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Author (Year) Sample (N) RAR measures Recording Length Intervention Outcome Measures Key Findings



Van Someren et al. 
(1997)



22 patients with probable 
AD, multi-infarct dementia, 
dementia associated with 
alcoholism, or normal 
pressure hydrocephalus 
(mean age = 79)



Non-parametric (IS 
and IV) 5 days



4 weeks of indirect unattended bright light 
(average intensity of 1136 lux)



Effect of light measured 2 weeks before treatment and 4 weeks 
after light treatment was complete



IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but 
not in those without) intact vision.



Ancoli-Israel et al. 
(2002)



77 nursing home residents 
with dementia (mean 
age=86)



Extended cosine 
(amplitude, mesor, 
beta, alpha, pseudo F-
statistic, and 
acrophase)



18 day protocol 
including 3 baseline 
days and 5 days post-
intervention



 10 days of: morning bright light, evening 
bright light, evening dim red light, or daytime 
sleep restriction. 2500 lux light was delivered.



Effect of intervention on RARs; Intervention groups: 1) evening 
bright light 2) morning bright light 3)daytime sleep restriction and 4) 
evening dim red light.



Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher 
mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. 
The evening dim light group showed sigificnt improvment in the psuedo 
F-statistic (p=0.01) during week 2 relative to baseline.



Ancoli-Israel et al. 
(2003)



92 patients with possible or 
probable Alzheimer's 
disease (mean age=82)



Extended cosine 
(amplitude, mesor, 
beta, alpha, pseudo F-
statistic, and 
acrophase)



3 days at baseline, 10 
days of treatment, and 
5 days after treatment



Three randomly assigned conditions: morning 
bright light (≥ 2500 lux), morning dim red light, 
or evening bright light (≥ 2500 lux), two-hours 
per day for 10-days. Effect of intervention on RARs



Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-
Statistic: p<0.01). 



Dowling et al. 
(2005a)



46 patients with severe AD 
(mean age=84)



Cosine-based 
modeling (amplitude, 
acrophase, and 
goodness of fit index); 
Non-parametric (IS, 
IV, RA, M10, and L5)



6 days at baseline 
and 5 days during the 
last week of the 
intervention



One hour of morning bright light (≥ 2500 lux in 
gaze direction) 5 days per week for 10 weeks; 
the control group received usual indoor light Effect of intervention on RARs



Overall, there were no signficiant effects of the intervention on change 
in RARs. However: (1) the control group delayed ~2 hours over time and 
this was not observed in the light group; and (2) among participants with 
RAR disruption at baseline, the intervention resulted in improved IS



Dowling et al. 
(2005b)



70 patients with AD living in 
an institution (mean 
age=84)



Cosine-based 
modeling (amplitude, 
acrophase, and 
goodness of fit index) 



Average of 6.4 days 
at baseline and 4.4 
days at the end of the 
intervention



Three randomly assigned conditions: 1) 
morning or 2) afternoon bright light (≥ 2500 
lux in gaze direction), or 3) usual indoor light 
(150–200 lux), 5 days per week for 10 weeks. Effect of intervention on RARs



RARs acrophase was shifted two hours later in the control group, 
whereas the two experimental bright light groups had more stable RARs 
over 10-weeks.



Scherder et al. 
(2006)



20 older adults with 
probable AD; experimental 
group (mean age=83.7); 
control group (mean 
age=84.5)



Non-parametric (IS, 
IV, and RA) 7 days



Intervention group differences in RARs 
(cranial electrostimulation vs. sham 
stimulation). 



High-frequency cranial electrostiulation did not influence RARs over 
a 6-week intervention. 



Van Dijk et al. 
(2006)



62older adults with AD 
(mean age experimental 
group=71.5; mean age 
placebo group =72.8) 



Non-parametric (IS, 
IV, and RA)



4 days at baseline 
and post-treatment



Two groups receiving 6-weeks of: (1) electrical 
stimulation on the back in bursts of nine 
pulses at 160 hertz (applied 30 minutes per 
day, 7 days a week) or (2) sham stimulation 
for same amount of time (placebo). A 6-week 
follow-up assessment was also completed. Effect of intervention on RARs



A group by time interaction revealed differences in RAR change over 
time between the experimental and placebo groups for RA (F(2,60) 
=13.76, p<0.001), such that the experimental group showed an 
increase in RA and placebo group showed a decrease in RA over 6-
weeks. Experimental condition resulted in an increase in IS and 
decrease in IV in those who were not using acetylcholinesterase 
inhibitors. 



Lee et al. (2007)
33 patients with dementia 
(mean age=76.5)



Non-parametric 
(relative amplitude)



6 weeks continous 
monitoring (2 weeks 
prior to respite care, 
during 2-week respite 
care, and 2-weeks 
after returning home). 2-weeks of institutionalization for respite care



Effect of intervention on RARs: Three comparisons: 1) 2-week 
baseline period to 2-week period of institutionalization 2)  2-week 
period of institutionalization to 2-week follow-up period 3) 2-week 
baseline period to 2-week follow-up period. 



Institutionalization resulted in  dampening of RARs (p=0.03) but RARs 
returned to normal levels after returning home (p<0.001) (RA baseline 
mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-
up mean(SD): 0.82(0.14)).



Dowling et al. 
(2008)



50 older adults with AD 
(mean age = 86) living in 
an institution with staff-
identified RAR disruption



Cosine-based 
modeling (amplitude, 
acrophase); non-
parametric (IS, L5, 
M10, RA)



An average of 4.4 and 
4.5 days at the 
beginning and end of 
the intervention 
(respectively)



Participants were randomized to two 
experimental groups involving morning bright 
light exposure plus 1) evening melatonin or 2) 
placebo or 3) a control group that did not 
receive bright light exposure  Effect of intervention on RARs



Light treatment plus melatonin was associated with increases cosine-
based amplitude and M10 relative to the light treatment plus placebo 
group and control group. Light treatment plus melatonin showed better 
goodness-of-fit relative to the control group. Both light groups phase 
advanced (an average of 34 and 63 minutes), wereas the control group 
delayed 21 minutes.



Eggermont et al. 
(2009)



61 nursing home residents 
with dementia (mean 
age=85)



Non-parametric (IS, 
IV, and RA) not specified



Randomly assigned: hand movement program 
(30 minutes per day, 5 days a week, for 6 
weeks) or control intervention (read aloud 
program). Mood, cognitive, and actigraphy 
assessments completing at baseline, post-
intervention, and a 6-week follow-up visit. Effect of intervention on RARs The hand movement intervention did not not influence RARs 



Kok et al. (2017)



77 residents moved to a 
small scaled homelike 
Special Care Unit (mean 
age=83); 68 residents that 
remained at the regular 
Special Care Unit (mean 
age = 83)



Non-parametric (IV, 
IS, RA, M10, L5) 7 days



Changes in RARs related to moving to a 
smaller-scale care facility



There were no statistically signfiicant changes in RARs related to 
facility re-assignment. Two time x group interactions revealed better 
intradaily stability of RARs (24 hour) within those who moved to the 
small scaled homelike facility and better interdaily stability of RARs 
(across) days in participants who did not move to the new facility. 










Author (Year) Sample (N) RAR measures Recording Length Intervention Outcome Measures Key Findings

Van Someren et al. 

(1997)

22 patients with probable 

AD, multi-infarct dementia, 

dementia associated with 

alcoholism, or normal 

pressure hydrocephalus 

(mean age = 79)

Non-parametric (IS 

and IV) 5 days

4 weeks of indirect unattended bright light 

(average intensity of 1136 lux)

Effect of light measured 2 weeks before treatment and 4 weeks 

after light treatment was complete

IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but 

not in those without) intact vision.

Ancoli-Israel et al. 

(2002)

77 nursing home residents 

with dementia (mean 

age=86)

Extended cosine 

(amplitude, mesor, 

beta, alpha, pseudo F-

statistic, and 

acrophase)

18 day protocol 

including 3 baseline 

days and 5 days post-

intervention

 10 days of: morning bright light, evening 

bright light, evening dim red light, or daytime 

sleep restriction. 2500 lux light was delivered.

Effect of intervention on RARs; Intervention groups: 1) evening 

bright light 2) morning bright light 3)daytime sleep restriction and 4) 

evening dim red light.

Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher 

mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. 

The evening dim light group showed sigificnt improvment in the psuedo 

F-statistic (p=0.01) during week 2 relative to baseline.

Ancoli-Israel et al. 

(2003)

92 patients with possible or 

probable Alzheimer's 

disease (mean age=82)

Extended cosine 

(amplitude, mesor, 

beta, alpha, pseudo F-

statistic, and 

acrophase)

3 days at baseline, 10 

days of treatment, and 

5 days after treatment

Three randomly assigned conditions: morning 

bright light (≥ 2500 lux), morning dim red light, 

or evening bright light (≥ 2500 lux), two-hours 

per day for 10-days.  Effect of intervention on RARs

Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-

Statistic: p<0.01). 

Dowling et al. 

(2005a)

46 patients with severe AD 

(mean age=84)

Cosine-based 

modeling (amplitude, 

acrophase, and 

goodness of fit index); 

Non-parametric (IS, 

IV, RA, M10, and L5)

6 days at baseline 

and 5 days during the 

last week of the 

intervention

One hour of morning bright light (≥ 2500 lux in 

gaze direction) 5 days per week for 10 weeks; 

the control group received usual indoor light Effect of intervention on RARs

Overall, there were no signficiant effects of the intervention on change 

in RARs. However: (1) the control group delayed ~2 hours over time and 

this was not observed in the light group; and (2) among participants with 

RAR disruption at baseline, the intervention resulted in improved IS

Dowling et al. 

(2005b)

70 patients with AD living in 

an institution (mean 

age=84)

Cosine-based 

modeling (amplitude, 

acrophase, and 

goodness of fit index) 

Average of 6.4 days 

at baseline and 4.4 

days at the end of the 

intervention

Three randomly assigned conditions: 1) 

morning or 2) afternoon bright light (≥ 2500 

lux in gaze direction), or 3) usual indoor light 

(150–200 lux), 5 days per week for 10 weeks. Effect of intervention on RARs

RARs acrophase was shifted two hours later in the control group, 

whereas the two experimental bright light groups had more stable RARs 

over 10-weeks.

Scherder et al. 

(2006)

20 older adults with 

probable AD; experimental 

group (mean age=83.7); 

control group (mean 

age=84.5)

Non-parametric (IS, 

IV, and RA) 7 days

Intervention group differences in RARs 

(cranial electrostimulation vs. sham 

stimulation). 

High-frequency cranial electrostiulation did not influence RARs over 

a 6-week intervention. 

Van Dijk et al. 

(2006)

62older adults with AD 

(mean age experimental 

group=71.5; mean age 

placebo group =72.8) 

Non-parametric (IS, 

IV, and RA)

4 days at baseline 

and post-treatment

Two groups receiving 6-weeks of: (1) electrical 

stimulation on the back in bursts of nine 

pulses at 160 hertz (applied 30 minutes per 

day, 7 days a week) or (2) sham stimulation 

for same amount of time (placebo). A 6-week 

follow-up assessment was also completed.  Effect of intervention on RARs

A group by time interaction revealed differences in RAR change over 

time between the experimental and placebo groups for RA (F(2,60) 

=13.76, p<0.001), such that the experimental group showed an 

increase in RA and placebo group showed a decrease in RA over 6-

weeks. Experimental condition resulted in an increase in IS and 

decrease in IV in those who were not using acetylcholinesterase 

inhibitors. 

Lee et al. (2007)

33 patients with dementia 

(mean age=76.5)

Non-parametric 

(relative amplitude)

6 weeks continous 

monitoring (2 weeks 

prior to respite care, 

during 2-week respite 

care, and 2-weeks 

after returning home).  2-weeks of institutionalization for respite care

Effect of intervention on RARs: Three comparisons: 1) 2-week 

baseline period to 2-week period of institutionalization 2)  2-week 

period of institutionalization to 2-week follow-up period 3) 2-week 

baseline period to 2-week follow-up period. 

Institutionalization resulted in  dampening of RARs (p=0.03) but RARs 

returned to normal levels after returning home (p<0.001) (RA baseline 

mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-

up mean(SD): 0.82(0.14)).

Dowling et al. 

(2008)

50 older adults with AD 

(mean age = 86) living in 

an institution with staff-

identified RAR disruption

Cosine-based 

modeling (amplitude, 

acrophase); non-

parametric (IS, L5, 

M10, RA)

An average of 4.4 and 

4.5 days at the 

beginning and end of 

the intervention 

(respectively)

Participants were randomized to two 

experimental groups involving morning bright 

light exposure plus 1) evening melatonin or 2) 

placebo or 3) a control group that did not 

receive bright light exposure   Effect of intervention on RARs

Light treatment plus melatonin was associated with increases cosine-

based amplitude and M10 relative to the light treatment plus placebo 

group and control group. Light treatment plus melatonin showed better 

goodness-of-fit relative to the control group. Both light groups phase 

advanced (an average of 34 and 63 minutes), wereas the control group 

delayed 21 minutes.

Eggermont et al. 

(2009)

61 nursing home residents 

with dementia (mean 

age=85)

Non-parametric (IS, 

IV, and RA) not specified

Randomly assigned: hand movement program 

(30 minutes per day, 5 days a week, for 6 

weeks) or control intervention (read aloud 

program). Mood, cognitive, and actigraphy 

assessments completing at baseline, post-

intervention, and a 6-week follow-up visit.  Effect of intervention on RARs The hand movement intervention did not not influence RARs 

Kok et al. (2017)

77 residents moved to a 

small scaled homelike 

Special Care Unit (mean 

age=83); 68 residents that 

remained at the regular 

Special Care Unit (mean 

age = 83)

Non-parametric (IV, 

IS, RA, M10, L5) 7 days

Changes in RARs related to moving to a 

smaller-scale care facility

There were no statistically signfiicant changes in RARs related to 

facility re-assignment. Two time x group interactions revealed better 

intradaily stability of RARs (24 hour) within those who moved to the 

small scaled homelike facility and better interdaily stability of RARs 

(across) days in participants who did not move to the new facility. 
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				Year		Sample		RAR Measure		Recording length		Outcome and other key variables		Findings		First author		Journal		Intervention

		1		1997		20 AD (mean age=76); 21 mult-infarct dementia (mean age=79)		Activity counts and regular cosine model (amplitude, mesor, and phase)		5-7 days		Group differences and body temperature rhythm characteristics		Multi-infarct group had lower amplitude RARs (p<0.001).		Mishima		Neurobiol Aging.				Different manifestations of circadian rhythms in senile dementia of Alzheimer's type and multi-infarct dementia.

		51		1995		28 people with probable AD (mean age=71) and 10 controls (mean age=73)		Cosine-based (amplitude, mesor, acrophase, and relative amplitude); frequency deviation (difference between optimized parameter and 24-hour rhythm); 24-hour correlation coefficient; and non-paramtric (IS)		3 days		Group differences: AD patients and controls		AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase (4.5 hours) (t(26.3) = 4.6, p<0.0001).		Satlin		Neurobiol Aging.				Circadian locomotor activity and core-body temperature rhythms in Alzheimer's disease.

		29		2004		19 controls (mean age=72), 13 mild AD (mean age=67), and 14 moderate AD (mean age=70)		Non-parametric (IS, IV, and RA)		28 days		Group differences in RARs		While mild AD and controls did not have differences in RARs, moderate AD was associated with lower IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, p=0.042).		Hatfield		Brain				Disrupted daily activity/rest cycles in relation to daily cortisol rhythms of home-dwelling patients with early Alzheimer's dementia.

		49		1991		10 patients with multi-infarct dementia (mean age=76), 15 patients with AD (mean age=73), and 11 controls (mean age=69)		Autocorrelation coefficient at 24 hours		8 days		Group differences		AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct dementia group		Aharon-Peretz		Neurology				Sleep-wake cycles in multi-infarct dementia and dementia of the Alzheimer type.

		48		1997		77 Nursing home residents (mean age=85.7): 55 severe dementia, 22 moderate/mild/no dementia		Cosine-based (mesor, acrophase, amplitude, and amplitude:mesor ratio)		3 days		RARs; dementia severity defined by Mini Mental State Exam score		The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia		Ancoli-Israel		Sleep				Variations in circadian rhythms of activity, sleep, and light exposure related to dementia in nursing-home patients





include

				File #		Year				Sample		RAR Measure		Recording length		Outcome and other key variables		Findings		First author		Journal		Intervention

		CS		3		1990		Alterations in the circadian rest-activity rhythm in aging and Alzheimer's disease.		6 young (29-55 years); 13 old controls (71-85 years); and 12 AD patients (71-86 years)		Non-parametric (IS, IV, M10)		3.75-7 days		Group differences		AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven by sedative users); no statistically significant differences between older controls and younger participants		Witting		Biological Psychiatry

		CS		7		2015		Associations of the 24-h activity rhythm and sleep with cognition: a population-based study of middle-aged and elderly persons.		1,723 adults (mean age=62)		Non-parametric (IS and IV)		Mean duration = 5.75 days		Cognitive tests assessing verbal learning and memory, verbal fluency, psychomotor speed, and executive functioning (inhibition).		Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, p<0.001)		Luik		Sleep Medicine

		CS		8		2015		Cerebral small vessel disease is related to disturbed 24-h activity rhythms: a population-based study.		970 community-dwelling adults (mean age=59.2)		Non-parametric (IS and IV)		At least 4 days		White matter lesion volume; presence of cerebral microbleeds and lacunar infarcts		After adjustments for health factors (e.g., BMI, ADLs, depressive symptoms, systolic BP, glucose, cholesterol): lower IS marginally associated with presence of cerebral microbleeds (β=0.17, p=0.06); higher IV correlated with more white matter lesions (β=0.09, p=0.02) and the presence of microbleeds (β=0.19, p=0.03)		Zuurbier		European Journal of Neurology

		CS		9		2005		Circadian activity rhythm in demented and non-demented nursing-home residents measured by telemetric actigraphy.		Nursing home patients aged 56-97 (23 with dementia and 19 without)		Sinusoidal modeling (amplitude and acrophase)		At least 10 days		Group differences: dementia (n=23) and non-dementia (n=19)		Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia =0.83 (0.45); group difference p=0.02) 		Paavilainen		Journal of Sleep Research

		CS		10		1996		Circadian rest-activity rhythm disturbances in Alzheimer's disease.		34 patients with Alzheimer's disease and 11 healthy controls		Non-parametric (IS, IV, M10 and L5)		Mean duration = 6.5 days		Group differences: non-dementia controls (n=11); AD onset <65 yrs living independently (n=10); AD onset >65 yrs living independently (n=8); AD onset >65 institutionalized (n=16)		IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; IV: 58% variance explained by low M10 and higher MMSE score  		Van Someren		Biological Psychiatry

		CS		14		2001		Differential circadian rhythm disturbances in men with Alzheimer disease and frontotemporal degeneration.		46 older men (mean age=70): 38 with dementia (i.e., 2 yrs prior to death) and 8 cognitively normal. Men with dementia: AD (n=23); Frontotemporal degeneration (FTD) (n=9); diffuse lewy bodies+ AD or FTD pathology (n=6)		Non-parametric (M10, L5, IS, and IV) and cosine modeling (relative amplitude (amplitude divided by mesor), acrophase, and R2 goodness-of-fit)		3 days		Group differences: Controls, AD, FTD		M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend of FTD < AD and Controls (p=0.05).		Harper		JAMA Psychiatry

		CS		15		2008		Distortions in rest-activity rhythm in aging relate to white matter hyperintensities.		162 non-demented older adults (mean age=69)		Non-parametric (IS, IV, and amplitude (M10- L5))		5+ days		Regional white matter lesions		Lower IS and amplitude were associated with greater occipital periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated relationship between frontal deep white matter lesions and AMP.		Oosterman		Neurobiology of Aging

		CS		16		2009		Fragmentation of the rest-activity rhythm correlates with age-related cognitive deficits.		144 community-dwelling participants (mean age=69.5)		Non-parametric (IS, IV, and amplitude (M10- L5))		7 days		Cogntive measures of processing speed, memory, and executive functioning		Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory association became non-significant after accounting for performance for processing speed and executive functioning. IS was unrelated to cognitive performance. 		Oosterman		Journal of Sleep Research

		CS		17		2015		Hippocampal activity mediates the relationship between circadian activity rhythms and memory in older adults.		41 cognitively normal older adutls (mean age=66.8)		Extended-cosine (mesor, acrophase, amplitude, and F-statistic)		10 days 		Associative recognition memory accuracy during a functional magnetic resonance imaging task		Greater F-statistic (indicating greater RAR robustness) was associated with better memory performance independent of physical activity, sleep, and depressive symptoms; The RAR-memory association was statistically mediated by greater anterior hippocampal activation during memory retrieval during the associative memory task (Indirect effect: β = 0.14, p=0.04). 		Sherman		Neuropsychologia

		CS		N2				Predictors of circadian sleep-wake rhythm maintenance in elders with dementia.		171 nursing home residents with dementia (mean age ~ 80)		Autocorrelation at 24 hours		4 full days		RARs as potentially predicted by depression, cognition, activity, mediations, and sleep apnea.		Physical and social activity were associated with better maintained RAR robustness (physical activity: odds ratio=1.02, p<0.0001; social activity: odds ratio=1.02, p=0.04).		Sullivan		Aging & Mental Health

		CS		N1				Rest-activity rhythms in small scale homelike care and traditional care for residents with dementia.		77 residents moved to a small scaled homelike Special Care Unit (mean age=83); 68 residents that remained at the regular Special Care Unit (mean age = 83)		Non-parametric (IV, IS, RA, M10, L5)		7 days		Changes in RARs related to moving to a smaller-scale care facility		There were no statistically signfiicant changes in RARs related to facility re-assignment. Two time x group interactions revealed better intradaily stability of RARs (24 hour) within those who moved to the small scaled homelike facility and better interdaily stability of RARs (across) days in participants who did not move to the new facility. 		Kok		BMC Geriatrics

		CS		24		2016		Sleep/awake status throughout the night and circadian motor activity patterns in older nursing-home residents with or without dementia, and older community-dwelling people without dementia.		51 Japanese older adults; 17 nursing home residents with dementia (mean age=82); 17 nursing home residents without dementia (mean age=85), and 17 community- dwelling older adults without dementia (mean age=84)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Group differences: Nursing home with dementia (n=17); Nursing home without dementai (n=17), community-dwelling without dementia (n=17)		Nursing home residents, regardless of cognitive status, had more fragemented rhythms (F=5.8, p=0.006). Nursing home residents with dementia had lower RA compared with the other groups (p<0.0005).		Kume		International Psychogeriatrics

