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1. Study objective

A significant proportion of COVID patients experience persistent long-term symptoms (1-4),
including cognitive deficits in attention, executive functions and memory (3,5,6). These
cognitive impairments can impact daily living abilities, quality of life, and working capacity.
Currently, there are no evidence-based treatment approaches for cognitive symptoms following
post-COVID. Cognitive training interventions are a promising approach to counteract cognitive
impairment (7-10). Moreover, transcranial direct current stimulation (tDCS) may enhance the
effects of behavioral training, improve the consolidation of training outcomes, and facilitate
transfer to other cognitive domains (11-13). However, the efficacy of cognitive training alone
or in combination with tDCS on cognitive performance, quality of life, and mental health has
not been evaluated in post-COVID patients with subjective or objective cognitive decline. The
Neuromod-COV trial (14) aims to fill this gap by assessing the immediate and delayed effects
of cognitive training, with or without concurrent tDCS, on cognitive performance, quality of
life and mental health in patients experiencing post-COVID subjective or objective cognitive
impairments.

The analyses described in this Statistical Analysis Plan will evaluate the efficacy of a three-
week cognitive training intervention with or without concurrent tDCS in patients with post-
COVID cognitive impairments. This SAP has been prepared following the Guidelines for the
Content of Statistical Analysis Plans in Clinical Trials (15). The trial will be reported following
the Consolidated Standards of Reporting Trials [CONSORT (16)].

1.1.  Study design

This study is a monocentric, prospective, randomized, open-blinded endpoint (PROBE) (17)
phase II clinical trial designed to evaluate the effectiveness of a cognitive training intervention
compared to a control intervention [Progressive Muscle Relaxation; PMR (18)] in patients with
post-COVID subjective or objective cognitive impairment (primary endpoint).

Patients with post-COVID cognitive impairment participate in a three-week intervention
program consisting of nine sessions (three per week) of either cognitive training or PMR (18)
(open-label interventions). In the cognitive training group, participants are further divided into
two subgroups: half receive anodal tDCS while the other half receive sham tDCS in a double-
blinded, sham-controlled manner (secondary endpoint). Thus, participants are randomly
allocated to one of three study arms: (1) cognitive training with anodal tDCS over the left
dorsolateral prefrontal cortex (DLPFC); (2) cognitive training with sham tDCS over the left
DLPFC; or (3) PMR with sham tDCS.

Random allocation to these three groups is done through a stratified block randomization
method with variable block length, using a 1:1:1 ratio. The stratification is based on
participants’ performance in the n-back task during pre-assessment, with two strata: those
scoring <87% correct and those scoring >87% correct. The randomization sequences are
generated using the R software's  blockrand  package  (https://CRAN.R-
project.org/package=block- rand; http://www.R-project.org). Following a telephone screening
and baseline assessment, eligible participants who provide written informed consent are
randomly assigned to a study arm according to the generated randomization sequence within
each block and performance stratum.
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Secondary hypotheses related to the comparison of the two cognitive training arms with active
or sham tDCS, will be evaluated in a double-blinded, sham-controlled manner.

Recruitment from local post-COVID outpatient
clinic
Baseline assessment eligibility assessment,
neuropsychological testing and training task

v
Blockwise randomization
(N =60)
v ¢ v
Allocation of n = 20 to Allocation of n =20 to Allocation of n=20to
Cognitive training + anodal tDCS Cognitive training + sham tDCS PMR training + sham tDCS

[ I

L 4

Pre-assessment
training & transfer tasks, questionnaires
[ 2

3-week intervention
tDCS, training, questionnaires

2

Post-assessment
training & transfer tasks, questionnaires

¥

Follow-up (1 month)
training & transfer tasks, questionnaires

Figure 1. Neuromod-COV study flowchart. tDCS: transcranial direct current stimulation;
PMR: Progressive Muscle Relaxation. Obtained from Neuromod-COV study protocol (14).

1.2.  Primary hypothesis

e Cognitive training, combined with either active or sham tDCS, will result in greater
improvement in untrained working memory performance at post-assessment compared to
the control group receiving PMR in post-COVID patients. This outcome is operationalized
by the percentage of correct responses on the n-back task at post-assessment.

