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PROTOCOL SYNOPSIS 
 
STUDY TITLE  
  

POINTER-zzz:  Sleep Ancillary to U.S. Study to Protect Brain Health 
Through Lifestyle Intervention to Reduce Risk of Alzheimer’s Disease 

STUDY NAME U.S. POINTER Sleep Ancillary Study 

ABBREVIATED STUDY NAME POINTER-zzz 

PRINCIPAL INVESTIGATORS MPI: Kathleen Hayden, PhD; Laura Baker, PhD 

STUDY SPONSOR National Institute on Aging 

STUDY DESIGN  Ancillary study to the U.S. POINTER lifestyle intervention trial that adds 
in-home objective sleep assessments in approximately 700 older 
parent trial participants at baseline, and at Months 12 and 24. 

DURATION OF STUDY 

PARTICIPATION  
 
At least 24 months (duration of the parent trial) 

SUMMARY OF KEY SLEEP 

ASSESSMENTS 
1. Sleep Questionnaires: records rest/wake times, and use of sleep 

medications, alcohol, tobacco, caffeine on nights that sleep 
assessments are conducted. 

2. WatchPAT™: wrist-worn device that captures continuous overnight 
measurement of oxygen desaturation, pulse tonometry and heart 
rate using finger pulse oximetry. Key measurements include the 
apnea-hypopnia index (AHI) and the oxygen desaturation index 
(ODI). 

3. ActiGraph Link™: measures total rest-wake activity using triaxial 
accelerometry for 6 days and nights, Key measurements include 
sleep duration, sleep latency, and sleep fragmentation.   

  
INCLUSION/ EXCLUSION 

CRITERIA 
• All participants must be enrolled in the parent trial. 
• Hearing ability must be adequate to complete a telephone 

interview.  

PRIMARY OUTCOME 

MEASURES 
• Oximetry: 4% ODI 

• Actigraphy: Sleep fragmentation (assessed with κRA metric to 
quantify minute-to-minute rest-activity transitions during sleep) 

SECONDARY OUTCOME 

MEASURES 
• 3% ODI 
• 3% and 4% AHI  
• Blood oxygen desaturation below 90% (mean level, % time) 
• Total sleep-wake time (using Cole-Kripke algorithm) 
• Total sleep duration (mean, SD, midpoint) 
• Wake time after sleep onset (min) 
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1  INTRODUCTION  
 
One-third of Americans are currently projected to be obese,1 and one-third are projected to have type 2 
diabetes (T2D) by 2050;2 while over 66% of Americans aged 60+ currently have hypertension.3 Together, 
sedentary behaviors, obesity, depression, and cardiometabolic disease (e.g., obesity, diabetes, and 
hypertension) account for a substantial amount of Alzheimer’s disease (AD) risk. Lifestyle modification 
targeting these conditions has the potential to prevent >30% of AD cases.4 This estimate does not include 
the added AD risk associated with sleep disordered breathing (SDB). Today, over 60% of older adults 
(aged 50-70 years) have at least mild SDB.5 Sleep disturbance is both a symptom and a consequence of 
cognitive impairment.6,7 The risk of cognitive impairment may be reduced and cognitive decline may be 
attenuated through improved sleep.8 A 2017 meta-analysis of sleep studies suggests that individuals with 
sleep disturbances have an estimated risk for AD that is 1.55 times higher than those without sleep 
disturbances, and the population attributable risk for AD due to poor sleep is as high as 15%.9 This report 
likely underestimates the true problem given that many of the included studies in the meta-analysis relied 
on self-report rather than objective sleep measures. POINTER-zzz, the Sleep Ancillary study to the large-
scale randomized controlled trial, U. S. Study to PrOtect Brain Health through Lifestyle INTErvention to 
Reduce Risk (U.S. POINTER), will test whether intensive lifestyle modification can improve sleep in older 
adults at-risk for cognitive decline and AD, and will examine whether intervention-related improvements in 
cardiometabolic health and sleep predict 2-year improvements in cognitive function.  
 
1.1  U.S. POINTER Parent Trial Summary 
 
U.S. POINTER was launched to test the generalizability of the Finnish Geriatric Intervention Study to 
Prevent Cognitive Impairment and Disability (FINGER) findings in a geographically and racially diverse 
cohort of Americans. U.S. POINTER, uses a similar multimodal intervention approach that has also proven 
successful for cardiovascular disease and diabetes prevention. The parent study will investigate whether 
random assignment to a Self-Guided (SG) versus a Structured (STR) lifestyle intervention influences 
cognitive trajectory over 2 years in 2000 older adults (age 60-79 yrs). POINTER participants are cognitively 
normal but at-risk for cognitive decline and dementia due to factors such as sedentary lifestyle, poor diet, 
suboptimum cardiovascular health, and family history of significant memory impairment. Participants 
assigned to the SG arm attend facilitated group meetings 2-3 times per year for education and support, and 
complete blood testing every 6 months and an annual physical exam. Participants assigned to the STR 
arm complete a more intensive lifestyle intervention that includes structured physical and cognitive exercise 
programs, a modified Mediterranean diet, and frequent physical exams, blood testing, and health coaching 
for cardiometabolic risk management. Intervention effects on 2-year trajectories of a global cognitive 
composite score and other outcomes are assessed at 6-month intervals. 
 
1.2  U.S. POINTER Sleep Ancillary Study Summary 
 
POINTER-zzz adds in-home objective sleep assessments to the parent trial to examine the effects of 
lifestyle modification and cardiovascular risk management on sleep disturbances that have been linked to 
cognitive decline and AD and that may improve with the POINTER intervention. In older adults, chronic 
sleep disturbances marked by SDB and sleep fragmentation are associated with impaired hippocampal 
functioning, greater brain beta-amyloid (Aβ) burden, and increased risk for AD and related disorders. These 
and other sleep abnormalities are also associated with reduced cardiometabolic health. Although there is 
some evidence to suggest that diet, exercise, and cardiovascular risk reduction can improve sleep and that 
improved sleep benefits cognitive function in older adults, these effects have not been confirmed in a large-
scale rigorous clinical trial. POINTER-zzz will leverage rich resources provided by the parent trial to 
examine the effects of intensive lifestyle modification on SDB, sleep fragmentation and duration, and other 
objective measures of sleep quality. Sleep assessments will be completed at baseline, and at Months 12 
and 24 in a subset of approximately 700 parent trial participants (~350 per intervention arm) at all 5 clinical 
sites using wrist-worn devices for continuous overnight measurement of oxygen desaturation, pulse 
tonometry, and heart rate using finger pulse oximetry (WatchPAT™), and 6-day/night measurements of 
total rest-wake activity using actigraphy (ActiGraph Link™). 
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1.2.1  Primary Aim 
 
Aim 1: Test whether a 2-year intensive lifestyle intervention improves SDB (using oximetry to measure 
oxyhemoglobin desaturation levels) and sleep fragmentation (using actigraphy to measure KRA) in 
approximately 700 older adults from the parent trial cohort (60-79 years old), who are all at increased risk 
for cognitive decline. 
 
1.2.2  Secondary Aims 
 
Aim 2: Assess the degree to which longitudinal and intervention effects on sleep (hypoxemia, 
fragmentation, duration and other objective measures) predict changes in cognitive trajectory (based on 
composite scores for global cognitive function, executive function, and episodic memory). The potential 
impact of improved cognitive function on sleep quality will also be assessed.  
 
Aim 3: Examine whether longitudinal and intervention effects on sleep differ by subgroups defined by 
baseline characteristics (age, sex, cognitive function, cardiovascular Framingham Risk Score, ODI, sleep 
fragmentation), genetic risk (APOE genotype) and intervention adherence. Intervention effects on sleep will 
also be examined relative to other parent trial outcomes (e.g., cardiovascular events, physical function, 
quality of life, health care utilization).  
 
