & B12) 
and an MRI scan (or CT scan) of the brain.

One week after the consultation, the findings are discussed 
in a multidisciplinary meeting. One week later, the patient and 
caregivers meet with resident (internal medicine, psychiatry, or 
hospital medicine) to discuss the results. A correspondence 
letter is sent to the referring physician, explaining the clinical 
findings and advice [15].

2.2. ISP procedure

The ISP is a collaboration between a Learner-Centered Student 
Run Clinic (LC-SRC) [17–20] and a memory outpatient clinic in 
an academic hospital. It is coordinated by a (non-paid) senior 
healthcare student and supervised by a clinical pharmacolo-
gist and the internist-geriatrician or geriatrician). Each week, 
a two-member team of bachelor and master medical students, 
pharmacy students, or student nurse practitioners evaluate 
the medication and side effects of two of the four patients 
during a 30-minute medication interview.

The ISP team is equipped with documentation regarding 
the Prescribing Optimalization Method (POM) [21], START- 
STOPP criteria [22], and medication trigger list [23,24]. The 
students performed a 4-step ISP program, consisting of: 1). 
Consultation (30 minutes) with the patient and relative/care-
giver regarding the medication history, medication list, and 
ADRs; 2). Structured medication review; 3). Discussion of 
review findings with a clinical pharmacologist; 4). 
Presentation of their medication advice at the multidisciplin-
ary meeting and documentation of the findings in the electro-
nic healthcare record (Figure 1).

2.3. Study design

Patients who visited the outpatient clinic were allocated to 
the standard care group (control group) or standard care + 
ISP intervention group (intervention group) based on their 
time slot allocation by a medical secretary, who was not 
involved in the study. In the first half of the study, patients 
in the first and second timeslots were allocated to the 
control group, those in the third and fourth timeslots were 
allocated to the intervention group. To minimize possible 
bias, the ISP intervention switched to the first and second 
timeslot in the second half of the study. Patients were 
eligible for study inclusion if they gave written informed 
consent before inclusion and had a caregiver present at the 
outpatient clinic visit and follow-up patient interview. 
Patients who were scheduled for a neuropsychological 

Figure 1. Inter-professional student-run medication review program procedure and follow-up.
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examination without first having a consultation were 
excluded from this study.

2.4. Outcome measures

A clinical pharmacologist, who was blinded for allocation, 
analyzed all ADRs reported in the electronic healthcare record 
by either the physicians or ISP team after the first consultation. 
ADRs were verified if they were ‘possibly’ related to the use of 
the medication (according to the WHO causality assessment 
scale and Naranjo algorithm [25,26] and scored on avoidability 
(by Hallas et al. [27]) and preventability (on the Schumock and 
Thornton scale [28]). All verified ADRs were categorized by 
severity (according to the Hartwig severity scale [29]) and all 
ADR details and advice to treat the ADR (stop drug, lower 
dose, other) were recorded.

2.4.1. Adverse drug reactions at follow-up
Patients were interviewed again about ADRs, 3 months after 
the correspondence letter was sent to the general practitioner. 
The interview was performed by telephone by a clinical phar-
macologist who was blinded to the patient assignment. 
Patients who could not be reached after three attempts at 
weekly intervals or who did not have a caregiver present were 
classified as ‘lost to follow-up.’

During the ADR interview, the previously detected ADRs, 
current medication list and medication changes since the 
patient visit were available for the clinical pharmacologist. 
Patients were first asked to report any new health problem 
or change in their condition since their outpatient visit. If they 
reported a health problem, they were asked to describe the 
severity of each new problem and indicate when it started in 
relation to the initiation of drug treatment, in order to classify 
the symptoms according to the WHO causality assessment 
scale and Naranjo algorithm. The nature, severity [29], avoid-
ability (by Hallas et al. [27]) and preventability (on the 
Schumock and Thornton scale [28]) of the ADRs reported at 
first consultation were also reevaluated.

2.5. Ethical considerations

The institutional review board the academic hospital reviewed 
the protocol and concluded that the study did not fall under 
the scope of the Dutch Medical Research Involving Human 
Subjects Act (WMO) (reference: 17.148). Because this study 
was part of a larger longitudinal cohort study, that was regis-
tered separately, this study was not registered. Patient signed 
multiple informed consent forms before being included (for 
the use of patient data at baseline, for the telephone interview 
at 3 months, and for access to their medication list at 
3 month). Our protocol was also approved by the ethics 
review board of the Netherlands Association for Medical 
Education (NVMO) (ID:2019.2.1).

