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Age-related sleep changes



Introduction 

• Age-related sleep changes

(Wolkove, CMAJ 2007:176:1299-304)





24-hr Sleep distribution
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(Yoon, J Sleep Res 2003:12:87-93)



Circadian Rhythms in Aging (1)

1) Age-dependent impairment in phase shifting: Shift work adaptation↓
2) Flattening of the diurnal sleep-wake rhythm amplitude: ↑napping
3) Phase advance: more larklike   

(Duffy, Am J Physiol 
1998:275:1478-87)





Circadian Rhythms in Aging (2)

(Duffy, Am J Physiol 1998:275:1478-87)

(Yoon, JAGS 2003:51:1085-91)

Young Old



Circadian Rhythms in Aging (3)

• Typical sleep period is more advanced than circadian

markers in the elderly 

1) The earlier bedtimes and wakeup times in the elderly

: Changes in the circadian timing system is not the only answer.

2) A weakening of homeostatic processes in the regulation of

sleep and waking

: Decreased ability to consolidate sleep in the elderly

: Earlier exposure to light in the morning and evening nap

: Earlier wakeup times



Sleep Apnea Syndrome



Prevalence

(Young, Arch Intern Med 2002:162:893-900)

c.f.) Vitoria-Gasteiz, Spain Cohort
: 71-100 years, men: AHI≥ 5, 81% / AHI≥ 15, 57%

women: AHI≥ 5, 80% / AHI≥ 15, 49% 



Mechanisms for the increasing prevalence

1. Upper airway (UA) collapsibility ↑
: UA resistance ↑, pharyngeal wall fat deposit ↑

muscular endurance ↓

2. Sleep fragmentation ↑ and Slow wave sleep ↓
 respiratory instability characterized by periodic breathing and central apneas

3. Ventilatory control instability

4. Not receiving HRT in women
: The role of sex hormones in UA muscle activity, UA resistance 

and ventilatory control 

 An amplification of well-established causes of SAS

(Launois, Sleep Med Rev 2007:11:87-97)



(Pavlova and Duffy, Sleep 2008:31:241-248)



CV Disease and SAS (1)

1. Weaker or no association between CV risk factors and SAS 

in the populations ≥ 65 years than the ones < 65 years

1) Relation of sleep-disordered breathing to cardiovascular disease risk factors: 

the Sleep Heart Health Study. Newman AB. Am J Epidemiol. 2001:154:50-9. – only in women

2) Age-dependent associations between sleep-disordered breathing and hypertension

: the Sleep Heart Health Study. Haas DC, Circulation. 2005:111:614-621. – no association

in OSA pts ages over 60 years

2. The relationship between CV disease and SAS is maintained with aging.

1) Association of sleep-disordered breathing, sleep apnea, and hypertension in a large 

community-based study. Sleep Heart Health Study.Nieto FJ, JAMA. 2000: 283:1829-36.

2) Sleep-disordered breathing and cardiovascular disease: cross-sectional results of the 

Sleep Heart Health Study. Shahar E. Am J Respir Crit Care Med. 2001:163:19-25.



CV Disease and SAS (2)



CV Disease and SAS (3)



• Declining all-cause mortality rates with age

(Lavie, Eur Respir J 2005:25:514-520)

RDI>30 RDI>50 RDI≤30

1. Marked CV response in young severe OSA  Early mortality 

 Only patients resistant to SAS seen among elderly patients

2. Pre-conditioning effect due to repeated intermittent hypoxia

 Promoting some degree of cardiovascular protection

Mortality and SAS (4)



Cognitive Impairment and SAS (1)

(SLEEP 2003:26:596-599)



Cognitive Impairment and SAS (2)

(SLEEP 2010:33:515-521)



Cognitive Impairment and SAS (3)

Minimal Cognitive Impairment in the elderly with SAS (in SNUBH)

Without  SAS
AHI<15 (n=23) 

With SAS 
5≤AHI<30 (n=21) 

With SAS 
AHI≥30 (n=21) 

p 

MMSE 26.2±2.6 27.2±1.8 26.1±3.0 .266

Verbal Fluency
(semantic)

16.1±3.8 16.7±5.8 16.3±4.4 .917

BNT 12.2±1.8 12.6±1.6 11.4±4.4 .157

WLM
_immediate recall

19.3±3.6 19.3±3.2 17.7±3.9 .229

WLRT
_delayed recall

7.1±1.6 7.2±1.5 6.0±1.2 .016

WLRcT
_recognition

9.1±1.4 9.4±1.4 9.3±1.0 .719

CPT 10.0±1.5 10.2±1.1 9.8±1.1 .539

Visual memory
(CR)

7.3±2.6 7.3±3.4 6.8±3.0 .831

TMT_A_error .39±.65 .43±.68 .43±.81 .980

TMT A time 58.6±20.4 48.9±24.9 68.2±33.8 .072

TMT B error 1.1±1.4 1.2±1.8 2.1±1.7 .111

TMT B time 175.7±77.1 144.3±85.2 175.4±79.4 .352

SAS, Sleep apnea syndrome; MMSE, Mini-Mental State Examination; BNT, Boston naming test; WLM, word list memory-immediate test; WLRT,
word list-delayed free recall test; WLRcT, word list-recognition test; CPT, constructional performance; CR, Constructional recall; TMT, trail
making test;



Daytime sleepiness and SAS (1)

• Is sleepiness increased with aging ? 