 
2  BACKGROUND AND SIGNIFICANCE  
 
2.1  Rationale for Studying the Effects of Sleep Disturbances  
 
Sleep disorders in older adults are common, yet frequently undiagnosed and untreated.10-12 These 
disturbances are attributable to numerous factors, including underlying medical or psychiatric conditions, 
medication use, environmental influences, irregular sleep schedules and specific disorders such as 
insomnia or SDB. SDB leads to nightly, recurring acute hypoxemic episodes and sleep disruption, which 
can trigger a cascade of pathophysiological responses that can promote adverse health conditions, 
particularly in older adults who are at higher risk for disease and for chronic sleep disturbance. Over 60% 
of older adults have at least mild SDB,5 and chronic exposure to SDB in epidemiological studies of 
predominantly middle-aged and white individuals has been associated with increased risk for mortality,13-16 
diabetes,17-19 cardiovascular disease (CVD),20-22 cancer,23,24 and cognitive decline.25,26 The results of a 
smaller study of older predominantly white women suggest that SDB may forecast significant cognitive 
impairment a few years later.26 To date, the impact of SDB on health and cognitive trajectories has not 
been adequately examined in those who are at increased risk for vascular disease27-29 and cognitive 
impairment associated with AD.30  
 
Despite the growing number of epidemiological studies linking SDB and risk for CVD, cognitive decline and 
impairment, and all-cause mortality, only limited work has been done to investigate whether non-
pharmacological interventions can improve sleep, and the potential impact of improved sleep on cognitive 
function in older vulnerable adults. So far, the results from randomized controlled clinical trials to treat sleep 
apnea have been equivocal. Some studies administering CPAP treatment for sleep apnea report small 
improvements in cognition31-33 and gray matter volume,34 while others report no or limited improvement35 
(reviewed36). Although CPAP as an intervention may be highly effective for sleep apnea, only a small 
proportion of individuals choose to use this treatment option. A few clinical trials have examined the effects 
of a lifestyle intervention on SDB using objective sleep assessments, but the impact of objectively-
measured SDB and other negative sleep exposures on cognitive decline and AD in medically- and 
cognitively-vulnerable older adults has not been adequately examined. POINTER-zzz will build on the work 
described above by obtaining in-home objective and validated sleep assessments using oximetry and 
actigraphy in the context of a large multi-site trial of lifestyle intervention that includes cardiometabolic risk 
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management, which could have important consequences for the prevention of AD in older at-risk 
individuals.   
 
2.2  Adverse Sleep Exposures and Cognitive Impairment  
 
Chronic sleep disturbances, particularly SDB, can have adverse effects on cognitive function and increase 
risk of cognitive decline and impairment – including MCI and AD.37-39 Performance on cognitive tests is 
lower for community-dwelling older adults with SDB than for those without the disorder,40 with adverse 
effects most consistently reported for executive function.41,42 SDB is associated with reduced gray matter 
volumes in the hippocampus and other regions supporting memory and executive function.43-45 To date, 
only a handful of studies examining the role of SDB on cognition have focused solely on older adults, and 
of those, most were relatively small and the methods, variable.46 Despite evidence that the impact of SDB 
may be modified by genetic and other demographic or medical risk factors, none of these studies had a 
sufficiently large sample to robustly examine important subgroup differences.  
 
2.3  Changes in Sleep Precede Cognitive Impairment and Forecast the Development of AD 
 
Lower concentration of Aβ in cerebrospinal fluid (CSF) or increased Aβ binding as measured by brain PET 
imaging, signifying increased deposition and thus increased AD risk, are associated with poorer sleep in 
non-demented older adults.47,48 Further, better sleep quality, indicated by lower levels of sleep 
fragmentation, is protective against APOE ε4 effects on AD-related cognitive decline and neuropathological 
changes.8 In experimental studies, although unrestricted sleep favorably alters CSF Aβ levels in cognitively 
normal middle-aged adults, a single night of sleep deprivation can neutralize this effect.49 This finding likely 
has important implications for sleep-dependent Aβ processing and thus risk of subsequent AD, particularly 
in light of recent reports that sleep may be essential for Aβ clearance.50 Given the potentially potent 
association between SDB and other sleep exposures with cognitive impairment and neuropathological 
processes, timely detection of disturbances and identification of effective sleep-restoring interventions 
could have important consequences for preventive care in older adults at increased risk for cognitive 
decline and AD.  
 
 
3  POTENTIAL RISKS AND BENEFITS 
 
3.1  Potential Benefits  

 
Sleep disorders in older adults are extremely common, yet frequently undiagnosed and treated. The 
prevalence of sleep disorders increases with advancing age, with more than 50% of adults over the age of 
65 typically reporting some form of chronic sleep-related disturbance. The high prevalence of undiagnosed 
sleep disorders (>85% with obstructive sleep apnea51) that likely confer potent adverse effects on health 
and cognitive status, particularly among older adults, underscores the importance of early identification of 
sleep disturbances. Moreover, the identification of simple, accessible, and objective tools for use in a 
growing medically- and cognitively-vulnerable older cohort, and the need to test the ability of these tools 
are critical not only to identify clinically-important sleep disturbance-related outcomes but also response to 
risk-modifying interventions.  
 
POINTER-zzz provides an unparalleled opportunity to test the effects of lifestyle intervention on sleep 
abnormalities that have been linked to cognitive decline and AD in a well-characterized and diverse cohort 
of at-risk older adults. The results may identify an effective strategy for improving sleep that could have 
important consequences for the prevention of AD and other related disorders. 
 
3.2  Potential Risks and Protection against Risks 
 
3.2.1  Potential Risks  
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There are minimal risks associated with participation in POINTER-zzz. It is possible that the sleep 
assessment may indicate clinically significant hypoxemia (<90% oxyhemoglobin saturation for more than 
10% of sleep), which will be identified by the Brigham and Women’s Hospital (BWH) Sleep Reading Center 
(SRC). Participants may become alarmed when they are notified of this condition. 
 
3.2.2  Protection against Risks 
 
If the sleep assessment indicates clinically significant hypoxemia, the participant will receive a phone call 
by clinic staff and a letter describing the results. A similar letter may be sent to the primary care provider at 
the participant’s discretion. Safety monitoring will be provided by the U.S. POINTER Data Safety and 
Monitoring Board (DSMB). 
 
NIH guidelines will be followed to protect participant confidentiality. The data will be collected for research 
purposes only, and will be managed by the parent trial Data Coordinating Center (DCC) using all 
established database protections.  
 
 
4  SAMPLE SIZE AND STATISTICAL PLAN  
 
4.1  Power and Sample Size Determination 
 
The power estimations for Aim 1 are based on the analytical approach – ANCOVA with repeated measures 
model – to compare average difference in sleep (measured using apnea-hypopnea index [AHI], sleep 
fragmentation, sleep duration) between SG and STR intervention groups over a period of 2 years, for a 
two-sided test at significant level of 0.025 (two outcomes with Bonferroni adjustment). The target sample 
size for this ancillary study is 700 participants, with 350 per arm.  
 
Using oxygen desaturation index (ODI) and AHI data from the Sleep AHEAD study,52 1-year differences in 
baseline standard deviation (SD) units for the intensive lifestyle intervention and diabetes support and 
education groups were 0.58 and 0.45, respectively. In Baker’s WHISPER study, of over 4000 sleep studies 
completed so far, 91% were deemed valid by the BWH Sleep Data Processing Center (invalid 
assessments are repeated, which has reduced sleep data loss to less than 3%). We simulated power 
calculations based on various assumptions of detectable effect size (average difference in SD units 
between Sleep AHEAD intervention arms), within-subject correlations for the repeated measures on sleep 
measures, and loss to follow-up rate. Based on these data, if loss to follow-up is 15% and within-subject 
correlation is 0.3, power to detect a group difference of 0.20 SD is expected to be 87%. Of note, this 
estimate may be an underestimate given that Sleep AHEAD included only adults with type 2 diabetes (not 
true of POINTER-zzz). 