1.3.  Secondary hypotheses

e Cognitive training with either active or sham tDCS will result in greater improvements
at post- and follow-up assessments compared to the control group (PMR) in post-
COVID patients across multiple domains: (a) untrained working memory, measured by the
percentage of correct responses on the n-back task (transfer task); (b) trained working
memory, measured by the number of correctly recalled lists on the letter updating task; (c)
visuospatial memory, measured by the number of goals reached on the virtual reality task;
(d) working memory discrimination, measured by the d-prime scores on the n-back task; ()
health-related quality of life, measured by the preference-based scores (PROPr scores) on
the Patient Reported-Outcomes Measurement Information System (PROMIS®) 29-Profile
v2.1; (f) subjective cognitive functioning, measured by the T-scores on the PROMIS®
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Cognitive Function Scale (short form 8a - v2.0); (g) post-COVID functional status, measured
by the total raw scores on the Post-COVID Functional Scale (PCFS); and (h) sleep efficiency
levels, measured as the percentage of time spent asleep relative to total time in bed, as
recorded by an actigraphy device.

These outcomes will be assessed at post- and follow-up assessments, except for (a) untrained
working memory, which will be evaluated only at the follow-up assessment, and (g) sleep
efficiency levels, which will only be measured at the post-assessment.

e Cognitive training with active tDCS will result in greater improvements at post and
follow-up assessments compared to cognitive training with sham tDCS in post-COVID
patients across multiple domains: (a) untrained working memory, measured by the
percentage of correct responses on the n-back task (transfer task); (b) trained working
memory, measured by the number of correctly recalled lists on the letter updating task; (c)
visuospatial memory, measured by the number of goals reached on the virtual reality task;
(d) working memory discrimination, measured by the d-prime scores on the n-back task; (e)
health-related quality of life, measured by the PROPr scores on the PROMIS® 29-Profile
v2.1; (f) subjective cognitive functioning, measured by the T-scores on the PROMIS®
Cognitive Function Scale (short form 8a - v2.0); (g) post-COVID functional status, measured
by the total raw scores on the PCFS; and (h) sleep efficiency levels, measured as the
percentage of time spent asleep relative to total time in bed, as recorded by an actigraphy
device.

These outcomes will be assessed at both post and follow-up assessments, except for the (g)
sleep efficiency levels, which will only be measured at post-assessment.

1.4. Sample size calculation

The power calculation is based on recent studies using multi-session cognitive training
interventions compared to control training (19-21), focusing on immediate performance in the
trained task. Based on these findings, we estimated an effect size of Cohen’s d = 0.8. To detect
an effect in the primary outcome (percentage of correct responses on the n-back task between
the cognitive training and control PMR groups) using an independent t-test with a two-sided
significance level of a = 0.05 and a power of at least 80%, 60 participants are required. This
includes 40 participants for the cognitive training groups (for secondary comparisons of training
combined with anodal vs. sham tDCS) and 20 participants for the PMR group. Even though we
intend to analyze the primary outcome using covariance models, a conservative t-test approach
was chosen for the power calculation. The sample size was estimated using the R software's pwr
package (https://cran.r-project.org/package=pwr, http://www.R-project.org). This monocentric
clinical trial will enable us to calculate the sample size for a subsequent multicenter clinical
trial applying tDCS-accompanied cognitive training.

2. Analysis sets

2.1. Definitions

The full analysis set will consist of all randomized participants who received at least one day
of intervention. If participants withdraw informed consent after baseline assessment, they will
be considered screening failures and, therefore, will not be included in the full analysis set. The
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per-protocol analysis set comprises all subjects who received the full three weeks of
intervention or control intervention and completed all visits in the treatment groups they were
allocated to. Safety outcomes [see Safety outcomes section (22)] are assessed during tDCS
intervention, and all participants who received at least one intervention will be included in the
safety analysis set according to their actual treatment. Since no participant received other
treatment as intended or switched treatment groups during the study, and no information on
safety measures is available for participants who missed intervention or follow-up visits or
dropped out, the safety analysis set is the same as the per protocol analysis set in this study.

2.2.  Application

The primary efficacy analysis will be done using the full analysis set, including estimated values
from multiple imputations for missing values (Intention to treat). A sensitivity analysis of the
primary outcome in the per-protocol analysis set will be conducted. The safety analysis will be
done in the safety analysis set, which is the same as the per-protocol analysis set.

3. Trial centers

Participant recruitment takes place at one center: Universitdtsmedizin Greifswald.

