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Patients with major depressive disorder (MDD) frequently experience cognitive problems such as 

inattention and memory complaints. These are often under-recognized and may affect patients’ 

ability to accurately self-report symptoms. High frequency, near-patient testing may aid 

communication between patients and clinicians by overcoming challenges such as recall bias. 

This study aimed to assess the feasibility, accuracy and acceptability of daily assessments of 

cognition and mood implemented on an Apple Watch in participants with MDD. 

• Thirty participants between 18 and 65 years of age with mild-moderate single or recurrent Major 

Depressive Episode (MDE) prescribed antidepressant monotherapy were enrolled. Inclusion and 

exclusion criteria are shown in Table 1.  

• Brief cognitive (n-back) and mood tests were administered daily through the Cognition Kit 

application on Apple Watch in a single-arm, unblinded, 6-week observational study. 

• Cognitive performance was measured using CANTAB cognitive tests measuring working memory 

(SWM) and attention (RVP)

• Patient-reported measures of depression symptom severity (PHQ-9), social function (UCLA-LS) and 

perceived cognitive difficulties (PDQ) on four occasions. Study visit schedule is  shown in Figure 1. 

• At the first and final visit, a semi-structured interview was carried out assessing subjective motivation 

and barriers to adherence. 

• Near-patient testing using wearable devices is feasible and well-tolerated by patients with depression, with excellent 

compliance achieved.  

• Good correspondence with patient reported outcomes and objective measure was shown, providing a novel, patient-

centric methodology for frequent assessment of a range of symptoms. 

Background 

Methods

Patient Characteristics 

N % Mean SD Min Max

Gender (female) 19/30 63%

Age 30 37.23 10.41 19 63

PHQ-9 30 9.13 3.13 5 15

Comorbid Anxiety 20/30 66.7%

Time on medication (months) 30 9.93 9.47 0.37 94.33

Previous Medication Switch 24/30 80%

Medication Type

SARI 1/30 3.33%

SNRI 5/30 16.67%

SSRI 20/30 66.67%

TCA 4/30 13.33%

Total mood 

score 

Depressed 

Mood

Self-reported 

cognitive 

difficulties

Reduced 

Pleasure

PHQ-9 0.44 0.56 0.68 0.64

PDQ 0.65 0.5 0.68 0.64

UCLA-LS 0.45 0.47 - 0.45

Compliance with daily assessment
Correlation with full-length testing

Results 

Conclusions 

Figure 1: Cognition Kit Study Materials

Table 1: Participant demographic characteristics  

• We assessed the correlation between average Total mood score, 

score on each of the three daily questions and full-length PRO 

measures (Table 3). 

• Total mood score significantly correlated with all three measures   

• All three of the daily questions significantly correlated with PHQ-9 

(Figure 4) and PDQ

• Self-reported cognitive difficulties were not significantly correlated 

with social isolation, indexed by the UCLA-LS

• As expected, participant performance improved over the course 

of the study, with considerable between-subject variance in the 

intercept and slope of the learning curves. Few ceiling effects 

observed in this sample. Figure 4 shows individual participant 

scores and learning trajectories from mixed-effects model. 

• Significant correlations were observed between n-back 

performance and 

• Working Memory capacity (mean d-prime: r= -.46, p=.01; 

intercept: r= -.51, p <0.01)

• Working Memory Strategy (mean d-prime: r= -.37, p= .05; 

Intercept: r= -.40, p= .03). 

• Sustained Attention (mean d-prime: r= .50, p< .01); Intercept: 

r= .47, p= .01). 

• Speed of Processing (mean d-prime: r= .40, p= .03; Intercept: 

r= -.42, p= .02). 

• PHQ-9 score (mean d-prime: r=-.38, p=.04).

• N-back cognitive assessment was completed on 96% of study days. 

• In Week 5, compliance reached 100%, with all study participants 

completing at least one n-back session each day. 

• Individual participant daily compliance is shown in Figure 3. Dark 

squares indicate days with no n-back data. 

• 70% of participants achieved 100% compliance with daily n-back testing.

• Participants could complete up to three n-back sessions per day. The 

median was two. 

• Self-reported mood was available to complete once per day. The overall 

compliance rate was 94.6%. 

• 50% of participants achieved 100% compliance (Figure 2). 

• There was no overall change in severity of depression symptoms over 

the course of the study, measured either through the Cognition Kit 

Apple watch app or PRO measures.  

Figure 3: Individual participant 

cognitive testing compliance by study 

day 

Daily Cognitive Assessment (up to 3 x day)

• The n-back test asked participants to respond by 

touching the watch face when they see a symbol 

which matches one presented two previously (2-

back). 

Daily Mood Assessment (1x day)

• Participants are asked: “How much have the 

following problems bothered you over the past 

day?

• Lack of interest or pleasure in doing things

• Feeling down, depressed or hopeless 

• Trouble concentrating on things (e.g. newspaper, 

TV)”

• Scores are from 1 (no problem) to 4 (greatly) 

scores are summed to produce a Total Mood 

Score. 

Figure 2: Individual participant mood 

testing compliance by study day 
Figure 4: Scatter plot of aggregate daily mood 

assessments with PHQ-9

Table 3: Significant Pearson correlation coefficients between 

daily mood assessments and all full length PRO measures.

Figure 4: Individual participant n-back performance trajectories Performance was modelled using a 

longitudinal mixed effects model with daily average n-back score (d-prime) as response variable, a fixed effect of 

study day and a random effect of participant with random intercept and random slope

Qualitative Insights

Participants completed qualitative entry and exit interviews. 

In the analysis we define compliance as the ability to complete the tasks, 

and motivation as related to people’s interest and willingness to complete 

the tasks.

• All participants were able to complete the study tasks on the Cognition 

Kit Apple Watch App, but some found achieving compliance easier than 

others, depending on how the study sessions fit in with their daily 

routines, moods and lifestyles

• Intrinsic and extrinsic motivators worked together to encourage 

engagement at different stages of the study.

• Participants reported that specific features of the app and device 

contributed to their engagement. 
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