2.6. Data analysis

For the primary end point of this study, we estimated that at 
least 70 patients in each group would provide the study 

with 80% power to detect a clinically important difference, 
a difference of 0.25 identified side effects per patients at 
3-month follow-up. Because of potential drop outs, refusal to 
give informed consent and other secondary outcomes, we 
estimated that including 100 patients in each group would 
suffice. Data were analyzed using SPSS Statistics 26 (IBM 
Corporation, Armonk, NY, USA). Baseline characteristics are 
presented as medians (interquartile range, IQR), stratified by 
group. Differences in the baseline characteristics and 
between the number of ADRs in the control and interven-
tion groups were assessed using Fisher-exact tests. 
Differences in total number of ADRs between the control 
and intervention group were assessed using Mann–Whitney 
U tests. Agreement in causality was calculated by dividing 
the number of ADRs with the same causality assessment by 
the total number of ADRs detected.

3. Results

From November 2018 to March 2020, 140 time slots were 
assigned to the standard care group (control group) and 140 
to the standard care + ISP intervention (intervention group). 
Because of 61 unoccupied timeslots (control group n = 22 and 
intervention group n = 39) and unsigned informed consent 
forms for acquiring baseline information (n = 3), we included 
216 patients at baseline. Because of unsigned consent forms 
for the 3-month follow-up (control group n = 36 and inter-
vention group n = 27), patients who were lost to follow-up 
(n = 5), and patients who died (n = 6), 142 patients completed 
the follow-up (control group n = 76 and intervention group 
n = 66) (Figure 2).

3.1. Patients characteristics

The patient population consisted of 142 predominantly (94%) 
community dwelling elderly patients. They had a median comor-
bidity index of 5, used a median of 5 medications and 52% were 
diagnosed with dementia during the outpatient visit. At base-
line, the two groups were comparable regarding their demo-
graphics, and clinical and medication characteristics, although 
the patients in the control group were significantly older (con-
trol group mean 79.5 years, intervention group mean 77.6 years; 
p = 0.026) and used more respiratory drugs (control group 
32.9%, intervention group 15.2%; p = 0.014) than the patients 
in the intervention group (Table 1).

3.2. Adverse drug reactions at baseline

During the outpatient visits, 38 mild ADRs (level 1 & 2) and 20 
moderately severe ADRs (level 3 & 4) were detected. More 
ADRs were detected in the intervention group (n = 48) than 
in the control group (n = 10; p < 0.001). Of the 48 ADRs 
detected in the intervention group, 4 were detected by the 
physician and were missed by the ISP-team, 5 were detected 
by the physician and the ISP-team separately and 44 ADRs 
were detected by the ISP-team and were missed by the phy-
sician. No significant differences were found between the total 
number of physician-detected ADRs in the control and inter-
vention groups. Overall, 3 level 4 ADRs were detected in the 
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control group and 4 in the intervention group (p = 0.562), 
whereas significantly more level 1–3 ADRs were detected in 
the intervention group than in the control group (p < 0.001, 
P < 0.001, and p < 0.049, respectively) (Table 2).

Causality assessment (WHO-UMC causality scale and Naranjo 
algorithm) revealed that 30–40% of the ADRs in the control 
group and 50–52% of the ADRs in intervention-group were at 
least probable related to the drug. Most ADRs were avoidable or 
preventable (67%–80%) (Table 3) and were caused by benzo-
diazepine derivatives (n = 13), antihypertensive drugs (n = 12), 
analgesics (n = 9), and urological drugs (n = 9). More ADRs 
caused by antihypertensives (p = 0.002), antidiabetics 
(p = 0.004), cholesterol-lowering drugs (p = 0.004), and antith-
rombotic agents (p = 0.007) were detected in the intervention 
group than in the control group (Table 4). The most frequently 
detected ADRs were dizziness (n = 29) and confusion (n = 14). 
Dizziness (p < 0.001), gastrointestinal disorders (p = 0.002), and 
musculoskeletal disorders (p = 0.004) were detected more often 
in the intervention group than in the control group (Table 5).

