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目的：一般集団において睡眠構造と認知機能障害との関連を検討する。

方法：地域集団に基づくCoLaus/PsyCoLaus研究プロジェクト（ローザンヌ，スイス）の
HypnoLaus研究において詳細な睡眠評価を受けた65歳超の被験者580例のデータを検討し
た。評価項目には，人口統計学的特性，個人歴と治療歴，睡眠に関する愁訴および睡眠習
慣（妥当性が検証された質問票による），自宅での詳細な睡眠ポリグラフ検査が含まれた。
認知機能は，包括的な一連の神経心理学的検査と被験者の日常の活動に関する質問票を用
いて評価した。認知機能障害のある被験者［臨床的認知症尺度（Clinical Dementia Rating; 
CDR）総合スコア＞0］と認知機能障害のない被験者（CDR総合スコア＝0）を比較した。

結果：CDRスコア＞0の被験者291例（72.5±4.6歳）は，CDRスコア＝0の対照被験者289例
（72.1±4.6歳）との比較において，有意に浅睡眠（睡眠段階N1）が多く，深睡眠（睡眠段階
N3）とレム睡眠が少なく，また，睡眠効率の低下，中途覚醒の増加，眠気スコアの増加が
認められた（すべてp＜0.05）。睡眠呼吸障害は，認知機能障害のある被験者でより重度で
あり，無呼吸低呼吸指数（AHI）は18.0（7.8～35.5）回/時［p50（p25～p75）］［認知機能障害
のない被験者：12.9（7.2～24.5）回/時，p＜0.001］であり，酸素飽和度低下指数（ODI）も高
かった。交絡変数で補正した多変量解析では，AHI，ODI≧4％，ODI≧6％が独立して認
知機能障害と関連した。

結論：認知機能障害のある65歳超の被験者は眠気スコアが高く，中途覚醒がより多くみら
れる。睡眠呼吸障害の発現とこれに伴う断続的な低酸素症との関連が考えられる。
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表2　臨床的認知症尺度（CDR）スコアに基づく研究対象集団（CDRの評価と睡眠ポリグラフ検査を受けた被験者）の全般的特徴

Multivariate analysis of the association between objective

sleep characteristics and CI. For PSG-derived variables,
we constructed a multivariable model, to determine
independent associations. For each variable the
model was adjusted for age, sex, BMI, alcohol and
tobacco consumption, psychotropic drugs influencing
sleep, level of education, and the presence of
hypertension, diabetes, metabolic syndrome, and
MDD (figure 2 and table e-3).

In this model only AHI, oxygen desaturation
index $4%, and oxygen desaturation index $6%
remained significantly and independently associated
with the presence of CI. In more detailed analysis
with increasing sleep apnea severity, measured by
the AHI, we observed a worsening of specific

cognitive scores, in particular the Grober and
Buschke total free recall (r 5 20.126, p 5 0.004)
and delayed free recall (r 5 20.092, p 5 0.038)
scores, semantic verbal fluency (r 5 20.105, p 5

0.017), and Stroop dots condition (r520.121, p5
0.004).

DISCUSSION We analyzed the sleep characteristics
of participants with mild CI in a large sample of par-
ticipants .65 years from the general population.
Compared to participants with no CI, they presented
significant differences in sleep patterns with more
time spent in stage N1 and less in stage N3 and in
REM sleep, lower sleep efficiency, and more wake
after sleep onset according to univariate analyses.
They also exhibited more severe SDB, with higher
AHI and ODI, and higher ESS scores. However,
multivariate analysis after adjustment for possible
confounding factors revealed that only SDB indices
(AHI, ODI $4%, and ODI $6%) were indepen-
dently associated with impaired performance on cog-
nitive tests.

