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1. INTRODUCTION

Based upon anecdotal reports from patients and family members, clinicians, and previous studies utilizing self-
reporting via questionnaires, we hypothesize that sleep disturbance and poor sleep quality are a frequently
occurring symptom in individuals with NF1. We hypothesize that since good sleep is critical to overall health,
this aspect of NF1 may have a significant impact on the quality of life of patients, as well as potentially
contributing to other more well-defined neurological symptoms, such as cognitive or attention deficits. We
speculate that the normal function of NF1 may play a role in homeostatic sleep/wake activity or the cell-
autonomous circadian rhythm.

Our objective is to define the precise sleep and circadian phenotypes within a cohort of adults with NF1.
Together, the data sets and analyses in the proposed study will provide new insights into NF1 and sleep. We
anticipate that we will generate new hypotheses and opportunities for the NF1 research community to gain a
better understanding of the mechanisms involved in NF1 sleep disorders. This study may also impact the clinic
by leading to better care and quality of life for patients and possible opportunities for devising interventions and

developing novel therapeutic approaches.

2. KEYWORDS
Sleep disturbances, circadian rhythm dysfunction, cognition, neurofiboromatosis 1, pain, quality of life,

genotype-phenotype relationship, actigraphy

3. ACCOMPLISHMENTS

What were the major goals of the project?

The major goals of the project were to assess sleep and circadian rhythm disturbances in patients with NF1
relative to matched controls. For Specific Aim 1, the major goal is to obtain longitudinal sleep/wake data from
NF1 patients and family-based or age and sex matched population-based controls. This aim includes
characterization of sleep and circadian rhythm disturbances in individuals with NF1 using wrist actigraphy,
patient questionnaires/surveys to gather more information about each participant’s overall health and mood,
real-time reporting of pain and cognitive function, and biobanking of saliva samples for each consenting subject
for subsequent NF1 genotyping. For Specific Aim 2, the major goal is to perform overnight sleep and circadian

rhythm assessments of patients and controls with extreme patterns.



What was accomplished under these goals?

We initiated our clinical research study during the first year and have thus far enrolled 67 participants and 24
matched controls. Major Task IRB/HRPO approval was obtained in year 1. Major Task 2 subtasks included
preparation of recruitment documents, RedCap Diary, purchase and calibration of actiwatches, development of
a 5 min cognitive battery of tests administered daily and a 15-min test at the beginning and end of the 2-week
study period that could be administered online through a web platform, test my brain.org. This task was
completed by month 10, and the milestone of IRB/ HRPO Approval was achieved by month 10 rather than
month 5. We then embarked on Major Task 2 ongoing data collection from patients and their controls. This
task is actively ongoing, with components of data collection including wrist actigraphy for sleep, activity and
light assessment (subtask 1), validated sleep and quality of life questionnaires (subtask 2), biobanking
(subtask 4), performing online cognitive assessments (subtask 5). Daily sleep logs include real time reporting
of pain, sleep and quality of life (subtask 3). Data cleaning and draft analysis for Major Tasks 2 and 3 are
ongoing, and data analysis (subtask 6) will be completed when all data are collected, however new methods
allow assessment of circadian rhythm based on changes in activity during sleep cycles using these same data
(Major Task 3 subtask 4). So far, we have completed research data acquisition on 67 patients with NF1 and 24
matched controls. Interim analyses suggests higher insomnia (panel A), more average awakenings per night

(Panel B) and more variability in objectively measured sleep efficiency in NF1 patients vs. controls.
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Using 14 day cognitive assessments in patients, we also moderate to excellent reliability for unsupervised
cognitive outcome measures in subjects with NF1 as well as learning effects for DSM and CRT. Reliability
coefficients were consistent with published TMB metrics for the general population. Overall, the results suggest
that digital cognitive assessments can be reliably administered to individuals with NF1, allowing for increased

integration of cognitive outcomes in NF1 research conducted remotely.

What opportunities for training and professional development has the project provided?



The project has provided clinical research training for two clinical research coordinators - Angela Chen, who
then went on to medical school in Fall 2022, and Johanna Brait, who is concurrently pursuing a masters in
Epidemiology from Boston University. One clinical fellow, Dr. Jennifer Nosker, has also analyzed cognitive data
and presented results at institutional conferences, and is presenting a poster at a national conference. We
have also had two full time Northeastern University student interns who have trained in clinical research
through this project.

How were the results disseminated to communities of interest?

We have presented results at one departmental retreat, at several departmental meetings (neuro-oncology,
genetics) and were a featured funded study presenting results at a Department of Defense meeting. Our
abstract is being presented at a national conference. To advertise the study and encourage participation, we
have attended several NF1 patient fundraisers and an NF1 national meeting. We have also communicated with
multiple patient advocate groups (NF1 network, Children Tumor Foundation).

What do you plan to do during the next reporting period to accomplish the goals?

We will complete Major Tasks 2 and 3 during the no-cost extension period, to obtain longitudinal sleep wake
data and complete the assessment of 100 NF1 patients and 100 matched controls. Assessments will include
all subtasks outlined, including actigraphy, diaries, questionnaires, pain, quality of life, cognitive assessments,
biobanking of samples, and comparison of web and smartphone-based sleep. Once the recruitment goal is
reached and data are collected, data analysis and recontact of a subset of patients for circadian rhythm

determination in Aim 2 will be completed.

4. IMPACT

What was the impact on the development of the principal discipline(s) of the project?
Nothing to report.

What was the impact on other disciplines?

Nothing to report.

‘What was the impact on society beyond science and technology?

So far, we have begun to assess sleep patterns in NF1 patients and their matched controls, and interest and
participation in the study from patients with NF1 has been high. People are eager to learn about the study and
in measuring the quality, quantity and timing of their sleep and in practicing good sleep hygiene. Nothing to

report for formal impact.



5. CHANGES/PROBLEMS

Changes in approach and reasons for change

Online consent and remote patient sample collection was explored as patients may not have wanted to visit the

hospital during the pandemic. This was approved by the IRB/ HRPO.

Actual or anticipated problems or delays and actions or plans to resolve them

The COVID-19 pandemic has slowed down the clinical research study. At first, protocol preparation and IRB

approval took longer than anticipated but the protocol was finalized and approved in year 1. Over the last year,

while recruitment has been extremely effective, staff turnover was high, so we continue to push for target

recruitment. We have a clinical research coordinator to complete recruitment and analyses for the studies.

Changes that had a significant impact on expenditures

Nothing to report.

Significant changes in use or care of human subjects

Nothing to report.

6. PRODUCTS

Nothing to report.
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