		CS		25		2018		The association between circadian rest-activity patterns and the behavioral and psychological symptoms depending on the cognitive status in Japanese nursing-home residents.		77 Nursing home residents (dementia: n=49, mean age=86; no dementia: n=28; mean age=85)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Clinical Dementia Rating Scale (Cognitive Status), Barthel Index (ADLs), and the Dementia Behavioral Disturbance Scale (Behavioral symptoms)		Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to behavioral disturbances.
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		CS		26		2005		The relationship between dementia severity and rest/activity circadian rhythms.		150 nursing home patients with dementia (mean age=84)		Extended cosine (amplitude, mesor, alpha, beta, pseudo F-statistic, and acrophase)		3 days		Assocations between RARs and dementia severity assessed using the Mini-Mental State Examination 		Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.		Gehrman		Neuropsychiatric Disease and Treatment

		CS		27		2015		The rest-activity rhythm and physical activity in early-onset dementia.		61 patients with early onset dementia (mean age=62) and 68 controls (mean age=62)		Non-parametric (IS,  IV, and RA)		7 days		Group differences: Early-onset dementia (n=41) and cognitive normal older adults (n=68). 		Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , which was related to lower daytime physical activity, antidepressant and central nervous system medication use, and being male. 		Hooghiemstra		Alzheimer Disease Assocation Disorder

		CS		28		2014		Weaker circadian activity rhythms are associated with poorer executive function in older women.		Community sampe of 1,287 non-demented older women (mean age=83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		Sensitivity analyses restricted to participants with at least 3 days of adequate data		Group differences: Cognitive performance in Lowest quartile RARs group vs. highest quartile RARs group; Cognitive measures: Modified Mini-Mental State Examination (3MS), California Verbal Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span backwards, Trail Making Test Part B, verbal fluency tests (semantic and phonemic fluency).		Lower amplitude: worse executive performance 5-years later (i.e., Trails B and category fluency). Later acrophase: worse semantic fluency 5-years later.		Walsh		Sleep		Longitudinal design: RARs measured at baseline and cognitive functioning assessed 5-years later

		CS-bio		N3		2018		Circadian Rest-Activity Pattern Changes in Aging and Preclinical Alzheimer Disease.		189 cognitively normal older adults (mean age=67) 		Cosine, non-parametric, and empirical mode decomposition.		7-14 days		Pittsburgh Compound B PET imaging; cerebrospinal fluid amyloid β 42 and phosphorylated tau.		Higher IV was associated with amyloid deposition in the brain (mean [SD], 0.804 [0.187] for PiB negative vs 0.875 [0.178] for PiB positive; P = .05) as well as higher ratios of cerebrospinal phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).		Musiek		JAMA Neurology

		CS-bio		N4		2018		Medial temporal lobe atrophy relates more strongly to sleep-wake rhythm fragmentation than to age or any other known risk.		138 cognitively normal older adults (mean age-69)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Medial temporal lobe volume		Higher IV was associated with lower medial temporal lobe volume after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated with lower medial temporal lobe volume but became non-significant after adjustment for age. 		Van Someren		Neurobiology of Learning and Memory

		I		32		2007		Effect of institutional respite care on the sleep of people with dementia and their primary caregivers.		33 patients with dementia (mean age=76.5)		Non-parametric (relative amplitude)		6 weeks continous monitoring (2 weeks prior to respite care, during 2-week respite care, and 2-weeks after returning home). 		Effect of intervention on RARs: Three comparisons: 1) 2-week baseline period to 2-week period of institutionalization 2)  2-week period of institutionalization to 2-week follow-up period 3) 2-week baseline period to 2-week follow-up period. 		Institutionalization resulted in  dampening of RARs (p=0.03) but RARs returned to normal levels after returning home (p<0.001) (RA baseline mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-up mean(SD): 0.82(0.14)).		Lee		Journal of the American Geriatrics Society		Two weeks of institutionalization for respite care

		I		33		2002		Effect of light treatment on sleep and circadian rhythms in demented nursing home patients.		77 nursing home residents with dementia (mean age=86)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		18 day protocol including 3 baseline days and 5 days post-intervention		Effect of intervention on RARs; Intervention groups: 1) evening bright light 2) morning bright light 3)daytime sleep restriction and 4) evening dim red light.		Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. The evening dim light group showed sigificnt improvment in the psuedo F-statistic (p=0.01) during week 2 relative to baseline.		Ancoli-Israel		Journal of the American Geriatrics Society		Randomly assigned to 10 days of: morning bright light, evening bright light, evening dim red light, or daytime sleep restriction. 2500 lux light was delivered.

		I		N5		2005		Effect of morning bright light treatment for rest-activity disruption in institutionalized patients with severe Alzheimer's disease.		46 patients with severe AD (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index); Non-parametric (IS, IV, RA, M10, and L5)		6 days at baseline and 5 days during the last week of the intervention		Effect of intervention on RARs		Overall, there were no signficiant effects of the intervention on change in RARs. However: (1) the control group delayed ~2 hours over time and this was not observed in the light group; and (2) among participants with RAR disruption at baseline, the intervention resulted in improved IS		Dowling		International Psychogeriatrics		One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light

		I		N6		2005		Effect of timed bright light treatment for rest-activity disruption in institutionalized patients with Alzheimer's disease.		70 patients with AD living in an institution (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index) 		Average of 6.4 days at baseline and 4.4 days at the end of the intervention		Effect of intervention on RARs		RARs acrophase was shifted two hours later in the control group, whereas the two experimental bright light groups had more stable RARs over 10-weeks.		Dowling		International Journal of Geriatric Psychiatry		Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.

		I		35		2009		Hand motor activity, cognition, mood, and the rest-activity rhythm in dementia A clustered RCT. References.		61 nursing home residents with dementia (mean age=85)		Non-parametric (IS, IV, and RA)		not specified		Effect of intervention on RARs		The hand movement intervention did not not influence RARs 		Eggermont		Behavioural Brain Research		Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 

		I		37		2003		Increased light exposure consolidates sleep and strengthens circadian rhythms in severe Alzheimer's disease patients.		92 patients with possible or probable Alzheimer's disease		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		3 days at baseline, 10 days of treatment, and 5 days after treatment		Effect of intervention on RARs		Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-Statistic: p<0.01). 		Ancoli-Israel		Behavioral Sleep Medicine		Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 

		I		38		1997		Indirect bright light improves circadian rest-activity rhythm disturbances in demented patients.		22 patients with probable AD, multi-infarct dementia, dementia associated with alcoholism, or normal pressure hydrocephalus (mean age = 79)		Non-parametric (IS and IV)		5 days		Effect of light measured 2 weeks before treatment and 4 weeks after light treatment was complete		IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but not in those without) intact vision.		Van Someren		Biological Psychiatry		4 weeks of indirect unattended bright light (average intensity of 1136 lux)

		I		N7		2008		Melatonin and bright-light treatment for rest-activity disruption in institutionalized patients with Alzheimer's disease.		Randomized 50 patients with AD (mean age = 86) living in an institution with staff-identified RAR disruption		Cosine-based modeling (amplitude, acrophase); non-parametric (IS, L5, M10, RA)		An average of 4.4 and 4.5 days at the beginning and end of the intervention (respectively)		Effect of intervention on RARs		Light treatment plus melatonin was associated with increases cosine-based amplitude and M10 relative to the light treatment plus placebo group and control group. Light treatment plus melatonin showed better goodness-of-fit relative to the control group. Both light groups phase advanced (an average of 34 and 63 minutes), wereas the control group delayed 21 minutes.		Dowling		Journal of the American Geriatrics Society		Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  

		I		N8		2006		Peripheral electrical nerve stimulation and rest-activity rhythm in Alzheimer's disease.		62 patients with AD (mean age experimental group=71.5; mean age placebo group =72.8) 		Non-parametric (IS, IV, and RA)		4 days at baseline and post-treatment		Effect of intervention on RARs		A group by time interaction revealed differences in RAR change over time between the experimental and placebo groups for RA (F(2,60) =13.76, p<0.001), such that the experimental group showed an increase in RA and placebo group showed a decrease in RA over 6-weeks. Experimental condition resulted in an increase in IS and decrease in IV in those who were not using acetylcholinesterase inhibitors. 		Van Dijk		Journal of Sleep Research		Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 

		I		42		2016		Progression of Dementia Assessed by Temporal Correlations of Physical Activity: Results From a 3.5-Year, Longitudinal Randomized Controlled Trial.		144 older adults with dementia  residing in assisted-living facilities (mean age=85)		Detrended flucuation analysis to examine temporal correlations of activity data across a range of frequencies		1-2 weeks at baseline, after treatment onset, and six months later		Mini-mental State Exam		Activity correlations at <2 hours decreased over time, but this was attenuated by light treatment (~73%). Decreases in temporal correlations positively correlated with cognitive decline. 		Hu		Scientific Reports		2x2 design assigning patients to active or placebo light (~1000 lux) and active or placebo timed melatonin (2.5 mg)

		L		43		2011		Circadian activity rhythms and risk of incident dementia and mild cognitive impairment in older women.		1,282 women (mean age = 83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Approximately 5 years after actigraphy, cognitive status was assessed by an expert clinical panel adjudications based on Modified Mini-Mental State exam, California Verbal Learning Test, the Informant Questionnaire on Cognitive Decline in the Elderly, self-reported diagnoses, and nursing home residence; Group in lowest quartile for RARs measures were compared to group in highest quartile.		Women with later peak activity timing (after 3:51 pm), low amplitude, and low psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-statistic: OR=1.57, 95%CI,1.10–2.26). 		Tranah		Annuls of Neurology

		L		44		2018		Rest-Activity Rhythms and Cognitive Decline in Older Men: The Osteoporotic Fractures in Men Sleep Study.		2,754 community-dwelling non-demented men (mean age=76)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Change in Modified Mini-mental State examination at baseline and an average of 3.4 years later. Group in lowest quartile for RARs measures were compared to group in highest quartile.		Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline over time ) Lower amplitude and psuedo F-statistics, and advanced acrophases, were associated with greater odds of "clinically signficant" decline (defined as ≥5  point changes).
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		Rogers-Soeder		Journal of the American Geriatrics Society

		L		45		2004		The timing of activity rhythms in patients with dementia is related to survival.		149 older adults with dementia recruited from nursing homes (mean age = 84.1); 66 healthy older adults without dementia (mean age = 67.1)		Extended-cosine (mesor, acrophase, amplitude, alpha, beta, and F-statistic)		3 days		Mortality determined using public death records (follow-up time average=6.7 years)		Earlier acrophase (chi square=9.01, p=0.003) and steeper rhythms (chi square=4.88, p=0.027) were associated with longer survival.		Gehrman		Journal of Gerontology: Medical Sciences

		L																		Hu		Scientific Reports
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Cross-Sectional Studies (N=13)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings																		Intervention

		Witting et al. (1990)		6 young (29-55 years); 13 old controls (71-85 years); and 12 AD patients (71-86 years)		Non-parametric (IS, IV, M10)		3.75-7 days		RARs		AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven by sedative users); no statistically significant differences between older controls and younger participants

		Aharon-Peretz et al. (1991)		10 patients with multi-infarct dementia (mean age=76), 15 patients with AD (mean age=73), and 11 controls (mean age=69)		Autocorrelation coefficient at 24 hours		8 days		Group differences		AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct dementia group

		Satlin et al. (1995)		28 people with probable AD (mean age=71) and 10 controls (mean age=73)		Cosine-based (amplitude, mesor, acrophase, and relative amplitude); frequency deviation (difference between optimized parameter and 24-hour rhythm); 24-hour correlation coefficient; and non-paramtric (IS)		3 days		Group differences: AD patients and controls		AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase (4.5 hours) (t(26.3) = 4.6, p<0.0001).

		Van Someren et al. (1996)		34 patients with Alzheimer's disease (AD onset < 65 yrs mean age: 60; AD onset > 65 yrs living independently mean age: 78; AD onset > 65 yrs institutionalized: mean age=86) 11 healthy controls (mean age=72)		Non-parametric (IS, IV, M10 and L5)		Mean duration = 6.5 days		Group differences: non-dementia controls (n=11); AD onset <65 yrs living independently (n=10); AD onset >65 yrs living independently (n=8); AD onset >65 institutionalized (n=16)		IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; IV: 58% variance explained by low M10 and higher MMSE score  

		Ancoli-Israel et al. (1997)		77 Nursing home residents (mean age=85.7): 55 severe dementia, 22 moderate/mild/no dementia		Cosine-based (mesor, acrophase, amplitude, and amplitude:mesor ratio)		3 days		RARs; dementia severity defined by Mini Mental State Exam score		The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia

		Harper et al. (2001)		46 older men (mean a+H7:L7ge=70): 38 with dementia (i.e., 2 yrs prior to death) and 8 cognitively normal. Men with dementia: AD (n=23); Frontotemporal degeneration (FTD) (n=9); diffuse lewy bodies+ AD or FTD pathology (n=6)		Non-parametric (M10, L5, IS, and IV) and cosine modeling (relative amplitude (amplitude divided by mesor), acrophase, and R2 goodness-of-fit)		3 days		Group differences: Controls, AD, FTD		M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend of FTD < AD and Controls (p=0.05).

		Hatfield et al. (2004)		19 controls (mean age=72), 13 mild AD (mean age=67), and 14 moderate AD (mean age=70)		Non-parametric (IS, IV, and RA)		28 days		Group differences in RARs		While mild AD and controls did not have differences in RARs, moderate AD was associated with lower IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, p=0.042).

		Gehrman et al. (2005)		150 nursing home patients with dementia (mean age=84)		Extended cosine (amplitude, mesor, alpha, beta, pseudo F-statistic, and acrophase)		3 days		Assocations between RARs and dementia severity assessed using the Mini-Mental State Examination 		Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.

		Paavilainen et al . (2005)		Nursing home patients aged 56-97 (23 with dementia and 19 without)		Sinusoidal modeling (amplitude and acrophase)		At least 10 days		Group differences: dementia (n=23) and non-dementia (n=19)		Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia =0.83 (0.45); group difference p=0.02) 

		Oosterman et al. (2009)		144 community-dwelling+H9:L9 participants (mean age=69.5)		Non-parametric (IS, IV, and amplitude (M10- L5))		7 days		Cogntive measures of processing speed, memory, and executive functioning		Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory association became non-significant after accounting for performance for processing speed and executive functioning. IS was unrelated to cognitive performance. 

		Hooghiemstra et al (2015)		61 patients with early onset dementia (mean age=62) and 68 controls (mean age=62)		Non-parametric (IS,  IV, and RA)		7 days		Group differences: Early-onset dementia (n=41) and cognitive normal older adults (n=68). 		Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , which was related to lower daytime physical activity, antidepressant and central nervous system medication use, and being male. 

		Luik et al. (2015)		1,723 adults (mean age=62)		Non-parametric (IS and IV)		Mean duration = 5.75 days		Cognitive tests assessing verbal learning and memory, verbal fluency, psychomotor speed, and executive functioning (inhibition).		Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, p<0.001)

		Saito et al. (2018)		77 Nursing home residents (dementia: n=49, mean age=86; no dementia: n=28; mean age=85)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Clinical Dementia Rating Scale (Cognitive Status), Barthel Index (ADLs), and the Dementia Behavioral Disturbance Scale (Behavioral symptoms)		Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to behavioral disturbances.

																														One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light

																														Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.

																														Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 

																														Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 

																														4 weeks of indirect unattended bright light (average intensity of 1136 lux)

																														Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  

																														Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 

																														2x2 design assigning patients to active or placebo light (~1000 lux) and active or placebo timed melatonin (2.5 mg)
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Longitudinal Studies (N=3)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings

		Tranah et al. (2011)		1,282 women (mean age = 83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Approximately 5 years after actigraphy, cognitive status was assessed by an expert clinical panel adjudications based on Modified Mini-Mental State exam, California Verbal Learning Test, the Informant Questionnaire on Cognitive Decline in the Elderly, self-reported diagnoses, and nursing home residence; Group in lowest quartile for RARs measures were compared to group in highest quartile.		Women with later peak activity timing (after 3:51 pm), low amplitude, and low psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-statistic: OR=1.57, 95%CI,1.10–2.26). 

		Walsh et al. (2014)		Community sampe of 1,287 non-demented older women (mean age=83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		Sensitivity analyses restricted to participants with at least 3 days of adequate data		Group differences: Cognitive performance in Lowest quartile RARs group vs. highest quartile RARs group; Cognitive measures: Modified Mini-Mental State Examination (3MS), California Verbal Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span backwards, Trail Making Test Part B, verbal fluency tests (semantic and phonemic fluency).		Lower amplitude: worse executive performance 5-years later (i.e., Trails B and category fluency). Later acrophase: worse semantic fluency 5-years later.

		Rogers-Soeder et al. (2018)		2,754 community-dwelling non-demented men (mean age=76)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Change in Modified Mini-mental State examination at baseline and an average of 3.4 years later. Group in lowest quartile for RARs measures were compared to group in highest quartile.		Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline over time ) Lower amplitude and psuedo F-statistics, and advanced acrophases, were associated with greater odds of "clinically signficant" decline (defined as ≥5  point changes).





















Intervention Studies (N=12)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Intervention		Outcome Measures		Key Findings

		Van Someren et al. (1997)		22 patients with probable AD, multi-infarct dementia, dementia associated with alcoholism, or normal pressure hydrocephalus (mean age = 79)		Non-parametric (IS and IV)		5 days		4 weeks of indirect unattended bright light (average intensity of 1136 lux)		Effect of light measured 2 weeks before treatment and 4 weeks after light treatment was complete		IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but not in those without) intact vision.

		Ancoli-Israel et al. (2002)		77 nursing home residents with dementia (mean age=86)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		18 day protocol including 3 baseline days and 5 days post-intervention		 10 days of: morning bright light, evening bright light, evening dim red light, or daytime sleep restriction. 2500 lux light was delivered.		Effect of intervention on RARs; Intervention groups: 1) evening bright light 2) morning bright light 3)daytime sleep restriction and 4) evening dim red light.		Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. The evening dim light group showed sigificnt improvment in the psuedo F-statistic (p=0.01) during week 2 relative to baseline.

		Ancoli-Israel et al. (2003)		92 patients with possible or probable Alzheimer's disease (mean age=82)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		3 days at baseline, 10 days of treatment, and 5 days after treatment		Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 		Effect of intervention on RARs		Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-Statistic: p<0.01). 

		Dowling et al. (2005a)		46 patients with severe AD (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index); Non-parametric (IS, IV, RA, M10, and L5)		6 days at baseline and 5 days during the last week of the intervention		One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light		Effect of intervention on RARs		Overall, there were no signficiant effects of the intervention on change in RARs. However: (1) the control group delayed ~2 hours over time and this was not observed in the light group; and (2) among participants with RAR disruption at baseline, the intervention resulted in improved IS

		Dowling et al. (2005b)		70 patients with AD living in an institution (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index) 		Average of 6.4 days at baseline and 4.4 days at the end of the intervention		Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.		Effect of intervention on RARs		RARs acrophase was shifted two hours later in the control group, whereas the two experimental bright light groups had more stable RARs over 10-weeks.

		Scherder et al. (2006)		20 older adults with probable AD; experimental group (mean age=83.7); control group (mean age=84.5)		Non-parametric (IS, IV, and RA)		7 days		Intervention group differences in RARs (cranial electrostimulation vs. sham stimulation). 		High-frequency cranial electrostiulation did not influence RARs over a 6-week intervention. 

		Van Dijk et al. (2006)		62older adults with AD (mean age experimental group=71.5; mean age placebo group =72.8) 		Non-parametric (IS, IV, and RA)		4 days at baseline and post-treatment		Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 		Effect of intervention on RARs		A group by time interaction revealed differences in RAR change over time between the experimental and placebo groups for RA (F(2,60) =13.76, p<0.001), such that the experimental group showed an increase in RA and placebo group showed a decrease in RA over 6-weeks. Experimental condition resulted in an increase in IS and decrease in IV in those who were not using acetylcholinesterase inhibitors. 

		Lee et al. (2007)		33 patients with dementia (mean age=76.5)		Non-parametric (relative amplitude)		6 weeks continous monitoring (2 weeks prior to respite care, during 2-week respite care, and 2-weeks after returning home). 		2-weeks of institutionalization for respite care		Effect of intervention on RARs: Three comparisons: 1) 2-week baseline period to 2-week period of institutionalization 2)  2-week period of institutionalization to 2-week follow-up period 3) 2-week baseline period to 2-week follow-up period. 		Institutionalization resulted in  dampening of RARs (p=0.03) but RARs returned to normal levels after returning home (p<0.001) (RA baseline mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-up mean(SD): 0.82(0.14)).

		Dowling et al. (2008)		50 older adults with AD (mean age = 86) living in an institution with staff-identified RAR disruption		Cosine-based modeling (amplitude, acrophase); non-parametric (IS, L5, M10, RA)		An average of 4.4 and 4.5 days at the beginning and end of the intervention (respectively)		Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  		Effect of intervention on RARs		Light treatment plus melatonin was associated with increases cosine-based amplitude and M10 relative to the light treatment plus placebo group and control group. Light treatment plus melatonin showed better goodness-of-fit relative to the control group. Both light groups phase advanced (an average of 34 and 63 minutes), wereas the control group delayed 21 minutes.

		Eggermont et al. (2009)		61 nursing home residents with dementia (mean age=85)		Non-parametric (IS, IV, and RA)		not specified		Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 		Effect of intervention on RARs		The hand movement intervention did not not influence RARs 

		Kok et al. (2017)		77 residents moved to a small scaled homelike Special Care Unit (mean age=83); 68 residents that remained at the regular Special Care Unit (mean age = 83)		Non-parametric (IV, IS, RA, M10, L5)		7 days		Changes in RARs related to moving to a smaller-scale care facility		There were no statistically signfiicant changes in RARs related to facility re-assignment. Two time x group interactions revealed better intradaily stability of RARs (24 hour) within those who moved to the small scaled homelike facility and better interdaily stability of RARs (across) days in participants who did not move to the new facility. 





Biomarker Studies (N=5)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings

		Oosterman et al. (2008)		162 non-demented older adults (mean age=69)		Non-parametric (IS, IV, and amplitude (M10- L5))		5+ days		Regional white matter lesions		Lower IS and amplitude were associated with greater occipital periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated relationship between amplitude and frontal deep white matter lesions.

		Sherman et al. (2015)		41 cognitively normal older adutls (mean age=66.8)		Extended-cosine (mesor, acrophase, amplitude, and F-statistic)		10 days 		Associative recognition memory accuracy during a functional magnetic resonance imaging task		Greater F-statistic (indicating greater RAR robustness) was associated with better memory performance independent of physical activity, sleep, and depressive symptoms; The RAR-memory association was statistically mediated by greater anterior hippocampal activation during memory retrieval during the associative memory task (Indirect effect: β = 0.14, p=0.04). 