Previous epidemiologic studies from general pop-
ulations have suggested that sleep quantity is associ-
ated with cognition: self-reported short sleep or
long sleep are associated with poorer cognitive func-
tion5,7 and with a higher MCI/dementia risk.6 It has
also been reported that subjective sleep quality or
having a complaint of excessive sleepiness during
the day are associated with decreased cognitive per-
formance and a higher risk of cognitive decline and
dementia.5,33 In some studies, this association seems
mediated by other variables, such as comorbidities.34

Prospective studies have shown that increased sleep
fragmentation,12 longer sleep latency, and lower sleep
efficiency and TST,8 measured using actigraphy, are
associated with cognitive decline and incident
Alzheimer dementia (AD), and that better sleep con-
solidation attenuates the effect of the e4 allele of
APOE on cognitive decline, the risk of AD, and cere-
bral neurofibrillary tangle density.9 It has also been
shown that decreased sleep efficiency measured by
actigraphy, as well as reported frequent naps, were
associated with higher levels of cerebral amyloid
deposition as assessed by CSF Ab42 levels,10 and that
among community-dwelling older adults, reports of
shorter sleep duration and poorer sleep quality
were associated with greater Ab burden, assessed by
Pittsburgh compound B PET imaging.11

In our study, we also found some of the previously
described sleep alterations, as participants with CI
had a more fragmented sleep, with more light sleep
and less deep sleep and REM sleep, similar to that
found in the prospective Osteoporotic Fractures in
Men Study,15 and higher sleepiness scores. However,
in the multivariate analysis and after accounting for

Table 2 General characteristics of the studied population (participants with
Clinical Dementia Rating [CDR] evaluation and polysomnography)
according to CDR status

CDR 5 0 CDR > 0 p Value

Total 289 (49.8) 291 (50.2)

Age, y 72.1 6 4.6 72.5 6 4.6 0.352

Female sex 190 (65.7) 126 (43.3) ,0.001

BMI, kg/m2 26.7 6 4.5 27.2 6 4.7 0.135

Waist-hip ratio 0.91 6 0.06 0.93 6 0.07 ,0.001

Smokers/ex-smokers 143 (52.0) 172 (63.0) 0.418

Regular alcohol consumption 216 (78.6) 222 (81.3) 0.009

Hypertension 179 (61.9) 213 (73.4) 0.003

Diabetes 40 (13.8) 65 (22.3) 0.008

Metabolic syndrome 116 (40.1) 136 (46.7) 0.109

Current depression 15 (5.3) 13 (4.6) 0.698

Depression in life 106 (37.6) 282 (35.8) 0.662

Abbreviation: BMI 5 body mass index.
Values are mean 6 SD or n (%).

Table 3 Subjective sleep characteristics according to Clinical Dementia Rating
(CDR) status

CDR 5 0 (n 5
289)

CDR > 0 (n 5
291)

p
Value

PSQI score 5.1 6 3.3 5.4 6 3.5 0.365

PSQI > 5 (out of 21) 120 (49.0) 117 (50.4) 0.751

Subjective sleep latency, min 18.4 6 16.7 19.4 6 17.3 0.474

Estimated sleep duration, h 7.1 6 1.1 7.3 6 1.3 0.150

Epworth Sleepiness Scale score 4.7 6 3.4 5.4 6 3.2 0.024

Epworth Sleepiness Scale score >10 (range 0–
24)

16 (6.0) 14 (5.3) 0.723

MEQ score 53.3 6 4.1 53.2 6 4.6 0.821

Berlin questionnaire score >2 (out of 4) 72 (25.1) 99 (34.0) 0.019

Abbreviations: MEQ5 Horne and Östberg Morningness-Eveningness Questionnaire; PSQI5
Pittsburgh Sleep Quality Index.
Values are mean 6 SD or n (%).
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略語：BMI＝体格指数
値は平均±SDまたは例数（％）。

図1　臨床的認知症尺度（CDR）スコアに基づく睡眠の客観的特徴

potential confounders, only SDB measures remained
significantly associated with cognitive deficits. SDB
can be the cause of changes in sleep structure found
here, as it provokes sleep fragmentation, profound
changes in sleep architecture, and sleepiness.