3.1. Recruitment

Patients are recruited from the post-COVID-19 outpatient clinic at the Universitdtsmedizin
Greifswald. We also search for participants by distributing flyers to local post-COVID support
groups and placing announcements in the local newspaper. Interested participants are provided
with detailed information about the study, both orally and in writing. All potential participants
undergo a telephone screening, where study details are also explained. Those who meet the
eligibility criteria are invited to attend a baseline assessment. The recruitment process is shown
in the CONSORT flow diagram (Figure 1).

4. Analysis variables
All measures are detailed below in Table 1.

4.1. Primary outcome

Untrained working memory performance at post-assessment, measured by the percentage of
correct responses on the n-back task (23).

4.2. Secondary outcomes

Secondary outcomes will be assessed at both post-assessment and follow-up with specific
exceptions indicated by an asterisk (*). These include:

e Untrained working memory performance, measured by the percentage of correct responses
on the n-back task [(23) *at follow-up assessment].

e Trained working memory performance, measured by the number of correctly recalled lists
on the letter updating task (24).
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e Untrained visuospatial memory performance, measured by the number of reached goals on

the virtual reality task (25).

e Working memory discrimination, measured by the d-prime scores on the n-back task

(23,26).

e Health-related quality of life, measured by the PROPr scores (27) on the PROMIS® 29-

Profile v2.1 (28).

e Subjective cognitive functioning, measured by the T-scores on the PROMIS® Cognitive

Function Scale [short form 8a - v2.0; (28)].
e Post-COVID functional status, measured by the total raw scores on the PCFS (29).

e Sleep efficiency levels, measured as the percentage of time spent asleep relative to total time

in bed, as recorded by an actigraphy device (*at post-assessment).

4.3. Safety outcomes

Safety is assessed through an adapted (22) self-report questionnaire administered every third
training day (V4, V7 and V10). This questionnaire asks participants to rate the intensity of
various sensations, including itching, pain, burning, warmth/heat, metallic or iron taste, fatigue,

decreased alertness, and others.

Table 1. Neuromod-COV outcome measures. Adapted from Neuromod-COV study protocol (14).

Baseline Pre T1-T9 Post FU
(3days (9 (3days (1 month
before sessions  after after Post)
T1) for 3 T9)
weeks)
~3h ~3h ~1h ~3h ~3h
Time point Measurement Mode Vo0 Vi V2-V10 V11 V12
Enrollment
Informed consent Paper X
Medical Paper <
Eligibility history P
screening Mini-DIPS Paver X
(30) b
Questionnaires Demographics  Paper X
VLMT (23)
ROCF (31)
. DS (32)
Is\ii‘ei?fi’;ym"log‘cal TMT(23) Paper X
& Stroop (33)
PF (23)
SF (23)
Intervention —
Letter updating
Tablet-PC ¢
Training tasks task (24) abe X X X X X
PMR (18) Instructed x°
Brain stimulation tDCS  (anodal Device X
vs. sham)
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Initial state

. . Paper X X X X X
questionnaire

Questionnaires PANAS (34) Paper X

Adverse events
questionnaire ¢ Paper X
(22)

Additional assessments

n-back task

d
(23) Computer X X X

Untrained tasks Virtual reality

task (25) Computer X X X

PROMIS®
(29-Profile
v2.1 &
Cognitve
functioning SF
8a v2.0; 28)

Paper X X X

Questionnaires Sleeping

behavior:

PSQI (35) Paper X X X
ESS (36)

MEQ (37)

PCEFS (29) Paper X X X

General activity Actigraphy Device X X

T1-T9: trainings 1-9; FU: follow-up assessment; V0-V12: visits 0-12; Mini-DIPS: Brief Diagnostic Interview
for Psychiatric Disorders; VLMT: German version of the auditory verbal learning test; ROCF: Rey-Osterrieth
Complex Figure Test; DS: Digit Span Test; TMT: Trail Making Test. Stroop: Stroop Test; PF: Phonological
fluency; SF: Semantic fluency; PMR: Progressive Muscle Relaxation; tDCS: transcranial Direct Current
Stimulation.

PANAS: Positive and Negative Affect Schedule; PROMIS®: Patient-reported Outcome Measurement
Information System; PSQI: Pittsburgh Sleep Quality Index; ESS: Epworth Sleepiness Scale; MEQ:
Morningness-Eveningness Questionnaire; PCFS: Post-COVID Functional Scale.

 Only for cognitive training groups.

® Only for the PMR group.

¢ Assessed every third training day (V4, V7 and V10).

