
UC San Diego
UC San Diego Previously Published Works

Title
Clinical value of Alzheimers disease biomarker testing.

Permalink
https://escholarship.org/uc/item/4xd1m5p4

Journal
Alzheimer’s & Dementia: Translational Research & Clinical Interventions, 10(2)

Authors
Patel, Khushbu
Yang, David
Best, John
et al.

Publication Date
2024

DOI
10.1002/trc2.12464
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4xd1m5p4
https://escholarship.org/uc/item/4xd1m5p4#author
https://escholarship.org
http://www.cdlib.org/


Received: 27 July 2023 Revised: 7 February 2024 Accepted: 7 February 2024

DOI: 10.1002/trc2.12464

R E S E A RCH ART I C L E

Clinical value of Alzheimer’s disease biomarker testing

Khushbu J. Patel1 David Yang1 John R. Best2 Colleen Chambers1

Philip E. Lee3,4,5 Alexandre Henri-Bhargava3,6 Clark R. Funnell3,4,5

Dean J. Foti3,4,5 Jacqueline A. Pettersen3,7 HowardH. Feldman8,9,10

Haakon B. Nygaard3,4,5 Ging-Yuek R. Hsiung3,4,5 Mari L. DeMarco1,11

1Department of Pathology and LaboratoryMedicine, University of British Columbia, Vancouver, Canada

2Gerontology Research Centre, Simon Fraser University, Vancouver, Canada

3Division of Neurology, Department ofMedicine, University of British Columbia, Vancouver, Canada

4DjavadMowafaghian Centre for Brain Health, Department ofMedicine, University of British Columbia, Vancouver, Canada

5UBCHospital Clinic for Alzheimer Disease and Related Disorders, University of British Columbia, Vancouver, Canada

6Division ofMedical Sciences, University of Victoria, Victoria, Canada

7Division ofMedical Sciences, University of Northern British Columbia, Prince George, Canada

8Department of Neurosciences, University of California San Diego, San Diego, California, USA

9Alzheimer Disease Cooperative Study, University of California San Diego, San Diego, California, USA

10Alzheimer’s and Related Neurodegenerative Research, University of California San Diego, San Diego, California, USA

11Department of Pathology and LaboratoryMedicine, St. Paul’s Hospital, Providence Health Care, Vancouver, Canada

Correspondence

Mari L. DeMarco, St. Paul’s Hospital, 1081

Burrard Street, Vancouver, V6Z 1Y6, Canada.

Email: mari.demarco@ubc.ca

Funding information

Michael Smith Health Research; Brain Canada;

Health Canada; University of British

Columbia’s Faculty ofMedicine andDjavad

Mowafaghian Centre for Brain Health;

Women’s Brain Health Initiative; St Paul’s

Foundation

Abstract

INTRODUCTION: In the Investigating the Impact of Alzheimer’s Disease Diagnos-

tics in British Columbia (IMPACT-AD BC) study, we aimed to understand how

Alzheimer’s disease (AD) cerebrospinal fluid (CSF) biomarker testing—used in medical

care—impacted medical decision-making (medical utility), personal decision-making

(personal utility), and health system economics.

METHODS: The study was designed as an observational, longitudinal cohort study. A

total of 149 patients were enrolled between February 2019 and July 2021. Patients

referred to memory clinics were approached to participate if their dementia specialist

orderedADCSFbiomarker testing as part of their routinemedical care, and the clinical

scenario met the appropriate use criteria for lumbar puncture and AD CSF biomarker

testing. For themedical utility pillar, detailed clinicalmanagement planswere collected

via physician questionnaires pre- and post-biomarker disclosure.

RESULTS: Patients with completed management questionnaires (n = 142) had a

median age of 64 (interquartile range: 59–69) years, 48% were female, and 60% had

CSF biomarker profiles on the AD continuum. Clinical management changed in 89.4%
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of cases. AD biomarker testing was associated with decreased need for other diag-

nostic procedures, including brain imaging (–52.0%) and detailed neuropsychological

assessments (–63.2%), increased referrals and counseling (57.0%), and guided AD-

related drug prescriptions (+88.4% and –50.0% in biomarker-positive and -negative

cases, respectively).

DISCUSSION: AD biomarker testing was associated with significant and positive

changes in clinical management, including decreased health care resource use, ther-

apy optimization, and increased patient and family member counseling. While certain

changes in management were linked to the AD biomarker profile (e.g., referral to clin-

ical trials), the majority of changes were independent of baseline clinical presentation

and level of cognitive impairment, demonstrating a broad value for AD biomarker

testing in individuals meeting the appropriate use criteria for testing.

KEYWORDS

Alzheimer’s disease, biomarkers, cerebrospinal fluid, clinical decisionmaking, counseling, demen-
tia, diagnosis, drug prescriptions, patient caremanagement, physicians, referral and consultation

1 BACKGROUND

The diagnostic accuracy of the concentration of amyloid-β (Aβ) pep-
tides and tau proteoforms in cerebrospinal fluid (CSF) for the detection

of Alzheimer’s disease (AD) pathology has been well established.1

Additionally, the modest diagnostic performance of clinical diagno-

sis relative to both neuropathological findings (71%–87% sensitivity;

44%–71% specificity)2 and amyloid positron emission tomography

(PET; 63.8% concordance),3 underlines the need for wider implemen-

tation of AD biomarkers in clinical practice. While the diagnostic

performance of CSF biomarkers and amyloid PET is comparable,4–8

within the Canadian health care system only CSF testing is a pragmatic

solution given considerations such as cost effectiveness, resource

availability, and equity.9 However, broad and optimal implementation,

along with long-term sustainability, of this diagnostic service requires

a comprehensive understanding of how AD CSF biomarker testing

impacts clinical management.

Several studies in Europe have documented the change in diagno-

sis and physicians’ diagnostic confidence related to the use of AD CSF

biomarkers;10–14 however, none performed a comprehensive exam-

ination of the downstream changes in clinical management. Those

that captured aspects of clinical management did so in a biased man-

ner (captured after biomarker results were reported) and included

limited aspects of management.12,13 In addition to lacking a compre-

hensive understanding of the medical utility of biomarker testing in

usual medical care, we also lacked confirmation of applicability to the

Canadian health care system—a publicly funded single-payer system

that provides universal coverage for medically necessary services.