 
4.2  Statistical Analysis Plan 
 
The general approach for statistical analysis is described below. A detailed statistical analytic plan will be 
completed and approved by the parent trial biostatistical team prior to data analysis.  
 
4.2.1  Analyses to Address Primary Aim 

 
The primary analysis will be based on the ITT approach, in which data from all participants will be 
analyzed according to their original intervention assignment, and will compare group differences in SDB 
(using ODI) and sleep fragmentation (using KRA) at Month 12 and Month 24 using analysis of covariance 
(ANCOVA) with repeated measures. Site, age and baseline BMI will be included as covariates in the 
model. Within-subject correlation will be parameterized using a compound symmetry structure. Intervention 
arm by year interactions will also be examined in follow-up analyses.  
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4.2.2  Analyses to Address Secondary Aims 
 
For Aim 2, we will examine whether intervention-related changes in sleep predict change in cognitive 
function using general linear models. For these analyses, we will examine associations between 2-year 
intervention effects on sleep and global and domain-specific cognitive composite outcomes obtained in the 
parent trial. We will also examine whether longitudinal change (without regard to intervention assignment) 
in sleep predicts change in cognitive composite outcomes. We will also explore the potential impact of 
improved cognition on sleep using a similar general linear models approach. 
 
For Aim 3, we will examine whether intervention effects on sleep vary by subgroups defined by baseline 
characteristics (age, sex, cognitive function, cardiovascular Framingham Risk Score, ODI, sleep 
fragmentation), genetic risk (APOE genotype), and intervention adherence using a similar model as that 
described to address Aim 1. Omnibus type 1 error will not be controlled in these exploratory analyses. 
Results will be reported as estimates and 95% confidence intervals. In addition, intervention effects on 
sleep will be examined relative to other parent trial outcomes (e.g., cardiovascular events, physical 
function, quality of life, health care utilization) using general linear models or survival analysis. 
 
 
5  STUDY POPULATION  
 
Sleep data will be collected in a subset of approximately 700 parent trial participants.   
 
5.1  Inclusion and Exclusion Criteria 
 
5.1.1  Exclusion Criteria  
 
Hearing impairment that significantly interferes with completing a telephone interview.  

 
5.1.2  Inclusion Criteria  
 
 Parent trial inclusion criteria apply.  
 Participants must identify a local friend or family member who could help track down the sleep 

assessment devices (WatchPAT, ActiGraph Life) if needed after the sleep assessments so that they 
can be successfully returned to the clinic. If the parent trial Study Partner lives in same city as the 
participant, then the Study Partner may fill this role.  

 
5.2  Recruitment and Screening  
 
U.S. POINTER participants will be approached to assess their interest in POINTER-zzz participation at the 
parent trial baseline visit. Interested participants will receive an informational brochure to take home and a 
follow-up phone call to answer questions. Participants with continued interest will be consented at the 
second parent trial baseline visit, and the first sleep assessment will be scheduled.  
 
5.3  Inclusion of Women and Minorities 

 
No candidate will be excluded for reasons of sex, race, or ethnic group. Consistent with enrollment goals 
for the parent study, the POINTER-zzz study will target enrollment of 50% women, and a minimum of 23% 
from racial/ethnic minority groups, which reflects the demographics of the U.S. population as reported by 
the Census Bureau in 2016. 
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6  SLEEP ASSESSMENTS  
 
6.1  Sleep Assessment Procedures 
 
A schematic of the sleep assessment procedures is provided in Figure 1. At each of the baseline, Month 
12, and Month 24 clinic visits, participants will receive training (or re-training) to correctly use each of the 
two sleep assessment devices. Participants will be sent home with a WatchPAT (to obtain 1 night of 
oximetry data) and an Actigraph Link (to provide 6 days and nights of actigraphy data), printed instruction 
cards that review how to use each of these devices and a printed multi-night sleep diary. If training cannot 
be provided in person at the clinic, then the sleep assessment devices will be shipped to consenting 
participants and the instructions will be reviewed over the phone with a study coordinator. One night of 
oximetry provides reliable estimates of SDB given little night-to-night variability in the AHI/ODI.53 The longer 
collection period for actigraphy is needed given normal higher night-to-night variability in these data. A 
study coordinator will call participants before and after each device is used to answer questions, to ensure 
that the devices are worn and sleep diaries are completed, and to facilitate return shipping of the devices 
and diaries to the clinic. The participant may also return the devices and diaries to the clinic in person. 
Once the devices are received by the clinical site, the data are electronically uploaded to the appropriate 
Sleep Reading Center (oximetry to Brigham and Women’s Hospital; actigraphy to California Pacific Medical 
Center) using device-specific software and a secure FTP server. Dates of the sleep assessment, and the 
participant’s weight, height and sex are also provided to the Sleep Reading Centers. After the data are 
cleaned and processed by the SRCs, the clinical site will send payment and a letter to participants 
describing their results.  
 

 

  
 
6.2  Outcome Measures 
 

6.2.1  Pulse Oximetry  
 
Recent technological advances in sleep apnea screening have 
greatly reduced the cost and participant burden of collecting 
measures of nocturnal hypoxemia such as the oxygen desaturation 
index (ODI) and the apnea-hypopnea index (AHI). The WatchPAT 
is a small, low-burden wrist-worn device (Figure 2) that includes a 
wrist-band, finger sensor and chest sensor. Data capture is 
automatically initiated when a finger is inserted into the finger Figure 2. WatchPAT 

Figure 1. 
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sensor. The device is used to provide continuous high-resolution sampling of pulse oxyhemoglobin 
saturation (SpO2) and accelerometry throughout 1 night of sleep. The WatchPAT chest sensor is secured 
with surgical tape to the upper sternum to provide continuous measurement of chest movement that may 
indicate airway obstruction. The BWH SRC will clean and process these data using established protocols, 
and will prepare a dataset for analysis. Sleep apnea alert values will be identified and communicated to the 
clinical sites, to participants, and to the Coordinating Center using standard protocols of our prior studies. 
The sleep apnea alert thresholds include: 

 
o Oxygen saturation <85% for >10% of total sleep time 
o AHI >50 

 
6.2.2  Quality Assurance  
 
The BWH SRC has supported data collection activities involving over 50,000 research sleep assessments 
from diverse individuals participating in major cohort studies and clinical trials. The BWH SRC was 
established in 1994 to support the first large-scale multicenter sleep cohort study, the Sleep Heart Health 
Study, and has collaborated with Wake Forest on other large sleep studies in older adults (e.g., 
WHISPER). For these studies, inter- and intra-scorer reliability for key sleep variables exceeds 0.94.  
 
For POINTER-zzz, a single, registered polysomnologist will review all oximetry records to identify artifacts 
and annotate the sleep period based on changes in heart rate and actigraphy data.  Quarterly, 5% of the 
records will be reanalyzed to assess scoring reliability and to identify need for re-training. The minimal 
criteria for study acceptability will include at least 4 hours of recorded data during the sleep period. The raw 
oximetry data can be analyzed to select ODI at the 3% criterion (i.e., 3% drop in SpO2 for >10s) as well as 
the 4% criterion. ODI, the number of SpO2 dips per hour of sleep, will serve as the primary hypoxemia 
index – as the literature supports the use of this key exposure as a salient predictor of CVD and cognitive 
decline. Our primary predictor will be 4% ODI, as this has the strongest relationship to clinical outcomes, is 
more specific for significant SDB, and accurately quantifies intermittent hypoxemia. Secondary predictors 
will include 3% ODI, % time with SpO2 <90%, 3% and 4% AHI, and mean baseline and nocturnal SpO2. 
 
