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Background
The objective assessment of cognitive function is an important component for the
early detection and differential diagnosis of Alzheimer’s disease and dementia.

Near-patient assessments in the clinic, community or at home using digital health
tools can meet requirements of patient characterisation in dementia and facilitate
assessment in a range of resource settings.

Cambridge Neuropsychological Test Automated Battery (CANTAB) is a set of 25
computerised assessments designed to assess cognition across a broad range of
domains relevant to neurological and psychiatric conditions.

Tests from this battery have been integrated into medical device software to assess
and screen for neurological and neurodegenerative disease, including Alzheimer’s
disease and dementia.

These tools have been deployed in the community, primary and secondary health
care settings in relatively resource-rich healthcare settings (primarily UK and US). In
partnership with Eris Lifesciences Limited, we are now investigating this approach in
India.

To support the development of a cognitive screening tool, a first step in this
partnership, is the assessment of healthy participants. Here, we present the
performance of over 4000 healthy participants assessed on CANTAB in various
clinical settings across India. In addition, we contrast performance to that of our
web-based assessment of healthy individuals conducted in 2017, recruiting
participants through Prolific academic, to capture normative performance.

Methods
The study aimed to capture normative performance to support a cognitive screening
tool to be used to characterise a range of neuropsychological disorders in clinics
across India.

Participants were recruited across clinical centres in India. Although CANTAB tests
are language independent; voice-over instructions were translated into 9 Indian
languages to support assessment delivery. Languages available included Hindi,
Bengali, Gujarati, Marathi, Oriya, Kannada, Malayalam, Tamil, Telugu and English.

To best capture normative performance healthy participants were targeted for
recruitment across ages 10 – 90 and across a range of educational attainments.

CANTAB tests including Paired Associates Learning (PAL), Spatial Working Memory
(SWM) and Matching to Sample (MTS) were chosen as they could be delivered as a
short battery in 20 minutes and capture a range of domains including episodic
memory, working memory and executive function, psychomotor speeds and
attention.

The ability of our system to host electronic outcome assessments meant participants
were assessed using Geriatric Depression Scale (GDS-15) to understand participant
mood and asked to self-report their memory performance.

Bayesian generalised linear regression models were used to analyse trends in
normative performance with age, adjusting for gender and education (Dente et al
2018).

To understand the consistency of our assessments across platforms of delivery, we
compared performance to that of our online normative data collection in 2017.

Results
• 4970 participants were assessed on CANTAB between September 2019 and May

2020. 97.8% completion rates across all tests; only 1% did not complete any
CANTAB assessments.

• The participants were aged 10-90 with average age 41.2 years (SD 18.0 years);
highly educated individuals made up a high proportion of the normative sample
(46.1%), although participants also left school aged 18 or before (32.0%) or we
unable to read (21.9%).

• Age-related decline in episodic memory, working memory, psychomotor speeds
and attention were as expected for adults (Table 3).

• Not all domains showed education to be important. Those unable to read
(Education: No) and leaving school before the age of 18 (Education: Low) showed
poorer performance on episodic memory, working memory and attention, relative
to those with undergraduate or higher degrees and equivalent qualifications
(Education: High).

• Executive function performance did not change with age, and showed small
differences between males and females.

• Children showed a trend for increase in performance with age across all measures.

• When comparing the performances trends between this normative collection and
the online normative collection, similar trends in performance occurred by age,
gender and education attainment (Table 4).

• Differences in performance existed between the two collections; participants within
the online assessment performed with lower errors on episodic memory (Figure 1)
and working memory and showed better executive function. This may be
attributed to the selection bias due to recruitment through Prolific academic.