		Zuurbier et al. (2015)		970 community-dwelling adults (mean age=59.2)		Non-parametric (IS and IV)		At least 4 days		White matter lesion volume; presence of cerebral microbleeds and lacunar infarcts		After adjustments for health factors (e.g., BMI, ADLs, depressive symptoms, systolic BP, glucose, cholesterol): lower IS marginally associated with presence of cerebral microbleeds (β=0.17, p=0.06); higher IV correlated with more white matter lesions (β=0.09, p=0.02) and the presence of microbleeds (β=0.19, p=0.03)

		Musiek et al. (2018)		189 cognitively normal older adults (mean age=67) 		Cosine, non-parametric, and empirical mode decomposition.		7-14 days		Pittsburgh Compound B PET imaging; cerebrospinal fluid amyloid β 42 and phosphorylated tau.		Higher IV was associated with amyloid deposition in the brain (mean(SD) PiB negative:  0.804(0.187); mean(SD) PiB positive:  0.875(0.178); p=.05) as well as higher ratios of cerebrospinal phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).

		Van Someren et al. (2018)		138 cognitively normal older adults (mean age-69)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Medial temporal lobe volume		Higher IV was associated with lower medial temporal lobe volume after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated with lower medial temporal lobe volume but became non-significant after adjustment for age. 

















Sheet9





Sheet10






image1.emf



Author (Year) Sample (N) RAR measures Recording Length Outcome Measures Key Findings



Witting et al. 
(1990)



6 young (29-55 years); 13 old controls 
(71-85 years); and 12 AD patients (71-
86 years) Non-parametric (IS, IV, M10) 3.75-7 days RARs



AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven 
by sedative users); no statistically significant differences between older controls and younger 
participants



Aharon-Peretz et 
al. (1991)



10 patients with multi-infarct dementia 
(mean age=76), 15 patients with AD 
(mean age=73), and 11 controls 
(mean age=69) Autocorrelation coefficient at 24 hours 8 days Group differences



AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct 
dementia group



Satlin et al. (1995)



28 people with probable AD (mean 
age=71) and 10 controls (mean 
age=73)



Cosine-based (amplitude, mesor, 
acrophase, and relative amplitude); 
frequency deviation (difference between 
optimized parameter and 24-hour rhythm); 
24-hour correlation coefficient; and non-
paramtric (IS) 3 days



Group differences: AD patients and 
controls



AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, 
p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase 
(4.5 hours) (t(26.3) = 4.6, p<0.0001).



Van Someren et 
al. (1996)



34 patients with Alzheimer's disease 
(AD onset < 65 yrs mean age: 60; AD 
onset > 65 yrs living independently 
mean age: 78; AD onset > 65 yrs 
institutionalized: mean age=86) 11 
healthy controls (mean age=72) Non-parametric (IS, IV, M10 and L5)



Mean duration = 6.5 
days



Group differences: non-dementia 
controls (n=11); AD onset <65 yrs 
living independently (n=10); AD onset 
>65 yrs living independently (n=8); AD 
onset >65 institutionalized (n=16)



IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group 
differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; 
IV: 58% variance explained by low M10 and higher MMSE score  



Ancoli-Israel et al. 
(1997)



77 Nursing home residents (mean 
age=85.7): 55 severe dementia, 22 
moderate/mild/no dementia



Cosine-based (mesor, acrophase, 
amplitude, and amplitude:mesor ratio) 3 days



RARs; dementia severity defined by 
Mini Mental State Exam score



The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more 
blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia



Harper et al. 
(2001)



46 older men (mean a+H7:L7ge=70): 
38 with dementia (i.e., 2 yrs prior to 
death) and 8 cognitively normal. Men 
with dementia: AD (n=23); 
Frontotemporal degeneration (FTD) 
(n=9); diffuse lewy bodies+ AD or FTD 
pathology (n=6)



Non-parametric (M10, L5, IS, and IV) and 
cosine modeling (relative amplitude 
(amplitude divided by mesor), acrophase, 
and R2 goodness-of-fit) 3 days Group differences: Controls, AD, FTD



M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; 
IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend 
of FTD < AD and Controls (p=0.05).



Hatfield et al. 
(2004)



19 controls (mean age=72), 13 mild 
AD (mean age=67), and 14 moderate 
AD (mean age=70) Non-parametric (IS, IV, and RA) 28 days Group differences in RARs



While mild AD and controls did not have differences in RARs, moderate AD was associated with lower 
IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, 
p=0.042).



Gehrman et al. 
(2005)



150 nursing home patients with 
dementia (mean age=84)



Extended cosine (amplitude, mesor, 
alpha, beta, pseudo F-statistic, and 
acrophase) 3 days



Assocations between RARs and 
dementia severity assessed using the 
Mini-Mental State Examination 



Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less 
severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more 
robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.



Paavilainen et al . 
(2005)



Nursing home patients aged 56-97 (23 
with dementia and 19 without)



Sinusoidal modeling (amplitude and 
acrophase) At least 10 days



Group differences: dementia (n=23) 
and non-dementia (n=19)



Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia 
=0.83 (0.45); group difference p=0.02) 



Oosterman et al. 
(2009)



144 community-dwelling+H9:L9 
participants (mean age=69.5)



Non-parametric (IS, IV, and amplitude 
(M10- L5)) 7 days



Cogntive measures of processing 
speed, memory, and executive 
functioning



Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and 
executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory 
association became non-significant after accounting for performance for processing speed and 
executive functioning. IS was unrelated to cognitive performance. 



Hooghiemstra et 
al (2015)



61 patients with early onset dementia 
(mean age=62) and 68 controls (mean 
age=62) Non-parametric (IS,  IV, and RA) 7 days



Group differences: Early-onset 
dementia (n=41) and cognitive normal 
older adults (n=68). 



Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , 
which was related to lower daytime physical activity, antidepressant and central nervous system 
medication use, and being male. 



Luik et al. (2015) 1,723 adults (mean age=62) Non-parametric (IS and IV)
Mean duration = 5.75 
days



Cognitive tests assessing verbal 
learning and memory, verbal fluency, 
psychomotor speed, and executive 
functioning (inhibition).



Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, 
p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, 
p<0.001)



Saito et al. (2018)



77 Nursing home residents (dementia: 
n=49, mean age=86; no dementia: 
n=28; mean age=85) Non-parametric (IS, IV, RA, M10, and L5) 7 days



Clinical Dementia Rating Scale 
(Cognitive Status), Barthel Index 
(ADLs), and the Dementia Behavioral 
Disturbance Scale (Behavioral 
symptoms)



Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to 
behavioral disturbances.










Author (Year) Sample (N) RAR measures Recording Length Outcome Measures Key Findings

Witting et al. 

(1990)

6 young (29-55 years); 13 old controls 

(71-85 years); and 12 AD patients (71-

86 years) Non-parametric (IS, IV, M10) 3.75-7 days RARs

AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven 

by sedative users); no statistically significant differences between older controls and younger 

participants

Aharon-Peretz et 

al. (1991)

10 patients with multi-infarct dementia 

(mean age=76), 15 patients with AD 

(mean age=73), and 11 controls 

(mean age=69) Autocorrelation coefficient at 24 hours 8 days Group differences

AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct 

dementia group

Satlin et al. (1995)

28 people with probable AD (mean 

age=71) and 10 controls (mean 

age=73)

Cosine-based (amplitude, mesor, 

acrophase, and relative amplitude); 

frequency deviation (difference between 

optimized parameter and 24-hour rhythm); 

24-hour correlation coefficient; and non-

paramtric (IS) 3 days

Group differences: AD patients and 

controls

AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, 

p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase 

(4.5 hours) (t(26.3) = 4.6, p<0.0001).

Van Someren et 

al. (1996)

34 patients with Alzheimer's disease 

(AD onset < 65 yrs mean age: 60; AD 

onset > 65 yrs living independently 

mean age: 78; AD onset > 65 yrs 

institutionalized: mean age=86) 11 

healthy controls (mean age=72) Non-parametric (IS, IV, M10 and L5)

Mean duration = 6.5 

days

Group differences: non-dementia 

controls (n=11); AD onset <65 yrs 

living independently (n=10); AD onset 

>65 yrs living independently (n=8); AD 

onset >65 institutionalized (n=16)

IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group 

differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; 

IV: 58% variance explained by low M10 and higher MMSE score  

Ancoli-Israel et al. 

(1997)

77 Nursing home residents (mean 

age=85.7): 55 severe dementia, 22 

moderate/mild/no dementia

Cosine-based (mesor, acrophase, 

amplitude, and amplitude:mesor ratio) 3 days

RARs; dementia severity defined by 

Mini Mental State Exam score

The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more 

blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia

Harper et al. 

(2001)

46 older men (mean a+H7:L7ge=70): 

38 with dementia (i.e., 2 yrs prior to 

death) and 8 cognitively normal. Men 

with dementia: AD (n=23); 

Frontotemporal degeneration (FTD) 

(n=9); diffuse lewy bodies+ AD or FTD 

pathology (n=6)

Non-parametric (M10, L5, IS, and IV) and 

cosine modeling (relative amplitude 

(amplitude divided by mesor), acrophase, 

and R2 goodness-of-fit) 3 days Group differences: Controls, AD, FTD

M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; 

IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend 

of FTD < AD and Controls (p=0.05).

Hatfield et al. 

(2004)

19 controls (mean age=72), 13 mild 

AD (mean age=67), and 14 moderate 

AD (mean age=70) Non-parametric (IS, IV, and RA) 28 days Group differences in RARs

While mild AD and controls did not have differences in RARs, moderate AD was associated with lower 

IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, 

p=0.042).

Gehrman et al. 

(2005)

150 nursing home patients with 

dementia (mean age=84)

Extended cosine (amplitude, mesor, 

alpha, beta, pseudo F-statistic, and 

acrophase) 3 days

Assocations between RARs and 

dementia severity assessed using the 

Mini-Mental State Examination 

Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less 

severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more 

robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.

Paavilainen et al . 

(2005)

Nursing home patients aged 56-97 (23 

with dementia and 19 without)

Sinusoidal modeling (amplitude and 

acrophase) At least 10 days

Group differences: dementia (n=23) 

and non-dementia (n=19)

Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia 

=0.83 (0.45); group difference p=0.02) 

Oosterman et al. 

(2009)

144 community-dwelling+H9:L9 

participants (mean age=69.5)

Non-parametric (IS, IV, and amplitude 

(M10- L5)) 7 days

Cogntive measures of processing 

speed, memory, and executive 

functioning

Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and 

executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory 

association became non-significant after accounting for performance for processing speed and 

executive functioning. IS was unrelated to cognitive performance. 

Hooghiemstra et 

al (2015)

61 patients with early onset dementia 

(mean age=62) and 68 controls (mean 

age=62) Non-parametric (IS,  IV, and RA) 7 days

Group differences: Early-onset 

dementia (n=41) and cognitive normal 

older adults (n=68). 

Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , 

which was related to lower daytime physical activity, antidepressant and central nervous system 

medication use, and being male. 

Luik et al. (2015) 1,723 adults (mean age=62) Non-parametric (IS and IV)

Mean duration = 5.75 

days

Cognitive tests assessing verbal 

learning and memory, verbal fluency, 

psychomotor speed, and executive 

functioning (inhibition).

Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, 

p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, 

p<0.001)

Saito et al. (2018)

77 Nursing home residents (dementia: 

n=49, mean age=86; no dementia: 

n=28; mean age=85) Non-parametric (IS, IV, RA, M10, and L5) 7 days

Clinical Dementia Rating Scale 

(Cognitive Status), Barthel Index 

(ADLs), and the Dementia Behavioral 

Disturbance Scale (Behavioral 

symptoms)

Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to 

behavioral disturbances.
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		1		1997		20 AD (mean age=76); 21 mult-infarct dementia (mean age=79)		Activity counts and regular cosine model (amplitude, mesor, and phase)		5-7 days		Group differences and body temperature rhythm characteristics		Multi-infarct group had lower amplitude RARs (p<0.001).		Mishima		Neurobiol Aging.				Different manifestations of circadian rhythms in senile dementia of Alzheimer's type and multi-infarct dementia.

		51		1995		28 people with probable AD (mean age=71) and 10 controls (mean age=73)		Cosine-based (amplitude, mesor, acrophase, and relative amplitude); frequency deviation (difference between optimized parameter and 24-hour rhythm); 24-hour correlation coefficient; and non-paramtric (IS)		3 days		Group differences: AD patients and controls		AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase (4.5 hours) (t(26.3) = 4.6, p<0.0001).		Satlin		Neurobiol Aging.				Circadian locomotor activity and core-body temperature rhythms in Alzheimer's disease.

		29		2004		19 controls (mean age=72), 13 mild AD (mean age=67), and 14 moderate AD (mean age=70)		Non-parametric (IS, IV, and RA)		28 days		Group differences in RARs		While mild AD and controls did not have differences in RARs, moderate AD was associated with lower IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, p=0.042).		Hatfield		Brain				Disrupted daily activity/rest cycles in relation to daily cortisol rhythms of home-dwelling patients with early Alzheimer's dementia.

		49		1991		10 patients with multi-infarct dementia (mean age=76), 15 patients with AD (mean age=73), and 11 controls (mean age=69)		Autocorrelation coefficient at 24 hours		8 days		Group differences		AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct dementia group		Aharon-Peretz		Neurology				Sleep-wake cycles in multi-infarct dementia and dementia of the Alzheimer type.

		48		1997		77 Nursing home residents (mean age=85.7): 55 severe dementia, 22 moderate/mild/no dementia		Cosine-based (mesor, acrophase, amplitude, and amplitude:mesor ratio)		3 days		RARs; dementia severity defined by Mini Mental State Exam score		The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia		Ancoli-Israel		Sleep				Variations in circadian rhythms of activity, sleep, and light exposure related to dementia in nursing-home patients
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				File #		Year				Sample		RAR Measure		Recording length		Outcome and other key variables		Findings		First author		Journal		Intervention

		CS		3		1990		Alterations in the circadian rest-activity rhythm in aging and Alzheimer's disease.		6 young (29-55 years); 13 old controls (71-85 years); and 12 AD patients (71-86 years)		Non-parametric (IS, IV, M10)		3.75-7 days		Group differences		AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven by sedative users); no statistically significant differences between older controls and younger participants		Witting		Biological Psychiatry

		CS		7		2015		Associations of the 24-h activity rhythm and sleep with cognition: a population-based study of middle-aged and elderly persons.		1,723 adults (mean age=62)		Non-parametric (IS and IV)		Mean duration = 5.75 days		Cognitive tests assessing verbal learning and memory, verbal fluency, psychomotor speed, and executive functioning (inhibition).		Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, p<0.001)		Luik		Sleep Medicine

		CS		8		2015		Cerebral small vessel disease is related to disturbed 24-h activity rhythms: a population-based study.		970 community-dwelling adults (mean age=59.2)		Non-parametric (IS and IV)		At least 4 days		White matter lesion volume; presence of cerebral microbleeds and lacunar infarcts		After adjustments for health factors (e.g., BMI, ADLs, depressive symptoms, systolic BP, glucose, cholesterol): lower IS marginally associated with presence of cerebral microbleeds (β=0.17, p=0.06); higher IV correlated with more white matter lesions (β=0.09, p=0.02) and the presence of microbleeds (β=0.19, p=0.03)		Zuurbier		European Journal of Neurology

		CS		9		2005		Circadian activity rhythm in demented and non-demented nursing-home residents measured by telemetric actigraphy.		Nursing home patients aged 56-97 (23 with dementia and 19 without)		Sinusoidal modeling (amplitude and acrophase)		At least 10 days		Group differences: dementia (n=23) and non-dementia (n=19)		Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia =0.83 (0.45); group difference p=0.02) 		Paavilainen		Journal of Sleep Research

		CS		10		1996		Circadian rest-activity rhythm disturbances in Alzheimer's disease.		34 patients with Alzheimer's disease and 11 healthy controls		Non-parametric (IS, IV, M10 and L5)		Mean duration = 6.5 days		Group differences: non-dementia controls (n=11); AD onset <65 yrs living independently (n=10); AD onset >65 yrs living independently (n=8); AD onset >65 institutionalized (n=16)		IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; IV: 58% variance explained by low M10 and higher MMSE score  		Van Someren		Biological Psychiatry

		CS		14		2001		Differential circadian rhythm disturbances in men with Alzheimer disease and frontotemporal degeneration.		46 older men (mean age=70): 38 with dementia (i.e., 2 yrs prior to death) and 8 cognitively normal. Men with dementia: AD (n=23); Frontotemporal degeneration (FTD) (n=9); diffuse lewy bodies+ AD or FTD pathology (n=6)		Non-parametric (M10, L5, IS, and IV) and cosine modeling (relative amplitude (amplitude divided by mesor), acrophase, and R2 goodness-of-fit)		3 days		Group differences: Controls, AD, FTD		M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend of FTD < AD and Controls (p=0.05).		Harper		JAMA Psychiatry

		CS		15		2008		Distortions in rest-activity rhythm in aging relate to white matter hyperintensities.		162 non-demented older adults (mean age=69)		Non-parametric (IS, IV, and amplitude (M10- L5))		5+ days		Regional white matter lesions		Lower IS and amplitude were associated with greater occipital periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated relationship between frontal deep white matter lesions and AMP.		Oosterman		Neurobiology of Aging

		CS		16		2009		Fragmentation of the rest-activity rhythm correlates with age-related cognitive deficits.		144 community-dwelling participants (mean age=69.5)		Non-parametric (IS, IV, and amplitude (M10- L5))		7 days		Cogntive measures of processing speed, memory, and executive functioning		Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory association became non-significant after accounting for performance for processing speed and executive functioning. IS was unrelated to cognitive performance. 		Oosterman		Journal of Sleep Research

		CS		17		2015		Hippocampal activity mediates the relationship between circadian activity rhythms and memory in older adults.		41 cognitively normal older adutls (mean age=66.8)		Extended-cosine (mesor, acrophase, amplitude, and F-statistic)		10 days 		Associative recognition memory accuracy during a functional magnetic resonance imaging task		Greater F-statistic (indicating greater RAR robustness) was associated with better memory performance independent of physical activity, sleep, and depressive symptoms; The RAR-memory association was statistically mediated by greater anterior hippocampal activation during memory retrieval during the associative memory task (Indirect effect: β = 0.14, p=0.04). 		Sherman		Neuropsychologia

		CS		N2				Predictors of circadian sleep-wake rhythm maintenance in elders with dementia.		171 nursing home residents with dementia (mean age ~ 80)		Autocorrelation at 24 hours		4 full days		RARs as potentially predicted by depression, cognition, activity, mediations, and sleep apnea.		Physical and social activity were associated with better maintained RAR robustness (physical activity: odds ratio=1.02, p<0.0001; social activity: odds ratio=1.02, p=0.04).		Sullivan		Aging & Mental Health

		CS		N1				Rest-activity rhythms in small scale homelike care and traditional care for residents with dementia.		77 residents moved to a small scaled homelike Special Care Unit (mean age=83); 68 residents that remained at the regular Special Care Unit (mean age = 83)		Non-parametric (IV, IS, RA, M10, L5)		7 days		Changes in RARs related to moving to a smaller-scale care facility		There were no statistically signfiicant changes in RARs related to facility re-assignment. Two time x group interactions revealed better intradaily stability of RARs (24 hour) within those who moved to the small scaled homelike facility and better interdaily stability of RARs (across) days in participants who did not move to the new facility. 		Kok		BMC Geriatrics

		CS		24		2016		Sleep/awake status throughout the night and circadian motor activity patterns in older nursing-home residents with or without dementia, and older community-dwelling people without dementia.		51 Japanese older adults; 17 nursing home residents with dementia (mean age=82); 17 nursing home residents without dementia (mean age=85), and 17 community- dwelling older adults without dementia (mean age=84)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Group differences: Nursing home with dementia (n=17); Nursing home without dementai (n=17), community-dwelling without dementia (n=17)		Nursing home residents, regardless of cognitive status, had more fragemented rhythms (F=5.8, p=0.006). Nursing home residents with dementia had lower RA compared with the other groups (p<0.0005).		Kume		International Psychogeriatrics

		CS		25		2018		The association between circadian rest-activity patterns and the behavioral and psychological symptoms depending on the cognitive status in Japanese nursing-home residents.		77 Nursing home residents (dementia: n=49, mean age=86; no dementia: n=28; mean age=85)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Clinical Dementia Rating Scale (Cognitive Status), Barthel Index (ADLs), and the Dementia Behavioral Disturbance Scale (Behavioral symptoms)		Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to behavioral disturbances.
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		CS		26		2005		The relationship between dementia severity and rest/activity circadian rhythms.		150 nursing home patients with dementia (mean age=84)		Extended cosine (amplitude, mesor, alpha, beta, pseudo F-statistic, and acrophase)		3 days		Assocations between RARs and dementia severity assessed using the Mini-Mental State Examination 		Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.		Gehrman		Neuropsychiatric Disease and Treatment

		CS		27		2015		The rest-activity rhythm and physical activity in early-onset dementia.		61 patients with early onset dementia (mean age=62) and 68 controls (mean age=62)		Non-parametric (IS,  IV, and RA)		7 days		Group differences: Early-onset dementia (n=41) and cognitive normal older adults (n=68). 		Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , which was related to lower daytime physical activity, antidepressant and central nervous system medication use, and being male. 		Hooghiemstra		Alzheimer Disease Assocation Disorder

		CS		28		2014		Weaker circadian activity rhythms are associated with poorer executive function in older women.		Community sampe of 1,287 non-demented older women (mean age=83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		Sensitivity analyses restricted to participants with at least 3 days of adequate data		Group differences: Cognitive performance in Lowest quartile RARs group vs. highest quartile RARs group; Cognitive measures: Modified Mini-Mental State Examination (3MS), California Verbal Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span backwards, Trail Making Test Part B, verbal fluency tests (semantic and phonemic fluency).		Lower amplitude: worse executive performance 5-years later (i.e., Trails B and category fluency). Later acrophase: worse semantic fluency 5-years later.		Walsh		Sleep		Longitudinal design: RARs measured at baseline and cognitive functioning assessed 5-years later

		CS-bio		N3		2018		Circadian Rest-Activity Pattern Changes in Aging and Preclinical Alzheimer Disease.		189 cognitively normal older adults (mean age=67) 		Cosine, non-parametric, and empirical mode decomposition.		7-14 days		Pittsburgh Compound B PET imaging; cerebrospinal fluid amyloid β 42 and phosphorylated tau.		Higher IV was associated with amyloid deposition in the brain (mean [SD], 0.804 [0.187] for PiB negative vs 0.875 [0.178] for PiB positive; P = .05) as well as higher ratios of cerebrospinal phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).		Musiek		JAMA Neurology

		CS-bio		N4		2018		Medial temporal lobe atrophy relates more strongly to sleep-wake rhythm fragmentation than to age or any other known risk.		138 cognitively normal older adults (mean age-69)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Medial temporal lobe volume		Higher IV was associated with lower medial temporal lobe volume after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated with lower medial temporal lobe volume but became non-significant after adjustment for age. 		Van Someren		Neurobiology of Learning and Memory

		I		32		2007		Effect of institutional respite care on the sleep of people with dementia and their primary caregivers.		33 patients with dementia (mean age=76.5)		Non-parametric (relative amplitude)		6 weeks continous monitoring (2 weeks prior to respite care, during 2-week respite care, and 2-weeks after returning home). 		Effect of intervention on RARs: Three comparisons: 1) 2-week baseline period to 2-week period of institutionalization 2)  2-week period of institutionalization to 2-week follow-up period 3) 2-week baseline period to 2-week follow-up period. 		Institutionalization resulted in  dampening of RARs (p=0.03) but RARs returned to normal levels after returning home (p<0.001) (RA baseline mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-up mean(SD): 0.82(0.14)).		Lee		Journal of the American Geriatrics Society		Two weeks of institutionalization for respite care

		I		33		2002		Effect of light treatment on sleep and circadian rhythms in demented nursing home patients.		77 nursing home residents with dementia (mean age=86)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		18 day protocol including 3 baseline days and 5 days post-intervention		Effect of intervention on RARs; Intervention groups: 1) evening bright light 2) morning bright light 3)daytime sleep restriction and 4) evening dim red light.		Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. The evening dim light group showed sigificnt improvment in the psuedo F-statistic (p=0.01) during week 2 relative to baseline.		Ancoli-Israel		Journal of the American Geriatrics Society		Randomly assigned to 10 days of: morning bright light, evening bright light, evening dim red light, or daytime sleep restriction. 2500 lux light was delivered.