To address these knowledge gaps, we sought to investigate the

impact of AD biomarker testing on patient management in the context

of usual medical care provided by memory clinics. In the Investigat-

ing the Impact of Alzheimer’s Disease Diagnostics in British Columbia

(IMPACT-AD BC) study, we examined the impact of CSF testing for

core AD biomarkers on medical decision-making (medical utility),

personal decision-making (personal utility),15 and health system eco-

nomics. Herein, we report the results of the primary and secondary

outcomes for the medical utility arm, which includes comprehensive

assessments of the changes in clinical management (overall, by clini-

cal presentation, andby clinical disease stage) and change in physicians’

diagnosis and diagnostic confidence.

2 METHODS

2.1 Study design

The IMPACT-AD BC study was designed as an observational, longitu-

dinal cohort study assessing the impact of AD CSF biomarker testing

on clinical management, diagnosis, health system use, and patients

and their care partners,15 with outcomes preregistered with Clinical-

Trials.gov (NCT05002699) and following Strengthening the Report-

ing of Observational Studies in Epidemiology (STROBE) guidelines.16

Patients for whom physicians deemed biomarker testing to be medi-

cally appropriate were eligible to participate. This study was approved

by the University of British Columbia and Providence Health Care

Research Institute ethics review board (H17-01339). Dementia spe-

cialists were asked to complete detailed questionnaires before and

after learning the biomarker results (Figure 1).

2.2 Study population

A total of 149 patients were enrolled between February 2019 and

July 2021. Patients referred to memory clinics were approached to

participate if (1) their dementia specialist ordered AD CSF biomarker

testing as part of their routine medical care, and (2) the clinical
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scenario met the appropriate use criteria for lumbar puncture (LP) and

AD CSF biomarker testing.17 A dementia specialist was defined as a

self-identified physician in a specialty practice (e.g., neurology, psychia-

try, geriatricmedicine)whodevotes a substantial proportion (≥25%)of

patient contact time to the evaluation and care of adults with acquired

cognitive impairment or dementia.18 Complete inclusion/exclusion

criteria can be found in the Supporting Information.

2.3 Study procedures

2.3.1 Pre-biomarker management plan

Prior to CSF biomarker analysis, dementia specialists completed a

pre-biomarker management plan questionnaire (see Supporting Infor-

mation) that included demographic data, diagnostic considerations,

physician-rated diagnostic confidence as percentages and likelihood

of the presence of AD pathology on a 10-point scale (1 [“definitely

not present”] to 10 [“definitely present”]), routine clinical exams com-

pleted prior to the LP, and the physician’s intended management plan

assuming CSF biomarker testing was not available.

2.3.2 AD CSF biomarker analysis and disclosure

Collection and processing of CSF samples was performed as part

of medical care and followed validated clinical procedures, includ-

ing CSF collection into validated polypropylene tubes (Rose Scientific,

Cat#17022).19,20 Biomarker analysis, which included Aβ42, Aβ40,
and total tau (t-tau), was performed by St. Paul’s Hospital in Van-

couver, Canada. For the purpose of data analysis only, biomarker

profiles were grouped into two categories, that is, “on the AD con-

tinuum” or “not on the AD continuum” (see Supporting Information

for details).

2.3.3 Post-biomarker management plan

After receiving the biomarker results, dementia specialists repeated

the detailedmanagement questionnaire with the addition of questions

pertaining to their interpretation of the biomarker findings and the dis-

closure discussion with the patient/care partner (Figure 1, Supporting

Information). Physicians were instructed to complete this question-

naire immediately after they disclosed the result to the patient and/or

care partner, or if they deemed disclosurewas not appropriate (e.g., for

safety and/or comprehension reasons), near the point they decided not

to disclose the result.

2.4 Outcome measures

The primary outcome measure was the percentage change between

intended patient management without biomarkers (pre-biomarker

RESEARCH INCONTEXT

1. Systematic review: The use of Alzheimer’s disease (AD)

cerebrospinal fluid (CSF) biomarker testing is known to

increase diagnostic accuracy and physicians’ diagnostic

confidence; however, the downstream effects on clinical

management, in particular when used as part of medical

care, are not well understood.

2. Interpretation: This first-of-its-kind study has provided

a comprehensive understanding of the value of AD

CSF biomarker testing in guiding medical decision-

making. Biomarker testingwas associatedwith significant

and positive changes in clinical management, including

decreased health care resource use, pharmacotherapy

optimization, and increased patient and family member

counseling.

3. Future directions: These findings have important impli-

cations for optimizing positive impacts of biomarker

testing amid the ongoing expansion of dementia-related

biofluid diagnostics and increasing availability/access to

disease-modifying therapeutics. They also demonstrate

the potential for savings in health system costs with the

addition of CSF biomarker testing.

results) and with biomarkers (post-biomarker results) in a composite

measure of at least one of the following domains: (1) AD symptomatic

medications, (2) other dementia-relevant medications, (3) diagnostic

procedures, and (4) referrals and counseling (see Supporting Informa-

tion for details).

The secondary outcome measures included: (1) Changes in clini-

cal management by clinical presentation (typical clinical presentation

of AD vs. atypical clinical presentation of AD vs. non-AD neurode-

generative disorders), (2) Changes in clinical management by clinical

disease stage (mild cognitive impairment [MCI] vs. dementia), and

(3) Percentage change in diagnosis and physician-rated diagnostic

confidence.

2.5 Statistical analyses

For analysis of theprimaryoutcomemeasure, binomial estimatesof the

proportion of change in clinical managementwere calculatedwithWil-

son 95% confidence intervals (CIs) for overall composite and each of

the composite components.

Two exploratory analyses were undertaken. First, the concor-

dance between pre-biomarker diagnosis and AD biomarker profile

was reported as rate of agreement with 95% Wilson CI. Second, the

association between the AD biomarker profile and change in clinical

management was determined using mixed-effects logistic regression

(see Supporting Information for details).
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F IGURE 1 The observational Investigating the Impact of Alzheimer’s Disease Diagnostics in British Columbia (IMPACT-ADBC) study in
relation tomedical care. AD, Alzheimer’s disease; CSF, cerebrospinal fluid.