Cross-sectional studies of SDB and cognitive func-
tion in elderly populations have reported conflicting
results,35–38 which may be due to population selec-
tion, differences in the measurement and definition of
SDB, or the type of cognitive evaluation used. In
a prospective substudy of the Study of Osteoporotic
Fractures, the analysis of data from 298 women
(mean age 82.3 years) showed that a higher propor-
tion of those with prevalent SDB (AHI.15/h) at the
initial evaluation developed mild CI or dementia in
the 5 years of follow-up.13 This study implies that
SDB precedes dementia.

Each of the 2 main characteristics of SDB—sleep
fragmentation and hypoxia—could have negative ef-
fects on cognitive function. In the Study of Osteopo-
rotic Fractures, 2 measures of hypoxia (an ODI$3%

of $15/h and a high percentage of TST in apnea or
hypopnea) were associated with higher incidence of
CI. Nocturnal hypoxemia and ODI were also predic-
tors of global cognitive decline in the 2,636
community-dwelling older men (age 76.0 6 5.3
years) without CI followed for 3.4 6 0.5 years in
the Osteoporotic Fractures in Men Sleep Study.14

Similarly, in our study, ODI ($4% and $6%) was
independently associated with the presence of CI.
Conversely, no independent significant association
was found for sleep duration or measures of sleep
fragmentation, such as the arousal index or the intra-
sleep wake. This suggests that hypoxia is likely to be
the mechanism through which SDB is associated with
CI. Furthermore, the fact that the mean SaO2 during
sleep time was not significantly associated with CI
suggests that intermittent hypoxia, rather than con-
tinuous hypoxia, is the mechanism behind this rela-
tionship. It has been shown that intermittent hypoxia
is associated with increased risk of oxidative stress and
adverse outcomes.39

Figure 1 Objective sleep characteristics according to Clinical Dementia Rating scale (CDR) status

*p , 0.05. AHI 5 apnea/hypopnea index (n/h); LowestSaO2 5 lowest oxygen saturation (in %) during sleep; MeanSaO2 5 mean oxygen saturation (in %)
during sleep; ODI3 5 oxygen desaturation index $3% during sleep (n/h); ODI4 5 oxygen desaturation index $4% during sleep (n/h); ODI6 5 oxygen
desaturation index $6% during sleep (n/h); REM 5 REM sleep (in % of total sleep time); REMlat 5 latency to REM sleep from sleep onset (min); St1 5

stage N1 sleep (in% of total sleep time); SE5 sleep efficiency; SOL5 sleep onset latency (min); St25 stage N2 sleep (in% of total sleep time); St35 stage
N3 sleep (in % of total sleep time); TST 5 total sleep time (min); WASO 5 wake after sleep onset (min).
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＊p＜0.05。TST＝全睡眠時間（分），SOL＝入眠潜時（分），WASO＝中途覚醒（分），REMlat＝入眠からレム睡眠までの潜時（分），St1＝
睡眠段階N1の睡眠［全睡眠時間に占める割合（％）］，St2＝睡眠段階N2の睡眠［全睡眠時間に占める割合（％）］，St3＝睡眠段階N3の睡眠
［全睡眠時間に占める割合（％）］，REM＝レム睡眠［全睡眠時間に占める割合（％）］，SE＝睡眠効率，MeanSaO2＝睡眠中の平均酸素飽
和度（％），LowestSaO2＝睡眠中の最低酸素飽和度（％），AHI＝無呼吸低呼吸指数（回/時），ODI3＝睡眠中の酸素飽和度低下指数≧3％
（回/時），ODI4＝睡眠中の酸素飽和度低下指数≧4％（回/時），ODI6＝睡眠中の酸素飽和度低下指数≧6％（回/時）　※記載順に並べ替え。