6.2.3  Actigraphy 
 
Actigraphy is used to estimate sleep-wake periods over consecutive 24-hour 
periods, providing measures of sleep fragmentation, duration and other activity-
based metrics. Although less accurate than EEG monitoring, enhanced reliability is 
achieved by multiple nights of recording per individual. Wrist-worn actigraphy will be 
collected using the ActiGraph Link (ActiGraph, Inc., Figure 3). The participant will be 
instructed to place the watch-like device on the non-dominant wrist and wear it 
continuously for 6 days and 6 nights. The ActiGraph has a validated tri-axial 
accelerometer and integrated gyroscope and magnetometer to capture absolute 
position and rotation information. The data can be readily downloaded for additional 
analyses and application of other algorithms (e.g., circadian rest-activity rhythms, 
sleep fragmentation).54,55  
 
6.2.4  Sleep Diary 
 
Participants will complete a diary following each night of the sleep assessment that will include questions to 
document sleep/wake times; difficulty falling asleep; pain while sleeping; use of sleep-aid medications, and 
use of alcohol, caffeine or tobacco in the 4 hours preceding sleep.  

 
6.3  Temporary Discontinuation 
 
Temporary discontinuation of study assessments is treated differently than study withdrawal (see Section 
7). In the event of temporary discontinuation due to circumstances such as travel or unavailability, a study 

 
 
 
 
 
 

Figure 3. 
ActiGraph Link 
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coordinator will work with the participant to schedule the sleep assessment in a timely manner. Temporary 
discontinuation of parent trial activities and discontinuation from POINTER-zzz activities are independent.  
Specifically, sleep assessments may continue in the event of temporary intervention discontinuation. 
Decisions regarding continuation and discontinuation in the parent and ancillary studies are made on a 
case-by-case basis by the Coordinating Center, in collaboration with the ancillary study and Site PIs. If the 
participant discontinues the POINTER intervention but agrees to continue with parent trial assessments, 
the participant will be permitted to remain in POINTER-zzz. 
 
Reason(s) for temporary POINTER-zzz discontinuation will be captured in the appropriate case report form 
(CRF) and coded as follows: 
 

 Hospitalization  
 Participant or family emergency  
 Travel outside the country 

 
 
7  STUDY WITHDRAWAL 
 
Participants may withdraw their consent to participate in POINTER-zzz at any time. When a participant 
withdraws from the ancillary study, a Study Withdrawal Form will be completed. If a POINTER-zzz 
participant withdraws consent for the parent trial, this participant will also be withdrawn from the ancillary 
sleep study. Participants who withdraw from the parent trial but agree to an early termination outcomes 
assessment visit will also be offered an early termination sleep assessment.  
 
Reasons(s) for study withdrawal will be coded as follows:  
 

 Participant is unwilling or unable to participate  
 U.S. POINTER or POINTER-zzz are terminated 
 Lost to follow-up: participant could not be recalled to the clinic for follow-up assessments 
 Death 

 
 
8  PERSONNEL REQUIREMENTS  
 
8.1  Coordinating Center Personnel 
 

• POINTER-zzz Coordinating Center Project Manager: The CC Project Manager is responsible for 
ensuring that the sleep assessments are carried out at each site as per protocol, for management 
of accounting, subcontracts and equipment acquisitions, and for oversight and tracking of IRB-
related activities.The CC Project Manager will also oversee sleep data monitoring at clinical sites 
and will provide support as needed to POINTER-zzz site Study Coordinators.  

 
8.2  Site POINTER-zzz Study Personnel 
 

• U.S. POINTER Site Principal Investigator: The Site PI is responsible for overseeing all POINTER-
zzz ancillary activities at the site. The Site PI will work with the POINTER-zzz site Study Coordinator 
to ensure that sleep assessments are carried out according to protocol.   

• U.S. POINTER Site Project Manager: The Site Project Manager oversees all day-to-day participant 
activities for the parent trial and ancillary studies. The Site Project Manager will supervise the 
POINTER-zzz Study Coordinator to help ensure that sleep assessments are appropriately 
integrated within parent trial activities. 
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• POINTER-zzz Site Study Coordinator: The Study Coordinator is supervised by the parent trial 
Project Manager and the Site PI. The Study Coordinator is responsible for carrying out day-to-day 
POINTER-zzz study activities including consenting, scheduling, participant training and 
communication, device management, sleep assessments, data management and tracking. The 
Study Coordinator serves as the main liaison between the site and the Coordinating Center.  

 
 
9  POINTER-zzz INTEGRATION WITH THE PARENT TRIAL  
 
9.1  Study Organization 
 
Ancillary study organization relative to that for the parent trial is depicted in Figure 4. Ancillary study 
leadership includes the PIs (Hayden, Baker), sleep expert co-investigators (Redline, Stone), Co-
Investigators (Molina-Henry, Leng, Espeland). In addition, Dr. Lim of the University of Toronto Sunnybrook 
Health Sciences Centre will provide additional actigraphic data processing expertise. Baker and Espeland 
are PIs of the parent trial and its Coordinating Center. Sleep experts Stone and Redline currently 
collaborate with Baker on another large national sleep and cognition study in older adults. Hayden and 
Espeland co-PI a large prospective observational study focused on lifestyle and metabolic disease in older 
adults. This overlap in investigator teams between POINTER-zzz and other ongoing studies provides a 
solid foundation for POINTER-zzz leadership.  

 
POINTER-zzz Integration with Parent Trial Leadership 
 
Ancillary study investigators are members of the parent trial Steering Committee that meets monthly to 
discuss leadership issues related to trial conduct. The Steering Committee includes several Core 
Workgroups that focus on specific aspects of the trial, and POINTER-zzz investigators are members on 
one or more of these Cores that relate to aspects of POINTER-zzz conduct. All major scientific decisions 
for the parent trial and its ancillary studies will be determined by majority vote of the Steering Committee. 
 
POINTER-zzz Integration with the Parent Trial Coordinating Center 
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The Coordinating Center holds the primary responsibility for ensuring proper regulatory oversight, setting 
up and managing subcontracts with sites, overseeing implementation of all study procedures including 
intervention, outcomes assessments, training and certification of staff, and data monitoring, tracking and 
analysis. A POINTER-zzz Coordinating Center Project Manager will work closely with other CC staff to 
ensure seamless integration of POINTER-zzz procedures with those of the parent trial at the clinical sites. 
The CC Project Manager will also serve as the liaison with Sleep Reading Centers to resolve issues as 
they arise and to oversee timely communication with participants when their WatchPAT data indicates 
possible sleep apnea.  
 
9.2  Schedule of Sleep Assessments  
 
Sleep assessments will be completed at baseline and just prior to or following the Month 12 and Month 24 
clinic visits.  
 
9.3  Masking 
 
Participants enrolled in POINTER-zzz, regardless of intervention group assignment, will complete sleep 
assessments.  
 
9.4  Study Coordination 
 
POINTER-zzz will be coordinated by the U.S. POINTER Coordinating Center to facilitate efficient use of 
study resources, data security and data sharing. 
 
9.5  U.S. POINTER Coordinating Center  
 
The parent trial CC is comprised of two branches, the Administrative and Clinical Operations Coordinating 
Center (ACOCC) and the Data Coordinating Center (DCC).  
 
