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Objectives: 

• Identify multi-step approaches to addressing medication safety 
challenges in ambulatory care environments.   

• Recognize the value gained by combining clinical pharmacy, geriatric, 
engineering, and social science expertise in a multi-institutional, 
transdisciplinary learning laboratory.

• Describe federally funded research being conducted by the Brain 
Safety Laboratory focused on reducing harm from high-risk 
medications in older adults
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Causality in the Adverse Cognitive Effects 
of Anticholinergics in older adults

• Association between ACh & Dementia
• Strong ACh over 6 yrs OR: 1.54 (1.21-1.96)

• Strong ACB total score OR: 1.36 (1.17-1.58)

• Strong ACh for ≥ 3/10 yrs OR: 1.54 (1.21-1.96)

• Strong ACh for ≥ 4/20 yrs OR: 1.40 (1.30-1.50)

Gray SL et al. JAMA Intern Med. 2015; 175(3):401-407.

Campbell NL et al. Pharmacotherapy. 2016; 36(2):196-202.

Richardson K et al. BMJ. 2018; 361:k1315.

Campbell NL et al. Neurology. 2010; 75(2):152-159.

• Association between ACh & Delirium

• Anticholinergics associated with 
delirium in 11/13 studies 

Campbell NL et al. Clin Interv Aging 2009; 4:225-233.
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Clinical trial attempting to reduce 
anticholinergics: the PMD trial

PMD

Low dose 
haloperidol

ACh ↓

BZD ↓

Khan, et al. JAGS 2011
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PMD Intervention

• PMD: haloperidol 0.5 or 1 mg TID x 7 days

• Anticholinergic reduction: 
• Interruptive alerts in EMR for 20 strong ACB

• Pharmacist surveillance 

• Benzodiazepine reduction
• Pharmacist surveillance (only)

• Dose reduction following standard recommendations
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Example CDS: Promethazine
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CDS did not influence anticholinergic use
Pre-Randomization Post-Randomization

PMDa

(N=170)

Usual Care

(N=176)

P-value PMD

(N=170)

Usual Care

(N=176)

P-value

Haloperidol

Exposedb n (%) 29 (17.1) 32 (18.2) 0.888 116 (68.2) 56 (31.8) <0.001

Median daily 

Dose (IQR)

0 (0-0) 0 (0-0) 0.723 0.5 (0-0.9) 0 (0-0.3) <0.001

Benzodiazepinesc

Exposedb n (%) 122 (71.8) 118 (67.0) 0.353 97 (57.1) 116 (65.9) 0.098

Median daily 

Dose (IQR)

1.3 (0 –

13.1)

1.0 (0-10.5) 0.466 0.1 (0-2.0) 0.3 (0-3.2) 0.079

Anticholinergic 

Burdend

Exposedb n (%) 30 (17.6) 29 (16.5) 0.777 44 (25.9) 54 (30.7) 0.342

Median daily 

score  (IQR)

0 (0-0) 0 (0-0) 0.706 0 (0-0.1) 0 (0-0.2) 0.248

Khan, et al. JAGS 2019
Campbell, et al. JAGS 2019
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Trial Experience with Physician alerts

• Neither alerts alone nor accompanied by pharmacist surveillance 
significantly reduced use of anticholinergics in hospitalized adults

• Acceptance of alerts was poor(ly measured)

• Impact of intervention on outcomes unable to be evaluated

11



12



Human-centered design = Making things fit for humans

“Darn these hooves! I hit the wrong 

switch again! Who designs these 

instrument panels, raccoons?”

Fits your needs,

Improves performance
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Human-centered design ≠ Making humans fit into things

Hole-in-the-wall design:

When a designer comes 
up with something they 
think is great, but that 
requires the user to 
contort themselves to 
make it work
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Human-centered design ≠ Making humans fit into things

Humans are flexible – to a 
point – they will contort 
themselves to fit bad 
designs, but at the 
expense of performance!
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Holden, R. J. et al. (2013). SEIPS 2.0: A human factors framework for 
studying and improving the work of healthcare professionals and 
patients. Ergonomics, 56(11), 1669-1686. 

Humans factors engineering and other 
disciplines devoted to human-centered 
design place the human in the center of 
the system

Human factors engineering has been 
gaining momentum in healthcare as a 
way to improve performance of:

• Healthcare professionals
• Patients and families
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Design

Implement

Study

Human factors engineering / human-centered design cycle

1 2

3
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Example of human-centered design: Improving senior brain health
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Design

Implement

Study

Human factors engineering / human-centered design cycle

1 2

3
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• Multi-disciplinary team 
collected data on patients 
and providers

• Identified multiple agents 
and targets for safety 
interventions across the 
system

1 Study
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a) Interviews with prescription 

anticholinergic medication 

users (N=24)

b) Naturalistic in-store shopping 

observations with contextual 

inquiry (N=39)

c) Simulated shopping task with 

think-aloud and post-task 

interview (N=21)

21

Holden, R. J., Srinivas, P., Campbell, N. L., et al. 