(Bixler, J Clin Endocrinol Metab 2005:90:4510-15)

(Kaneita, J Epidemiol 2005:15:1-8)



Daytime sleepiness and SAS (2)

(Ann Neurol 2006:59:893-904)



Daytime sleepiness and SAS (3)

(Sleep Med 2009:10:1005-1011)



Daytime sleepiness and SAS (4)

(Respiration 2009:78:23-29)



Restless Legs Syndrome (RLS)



Diagnostic Criteria

(Allen, Sleep Med 2003;4:101-119)

IRLSSG, 1995
 NIH revision, 2003



하지 불안 증후군의 진단기준(필수항목)

1. 다리를 움직이고 싶은 강한 충동을 느낀다. 이러한 충동은 다리에 불편한
혹은 불쾌한 감각과 동반되어 나타나는 경우가 흔하다.

2. 움직이고 싶은 충동 혹은 불쾌한 감각이 눕거나 앉아있는 동안, 즉 휴식
중이나 가만히 있는 동안에 발생하거나 악화된다.

3. 움직이고 싶은 충동 혹은 불쾌한 감각이 걷거나 다리를 뻗는 등의 움직임에
의해 부분적으로 혹은 완전히 해소되며, 최소한 움직이는 동안에는 이러한
증상의 해소가 지속된다.

4. 움직이고 싶은 충동 혹은 불쾌한 감각이 낮보다 저녁 혹은 밤에 더 심하거나
저녁 혹은 밤에만 발생한다.



12.1%

7.5%

0.9%

8.4% in the elderly



Pathophysiology (1)

* Central dopamine system dysfunction
1) Therapeutic effects of L-dopa and dopamine agonists

2) Akathisia – caused by dopamine receptor-blocking agents

3) Imaging studies – mixed results

* Brain Iron Deficiency

* Genetics – familial aggregation of RLS

* Opiate system dysfunction



Korean Longitudinal Study on 
Health and Aging (KLoSHA)

RLS (N=59)
Non-RLS 

(N=655)
Significance

Hemoglobin (g/dL) 13.7 ± 1.2 13.9 ± 1.4 0.3

Iron (μg/dL) 105.7 ± 37.8 102.7 ± 36.0 0.55

Ferritin (ng/ml) 119.4 ± 106.0 114.6 ± 121.1 0.77

Ferritin (< 50ng/ml, %) 18.6 22.1 0.36

Transferrin (mg/dL) 236.7 ± 39.9 238.2 ± 44.1 0.8

TIBC (μg/dL) 326.6 ± 51.0 332.0 ± 52.3 0.45



Studies using SPECT or PET

• Nigrostriatal dopamine system

Presynaptic transporter

1) No difference between RLS patient and normal controls (SPECT)

2) Reduction in RLS patients (PET) 

Postsynaptic receptor

1) No difference (SPECT)

2) Lower D2 receptor binding (PET and SPECT)

• Striatal and extrastriatal postsynaptic system

Cervenka, Brain 2006;129 (Part 8): 2017-2028 

D2-Rc availability ↑ in RLS

: Higher Rc density (due to upregulation) or 

hypoactive DA transmission



Objectives

• To investigate striatal presynaptic DA transporters (DAT) 

and D2 receptors in elderly patients with RLS

• To find the correlation between DA dysfunction and RLS severity

in the RLS patients 



Subjects

• Thirteen drug-naïve elderly patients with RLS and 12 healthy controls

• Diagnosis of RLS

: Face to face interview, four diagnostic criteria by NIH 

Severity of RLS – IRLSSG Severity Scale

Depressive symptoms – Geriatric Depression Scale (GDS)

• Exclusion

: Parkinson’s disease, Major depressive disorder 



SPECT Scans

• A triple-headed rotating γ-camera system equipped with low-energy,

high resolution, parallel-hole collimators

• Data acquisition

1) 123I-βCIT SPECT

: 20-22 hours after injection of 167-185 MBq of 123I-βCIT 

(16:30 – 18:30)

2) 123I-IBZM SPECT 

: 90 min after injection of 167-185 MBq of 123I-IBZM  

(19:00 – 21:00) 

3) At least 1 week apart between two SPECTs

• ROI for entire striatum, caudate and putamen 

: Manually defined on the SPECT template superimposed 

on standard MRI



123I-βCIT template superimposed onto the standard MRI (A,B,C). 
ROIs were manually drawn on the [123I] β-CIT after overlapping with standard
brain MRI, and striatal ROI was divided into the caudate and putamen (D).