Additional post hoc analysis examined the change in overall use of

each management domain stratified by the baseline level of cognitive

impairment and AD biomarker profile, as well as the change in primary

diagnosis and diagnostic confidence stratified by biomarker profile.

3 RESULTS

3.1 Patient and physician participants

Of the 149 patient participants enrolled, 142 cases had complete

pre-/post-biomarker management plan questionnaire pairs and were

included in the final analysis (Figure S1). Patients had a median age

of 64 (interquartile range [IQR]: 59–69), 48% were female, and 67%

had partially or fully completed post-secondary education (Table 1,

Table S1). The patient cohort was 80% White, 16% Asian, 2% Indige-

nous, 1.4% Middle Eastern, and 0.7% Black. At baseline, more than

half of the patients hadMCI (55%), AD symptomatic medications were

being prescribed in 28% of cases, and 97% had completed either a

head computed tomography (CT) ormagnetic resonance imaging (MRI)

scan (Table S2). The biomarker profile was consistent with being on

the AD continuum in 60% of cases. For physician participants (see

Table S3 for additional details), the median time between the comple-

tion of the pre-biomarker questionnaire and result disclosure to the

patient/study partner was 15 weeks (IQR 10.0, 28.1) and between the

completion of the pre- and post-biomarker questionnaires, 27 weeks

(IQR 14.9, 43.9).

3.2 Primary outcome measure

3.2.1 Change in clinical management

Overall changes in clinical management due to AD biomarker test-

ing occurred in 89.4% (95% CI: 83.3%–93.5%) of patients (Table 2).

Changes in individual components of the composite score included

64.8% (95%CI: 56.6%–72.2%) for diagnostic procedures (e.g., imaging,

neuropsychological testing, etc.), 57.0% (48.8%–64.9%) for referrals

and counseling, 39.4% (31.8%–47.7%) for use of AD symptomaticmed-

ications, and 19.0% (13.4%–26.3%) for use of other dementia-relevant

medications. Detailed changes for each of these components can be

found in Tables S4–6.

3.3 Secondary outcome measures

3.3.1 Change in diagnostic confidence

Without AD biomarker results, physicians rated the likelihood of AD

pathology to be in the diagnostic gray zone (i.e., 4–7 Likert scale) in

the majority of cases (64.1% [95% CI: 55.9%–71.5%]; Figure 2A). With

biomarker results, the number of cases in this diagnostic gray zone

was reduced to 10.2% (95% CI, 6.2%–16.4%; Figure 2B). With the

use of biomarkers, physician-rated confidence in the primary diagno-

sis increased by 18.0% (95% CI, 15.5%–21.0%, P < 0.001 for paired

Wilcoxon test; Figure S2).
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TABLE 1 Demographic characteristics of the patient participants
in IMPACT-ADBC.

Characteristics

Patients

(n= 142)

Age, median (IQR), years 64 (59–69)

Sex, no. (%)

Male 74 (52)

Female 68 (48)

Racea, no. (%)

White 117 (80)

East Asian 12 (8.2)

Southeast Asian 7 (4.8)

South Asian 5 (3.4)

Indigenous (First Nations, Inuk/Inuit, Métis) 3 (2.0)

Middle Eastern 2 (1.4)

Black or African American 1 (0.7)

Highest level of educationb, no. (%)

Education that ended before high school 5 (3.5)

High school graduation or less 42 (30)

Some post-secondary education 24 (17)

Post-secondary degree/diploma 71 (50)

Cognitive impairment at baseline, no. (%)

Subjective cognitive impairment 8 (5.6)

Mild cognitive impairment 78 (55)

Dementia 56 (39)

Taking AD symptomatic medications at enrolment,

no. (%)

40 (28)

Head CT orMRI scan performed prior to

enrolment, no. (%)

137 (97)

Biomarker profile, no. (%)

AD continuum 85 (60)

Not on AD continuum 57 (40)

Abbreviations: AD, Alzheimer’s disease; CT, computed tomography;

IMPACT-AD BC, Investigating the Impact of Alzheimer’s Disease Diagnos-

tics in British Columbia; IQR, interquartile range; MRI, magnetic resonance

imaging.
aIncludes five individuals identified as Indigenous-White (n= 2), East Asian-

White (n= 2), and East Asian-Southeast Asian (n= 1).
bPost-secondary education includes trade/apprenticeship/community col-

lege, bachelor’s programs, post-graduate programs, and professional

degrees.

3.3.2 Change in diagnosis

Among patients with a pre-biomarker non-AD diagnosis, 35 of 91

(38.5%, 95% CI: 29.1%–48.7%) were changed to AD with the use of

biomarkers, and for those with a pre-biomarker AD diagnosis, 7 of 46

(15.2%, 95% CI: 7.6%–28.2%) were changed to non-AD with the use

of biomarkers. A majority of the non-AD to AD changes occurred in

patients for whom no pathological designation was initially specified

for the cognitive impairment (Figure 2C). Stratification by level of cog-

nitive impairment at baseline (subjective cognitive impairment [SCI] to

TABLE 2 Changes in the composite clinical management plan due
to use of ADCSF biomarkers.

Patients (n= 142)

No. % Change (95%CI)

Primary outcome

Overall change 127 89.4 (83.3–93.5)

Changes by component

AD symptomatic medications 56 39.4 (31.8–47.7)

Other dementia-relevant

medications

27 19.0 (13.4–26.3)

Diagnostic procedures 92 64.8 (56.6–72.2)

Referrals and counseling 81 57.0 (48.8–64.9)

Abbreviations: AD, Alzheimer’s disease; CI, confidence interval; CSF, cere-

brospinal fluid.

dementia) revealed that AD biomarker testing assisted physicians in

ruling in or out AD pathology andmaking a subsequent change in diag-

nosis, regardless of the patients’ baseline level of cognitive impairment

(Figure S3).