(2019). Research in Social and Administrative 

Pharmacy, 15(1): 53-60.
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Finding 1. Lack of awareness 

… some willingness to change

Finding 2. Physician often the #1 

medication decision maker

0 / 24

anticholinergic

users aware of 

risk

7 / 24

state willingness 

to consider safer 

alternatives

20 / 24

consult physicians 

about OTC + Rx 

medications

18 / 24

see physician as 

chief decision maker 

about medications

(Holden et al 2019)
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Finding 3. Safety matters to consumers

(Holden et al 2019)



Finding 4. Two personas: Habit- vs. deliberation-based
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• Holden, Srinivas, Campbell, et al. (2019). Research in Social and Administrative Pharmacy, 15(1): 53-60.

• Stone, Phelan, Holden, et al. 2020. A pilot study of decision factors influencing over-the-counter medication 

selection and use by older adults. Research in Social and Administrative Pharmacy, 16(8), 1117-1120



Brainstorm 
interventions for 
multiple targets, 
without 
constraints

2 Design
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Design consumer-facing interventions 

to reduce the use of anticholinergic 

medications (OTC and Rx)

1) Raise awareness

2) Keep physician in the loop

3) Focus on safety information

4) Habit -> Deliberation

1) Lacking awareness

2) Physician decides

3) Safety matters

4) Habit vs. deliberation 

based behavior

2 Design of a patient-facing solution

Holden, R. J., Campbell, N. L., Abebe, E., Clark, D. O., Ferguson, D., Bodke, K., ... 

& Callahan, C. M. (2020). Research in Social and Administrative Pharmacy
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Lower-tech solutions
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Lower-tech solutions



29

Reddy, A., Lester, C. A., Stone, J. A., Holden, R. J., Phelan, C. H., & Chui, M. A. (2019). Applying 
participatory design to a pharmacy system intervention. Research in Social and Administrative 
Pharmacy, 15(11), 1358-1367

Lower-
tech 
solutions
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2 Design (again!)

Design consumer-facing interventions to reduce the 

use of anticholinergic medications (OTC and Rx)

1) Raise awareness

2) Keep physician in the loop

3) Focus on safety information

4) Habit -> Deliberation

+ Make the intervention

Scalable

Personalized

Appealing

Higher-tech solutions



Multimedia videos as a scalable, appealing solution
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Voice actor auditions

Animated videos

(Holden et al., 2020)



Rapid Prototyping by multidisciplinary team

• Pharmacist

• Geriatrician

• Human factors engineer/psychologist

• User experience designer

• Storyteller

• Graphic designer / animator

• Medical sociologist

32

Sketch/

wireframe

Interactive 

prototype

Actual app

Testing

Holden, R. J. et al. (2020). Usability and feasibility of consumer-facing 
technology to reduce unsafe medication use by older adults. Research in Social 
and Administrative Pharmacy, 16(1), 54-61.
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• Patients aged ≥60 years receiving primary 

care at Eskenazi Health and prescribed ≥1 

strong anticholinergic medication

• Usability testing (N=23)

• Task-based observation

• System usability scale (SUS)

• Feasibility of behavior change 

(N=17 “medium” or “high” risk 

anticholinergic users)

33

(Holden et al 2020)

3 Implement (and (1) study)



Screen

Consent 
prior to 

clinic 
visit

Usability 
test

EndLow 
risk N=6

Pre-visit 
Interview

Conversation 
starter 

brochure

Clinic 
Visit

Medium 
or high 
risk Post-visit 

interview

PILOT DESIGN

N=17

Physician 
form

(N=11)
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Usability findings

“Good” to 

“Excellent”

usabilitySUS =78.8

M = 78.8

Median = 82.5

SD = 15.7

Range = 37.5-97.5

(Holden et al., 2020)

SUS item % usable
Would use frequently 74%
Easy to use 96%
Parts well integrated 83%
Learning was quick 87%
Felt confident using 83%
Would need help to use 74%
Was confusing for me 91%
Too complex for me 78%
Was hard to use 96%
Would need to learn a lot to use 74%
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Usability findings

(Holden et al., 2020)



Behavior change feasibility findings

37
(Holden et al., 2020)



• Physician/Provider-focused support

1) Identifies risk
2) Indication-specific 

alternative
3) Auto-populated titration to 

alternative

2 Design of a provider-facing solution
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• Staff/MA-focused support
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• Cluster-randomized trial of 10 primary care clinics within Eskenazi 
Health

• Eskenazi Health is one of the nation’s largest safety net health 
systems, and includes 10 FQHC’s