9.5.1  Administrative and Clinical Operations Coordinating Center  
 
The ACOCC will oversee operations related to participant-facing POINTER-zzz activities. Examples of 
relevant operations are provided below. 
 

1. Finances, including development and management of subcontracts with sites. 
2. Regulatory, including development of IRB applications and tracking of approvals. 
3. Training and certification of study coordinators to properly carry out the POINTER-zzz protocol.  
4. Safety monitoring, including the reporting of sleep apnea alerts to participants, and of protocol 

deviations and adverse events to the IRB.  
5. Site auditing. 

 
9.5.2  Data Coordinating Center  
 
The DCC will carry out data-related operations for POINTER-zzz as outlined below. 
 

1. Forms development for data collection and tracking.  
2. Tracking of sleep assessment devices and completed assessments.  
3. Monitoring site performance (e.g., recruitment, sleep assessment completion rates, sleep data 

validity rates). 
4. Store and analyze sleep data provided by the SRCs. 
5. Generate reports as requested for the parent trial Steering Committee and DSMB, and for the NIA.  
6. Develop a web-based data system for data capture, secure storage, reporting and disaster 

recovery. 
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7. Ensuring confidentiality of participants’ Protected Health Information throughout the lifespan of data 
collection, storage and sharing.  

8. Coordinate sharing of data with other parent trial ancillary studies for operational, safety, and 
scientific purposes, and with national databases for future scientific investigation.  

 
9.6  POINTER-zzz Clinical Sites 
 
Personnel at each site that will assist with POINTER-zzz protocol implementation include parent trial 
personnel (Site PI, Project Manager) and the POINTER-zzz Study Coordinator. Site responsibilities to 
support POINTER-zzz are listed below. 
 

1. Recruit and confirm eligibility of participants. 
2. Obtain informed consent from interested parent trial participants. 
3. Train participants to use the sleep assessment devices and to accurately complete the Sleep 

Diaries.  
4. Clean and maintain sleep assessment devices.  
5. Ensure the return of sleep assessment devices and questionnaires from participants. 
6. Collect and upload oximetry, actigraphy, sleep questionnaire and self-report data according to 

protocol. 
7. Mail sleep assessment results and payments to participants. 
8. Mail sleep assessment results to participants’ providers when appropriate to do so. 
9. Ensure the safety of participants and report SRC-generated alerts to participants as needed.  

 
9.7  Sleep Reading Centers 
 
Sleep data will be uploaded to Sleep Reading Centers (SRCs) for cleaning, processing, and preliminary 
analysis using a secure server and dedicated device-specific software. Oximetry data will be uploaded to 
BWH (Dr. Redline) and actigraphy data will be uploaded to California Pacific Medical Center (Dr. Stone) 
and the University of Toronto (Dr. Lim). Analysis-ready datasets will be created by the SRCs and shared 
with the POINTER CC for analysis.  
 
 
10  SAFETY MANAGEMENT 
 
10.1  Potential Risks 
 
POINTER-zzz will pose minimal risk. Participants may experience minor skin irritation due to friction that 
could occur when wearing a device or when medical tape that holds wires in place are removed.  
 
10.2  Sleep Apnea Alerts and Reporting 
 
Sleep apnea alerts will be issued for participants if the sleep assessment indicates clinically significant 
hypoxemia (<90% oxyhemoglobin saturation for more than 10% of sleep), identified from the WatchPAT 
data by the BWH SRC. In the event an alert is generated, the BWH SRC will contact the POINTER-zzz 
Project Manager who will log this event in the database and contact the site Study Coordinator. The site 
Study Coordinator will call the participant and will also send a summary of the sleep results that the 
participant can share with his/her health care provider. If the participant has granted the site permission to 
send the sleep report directly to the provider, the site Study Coordinator will do this as well.  
 
10.3  Adverse Events and Serious Adverse Events: Definitions and Reporting 
 
In POINTER-zzz, adverse events (AE) are defined as clinically relevant unfavorable or unintended health 
events that occur during the sleep assessment whether they resulted in hospitalization or met other criteria 
for reporting as SAEs. Expected risks described in the consent form, such as mild skin irritation at the site 
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of the chest sensor, finger probe or writstband, or discomfort sleeping while wearing a device will be 
recorded and reported to the DSMB but not logged as AEs. A sleep apnea alert (indicating more severe 
apnea) will only be reported as an AE if it leads to the discontinuation or termination of the intervention. All 
AEs will be classified using MedDRA coding. 
 
Serious Adverse Events (SAEs) are defined per the Code of Federal Regulation Title 21 Part 312, 
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=312.32, and include: death, a 
life-threatening adverse experience, inpatient hospitalization or prolongation of existing hospitalization, 
or persistent or significant disability/incapacity. Important medical events that may not result in death, 
be life-threatening, or require hospitalization may be considered as SAEs if they have the potential to 
jeopardize participant safety or to require medical or surgical intervention to prevent a more serious 
outcome listed above. 
 
Adverse events and serious adverse events will be recorded on the electronic AE Report Form per study 
instructions. AEs reported after informed consent must be recorded on an AE Report Form and entered in 
the central database accessed through the study website. All completed AE Report forms will be reviewed 
for completeness by the parent trial Safety Officer to ensure that documentation of each event is adequate 
to permit accurate inferences regarding causation (e.g., temporal associations, onset, course, response to 
patient or physician intervention, alternative etiologies) and severity.  
 
SAEs must be entered in the central database within 72 hours of learning of the event, and reported to the 
sIRB within 7 days of learning of the event. SAEs may also be reported to the local IRB as per local 
institution requirements. SAEs will be reported as required to the NIA and DSMB. If a participant develops 
an SAE, the participant’s primary care provider and the site PI and/or study clinician will collaborate to 
ascertain the safety of continuing the intervention.  
 
10.4  Data and Safety Monitoring Board  
 
Data and safety monitoring will be provided by the DSMB for the parent trial. The DSMB will review all AEs 
and SAEs and will provide a report to the Steering Committee and to the sIRB. 
 
 
11  DATA MANAGEMENT  

 
The POINTER DCC is responsible for overseeing research clinic data collection and standardization, data 
management, data transfer and QC analyses of non-sleep assessment data.  

 
11.1  Data Collection and Management Responsibilities   
 
The ACOCC is responsible for overseeing sleep data collection across all clinical sites. Clinical sites are 
responsible for collecting pulse oximetry and actigraphy data and uploading these data to the appropriate 
SRCs. The BWH SRC is responsible for pulse oximetry data processing and QC analyses. California 
Pacific Medical Center is responsible for actigraphy data processing and QC. The University of Toronto will 
also receive actigraphy data for processing and QC, in preparation for analyses to examine sleep 
fragmentation. Analysis-ready datasets will be provided by the SRCs to the Coordinating Center.  
 
11.2  Clinical Data Management  
 
11.2.1  POINTER-zzz Study Website  
  
All clinical sites use a secure website for data entry. Access to the data portal by staff is password-
protected, and access to certain types of information on the website is restricted depending on the staff 
member’s role in the study. Site-specific and study-wide dynamic reports will be available.  
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11.2.2  Data Collection and Entry  
 
Sleep questionnaire and self-report data will be securely uploaded from participating sites to the DCC using 
secure electronic case report forms (eCRF) provided by the DCC. Each clinical site maintains appropriate 
medical and research records for the study, in compliance with ICH E6 and regulatory and institutional 
requirements for the protection of confidentiality of participants. Sleep assessment data collection is the 
responsibility of the POINTER-zzz Study Coordinator under the supervision of the Site Project Manager 
and the Site PI. The Site PI is responsible for ensuring the accuracy, completeness, legibility, and 
timeliness of the data reported. 
 