3.3.3 Change in clinical management by
presentation and level of impairment

Typical AD versus atypical AD versus other neurodegenerative

disorders versus non-neurodegenerative disorders

AD biomarker testing resulted in substantial changes in management

for all clinical presentation groupings in the following rank order: typi-

cal AD (94.4%), other neurodegenerative diseases (90.8%), atypical AD

(90.0%), and non-neurodegenerative disorders (76.2%; Table S7). For

all presentation groupings, the use of additional diagnostic procedures

was the most commonly changed management domain, followed by

referrals and counseling.

SCI versus MCI versus dementia

The overall change in post-biomarker clinical management was great-

est in patients with dementia at baseline (94.6%), followed by MCI

(88.5%) and SCI (62.5%; Table S8). Change in the use of additional

diagnostic procedures, closely followed by changes in referrals and

counseling, were the most common management domain changes in

MCI (65.4% and 56.4%, respectively) and dementia (67.9% and 57.1%,

respectively). Despite the small sample of patients with SCI, a similar

pattern was observed, albeit with referrals and counseling being the

most common change, followed by diagnostic procedures (62.5% and

37.5%, respectively).

3.4 Exploratory analyses

3.4.1 Concordance between pre-biomarker
diagnosis and biomarker profile

The biomarker profile, that is, on or not on the AD continuum,

was concordant in 36 of 47 patients (76.6%, 95% CI: 62.8%–86.4%)
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F IGURE 2 Changes in physicians’ rating of the likelihood of the absence/presence of AD pathology and primary diagnosis as a result of the use
of AD cerebrospinal fluid biomarkers. A and B, Likelihood of the absence/presence of AD pathology was rated on a scale of 1 (“definitely not
present”) to 10 (“definitely present”). C, Connectionmap of the primary working diagnosis by case for the entire cohort. No pathological
designation refers to cases in which the physician did not specify a diagnosis beyond subjective cognitive impairment, mild cognitive impairment,
or dementia; Other ND refers to cases in which a suspected primary neurodegenerative disorder, other than AD, was specified (e.g.,
frontotemporal dementia, dementia with Lewy bodies, etc.); Other NC refers to cases in which a neurological condition, not including
neurodegenerative disorders, was the suspected primary pathology (e.g., psychiatric disorder, traumatic brain injury, etc.). AD, Alzheimer’s disease
pathology; Other ND, other neurodegenerative disorders; Other NC, other neurological conditions.

with a pre-biomarker AD diagnosis, and 46 of 95 patients (48.4%,

95% CI: 38.6%–58.3%) with a pre-biomarker non-AD diagnosis,

respectively.

3.4.2 Interactions

Logistic regression analyses adjusted for age and sex revealed an inter-

action between pre-biomarker diagnosis and AD CSF biomarkers on

change in the use of AD symptomatic medications (Figure S4A; χ2 for
interaction = 8.59, P = 0.003). Among patients with a pre-biomarker

non-AD diagnosis, a biomarker profile on the AD continuum was asso-

ciated with increased probability of a change in AD medication use

(62%, standard error [SE] = 7%) compared to a biomarker result

not on the AD continuum (11%, SE = 5%; P < 0.001 for compari-

son). This change in probability was not observed for patients with a

pre-biomarker AD diagnosis (P = 0.94 for comparison). Similarly, an

interaction between pre-biomarker diagnosis and the AD biomarker

profile was not observed for other domains of clinical management

(Figure S4B–E).

3.5 Post hoc analysis

3.5.1 Changes in clinical management by AD
biomarker profile

The use of AD symptomatic medications (i.e., cholinesterase inhibitors

and memantine) was substantially increased for individuals with

biomarker profiles on the AD continuum and decreased for those not

on the AD continuum (+88.4% and −50.0%, respectively; Figure 3A).

Cholinesterase inhibitors were the most commonly prescribed symp-

tomatic medication, and their use was increased by 54.5% based on

the use of AD biomarker testing (Table S4, Figure S5A). Only modest

increases were noted for other dementia-relevant medications (Figure

S5B), and these increases were independent of the biomarker pro-

file (Figure 3B). These findings were found to be consistent across all

clinical disease stages (Figure S6A and S6B).

The reliance on diagnostic procedures was substantially reduced,

irrespective of the AD biomarker profile (Figure 3C). The greatest

reductions were observed for detailed neuropsychological assess-

ments (−63.2%) and imaging procedures (−52.0%; Figure 4). Among

the imagingmodalities, decreased use ofMRI (−44.4%), CT (−100.0%),

single-photon emission computerized tomography (SPECT; −76.9%),

and 18F-fludeoxyglucose-PET (FDG-PET; −75.7%) were noted after

the use of AD biomarker testing (Figure 4). Detailed changes in the

use of diagnostic procedures, including biofluid testing, are provided in

Table S5.

The use of AD biomarker testing resulted in increased referrals

to clinical trials (+166.7% and +42.9% for AD and non-AD trials,

respectively), and increased physician-initiated counseling regarding

caregiver and family support services (+54.9%) and long-term care

counseling (+58.3%) (Figure 3D, Figure 4, Table S6).

3.5.2 Changes in diagnosis and diagnostic
confidence by AD biomarker profile

For individuals with biomarker profiles on the AD continuum there

was an increase in a diagnosis of AD with the use of biomarkers

(42.4% [95% CI: 32.4%–53.0%] to 80.0% [95% CI: 70.3%–87.1%]),

and a decrease for those not on the continuum (19.2% [95% CI:
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F IGURE 3 Changes in the individual clinical management domains by AD cerebrospinal biomarker profile for (A) AD symptomatic
medications, (B) other dementia-relevant medications, (C) additional diagnostic procedures, and (D) referrals or counseling. AD, Alzheimer’s
disease

10.8%–31.9%] to 11.5% (95% CI, 5.4%–23.0%]; Figure S7A). Cor-

respondingly, a significant increase was noted in confidence in the

primary diagnosis, irrespective of the biomarker profile (P < 0.001

pairedWilcoxon test, Figure S7B).

4 DISCUSSION

In this observational, longitudinal study of the impact of AD CSF

biomarkers used in medical care, biomarker testing significantly

altered clinical management, increased certainty in the pres-

ence/absence of AD pathology, and increased diagnostic confidence.

