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ABSTRACT
Background It is essential to detect and then treat
factors that aggravate Alzheimer’s disease (AD). Here,
we sought to determine whether or not continuous
positive airway pressure (CPAP) therapy for sleep apnoea
syndrome (SAS) slows the rate of cognitive decline in
mild-to-moderate AD patients.
Methods Between January 2003 and June 2011,
we included consecutive, mild-to-moderate AD patients
(a Mini Mental State Examination (MMSE) score at
inclusion ≥15) with severe SAS as determined by video-
polysomnography (an apnoea-hypopnoea index ≥30).
In this single-blind, proof-of-concept trial, we analysed
the mean decline in the annual MMSE score (the main
outcome measure) according to whether or not the
patients had received CPAP therapy. The decline was
computed for each patient and for the first 3 years of
follow-up.
Results Of the 23 included patients, 14 underwent
CPAP treatment. The CPAP and non-CPAP groups did
not differ significantly in terms of their demographic
characteristics or MMSE score at baseline. The median
annual MMSE decline was significantly slower in the
CPAP group (−0.7 (−1.7; +0.8)) than in the non-CPAP
group (−2.2 (−3.3; −1.9); p=0.013).
Conclusions In this pilot study, CPAP treatment of
severe SAS in mild-to-moderate AD patients was
associated with significantly slower cognitive decline over
a three-year follow-up period. Our results emphasise the
importance of detecting and treating SAS in this
population.

INTRODUCTION
In the absence of an effective treatment for
Alzheimer’s disease (AD), it is essential to detect
and treat factors that aggravate this condition (eg,
vascular risk factors).1 Sleep apnoea syndrome
(SAS) is associated with chronic, intermittent
hypoxia and, in turn, an exacerbation of vascular
risk factors. Recent data show that hypoxia inter-
acts with the amyloidogenic process in AD in
vitro,2 and in vivo in transgenic mice.3 However, to
the best of our knowledge, the potentially harmful
effect over time of SAS and chronic intermittent
hypoxia on cognitive function in AD has not previ-
ously been studied. In a prospective, non-
randomised, single-blind, proof-of-concept study,
we sought to determine whether continuous

positive airway pressure (CPAP) treatment of severe
SAS could slow the rate of cognitive decline in
patients with mild-to-moderate AD. We considered
that it would be ethically contentious to perform a
randomised, double-blind, placebo-controlled trial
over the period of time required to determine an
effect on cognitive decline due to AD, since CPAP
treatment for severe SAS has a positive effect on
excessive daytime sleepiness, quality of life and
blood pressure.4

METHODS
Patients
Consecutive patients monitored at the Lille
Memory Clinic between January 2003 and June
2011 were included in the study if they met the fol-
lowing criteria: (1) probable mild-to-moderate AD
dementia diagnosed by a multidisciplinary board
according to the National Institute on Aging and
the Alzheimer’s Association guidelines,5 with a
Mini Mental State Examination (MMSE)6 score
≥15 at the time of the video-polysomnography
(PSG) assessment and (2) severe SAS diagnosed by
PSG7 on the basis of an apnoea-hypopnoea index
(AHI) ≥30 and suggestive clinical symptoms.8 We
used the Epworth Sleepiness Scale (ESS) to
measure daytime sleepiness.9

We excluded patients with neurological diseases
other than AD and those with significant behavioural
disorders.

AD biomarkers
In accordance with the French national guidelines
on the diagnosis of dementia, routine MRI scans
(1.5 Tesla) (or CT scans, if MRI was contraindi-
cated) were systematically performed. Sandwich
ELISAs (Innogenetics, Belgium) for cerebrospinal
fluid (CSF) levels of T-tau, P-tau, and Aβ-42 pro-
teins, and functional imaging (HMPAO Tc99m

SPECT and/or fluorodeoxyglucose (18FDG) PET)
were performed for some patients. The biomarkers
were considered as positive for an AD process
when one or more following abnormalities were
observed: medial temporal lobe atrophy on MRI,
cortical temporoparietal hypometabolism on
18FDG-PET or hypoperfusion on HMPAO Tc99m

SPECT, and decreased CSF levels of Aβ-42 and
increased CSF levels of tau or P-tau.5 In patients
who meet the core clinical criteria for probable
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AD, biomarker evidence increases the certainty that the clinical
dementia syndrome is indeed due to the AD process.5

CPAP treatment
Our patients were treated with self-titrating CPAP therapy. Two
groups of AD patients with severe SAS were analysed: those
treated with CPAP with good compliance for at least 3 months
(the CPAP group) and those who had refused CPAP treatment
or with a poor compliance (the non-CPAP group). Good com-
pliance was defined as use of the CPAP device for more than
4 h a night and for more than five nights per week, on
average.10 The duration of CPAP machine use was recorded at
each visit to the Sleep Unit.

