
Performance on n-back 
task (mean d-prime) shown 
on the y axis, study day on 
x axis, learning slope and 
intercept shown in colour 
for each participant.  
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.
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Patients with major depressive disorder (MDD) frequently experience cognitive 
problems such as inattention and memory complaints (Porter et al., 2007; 
Hammar & Ardal, 2009). These are often under-recognized and may affect patients’ 
ability to accurately self-report symptoms (Baune et al., 2010; Gupta et al., 2013). 
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. 

Participants: Thirty adults age 19-63 with mild to moderate single or recurrent 
Major Depressive Episode prescribed antidepressant monotherapy were 
enrolled (baseline characteristics in table 1).

Daily assessments: Brief cognitive (n-back) and mood assessments were 
administered through the Cognition Kit application on Apple Watch in a 
single-arm, 6-week observational study (Figure 1). 

• Near-patient testing using wearable devices is feasible and well-tolerated by patients with depression, 
with good-to-excellent compliance achieved.  

• Moderate correlations with patient reported outcomes and objective measure was shown, providing 
a novel, patient-centric methodology for frequent assessment of a range of symptoms. 

• Replication in larger sample is required
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Total 
mood 
score 

Daily question items

Feeling down, 
depressed, 

hopeless

Trouble 
concentrating

on things

Lack of 
interest or
pleasure

PHQ-9 0.69 0.56 0.69 0.70

PDQ 0.65 0.50 0.68 0.64

UCLA-LS 0.45a 0.47 - 0.45a

Compliance with daily assessment

Correlations with full-length assessments
Results 

Conclusions 

Correlations with daily mood

Table 3 shows correlations between mean daily mood reports (Total mood 
score, and three daily question items) with patient reported outcomes (PRO). 
• Total mood score showed moderate to high correlations with all 

PRO measures, and all daily question items significantly correlated 
with depression symptom severity (PHQ-9; Figure 4) and perceived 
cognitive difficulties (PDQ).

• Daily reported trouble concentrating were not significantly correlated 
with social isolation, indexed by the UCLA-LS

Daily cognitive assessments:
• Participants completed up to three n-back sessions per day.

A median of two assessments were completed daily
• 70% of participants achieved 100% compliance. 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 daily. 

Daily mood assessments:
• Self-reported mood was available to complete once per day.
• 50% of participants achieved 100% compliance, completing 

all assessments. overall compliance  was 94.6%. 
• There was no significant 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 1: Cognition Kit Study Materials 

Daily Cognitive Assessment (up to 3 × 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). 
• Average daily n-back score (d-prime) was obtained.

Daily Mood Assessment (1 × 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 for individual items are from 1 (no problem) to 4 (greatly) 
• Scores are summed to produce a Total Mood Score. 

all p<0.01, except ap<0.05

Qualitative Insights
Participants completed qualitative entry and exit interviews. 
• Some found participants 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 their own mood directly impacted on motivation and compliance, 
and that it was easier to complete tasks in private environments. Many reported that completing daily 
cognition and mood tasks became a daily challenge that contributed to a sense of achievement.

• Participants reported that specific features of the app and device contributed to their engagement, 
many found the Apple Watch itself to be a motivating factor.

N % Mean SD Min Max

Gender (female) 19/30 63%

Age 30 37.2 10.4 19 63

Depression symptoms severity (PHQ-9) 30 9.1 3.1 5 15

Comorbid Anxiety 20/30 66.7%

Time on medication (months) 30 9.9 9.5 0.4 94.3

Previous Antidepressant Medication Switch 24/30 80%

Medication Type N (%)

Serotonin antagonist and reuptake inhibitor (SARI)
Serotonin and norepinephrine reuptake inhibitor (SNRI)
Selective serotonin reuptake inhibitory (SSRI)
Tricyclic antidepressants (TCA)

1/30
5/30
20/30 
4/30

3.3%
16.7%
66.7%
13.3%

Table 1: Participant demographic characteristics at baseline 

Compliance results are shown in Figure 2 and 3, plotting 
individual participants (y axis), by daily compliance during the 
6-week study period (x-axis), yellow squares show days with 
completed assessments, black where they are missed.

Additional full-length assessments:  Up to 5 additional assessments were completed.
• Web based assessments (week 1, 3 and 6): Cognitive performance measured with 

CANTAB working memory (SWM) and attention (RVP) tests. Patient-reported 
outcomes (PRO) included measures of depression symptom severity (PHQ-9), 
social function (UCLA-LS) and perceived cognitive difficulties (PDQ). 

• On-site (week 1) and home based assessments (week 6): semi-structured 
interview assessing motivations and barriers to adherence.

Statistics:
• Compliance was defined as the percentage of assessed days during 

the 6-week period where assessments were completed
• N-back performance over time was examined with a longitudinal mixed 

effects model with daily average daily n-back score (d-prime) as response 
variable, a fixed effect of study day, a random effect of participant 
with random intercept and random slope. 

• Summary measures for PRO and cognitive assessments (means over the three 
assessment time points) were calculated. Bivariate correlations examined 
the relationships between these measures and summary statistics for daily 
assessments in mood and cognitive performance (including compliance, mean, 
root mean squared successive difference (RMSSD), intercept and slope).

Top watch image: example of cognitive assessment; bottom: mood assessment

Correlations with daily cognitive function

n-back performance improved over time, with considerable 
between-subject variance in the intercept and slope of the learning curves. 
Few ceiling effects were observed. Figure 5 shows individual participant 
scores and learning trajectories from the mixed-effects model. 

Daily n-back performance correlated significantly with CANTAB 
working memory (SWM) and attention (RVP) tests, and PROs:
• Working memory test (SWM): between errors (measuring working 

memory capacity) correlated  daily n-back performance (with mean 
d-prime: r= -.46, p=.01; intercept: r= -.51, p <0.01.) Search strategy 
correlated daily n-back performance (mean d-prime: r= -.37, p=.05; 
intercept: r= -.40, p= .03.)

• Attention test RVP): Sensitivity to a target correlated daily n-back 
performance (mean d-prime: r= .50, p< .01; intercept: r= .47, p= .01). 
Mean response latency correlated with daily n-back performance 
(mean d-prime: r= .40, p= .03; intercept: r= -.42, p= .02.)

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

Table 3: Significant Pearson correlation coefficients between 
aggregate daily mood assessments and all full length PRO measures.
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Figure 5: Individual participant n-back performance trajectories. 
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Figure 2: Mood: individual 
participant compliance

Figure 3: Cognition: individual 
participant compliance 

Figure 4: Scatter plot of aggregate daily mood assessments 
with depression symptoms severity measured by PHQ-9