3.3. Medication interventions for ADRs

Thirty-six ADR interventions were suggested to manage the 58 
ADRs (62% of ADRs received an intervention): 6 for ADRs in 
the control group (60% of ADRs detected) and 30 for ADRs in 
the intervention group (63% of ADRs detected) (p = 0.981). In 
both groups, most ADR interventions concerned drug discon-
tinuation or lowering the dose. In the intervention group, 6 
ADR changes concerned the time of drug administration and 
starting a drug to relieve the ADR. Although moderately 
severe ADRs (level 3–4) were more likely to be treated than 
were mild ADRs (level 1–2) (90% vs 47%), no differences were 
observed between the control and intervention groups 
(Table 2).

3.4. Adverse drug reactions at 3 months follow-up

At 3-month follow-up, less ADRs (n = 13) that require treat-
ment (Hartwig severity level >1) were found in the 

November 2018 – March 2020
Available timeslots (n=280)

Usual care
Available timeslots (n=140)

Usual care + ISP
Available timeslots (n=140)

Outpatient consultations 
(n=118)

Outpatient consultations 
(n=101)

Included in baseline
(n=116)

Included in baseline
(n=100)

Unoccupied timeslots (n=22)

No informed consent (n=2)

Unoccupied timeslots (n=39)

No informed consent (n=1)

Included in follow-up
(n=76)

Included in follow-up
(n=66)

No informed consent (n=36)
Lost to follow-up (n=3)

Died (n= 1)

No informed consent (n=27)
Lost to follow-up (n=2)

Died (n=5)

Figure 2. Flow diagram of the inclusion and exclusion of patients in this study.
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intervention group compared to the ADRs detected at base-
line (n = 32). The frequency of ADRs not requiring treatment 
(Hartwig severity level 1) did not change. Additionally, fewer 
ADRs were detected in the intervention group (n = 30) than in 
the control group (n = 52) (p = 0.006). This difference was 
accounted for by fewer level 2 and 3 ADRs in the intervention 
group than in the control group (p = 0.028 and p = 0.043 
respectively); there was no difference in level 1 or level 4 ADRs 
between the two groups. (Table 2).

A high agreement rate between WHO-UMC causality 
scale and Naranjo algorithm was found (96%). Causality 
assessment found that 48% of the ADRs in the control 
group and 37–40% of the ADRs in intervention group 
were at least probable related to the drug. There was no 
difference in level of causality between the ADRs detected 
at baseline (%probable or higher: 47–50%) and the ADRs 
detected at 3-months follow-up (%probable or higher: 44– 

45%). Less ADRs were avoidable or preventable in the inter-
vention group (40–47%) compared to the control group 
(71 − 77%) (Table 3).

Benzodiazepine derivatives (n = 19) and antihypertensive 
drugs (n = 17) were still the most frequent drug class 
causing ADRs at the 3-month follow-up. There were signifi-
cantly (p = 0.043) more ADRs related to antihypertensive 
drugs in the control group than in the intervention group. 
Although not significantly different, we also detected at 
least twice as many ADRs related to antidiabetics (n = 9 
vs n = 4) and lipid-modifying agents (n = 8 vs n = 3) and 
four times as many ADRs related to antithrombotic agents 
(n = 8 vs n = 2) in the intervention group than in the 
control group (Table 4).

At the 3-month follow-up, dizziness (n = 29) and confusion 
(n = 13) were still the most frequently detected ADRs. 
Dizziness was detected in fewer patients in the intervention 

Table 1. Baseline characteristics.