Data analysis
This was a single-blind, observational, proof-of-concept study.
Cognitive and sleep data were collected prospectively. The
primary outcome was the mean annual decline in the MMSE
score. Monitoring with the MMSE started when AD and severe
SAS were diagnosed at the baseline visit. The MMSE was subse-
quently administered at most every 6 months during routine
follow-up visits. The duration of follow-up being heteroge-
neous, data were right-censured 4 years after the baseline visit.

Statistical analysis
Quantitative variables are quoted as the mean±SD or the
median (range). Qualitative variables are quoted as number and
percentage.

The CPAP and non-CPAP groups were compared using a χ2

test or Fisher’s exact test (for qualitative variables) and a Mann–
Whitney U test (for quantitative variables), depending on the
sample size and the normality of the data distribution.

The mean annual MMSE decline was computed for each
patient. The respective outcomes in the two groups (CPAP vs
non-CPAP) were compared in a Mann–Whitney U test.

The threshold for statistical significance was set to p<0.05.
The statistical analysis was performed using SAS software (V.9.2,
SAS Institute, Cary, North Carolina, USA).

Ethics
In view of the lack of randomisation, the independent ethics
committee at Lille University Hospital considered that this pro-
spective single-blind analysis was observational. The database
was registered with the local data protection commission.

RESULTS
Between January 2003 and June 2011, 1144 patients with a
MMSE score ≥15 (mean MMSE at first visit: 22.5±4; mean
MMSE annual decline: −2.1±4.8; mean duration of follow-up:
4.1±3.1 years) fulfilled the core clinical criteria for probable AD
dementia. Sixty-six patients underwent PSG for suspected SAS
on the basis of a sleep questionnaire administered by a neurolo-
gist at the Memory Clinic; 23 were diagnosed with severe SAS
and were regularly monitored via the MMSE score (see figure 1).
All these 23 patients had at least one positive biomarker for the
AD pathological process (see the online supplementary table).
Three patients displayed poor compliance with CPAP therapy
and were included in the non-CPAP group. Hence, there were 14
(60.9%) patients in the CPAP group and 9 (39.1%) patients in
the non-CPAP group. At baseline, there were no significant inter-
group differences in terms of clinical data and MMSE score at
baseline (see the table 1). In the CPAP group, 12 patients com-
plete the ESS with a median score of 5 (1; 16). Before CPAP
therapy, two patients had a ESS score >10, without daytime

sleepiness complaint after CPAP therapy. In the non-CPAP group,
four patients completed the ESS with a median score of 6.5 (5;
10). All patients in the CPAP group had a good compliance over
a median duration of use of 24.5 (12; 46) months. The median
remaining AHI in the CPAP group was 3 (0.7; 11).

The median time interval between PSG and last MMSE was
3.3 (1.8; 4.9) years. During this period, the two groups differed
significantly in terms of the median annual cognitive decline
(−0.7 (−1.7; +0.8) points per year in the CPAP group and −2.2
(−3.3; −1.9) points per year in non-CPAP group (p=0.013))
(see figure 2). In the CPAP group, the median annual cognitive
decline was not significantly different from 0 (p=0.3757), and
nine patients presented with an annual cognitive decline (from
−0.3 to −9.8 points). In the non-CPAP group, the median
annual cognitive decline was significantly different from 0
(p=0.004), and all patients presented with an annual cognitive
decline (from −1.4 to −7.7 points).

DISCUSSION
In this pilot study, probable AD patients treated with CPAP
therapy for severe SAS displayed a significant slower annual
MMSE decline than patients having refused CPAP therapy.

Given that (1) cognitive decline is not linear11 and (2) compli-
ance with CPAP therapy changes as AD progresses, we chose to
limit our analysis of the MMSE scores to the first 3 years of
follow-up (ie, the median follow-up time).

In a recent randomised, double-blind, placebo-controlled
trial, mild-to-moderate AD patients were randomised to either
active CPAP therapy for 6 weeks or placebo CPAP therapy for
3 weeks and then active CPAP for 3 weeks. The study was not
powered to detect interarm differences in cognitive changes but
did show that 3 weeks of active CPAP therapy was associated
with significant improvements in cognitive functioning.12

A subset of patients from this initial trial were followed-up
(with five continuing CPAP therapy and five discontinuing CPAP
therapy). The exploratory study found that the sustained use of

Figure 1 Flow chart (AD, Alzheimer’s disease; CPAP, continuous
positive airway pressure; PSG, polysomnography; SAS, sleep apnoea
syndrome; CPAP group, AD patients with a severe SAS treated with
CPAP; non-CPAP group, AD patients with a severe SAS without CPAP
treatment).
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CPAP therapy increased the likelihood of an improvement in
executive functioning and psychomotor speed but was not asso-
ciated with a significant effect on the rate of global cognitive
decline (as evaluated by the MMSE).13 This conflict with our

findings may have been due to the smaller sample size, the
shorter follow-up period (13.3±5.2 months) and the less severe
SAS syndrome (AHI ≥10) in the study by Cooke et al,14 relative
to the present study.