Conclusions
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Tests Completed N (%)
All CANTAB tests and GDS 4860 (97.8)
All CANTAB tests, not GDS 11 (0.2)
At least one CANTAB tests, not GDS 50 (1)
None 49 (1)

Table 1 Completion Status

Participant Characteristic Overall Child Adult
N 4921 371 4550
Age (Mean (SD)) 41.2 (18) 14.7 (2.75) 43.4 (17)
Age range 10-91 10-18 19-91
Gender Male (%) 2616 (53.2) 209 (56.3) 2407 (52.9)
Educational attainment

No education N(%) 1079 (21.9) 48 (12.9) 10331 (22.7)
Low education N(%) 1574 (32) 269 (72.5) 1305 (28.7)
High education N(%) 2268 (46.1) 54 (14.6) 2214 (48.7)

GDS-15
No Concern (< 5) N(%) 2559 (52) 219 (59) 2340 (51.4)

Possible Concern (5-9) N(%) 1780 (36.2) 118 (31.8) 1662 (36.5)
Present Concern (10 or above) N(%) 521 (10.6) 28 (7.5) 493 (10.8)

Unknown 61 (1.2) 6 (1.6) 55 (1.2)
Self-Reported Memory (Median (IQR)) 70 (51 – 90) 77 (54-93) 70 (51 – 89.8)

Table 2 Demographics, Self-reported memory and Mood assessment

Cognitive Domain CANTAB Measure Age Gender: Female Education: Low Education:  No
Working Memory SWMBE468 IRR 95% CI IRR 95% CI IRR 95% CI IRR 95% CI
Adult 1.003 1.002-1.004 1.020 0.988-1.053 1.039 1.000-1.080 1.073 1.027-1.120
Child 0.980 0.959-1.002 1.032 0.914-1.165 - - - -
Executive Function SWMS ! 95%CI ! 95%CI ! 95%CI ! 95%CI

Adult 0.0006 -0.00127-0.00249 0.0694 0.010-0.129 0.068 -0.00249-0.1412 -0.0727 -0.154-0.00967
Child -0.0188 -0.0544-0.0169 0.0682 -0.138-0.270 - - - -
Episodic Memory PALTEA28 OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Adult 1.007 1.006 -1.009 0.969 0.908-1.033 1.237 1.148-1.335 1.516 1.286-1.654
Child 0.993 0.953-1.036 1.041 0.833-1.305 - - - -
Psychomotor

speed

MTSPS82 ! 95% CI ! 95% CI ! 95% CI ! 95% CI

Adult 5.81  2.11-9.55 -216.49 327.15-105.98 124.23 -7.17-257.45 -136.53 -299.85-24.17
Child -11.55 -77.76-55.18 -9.60 -368.76-342.13 - - - -
Attention MTSRCAMD "#$(!) 95%CI "#$(!) 95%CI "#$(!) 95%CI "#$(!) 95%CI

Adult 1.005 1.005-1.006 0.961 0.939-0.984 1.089 1.059-1.120 1.14 1.105-1.177
Child 0.993 0.981-1.006 1.013 0.941-1.088 - - - -

Table 3 Coefficients and 95% Confidence Intervals for generalized linear regressions  for each CANTAB Outcome Measures

Indian 
Cognition 
Study

Online 
Normative
Collection

Cognitive 
Domain

Outcome 
Measure

Age Gender 
(ref male)

Education 
(ref high)
Low

High Age Gender 
(ref male)

Education 
(ref high)
Low

Working Memory SWMBE * - * * * - -
Executive Function SWMS - * - - * * -
Episodic Memory PALTEA * - * * * - *

* statistical significance; - lack of statistical significance 

Table 4 Summary of significant trends observed across Indian Cognition Study and Online 
Normative Collection

Indian Cognition Study : Normative Collection 

Online normative collection

Figure 1 Episodic Memory performance 
in the Indian Cognition Study and Online 

normative collection

• This study presents the normative 
database to support the development 
of a cognitive screening tool in clinics 
across India. 

• This study supports that our 
assessments can be consistently 
delivered across a range of platform 
and delivery settings.

• For effective normative evaluations, the 
recruitment setting is an important 
consideration and supports the 
requirement to develop a project-
specific normative database.
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