		I		N5		2005		Effect of morning bright light treatment for rest-activity disruption in institutionalized patients with severe Alzheimer's disease.		46 patients with severe AD (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index); Non-parametric (IS, IV, RA, M10, and L5)		6 days at baseline and 5 days during the last week of the intervention		Effect of intervention on RARs		Overall, there were no signficiant effects of the intervention on change in RARs. However: (1) the control group delayed ~2 hours over time and this was not observed in the light group; and (2) among participants with RAR disruption at baseline, the intervention resulted in improved IS		Dowling		International Psychogeriatrics		One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light

		I		N6		2005		Effect of timed bright light treatment for rest-activity disruption in institutionalized patients with Alzheimer's disease.		70 patients with AD living in an institution (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index) 		Average of 6.4 days at baseline and 4.4 days at the end of the intervention		Effect of intervention on RARs		RARs acrophase was shifted two hours later in the control group, whereas the two experimental bright light groups had more stable RARs over 10-weeks.		Dowling		International Journal of Geriatric Psychiatry		Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.

		I		35		2009		Hand motor activity, cognition, mood, and the rest-activity rhythm in dementia A clustered RCT. References.		61 nursing home residents with dementia (mean age=85)		Non-parametric (IS, IV, and RA)		not specified		Effect of intervention on RARs		The hand movement intervention did not not influence RARs 		Eggermont		Behavioural Brain Research		Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 

		I		37		2003		Increased light exposure consolidates sleep and strengthens circadian rhythms in severe Alzheimer's disease patients.		92 patients with possible or probable Alzheimer's disease		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		3 days at baseline, 10 days of treatment, and 5 days after treatment		Effect of intervention on RARs		Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-Statistic: p<0.01). 		Ancoli-Israel		Behavioral Sleep Medicine		Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 

		I		38		1997		Indirect bright light improves circadian rest-activity rhythm disturbances in demented patients.		22 patients with probable AD, multi-infarct dementia, dementia associated with alcoholism, or normal pressure hydrocephalus (mean age = 79)		Non-parametric (IS and IV)		5 days		Effect of light measured 2 weeks before treatment and 4 weeks after light treatment was complete		IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but not in those without) intact vision.		Van Someren		Biological Psychiatry		4 weeks of indirect unattended bright light (average intensity of 1136 lux)

		I		N7		2008		Melatonin and bright-light treatment for rest-activity disruption in institutionalized patients with Alzheimer's disease.		Randomized 50 patients with AD (mean age = 86) living in an institution with staff-identified RAR disruption		Cosine-based modeling (amplitude, acrophase); non-parametric (IS, L5, M10, RA)		An average of 4.4 and 4.5 days at the beginning and end of the intervention (respectively)		Effect of intervention on RARs		Light treatment plus melatonin was associated with increases cosine-based amplitude and M10 relative to the light treatment plus placebo group and control group. Light treatment plus melatonin showed better goodness-of-fit relative to the control group. Both light groups phase advanced (an average of 34 and 63 minutes), wereas the control group delayed 21 minutes.		Dowling		Journal of the American Geriatrics Society		Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  

		I		N8		2006		Peripheral electrical nerve stimulation and rest-activity rhythm in Alzheimer's disease.		62 patients with AD (mean age experimental group=71.5; mean age placebo group =72.8) 		Non-parametric (IS, IV, and RA)		4 days at baseline and post-treatment		Effect of intervention on RARs		A group by time interaction revealed differences in RAR change over time between the experimental and placebo groups for RA (F(2,60) =13.76, p<0.001), such that the experimental group showed an increase in RA and placebo group showed a decrease in RA over 6-weeks. Experimental condition resulted in an increase in IS and decrease in IV in those who were not using acetylcholinesterase inhibitors. 		Van Dijk		Journal of Sleep Research		Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 

		I		42		2016		Progression of Dementia Assessed by Temporal Correlations of Physical Activity: Results From a 3.5-Year, Longitudinal Randomized Controlled Trial.		144 older adults with dementia  residing in assisted-living facilities (mean age=85)		Detrended flucuation analysis to examine temporal correlations of activity data across a range of frequencies		1-2 weeks at baseline, after treatment onset, and six months later		Mini-mental State Exam		Activity correlations at <2 hours decreased over time, but this was attenuated by light treatment (~73%). Decreases in temporal correlations positively correlated with cognitive decline. 		Hu		Scientific Reports		2x2 design assigning patients to active or placebo light (~1000 lux) and active or placebo timed melatonin (2.5 mg)

		L		43		2011		Circadian activity rhythms and risk of incident dementia and mild cognitive impairment in older women.		1,282 women (mean age = 83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Approximately 5 years after actigraphy, cognitive status was assessed by an expert clinical panel adjudications based on Modified Mini-Mental State exam, California Verbal Learning Test, the Informant Questionnaire on Cognitive Decline in the Elderly, self-reported diagnoses, and nursing home residence; Group in lowest quartile for RARs measures were compared to group in highest quartile.		Women with later peak activity timing (after 3:51 pm), low amplitude, and low psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-statistic: OR=1.57, 95%CI,1.10–2.26). 		Tranah		Annuls of Neurology

		L		44		2018		Rest-Activity Rhythms and Cognitive Decline in Older Men: The Osteoporotic Fractures in Men Sleep Study.		2,754 community-dwelling non-demented men (mean age=76)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Change in Modified Mini-mental State examination at baseline and an average of 3.4 years later. Group in lowest quartile for RARs measures were compared to group in highest quartile.		Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline over time ) Lower amplitude and psuedo F-statistics, and advanced acrophases, were associated with greater odds of "clinically signficant" decline (defined as ≥5  point changes).
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		Rogers-Soeder		Journal of the American Geriatrics Society

		L		45		2004		The timing of activity rhythms in patients with dementia is related to survival.		149 older adults with dementia recruited from nursing homes (mean age = 84.1); 66 healthy older adults without dementia (mean age = 67.1)		Extended-cosine (mesor, acrophase, amplitude, alpha, beta, and F-statistic)		3 days		Mortality determined using public death records (follow-up time average=6.7 years)		Earlier acrophase (chi square=9.01, p=0.003) and steeper rhythms (chi square=4.88, p=0.027) were associated with longer survival.		Gehrman		Journal of Gerontology: Medical Sciences

		L																		Hu		Scientific Reports
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Cross-Sectional Studies (N=13)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings																		Intervention

		Witting et al. (1990)		6 young (29-55 years); 13 old controls (71-85 years); and 12 AD patients (71-86 years)		Non-parametric (IS, IV, M10)		3.75-7 days		RARs		AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven by sedative users); no statistically significant differences between older controls and younger participants

		Aharon-Peretz et al. (1991)		10 patients with multi-infarct dementia (mean age=76), 15 patients with AD (mean age=73), and 11 controls (mean age=69)		Autocorrelation coefficient at 24 hours		8 days		Group differences		AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct dementia group

		Satlin et al. (1995)		28 people with probable AD (mean age=71) and 10 controls (mean age=73)		Cosine-based (amplitude, mesor, acrophase, and relative amplitude); frequency deviation (difference between optimized parameter and 24-hour rhythm); 24-hour correlation coefficient; and non-paramtric (IS)		3 days		Group differences: AD patients and controls		AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase (4.5 hours) (t(26.3) = 4.6, p<0.0001).

		Van Someren et al. (1996)		34 patients with Alzheimer's disease (AD onset < 65 yrs mean age: 60; AD onset > 65 yrs living independently mean age: 78; AD onset > 65 yrs institutionalized: mean age=86) 11 healthy controls (mean age=72)		Non-parametric (IS, IV, M10 and L5)		Mean duration = 6.5 days		Group differences: non-dementia controls (n=11); AD onset <65 yrs living independently (n=10); AD onset >65 yrs living independently (n=8); AD onset >65 institutionalized (n=16)		IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; IV: 58% variance explained by low M10 and higher MMSE score  

		Ancoli-Israel et al. (1997)		77 Nursing home residents (mean age=85.7): 55 severe dementia, 22 moderate/mild/no dementia		Cosine-based (mesor, acrophase, amplitude, and amplitude:mesor ratio)		3 days		RARs; dementia severity defined by Mini Mental State Exam score		The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia

		Harper et al. (2001)		46 older men (mean a+H7:L7ge=70): 38 with dementia (i.e., 2 yrs prior to death) and 8 cognitively normal. Men with dementia: AD (n=23); Frontotemporal degeneration (FTD) (n=9); diffuse lewy bodies+ AD or FTD pathology (n=6)		Non-parametric (M10, L5, IS, and IV) and cosine modeling (relative amplitude (amplitude divided by mesor), acrophase, and R2 goodness-of-fit)		3 days		Group differences: Controls, AD, FTD		M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend of FTD < AD and Controls (p=0.05).

		Hatfield et al. (2004)		19 controls (mean age=72), 13 mild AD (mean age=67), and 14 moderate AD (mean age=70)		Non-parametric (IS, IV, and RA)		28 days		Group differences in RARs		While mild AD and controls did not have differences in RARs, moderate AD was associated with lower IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, p=0.042).

		Gehrman et al. (2005)		150 nursing home patients with dementia (mean age=84)		Extended cosine (amplitude, mesor, alpha, beta, pseudo F-statistic, and acrophase)		3 days		Assocations between RARs and dementia severity assessed using the Mini-Mental State Examination 		Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.

		Paavilainen et al . (2005)		Nursing home patients aged 56-97 (23 with dementia and 19 without)		Sinusoidal modeling (amplitude and acrophase)		At least 10 days		Group differences: dementia (n=23) and non-dementia (n=19)		Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia =0.83 (0.45); group difference p=0.02) 

		Oosterman et al. (2009)		144 community-dwelling+H9:L9 participants (mean age=69.5)		Non-parametric (IS, IV, and amplitude (M10- L5))		7 days		Cogntive measures of processing speed, memory, and executive functioning		Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory association became non-significant after accounting for performance for processing speed and executive functioning. IS was unrelated to cognitive performance. 

		Hooghiemstra et al (2015)		61 patients with early onset dementia (mean age=62) and 68 controls (mean age=62)		Non-parametric (IS,  IV, and RA)		7 days		Group differences: Early-onset dementia (n=41) and cognitive normal older adults (n=68). 		Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , which was related to lower daytime physical activity, antidepressant and central nervous system medication use, and being male. 

		Luik et al. (2015)		1,723 adults (mean age=62)		Non-parametric (IS and IV)		Mean duration = 5.75 days		Cognitive tests assessing verbal learning and memory, verbal fluency, psychomotor speed, and executive functioning (inhibition).		Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, p<0.001)

		Saito et al. (2018)		77 Nursing home residents (dementia: n=49, mean age=86; no dementia: n=28; mean age=85)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Clinical Dementia Rating Scale (Cognitive Status), Barthel Index (ADLs), and the Dementia Behavioral Disturbance Scale (Behavioral symptoms)		Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to behavioral disturbances.

																														One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light

																														Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.

																														Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 

																														Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 

																														4 weeks of indirect unattended bright light (average intensity of 1136 lux)

																														Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  

																														Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 

																														2x2 design assigning patients to active or placebo light (~1000 lux) and active or placebo timed melatonin (2.5 mg)
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Longitudinal Studies (N=3)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings

		Tranah et al. (2011)		1,282 women (mean age = 83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Approximately 5 years after actigraphy, cognitive status was assessed by an expert clinical panel adjudications based on Modified Mini-Mental State exam, California Verbal Learning Test, the Informant Questionnaire on Cognitive Decline in the Elderly, self-reported diagnoses, and nursing home residence; Group in lowest quartile for RARs measures were compared to group in highest quartile.		Women with later peak activity timing (after 3:51 pm), low amplitude, and low psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-statistic: OR=1.57, 95%CI,1.10–2.26). 

		Walsh et al. (2014)		Community sampe of 1,287 non-demented older women (mean age=83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		Sensitivity analyses restricted to participants with at least 3 days of adequate data		Group differences: Cognitive performance in Lowest quartile RARs group vs. highest quartile RARs group; Cognitive measures: Modified Mini-Mental State Examination (3MS), California Verbal Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span backwards, Trail Making Test Part B, verbal fluency tests (semantic and phonemic fluency).		Lower amplitude: worse executive performance 5-years later (i.e., Trails B and category fluency). Later acrophase: worse semantic fluency 5-years later.

		Rogers-Soeder et al. (2018)		2,754 community-dwelling non-demented men (mean age=76)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Change in Modified Mini-mental State examination at baseline and an average of 3.4 years later. Group in lowest quartile for RARs measures were compared to group in highest quartile.		Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline over time ) Lower amplitude and psuedo F-statistics, and advanced acrophases, were associated with greater odds of "clinically signficant" decline (defined as ≥5  point changes).





Intervention Studies (N=12)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Intervention		Outcome Measures		Key Findings

		Van Someren et al. (1997)		22 patients with probable AD, multi-infarct dementia, dementia associated with alcoholism, or normal pressure hydrocephalus (mean age = 79)		Non-parametric (IS and IV)		5 days		4 weeks of indirect unattended bright light (average intensity of 1136 lux)		Effect of light measured 2 weeks before treatment and 4 weeks after light treatment was complete		IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but not in those without) intact vision.

		Ancoli-Israel et al. (2002)		77 nursing home residents with dementia (mean age=86)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		18 day protocol including 3 baseline days and 5 days post-intervention		 10 days of: morning bright light, evening bright light, evening dim red light, or daytime sleep restriction. 2500 lux light was delivered.		Effect of intervention on RARs; Intervention groups: 1) evening bright light 2) morning bright light 3)daytime sleep restriction and 4) evening dim red light.		Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. The evening dim light group showed sigificnt improvment in the psuedo F-statistic (p=0.01) during week 2 relative to baseline.

		Ancoli-Israel et al. (2003)		92 patients with possible or probable Alzheimer's disease (mean age=82)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		3 days at baseline, 10 days of treatment, and 5 days after treatment		Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 		Effect of intervention on RARs		Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-Statistic: p<0.01). 

		Dowling et al. (2005a)		46 patients with severe AD (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index); Non-parametric (IS, IV, RA, M10, and L5)		6 days at baseline and 5 days during the last week of the intervention		One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light		Effect of intervention on RARs		Overall, there were no signficiant effects of the intervention on change in RARs. However: (1) the control group delayed ~2 hours over time and this was not observed in the light group; and (2) among participants with RAR disruption at baseline, the intervention resulted in improved IS

		Dowling et al. (2005b)		70 patients with AD living in an institution (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index) 		Average of 6.4 days at baseline and 4.4 days at the end of the intervention		Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.		Effect of intervention on RARs		RARs acrophase was shifted two hours later in the control group, whereas the two experimental bright light groups had more stable RARs over 10-weeks.

		Scherder et al. (2006)		20 older adults with probable AD; experimental group (mean age=83.7); control group (mean age=84.5)		Non-parametric (IS, IV, and RA)		7 days		Intervention group differences in RARs (cranial electrostimulation vs. sham stimulation). 		High-frequency cranial electrostiulation did not influence RARs over a 6-week intervention. 

		Van Dijk et al. (2006)		62older adults with AD (mean age experimental group=71.5; mean age placebo group =72.8) 		Non-parametric (IS, IV, and RA)		4 days at baseline and post-treatment		Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 		Effect of intervention on RARs		A group by time interaction revealed differences in RAR change over time between the experimental and placebo groups for RA (F(2,60) =13.76, p<0.001), such that the experimental group showed an increase in RA and placebo group showed a decrease in RA over 6-weeks. Experimental condition resulted in an increase in IS and decrease in IV in those who were not using acetylcholinesterase inhibitors. 

		Lee et al. (2007)		33 patients with dementia (mean age=76.5)		Non-parametric (relative amplitude)		6 weeks continous monitoring (2 weeks prior to respite care, during 2-week respite care, and 2-weeks after returning home). 		2-weeks of institutionalization for respite care		Effect of intervention on RARs: Three comparisons: 1) 2-week baseline period to 2-week period of institutionalization 2)  2-week period of institutionalization to 2-week follow-up period 3) 2-week baseline period to 2-week follow-up period. 		Institutionalization resulted in  dampening of RARs (p=0.03) but RARs returned to normal levels after returning home (p<0.001) (RA baseline mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-up mean(SD): 0.82(0.14)).

		Dowling et al. (2008)		50 older adults with AD (mean age = 86) living in an institution with staff-identified RAR disruption		Cosine-based modeling (amplitude, acrophase); non-parametric (IS, L5, M10, RA)		An average of 4.4 and 4.5 days at the beginning and end of the intervention (respectively)		Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  		Effect of intervention on RARs		Light treatment plus melatonin was associated with increases cosine-based amplitude and M10 relative to the light treatment plus placebo group and control group. Light treatment plus melatonin showed better goodness-of-fit relative to the control group. Both light groups phase advanced (an average of 34 and 63 minutes), wereas the control group delayed 21 minutes.

		Eggermont et al. (2009)		61 nursing home residents with dementia (mean age=85)		Non-parametric (IS, IV, and RA)		not specified		Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 		Effect of intervention on RARs		The hand movement intervention did not not influence RARs 

		Kok et al. (2017)		77 residents moved to a small scaled homelike Special Care Unit (mean age=83); 68 residents that remained at the regular Special Care Unit (mean age = 83)		Non-parametric (IV, IS, RA, M10, L5)		7 days		Changes in RARs related to moving to a smaller-scale care facility		There were no statistically signfiicant changes in RARs related to facility re-assignment. Two time x group interactions revealed better intradaily stability of RARs (24 hour) within those who moved to the small scaled homelike facility and better interdaily stability of RARs (across) days in participants who did not move to the new facility. 





Biomarker Studies (N=5)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings

		Oosterman et al. (2008)		162 non-demented older adults (mean age=69)		Non-parametric (IS, IV, and amplitude (M10- L5))		5+ days		Regional white matter lesions		Lower IS and amplitude were associated with greater occipital periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated relationship between amplitude and frontal deep white matter lesions.

		Sherman et al. (2015)		41 cognitively normal older adutls (mean age=66.8)		Extended-cosine (mesor, acrophase, amplitude, and F-statistic)		10 days 		Associative recognition memory accuracy during a functional magnetic resonance imaging task		Greater F-statistic (indicating greater RAR robustness) was associated with better memory performance independent of physical activity, sleep, and depressive symptoms; The RAR-memory association was statistically mediated by greater anterior hippocampal activation during memory retrieval during the associative memory task (Indirect effect: β = 0.14, p=0.04). 

		Zuurbier et al. (2015)		970 community-dwelling adults (mean age=59.2)		Non-parametric (IS and IV)		At least 4 days		White matter lesion volume; presence of cerebral microbleeds and lacunar infarcts		After adjustments for health factors (e.g., BMI, ADLs, depressive symptoms, systolic BP, glucose, cholesterol): lower IS marginally associated with presence of cerebral microbleeds (β=0.17, p=0.06); higher IV correlated with more white matter lesions (β=0.09, p=0.02) and the presence of microbleeds (β=0.19, p=0.03)

		Musiek et al. (2018)		189 cognitively normal older adults (mean age=67) 		Cosine, non-parametric, and empirical mode decomposition.		7-14 days		Pittsburgh Compound B PET imaging; cerebrospinal fluid amyloid β 42 and phosphorylated tau.		Higher IV was associated with amyloid deposition in the brain (mean(SD) PiB negative:  0.804(0.187); mean(SD) PiB positive:  0.875(0.178); p=.05) as well as higher ratios of cerebrospinal phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).

		Van Someren et al. (2018)		138 cognitively normal older adults (mean age-69)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Medial temporal lobe volume		Higher IV was associated with lower medial temporal lobe volume after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated with lower medial temporal lobe volume but became non-significant after adjustment for age. 
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Author (Year) Sample (N) RAR measures Recording Length Outcome Measures Key Findings



Tranah et al. (2011)
1,282 women (mean age = 
83)



Extended cosine 
(amplitude, mesor, 
pseudo F-statistic, 
and acrophase) At least 3 days



Approximately 5 years after actigraphy, cognitive status was 
assessed by an expert clinical panel adjudications based on 
Modified Mini-Mental State exam, California Verbal Learning Test, 
the Informant Questionnaire on Cognitive Decline in the Elderly, self-
reported diagnoses, and nursing home residence; Group in lowest 
quartile for RARs measures were compared to group in highest 
quartile.



Women with later peak activity timing (after 3:51 pm), low amplitude, and low 
psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive 
Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-
statistic: OR=1.57, 95%CI,1.10–2.26). 



Walsh et al. (2014)



Community sampe of 1,287 
non-demented older women 
(mean age=83)



Extended cosine 
(amplitude, mesor, 
pseudo F-statistic, 
and acrophase)



Sensitivity analyses 
restricted to participants 
with at least 3 days of 
adequate data



Group differences: Cognitive performance in Lowest quartile RARs 
group vs. highest quartile RARs group; Cognitive measures: 
Modified Mini-Mental State Examination (3MS), California Verbal 
Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span 
backwards, Trail Making Test Part B, verbal fluency tests (semantic 
and phonemic fluency).



Lower amplitude: worse executive performance 5-years later (i.e., Trails B and 
category fluency). Later acrophase: worse semantic fluency 5-years later.



Rogers-Soeder et 
al. (2018)



2,754 community-dwelling 
non-demented men (mean 
age=76)



Extended cosine 
(amplitude, mesor, 
pseudo F-statistic, 
and acrophase) At least 3 days



Change in Modified Mini-mental State examination at baseline and 
an average of 3.4 years later. Group in lowest quartile for RARs 
measures were compared to group in highest quartile.



Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline 
over time ) Lower amplitude and psuedo F-statistics, and advanced 
acrophases, were associated with greater odds of "clinically signficant" decline 
(defined as ≥5  point changes).