• Pre-post comparison by group:
• Intervention Dates: 4/1/2019-3/31/2020

• Comparison Dates: 4/1/2018-3/31/2019

3 Implement (and (1) study)
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Overall

N=552

Intervention

N=252

Usual Care

N=300

p-value 

(between-group)

Age, mean (SD) 72.1 ( ± 6.4 ) 71.2 ( ± 5.9 ) 72.9 ( ± 6.8 ) 0.0026

Gender, % female 442 (80.1%) 204 (81.0%) 238 (79.3%) 0.6353

Race

% African American 250 (45.3%) 132 (52.4%) 118 (39.3%) <.0001

% Caucasian 232 (42.0%) 79 (31.3%) 153 (51.0%

% other 70 (12.7%) 41 (16.3%) 29 (9.7%)

CAD 86 (15.6%) 33 (13.0%) 53 (17.8%) 0.1217

CHF 56 (10.1%) 23 (9.1%) 33 (11.1%) 0.4337

HTN 471 (85.3%) 214 (84.3%) 257 (86.2%) 0.5103

DM 251 (45.5%) 118 (46.5%) 133 (44.6%) 0.6677

Cancer 57 (10.3%) 25 (9.8%) 32 (10.7%) 0.7303

Depression 210 (38.0%) 79 (31.1%) 131 (44.0%) 0.0019

stroke 35 (6.3%) 12 (4.7%) 23 (7.7%) 0.1503

arthritis 172 (31.2%) 79 (31.1%) 93 (31.2%) 0.9787

Liver disease 35 (6.3%) 19 (7.5%) 16 (5.4%) 0.3104

Renal disease 104 (18.8%) 51 (20.1%) 53 (17.8%) 0.4922

Campbell, et al. Under Review
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Medication Orders by Group and Time
Order Type* Intervention Control p-value: 

difference 

by time

Target 

Anticholinergics

Number of pre-intervention d/c 

orders, n (% of all orders)

21 (7.3%) 34 (9.4%)

Number of post-intervention d/c 

orders, n (% of all orders)

23 (7.8%) 29 (8.2%)

Change 2 -5 0.7736

Recommended 

Alternatives

Number of pre-intervention 

active orders, n (% of all orders)

672 (94.9%) 1019 (93.3%) 

Number of post-intervention 

active orders, n (% of all orders)

913 (94.9%) 979 (94.7%)

Change 241 -40 0.3066

Campbell, et al. Under Review
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Prevalence using target medications by group and Time

Intervention Control p-value: 

difference by 

time

Target 

Anticholinergics

Pre-intervention 6.2% 6.6% 0.6983

Post-intervention 5.1% 7.4%

Recommended 

Alternatives

Pre-Intervention 14.0% 17.7% 0.1288

Post-intervention 14.8% 19.0%

Campbell, et al. Under Review
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• Process Measures:
• 259 alerts directed towards providers

• 15% opened

• Order changed in 1.2% of all alerts

• NNR = 86

• 276 alerts directed towards MA
• 4.7% confirmed action taken
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Interpretation

• Repeated studies with poor acceptability of recommendations from electronic 
decision support

• Unable to evaluate the combined approach of targeting patients AND providers 
due to low interaction with interventions

• Multiple disciplines can create better nudge techniques to increase acceptability, 
functionality of interventions/solutions
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Performance of EPIC CDS

Topic % Compliant Active Passive

Missing anticoag d/c instructions 90.9 X

Foley cath 24-48 hrs w/out order 64.5 X

No level of care on admit 61.8 X

No ACE/ARB order for BP 12 h after 
admission

21.3 X

Suicide Precautions Rec 20.9 X

Foley without order 20.3 X

Pressure Ulcer on Admit 12.3 X

Suicide Precautions Rec 7.1 X

Swallow Eval Rec 6.3 X

No Code 12 hrs after admission 1.9 X

Foley Cath > 48hrs 1.4 X

NPO x 72 hrs 1.2 X

Valvona, et al. Proc Int Symp Hum 
Fact Erg Health Care 2020
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More design  more evaluation

Abebe, E., Campbell, N. L., Clark, D. O., Tu, W., Hill, J. R., 

Harrington, A. B., ... & Holden, R. J. (2020). Reducing anticholinergic 

medication exposure among older adults using consumer 

technology: Protocol for a randomized clinical trial. Research in 

Social and Administrative Pharmacy.



Take-home lessons

Human-centered design = Making things fit for humans

Multiple disciplines working together create better interventions for humans

Human-centered design and evaluation are ongoing, iterative processes

Human behavior (e.g., uptake) is central to solution efficacy

Engineers need friends in the social sciences and healthcare delivery!

Cornet & Holden, 2018; Cornet et al., 2019, 2020
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Contact Dr. Campbell: 
campbenl@iu.edu