4 Primary outcome

5. Handling of missing values

In cases of missing data and assuming the data are missing at random (MAR) or completely at
random (MCAR), multiple imputation will be used to estimate the missing values with 30
imputed datasets.

6. Statistical analyses

For all outcomes and time points, we will present appropriate descriptive statistics (mean,
standard deviation, median, interquartile range, and absolute and relative frequencies)
depending on the scale and distribution of each outcome variable in total (only at pre-
assessment) and by group. The statistical analyses will evaluate the immediate treatment effects
at post-assessment (V11) and the sustained treatment effects at the one-month follow-up

8



Statistical Analysis Plan
“Neuromodulation through brain stimulation-assisted cognitive training in patients with post-COVID-19 cognitive
impairment (Neuromod- COV): study protocol for a PROBE phase IIb trial” Acronym: Neuromod-COV

assessment (V12). In the secondary analyses, we will compare the cognitive training and
groups, as well as the cognitive training groups receiving active versus sham tDCS.

6.1. Primary analysis

o Treatment effects on the transfer task (n-back task) at post-assessment will be analyzed using
a linear mixed-effects model. This model will include the n-back performance at post- and
follow-up assessments (percentage of correct responses) as the dependent variable. Fixed
effects will include group (cognitive training vs. PMR), measurement time point (post vs.
follow-up) and task difficulty (1-back vs. 2-back). Control covariates will include the n-back
performance at pre-assessment (percentage of correct responses), age, and sex. A random
intercept for subjects will also be included. The primary outcome (immediate transfer effects
at post-assessment) will be estimated via marginal means (95% CI) from this model.

6.2.  Secondary analyses
Effects of cognitive training vs. PMR

e Treatment effects on the transfer task (n-back task) at follow-up assessment will be examined
by estimating marginal means (and 95% CI) from the model above.

e Treatment effects on the training task (letter updating task) at post- and follow-up
assessments will be analyzed using a linear mixed-effects model. This model will include
the letter updating performance at post- and follow-up assessments (number of correctly
recalled lists) as the dependent variable. Fixed effects will include group (cognitive training
vs. PMR) and measurement time point (post vs. follow-up). Control covariates will include
the letter updating performance at pre-assessment (number of correctly recalled lists), age,
and sex. A random intercept for subjects will also be included. Immediate and sustained
training effects at post- and follow-up assessments will be estimated via marginal means
(95% CI) from this model.

e Treatment effects on the visuospatial memory task (virtual reality task) at post- and follow-
up assessments will be analyzed using a linear mixed-effects model. This model will include
the virtual reality task performance at post- and follow-up assessments (number of goals
reached) as the dependent variable. Fixed effects will include group (cognitive training vs.
PMR) and measurement time point (post vs. follow-up). Control covariates will include the
virtual reality task performance at pre-assessment (number of goals reached), age, and sex.
A random intercept for subjects will also be included. Immediate and sustained effects on
visuospatial memory performance at post- and follow-up assessments will be estimated via
marginal means (95% CI) from this model.

e Treatment effects on working memory discrimination (n-back task d’prime scores) at post-
and follow-up assessment will be analyzed using a linear mixed-effects model. This model
will include the n-back d’prime scores at post-and follow-up assessments as the dependent
variable. Fixed effects will include group (cognitive training vs. PMR), measurement time
point (post vs. follow-up) and task difficulty (1-back vs. 2-back). Control covariates will
include the n-back d’prime scores at pre-assessment, age, and sex. A random intercept for
subjects will also be included. Immediate and sustained effects on working memory
discrimination at post- and follow-up assessments will be estimated via marginal means
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(95% CI) from this model.

e Treatment effects on health-related quality of life (PROMIS® PROPr scores) at post- and
follow-up assessment will be analyzed using a linear mixed-effects model. This model will
include the PROMIS® PROPr scores at post-and follow-up assessments as the dependent
variable. Fixed effects will include group (cognitive training vs. PMR) and measurement
time point (post vs. follow-up). Control covariates will include the PROMIS® PROPr scores
at pre-assessment, age, and sex. A random intercept for subjects will also be included.
Immediate and sustained effects on health-related quality of life at post- and follow-up
assessments will be estimated via marginal means (95% CI) from this model.