AD biomarker testing substantially reduced physicians’ need for

additional costly diagnostic procedures, guided the prescription of AD

symptomatic medications and referral to clinical trials, and increased

counseling, in particular regarding long-term care and community

support services.While certain changes inmanagement were linked to

the AD biomarker profile (e.g., use in AD symptomatic medications and

referral to clinical trials), most changes were independent of baseline

clinical presentation and level of cognitive impairment, demonstrating

a broad value for AD biomarker testing in individuals meeting the

appropriate use criteria for testing.

Of the four domains examined, the greatest change was in the

diagnostic procedure domain in which an overall decrease in use

was observed. With increased confidence in the diagnosis, there was

decreased need to perform additional/follow-up testing, such as a

repeat head CT/MRI to identify/monitor progression of neurodegen-

eration, reflecting a change in perceived utility of the information

arising from imaging in the context of the availability of AD biomarker

information. The decrease was independent of the patients’ base-

line clinical presentation or level of cognitive impairment. From the

health system perspective, the decreased reliance on imaging is antic-

ipated to be highly impactful due to procedure costs and, in many

countries, resource scarcity.21 In Canada, for example, medical imag-

ing is a system stress point where timely access is a well-documented

and ongoing challenge.22,23 This study investigated clinical manage-

ment decisions up to 1 year post-biomarker testing, thus these

findings may have compounding effects over the patients’ ongoing

medical care.

The reduction in the need for detailed neuropsychological assess-

ment was highlighted by study physicians as being of high value to

patients. Patients often experience significant stress and anxiety about

having to undergo a detailed neuropsychological assessment, which

in addition to the negative emotional impact, can negatively impact

performance on cognitive testing.24 As with imaging, detailed neu-

ropsychological assessments are time-consuming, costly, and have long

wait times,22,25,26 and thus thehealth system, in addition to thepatient,

may benefit from a reduction in reliance on testing.

The domain with the second greatest change in management was

referrals and counseling. For counseling, there was an increase in

counseling across all categories examined, irrespective of biomarker

profile. This was likely a result of increased diagnostic confidence,

which enabled the communication of more specific recommendations

to patients and their care partners (e.g., connecting with commu-

nity programs and support groups). For referrals, the overall increase

was largely driven by referrals to clinical trials for those with an AD

biomarker signature; however, biomarker testing increased appropri-

ate clinical trial referrals for both AD and non-AD trials. While there
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F IGURE 4 Change in resource use for diagnostic procedures, referrals, and counseling after the use of AD cerebrospinal fluid biomarker
testing. AD, Alzheimer’s disease; APOE, apolipoprotein E; CT, computer tomography; EEG, electroencephalogram; FDG-PET,
18F-fludeoxyglucose-positron emission tomography; LP, lumbar puncture; MRI, magnetic resonance imaging; SPECT, single-photon emission
computed tomography
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is regulatory approval in some countries for the use of AD disease-

modifying therapies (DMTs), many countries either do not yet have

approval (as is the case in Canada) or do not have a facile reimburse-

ment program for patients to access therapies.27–30 For many, current

access to DMTs remains tied to research (e.g., clinical trial or registry),

for which timely diagnosis is critical given the focus on intervention

early in the symptomatic phase of disease.31 Delayed diagnosis could

result in loss of opportunity to access a DMT (e.g., trial exclusion

based on disease severity), or the potential for decreased efficacy if

not started at the optimal time.31 Compared to symptomatic thera-

pies that have potential benefits in non-AD dementias,32,33 an even

tighter relationship between AD biomarker profile and DMT prescrip-

tions is expected. Taken together, the pharmacotherapy findings herein

demonstrate the value in AD biomarker testing in both optimizing AD

symptomatic therapies and guiding timely access to DMTs.

To our knowledge, this is the first observational study to examine

the impact of AD CSF biomarker testing used in medical care. Another

strength was the collection of detailed, comprehensive, and longitu-

dinal clinical management plans, which enabled detailed reporting of

the downstream effects of biomarker use. As an observational study

meant to capture the intended population for testing in Canada dur-

ing the time frame of this study, we purposefully did not set enrollment

targets by any characteristics such as age, race, baseline diagnosis, or

disease severity. Notably, the patient cohort closely reflected both the

racial composition of the Canadian population (which is 74% White,

17% Asian, 5% Indigenous, and 4% other34) and the educational level

of Canadians over the age of 55 (of whom 53% have completed post-

secondary education35). A downside of this enrollment approach was

the small number of participants with SCI, which limited our ability to

interrogate differences in management for this group relative to the

MCI group.

Another limitation of this study included the time elapsed between

the pre-biomarker management plan and both the disclosure visit and

completion of the post-biomarker management plan. The observed

intervals were well within the usual follow-up visit time of 26 to 52

weeks for these specialty clinics, but this is a noted limitation of the

observational study design in which there is the potential confounder

of disease progression. Physicians would have documented their man-

agement plans in the clinical record in a timely manner after the result

disclosure visit, and used this resource to complete the post-biomarker

questionnaire when they had available time.