11.2.3  Pulse Oximetry and Actigraphy Data  
 
Actigraphy and pulse oximentry data will be uploaded to SRCs by the POINTER-zzz site Study Coordinator 
using two different portals, one for pulse oximetry data (maintained by BWH) and one for actigraphy data 
(maintained by California Pacific Medical Center). Summary data will be provided by each of the SRCs to 
the DCC on a regular basis.  
 
11.2.4  Randomization  
 
POINTER-zzz will rely on the parent trial randomization schedule to provide approximately equal numbers 
of POINTER-zzz participants in each of the two intervention groups at each of clinical site. 
 
11.2.5  Participant Tracking  
 
The participant tracking system for the parent trial will be expanded to accommodate POINTER-zzz. This 
system permits dynamic tracking of recruitment, enrollment, participant contact, staff training and 
certification, completed assessments, data and safety monitoring, and regulatory activities. The system 
includes a notification system that alerts clinic staff about upcoming appointments and various deadlines.  
 
11.2.6  Security and Data Protection  
 
Procedures are in place to provide disaster recovery of the database if needed using prior nightly back-ups.  
 
11.2.6.1  Database Security  
 
All data collected will be identified only by participant identification (PID) number and stored in a central 
U.S. POINTER database, with access only via a secure and encrypted website. Website access and 
priviledges are managed by the parent trial DCC. Confidentiality of information within the database is 
protected through a variety of procedures and facilities:  
 

1. The confidential nature of the data collected, processed, and stored is explained to all new 
personnel.  

2. All access to data management team office space is controlled through a single door, which is 
locked and only accessible by key or security badge.  

3. All participant data uploaded to the central database is encrypted as described above.  
4. All participant data stored on local servers at the clinical site are encrypted and password-protected.  

 
Protected Health Information such as participant name, address and other identifiers collected and data-
entered are securely stored separately from de-identified data. Access to PHI is limited to a few members 
of the clinical site, the Coordinating Center and the SRCs.  
 
Documents pertaining to the study are to be retained for a minimum of 2 years after discontinuation of the 
parent trial. These documents should be retained for a longer period if required by local regulations. It is 
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the responsibility of study leadership to inform the Site PI when these documents no longer need to be 
retained.  
 
11.2.6.2  Research Clinic Data Security  
 
Hardcopy and/or local server electronic records are stored at the clinical sites. Access to these data is 
controlled by locked storage or password-protected access to electronic records by authorized study 
personnel only.  
 
 
12  ETHICS AND REGULATORY CONSIDERATIONS 
 
12.1  Good Clinical Practice  
 
The POINTER-zzz study, consistent with the parent trial, will be conducted in accordance with Good 
Clinical Practice (GCP) guidelines, as defined by the International Conference on Harmonization (ICH) 
Guideline, Topic E6, the United States Code of Federal Regulations, Title 21, Part 50 (21CFR50) – 
Protection of Human Subjects and Part 56 – IRBs, HIPAA, State and Federal regulations and all other 
applicable local regulatory requirements and laws.  
 
Study personnel involved in conducting this study will be qualified by education, training and experience to 
perform their respective task(s) in accordance with GCP.  
 
No study document shall be destroyed without prior written agreement between the U.S. POINTER 
Coordinating Center and the Site PI. Should the Site PI wish to assign study records to another party or 
move them to another location, he/she may do so only with the prior written consent of the Coordinating 
Center.  
 
12.2  Institutional Review Board  
 
The Wake Forest IRB serves as the single IRB (sIRB) of record and is responsible for the review, approval 
and regulatory oversight of U.S. POINTER and its ancillary studies.  
 
Each participating institution must provide all required documents for the review and approval of this 
protocol and associated informed consent documents and recruitment materials to the Wake Forest sIRB. 
Any amendments to the protocol or consent materials must be approved before they are placed into use. In 
the United States, only institutions holding a current US Federal-wide Assurance issued by OHRP may 
participate (http://www.hhs.gov/ohrp/assurances/).  
 
Subsequent protocol amendments and, when warranted, changes to the informed consent document must 
be approved by the sIRB. Protocol and informed consent form amendments can be made only with the 
prior approval of the U.S. POINTER Coordinating Center. The investigator may not implement any protocol 
deviation without prior notification to the Coordinating Center and prior review and documented approval of 
the sIRB, except where necessary to eliminate an immediate hazard to study participants, or when 
change(s) involve only logistical or administrative aspects of the study (ICH 4.5.4). The Site PI shall notify 
the Coordinating Center and sIRB of deviations from the protocol or severe adverse events (SAEs) 
occurring at the site, in accordance with local procedures. SAEs will be reported to the DSMB and to NIA.   
Per NIA policy, SAEs that are unanticipated will be reported to the NIA and DSMB within 48 hours of site PI 
notification.  
 
12.3  Informed Consent and HIPAA Compliance  
 
In obtaining and documenting informed consent, the investigator should comply with the applicable 
regulatory requirement(s) and should adhere to GCP and to the ethical principles that have their origin in 
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the Declaration of Helsinki. Prior to the beginning of the trial, the investigator should have IRB approval of 
the written ICF and any other written information to be provided to participants. Participants and their family 
members will be given ample opportunity to inquire about the details of the study. Prior to enrollment in the 
study, the written ICF must be signed and personally dated by the participant and by the person who 
conducted the informed consent discussion. Participants will be provided a copy of the signed ICF.  
 
Consent forms will be developed by the U.S. POINTER Coordinating Center in collaboration with 
POINTER-zzz leadership. The sample consent form provided to sites will include all of the required 
elements of informed consent required by the sIRB. The sample consent form will be sent to participating 
sites where it should be tailored to include site-specific information to meet local IRB regulations. Each Site 
PI, under the guidance of the local IRB, is responsible for ensuring that all applicable state laws are met 
with regards to judgment of competency and the consent form process. Each participating site must 
maintain IRB-approval, along with other required regulatory records and essential documents.  
 
Information about study participants will be kept confidential and managed according to the requirements of 
HIPAA. HIPAA regulations require a signed HIPAA Authorization or informed consent form that includes 
HIPAA language informing the participant of the following:  
 

 What PHI will be collected from participants in this study  
 Who will have access to that information and why  
 Who will use or disclose that information  
 The rights of research participants to revoke their authorization for use of their PHI  

 
In the event that a participant revokes authorization to collect or use PHI, the investigator, by regulation, 
retains the ability to use all information collected prior to the revocation of participant authorization. Each 
Site PI, under the guidance of the local IRB, is responsible for ensuring that all applicable HIPAA 
regulations and State laws are met.  
 
12.4  Study Monitoring  
 
Data collection forms and source documents will be reviewed at regular intervals by the Coordinating 
Center throughout the study to verify adherence to the protocol, completeness and accuracy of the data, 
and adherence to local regulations regarding conduct of clinical research.  
 
The monitoring visits will be conducted according to the applicable ICH and GCP guidelines to ensure 
protocol adherence, quality of data, compliance with regulatory requirements and continued adequacy of 
the clinical site and its facilities. The Site PI will cooperate in the monitoring process by ensuring the 
availability of source and other necessary documents/records when requested and will promptly address 
any matters brought to his/her attention by the monitor.  
 
12.5  Duality of Interest  
 
In an environment where scientists may benefit directly or indirectly from commercial ties, the potential to 
influence scientific objectivity exists. Clinical trials are especially vulnerable to such influences, whether 
perceived or real. In these circumstances, a potential conflict of interest occurs when there is a divergence 
between an individual’s private interests and his or her professional obligations to the research project, 
such that an independent observer might reasonably question whether the individual’s professional actions 
or decisions, including the design, conduct, or reporting of the research are influenced or determined by 
considerations of personal gain, financial or otherwise. Allegations of conflicts of interest threaten the 
integrity of the scientific community. Policies that promote disclosure of potential conflicts of interest and 
propose means to manage those conflicts aim to protect the credibility and integrity of research 
investigators so public trust and confidence in the research results is preserved. The U.S. POINTER study 
team has developed a policy to address potential duality of interest and protect the integrity of decision-
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making within the trial. This document has been approved by the Executive Leadership and is available on 
the U.S. POINTER website. POINTER-zzz will abide by this policy.  
 