Author (Year) Sample (N) RAR measures Recording Length Outcome Measures Key Findings

Tranah et al. (2011)

1,282 women (mean age = 

83)

Extended cosine 

(amplitude, mesor, 

pseudo F-statistic, 

and acrophase) At least 3 days

Approximately 5 years after actigraphy, cognitive status was 

assessed by an expert clinical panel adjudications based on 

Modified Mini-Mental State exam, California Verbal Learning Test, 

the Informant Questionnaire on Cognitive Decline in the Elderly, self-

reported diagnoses, and nursing home residence; Group in lowest 

quartile for RARs measures were compared to group in highest 

quartile.

Women with later peak activity timing (after 3:51 pm), low amplitude, and low 

psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive 

Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-

statistic: OR=1.57, 95%CI,1.10–2.26). 

Walsh et al. (2014)

Community sampe of 1,287 

non-demented older women 

(mean age=83)

Extended cosine 

(amplitude, mesor, 

pseudo F-statistic, 

and acrophase)

Sensitivity analyses 

restricted to participants 

with at least 3 days of 

adequate data

Group differences: Cognitive performance in Lowest quartile RARs 

group vs. highest quartile RARs group; Cognitive measures: 

Modified Mini-Mental State Examination (3MS), California Verbal 

Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span 

backwards, Trail Making Test Part B, verbal fluency tests (semantic 

and phonemic fluency).

Lower amplitude: worse executive performance 5-years later (i.e., Trails B and 

category fluency). Later acrophase: worse semantic fluency 5-years later.

Rogers-Soeder et 

al. (2018)

2,754 community-dwelling 

non-demented men (mean 

age=76)

Extended cosine 

(amplitude, mesor, 

pseudo F-statistic, 

and acrophase) At least 3 days

Change in Modified Mini-mental State examination at baseline and 

an average of 3.4 years later. Group in lowest quartile for RARs 

measures were compared to group in highest quartile.

Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline 

over time ) Lower amplitude and psuedo F-statistics, and advanced 

acrophases, were associated with greater odds of "clinically signficant" decline 

(defined as 

≥

5  point changes).


Microsoft_Excel_Worksheet1.xlsx
exclude

		exposure		Activation of the dorsal raphe nucleus and locus coeruleus by transcutaneous electrical nerve stimulation in Alzheimer's disease: a reconsideration of stimulation-parameters derived from animal studies.

		exposure		Aging modifies daily variation of antioxidant enzymes and oxidative status in the hippocampus.

		exposure		Effects of risperidone on behavioral and psychological symptoms associated with dementia in clinical practice.

		exposure		Hypothalamic dysfunction is related to sleep impairment and CSF biomarkers in Alzheimer's disease.

		exposure		Increased masticatory activity and quality of life in elderly persons with dementia--a longitudinal matched cluster randomized single-blind multicenter intervention study.

		exposure		Lip closure training improves eating behaviors and prefrontal cortical hemodynamic activity and decreases daytime sleep in elderly persons.

		exposure		Morning bright light therapy for sleep and behavior disorders in elderly patients with dementia.

		exposure		Relationship between Cognitive and Sleep-wake Variables in Asymptomatic Offspring of Patients with Late-onset Alzheimer's Disease.

		exposure		When Synchronizing to Rhythms Is Not a Good Thing: Modulations of Preparatory and Post-Target Neural Activity When Shifting Attention Away from On-Beat Times of a Distracting Rhythm.

		exposure		Circadian rhythm disorders in sleep-waking and body temperature in elderly patients with dementia and their treatment.

		exposure		Cognitive deficit is associated with phase advance of sleep-wake rhythm, daily napping, and prolonged sleep duration--a cross-sectional study in 2,947 community-dwelling older adults.

		exposure		Effects of vitamin B12 on bright light on cognitive and sleep-wake rhythm in Alzheimer-type dementia.

		exposure		Randomized, dim light controlled, crossover test of morning bright light therapy for rest-activity rhythm disorders in patients with vascular dementia and dementia of Alzheimer's type.

		lang		Alzheimer's and disruptions of the sleep-wake rhythm. French. References.

		lang		Anxio-depressive Syndrome - Biopsychosocial Model of Supportive Care. Review Czech

		lang		Effects of bright light on cognitive disturbances in Alzheimer-type dementia.

		lang		Exploration of sleep disorders in the elderly: which particularities?

		lang		Impact of time-of-day and sleep-wake cycles on cognitive performance. French.

		lang		Rest-activity and body-temperature rhythm disorders in elderly patients with dementia--senile dementia of Alzheimer's type and multi-infarct dementia.

		outcome		24-HOUR ACTIVITY RHYTHM AND SLEEP DISTURBANCES IN DEPRESSION AND ANXIETY: A POPULATION-BASED STUDY OF MIDDLE-AGED AND OLDER PERSONS.

		outcome		A double-blind randomized controlled trial to assess the effect of bright light therapy on depression in patients with Parkinson's disease.

		outcome		An actigraphic study comparing community dwelling poor sleepers with non-demented care home residents.

		outcome		Analysis of motor function in 6-month-old male and female 3xTg-AD mice.

		outcome		Association of functioning and quality of life with objective and subjective measures of sleep and biological rhythms in major depressive and bipolar disorder.

		outcome		Association of Sleep and Circadian Activity Rhythm with Emotional Face Processing among 12-month-old Infants.

		outcome		Chronic artificial blue-enriched white light is an effective countermeasure to delayed circadian phase and neurobehavioral decrements.

		outcome		Circadian activity rhythms and mortality: the study of osteoporotic fractures.

		outcome		Circadian rest-activity rhythm is altered in Parkinson's disease patients with hallucinations.

		outcome		Circadian Rest-Activity Rhythms Predict Cognitive Function in Early Parkinson's Disease Independently of Sleep.

		outcome		Circadian rest-activity rhythms predict future increases in depressive symptoms among community-dwelling older men.

		outcome		Circadian sleep/wake rhythm abnormalities as a risk factor of a poststroke apathy.

		outcome		Circadian sleep-wake rhythm of older adults with intellectual disabilities.

		outcome		Cognitive Behavioral Therapy as an Adjunct Treatment to Light Therapy for Delayed Sleep Phase Disorder in Young Adults: A Randomized Controlled Feasibility Study.

		outcome		Comparative research between Australia and Japan: a comparison of the quality of health care in nursing facilities using actigraphy.

		outcome		Comparison between informant-observed and actigraphic assessments of sleep-wake rhythm disturbances in demented residents of homes for the elderly.

		outcome		Depressive symptoms and actigraphy-measured circadian disruption predict head and neck cancer survival.

		outcome		Effect of mental activity during walking on autoregressive power spectrum of step length.

		outcome		Effects of transcutaneous electrical nerve stimulation (TENS) on cognition, behavior, and the rest-activity rhythm in children with attention deficit hyperactivity disorder, combined type.

		outcome		Effects of zopiclone on the rest/activity rhythm after a westward flight across five time zones.

		outcome		Eye structure, activity rhythms, and visually-driven behavior are tuned to visual niche in ants.

		outcome		Improving actigraphic sleep estimates in insomnia and dementia: how many nights?

		outcome		Infant, maternal, and familial predictors and correlates of regulatory problems in early infancy: The differential role of infant temperament and maternal anxiety and depression.

		outcome		Insomnia Severity in Adults with Autism Spectrum Disorder is Associated with sensory Hyper-Reactivity and Social Skill Impairment.

		outcome		Long-term fitness training improves the circadian rest-activity rhythm in healthy elderly males.

		outcome		Postoperative circadian disturbances.

		outcome		Recognition of activities of daily living in healthy subjects using two ad-hoc classifiers.

		outcome		Rest-activity circadian rhythms and bone mineral density in elderly men.

		outcome		Rest-activity rhythm and sleep characteristics associated with depression symptom severity in strained dementia caregivers.

		outcome		Seasonal effects on the sleep-wake cycle, the rest-activity rhythm and quality of life for Japanese and Thai older people.

		outcome		Simulated shift work in rats perturbs multiscale regulation of locomotor activity.

		outcome		Sleep and 24-h activity rhythms in relation to cortisol change after a very low-dose of dexamethasone.

		outcome		Sleep of athletes: Problems and possible solutions. References.

		outcome		Sleep quality in professional ballet dancers.

		outcome		Sleep, depression and insomniac complaints. German. References.

		outcome		Stability and fragmentation of the activity rhythm across the sleep-wake cycle: the importance of age, lifestyle, and mental health.

		outcome		Strong association of the rest-activity rhythm with well-being in demented elderly women.

		outcome		Telemetric activity monitoring as an indicator long-term changes in health and well-being of older people. References.

		outcome		The suitability of actigraphy, diary data, and urinary melatonin profiles for quantiative assessment of sleep disturbances in schizophrenia: A case report. References.

		outcome		Toward a complex system understanding of bipolar disorder: A chaotic model of abnormal circadian activity rhythms in euthymic bipolar disorder.

		outcome		Worsening of rest-activity circadian rhythm and quality of life in female breast cancer patients along progression of chemotherapy cycles.

		outcome		Ambulatory but sedentary: impact on cognition and the rest-activity rhythm in nursing home residents with dementia.

		outcome		Association between Continuous Wearable Activity Monitoring and Self-Reported Functioning in Assisted Living Facility and Nursing Home Residents.

		outcome		Circadian rhythm abnormalities of wrist activity of institutionalized dependent elderly persons with dementia.

		Outcome		A multicomponent nonpharmacological intervention improves activity rhythms among nursing home residents with disrupted sleep/wake patterns.

		outcome		Rest-activity rhythm disruption in progressive supranuclear palsy.

		outcome		Peripheral electrical stimulation in Alzheimer's disease.

		type		A multicenter randomized controlled trial for bright light therapy in adults with intellectual disabilities and depression: Study protocol and obstacle management.

		type		Alzheimer's disease. Sleep and sleep/wake patterns.

		type		An (n-3) polyunsaturated fatty acid-deficient diet disturbs daily locomotor activity, melatonin rhythm, and striatal dopamine in Syrian hamsters.

		type		Are active neurons a better defense against aging in Alzheimer's disease?.

		type		Behavioral intervention strategies for sleep-activity disruption.

		type		Behavioral therapy reverses circadian deficits in a transgenic mouse model of Huntington's disease.

		type		Bright light therapy may restore a disturbed sleep/wake rhythm: but what is its efficacy based on? Dutch.

		type		Bright light therapy: improved sensitivity to its effects on rest-activity rhythms in Alzheimer patients by application of nonparametric methods.

		type		Bright light treatment of behavioral and sleep disturbances in patients with Alzheimer's disease.

		type		Cerebrospinal-fluid orexin levels and daytime somnolence in frontotemporal dementia.

		type		Chronic cerebral hypoperfusion by permanent internal carotid ligation produces learning impairment without brain damage in rats.

		type		Chronic sleep restriction in the rotenone Parkinson's disease model in rats reveals peripheral early-phase biomarkers.

		type		Chronotype and stability of spontaneous locomotor activity rhythm in BMAL1-deficient mice.

		type		Circadian rhythm abnormalities.

		type		Circadian rhythm resynchronization improved isoflurane-induced cognitive dysfunction in aged mice.

		type		Circadian Rhythm Sleep Disorder: Irregular Sleep Wake Rhythm Type.

		type		Circadian Rhythm Sleep-Wake Disorders.

		type		Clinical Practice Guideline for the Treatment of Intrinsic Circadian Rhythm Sleep-Wake Disorders: Advanced Sleep-Wake Phase Disorder (ASWPD), Delayed Sleep-Wake Phase Disorder (DSWPD), Non-24-Hour Sleep-Wake Rhythm Disorder (N24SWD), and Irregular Sleep-Wake Rhythm Disorder (ISWRD). An Update for 20...

		type		Clock Genes and Altered Sleep-Wake Rhythms: Their Role in the Development of Psychiatric Disorders.

		type		Consequences of manganese intoxication on the circadian rest-activity rhythms in the rat.

		type		Diabetes, dementia, depression, distress.

		type		Diagnosis and comorbidities of Circadian Rhythm Sleep Disorders.

		type		Disrupted sleep-wake rhythm and performance: Advantages of modafinil. References.

		type		Double blind study of melatonin effects on the sleep-wake rhythm, cognitive and non-cognitive functions in Alzheimer type dementia.

		type		Drug treatment of sleep disorders in the elderly.

		type		Early GABAergic transmission defects in the external globus pallidus and rest/activity rhythm alteration in a mouse model of Huntington's disease.

		type		Effect of melatonin on changes in locomotor activity rhythm of Syrian hamsters injected with beta amyloid peptide 25-35 in the suprachiasmatic nuclei.

		type		Effect of methylcobalamin (VB12) injection on sleep-wake rhythm in demented patients.

		type		Effectiveness of melatonin for sundown syndrome and delirium. References.

		type		Effects of aging and genotype on circadian rhythms, sleep, and clock gene expression in APPxPS1 knock-in mice, a model for Alzheimer's disease.

		type		Effects of high-frequency cranial electrostimulation on the rest-activity rhythm and salivary cortisol in Alzheimer's disease: a pilot study.

		type		Effects of melatonin in two individuals with Alzheimer's disease.

		type		Effects of transcutaneous electrical nerve stimulation (TENS) on non-pain related cognitive and behavioural functioning.

		type		Heritability of siesta and night-time sleep as continuously assessed by a circadian-related integrated measure.

		type		Histamine 1 receptor-GÎ²Î³-cAMP/PKA-CFTR pathway mediates the histamine-induced resetting of the suprachiasmatic circadian clock.

		type		Importance of early lighting conditions in maternal care by dam as well as anxiety and memory later in life of offspring.

		type		Increase of hippocampal acetylcholine release at the onset of dark phase is suppressed in a mutant mice model of evening-type individuals.

		type		Individual recognition of social rank and social memory performance depends on a functional circadian system.

		type		Insomnia in central neurologic diseases--occurrence and management.

		type		Involvement of 5-HT7 receptors in vortioxetine's modulation of circadian rhythms and episodic memory in rodents.

		type		Irregular Sleep-Wake Rhythm Disorder.

		type		Light rescues circadian behavior and brain dopamine abnormalities in diurnal rodents exposed to a winter-like photoperiod.

		type		Light therapy can restore a disturbed sleep/wake rhythm in dementia: but what is the basis of its efficacy?.

		type		Medical history of optic chiasm compression in patients with pituitary insufficiency affects skin temperature and its relation to sleep.

		type		Melatonin and its agonist ramelteon in Alzheimer's disease: possible therapeutic value.

		type		Melatonin and sleep in aging population.

		type		Melatonin deficiency hypothesis in delirium: a synthesis of current evidence.

		type		Melatonin in Alzheimer's disease: Focus on neuroprotective role. References.

		type		Melatonin pretreatment prevents isoflurane-induced cognitive dysfunction by modulating sleep-wake rhythm in mice.

		type		Melatonin. Physiology and clinical applications.

		type		Non-pharmacological interventions in cognitively impaired and demented patients--a comparison with cholinesterase inhibitors.

		type		Novel object recognition of Djungarian hamsters depends on circadian time and rhythmic phenotype.

		type		Peripheral nerve stimulation in Alzheimer's disease. Dutch

		type		Polymorphisms in the melatonin receptor 1B gene and the risk of delirium. References.

		type		Ramelteon (TAK-375) accelerates reentrainment of circadian rhythm after a phase advance of the light-dark cycle in rats.

		type		Recovery of diminished mealtime-associated anticipatory behavior by aniracetam in aged rats.

		type		Selective stimulations and lesions of the rat brain nuclei as the models for research of the human sleep pathology mechanisms.

		type		Sleep and aging.

		type		Sleep and Cognitive Decline: A Strong Bidirectional Relationship. It Is Time for Specific Recommendations on Routine Assessment and the Management of Sleep Disorders in Patients with Mild Cognitive Impairment and Dementia.

		type		Sleep and neurodegenerative diseases.

		type		Sleep and rhythm consequences of a genetically induced loss of serotonin.

		type		Sleep Disorders Associated With Alzheimer's Disease: A Perspective.

		type		Sleep disorders in childhood and adolescence.

		type		Sleep disorders.

		type		Sleep disturbances in elderly: a subjective evaluation over 65.

		type		Sleep in Alzheimer's disease and the sundown syndrome.

		type		Sleep models. References.

		type		Sleep rhythm disturbances in Alzheimer's disease.

		type		Sleep-wake rhythm disorders in the framework of a Diogenes syndrome. Improvement in sleep architecture using supportive treatment with zolpidem.

		type		Study protocol: EXERcise and cognition in sedentary adults with early-ONset dementia (EXERCISE-ON).

		type		Supplementary administration of artificial bright light and melatonin as potent treatment for disorganized circadian rest-activity and dysfunctional autonomic and neuroendocrine systems in institutionalized demented elderly persons.

		type		Synchronization of Biological Clock Neurons by Light and Peripheral Feedback Systems Promotes Circadian Rhythms and Health.

		type		The biological clock in health and illness.

		type		The effect of regular walks on various health aspects in older people with dementia: protocol of a randomized-controlled trial.

		type		The effects of observation of walking in a living room environment, on physical, cognitive, and quality of life related outcomes in older adults with dementia: a study protocol of a randomized controlled trial.

		type		The management of sleep and circadian disturbance in patients with dementia.

		type		The Orexin/Receptor System: Molecular Mechanism and Therapeutic Potential for Neurological Diseases.

		type		The relationship between neuronal activity, brain aging and Alzheimer's disease. Dutch.

		type		Time-Restricted Feeding Improves Circadian Dysfunction as well as Motor Symptoms in the Q175 Mouse Model of Huntington's Disease.

		type		Treatment of insomnia in demented nursing home patients: a review.

		type		Twenty-four-hour sleep-wake patterns in a nursing home population.

		type		Validation of the full and reduced Composite Scale of Morningness. References.

		type		Attenuating effect of bifemelane on an impairment of mealtime-associated activity rhythm in aged and MK-801-treated rats.

		type		Actigraphic monitoring of movement and rest-activity rhythms in aging, Alzheimer's disease, and Parkinson's disease.

		type		Altered locomotor activity in neuropsychiatric patients.

		type		Transcutaneous electrical nerve stimulation (TENS) improves circadian rhythm disturbances in Alzheimer disease.

		type		Improvement in behavioral symptoms and advance of activity acrophase after short-term bright light treatment in severe dementia.

		type		Effects of High-Frequency Cranial Electrostimulation on the Rest-Activity Rhythm and Salivary Cortisol in Alzheimer's Disease. References.

		type		Effects of low-frequency cranial electrostimulation on the rest-activity rhythm and salivary cortisol in Alzheimer's disease.

		type		Circadian locomotor activity rhythms in Alzheimer's disease.

		type		Rest-activity patterns in institutionalized Korean older adults with dementia: a pilot study.

		type		Noninvasive fractal biomarker of clock neurotransmitter disturbance in humans with dementia.

		type		Motor activity rhythm in dementia with delirium.

		type		Melatonin effects on sleep, mood, and cognition in elderly with mild cognitive impairment.

		type		Light therapy for behavioural and psychological symptoms of dementia.

		type		Wearable Monitoring of Physical Functioning and Disability Changes, Circadian Rhythms and Sleep Patterns in Nursing Home Residents.

		type		The effects of melatonin on sleep and cognition in cognitively impaired elderly individuals: A chronobiological perspective.

						97

						47

						13

						6





titles from reference lists

				Year		Sample		RAR Measure		Recording length		Outcome and other key variables		Findings		First author		Journal		Intervention

		1		1997		20 AD (mean age=76); 21 mult-infarct dementia (mean age=79)		Activity counts and regular cosine model (amplitude, mesor, and phase)		5-7 days		Group differences and body temperature rhythm characteristics		Multi-infarct group had lower amplitude RARs (p<0.001).		Mishima		Neurobiol Aging.				Different manifestations of circadian rhythms in senile dementia of Alzheimer's type and multi-infarct dementia.

		51		1995		28 people with probable AD (mean age=71) and 10 controls (mean age=73)		Cosine-based (amplitude, mesor, acrophase, and relative amplitude); frequency deviation (difference between optimized parameter and 24-hour rhythm); 24-hour correlation coefficient; and non-paramtric (IS)		3 days		Group differences: AD patients and controls		AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase (4.5 hours) (t(26.3) = 4.6, p<0.0001).		Satlin		Neurobiol Aging.				Circadian locomotor activity and core-body temperature rhythms in Alzheimer's disease.

		29		2004		19 controls (mean age=72), 13 mild AD (mean age=67), and 14 moderate AD (mean age=70)		Non-parametric (IS, IV, and RA)		28 days		Group differences in RARs		While mild AD and controls did not have differences in RARs, moderate AD was associated with lower IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, p=0.042).		Hatfield		Brain				Disrupted daily activity/rest cycles in relation to daily cortisol rhythms of home-dwelling patients with early Alzheimer's dementia.

		49		1991		10 patients with multi-infarct dementia (mean age=76), 15 patients with AD (mean age=73), and 11 controls (mean age=69)		Autocorrelation coefficient at 24 hours		8 days		Group differences		AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct dementia group		Aharon-Peretz		Neurology				Sleep-wake cycles in multi-infarct dementia and dementia of the Alzheimer type.