Control group (n = 76) Intervention group (n = 66) P value

Demographic characteristics

Age (yrs), mean (SD)* 79.5 (5.1) 77.6 (4.8) 0.026
Sex, male (%) 41 (53.9) 35 (53.0) 0.913
Living arrangements

Alone 24 (31.6) 30 (45.5) 0.089
With partner or family 47 (61.8) 33 (50.0) 0.156
Sheltered housing 5 (6.6) 2 (3.0) 0.330
Residential care 0 (0) 1 (1.5) 0.282

Clinical characteristics
Charlson comorbidity index, median (IQR)* 5 (4–6) 5 (4–6) 0.926
Orthostatic hypotension, yes (%) 16 (21.1) 11 (16.7) 0.507
Falling in the previous year, yes (%) 15 (19.7) 8 (12.1) 0.219
Cognitive diagnosis

No cognitive disorder 15 (19.7) 17 (25.8) 0.392
Mild cognitive impairment 22 (28.9) 14 (21.2) 0.291
Dementia 39 (51.3) 35 (53.0) 0.838

eGFR, mL/min/1.73 m2 (mean, SD)* 69.4 (15.2) 72.5 (14.4) 0.219
Medication
Total number of medications* 421 370 0.923

median (IQR)* 5 (2.25–8) 5 (2–7.5) 0.923
n = 0 (%) 4 (5.3) 4 (6.1) 0.837
n = 1–4 (%) 31 (40.8) 25 (42.2) 0.723
n = 5–9 (%) 31 (40.8) 26 (39.4) 0.866
n = ≥10 (%) 10 (13.2) 11 (16.9) 0.557

Medication types
ATC-code ATC-description
A Alimentary tract and metabolism 53 (69.7) 47 (71.2) 0.848
A02 Drugs for acid related disorders 25 (32.9) 30 (45.5) 0.125
A10 Drugs used in diabetes 9 (11.8) 10 (15.2) 0.563
B Blood and blood forming organs 36 (47.4) 33 (50.0) 0.754
B01 Antithrombotic agents 36 (47.4) 33 (50.0) 0.754
C Cardiovascular system 43 (56.6) 43 (65.2) 0.297
C03 Diuretics 8 (10.5) 12 (18.2) 0.191
C07 Beta blocking agents 15 (19.7) 15 (22.7) 0.663
C08 Calcium channel blockers 10 (13.2) 13 (19.7) 0.291
C09 Agents acting on the renin-angiotensin system 25 (32.9) 23 (34.8) 0.806
C10 Lipid modifying agents 35 (46.1) 30 (45.5) 0.943
G Genito-urinary system and sex hormones 13 (17.1) 8 (12.1) 0.404
G04 Urologicals 13 (17.1) 8 (12.1) 0.404
N Nervous system 26 (34.2) 26 (39.4) 0.523
N02 Analgesics 11 (14.5) 11 (16.7) 0.719
N03 Antiepileptics 2 (2.6) 3 (4.5) 0.537
N05 Psycholeptics 12 (15.8) 14 (21.2) 0.405
N06 Psychoanaleptics 11 (14.5) 13 (19.7) 0.407
R Respiratory system 25 (32.9) 10 (15.2) 0.014
R03 Drugs for obstructive airway diseases 16 (21.1) 10 (15.2) 0.364

Table 1: Baseline characteristics of patients who received standard care (control group) and patients who received the ISP intervention added to standard care 
(intervention group). Significance was calculated using Fisher exact test except * were calculated using Mann–Whitney U test. 
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group than in the control group (p = 0.022). Although not 
significantly different, we detected four times as many gastro-
intestinal (n = 8 vs n = 2) and musculoskeletal disorders (n = 9 
vs n = 2) in the intervention group than in the control group 
(Table 5).

4. Discussion

This study shows that physicians and an ISP team were 
able to detect and manage moderately severe (level 4) 
ADRs. The addition of an ISP team to standard care 

Table 2. Frequency of adverse drug reactions (ADRs) at baseline and 3-month follow-up.

Control group 
(n = 76)

Intervention group 
(n = 66) P-value

ADRs at baseline Physician Physician ISP-team

Physician and 
ISP-team 

combined

Patients with ≥1 ADRs (% of patients) 6 (7.9) 6 (9.1) 21 (31.8) 22 (33.3) <0.001
Total number or ADRs* 10 9 44 48 <0.001
Severity

Level 1 ADRs (% of patients) 1 (1.3) 0 (-) 16 (24.2) 16 (24.2) <0.001
Level 2 ADRs (% of patients) 2 (2.6) 2 (3.0) 17 (25.8) 19 (28.8) <0.001
Level 3 ADRs (% of patients) 4 (5.2) 3 (4.5) 7 (10.6) 9 (13.6) 0.049
Level 4 ADRs (% of patients) 3 (3.9) 4 (6.1) 4 (6.1) 4 (6.1) 0.562