We attempted to reduce, where possible, the two key considera-

tions for bias in an observational cohort study, that is, selection bias

from either subject recruitment or rates of participation. For patient

participants, we aimed to reduce these potential biases through non-

targeted enrolment as described earlier and facile study participation,

requiring no study-specific visits or activities. This study design led

to a cohort whose sociodemographics were similar to the Canadian

older adult population. For physician participants, we enrolled from

three diverse geographical catchments (Northern British Columbia,

Vancouver Island, and the Lower Mainland), which serve a wide range

of patients from rural/remote to metropolitan areas. Physician partic-

ipation was affected by the limited number of memory clinics in the

province and from the substantial time requirements for questionnaire

completion. In interpreting and applying the findings herein, charac-

teristics of the physicians and patients who participated in this study

should be carefully considered. The physicians were experts in demen-

tia care, worked in specialized memory clinics (i.e., high prevalence

AD setting, with likely higher proportion of young-onset dementia

and atypical presentations compared to non-specialized practice), and

were familiar with the use and interpretation of AD CSF biomarkers

prior to this study (primarily through interventional trials and continu-

ing education activities). The patients for their part had navigated the

health care system to the point of being referred for specialist care,

and had the benefit of being counseled by an expert in AD biomark-

ers. Even at this relatively late stage in the patients’ medical journey,

we observed substantial changes in clinical management, including

optimization of care and health care resource use. Thus, biomarker

implementation at an earlier stage of care (e.g., CSF testing by special-

ists in more general practice) has the potential to amplify the benefits

observed herein and is an opportunity for further examination. In the

related reporting of the personal utility outcomes of this study, the

characteristics of the patient–physician dyad, translatability to other

dyads and contexts, are further discussed.15

In summary, this study has revealed via empirical evidence that AD

biomarker testing changes patient management and optimizes use of

health system resources. This is accomplished by biomarker testing

increasing appropriate use of resources (e.g., increased prescription

of AD medications for persons with AD pathology and increased tar-

geted counseling) and by decreasing the need for other diagnostic

testingmodalities (e.g., decreasedneed for repeat head imaging). These

findings have important implications for optimizing positive impacts

of biomarker testing amid the ongoing expansion of dementia-related

biofluid diagnostics and increasing availability/access to DMTs.

ACKNOWLEDGMENTS

The authors thank all IMPACT-AD BC study participants including

physicians, patients, and their care partners as without their con-

tributions this work would not be possible. MLD is the recipient

of the Michael Smith Health Research (MSHR) Scholar Award and

acknowledges grant funding from Brain Canada through the Canada

Brain Research Fund with the financial support of Health Canada,

MSHR, University of British Columbia’s Faculty of Medicine and the

Djavad Mowafaghian Centre for Brain Health, Women’s Brain Health

Initiative, and the St Paul’s Foundation.

CONFLICT OF INTEREST STATEMENT

DY, JRB, CC, and CRF declare no conflicts of interest. Outside of the

submitted work, the authors report the following disclosures. KJP

reports speaker fees from Roche. PEL reports payment from Eli Lilly

for presentation at an advisory board, and participation on an advi-

sory board for Eisai. AHB reports grant funding from Green Valley

(Shanghai), Intelgenx, ANAVEX, Cerevel, CABHI, and Victoria Hospi-

tals Foundation; grant funding and personal fees from NovoNordisk

and Roche; personal fees from Boehringer Ingelheim, Cowan Confer-

ence, andWestCoast Conference on Aging. DJF serves on the board of



10 of 11 PATEL ET AL.

directors of the Canadians for Leading Edge Alzheimer Research

(CLEAR) foundation. JAP reports an honorarium from Eisai for par-

ticipation in a scientific advisory board meeting. HHF reports grant

funding from Annovis, Vivoryon, AC Immune, Biohaven Pharmaceuti-

cals, and LuMind; consulting with all payments made to the University

of California San Diego (UCSD) with LuMind, Axon Neuroscience,

Genentech, Roche/Banner, Tau Consortium, Biosplice Therapeutics,

Novo Nordisk, Janssen Research & Development, and Arrowhead

Pharmaceuticals; an issued patent with royalties paid (Detecting and

Treating Dementia, PCT/US2007/07008); and a philanthropic dona-

tion to UCSD from the Epstein Family Alzheimer’s Disease Collabo-

ration. HBN reports consulting for Roche. GRH reports grant funding

fromBiogen, Roche, Cassava Sciences, and Eisai; consulting for Biogen,

Roche, Novo Nordisk, Eisai, and Eli Lilly; GRH serves as President of

the Consortium of Canadian Centres for Clinical Cognitive Research.

MLD reports consulting for Siemens and Eisai, and consulting and

lecturing fees from Roche. Author disclosures are available in the

Supporting Information.

CONSENT STATEMENT

Patient and physician participants in the IMPACT-AD BC study pro-

vided informedwritten consent to participate in the study. In instances

where the patients’ cognitive symptoms had advanced to a stage

that affected their decision-making capacity, their substitute decision-

maker provided informed written consent. The participants of this

study did not give written consent for their data to be shared publicly,

so due to the sensitive nature of the research supporting data are not

available. The analysis code is available upon request.

ORCID

DavidYang https://orcid.org/0000-0002-9217-4846

JohnR. Best https://orcid.org/0000-0001-5775-7053

JacquelineA. Pettersen https://orcid.org/0000-0001-7232-7377

HowardH. Feldman https://orcid.org/0000-0002-9258-4538

HaakonB.Nygaard https://orcid.org/0000-0001-5085-4723

Ging-YuekR.Hsiung https://orcid.org/0000-0002-8017-0856

Mari L.DeMarco https://orcid.org/0000-0001-9281-9547

REFERENCES

1. Jack CR, Jr., Bennett DA, Blennow K, et al. NIA-AA research frame-

work: toward a biological definition of Alzheimer’s disease. Alzheimers
Dement. 2018;14(4):535-562. doi:10.1016/j.jalz.2018.02.018

2. Beach TG, Monsell SE, Phillips LE, Kukull W. Accuracy of the clin-

ical diagnosis of Alzheimer disease at National Institute on Aging

Alzheimer Disease Centers, 2005-2010. J Neuropathol Exp Neurol.
2012;71(4):266-273. doi:10.1097/NEN.0b013e31824b211b

3. Rabinovici GD, Gatsonis C, Apgar C, et al. Association of amyloid

positronemission tomographywith subsequent change in clinicalman-

agement among medicare beneficiaries with mild cognitive impair-

ment or dementia. JAMA. 2019;321(13):1286-1294. doi:10.1001/
jama.2019.2000

4. Landau SM, LuM, Joshi AD, et al. Comparing positron emission tomog-

raphy imagingandcerebrospinal fluidmeasurementsofβ-amyloid.Ann
Neurol. 2013;74(6):826-836. doi:10.1002/ana.23908

5. Zwan M, van Harten A, Ossenkoppele R, et al. Concordance between

cerebrospinal fluid biomarkers and [11C]PIB PET in a memory

clinic cohort. J Alzheimers Dis. 2014;41(3):801-807. doi:10.3233/jad-
132561

6. Palmqvist S, Zetterberg H, BlennowK, et al. Accuracy of brain amyloid

detection in clinical practice using cerebrospinal fluid β-amyloid 42: a

cross-validation study against amyloid positron emission tomography.

