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Download and Share Datasets

Exploration of sleep disturbances in children and adolescents with

and without autism in a paediatric sample referred for

Overview Sleep disturbances in children and adolescents are important to identify as they affect daytime function, and, although extremely
, can be ially hard to diag: in those with autism. For this reason, the description of the type and frequency of sleep

diagnoses in the pediatric autism population has been elusive to s, cli , and ivers. Keep reading »

By szhivotovsky on May 31, 2023 in Guest Biogger

An NHLBI resource for the sleep research community.
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NATIONAL
SLEEP RESEARCH

RESOURCE

ADVANCING SCIENCE GLOBALLY

THROUGH DATA SHARING

“The National Sleep Research Resource (NSRR) offers free web access

to large collections of de-identified physiological signals and clinical data elements
collected in well-characterized research cohorts and clinical trials.”

Founded in 2014 by Dr. S Redline
Funded by the National Heart, Blood and Lung Institute (Resource Grant — NIH contract)



Polysomnography signal data

Classically, PSG data often reduced to only “dozen common metrics

0o - sleep stage duration, onset latency, apnea hypopnea index, etc
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Rich, multi-modal & dynamic raw signal data
- often requires specialized tools/analytic approaches
(historically, often via in-house ad hoc Matlab scripts)
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data to a computer. /
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a nearby room
monitors
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Whole night EEG spectrograms & hypnograms for 3 individuals
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Scaling up sleep science

NREM EEG microarchitecture
N > 10,000 aged 2-90

Captures person-to-person
variability in markers of sleep &
brain function/development

Opportunities to link to genetic risk
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nature \
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Characterizing sleep spindles in 11,630 individuals
from the National Sleep Research Resource

S.M. Purcell23, D.S. Manoach?#5, C. Demanuele?45, B.E. Cade®’, S. Mariani®’, R. Cox28,
G. Panagiotaropoulou?43, R. Saxena®101! J.Q. Pan'?, J.W. Smoller?413, S, Redline?®7* & R. Stickgold28*
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Data archiving & aggregation: important but often challenging

End user’s perspective:

Combining different datasets can be

Opportunities Challenges
logistically/technically challenging

Subtle biases can be amplified in large datasets

powers analyses of
rare outcomes, effect

modification The original studies were likely not specifically
( o J ( oWnership/d‘ designed to answer your current research question
New methods regulatory hurdles
development
: neous
urpose studies to Heteroge
R?czst Eew scientific designs, methods

questions

Lack of data

i tandards,

Increased rigor & S :
( reproducibility documentation

NSRR’s attempts to alleviate some of these issues:

- harmonized & well-documented datasets
- tools to work with large datasets

- technical support



Data Tools

Community Sharing

~ 50,000 individuals

> 30,000 full PSGs

~7000 actigraphy studies

2 TB of data shared weekly

4,643 Data Access Use Agreements

(<) Datasets - Sleep Data - Nation: X +

(&) QO B https://sleepdata.org/datasets

NSRR About Datasets Tools Forum Blog Share data

Datasets

All Ages ~ All Data ~

B % ® & B

Q Search Signin | Sign up

« 1to250f 26 »

Featured ~ £ Browse the Cohort Matrix -

1,516 18 - 84

Apnea Positive Pressure Long-term Efficacy Study 5,548 Files - 144 GB 353 Variables

2003 - 2008 Polysomnography

Request Data Access *»

0, 5 14 -19

Efficacy Assessment of NOP Agonists in Non-Human Primates 40 Files - 2.85 GB

2019 Polysomnography

Request Data Access »

MSP

106 18 - 42 2015 - 2019 Polysomnography
Maternal Sleep in Pregnancy and the Fetus 444 Files - 92.8 GB 37 Variables Request Data Access *»
Egg 49 26 - 64 2011 - 2014 Polysomnography
Apnea, Bariatric surgery, and CPAP study 441 Files - 454 GB 108 Variables Request Data Access »
Th':h
ANGWERS . 5
Project 971 18 - 52 2020 - 2021 Questionnaires Only

Assessing Nocturnal Sleep/Wake Effects on Risk of Suicide 19 Files - 3.43 MB 301 Variables

o N

Request Data Access »




L3 ® NSRR_BMI - APPLES Variables X o

& C O 8 https://sleepdata.org/datasets/apples/variables/nsrr_bmi B so% vy Q0 ¥ )