ADR intervention
Total number interventions (% of total ADRs) 6 (60) 6 (67) 28 (64) 30 (63) 0.981

Drug discontinued (% of total ADRs) 3 (30) 4 (67) 16 (36) 18 (38)
Dose lowered (% of total ADRs) 3 (30) 2 (33) 6 (14) 6 (13)
Other (% of total ADRs) 0 (-) 0 (-) 6 (14) 6 (13)

Interventions classified to severity
Level 1 (% of level 1 ADRs) 0 (-) 0 (-) 6 (38) 6 (38) 0.145
Level 2 (% of level 2 ADRs) 1 (50) 0 (-) 11 (65) 11 (58) 0.249
Level 3 (% of level 3 ADRs) 2 (50) 2 (67) 7 (100) 9 (100) 0.148
Level 4 (% of level 4 ADRs) 3 (100) 4 (100) 4 (100) 4 (100) 0.057

Total number of ADRs at 3 months
Patients with ≥1 ADRs 25 (32.9) 16 (24.2) 0.256
Total number or ADRs * 52 30 0.006
Severity

Level 1 ADRs (% of patients) 16 (21.1) 17 (25.8) 0.508
Level 2 ADRs (% of patients) 22 (28.9) 9 (13.6) 0.028
Level 3 ADRs (% of patients) 13 (17.1) 4 (6.1) 0.043
Level 4 ADRs (% of patients) 1 (1.3) 0 (-) 0.350

Table 2: Frequency of adverse drug reactions at baseline and 3-month follow-up in patients who received standard care (control group) and patients who received 
the ISP intervention added to standard care (intervention group). Significance was calculated using Fisher exact test except * were calculated using Mann–Whitney 
U test. 

Table 3. Causality and avoidability assessment of the adverse drug reactions.

Features Parameters

Control group Intervention group

Baseline 
(n = 10)

3-months follow-up 
(n = 52)

Baseline 
(n = 48)

3-months follow-up 
(n = 30)

Causality 
(Naranjo algorithm)

Doubtful - - - -
Possible 6 (60%) 27 (52%) 23 (48%) 18 (60%)

Probable 4 (40%) 25 (48%) 24 (50%) 12 (40%)
Definite - - 1 (2%) -

Causality 
(WHO-UMC causality)

Unclassifiable/unclassified - - - -

Unlikely - - - -
Possible 7 (70%) 27 (52%) 24 (50%) 19 (63%)

Probable 3 (30%) 25 (48%) 23 (48%) 11 (37%)
Certain - - 1 (2%) -

Avoidability 
(Hallas et al)

Unavoidable 3 (30%) 15 (29%) 16 (31%) 18 (60%)
Possible avoidable 3 (30%) 21 (40%) 20 (42%) 8 (27%)
Definitely avoidable 4 (40%) 16 (31%) 12 (25%) 4 (13%)

Preventability 
(Schumock and Thornton scale)

Non-preventable 2 (20%) 12 (23%) 13 (27%) 16 (53%)
Probably preventable 5 (50%) 23 (44%) 23 (48%) 9 (30%)

Definitely preventable 3 (30%) 17 (33%) 12 (25%) 5 (17%)

Table 3: Causality, avoidability and preventability of adverse drug reactions, at baseline and 3 months follow-up in patients who received standard care (control 
group) and patients who received the ISP intervention added to standard care (intervention group). 
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resulted in significantly more mild and moderately severe 
(lever 1–3) ADRs being detected and treated during an 
outpatient visit (p < 0.001). Moreover, 3 months after the 
outpatient visit, significantly fewer ADRs were detected in 
patients from the intervention group than in patents from 
the control group (p = 0.006). Notably, there were fewer 
complaints of dizziness and falls (p = 0.022) and fewer 
ADRs related to antihypertensive drugs (p = 0.043) than 
in the control group.

An important finding is that moderately severe ADRs 
(level 4) were detected by both the physicians and the ISP- 
team, and mild and moderately severe (level 1–3) ADRs were 
more frequently detected by the ISP-team. Time-constraints, 
a primary focus on cognitive decline, indifference for less 
severe ADRs, high workload or inadequate pharmacovigilance 
education could be influencing factors.

