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• Alzheimer‘s Disease and Major Depressive Disorder (MDD) are two of the largest

contributors to disease burden worldwide

• Cognitive issues in Mild Cognitive Impairment (MCI) and MDD often initial progression

• Current biomarkers either expensive, invasive, not quickly accessible (e.g., lumbar 

puncture, PET imaging) or lack reliability

• Experimentally probed brain arousal across domains has proven to be reliably

measurable with pupillometry in laboratory (simultaneous fMRI/pupillometry)

• Mobile pupillometry device and measurement needed to make arousal-related cognition 

as biomarker accessible outside laboratory contexts (clinic, practices, home

environments)
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- N-back Task -

Cognitive Assessment
Technical Validation

I. How well does VR pupillometry during 

working memory task work?

→ Construct validity

Research Questions (RQ)

Clinical Validation

IV. Is arousal-related cognition assessed

by pupillometry sensitive enough to

measure varying degrees of cognitive

impairment (from differently affected

cohorts)?

→ Clinical validity

RQ III. & IV.RQ I. & II.

• Testing pupil dynamics in patients over time with the goal to study its qualities

as a digital and place-independent biomarker for monitoring purposes

• Further exploring and improving other mobile pupillometry modalities (e.g., 

smartphone-assessed pupil size, which is ongoing work)

RQ I.

• We have shown that mobile pupillometry offers excellent digital biomarker properties indicated by its

sensitivity to pick-up sensible differences in cognitive load, its high stability in healthy participants

over several months of time and ability to scale/differentiate along cognitive impairment gradients of 

worsening clinical profiles

• We envision mobile pupillometry with its location-independent set-up to eventually guide clinical

decisions

RQ II.

RQ III. & IV.

Linear mixed-effects models demonstrated that

pupil size during experimental contexts

(working memory) as physiological read-out to

be more sensitive in differentiating varying

cognitive load levels.
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All three stability metrics showed very good results: Pearson correlation indicated a consistency in pupil

response magnitude, where as the Spearman rank coefficient showed a stable position within the group and test-

retest reliability was good to excellent according to two-way mixed effects Intraclass Correlation Coefficient (ICC). 

Linear mixed-effects models

showed significant interaction

between cognitive load level

and cognitive impairment cohort

III. Can VR pupillometry be used with

elderly cohorts?

→ Applicability

II. What is the reliability of physiological

(pupil) signal over several months of

time within participants?

→ Intra-participant reliability/stability

NHealthyControls = 43, Mage = 31.7, 27 women
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Clinical Presentation Cohort

Healthy controls
N = 81; Mage = 37.1; 50 women

MDD with few cognitive complaints BeCOME
N = 53 ; Mage = 35.8; 40 women

MDD with strong cognitive complaints Ward 2
N = 23 ; Mage = 66; 10 women

MDD and various dementia types Memory Clinic
N = 13; Mage = 74; 5 women
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***

→ Diminished arousal upregulation with increasing cognitive load and age dependent on impairment cohort/cognitive decline

** ***
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