Data Tools

NSRR About Datasets Tools Forum Blog Share data Q Search Signin | Sign up

Apnea Positive Pressure Long-term Efficacy Study

B Docs & Files L Variables

| apples variables Harmonized Anthropometry nsrr_bmi v0.1.0
NSRR_BMI
Overview nsrr_bmi Body mass index (BMI)
By Visit
. . 600
Communlt)’ Shar|ng GRAPHS Body mass index (BMI) &
Histogram
Harmonized by the NSRR team to align with TOPMed and 400
MORE BioDataCatalyst standards. Source: bmiblquan ; 287 2%
Related 2 A 217
kilograms per square meter 200
History 119
numeric 2 24 36 235 23 2 %
RO T R R R B @
— A N M T
. kilograms per square
> 5,000 defined variables _
Baseline (BL)
On go| ng harmonization of Visit (Number) vs Body mass index (BMI)
. . N Mean StdDev Median Min  Max  Unknown Total
variables across studies, Baseiine (L) w2 w21 s78 s0a 18 724 4 1510
. C D E Clinical Evaluation (CE) - - - - - - 1,516 1,516
map PI ng to S Diagnostic Visit (DX) - = = = = - 1516 1,516
CPAP Titration Visit (CPAP) - - - - - - 1,516 1,616
Two Month Post-CPAP Neurocognitive Visit (2M) - - - - - - 1,516 1,516
EXte n S ive d OC u m e ntati O n O n Four Month Post-CPAP Neurocognitive Visit (4M) - - - - - - 1,516 1,516
Six Month Post-CPAP Neurocognitive Visit (6M) - - - - - - 1,516 1,516

study design

‘ © 2023 National Sleep Research Resource Privacy Contact Us | Funded By NHLBI




(2] <] APPLES Files - Sleep Data - Na© X +

IS C O 8 https://sleepdata.org/datasets/apples/files/polysomnography 80% Y7 O ¥ Q =
Data TOO|S NSRR About Datasets Tools Forum Blog Share data Q Search Signin | Sign up
Apnea Positive Pressure Long-term Efficacy Study
B Files L™ Variables
apples files polysomnography 110100 of 2,208
[ apples-130001.annot 2023-02-27 13:49:03 201 KB
O apples-130001.edf 2023-02-22 16:10:58 59.9 MB
C 5 Sh . [ apples-140003.annot 2023-02-27 13:49:03 228 KB
ommunlty arlng [ apples-140003.edf 2023-02-22 16:10:59 58 MB
[ apples-140004.annot 2023-02-27 13:49:03 195 KB
D apples-140004.edf 2023-02-22 16:10:59 57.4 MB
D apples-140007.annot 2023-02-27 13:49:03 202 KB
O apples-140007.edf 2023-02-22 16:10:59 58.7 MB
[ apples-140008.annot 2023-02-27 13:49:03 217 KB
O apples-140008.edf 2023-02-22 16:11:00 60.4 MB
[ apples-140009.annot 2023-02-27 13:49:03 187 KB
. . . [ apples-140009.edf 2023-02-22 16:11:00 55.3 MB
Raw physiologic signals (EDF) & Dl v R Ehes 22816
. I O 000 f O apples-140011.edf 2023-02-22 16:11:01 62.5 MB
an n Otatl o n S On 4 s O [ apples-140012.annot 2023-02-27 13:49:03 194 KB
1 1\v1i les-140012.edf 2023-02-22 16:11:01 52.1MB
individuals O spples Hovize
[ apples-140013.annot 2023-02-27 13:49:03 183 KB
I I _ 3 O ’ h f fi nsrr download apples/polysomnography
n total, years wo rth o
multi-modal sleep signal data D N
Install using our NSRR Gem Installation Instructions.
© 2023 National Sleep Research Resource Privacy Contact Us | Funded By NHLBI
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Controlled access to human subjects data

NSRR About Datasets Tools Forum Blog Share data Webinars Q Search A

All data de-identified, but need to
adhere to data sharing language in i DATRSECESSAM UNe ACRERUERT

AN D easTRaton 2. Data User will describe to BWH via the electronic registration process for NSRR Data access at
O ri i n al a rti C i ant i nfo rm e d https://sleepdata.org the specific sleep research use for the Data/Datasets proposed by Data User (the
g P P DAUA "Specific Purpose"). The Specific Purpose as described in the online application process is:
M Page 1

co n S e nt BPege 2 Title of Project

¥ Page 3

4Title of Project

Signature Specific Purpose

Uploads 4 Specific Purpose

Datasets

* Stream-lined process for DAUA,
with proposals reviewed by NSRR

Brigham and Women's

staff

Intended Use of Data

<Intended Use of Data

* Provide in-house IRB review for

€2 | attest that data will be stored on a secure password protected device. ]
.
users without local IRB
£ | attest that | have completed a Human Subjects Protections Training Course. V]