To our knowledge, this is the first study that has evaluated 
the clinical effects of an intervention to detect ADRs in 
patients attending an outpatient clinic. While some student- 
led studies have evaluated the effect of students in detecting 
and reporting ADRs [30–32], or in assessing already reported 
ADRs [33], no studies have assessed the ability of students to 
detect and treat ADRs.

Studies that have evaluated the effects of physician- or phar-
macist-led interventions have predominantly focused on improv-
ing inappropriate prescribing and reducing the risk of ADR-related 
hospital admissions or emergency department visits. Although 
these interventions are effective in reducing inappropriate pre-
scribing, only a few reduce hospital admissions and emergency 
department visits, and most are not cost-effective [34,35]. Studies 
evaluating the effects of interventions specifically targeting ADRs 
have reported an increased detection of ADRs, resulting in 

Table 4. Frequency of adverse drug reactions (ADRs) by drug class at baseline and 3 months.

Control group 
(n = 76) Intervention group (n = 66) P-value

Total number of ADRs at baseline 10 48

Antihypertensives ATC-C03, C07, C08, C09 2 12 0.002
Benzodiazepine derivatives ATC-N05B 4 9 0.084
Analgesics (non-opioids and opioids) ATC-N02 3 6 0.210
Urologicals ATC-G04 3 6 0.210
Drugs used in diabetes ATC-A10 0 7 0.004
Lipid modifying agents ATC-C10 0 7 0.004
Antithrombotic agents ATC-B01 0 6 0.007
Antidepressants ATC-N06A 2 3 0.537
Antipsychotics ATC-N05A 2 2 0.886

Total number of ADRs at 3 months 52 30
Benzodiazepine derivatives ATC-N05B 11 8 0.681
Antihypertensives ATC-C03, C07, C08, C09 13 4 0.043
Drugs used in diabetes ATC-A10 9 4 0.233
Urologicals ATC-G04 7 5 0.727
Lipid modifying agents ATC-C10 8 3 0.184
Analgesics (non-opioids and opioids) ATC-N02 6 5 0.943
Antithrombotic agents ATC-B01 8 2 0.082
Antidepressants ATC-N06 2 3 0.537
Antipsychotics ATC-N05A 2 2 0.886

Table 4: Frequency of adverse drug reactions (ADRs) by drug class at baseline and 3 months in patients who received standard care (control group) and patients 
who received the ISP intervention added to standard care (intervention group). Since ADRs could be caused by drugs from multiple drug classes, the sum of 
numbers in each column sum is greater than the total number of reactions. 

Table 5. Types of adverse drug reactions (ADRs) at baseline and 3 months.

Control group 
(n = 76) Intervention group (n = 66) P-value

Total number of ADRs at baseline 10 48

Dizziness/light headedness/risk of falling 4 19 <0.001
Confusion/cognitive impairment 5 9 0.162
Gastrointestinal disorders (including bleeds) 0 8 0.002
Musculoskeletal disorders 0 7 0.004
Drowsiness 1 5 0.065
Other 0 6 0.007
Total number of ADRs at 3 months 52 30
Dizziness/light headedness/risk of falling 21 8 0.022
Confusion/cognitive impairment 5 8 0.256
Gastrointestinal disorders (including bleeds) 8 2 0.083
Drowsiness 5 5 0.818
Musculoskeletal disorders 9 2 0.051
Other 4 5 0.576

Table 5: Types of adverse drug reactions (ADRs) at baseline and 3 months in patients who received standard care (control group) and patients who received the ISP 
intervention added to standard care (intervention group). Since ADRs could be caused by drugs from multiple drug classes, the sum of numbers given is greater 
than the total number of reactions. 
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optimized treatment [36]. To our knowledge, no study has eval-
uated the outcome of this optimized treatment.

Although we found a comparable number of patients with 
ADRs as reported in an earlier study, in this elderly outpatient 
clinic the studied patients had more ADRs (median 2 ADR/patient) 
[37]. We also detected more ADRs than reported in an earlier study 
of patients with cognitive decline, although the types of ADRs and 
the drugs involved were similar [11]. This higher prevalence of 
ADRs might be due to the older age of our study population 
(mean 78 years), the thorough and proactive medication and 
ADR interview with a caregiver present, and the focus of the ISP 
team on mild and moderately severe ADRs, which are frequently 
missed.