JAMANeurol. 2014;71(10):1282-1289. doi:10.1001/jamaneurol.2014.

1358

7. Mattsson N, Insel PS, Donohue M, et al. Independent informa-

tion from cerebrospinal fluid amyloid-β and florbetapir imaging in

Alzheimer’s disease. Brain. 2014;138(3):772-783. doi:10.1093/brain/
awu367

8. Palmqvist S, Mattsson N, HanssonO, Initiative ftAsDN. Cerebrospinal

fluid analysis detects cerebral amyloid-β accumulation earlier than

positron emission tomography. Brain. 2016;139(4):1226-1236. doi:10.
1093/brain/aww015

9. Liu JL,Hlavka JP, CoulterDT, Baxi SM,Mattke S,Gidengil CA.Assessing
the Preparedness of the Canadian Health Care System Infrastructure for an
Alzheimer’s Treatment. RANDCorporation; 2019.

10. Kester MI, Boelaarts L, Bouwman FH, et al. Diagnostic impact of CSF

biomarkers in a local hospital memory clinic. Dement Geriatr Cogn
Disord. 2010;29(6):491-497. doi:10.1159/000313534

11. Mouton-Liger F, Wallon D, Troussiere AC, et al. Impact of cerebro-

spinal fluid biomarkers of Alzheimer’s disease in clinical practice:

a multicentric study. J Neurol. 2014;261(1):144-151. doi:10.1007/
s00415-013-7160-3

12. Duits FH, Prins ND, Lemstra AW, et al. Diagnostic impact of CSF

biomarkers for Alzheimer’s disease in a tertiary memory clinic.

Alzheimers Dement. 2015;11(5):523-532. doi:10.1016/j.jalz.2014.05.
1753

13. Cognat E, Mouton Liger F, Troussière AC, et al. What is the clini-

cal impact of cerebrospinal fluid biomarkers on final diagnosis and

management in patients with mild cognitive impairment in clin-

ical practice? Results from a nation-wide prospective survey in

France. BMJ Open. 2019;9(5):e026380. doi:10.1136/bmjopen-2018-

026380

14. Boelaarts L, de Jonghe JFM, Scheltens P. Diagnostic impact of CSF

biomarkers in a local hospital memory clinic revisited. Dement Geriatr
Cogn Disord. 2020;49(1):2-7. doi:10.1159/000506332

15. Patel KJ, Yang D, Feldman HH, et al. Personal value of Alzheimer’s dis-

ease biomarker testing and result disclosure from the patient and care

partner perspective. Alzheimers Dement. 2024; in press. doi:10.1002/

trc2.12463

16. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,

Vandenbroucke JP. The Strengthening the Reporting of Obser-

vational Studies in Epidemiology (STROBE) statement: guidelines

for reporting observational studies. PLoS Med. 2007;4(10):e296.

doi:10.1371/journal.pmed.0040296

17. Shaw LM, Arias J, Blennow K, et al. Appropriate use criteria for

lumbar puncture and cerebrospinal fluid testing in the diagnosis

of Alzheimer’s disease. Alzheimers Dement. 2018;14(11):1505-1521.
doi:10.1016/j.jalz.2018.07.220

18. Johnson KA, Minoshima S, Bohnen NI, et al. Update on appropriate

use criteria for amyloid PET imaging: dementia experts, mild cogni-

tive impairment, and education. J Nucl Med. 2013;54(7):1011-1013.
doi:10.2967/jnumed.113.127068

19. DeMarco ML, Nguyen Q, Fok A, Hsiung GR, van der Gugten JG.

An automated clinical mass spectrometric method for identification

and quantification of variant and wild-type amyloid-β 1-40 and 1-42

peptides in CSF. Alzheimers Dement. 2020;12(1):e12036. doi:10.1002/
dad2.12036

20. ForgraveLM, vanderGugten JG,NguyenQ,DeMarcoML. Establishing

pre-analytical requirements and maximizing peptide recovery in the

analytical phase for mass spectrometric quantification of amyloid-β
peptides 1-42 and 1-40 in CSF. Clin Chem Lab Med. 2022;60(2):198-
206. doi:10.1515/cclm-2021-0549

https://orcid.org/0000-0002-9217-4846
https://orcid.org/0000-0002-9217-4846
https://orcid.org/0000-0001-5775-7053
https://orcid.org/0000-0001-5775-7053
https://orcid.org/0000-0001-7232-7377
https://orcid.org/0000-0001-7232-7377
https://orcid.org/0000-0002-9258-4538
https://orcid.org/0000-0002-9258-4538
https://orcid.org/0000-0001-5085-4723
https://orcid.org/0000-0001-5085-4723
https://orcid.org/0000-0002-8017-0856
https://orcid.org/0000-0002-8017-0856
https://orcid.org/0000-0001-9281-9547
https://orcid.org/0000-0001-9281-9547
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1097/NEN.0b013e31824b211b
https://doi.org/10.1001/jama.2019.2000
https://doi.org/10.1001/jama.2019.2000
https://doi.org/10.1002/ana.23908
https://doi.org/10.3233/jad-132561
https://doi.org/10.3233/jad-132561
https://doi.org/10.1001/jamaneurol.2014.1358
https://doi.org/10.1001/jamaneurol.2014.1358
https://doi.org/10.1093/brain/awu367
https://doi.org/10.1093/brain/awu367
https://doi.org/10.1093/brain/aww015
https://doi.org/10.1093/brain/aww015
https://doi.org/10.1159/000313534
https://doi.org/10.1007/s00415-013-7160-3
https://doi.org/10.1007/s00415-013-7160-3
https://doi.org/10.1016/j.jalz.2014.05.1753
https://doi.org/10.1016/j.jalz.2014.05.1753
https://doi.org/10.1136/bmjopen-2018-026380
https://doi.org/10.1136/bmjopen-2018-026380
https://doi.org/10.1159/000506332
https://doi.org/10.1002/trc2.12463
https://doi.org/10.1002/trc2.12463
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1016/j.jalz.2018.07.220
https://doi.org/10.2967/jnumed.113.127068
https://doi.org/10.1002/dad2.12036
https://doi.org/10.1002/dad2.12036
https://doi.org/10.1515/cclm-2021-0549


PATEL ET AL. 11 of 11

21. Gauthier S, Rosa-NetoP,Morais JA,WebsterC.WorldAlzheimer Report
2021: Journey through the diagnosis of dementia. Alzheimer’s Disease

International; 2021.