[fwww.hhs.gov/hipaaffor-professionals/trainingfindex.htmi

For avoidance of doubt, permissible uses may include use of the Data/Datasets for research evaluation and
testing of a product or technology but will not extend to proposals that include or incorporate the
Data/Datasets into such product. BWH will provide the Data/Datasets requested by the Data User upon
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ADVANCING SCIENCE GLOBALLY
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* Ongoing NHLBI contract to sustain NSRR and facilitate integration with the
NHLBI BioData Catalyst (BDC) ecosystem

- to link sleep data with large amounts of genetics, omics, imaging, bioassays, cognitive, medical and
other data available on many of the NSRR cohorts

- to transition away from our locally-hosted data-download model

- to foster modern cloud-based, reproducible workflows and analysis capabilities

- STRIDES supplement: pending BDC-readiness for data ingestion, to support interim
transfer of NSRR data to the cloud, enabling cloud-savvy users direct access
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* Configured a secure AWS-STRIDES environment
* Custom-built authentication/authorization system for controlled access
* Python client library for users to pull data from S3 buckets to EC2 instances

* Migrated all Cleveland Family Study data

e Bottlenecks encountered:

* regulatory approvals required to transfer key cohorts from on-premise servers to NIH-administered
STRIDES AWS environment

* non-trivial work with NIH, depositors and parent cohorts to amend original data hosting agreements
* unable to use STRIDES credits on AWS accounts administered by our local institution
* lessons learned: moving forward broader, host-agnostic data use agreement templates for new studies



DATA

Data need tools

What can we learn from these data?

“‘Reference-driven analysis”

Using old data to inform the analysis of new data

Making tools accessible

Sharing tools as well as data

TOOLS



Data Tools
research:
a call for action
Purcell & Sofer
(2024) SLEEP.
Community Sharing

Many published results cannot be reproduced

- open tools and data important for reproducibility

PubMed Search

(((sleep[Text Word]) AND (algorithm[Text
Word])) NOT (review[Title])) AND
(("2019/01/01"[Date - Publication] :
"2019/12/31"[Date - Publication]))

n =202

Applied "Free full text" filter
Removed 103 results

Excluded 6 results
because free text was
not actually available

n=93

54 results identified as
not relevant

- but often not transparently reported or shared

Literature review of all sleep methods/algorithms papers
published in 2019:

31 did not
publish any of

the three
80% of relevant papers did not publish either: “reproducibility

elements"”
|) code, 2) an example or 3) any data

Of 5 articles that supplied all of these, 4 were published in
journals that explicitly ask for code and/or raw data

n=39

6
published
an
example

6
published
code

i/
published
data

5 published all three together.

4 of those 5 journals ask or
require for code and/or raw
data to be provided




1) Making in-house tools more accessible

Data Tools ’
lunaC
Community Sharing http://zzz.bwh.harvard.edu/luna/ docker lunaR

—

2) Sharing pipelines as well as data

. . Initial data Cl d dat

NAP: NSRR Automated Pipeline R
Harmonize/flag issues w/ labels, ~ I REE

. : — 3 e
referencing, units, sample rates, filtering, ¢ - . e | & s ;
polarities, corrupt signals, artifact, non- £ - g -]
standard channels, (automated) staging 2 2
alignment, etc & S ¥

0 5 10 15 20 25 30 35
Frequency Frequency

Uniform annotation format


http://zzz.bwh.harvard.edu/luna/

Cloud-based apps for sleep signal data

Moonlight

(. oe Q@ Moonlight - Default x + v

(&)

Moonlight/Luna
Browse...  No g select

loarn-nsm02.edf

18 channols.
AIRFLOW ABDO_RES
ECG EEG EEG FLT
EMG EOG_L EOG_R
Sa02

15 annotations

EEG v

15 listed annotations

O & nhttps:/jremnrem.net/app/moonlight 80% 1Y ® ¥ B H =

(e T L e S e e TS R IATT TR =
1 1 1

Headers Structure Hypnogram Annots Signais Stats Time/ftreq Manips Modeis Luna

e L L e T T T e e T T T L SRRt
T ! E N
et ) st — A Ve —— TR

e ST TP— - TR 7TV WU N SRS WP -l
e s et e ——

i

AIRFLOW 038 . 043

Hypnoscope

ene @  Mypnoscope x | +
c O D 270015282

Hypnoscope Ne1 N>1 Covariates Help

Browse...  No file solected 13300 (8.9 hvs)

6295 (89 h3)
example.hypnos
Example hypnograms.