		48		1997		77 Nursing home residents (mean age=85.7): 55 severe dementia, 22 moderate/mild/no dementia		Cosine-based (mesor, acrophase, amplitude, and amplitude:mesor ratio)		3 days		RARs; dementia severity defined by Mini Mental State Exam score		The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia		Ancoli-Israel		Sleep				Variations in circadian rhythms of activity, sleep, and light exposure related to dementia in nursing-home patients
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				File #		Year				Sample		RAR Measure		Recording length		Outcome and other key variables		Findings		First author		Journal		Intervention

		CS		3		1990		Alterations in the circadian rest-activity rhythm in aging and Alzheimer's disease.		6 young (29-55 years); 13 old controls (71-85 years); and 12 AD patients (71-86 years)		Non-parametric (IS, IV, M10)		3.75-7 days		Group differences		AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven by sedative users); no statistically significant differences between older controls and younger participants		Witting		Biological Psychiatry

		CS		7		2015		Associations of the 24-h activity rhythm and sleep with cognition: a population-based study of middle-aged and elderly persons.		1,723 adults (mean age=62)		Non-parametric (IS and IV)		Mean duration = 5.75 days		Cognitive tests assessing verbal learning and memory, verbal fluency, psychomotor speed, and executive functioning (inhibition).		Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, p<0.001)		Luik		Sleep Medicine

		CS		8		2015		Cerebral small vessel disease is related to disturbed 24-h activity rhythms: a population-based study.		970 community-dwelling adults (mean age=59.2)		Non-parametric (IS and IV)		At least 4 days		White matter lesion volume; presence of cerebral microbleeds and lacunar infarcts		After adjustments for health factors (e.g., BMI, ADLs, depressive symptoms, systolic BP, glucose, cholesterol): lower IS marginally associated with presence of cerebral microbleeds (β=0.17, p=0.06); higher IV correlated with more white matter lesions (β=0.09, p=0.02) and the presence of microbleeds (β=0.19, p=0.03)		Zuurbier		European Journal of Neurology

		CS		9		2005		Circadian activity rhythm in demented and non-demented nursing-home residents measured by telemetric actigraphy.		Nursing home patients aged 56-97 (23 with dementia and 19 without)		Sinusoidal modeling (amplitude and acrophase)		At least 10 days		Group differences: dementia (n=23) and non-dementia (n=19)		Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia =0.83 (0.45); group difference p=0.02) 		Paavilainen		Journal of Sleep Research

		CS		10		1996		Circadian rest-activity rhythm disturbances in Alzheimer's disease.		34 patients with Alzheimer's disease and 11 healthy controls		Non-parametric (IS, IV, M10 and L5)		Mean duration = 6.5 days		Group differences: non-dementia controls (n=11); AD onset <65 yrs living independently (n=10); AD onset >65 yrs living independently (n=8); AD onset >65 institutionalized (n=16)		IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; IV: 58% variance explained by low M10 and higher MMSE score  		Van Someren		Biological Psychiatry

		CS		14		2001		Differential circadian rhythm disturbances in men with Alzheimer disease and frontotemporal degeneration.		46 older men (mean age=70): 38 with dementia (i.e., 2 yrs prior to death) and 8 cognitively normal. Men with dementia: AD (n=23); Frontotemporal degeneration (FTD) (n=9); diffuse lewy bodies+ AD or FTD pathology (n=6)		Non-parametric (M10, L5, IS, and IV) and cosine modeling (relative amplitude (amplitude divided by mesor), acrophase, and R2 goodness-of-fit)		3 days		Group differences: Controls, AD, FTD		M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend of FTD < AD and Controls (p=0.05).		Harper		JAMA Psychiatry

		CS		15		2008		Distortions in rest-activity rhythm in aging relate to white matter hyperintensities.		162 non-demented older adults (mean age=69)		Non-parametric (IS, IV, and amplitude (M10- L5))		5+ days		Regional white matter lesions		Lower IS and amplitude were associated with greater occipital periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated relationship between frontal deep white matter lesions and AMP.		Oosterman		Neurobiology of Aging

		CS		16		2009		Fragmentation of the rest-activity rhythm correlates with age-related cognitive deficits.		144 community-dwelling participants (mean age=69.5)		Non-parametric (IS, IV, and amplitude (M10- L5))		7 days		Cogntive measures of processing speed, memory, and executive functioning		Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory association became non-significant after accounting for performance for processing speed and executive functioning. IS was unrelated to cognitive performance. 		Oosterman		Journal of Sleep Research

		CS		17		2015		Hippocampal activity mediates the relationship between circadian activity rhythms and memory in older adults.		41 cognitively normal older adutls (mean age=66.8)		Extended-cosine (mesor, acrophase, amplitude, and F-statistic)		10 days 		Associative recognition memory accuracy during a functional magnetic resonance imaging task		Greater F-statistic (indicating greater RAR robustness) was associated with better memory performance independent of physical activity, sleep, and depressive symptoms; The RAR-memory association was statistically mediated by greater anterior hippocampal activation during memory retrieval during the associative memory task (Indirect effect: β = 0.14, p=0.04). 		Sherman		Neuropsychologia

		CS		N2				Predictors of circadian sleep-wake rhythm maintenance in elders with dementia.		171 nursing home residents with dementia (mean age ~ 80)		Autocorrelation at 24 hours		4 full days		RARs as potentially predicted by depression, cognition, activity, mediations, and sleep apnea.		Physical and social activity were associated with better maintained RAR robustness (physical activity: odds ratio=1.02, p<0.0001; social activity: odds ratio=1.02, p=0.04).		Sullivan		Aging & Mental Health

		CS		N1				Rest-activity rhythms in small scale homelike care and traditional care for residents with dementia.		77 residents moved to a small scaled homelike Special Care Unit (mean age=83); 68 residents that remained at the regular Special Care Unit (mean age = 83)		Non-parametric (IV, IS, RA, M10, L5)		7 days		Changes in RARs related to moving to a smaller-scale care facility		There were no statistically signfiicant changes in RARs related to facility re-assignment. Two time x group interactions revealed better intradaily stability of RARs (24 hour) within those who moved to the small scaled homelike facility and better interdaily stability of RARs (across) days in participants who did not move to the new facility. 		Kok		BMC Geriatrics

		CS		24		2016		Sleep/awake status throughout the night and circadian motor activity patterns in older nursing-home residents with or without dementia, and older community-dwelling people without dementia.		51 Japanese older adults; 17 nursing home residents with dementia (mean age=82); 17 nursing home residents without dementia (mean age=85), and 17 community- dwelling older adults without dementia (mean age=84)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Group differences: Nursing home with dementia (n=17); Nursing home without dementai (n=17), community-dwelling without dementia (n=17)		Nursing home residents, regardless of cognitive status, had more fragemented rhythms (F=5.8, p=0.006). Nursing home residents with dementia had lower RA compared with the other groups (p<0.0005).		Kume		International Psychogeriatrics

		CS		25		2018		The association between circadian rest-activity patterns and the behavioral and psychological symptoms depending on the cognitive status in Japanese nursing-home residents.		77 Nursing home residents (dementia: n=49, mean age=86; no dementia: n=28; mean age=85)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Clinical Dementia Rating Scale (Cognitive Status), Barthel Index (ADLs), and the Dementia Behavioral Disturbance Scale (Behavioral symptoms)		Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to behavioral disturbances.
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		CS		26		2005		The relationship between dementia severity and rest/activity circadian rhythms.		150 nursing home patients with dementia (mean age=84)		Extended cosine (amplitude, mesor, alpha, beta, pseudo F-statistic, and acrophase)		3 days		Assocations between RARs and dementia severity assessed using the Mini-Mental State Examination 		Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.		Gehrman		Neuropsychiatric Disease and Treatment

		CS		27		2015		The rest-activity rhythm and physical activity in early-onset dementia.		61 patients with early onset dementia (mean age=62) and 68 controls (mean age=62)		Non-parametric (IS,  IV, and RA)		7 days		Group differences: Early-onset dementia (n=41) and cognitive normal older adults (n=68). 		Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , which was related to lower daytime physical activity, antidepressant and central nervous system medication use, and being male. 		Hooghiemstra		Alzheimer Disease Assocation Disorder

		CS		28		2014		Weaker circadian activity rhythms are associated with poorer executive function in older women.		Community sampe of 1,287 non-demented older women (mean age=83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		Sensitivity analyses restricted to participants with at least 3 days of adequate data		Group differences: Cognitive performance in Lowest quartile RARs group vs. highest quartile RARs group; Cognitive measures: Modified Mini-Mental State Examination (3MS), California Verbal Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span backwards, Trail Making Test Part B, verbal fluency tests (semantic and phonemic fluency).		Lower amplitude: worse executive performance 5-years later (i.e., Trails B and category fluency). Later acrophase: worse semantic fluency 5-years later.		Walsh		Sleep		Longitudinal design: RARs measured at baseline and cognitive functioning assessed 5-years later

		CS-bio		N3		2018		Circadian Rest-Activity Pattern Changes in Aging and Preclinical Alzheimer Disease.		189 cognitively normal older adults (mean age=67) 		Cosine, non-parametric, and empirical mode decomposition.		7-14 days		Pittsburgh Compound B PET imaging; cerebrospinal fluid amyloid β 42 and phosphorylated tau.		Higher IV was associated with amyloid deposition in the brain (mean [SD], 0.804 [0.187] for PiB negative vs 0.875 [0.178] for PiB positive; P = .05) as well as higher ratios of cerebrospinal phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).		Musiek		JAMA Neurology

		CS-bio		N4		2018		Medial temporal lobe atrophy relates more strongly to sleep-wake rhythm fragmentation than to age or any other known risk.		138 cognitively normal older adults (mean age-69)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Medial temporal lobe volume		Higher IV was associated with lower medial temporal lobe volume after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated with lower medial temporal lobe volume but became non-significant after adjustment for age. 		Van Someren		Neurobiology of Learning and Memory

		I		32		2007		Effect of institutional respite care on the sleep of people with dementia and their primary caregivers.		33 patients with dementia (mean age=76.5)		Non-parametric (relative amplitude)		6 weeks continous monitoring (2 weeks prior to respite care, during 2-week respite care, and 2-weeks after returning home). 		Effect of intervention on RARs: Three comparisons: 1) 2-week baseline period to 2-week period of institutionalization 2)  2-week period of institutionalization to 2-week follow-up period 3) 2-week baseline period to 2-week follow-up period. 		Institutionalization resulted in  dampening of RARs (p=0.03) but RARs returned to normal levels after returning home (p<0.001) (RA baseline mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-up mean(SD): 0.82(0.14)).		Lee		Journal of the American Geriatrics Society		Two weeks of institutionalization for respite care

		I		33		2002		Effect of light treatment on sleep and circadian rhythms in demented nursing home patients.		77 nursing home residents with dementia (mean age=86)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		18 day protocol including 3 baseline days and 5 days post-intervention		Effect of intervention on RARs; Intervention groups: 1) evening bright light 2) morning bright light 3)daytime sleep restriction and 4) evening dim red light.		Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. The evening dim light group showed sigificnt improvment in the psuedo F-statistic (p=0.01) during week 2 relative to baseline.		Ancoli-Israel		Journal of the American Geriatrics Society		Randomly assigned to 10 days of: morning bright light, evening bright light, evening dim red light, or daytime sleep restriction. 2500 lux light was delivered.

		I		N5		2005		Effect of morning bright light treatment for rest-activity disruption in institutionalized patients with severe Alzheimer's disease.		46 patients with severe AD (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index); Non-parametric (IS, IV, RA, M10, and L5)		6 days at baseline and 5 days during the last week of the intervention		Effect of intervention on RARs		Overall, there were no signficiant effects of the intervention on change in RARs. However: (1) the control group delayed ~2 hours over time and this was not observed in the light group; and (2) among participants with RAR disruption at baseline, the intervention resulted in improved IS		Dowling		International Psychogeriatrics		One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light

		I		N6		2005		Effect of timed bright light treatment for rest-activity disruption in institutionalized patients with Alzheimer's disease.		70 patients with AD living in an institution (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index) 		Average of 6.4 days at baseline and 4.4 days at the end of the intervention		Effect of intervention on RARs		RARs acrophase was shifted two hours later in the control group, whereas the two experimental bright light groups had more stable RARs over 10-weeks.		Dowling		International Journal of Geriatric Psychiatry		Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.

		I		35		2009		Hand motor activity, cognition, mood, and the rest-activity rhythm in dementia A clustered RCT. References.		61 nursing home residents with dementia (mean age=85)		Non-parametric (IS, IV, and RA)		not specified		Effect of intervention on RARs		The hand movement intervention did not not influence RARs 		Eggermont		Behavioural Brain Research		Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 

		I		37		2003		Increased light exposure consolidates sleep and strengthens circadian rhythms in severe Alzheimer's disease patients.		92 patients with possible or probable Alzheimer's disease		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		3 days at baseline, 10 days of treatment, and 5 days after treatment		Effect of intervention on RARs		Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-Statistic: p<0.01). 		Ancoli-Israel		Behavioral Sleep Medicine		Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 

		I		38		1997		Indirect bright light improves circadian rest-activity rhythm disturbances in demented patients.		22 patients with probable AD, multi-infarct dementia, dementia associated with alcoholism, or normal pressure hydrocephalus (mean age = 79)		Non-parametric (IS and IV)		5 days		Effect of light measured 2 weeks before treatment and 4 weeks after light treatment was complete		IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but not in those without) intact vision.		Van Someren		Biological Psychiatry		4 weeks of indirect unattended bright light (average intensity of 1136 lux)

		I		N7		2008		Melatonin and bright-light treatment for rest-activity disruption in institutionalized patients with Alzheimer's disease.		Randomized 50 patients with AD (mean age = 86) living in an institution with staff-identified RAR disruption		Cosine-based modeling (amplitude, acrophase); non-parametric (IS, L5, M10, RA)		An average of 4.4 and 4.5 days at the beginning and end of the intervention (respectively)		Effect of intervention on RARs		Light treatment plus melatonin was associated with increases cosine-based amplitude and M10 relative to the light treatment plus placebo group and control group. Light treatment plus melatonin showed better goodness-of-fit relative to the control group. Both light groups phase advanced (an average of 34 and 63 minutes), wereas the control group delayed 21 minutes.		Dowling		Journal of the American Geriatrics Society		Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  

		I		N8		2006		Peripheral electrical nerve stimulation and rest-activity rhythm in Alzheimer's disease.		62 patients with AD (mean age experimental group=71.5; mean age placebo group =72.8) 		Non-parametric (IS, IV, and RA)		4 days at baseline and post-treatment		Effect of intervention on RARs		A group by time interaction revealed differences in RAR change over time between the experimental and placebo groups for RA (F(2,60) =13.76, p<0.001), such that the experimental group showed an increase in RA and placebo group showed a decrease in RA over 6-weeks. Experimental condition resulted in an increase in IS and decrease in IV in those who were not using acetylcholinesterase inhibitors. 		Van Dijk		Journal of Sleep Research		Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 

		I		42		2016		Progression of Dementia Assessed by Temporal Correlations of Physical Activity: Results From a 3.5-Year, Longitudinal Randomized Controlled Trial.		144 older adults with dementia  residing in assisted-living facilities (mean age=85)		Detrended flucuation analysis to examine temporal correlations of activity data across a range of frequencies		1-2 weeks at baseline, after treatment onset, and six months later		Mini-mental State Exam		Activity correlations at <2 hours decreased over time, but this was attenuated by light treatment (~73%). Decreases in temporal correlations positively correlated with cognitive decline. 		Hu		Scientific Reports		2x2 design assigning patients to active or placebo light (~1000 lux) and active or placebo timed melatonin (2.5 mg)

		L		43		2011		Circadian activity rhythms and risk of incident dementia and mild cognitive impairment in older women.		1,282 women (mean age = 83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Approximately 5 years after actigraphy, cognitive status was assessed by an expert clinical panel adjudications based on Modified Mini-Mental State exam, California Verbal Learning Test, the Informant Questionnaire on Cognitive Decline in the Elderly, self-reported diagnoses, and nursing home residence; Group in lowest quartile for RARs measures were compared to group in highest quartile.		Women with later peak activity timing (after 3:51 pm), low amplitude, and low psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-statistic: OR=1.57, 95%CI,1.10–2.26). 		Tranah		Annuls of Neurology

		L		44		2018		Rest-Activity Rhythms and Cognitive Decline in Older Men: The Osteoporotic Fractures in Men Sleep Study.		2,754 community-dwelling non-demented men (mean age=76)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Change in Modified Mini-mental State examination at baseline and an average of 3.4 years later. Group in lowest quartile for RARs measures were compared to group in highest quartile.		Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline over time ) Lower amplitude and psuedo F-statistics, and advanced acrophases, were associated with greater odds of "clinically signficant" decline (defined as ≥5  point changes).
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		Rogers-Soeder		Journal of the American Geriatrics Society

		L		45		2004		The timing of activity rhythms in patients with dementia is related to survival.		149 older adults with dementia recruited from nursing homes (mean age = 84.1); 66 healthy older adults without dementia (mean age = 67.1)		Extended-cosine (mesor, acrophase, amplitude, alpha, beta, and F-statistic)		3 days		Mortality determined using public death records (follow-up time average=6.7 years)		Earlier acrophase (chi square=9.01, p=0.003) and steeper rhythms (chi square=4.88, p=0.027) were associated with longer survival.		Gehrman		Journal of Gerontology: Medical Sciences

		L																		Hu		Scientific Reports
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Cross-Sectional Studies (N=13)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings																		Intervention

		Witting et al. (1990)		6 young (29-55 years); 13 old controls (71-85 years); and 12 AD patients (71-86 years)		Non-parametric (IS, IV, M10)		3.75-7 days		RARs		AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven by sedative users); no statistically significant differences between older controls and younger participants

		Aharon-Peretz et al. (1991)		10 patients with multi-infarct dementia (mean age=76), 15 patients with AD (mean age=73), and 11 controls (mean age=69)		Autocorrelation coefficient at 24 hours		8 days		Group differences		AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct dementia group

		Satlin et al. (1995)		28 people with probable AD (mean age=71) and 10 controls (mean age=73)		Cosine-based (amplitude, mesor, acrophase, and relative amplitude); frequency deviation (difference between optimized parameter and 24-hour rhythm); 24-hour correlation coefficient; and non-paramtric (IS)		3 days		Group differences: AD patients and controls		AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase (4.5 hours) (t(26.3) = 4.6, p<0.0001).

		Van Someren et al. (1996)		34 patients with Alzheimer's disease (AD onset < 65 yrs mean age: 60; AD onset > 65 yrs living independently mean age: 78; AD onset > 65 yrs institutionalized: mean age=86) 11 healthy controls (mean age=72)		Non-parametric (IS, IV, M10 and L5)		Mean duration = 6.5 days		Group differences: non-dementia controls (n=11); AD onset <65 yrs living independently (n=10); AD onset >65 yrs living independently (n=8); AD onset >65 institutionalized (n=16)		IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; IV: 58% variance explained by low M10 and higher MMSE score  

		Ancoli-Israel et al. (1997)		77 Nursing home residents (mean age=85.7): 55 severe dementia, 22 moderate/mild/no dementia		Cosine-based (mesor, acrophase, amplitude, and amplitude:mesor ratio)		3 days		RARs; dementia severity defined by Mini Mental State Exam score		The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia

		Harper et al. (2001)		46 older men (mean a+H7:L7ge=70): 38 with dementia (i.e., 2 yrs prior to death) and 8 cognitively normal. Men with dementia: AD (n=23); Frontotemporal degeneration (FTD) (n=9); diffuse lewy bodies+ AD or FTD pathology (n=6)		Non-parametric (M10, L5, IS, and IV) and cosine modeling (relative amplitude (amplitude divided by mesor), acrophase, and R2 goodness-of-fit)		3 days		Group differences: Controls, AD, FTD		M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend of FTD < AD and Controls (p=0.05).

		Hatfield et al. (2004)		19 controls (mean age=72), 13 mild AD (mean age=67), and 14 moderate AD (mean age=70)		Non-parametric (IS, IV, and RA)		28 days		Group differences in RARs		While mild AD and controls did not have differences in RARs, moderate AD was associated with lower IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, p=0.042).

		Gehrman et al. (2005)		150 nursing home patients with dementia (mean age=84)		Extended cosine (amplitude, mesor, alpha, beta, pseudo F-statistic, and acrophase)		3 days		Assocations between RARs and dementia severity assessed using the Mini-Mental State Examination 		Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.

		Paavilainen et al . (2005)		Nursing home patients aged 56-97 (23 with dementia and 19 without)		Sinusoidal modeling (amplitude and acrophase)		At least 10 days		Group differences: dementia (n=23) and non-dementia (n=19)		Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia =0.83 (0.45); group difference p=0.02) 

		Oosterman et al. (2009)		144 community-dwelling+H9:L9 participants (mean age=69.5)		Non-parametric (IS, IV, and amplitude (M10- L5))		7 days		Cogntive measures of processing speed, memory, and executive functioning		Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory association became non-significant after accounting for performance for processing speed and executive functioning. IS was unrelated to cognitive performance. 

		Hooghiemstra et al (2015)		61 patients with early onset dementia (mean age=62) and 68 controls (mean age=62)		Non-parametric (IS,  IV, and RA)		7 days		Group differences: Early-onset dementia (n=41) and cognitive normal older adults (n=68). 		Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , which was related to lower daytime physical activity, antidepressant and central nervous system medication use, and being male. 

		Luik et al. (2015)		1,723 adults (mean age=62)		Non-parametric (IS and IV)		Mean duration = 5.75 days		Cognitive tests assessing verbal learning and memory, verbal fluency, psychomotor speed, and executive functioning (inhibition).		Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, p<0.001)

		Saito et al. (2018)		77 Nursing home residents (dementia: n=49, mean age=86; no dementia: n=28; mean age=85)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Clinical Dementia Rating Scale (Cognitive Status), Barthel Index (ADLs), and the Dementia Behavioral Disturbance Scale (Behavioral symptoms)		Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to behavioral disturbances.

																														One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light

																														Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.

																														Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 

																														Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 

																														4 weeks of indirect unattended bright light (average intensity of 1136 lux)

																														Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  

																														Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 

																														2x2 design assigning patients to active or placebo light (~1000 lux) and active or placebo timed melatonin (2.5 mg)
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Longitudinal Studies (N=3)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings

		Tranah et al. (2011)		1,282 women (mean age = 83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Approximately 5 years after actigraphy, cognitive status was assessed by an expert clinical panel adjudications based on Modified Mini-Mental State exam, California Verbal Learning Test, the Informant Questionnaire on Cognitive Decline in the Elderly, self-reported diagnoses, and nursing home residence; Group in lowest quartile for RARs measures were compared to group in highest quartile.		Women with later peak activity timing (after 3:51 pm), low amplitude, and low psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-statistic: OR=1.57, 95%CI,1.10–2.26). 

		Walsh et al. (2014)		Community sampe of 1,287 non-demented older women (mean age=83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		Sensitivity analyses restricted to participants with at least 3 days of adequate data		Group differences: Cognitive performance in Lowest quartile RARs group vs. highest quartile RARs group; Cognitive measures: Modified Mini-Mental State Examination (3MS), California Verbal Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span backwards, Trail Making Test Part B, verbal fluency tests (semantic and phonemic fluency).		Lower amplitude: worse executive performance 5-years later (i.e., Trails B and category fluency). Later acrophase: worse semantic fluency 5-years later.

		Rogers-Soeder et al. (2018)		2,754 community-dwelling non-demented men (mean age=76)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Change in Modified Mini-mental State examination at baseline and an average of 3.4 years later. Group in lowest quartile for RARs measures were compared to group in highest quartile.		Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline over time ) Lower amplitude and psuedo F-statistics, and advanced acrophases, were associated with greater odds of "clinically signficant" decline (defined as ≥5  point changes).





Intervention Studies (N=12)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Intervention		Outcome Measures		Key Findings

		Van Someren et al. (1997)		22 patients with probable AD, multi-infarct dementia, dementia associated with alcoholism, or normal pressure hydrocephalus (mean age = 79)		Non-parametric (IS and IV)		5 days		4 weeks of indirect unattended bright light (average intensity of 1136 lux)		Effect of light measured 2 weeks before treatment and 4 weeks after light treatment was complete		IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but not in those without) intact vision.

		Ancoli-Israel et al. (2002)		77 nursing home residents with dementia (mean age=86)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		18 day protocol including 3 baseline days and 5 days post-intervention		 10 days of: morning bright light, evening bright light, evening dim red light, or daytime sleep restriction. 2500 lux light was delivered.		Effect of intervention on RARs; Intervention groups: 1) evening bright light 2) morning bright light 3)daytime sleep restriction and 4) evening dim red light.		Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. The evening dim light group showed sigificnt improvment in the psuedo F-statistic (p=0.01) during week 2 relative to baseline.