e Treatment effects on subjective cognitive functioning (PROMIS® T-scores) at post- and
follow-up assessment will be analyzed using a linear mixed-effects model. This model will
include the PROMIS® cognitive functioning T-scores at post-and follow-up assessments as
the dependent variable. Fixed effects will include group (cognitive training vs. PMR) and
measurement time point (post vs. follow-up). Control covariates will include the PROMIS®
cognitive functioning T-scores at pre-assessment, age, and sex. A random intercept for
subjects will also be included. Immediate and sustained effects on subjective cognitive
functioning at post- and follow-up assessments will be estimated via marginal means (95%
CI) from this model.

e Treatment effects on the post-COVID functional status (PCFS total raw scores) at post- and
follow-up assessment will be analyzed using a linear mixed-effects model. This model will
include the PCFS total raw scores at post-and follow-up assessments as the dependent
variable. Fixed effects will include group (cognitive training vs. PMR) and measurement
time point (post vs. follow-up). Control covariates will include the PCFS total raw scores at
pre-assessment, age, and sex. A random intercept for subjects will also be included.
Immediate and sustained effects on post-COVID functional status at post- and follow-up
assessments will be estimated via marginal means (95% CI) from this model.

e Treatment effects on the sleep efficiency levels (sleep efficiency percentage) at post-
assessment will be analyzed using a linear mixed-effects model. This model will include the
sleep efficiency percentage at post-assessment as the dependent variable. Fixed effects will
include group (cognitive training vs. PMR). Control covariates will include the sleep
efficiency percentage at pre-assessment, age, and sex. A random intercept for subjects will
also be included.

Effects of cognitive training with active vs. sham tDCS

We will use the same analytical approach to assess the effects of active versus sham tDCS on
all outcomes, replacing the group effect (cognitive training vs. PMR) with the stimulation group
variable (active vs. sham tDCS). The only exception will be the analysis of treatment effects on
the training task (letter updating task), which will be examined using the following two linear
mixed-effects models:

o The first model will assess the treatment effects on the training task (letter updating task) at
training- and post- assessments. This model will include the letter updating performance
across all training and post-assessments (number of correctly recalled lists in sessions from
V2to V11) as the dependent variable. Fixed effects will include the stimulation group (active
vs. sham tDCS) and measurement time point (V2 to V11). Control covariates will include
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the letter updating performance at pre-assessment (number of correctly recalled lists), age,
and sex, along with a random intercept for subjects. Training and immediate post-assessment
effects will be estimated through marginal means (95% CI) from this model.

e The second model will evaluate the treatment effects on the training task (letter updating
task) at follow-up assessment. This model will include the letter updating performance at
post- and follow-up assessments (number of correctly recalled lists) as the dependent
variable. Fixed effects will include group (active vs. sham tDCS) and measurement time
point (post vs. follow-up). Control covariates will include the letter updating performance at
pre-assessment (number of correctly recalled lists), age, and sex. A random intercept for
subjects will also be included. Sustained training effects at follow-up assessment will be
estimated via marginal means (95% CI) from this model.

The choice of link function (logistic, linear, or ordinal) for all analyses will depend on the scale
of the dependent variable. For skewed continuous data, we will apply appropriate
transformations before analysis. In case of missing values, all secondary analyses will be done
using the full analysis set with multiple imputed data. Per-protocol analyses will be conducted
as sensitivity analyses. All secondary analyses will be conducted within an exploratory
framework.

6.3.  Safety analysis

Safety outcomes will be reported as incidence (n & rates with 95% CI) both overall and by
intervention groups, based on the safety analysis set. Incidence rates and corresponding 95%
CIs will be estimated using Poisson regression models, which account for different observation
periods across participants. Group comparisons will be conducted using incidence rate ratios
and their 95% CIs. The safety analysis results will be interpreted and discussed
comprehensively, including minor differences between groups.

6.4. Example table of baseline characteristics

Table 2. Baseline characteristics of the study sample.

Cognitive  Cognitive

All Cogn.itive PMR training + training +
=) tra_lnlng (n=) active sham
(n=) tDCS tDCS
(n=) (n=)
Demographics
Age (years)
Sex (F: M)

Education (years)

Cognitive data

Auditory verbal learning

Learning

Immediate recall

Delayed recall

Recognition

ROCF
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Figure copy

Figure retrieval

Digit-span

Forward

Backward

TMT

Part A (sec)

Part B (sec)

Stroop test interference (sec)

Phonological fluency

Semantic fluency

Data are shown as mean (SD) or n (%). PMR: Progressive Muscle Relaxation; ROCF: Rey—Osterrieth
Complex Figure Test; TMT: Trail Making Test
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