Optional covariates

Browse... N

Align by
Clock-time Sl

Sortby
Sleop Onsat =

Unsorted
[ sesporse |
Start of recording
EDF_START_SEC
EDF_STOP_SEC B—
ANNOT_START
ANNOT_STOP

Anminr e

4001 v

6om Tom

Generate hypnogram stats

Wpm  tipm ] T 2m Jam 4w

Tam 8am fam Wam  fam




Alternative ways to access NSRR data

Moonbeam

NSRR User URLs
NSRR token (http://sleepdata.org/token)

Authenticate

Moonbeam

10 cohorts 1104 records

Apnea Positive Pressure Study

Apnea Positive Pressure Study
Cleveland Children Sleep Health Study
Cleveland Family Study

Childhood Adenotonsillectomy Trial
Hispanic Community Health Study
Multi-Ethnic Study of Atherosclerosis
Mignot Nature Communications

\

Clinical, demographic & other phenotypic data

EEG _sec v 5 ° 1 > 5 ° 0.02 ° Run ExE

e A g AN M A

PN S R —

A g, g A """"‘M‘W‘

=mer i@ = s - . . g

Pl a i e 'i Arertnnd | A0S Al o
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Moonbeam Headers Structure Hypnogram
Cohort: shhs
shhs1-200226 v
Variable Value Units
nsir_age 47 years
nsIr_sex female
kilograms
nsir_bmi 41.3123583 per square
meter
nsir_flag_spsw full scoring

Showing 1 to 986 of 986 entries

Annots Signals Stats Time/freq Manips Norms Luna

Search:
Description

Subject age - Harmonized by the NSRR team to align with TOPMed and BioDataCatalyst
standards. Source: :age_s1: at Visit 1 and :age_s2: at Visit 2

Subject sex - Harmonized by the NSRR team to align with TOPMed and BioDataCatalyst
standards. Source: :gender:

Body mass index (BMI) - Harmonized by the NSRR team to align with TOPMed and
BioDataCatalyst standards. Source: :bmi_s1: at Visit 1, and :bmi_s2: at Visit 2

Study scored sleep/wake rather than with full sleep staging if there is not sufficient quality on
EEG lead. Studies scored as sleep wake have all sleep stages scored using a default of Stage
2 and no arousals are scored. - Harmonized by the NSRR team. Source: :staging5:

Apnea-Hypopnea Index : (All apneas + hypopneas with >=30% nasal cannula [or alternative
sensor] reduction and >= 3% oxygen desaturation or with arousal) / hour of sleep -
Harmonized by the NSRR team.

The definition for hypopneas is consistent with the following clinical guidelines: (1) American




Sharing models as well as data & tools

* Automated sleep staging

* Biological age (BA) prediction

e Disease risk/status

* etc.

=

Hours of raw EEG

+ chronological age (CA) =62 yrs

o [m———— - ®m)BA=67.7yrs

"Soup-to-nuts” cloud-based analyses

i.e. staging, QC, feature extraction, missing data imputation & prediction

(but with intermediate steps still visible/modifiable)

predicted age

15 20

10

NCH Training brain age prediction model
All sample, n=1512 —p NCH
¢ Training set, n=1058

Testing brain age prediction model

NCH NCH clinical subgroups
Testing set, n=454 Testing set, n=705

NCH TEST Disorders
MAE = 1.01; ME = 0.14; r =0.95 & MAE = 1.31: ME = -0.21: r =0.9
Q A
0o 9 2
n _|
o °
2 o
g ® o o
b ®e °
& o :
o - ]
T T T T T T T T T T
0 5 10 15 20 0 5 10 15 20

chronological age chronological age

Kozhemiako et al (2023) Mapping Typical and Altered
Neurodevelopment with Sleep Macro- and Micro-
Architecture. Neurolmage: Clinical

r(CA,BA) = 0.95

A = BA — CA tracks with diagnostic status for
several neurodevelopmental delays




Summary

* Primary goal: to make NSRR data and tools more accessible

* For controlled-access data, cloud environments can bring additional
layers of regulatory and administrative challenges, especially when
working with legacy datasets and a still-evolving broader ecosystem

* NSRR ingestion into BDC now on a smoother path
- uploading new cohorts
- sleep-specific CDEs
- integration of NSRR tools, e.g. via Seven Bridges workflows
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