		Ancoli-Israel et al. (2003)		92 patients with possible or probable Alzheimer's disease (mean age=82)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		3 days at baseline, 10 days of treatment, and 5 days after treatment		Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 		Effect of intervention on RARs		Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-Statistic: p<0.01). 

		Dowling et al. (2005a)		46 patients with severe AD (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index); Non-parametric (IS, IV, RA, M10, and L5)		6 days at baseline and 5 days during the last week of the intervention		One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light		Effect of intervention on RARs		Overall, there were no signficiant effects of the intervention on change in RARs. However: (1) the control group delayed ~2 hours over time and this was not observed in the light group; and (2) among participants with RAR disruption at baseline, the intervention resulted in improved IS

		Dowling et al. (2005b)		70 patients with AD living in an institution (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index) 		Average of 6.4 days at baseline and 4.4 days at the end of the intervention		Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.		Effect of intervention on RARs		RARs acrophase was shifted two hours later in the control group, whereas the two experimental bright light groups had more stable RARs over 10-weeks.

		Scherder et al. (2006)		20 older adults with probable AD; experimental group (mean age=83.7); control group (mean age=84.5)		Non-parametric (IS, IV, and RA)		7 days		Intervention group differences in RARs (cranial electrostimulation vs. sham stimulation). 		High-frequency cranial electrostiulation did not influence RARs over a 6-week intervention. 

		Van Dijk et al. (2006)		62older adults with AD (mean age experimental group=71.5; mean age placebo group =72.8) 		Non-parametric (IS, IV, and RA)		4 days at baseline and post-treatment		Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 		Effect of intervention on RARs		A group by time interaction revealed differences in RAR change over time between the experimental and placebo groups for RA (F(2,60) =13.76, p<0.001), such that the experimental group showed an increase in RA and placebo group showed a decrease in RA over 6-weeks. Experimental condition resulted in an increase in IS and decrease in IV in those who were not using acetylcholinesterase inhibitors. 

		Lee et al. (2007)		33 patients with dementia (mean age=76.5)		Non-parametric (relative amplitude)		6 weeks continous monitoring (2 weeks prior to respite care, during 2-week respite care, and 2-weeks after returning home). 		2-weeks of institutionalization for respite care		Effect of intervention on RARs: Three comparisons: 1) 2-week baseline period to 2-week period of institutionalization 2)  2-week period of institutionalization to 2-week follow-up period 3) 2-week baseline period to 2-week follow-up period. 		Institutionalization resulted in  dampening of RARs (p=0.03) but RARs returned to normal levels after returning home (p<0.001) (RA baseline mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-up mean(SD): 0.82(0.14)).

		Dowling et al. (2008)		50 older adults with AD (mean age = 86) living in an institution with staff-identified RAR disruption		Cosine-based modeling (amplitude, acrophase); non-parametric (IS, L5, M10, RA)		An average of 4.4 and 4.5 days at the beginning and end of the intervention (respectively)		Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  		Effect of intervention on RARs		Light treatment plus melatonin was associated with increases cosine-based amplitude and M10 relative to the light treatment plus placebo group and control group. Light treatment plus melatonin showed better goodness-of-fit relative to the control group. Both light groups phase advanced (an average of 34 and 63 minutes), wereas the control group delayed 21 minutes.

		Eggermont et al. (2009)		61 nursing home residents with dementia (mean age=85)		Non-parametric (IS, IV, and RA)		not specified		Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 		Effect of intervention on RARs		The hand movement intervention did not not influence RARs 

		Kok et al. (2017)		77 residents moved to a small scaled homelike Special Care Unit (mean age=83); 68 residents that remained at the regular Special Care Unit (mean age = 83)		Non-parametric (IV, IS, RA, M10, L5)		7 days		Changes in RARs related to moving to a smaller-scale care facility		There were no statistically signfiicant changes in RARs related to facility re-assignment. Two time x group interactions revealed better intradaily stability of RARs (24 hour) within those who moved to the small scaled homelike facility and better interdaily stability of RARs (across) days in participants who did not move to the new facility. 





Biomarker Studies (N=5)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings

		Oosterman et al. (2008)		162 non-demented older adults (mean age=69)		Non-parametric (IS, IV, and amplitude (M10- L5))		5+ days		Regional white matter lesions		Lower IS and amplitude were associated with greater occipital periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated relationship between amplitude and frontal deep white matter lesions.

		Sherman et al. (2015)		41 cognitively normal older adutls (mean age=66.8)		Extended-cosine (mesor, acrophase, amplitude, and F-statistic)		10 days 		Associative recognition memory accuracy during a functional magnetic resonance imaging task		Greater F-statistic (indicating greater RAR robustness) was associated with better memory performance independent of physical activity, sleep, and depressive symptoms; The RAR-memory association was statistically mediated by greater anterior hippocampal activation during memory retrieval during the associative memory task (Indirect effect: β = 0.14, p=0.04). 

		Zuurbier et al. (2015)		970 community-dwelling adults (mean age=59.2)		Non-parametric (IS and IV)		At least 4 days		White matter lesion volume; presence of cerebral microbleeds and lacunar infarcts		After adjustments for health factors (e.g., BMI, ADLs, depressive symptoms, systolic BP, glucose, cholesterol): lower IS marginally associated with presence of cerebral microbleeds (β=0.17, p=0.06); higher IV correlated with more white matter lesions (β=0.09, p=0.02) and the presence of microbleeds (β=0.19, p=0.03)

		Musiek et al. (2018)		189 cognitively normal older adults (mean age=67) 		Cosine, non-parametric, and empirical mode decomposition.		7-14 days		Pittsburgh Compound B PET imaging; cerebrospinal fluid amyloid β 42 and phosphorylated tau.		Higher IV was associated with amyloid deposition in the brain (mean(SD) PiB negative:  0.804(0.187); mean(SD) PiB positive:  0.875(0.178); p=.05) as well as higher ratios of cerebrospinal phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).

		Van Someren et al. (2018)		138 cognitively normal older adults (mean age-69)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Medial temporal lobe volume		Higher IV was associated with lower medial temporal lobe volume after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated with lower medial temporal lobe volume but became non-significant after adjustment for age. 
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Oosterman et al. 
(2008)



162 non-demented older adults 
(mean age=69)



Non-parametric (IS, IV, 
and amplitude (M10- 
L5)) 5+ days



Regional white matter 
lesions



Lower IS and amplitude were associated with greater occipital 
periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-
0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, 
p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated 
relationship between amplitude and frontal deep white matter 
lesions.



Sherman et al. 
(2015)



41 cognitively normal older adutls 
(mean age=66.8)



Extended-cosine 
(mesor, acrophase, 
amplitude, and F-
statistic) 10 days 



Associative recognition 
memory accuracy during a 
functional magnetic 
resonance imaging task



Greater F-statistic (indicating greater RAR robustness) was 
associated with better memory performance independent of 
physical activity, sleep, and depressive symptoms; The RAR-
memory association was statistically mediated by greater anterior 
hippocampal activation during memory retrieval during the 
associative memory task (Indirect effect: β = 0.14, p=0.04). 



Zuurbier et al. 
(2015)



970 community-dwelling adults 
(mean age=59.2)



Non-parametric (IS and 
IV) At least 4 days



White matter lesion volume; 
presence of cerebral 
microbleeds and lacunar 
infarcts



After adjustments for health factors (e.g., BMI, ADLs, depressive 
symptoms, systolic BP, glucose, cholesterol): lower IS marginally 
associated with presence of cerebral microbleeds (β=0.17, p=0.06); 
higher IV correlated with more white matter lesions (β=0.09, 
p=0.02) and the presence of microbleeds (β=0.19, p=0.03)



Musiek et al. 
(2018)



189 cognitively normal older adults 
(mean age=67) 



Cosine, non-
parametric, and 
empirical mode 
decomposition. 7-14 days



Pittsburgh Compound B 
PET imaging; cerebrospinal 
fluid amyloid β 42 and 
phosphorylated tau.



Higher IV was associated with amyloid deposition in the brain 
(mean(SD) PiB negative:  0.804(0.187); mean(SD) PiB positive:  
0.875(0.178); p=.05) as well as higher ratios of cerebrospinal 
phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).



Van Someren et al. 
(2018)



138 cognitively normal older adults 
(mean age-69)



Non-parametric (IS, IV, 
RA, M10, and L5) 7 days



Medial temporal lobe 
volume



Higher IV was associated with lower medial temporal lobe volume 
after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, 
p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated 
with lower medial temporal lobe volume but became non-significant 
after adjustment for age. 
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				Year		Sample		RAR Measure		Recording length		Outcome and other key variables		Findings		First author		Journal		Intervention

		1		1997		20 AD (mean age=76); 21 mult-infarct dementia (mean age=79)		Activity counts and regular cosine model (amplitude, mesor, and phase)		5-7 days		Group differences and body temperature rhythm characteristics		Multi-infarct group had lower amplitude RARs (p<0.001).		Mishima		Neurobiol Aging.				Different manifestations of circadian rhythms in senile dementia of Alzheimer's type and multi-infarct dementia.

		51		1995		28 people with probable AD (mean age=71) and 10 controls (mean age=73)		Cosine-based (amplitude, mesor, acrophase, and relative amplitude); frequency deviation (difference between optimized parameter and 24-hour rhythm); 24-hour correlation coefficient; and non-paramtric (IS)		3 days		Group differences: AD patients and controls		AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase (4.5 hours) (t(26.3) = 4.6, p<0.0001).		Satlin		Neurobiol Aging.				Circadian locomotor activity and core-body temperature rhythms in Alzheimer's disease.

		29		2004		19 controls (mean age=72), 13 mild AD (mean age=67), and 14 moderate AD (mean age=70)		Non-parametric (IS, IV, and RA)		28 days		Group differences in RARs		While mild AD and controls did not have differences in RARs, moderate AD was associated with lower IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, p=0.042).		Hatfield		Brain				Disrupted daily activity/rest cycles in relation to daily cortisol rhythms of home-dwelling patients with early Alzheimer's dementia.

		49		1991		10 patients with multi-infarct dementia (mean age=76), 15 patients with AD (mean age=73), and 11 controls (mean age=69)		Autocorrelation coefficient at 24 hours		8 days		Group differences		AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct dementia group		Aharon-Peretz		Neurology				Sleep-wake cycles in multi-infarct dementia and dementia of the Alzheimer type.

		48		1997		77 Nursing home residents (mean age=85.7): 55 severe dementia, 22 moderate/mild/no dementia		Cosine-based (mesor, acrophase, amplitude, and amplitude:mesor ratio)		3 days		RARs; dementia severity defined by Mini Mental State Exam score		The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia		Ancoli-Israel		Sleep				Variations in circadian rhythms of activity, sleep, and light exposure related to dementia in nursing-home patients
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				File #		Year				Sample		RAR Measure		Recording length		Outcome and other key variables		Findings		First author		Journal		Intervention

		CS		3		1990		Alterations in the circadian rest-activity rhythm in aging and Alzheimer's disease.		6 young (29-55 years); 13 old controls (71-85 years); and 12 AD patients (71-86 years)		Non-parametric (IS, IV, M10)		3.75-7 days		Group differences		AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven by sedative users); no statistically significant differences between older controls and younger participants		Witting		Biological Psychiatry

		CS		7		2015		Associations of the 24-h activity rhythm and sleep with cognition: a population-based study of middle-aged and elderly persons.		1,723 adults (mean age=62)		Non-parametric (IS and IV)		Mean duration = 5.75 days		Cognitive tests assessing verbal learning and memory, verbal fluency, psychomotor speed, and executive functioning (inhibition).		Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, p<0.001)		Luik		Sleep Medicine

		CS		8		2015		Cerebral small vessel disease is related to disturbed 24-h activity rhythms: a population-based study.		970 community-dwelling adults (mean age=59.2)		Non-parametric (IS and IV)		At least 4 days		White matter lesion volume; presence of cerebral microbleeds and lacunar infarcts		After adjustments for health factors (e.g., BMI, ADLs, depressive symptoms, systolic BP, glucose, cholesterol): lower IS marginally associated with presence of cerebral microbleeds (β=0.17, p=0.06); higher IV correlated with more white matter lesions (β=0.09, p=0.02) and the presence of microbleeds (β=0.19, p=0.03)		Zuurbier		European Journal of Neurology

		CS		9		2005		Circadian activity rhythm in demented and non-demented nursing-home residents measured by telemetric actigraphy.		Nursing home patients aged 56-97 (23 with dementia and 19 without)		Sinusoidal modeling (amplitude and acrophase)		At least 10 days		Group differences: dementia (n=23) and non-dementia (n=19)		Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia =0.83 (0.45); group difference p=0.02) 		Paavilainen		Journal of Sleep Research

		CS		10		1996		Circadian rest-activity rhythm disturbances in Alzheimer's disease.		34 patients with Alzheimer's disease and 11 healthy controls		Non-parametric (IS, IV, M10 and L5)		Mean duration = 6.5 days		Group differences: non-dementia controls (n=11); AD onset <65 yrs living independently (n=10); AD onset >65 yrs living independently (n=8); AD onset >65 institutionalized (n=16)		IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; IV: 58% variance explained by low M10 and higher MMSE score  		Van Someren		Biological Psychiatry

		CS		14		2001		Differential circadian rhythm disturbances in men with Alzheimer disease and frontotemporal degeneration.		46 older men (mean age=70): 38 with dementia (i.e., 2 yrs prior to death) and 8 cognitively normal. Men with dementia: AD (n=23); Frontotemporal degeneration (FTD) (n=9); diffuse lewy bodies+ AD or FTD pathology (n=6)		Non-parametric (M10, L5, IS, and IV) and cosine modeling (relative amplitude (amplitude divided by mesor), acrophase, and R2 goodness-of-fit)		3 days		Group differences: Controls, AD, FTD		M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend of FTD < AD and Controls (p=0.05).		Harper		JAMA Psychiatry

		CS		15		2008		Distortions in rest-activity rhythm in aging relate to white matter hyperintensities.		162 non-demented older adults (mean age=69)		Non-parametric (IS, IV, and amplitude (M10- L5))		5+ days		Regional white matter lesions		Lower IS and amplitude were associated with greater occipital periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated relationship between frontal deep white matter lesions and AMP.		Oosterman		Neurobiology of Aging

		CS		16		2009		Fragmentation of the rest-activity rhythm correlates with age-related cognitive deficits.		144 community-dwelling participants (mean age=69.5)		Non-parametric (IS, IV, and amplitude (M10- L5))		7 days		Cogntive measures of processing speed, memory, and executive functioning		Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory association became non-significant after accounting for performance for processing speed and executive functioning. IS was unrelated to cognitive performance. 		Oosterman		Journal of Sleep Research

		CS		17		2015		Hippocampal activity mediates the relationship between circadian activity rhythms and memory in older adults.		41 cognitively normal older adutls (mean age=66.8)		Extended-cosine (mesor, acrophase, amplitude, and F-statistic)		10 days 		Associative recognition memory accuracy during a functional magnetic resonance imaging task		Greater F-statistic (indicating greater RAR robustness) was associated with better memory performance independent of physical activity, sleep, and depressive symptoms; The RAR-memory association was statistically mediated by greater anterior hippocampal activation during memory retrieval during the associative memory task (Indirect effect: β = 0.14, p=0.04). 		Sherman		Neuropsychologia

		CS		N2				Predictors of circadian sleep-wake rhythm maintenance in elders with dementia.		171 nursing home residents with dementia (mean age ~ 80)		Autocorrelation at 24 hours		4 full days		RARs as potentially predicted by depression, cognition, activity, mediations, and sleep apnea.		Physical and social activity were associated with better maintained RAR robustness (physical activity: odds ratio=1.02, p<0.0001; social activity: odds ratio=1.02, p=0.04).		Sullivan		Aging & Mental Health

		CS		N1				Rest-activity rhythms in small scale homelike care and traditional care for residents with dementia.		77 residents moved to a small scaled homelike Special Care Unit (mean age=83); 68 residents that remained at the regular Special Care Unit (mean age = 83)		Non-parametric (IV, IS, RA, M10, L5)		7 days		Changes in RARs related to moving to a smaller-scale care facility		There were no statistically signfiicant changes in RARs related to facility re-assignment. Two time x group interactions revealed better intradaily stability of RARs (24 hour) within those who moved to the small scaled homelike facility and better interdaily stability of RARs (across) days in participants who did not move to the new facility. 		Kok		BMC Geriatrics

		CS		24		2016		Sleep/awake status throughout the night and circadian motor activity patterns in older nursing-home residents with or without dementia, and older community-dwelling people without dementia.		51 Japanese older adults; 17 nursing home residents with dementia (mean age=82); 17 nursing home residents without dementia (mean age=85), and 17 community- dwelling older adults without dementia (mean age=84)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Group differences: Nursing home with dementia (n=17); Nursing home without dementai (n=17), community-dwelling without dementia (n=17)		Nursing home residents, regardless of cognitive status, had more fragemented rhythms (F=5.8, p=0.006). Nursing home residents with dementia had lower RA compared with the other groups (p<0.0005).		Kume		International Psychogeriatrics

		CS		25		2018		The association between circadian rest-activity patterns and the behavioral and psychological symptoms depending on the cognitive status in Japanese nursing-home residents.		77 Nursing home residents (dementia: n=49, mean age=86; no dementia: n=28; mean age=85)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Clinical Dementia Rating Scale (Cognitive Status), Barthel Index (ADLs), and the Dementia Behavioral Disturbance Scale (Behavioral symptoms)		Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to behavioral disturbances.
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		Saito		Chronobiology International

		CS		26		2005		The relationship between dementia severity and rest/activity circadian rhythms.		150 nursing home patients with dementia (mean age=84)		Extended cosine (amplitude, mesor, alpha, beta, pseudo F-statistic, and acrophase)		3 days		Assocations between RARs and dementia severity assessed using the Mini-Mental State Examination 		Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.		Gehrman		Neuropsychiatric Disease and Treatment

		CS		27		2015		The rest-activity rhythm and physical activity in early-onset dementia.		61 patients with early onset dementia (mean age=62) and 68 controls (mean age=62)		Non-parametric (IS,  IV, and RA)		7 days		Group differences: Early-onset dementia (n=41) and cognitive normal older adults (n=68). 		Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , which was related to lower daytime physical activity, antidepressant and central nervous system medication use, and being male. 		Hooghiemstra		Alzheimer Disease Assocation Disorder

		CS		28		2014		Weaker circadian activity rhythms are associated with poorer executive function in older women.		Community sampe of 1,287 non-demented older women (mean age=83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		Sensitivity analyses restricted to participants with at least 3 days of adequate data		Group differences: Cognitive performance in Lowest quartile RARs group vs. highest quartile RARs group; Cognitive measures: Modified Mini-Mental State Examination (3MS), California Verbal Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span backwards, Trail Making Test Part B, verbal fluency tests (semantic and phonemic fluency).		Lower amplitude: worse executive performance 5-years later (i.e., Trails B and category fluency). Later acrophase: worse semantic fluency 5-years later.		Walsh		Sleep		Longitudinal design: RARs measured at baseline and cognitive functioning assessed 5-years later

		CS-bio		N3		2018		Circadian Rest-Activity Pattern Changes in Aging and Preclinical Alzheimer Disease.		189 cognitively normal older adults (mean age=67) 		Cosine, non-parametric, and empirical mode decomposition.		7-14 days		Pittsburgh Compound B PET imaging; cerebrospinal fluid amyloid β 42 and phosphorylated tau.		Higher IV was associated with amyloid deposition in the brain (mean [SD], 0.804 [0.187] for PiB negative vs 0.875 [0.178] for PiB positive; P = .05) as well as higher ratios of cerebrospinal phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).		Musiek		JAMA Neurology

		CS-bio		N4		2018		Medial temporal lobe atrophy relates more strongly to sleep-wake rhythm fragmentation than to age or any other known risk.		138 cognitively normal older adults (mean age-69)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Medial temporal lobe volume		Higher IV was associated with lower medial temporal lobe volume after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated with lower medial temporal lobe volume but became non-significant after adjustment for age. 		Van Someren		Neurobiology of Learning and Memory

		I		32		2007		Effect of institutional respite care on the sleep of people with dementia and their primary caregivers.		33 patients with dementia (mean age=76.5)		Non-parametric (relative amplitude)		6 weeks continous monitoring (2 weeks prior to respite care, during 2-week respite care, and 2-weeks after returning home). 		Effect of intervention on RARs: Three comparisons: 1) 2-week baseline period to 2-week period of institutionalization 2)  2-week period of institutionalization to 2-week follow-up period 3) 2-week baseline period to 2-week follow-up period. 		Institutionalization resulted in  dampening of RARs (p=0.03) but RARs returned to normal levels after returning home (p<0.001) (RA baseline mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-up mean(SD): 0.82(0.14)).		Lee		Journal of the American Geriatrics Society		Two weeks of institutionalization for respite care

		I		33		2002		Effect of light treatment on sleep and circadian rhythms in demented nursing home patients.		77 nursing home residents with dementia (mean age=86)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		18 day protocol including 3 baseline days and 5 days post-intervention		Effect of intervention on RARs; Intervention groups: 1) evening bright light 2) morning bright light 3)daytime sleep restriction and 4) evening dim red light.		Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. The evening dim light group showed sigificnt improvment in the psuedo F-statistic (p=0.01) during week 2 relative to baseline.		Ancoli-Israel		Journal of the American Geriatrics Society		Randomly assigned to 10 days of: morning bright light, evening bright light, evening dim red light, or daytime sleep restriction. 2500 lux light was delivered.

		I		N5		2005		Effect of morning bright light treatment for rest-activity disruption in institutionalized patients with severe Alzheimer's disease.		46 patients with severe AD (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index); Non-parametric (IS, IV, RA, M10, and L5)		6 days at baseline and 5 days during the last week of the intervention		Effect of intervention on RARs		Overall, there were no signficiant effects of the intervention on change in RARs. However: (1) the control group delayed ~2 hours over time and this was not observed in the light group; and (2) among participants with RAR disruption at baseline, the intervention resulted in improved IS		Dowling		International Psychogeriatrics		One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light

		I		N6		2005		Effect of timed bright light treatment for rest-activity disruption in institutionalized patients with Alzheimer's disease.		70 patients with AD living in an institution (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index) 		Average of 6.4 days at baseline and 4.4 days at the end of the intervention		Effect of intervention on RARs		RARs acrophase was shifted two hours later in the control group, whereas the two experimental bright light groups had more stable RARs over 10-weeks.		Dowling		International Journal of Geriatric Psychiatry		Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.