In non-demented patients, SAS is associated with impairments
in attention-demanding cognitive functions attention,14 delayed
long-term visual and verbal memory, visuospatial abilities and
executive function, whereas language ability is unaffected.15

CPAP treatment appears to improve executive dysfunction,
memory, attention and global cognitive functioning.15 Hence,
the less severe cognitive decline in our CPAP group may be due
to a symptomatic effect of the correction of intermittent
hypoxia.

The results of our observational study should be interpreted
with caution, in view of the study design (lack of randomisation,
double blinding or placebo control) and the non-adjustment of
the statistical analyses with respect to the sample size. However,
the intergroup difference in cognitive decline was robust. Our
diagnoses of AD were well documented, with evidence of the
AD process for most patients; this reinforces the value of our
observation of global cognitive stability in the CPAP group.
Moreover, the patients in the CPAP group did not differ signifi-
cantly from those in the non-CPAP group in terms of demo-
graphic or clinical characteristics and the treatment of
cardiovascular risk factors. The patients assessed with the ESS
had no daytime sleepiness, suggesting no impact of daytime vigi-
lance level on cognitive function. In the non-CPAP group, the
mean annual decline in the MMSE was similar to that observed
in our AD cohort (n=1144) as a whole. The faster cognitive
decline seen in the non-CPAP group might also be related to
putative poor compliance with other treatments (medications
for vascular risk factors, acetylcholinesterase inhibitors, etc.)
and/or a lower MMSE score at baseline, relative to the CPAP
group (even though the difference in the MMSE score at base-
line was clearly not significant).

CONCLUSION
In view of the major public health issue raised by AD, our
present work highlights the importance of SAS screening and
CPAP treatment in mild-to-moderate AD patients, with a view
to significantly slowing their cognitive decline. Our results must
now be replicated in a larger, independent population of AD
patients.
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Table 1 Baseline characteristics of the patients (n=23)

CPAP+ (n=14) CPAP− (n=9) p Value

Age (years)* 73.4 (68; 79.6) 77.6 (74.8; 79.4) 0.17
Gender ratio H/F 10/4 4/5 0.38
Educational level (0/1) 6/8 (42.9%/57.1%) 7/2 (77.8%/22.2%) 0.19
MMSE at baseline* 23.5 (20; 27) 20 (16; 24) 0.09
AHI* 47.7 (36.7; 62.6) 43.3 (37.2; 51.2) 0.52
BMI (kg/m2)* 26.7 (24.7; 28.3) 24.5 (23.0; 33.1) 0.81
Vascular risk factor
(at least 1)

10 (71.4%) 7 (77.8%) 1

Hypertension 10 (71.4%) 7 (77.7%) 0.88
Diabetes 2 (14.3%) 3 (33.3%) 0.57
Dyslipidaemia 8 (57.1%) 6 (66.6%) 0.98
Smoking 10 (71.4%) 3 (33.3%) 0.17
Heart disease 9 (20.5%) 3 (33.3%) 0.3
Antihypertensive drugs 8 (57.1%) 7 (77.8%) 0.39
Statin 6 (42.9%) 5 (55.6%) 0.68
Antiplatelet agent 8 (57.1%) 5 (55.6%) 1
Cholinesterase inhibitor 13 (92.8%) 9 (100%) 0.81
Memantine 9 (64.2%) 8 (88%) 0.40
Duration of follow-up
(years)†

3.3 (1.8; 3.6) 3.0 (2.3; 3.6) 1

*Median (range).
†Median (IQR).
AD, Alzheimer’s disease; AHI, apnoea hypopnoea index; BMI, Body Mass Index;
educational level 0, patients without any formal education or having completed only
primary school education; educational level l, patients having completed middle
school or high school education; CPAP−, patients who refused continuous positive
airway pressure; CPAP+, patients who accepted continuous positive airway pressure;
MMSE, Mini Mental State Examination; PSG, polysomnography; SAS, sleep apnoea
syndrome.

Figure 2 Mini Mental State Examination (MMSE) evolution in
continuous positive airway pressure (CPAP) and non-CPAP groups
during the follow-up (MMSE 1=MMSE at baseline, MMSE 2=last
MMSE of the first 3 years of follow-up).
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