 
13  AUDIT 
 
In accordance with ICH GCP, representatives of Wake Forest University Health Sciences, the Alzheimer’s 
Association, and/or the National Institute on Aging may select this study for audit. The Site PI and study 
staff are responsible for maintaining the site master file containing all study-related regulatory 
documentation that will be suitable for inspection at any time by the Coordinating Center, sponsor, its 
designees, and/or regulatory agencies. Inspection of site facilities (e.g., clinic and community facilities) to 
evaluate the integrity of trial conduct and compliance with the protocol may also occur.  
 
 
14  PUBLICATION POLICY 
 
The U.S. POINTER Emerging Science, Publications and Presentations Core will coordinate dissemination 
of data from this study. The Core, whose membership will be approved by the U.S. POINTER Executive 
Leadership, includes representation from the study team. The Core will solicit input and assistance from 
other investigators as appropriate and adhere to documented U.S. POINTER publication policies. A 
separate document outlining policies regarding publications and access to study data has been approved 
by the Executive Leadership and is available on the U.S. POINTER website.  
 
 
15  SHARING OF THE POINTER-zzz STUDY DATA 
 
Data from POINTER-zzz will be shared with other researchers pursuant to the 02/26/2003 “Final NIH 
Statement on Sharing Research Data” (http://grants.nih.gov/grants/guide/notice-files/NOT-OD-03- 
032.html). The NIH and the Alzheimer’s Association endorse the sharing of final research data to serve 
these and other important scientific goals. To protect participants’ rights and confidentiality, identifiers will 
be removed from the data before they are shared.  
 
 
16  STUDY GUIDANCE  
 
The Steering Committee is the governing body that provides the leadership for U.S. POINTER and 
establishes scientific and administrative policy for the study. It holds the primary responsibility for 
developing the trial design and common clinical protocols, recommending appropriate procedures to 
manage the conduct and monitoring of study operations, review of ancillary studies, preparation of 
publications, and site-related conflicts that cannot be resolved locally or with Coordinating Center guidance, 
and reporting the study results. The Steering Committee is comprised of the Site PIs, Ancillary Study PIs 
and Leads, Core workgroup chairs, Coordinating Center PIs and Leads, representatives from the sponsors 
of the parent trial (Alzheimer’s Association) and funding agencies of the ancillary study (NIA), and 
representatives from the Executive Leadership. Executive level trial oversight by the Steering Committee is 
outlined in the Steering Committee Charter. POINTER-zzz will rely on executive level leadership input from 
the parent trial Steering Committee.   
 
 
  



POINTER-zzz                                                         

Protocol 1.1 08 DEC 2020 

22 

17  LITERATURE CITED 
 
1. Ogden CL, Carroll MD, Fryar CD, Flegal KM. Prevalence of obesity among adults and youth: United 

States, 2011-2014. Hyattsville, MD: NCHS;2015. 
2. Boyle JP, Thompson TJ, Gregg EW, Barker LE, Williamson DF. Projection of the year 2050 burden 

of diabetes in the US adult population: dynamic modeling of incidence, mortality, and prediabetes 
prevalence. Popul Health Metr. 2010;8:29. 

3. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics--2014 update: a report 
from the American Heart Association. Circulation. 2014;129(3):e28-e292. 

4. Barnes DE, Yaffe K. The projected effect of risk factor reduction on Alzheimer's disease prevalence. 
Lancet Neurol. 2011;10(9):819-828. 

5. Neikrug AB, Ancoli-Israel S. Sleep disorders in the older adult - a mini-review. Gerontology. 
2010;56(2):181-189. 

6. Beaulieu-Bonneau S, Hudon C. Sleep disturbances in older adults with mild cognitive impairment. 
International psychogeriatrics / IPA. 2009;21(4):654-666. 

7. Ju YE, Lucey BP, Holtzman DM. Sleep and Alzheimer disease pathology--a bidirectional 
relationship. Nature reviews Neurology. 2014;10(2):115-119. 

8. Lim AS, Kowgier M, Yu L, Buchman AS, Bennett DA. Sleep fragmentation and the risk of incident 
Alzheimer's disease and cognitive decline in older persons. Sleep. 2013;36(7):1027-1032. 

9. Bubu OM, Brannick M, Mortimer J, et al. Sleep, Cognitive impairment, and Alzheimer's disease: A 
Systematic Review and Meta-Analysis. Sleep. 2017;40(1). 

10. Prinz PN, Vitiello MV, Raskind MA, Thorpy MJ. Geriatrics: sleep disorders and aging. N Engl J Med. 
1990;323(8):520-526. 

11. Foley DJ, Monjan AA, Brown SL, Simonsick EM, Wallace RB, Blazer DG. Sleep complaints among 
elderly persons: an epidemiologic study of three communities. Sleep. 1995;18(6):425-432. 

12. Ancoli-Israel S, Klauber MR, Butters N, Parker L, Kripke DF. Dementia in institutionalized elderly: 
relation to sleep apnea. J Am Geriatr Soc. 1991;39(3):258-263. 

13. Hall MH, Smagula SF, Boudreau RM, et al. Association between sleep duration and mortality is 
mediated by markers of inflammation and health in older adults: the Health, Aging and Body 
Composition Study. Sleep. 2015;38(2):189-195. 

14. Stone KL, Ewing SK, Ancoli-Israel S, et al. Self-reported sleep and nap habits and risk of mortality 
in a large cohort of older women. J Am Geriatr Soc. 2009;57(4):604-611. 

15. Punjabi NM, Caffo BS, Goodwin JL, et al. Sleep-disordered breathing and mortality: a prospective 
cohort study. PLoS Med. 2009;6(8):e1000132. 

16. Young T, Finn L, Peppard PE, et al. Sleep disordered breathing and mortality: eighteen-year follow-
up of the Wisconsin sleep cohort. Sleep. 2008;31(8):1071-1078. 

17. Ayas NT, White DP, Al-Delaimy WK, et al. A prospective study of self-reported sleep duration and 
incident diabetes in women. Diabetes Care. 2003;26(2):380-384. 

18. Gottlieb DJ, Punjabi NM, Newman AB, et al. Association of sleep time with diabetes mellitus and 
impaired glucose tolerance. Arch Intern Med. 2005;165(8):863-867. 

19. Tanno S, Tanigawa T, Saito I, et al. Sleep-related intermittent hypoxemia and glucose intolerance: 
a community-based study. Sleep medicine. 2014;15(10):1212-1218. 

20. Newman AB, Nieto FJ, Guidry U, et al. Relation of sleep-disordered breathing to cardiovascular 
disease risk factors: the Sleep Heart Health Study. Am J Epidemiol. 2001;154(1):50-59. 

21. Shahar E, Whitney CW, Redline S, et al. Sleep-disordered breathing and cardiovascular disease: 
cross-sectional results of the Sleep Heart Health Study. Am J Respir Crit Care Med. 
2001;163(1):19-25. 

22. Gottlieb DJ, Yenokyan G, Newman AB, et al. Prospective study of obstructive sleep apnea and 
incident coronary heart disease and heart failure: the Sleep Heart Health Study. Circulation. 
2010;122(4):352-360. 

23. Christensen AS, Clark A, Salo P, et al. Symptoms of sleep disordered breathing and risk of cancer: 
a prospective cohort study. Sleep. 2013;36(10):1429-1435. 