Subjects characteristics

Control

(N=12)
RLS (N=13) P Value

Age, yr 71.8±6.2 81.1±8.7 < 0.01

Sex M/F 8/4 4/9 0.11

RLS 

severity
17.0±4.4 (range: 9-26)

GDS 7.3±4.7 7.3±4.2 0.97



DAT and D2 Rc density

123I-βCIT 123I-IBZM

Control RLS P Value Control RLS P Value

Caudate 7.3±1.1 8.4±1.3 0.037 0.73±0.24 0.82±0.15 0.325

Ant. 

putamen
7.8±1.1 8.8±1.4 0.079 0.98±0.22 1.03±0.21 0.572

Post. 

putamen
6.5±1.0 7.2±1.1 0.041 0.88±0.20 0.93±0.20 0.533

Striatum 7.2±1.1 8.1±1.2 0.046 0.85±0.21 0.91±0.18 0.448

ANCOVA, covariate - age



Correlational analysis

123I-βCIT 123I-IBZM

RLS 

severity
P Value RLS severity P Value

Caudate -0.366 0.268 0.386 0.241

Ant. 

putamen
-0.304 0.364 0.431 0.186

Post. 

putamen
-0.354 0.285 0.229 0.499

Striatum -0.346 0.297 0.362 0.273

Partial correlation, control variables – age and GDS



Normal PD MSA RLS

 DAT

Normal D2R



Conclusion

• Nigrostriatal dopamine system in RLS

: Presynaptic transporter ↑, postsynaptic receptor ↔

1)  A novel finding                   

2) Suggesting functional change of DA system in RLS       

in comparison to structural change of DA system in PD

3) Differences between PD and RLS

i) No progression of RLS to PD

ii) Fluctuating clinical course

iii) Circadian variation of symptoms

iv) RLS - More prevalent in female



REM sleep behavior disorder (RBD)



Diagnostic Criteria

• REM Sleep Behavior Disorder (ICSD-2, 2005)

A) Presence of REM sleep without atonia (RSWA)

: the EMG finding of excessive amounts of sustained or 

intermittent elevation of submental EMG tone  

: excessive phasic submental or limb EMG twitching 

B) At least one of the following

i) Sleep related injurious or disruptive behaviors by history

ii) Abnormal REM sleep behaviors during NPSG

C) No EEG epileptiform activity during REM sleep

D) No other causes



Normal REM sleep



1. Excessive limb EMG twitching

2. Vigorous and violent behavior

PSG of RBD





Introduction (1)

• High association between RBD and synucleinopathy 

neurodegenerative disease

1) Presence of RBD 

: 33-60% of Parkinson’s disease (PD)

50-80% of dementia with Lewy bodies (DLB)

80-95% of multiple system atrophy (MSA)

2) Development of degenerative disorders among RBD patients

: Nearly 40% of RBD   PD

: 45-50% of RBD  PD and DLB

 The involvement of DA system in the pathogenesis of RBD



Introduction (2)

• Findings against major role of DA system in RBD

1) Clonazepam

: Highly effective in the treatment of RBD

: Mechanism of action

- partly through serotonergic activity with no influence on the

dopaminergic system (Mahowald and Schenk, 2005) 

2) Pramipexole

: D2-D3 dopamine receptor agonist

: Little effect of RBD-related symptoms in PD

(Kumru et al, Sleep, 2008)

 Reevaluation of DA system in the pathogenesis of RBD



Objectives

• To find whether the nigrostriatal dopaminergic system is involved in 

the pathogenesis of RBD by measuring presynaptic DA transporter

(DAT) density using FP-CIT SPECT

• To investigate the relationship between the PSG RBD scores and 

dopaminergic integrity in RBD



Subjects

• 14 patients with RBD (66.6±4.5 yrs, M:F = 11:3) 

14 patients with Parkinson’s disease

(67.0±4.1 yrs, M:F = 11:3) 

12 healthy elderly control (63.3±5.7 yrs, M:F = 8:4)

• RBD patients – NPSG

All the patients - [123I]-FP-CIT  SPECT



Polysomnography

• Analysis of muscle activity during REM (Lapierre et al., Neurology, 1992)

‘Tonic’ epoch: at least 50% of tonically maintained chin EMG

Phasic %: % of 3 sec mini-epochs with EMG bursts (chin and leg) 



Results (1)



[123I]-FP-CIT SPECT

Healthy Control RBD IPD



Results (2)



Conclusion

• DAT ↓ in the putamen of RBD patients, However

1) Most RBD patients; slightly reduced DAT densities, spanning the low 

normal ranges       

2) No rostrocaudal gradient in reduction of DAT density in RBD patients

• No correlation between DAT density and PSG EMG

1) PSG EMG activities during REM sleep

; representing the severity of RBD 

 No correlation between DAT density in the striatum and 

clinical severity of RBD

 Questioning the major role of nigrostriatal dopaminergic 

pathway in RBD



Conclusions

• Early bed times and wake-up times in the elderly could not be solely

explained by advanced circadian rhythms. Weakened homeostatic

processes and evening nap might be another factors for the change.

• SAS-related complications such as increased mortality, CV disease, 

daytime sleepiness and cognitive impairments might be attenuated

with aging.

• DA system changes in RLS might be functional unlike structural

DA system changes in PD

• Nigrostriatal dopaminergic degeneration could be a part of 

the pathogenesis of RBD, but not essential for the development 

of RBD