Our study had some strengths and limitations. The main 
strengths of this study lie in the integration of the ISP 
team in an existing memory outpatient clinic, which 
increased the external validity of the study. Moreover, 
this approach has many educational benefits for participat-
ing students – during the patient interview students gain 
awareness and relevant clinical pharmacovigilance knowl-
edge, which could lead to a greater awareness of potential 
medication problems in the future. The controlled clinical 
trial design with a 3-month follow-up allowed us to detect, 
manage, and evaluate the effects of interventions targeting 
specific ADRs in the two groups. Another strength of our 
study is the relatively low cost of the student-led teams 
compared with most physician- or pharmacist-led interven-
tions in community dwelling outpatients, which are often 
not cost-effective [38,39]. The teams consisted of health-
care students or student-coordinators (all unpaid) who 
were only supervised (10-minutes per patient) by 
a clinical pharmacologist once during the entire process. 
A final strength is the scalability of this project. Although 
the pilot project only included one outpatient clinic, more 
outpatient clinics have been added to our program. With 
students from the LC-SRC and interns in abundance, it will 
be possible to have ISP teams in most outpatient clinics. 
Although this pilot is an extra-curricular event, we have 
proposed to make it part of the master program in the 
participating studies.

Our study also had a number of potential limitations. 
First, the follow-up of ADRs at 3 months was conducted by 
telephone interview with the patient and relative or care-
giver. Since 52% of patients were diagnosed with demen-
tia, it is possible that the number of ADRs was 
underestimated. We tried to address this limitation by 
having a caregiver to be present. Another limitation of 
the follow-up interview is that only subjective ADRs could 
be analyzed. Without clinical assessment, minor clinical 
abnormalities not yet causing patient symptoms, such as 
electrolyte imbalances, decline in kidney function or 
asymptomatic orthostatic hypotension, would have been 
missed. A third limitation is the significantly (p = 0.026) 
younger age of patients in the intervention group (mean 
77.6, SD 4.8) than of patients in the control group (mean 
79.5, SD 5.1), because more patients in the intervention 
group declined to participate at the 3-month follow-up. 

We would have expected the younger patients of the 
intervention group to have had fewer ADRs. A fourth lim-
itation is the non-significant higher level of patients living 
alone in the intervention group (n = 30, 45.5%) than of 
patients in the control group (n = 24, 31.6%). A subgroup 
analysis did not find any significant or relevant effects 
between patients living alone or living in company. 
A final limitation is that ADRs are necessarily identified 
on the basis of clinical judgment. To overcome possible 
between-observer differences, all suspected ADRs were 
assessed for causality by the attending physician and 
a clinical pharmacologist, using two validated instruments 
(Naranjo and WHO), which showed a high degree of agree-
ment (96%). Nevertheless, it is impossible to be absolutely 
certain of a causal link between a drug and an ADR.

Taking these strengths and limitations into account, we con-
clude that an inter-professional team of healthcare students 
added to standard care is a relevant intervention to increase 
the detection and management of ADRs in an outpatient clinic. 
This resulted in patients having fewer mild and moderately 
severe ADRs at a 3-month follow-up. As students are keen to 
participate in student-led clinics and are willing to support phy-
sicians in their obligations to detect and treat ADRs, the program 
could be incorporated in multiple settings, such as other geriatric 
clinics, clinics after surgery, neurology, or revalidation. The results 
also suggested that the ISP team detected (92%) and managed 
(93%) most of the ADRs. Thus, the task of detecting and treating 
ADRs could potentially be assigned to an ISP team, relieving 
physicians in this time-consuming task.

The concept of a (student-run) inter-professional student 
team focusing on the detection and management of ADRs in 
outpatient clinics should be of interest to other healthcare 
professionals and educators, since detecting and treating 
ADRs and training students in pharmacovigilance are universal 
challenges. In these teams, students have the opportunity to 
learn about pharmacovigilance and have responsibility for real 
patients while working in an inter-professional setting, more 
ADRs are detected, which leads to fewer ADRs in the long 
term, and healthcare professionals have more time to focus on 
primary outpatient goals.
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