		I		35		2009		Hand motor activity, cognition, mood, and the rest-activity rhythm in dementia A clustered RCT. References.		61 nursing home residents with dementia (mean age=85)		Non-parametric (IS, IV, and RA)		not specified		Effect of intervention on RARs		The hand movement intervention did not not influence RARs 		Eggermont		Behavioural Brain Research		Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 

		I		37		2003		Increased light exposure consolidates sleep and strengthens circadian rhythms in severe Alzheimer's disease patients.		92 patients with possible or probable Alzheimer's disease		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		3 days at baseline, 10 days of treatment, and 5 days after treatment		Effect of intervention on RARs		Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-Statistic: p<0.01). 		Ancoli-Israel		Behavioral Sleep Medicine		Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 

		I		38		1997		Indirect bright light improves circadian rest-activity rhythm disturbances in demented patients.		22 patients with probable AD, multi-infarct dementia, dementia associated with alcoholism, or normal pressure hydrocephalus (mean age = 79)		Non-parametric (IS and IV)		5 days		Effect of light measured 2 weeks before treatment and 4 weeks after light treatment was complete		IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but not in those without) intact vision.		Van Someren		Biological Psychiatry		4 weeks of indirect unattended bright light (average intensity of 1136 lux)

		I		N7		2008		Melatonin and bright-light treatment for rest-activity disruption in institutionalized patients with Alzheimer's disease.		Randomized 50 patients with AD (mean age = 86) living in an institution with staff-identified RAR disruption		Cosine-based modeling (amplitude, acrophase); non-parametric (IS, L5, M10, RA)		An average of 4.4 and 4.5 days at the beginning and end of the intervention (respectively)		Effect of intervention on RARs		Light treatment plus melatonin was associated with increases cosine-based amplitude and M10 relative to the light treatment plus placebo group and control group. Light treatment plus melatonin showed better goodness-of-fit relative to the control group. Both light groups phase advanced (an average of 34 and 63 minutes), wereas the control group delayed 21 minutes.		Dowling		Journal of the American Geriatrics Society		Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  

		I		N8		2006		Peripheral electrical nerve stimulation and rest-activity rhythm in Alzheimer's disease.		62 patients with AD (mean age experimental group=71.5; mean age placebo group =72.8) 		Non-parametric (IS, IV, and RA)		4 days at baseline and post-treatment		Effect of intervention on RARs		A group by time interaction revealed differences in RAR change over time between the experimental and placebo groups for RA (F(2,60) =13.76, p<0.001), such that the experimental group showed an increase in RA and placebo group showed a decrease in RA over 6-weeks. Experimental condition resulted in an increase in IS and decrease in IV in those who were not using acetylcholinesterase inhibitors. 		Van Dijk		Journal of Sleep Research		Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 

		I		42		2016		Progression of Dementia Assessed by Temporal Correlations of Physical Activity: Results From a 3.5-Year, Longitudinal Randomized Controlled Trial.		144 older adults with dementia  residing in assisted-living facilities (mean age=85)		Detrended flucuation analysis to examine temporal correlations of activity data across a range of frequencies		1-2 weeks at baseline, after treatment onset, and six months later		Mini-mental State Exam		Activity correlations at <2 hours decreased over time, but this was attenuated by light treatment (~73%). Decreases in temporal correlations positively correlated with cognitive decline. 		Hu		Scientific Reports		2x2 design assigning patients to active or placebo light (~1000 lux) and active or placebo timed melatonin (2.5 mg)

		L		43		2011		Circadian activity rhythms and risk of incident dementia and mild cognitive impairment in older women.		1,282 women (mean age = 83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Approximately 5 years after actigraphy, cognitive status was assessed by an expert clinical panel adjudications based on Modified Mini-Mental State exam, California Verbal Learning Test, the Informant Questionnaire on Cognitive Decline in the Elderly, self-reported diagnoses, and nursing home residence; Group in lowest quartile for RARs measures were compared to group in highest quartile.		Women with later peak activity timing (after 3:51 pm), low amplitude, and low psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-statistic: OR=1.57, 95%CI,1.10–2.26). 		Tranah		Annuls of Neurology

		L		44		2018		Rest-Activity Rhythms and Cognitive Decline in Older Men: The Osteoporotic Fractures in Men Sleep Study.		2,754 community-dwelling non-demented men (mean age=76)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Change in Modified Mini-mental State examination at baseline and an average of 3.4 years later. Group in lowest quartile for RARs measures were compared to group in highest quartile.		Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline over time ) Lower amplitude and psuedo F-statistics, and advanced acrophases, were associated with greater odds of "clinically signficant" decline (defined as ≥5  point changes).

Microsoft Office User: Microsoft Office User:
Too many findings to include statistics here
		Rogers-Soeder		Journal of the American Geriatrics Society

		L		45		2004		The timing of activity rhythms in patients with dementia is related to survival.		149 older adults with dementia recruited from nursing homes (mean age = 84.1); 66 healthy older adults without dementia (mean age = 67.1)		Extended-cosine (mesor, acrophase, amplitude, alpha, beta, and F-statistic)		3 days		Mortality determined using public death records (follow-up time average=6.7 years)		Earlier acrophase (chi square=9.01, p=0.003) and steeper rhythms (chi square=4.88, p=0.027) were associated with longer survival.		Gehrman		Journal of Gerontology: Medical Sciences

		L																		Hu		Scientific Reports
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Cross-Sectional Studies (N=13)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings																		Intervention

		Witting et al. (1990)		6 young (29-55 years); 13 old controls (71-85 years); and 12 AD patients (71-86 years)		Non-parametric (IS, IV, M10)		3.75-7 days		RARs		AD group had statistically significantly Higher IV than other groups; and a trend towards lower IS (driven by sedative users); no statistically significant differences between older controls and younger participants

		Aharon-Peretz et al. (1991)		10 patients with multi-infarct dementia (mean age=76), 15 patients with AD (mean age=73), and 11 controls (mean age=69)		Autocorrelation coefficient at 24 hours		8 days		Group differences		AD (p<0.01) and controls (p<0.005) had stronger 24-hour correlation coefficents than the multi-infarct dementia group

		Satlin et al. (1995)		28 people with probable AD (mean age=71) and 10 controls (mean age=73)		Cosine-based (amplitude, mesor, acrophase, and relative amplitude); frequency deviation (difference between optimized parameter and 24-hour rhythm); 24-hour correlation coefficient; and non-paramtric (IS)		3 days		Group differences: AD patients and controls		AD patients had lower IS   (F(1, 34) = 41.2, p<0.00001), correlation coefficient (t(16.4) = 4.65, p=0.0002), and relative amplitude (t(28.3) = 4.7, p<0.0001).  AD patients also had a later acrophase (4.5 hours) (t(26.3) = 4.6, p<0.0001).

		Van Someren et al. (1996)		34 patients with Alzheimer's disease (AD onset < 65 yrs mean age: 60; AD onset > 65 yrs living independently mean age: 78; AD onset > 65 yrs institutionalized: mean age=86) 11 healthy controls (mean age=72)		Non-parametric (IS, IV, M10 and L5)		Mean duration = 6.5 days		Group differences: non-dementia controls (n=11); AD onset <65 yrs living independently (n=10); AD onset >65 yrs living independently (n=8); AD onset >65 institutionalized (n=16)		IS: group differences= Institutionalized AD< Independent-living AD and Controls; p<0.02. IV: No group differences. IS: 70% variance explained by low M10, AD onset < 65 yrs, short days, & poor illumination; IV: 58% variance explained by low M10 and higher MMSE score  

		Ancoli-Israel et al. (1997)		77 Nursing home residents (mean age=85.7): 55 severe dementia, 22 moderate/mild/no dementia		Cosine-based (mesor, acrophase, amplitude, and amplitude:mesor ratio)		3 days		RARs; dementia severity defined by Mini Mental State Exam score		The group with severe dementia had lower mesors (p=0.003), later acrophase (p=0.025), and more blunted amplitudes (p=0.029) relative to nursing home residents with moderate/mild/ or no dementia

		Harper et al. (2001)		46 older men (mean a+H7:L7ge=70): 38 with dementia (i.e., 2 yrs prior to death) and 8 cognitively normal. Men with dementia: AD (n=23); Frontotemporal degeneration (FTD) (n=9); diffuse lewy bodies+ AD or FTD pathology (n=6)		Non-parametric (M10, L5, IS, and IV) and cosine modeling (relative amplitude (amplitude divided by mesor), acrophase, and R2 goodness-of-fit)		3 days		Group differences: Controls, AD, FTD		M10, Mesor, Amplitude: FTD < AD < Controls; L5: AD > FTD and Controls; IS: AD and FTD < Controls; IV: FTD > AD and Controls; RA: no group differences; goodness of fit: no group differences but trend of FTD < AD and Controls (p=0.05).

		Hatfield et al. (2004)		19 controls (mean age=72), 13 mild AD (mean age=67), and 14 moderate AD (mean age=70)		Non-parametric (IS, IV, and RA)		28 days		Group differences in RARs		While mild AD and controls did not have differences in RARs, moderate AD was associated with lower IS (F(2,43) = 5.77, p=0.006), higher IV (F(2,43) = 5.67,    p = 0.007), and lower RA (F(2,43) = 3.42, p=0.042).

		Gehrman et al. (2005)		150 nursing home patients with dementia (mean age=84)		Extended cosine (amplitude, mesor, alpha, beta, pseudo F-statistic, and acrophase)		3 days		Assocations between RARs and dementia severity assessed using the Mini-Mental State Examination 		Overall sample: RARs robustness not linked to dementia severity; Group with less robust RARs: less severe dementia was associated with higher F statistic, steeper and wider RARs; Group with more robust RARs: less severe dementia was associated with earlier acrophase and narrower active periods.

		Paavilainen et al . (2005)		Nursing home patients aged 56-97 (23 with dementia and 19 without)		Sinusoidal modeling (amplitude and acrophase)		At least 10 days		Group differences: dementia (n=23) and non-dementia (n=19)		Patients with dementia had lower amplitude RARs (mean (SD) dementia= 0.49 (0.17); non-dementia =0.83 (0.45); group difference p=0.02) 

		Oosterman et al. (2009)		144 community-dwelling+H9:L9 participants (mean age=69.5)		Non-parametric (IS, IV, and amplitude (M10- L5))		7 days		Cogntive measures of processing speed, memory, and executive functioning		Higher IV predicted lower processing speed (β=-0.19, p<0.05), memory (β=-0.19, p<0.01), and executive functioning (β=-0.16, p<0.05) independent of health covariates and amplitude. IV-memory association became non-significant after accounting for performance for processing speed and executive functioning. IS was unrelated to cognitive performance. 

		Hooghiemstra et al (2015)		61 patients with early onset dementia (mean age=62) and 68 controls (mean age=62)		Non-parametric (IS,  IV, and RA)		7 days		Group differences: Early-onset dementia (n=41) and cognitive normal older adults (n=68). 		Early-onset dementia:  higher IV (EOD mean(SD): 0.46 (0.16) controls mean(SD): 0.39(0.10), p=0.03) , which was related to lower daytime physical activity, antidepressant and central nervous system medication use, and being male. 

		Luik et al. (2015)		1,723 adults (mean age=62)		Non-parametric (IS and IV)		Mean duration = 5.75 days		Cognitive tests assessing verbal learning and memory, verbal fluency, psychomotor speed, and executive functioning (inhibition).		Lower IS and higher IV correlated with worse psychomotor speed (IS: β=0.42, p=0.004; IV: β=-0.47, p=0.002) and  executive functioning (inhibition) (Response Time: IS: β=-1.04, p=0.003; IV: β=1.47, p<0.001)

		Saito et al. (2018)		77 Nursing home residents (dementia: n=49, mean age=86; no dementia: n=28; mean age=85)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Clinical Dementia Rating Scale (Cognitive Status), Barthel Index (ADLs), and the Dementia Behavioral Disturbance Scale (Behavioral symptoms)		Lower Cognitive status was associated with lower IS, M10, and L5. IV and RA were related to behavioral disturbances.

																														One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light

																														Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.

																														Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 

																														Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 

																														4 weeks of indirect unattended bright light (average intensity of 1136 lux)

																														Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  

																														Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 

																														2x2 design assigning patients to active or placebo light (~1000 lux) and active or placebo timed melatonin (2.5 mg)
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Longitudinal Studies (N=3)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings

		Tranah et al. (2011)		1,282 women (mean age = 83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Approximately 5 years after actigraphy, cognitive status was assessed by an expert clinical panel adjudications based on Modified Mini-Mental State exam, California Verbal Learning Test, the Informant Questionnaire on Cognitive Decline in the Elderly, self-reported diagnoses, and nursing home residence; Group in lowest quartile for RARs measures were compared to group in highest quartile.		Women with later peak activity timing (after 3:51 pm), low amplitude, and low psuedo F-Statistic had higher odds of developing dementia/Mild Cognitive Impairment (Amplitude: Odds ratio=1.57, 95% CI,1.09–2.25; Pseudo F-statistic: OR=1.57, 95%CI,1.10–2.26). 

		Walsh et al. (2014)		Community sampe of 1,287 non-demented older women (mean age=83)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		Sensitivity analyses restricted to participants with at least 3 days of adequate data		Group differences: Cognitive performance in Lowest quartile RARs group vs. highest quartile RARs group; Cognitive measures: Modified Mini-Mental State Examination (3MS), California Verbal Learning Test, 2nd edition short-form (CVLT-II), WAIS-IV Digit span backwards, Trail Making Test Part B, verbal fluency tests (semantic and phonemic fluency).		Lower amplitude: worse executive performance 5-years later (i.e., Trails B and category fluency). Later acrophase: worse semantic fluency 5-years later.

		Rogers-Soeder et al. (2018)		2,754 community-dwelling non-demented men (mean age=76)		Extended cosine (amplitude, mesor, pseudo F-statistic, and acrophase)		At least 3 days		Change in Modified Mini-mental State examination at baseline and an average of 3.4 years later. Group in lowest quartile for RARs measures were compared to group in highest quartile.		Men with lower amplitudes, mesor, and psuedo F-statistics had greater decline over time ) Lower amplitude and psuedo F-statistics, and advanced acrophases, were associated with greater odds of "clinically signficant" decline (defined as ≥5  point changes).









Intervention Studies (N=12)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Intervention		Outcome Measures		Key Findings

		Van Someren et al. (1997)		22 patients with probable AD, multi-infarct dementia, dementia associated with alcoholism, or normal pressure hydrocephalus (mean age = 79)		Non-parametric (IS and IV)		5 days		4 weeks of indirect unattended bright light (average intensity of 1136 lux)		Effect of light measured 2 weeks before treatment and 4 weeks after light treatment was complete		IS increased (p<0.002) and IV decreased (p<0.01) in patients with (but not in those without) intact vision.

		Ancoli-Israel et al. (2002)		77 nursing home residents with dementia (mean age=86)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		18 day protocol including 3 baseline days and 5 days post-intervention		 10 days of: morning bright light, evening bright light, evening dim red light, or daytime sleep restriction. 2500 lux light was delivered.		Effect of intervention on RARs; Intervention groups: 1) evening bright light 2) morning bright light 3)daytime sleep restriction and 4) evening dim red light.		Morning light resulted in: a 1.75 hour acrophase delay (p=0.02), higher mesor (p=0.02), and a trend (p=0.06) for increased psuedo F-statistic. The evening dim light group showed sigificnt improvment in the psuedo F-statistic (p=0.01) during week 2 relative to baseline.

		Ancoli-Israel et al. (2003)		92 patients with possible or probable Alzheimer's disease (mean age=82)		Extended cosine (amplitude, mesor, beta, alpha, pseudo F-statistic, and acrophase)		3 days at baseline, 10 days of treatment, and 5 days after treatment		Three randomly assigned conditions: morning bright light (≥ 2500 lux), morning dim red light, or evening bright light (≥ 2500 lux), two-hours per day for 10-days. 		Effect of intervention on RARs		Only the evening bright light resulted in  improved RARs (i.e., Psuedo F-Statistic: p<0.01). 

		Dowling et al. (2005a)		46 patients with severe AD (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index); Non-parametric (IS, IV, RA, M10, and L5)		6 days at baseline and 5 days during the last week of the intervention		One hour of morning bright light (≥ 2500 lux in gaze direction) 5 days per week for 10 weeks; the control group received usual indoor light		Effect of intervention on RARs		Overall, there were no signficiant effects of the intervention on change in RARs. However: (1) the control group delayed ~2 hours over time and this was not observed in the light group; and (2) among participants with RAR disruption at baseline, the intervention resulted in improved IS

		Dowling et al. (2005b)		70 patients with AD living in an institution (mean age=84)		Cosine-based modeling (amplitude, acrophase, and goodness of fit index) 		Average of 6.4 days at baseline and 4.4 days at the end of the intervention		Three randomly assigned conditions: 1) morning or 2) afternoon bright light (≥ 2500 lux in gaze direction), or 3) usual indoor light (150–200 lux), 5 days per week for 10 weeks.		Effect of intervention on RARs		RARs acrophase was shifted two hours later in the control group, whereas the two experimental bright light groups had more stable RARs over 10-weeks.

		Scherder et al. (2006)		20 older adults with probable AD; experimental group (mean age=83.7); control group (mean age=84.5)		Non-parametric (IS, IV, and RA)		7 days		Intervention group differences in RARs (cranial electrostimulation vs. sham stimulation). 		High-frequency cranial electrostiulation did not influence RARs over a 6-week intervention. 

		Van Dijk et al. (2006)		62older adults with AD (mean age experimental group=71.5; mean age placebo group =72.8) 		Non-parametric (IS, IV, and RA)		4 days at baseline and post-treatment		Two groups receiving 6-weeks of: (1) electrical stimulation on the back in bursts of nine pulses at 160 hertz (applied 30 minutes per day, 7 days a week) or (2) sham stimulation for same amount of time (placebo). A 6-week follow-up assessment was also completed. 		Effect of intervention on RARs		A group by time interaction revealed differences in RAR change over time between the experimental and placebo groups for RA (F(2,60) =13.76, p<0.001), such that the experimental group showed an increase in RA and placebo group showed a decrease in RA over 6-weeks. Experimental condition resulted in an increase in IS and decrease in IV in those who were not using acetylcholinesterase inhibitors. 

		Lee et al. (2007)		33 patients with dementia (mean age=76.5)		Non-parametric (relative amplitude)		6 weeks continous monitoring (2 weeks prior to respite care, during 2-week respite care, and 2-weeks after returning home). 		2-weeks of institutionalization for respite care		Effect of intervention on RARs: Three comparisons: 1) 2-week baseline period to 2-week period of institutionalization 2)  2-week period of institutionalization to 2-week follow-up period 3) 2-week baseline period to 2-week follow-up period. 		Institutionalization resulted in  dampening of RARs (p=0.03) but RARs returned to normal levels after returning home (p<0.001) (RA baseline mean(SD): 0.79 (0.16); institutionalization mean(SD): 0.75(0.17); follow-up mean(SD): 0.82(0.14)).

		Dowling et al. (2008)		50 older adults with AD (mean age = 86) living in an institution with staff-identified RAR disruption		Cosine-based modeling (amplitude, acrophase); non-parametric (IS, L5, M10, RA)		An average of 4.4 and 4.5 days at the beginning and end of the intervention (respectively)		Participants were randomized to two experimental groups involving morning bright light exposure plus 1) evening melatonin or 2) placebo or 3) a control group that did not receive bright light exposure  		Effect of intervention on RARs		Light treatment plus melatonin was associated with increases cosine-based amplitude and M10 relative to the light treatment plus placebo group and control group. Light treatment plus melatonin showed better goodness-of-fit relative to the control group. Both light groups phase advanced (an average of 34 and 63 minutes), wereas the control group delayed 21 minutes.

		Eggermont et al. (2009)		61 nursing home residents with dementia (mean age=85)		Non-parametric (IS, IV, and RA)		not specified		Randomly assigned: hand movement program (30 minutes per day, 5 days a week, for 6 weeks) or control intervention (read aloud program). Mood, cognitive, and actigraphy assessments completing at baseline, post-intervention, and a 6-week follow-up visit. 		Effect of intervention on RARs		The hand movement intervention did not not influence RARs 

		Kok et al. (2017)		77 residents moved to a small scaled homelike Special Care Unit (mean age=83); 68 residents that remained at the regular Special Care Unit (mean age = 83)		Non-parametric (IV, IS, RA, M10, L5)		7 days		Changes in RARs related to moving to a smaller-scale care facility		There were no statistically signfiicant changes in RARs related to facility re-assignment. Two time x group interactions revealed better intradaily stability of RARs (24 hour) within those who moved to the small scaled homelike facility and better interdaily stability of RARs (across) days in participants who did not move to the new facility. 





Biomarker Studies (N=5)

		Author (Year)		Sample (N)		RAR measures		Recording Length		Outcome Measures		Key Findings

		Oosterman et al. (2008)		162 non-demented older adults (mean age=69)		Non-parametric (IS, IV, and amplitude (M10- L5))		5+ days		Regional white matter lesions		Lower IS and amplitude were associated with greater occipital periventricular white matter lesions (IS: r=-0.17, p<0.05; AMP: r=-0.18, p<0.05) and frontal deep white matter lesions (IS: r= -0.17, p<0.05; AMP: r=-0.24, p<0.01). Lower M10 levels mediated relationship between amplitude and frontal deep white matter lesions.

		Sherman et al. (2015)		41 cognitively normal older adutls (mean age=66.8)		Extended-cosine (mesor, acrophase, amplitude, and F-statistic)		10 days 		Associative recognition memory accuracy during a functional magnetic resonance imaging task		Greater F-statistic (indicating greater RAR robustness) was associated with better memory performance independent of physical activity, sleep, and depressive symptoms; The RAR-memory association was statistically mediated by greater anterior hippocampal activation during memory retrieval during the associative memory task (Indirect effect: β = 0.14, p=0.04). 

		Zuurbier et al. (2015)		970 community-dwelling adults (mean age=59.2)		Non-parametric (IS and IV)		At least 4 days		White matter lesion volume; presence of cerebral microbleeds and lacunar infarcts		After adjustments for health factors (e.g., BMI, ADLs, depressive symptoms, systolic BP, glucose, cholesterol): lower IS marginally associated with presence of cerebral microbleeds (β=0.17, p=0.06); higher IV correlated with more white matter lesions (β=0.09, p=0.02) and the presence of microbleeds (β=0.19, p=0.03)

		Musiek et al. (2018)		189 cognitively normal older adults (mean age=67) 		Cosine, non-parametric, and empirical mode decomposition.		7-14 days		Pittsburgh Compound B PET imaging; cerebrospinal fluid amyloid β 42 and phosphorylated tau.		Higher IV was associated with amyloid deposition in the brain (mean(SD) PiB negative:  0.804(0.187); mean(SD) PiB positive:  0.875(0.178); p=.05) as well as higher ratios of cerebrospinal phosophorylated-tau to amyloid β 42 (β=0.23, p=0.008).

		Van Someren et al. (2018)		138 cognitively normal older adults (mean age-69)		Non-parametric (IS, IV, RA, M10, and L5)		7 days		Medial temporal lobe volume		Higher IV was associated with lower medial temporal lobe volume after adjusment for age (β=0.35, p<0.0001).Lower IS (β=-0.20, p<0.05) and lower amplitude (β=-0.28, p<0.05)were associated with lower medial temporal lobe volume but became non-significant after adjustment for age. 
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