POINTER-zzz                                                         

Protocol 1.1 08 DEC 2020 

23 

24. Nieto FJ, Peppard PE, Young T, Finn L, Hla KM, Farre R. Sleep-disordered breathing and cancer 
mortality: results from the Wisconsin Sleep Cohort Study. Am J Respir Crit Care Med. 
2012;186(2):190-194. 

25. Blackwell T, Yaffe K, Laffan A, et al. Associations between sleep-disordered breathing, nocturnal 
hypoxemia, and subsequent cognitive decline in older community-dwelling men: the Osteoporotic 
Fractures in Men Sleep Study. J Am Geriatr Soc. 2015;63(3):453-461. 

26. Yaffe K, Laffan AM, Harrison SL, et al. Sleep-disordered breathing, hypoxia, and risk of mild 
cognitive impairment and dementia in older women. JAMA. 2011;306(6):613-619. 

27. Goyal P, Almarzooq ZI, Horn EM, et al. Characteristics of Hospitalizations for Heart Failure with 
Preserved Ejection Fraction. Am J Med. 2016;129(6):635 e615-626. 

28. Kassim NA, Althouse AD, Qin D, Leef G, Saba S. Gender differences in management and clinical 
outcomes of atrial fibrillation patients. J Cardiol. 2017;69(1):195-200. 

29. Wu CY, Hu HY, Chou YJ, Huang N, Chou YC, Li CP. High blood pressure and all-cause and 
cardiovascular disease mortalities in community-dwelling oder adults. Medicine. 
2015;94(47):e2160. 

30. Hebert LE, Weuve J, Scherr PA, Evans DA. Alzheimer disease in the United States (2010-2050) 
estimated using the 2010 census. Neurology. 2013;80(19):1778-1783. 

31. Ancoli-Israel S, Palmer BW, Cooke JR, et al. Cognitive effects of treating obstructive sleep apnea in 
Alzheimer's disease: a randomized controlled study. J Am Geriatr Soc. 2008;56(11):2076-2081. 

32. Cooke JR, Ayalon L, Palmer BW, et al. Sustained use of CPAP slows deterioration of cognition, 
sleep, and mood in patients with Alzheimer's disease and obstructive sleep apnea: a preliminary 
study. J Clin Sleep Med. 2009;5(4):305-309. 

33. Kushida CA, Nichols DA, Holmes TH, et al. Effects of continuous positive airway pressure on 
neurocognitive function in obstructive sleep apnea patients: The Apnea Positive Pressure Long-
term Efficacy Study (APPLES). Sleep. 2012;35(12):1593-1602. 

34. Canessa N, Castronovo V, Cappa SF, et al. Obstructive sleep apnea: brain structural changes and 
neurocognitive function before and after treatment. Am J Respir Crit Care Med. 2011;183(10):1419-
1426. 

35. Quan SF, Chan CS, Dement WC, et al. The association between obstructive sleep apnea and 
neurocognitive performance--the Apnea Positive Pressure Long-term Efficacy Study (APPLES). 
Sleep. 2011;34(3):303-314B. 

36. Ferini-Strambi L, Marelli S, Galbiati A, Castronovo C. Effects of continuous positive airway pressure 
on cognitition and neuroimaging data in sleep apnea. Int J Psychophysiol. 2013;89(2):203-212. 

37. Osorio RS, Gumb T, Pirraglia E, et al. Sleep-disordered breathing advances cognitive decline in the 
elderly. Neurology. 2015;84(19):1964-1971. 

38. Yaffe K, Falvey CM, Hoang T. Connections between sleep and cognition in older adults. Lancet 
Neurol. 2014;13(10):1017-1028. 

39. Blackwell T, Yaffe K, Ancoli-Israel S, et al. Association of sleep characteristics and cognition in 
older community-dwelling men: the MrOS sleep study. Sleep. 2011;34(10):1347-1356. 

40. Ancoli-Israel S, Kripke DF, Klauber MR, Mason WJ, Fell R, Kaplan O. Sleep-disordered breathing in 
community-dwelling elderly. Sleep. 1991;14(6):486-495. 

41. Blackwell T, Yaffe K, Ancoli-Israel S, et al. Associations between sleep architecture and sleep-
disordered breathing and cognition in older community-dwelling men: the Osteoporotic Fractures in 
Men Sleep Study. J Am Geriatr Soc. 2011;59(12):2217-2225. 

42. Saunamaki T, Himanen SL, Polo O, Jehkonen M. Executive dysfunction in patients with obstructive 
sleep apnea syndrome. Eur Neurol. 2009;62(4):237-242. 

43. Macey PM, Henderson LA, Macey KE, et al. Brain morphology associated with obstructive sleep 
apnea. Am J Respir Crit Care Med. 2002;166(10):1382-1387. 

44. Macey PM, Macey KE, Henderson LA, et al. Functional magnetic resonance imaging responses to 
expiratory loading in obstructive sleep apnea. Respir Physiol Neurobiol. 2003;138(2-3):275-290. 

45. Torelli F, Moscufo N, Garreffa G, et al. Cognitive profile and brain morphological changes in 
obstructive sleep apnea. NeuroImage. 2011;54(2):787-793. 

46. Spira AP, Blackwell T, Stone KL, et al. Sleep-disordered breathing and cognition in older women. J 
Am Geriatr Soc. 2008;56(1):45-50. 



POINTER-zzz                                                         

Protocol 1.1 08 DEC 2020 

24 

47. Ju YE, McLeland JS, Toedebusch CD, et al. Sleep quality and preclinical Alzheimer disease. JAMA 
Neurol. 2013;70(5):587-593. 

48. Spira AP, Gamaldo AA, An Y, et al. Self-reported sleep and beta-amyloid deposition in community-
dwelling older adults. JAMA Neurol. 2013;70(12):1537-1543. 

49. Ooms S, Overeem S, Besse K, Rikkert MO, Verbeek M, Claassen JA. Effect of 1 night of total sleep 
deprivation on cerebrospinal fluid beta-amyloid 42 in healthy middle-aged men: a randomized 
clinical trial. JAMA Neurol. 2014;71(8):971-977. 

50. Xie L, Kang H, Xu Q, et al. Sleep drives metabolite clearance from the adult brain. Science. 
2013;342(6156):373-377. 

51. Somers VK, White DP, Amin R, et al. Sleep apnea and cardiovascular disease: an American Heart 
Association/American College of Cardiology Foundation Scientific Statement from the American 
Heart Association Council for High Blood Pressure Research Professional Education Committee, 
Council on Clinical Cardiology, Stroke Council, and Council on Cardiovascular Nursing. J Am Coll 
Cardiol. 2008;52(8):686-717. 

52. Foster GD, Borradaile KE, Sanders MH, et al. A randomized study on the effect of weight loss on 
obstructive sleep apnea among obese patients with type 2 diabetes: the Sleep AHEAD study. Arch 
Intern Med. 2009;169(17):1619-1626. 

53. Quan SF, Griswold ME, Iber C, et al. Short-term variablility of respiration and sleep during 
unattended nonlaboratory polysomnogaphy - The Sleep Heart Health Study. Sleep. 
2002;25(8):843-849. 

54. Cole RJ, Kripke DF, Gruen W, Mullaney DJ, Gillin JC. Automatic sleep/wake identification from wrist 
activity. Sleep. 1992;15(5):461-469. 

55. Marler MR, Gehrman P, Martin JL, Ancoli-Israel S. The sigmoidally transformed cosine curve: A 
mathematical model for circadian rhythms with symmetric non-sinusoidal shapes. Stat Med. 
2006;25(22):3893-3904. 

 
 