22. SutherlandG, Russell N, Gibbard R, Dobrescu A. The Value of Radiology,
Part II. The Conference Board of Canada; 2019.

23. MoirM,BaruaB.WaitingYour Turn:Wait Times forHealthCare inCanada,
2022 Report. Fraser Institute; 2022.

24. Dorenkamp MA, Vik PW. Neuropsychological assessment anxiety: a

systematic review. Prac Innovat. 2018;3:192-211.
25. Teng EL, Manly JJ. Neuropsychological testing: helpful or harmful?

Alzheimer Dis Assoc Disord. 2005;19(4):267-271. doi:10.1097/01.wad.
0000190805.13126.8e

26. Donovan H, Ellis E, Cole L, Townsend E, Cases A. Reducing time to

complete neuropsychological assessments within a memory assess-

ment service and evaluating the wider impact. BMJ Open Qual.
2020;9(3):e000767. doi:10.1136/bmjoq-2019-000767

27. United States Food and Drug Administration. FDA grants accelerated

approval for Alzheimer’s drug. FDA. Updated June 7, 2021. Accessed

December 8, 2022. https://www.fda.gov/news-events/press-

announcements/fda-grants-accelerated-approval-alzheimers-drug

28. United States Food and Drug Administration. FDA grants accelerated

approval for Alzheimer’s disease treatment. FDA. Updated January

06, 2023. Accessed March 26, 2023. https://www.fda.gov/news-

events/press-announcements/fda-grants-accelerated-approval-

alzheimers-disease-treatment

29. Cummings J, Aisen P, Apostolova LG, Atri A, Salloway S, Weiner M.

Aducanumab: appropriate use recommendations. J PrevAlzheimersDis.
2021;8(4):398-410. doi:10.14283/jpad.2021.41

30. CMS announces plan to ensure availability of new Alzheimer’s drugs

[press release]. Released June 1, 2023. Accessed August 15, 2023.

https://www.cms.gov/newsroom/press-releases/cms-announces-

plan-ensure-availability-new-alzheimers-drugs

31. StruyfsH,VanBroeckB, TimmersM, et al. Diagnostic accuracy of cere-

brospinal fluid amyloid-β isoforms for early and differential demen-

tia diagnosis. J Alzheimers Dis. 2015;45(3):813-822. doi:10.3233/
jad-141986

32. Wang HF, Yu JT, Tang SW, et al. Efficacy and safety of cholinesterase

inhibitors and memantine in cognitive impairment in Parkinson’s dis-

ease, Parkinson’s disease dementia, and dementia with Lewy bodies:

systematic review with meta-analysis and trial sequential analysis. J
Neurol Neurosurg Psychiatry. 2015;86(2):135-143. doi:10.1136/jnnp-
2014-307659

33. Kavirajan H, Schneider LS. Efficacy and adverse effects of

cholinesterase inhibitors and memantine in vascular dementia:

a meta-analysis of randomised controlled trials. Lancet Neurol.
2007;6(9):782-792. doi:10.1016/S1474-4422(07)70195-3

34. Statistics Canada. 2023. Census Profile. 2021 Census of Popu-

lation. Statistics Canada Catalogue number 98-316-X2021001.

Ottawa. Released November 15, 2023. Accessed August 15,

2023. https://www12.statcan.gc.ca/census-recensement/2021/dp-

pd/prof/index.cfm?Lang=E

35. Statistics Canada. Table 37-10-0130-01Educational attainment of the

population aged 25 to 64, by age group and sex, Organisation for Eco-

nomicCo-operation andDevelopment (OECD), Canada, provinces and

territories. Accessed August 21, 2023. doi:10.25318/3710013001-

eng

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Patel KJ, YangD, Best JR, et al. Clinical

value of Alzheimer’s disease biomarker testing. Alzheimer’s

Dement. 2024;10:e12464. https://doi.org/10.1002/trc2.12464

https://doi.org/10.1097/01.wad.0000190805.13126.8e
https://doi.org/10.1097/01.wad.0000190805.13126.8e
https://doi.org/10.1136/bmjoq-2019-000767
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-drug
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-drug
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://doi.org/10.14283/jpad.2021.41
https://www.cms.gov/newsroom/press-releases/cms-announces-plan-ensure-availability-new-alzheimers-drugs
https://www.cms.gov/newsroom/press-releases/cms-announces-plan-ensure-availability-new-alzheimers-drugs
https://doi.org/10.3233/jad-141986
https://doi.org/10.3233/jad-141986
https://doi.org/10.1136/jnnp-2014-307659
https://doi.org/10.1136/jnnp-2014-307659
https://doi.org/10.1016/S1474-4422(07)70195-3
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/prof/index.cfm?Lang=E
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/prof/index.cfm?Lang=E
https://doi.org/10.25318/3710013001-eng
https://doi.org/10.25318/3710013001-eng
https://doi.org/10.1002/trc2.12464

	Clinical value of Alzheimer’s disease biomarker testing
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study design
	2.2 | Study population
	2.3 | Study procedures
	2.3.1 | Pre-biomarker management plan
	2.3.2 | AD CSF biomarker analysis and disclosure
	2.3.3 | Post-biomarker management plan

	2.4 | Outcome measures
	2.5 | Statistical analyses

	3 | RESULTS
	3.1 | Patient and physician participants
	3.2 | Primary outcome measure
	3.2.1 | Change in clinical management

	3.3 | Secondary outcome measures
	3.3.1 | Change in diagnostic confidence
	3.3.2 | Change in diagnosis
	3.3.3 | Change in clinical management by presentation and level of impairment

	3.4 | Exploratory analyses
	3.4.1 | Concordance between pre-biomarker diagnosis and biomarker profile
	3.4.2 | Interactions

	3.5 | Post hoc analysis
	3.5.1 | Changes in clinical management by AD biomarker profile
	3.5.2 | Changes in diagnosis and diagnostic confidence by AD biomarker profile


	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




