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Objective: Obstructive sleep apnea syndrome (OSA) leads to a
deterioration in cognitive functions, with regard to memory and
executive functions. However, few studies have investigated
the impact of treatment on these cognitive functions in elderly
subjects.

Methods: The study was conducted in a large cohort of subjects
aged 65 years or older (the PROOF cohort). Subjects were not
diagnosed or treated for OSA. Subjects underwent a polygraphic
recording. Cognitive performance was assessed in all OSA
subjects at baseline and 10 years later, whether or not they were
receiving continuous positive airway pressure (CPAP) therapy.
Results: A group of 126 patients were analyzed. Only 26% of
them were treated, with therapy initiated at the discretion of the
primary care physician. Among treated subjects, self-reported
compliance with therapy was good (> 6 h/night on average),
and 66% of them reported an improvement in their quality of

life. Patients receiving CPAP treatment had a higher apnea-
hypopnea index (p = 0.006), a higher oxygen desaturation
index (p < 0.001), and experienced more pronounced daytime
repercussions (p = 0.004). These patients showed a statistically
significant improvement in mental agility (similarities test;
p < 0.0001) and memory performance (Grober and Buschke
delayed free recall; p = 0.02).

Conclusion: CPAP freatment is associated with the
maintenance of memory performance over time.

Keywords: cognitive impairment, CPAP treatment, elderly,
sleep apnea

Citation: Crawford-Achour E, Dauphinot V, Saint Martin M,
Tardy M, Gonthier R, Barthelemy JC, Roche F. Protective effect
of long-term CPAP therapy on cognitive performance in elderly
patients with severe OSA: the PROOF study. J Clin Sleep Med
2015;11(5):519-524.

bstructive sleep apnea (OSA) is a recognized clinical

entity, defined by the occurrence of complete or partial
obstruction of airflow through the upper airway during sleep,
leading to wakening and oxygen desaturation.! OSA is very
common among the elderly, affecting as many as 30% to 80%
of people older than 65 years.? Despite this high prevalence,
OSA is largely underdiagnosed and undertreated in the elderly
population.’ The hypoxia and sleep fragmentation induced by
OSA lead to increased cardiovascular morbidity and mortality,
as well as numerous complications, such as functional impair-
ment, diminished quality of life, and cognitive dysfunction.*®
Several studies have focused on the cognitive performance of
younger subjects suffering from OSA. Executive functioning,
vigilance, learning capacity, and coordination are impaired in
subjects with OSA compared to those without.”

Somnolence and impairment in cognitive performances are
two symptoms regularly reported in elderly subjects suffer-
ing from sleep apnea. More importantly, It has been clearly
demonstrated that OSA is associated with a higher risk of
mild cognitive impairment (MCI) or dementia, related to the
percent of time spent in apnea or hypopnea.® A meta-analysis

BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleep apnea is underdiag-
nosed and undertreated in the elderly population considering the se-
vere induced complications. This may be partly due the lack of knowl-
edge of CPAP therapy beneficial effects and clinical tolerance.

Study Impact: This study shows that CPAP therapy may protect cogni-
tive functions deteriorated by OSA, particularly the similarities from the
Wais Il test, along with good clinical self-reported compliance.

by Engleman et al. focusing on the neuropsychological con-
sequences of OSA, revealed impairment of attention, percep-
tion, and executive functions; these deficits tend to be more
pronounced in elderly subjects.” This was confirmed by Ju et
al., who recently showed a degradation of executive function-
ing and episodic memory in a population of elderly subjects
without dementia suffering from severe sleep apnea compared
to subjects presenting mild OSA."

OSA is often treated with continuous positive airway pres-
sure (CPAP) in elderly subjects. The benefits of this treatment
on cardiac morbidity and mortality has been demonstrated."
However, its benefit on cognitive function in the elderly is
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more difficult to prove. Aloia et al. investigated the effect of
3-month CPAP treatment on neurocognitive performance in el-
derly subjects without dementia. The results varied according
to the tests used, but nevertheless indicated an improvement in
executive functioning, even if only modest.”” In younger sub-
jects, the effect of CPAP treatment on cognitive performance
seems to be less marked.

The objective of this study was to determine the long-term
effect of CPAP treatment on cognitive function, particularly
executive functioning, in a population of elderly subjects (the
PROOF cohort) receiving treatment for OSA, in comparison
to the spontaneous cognitive evolution of non-treated subjects
of the same cohort. The subjects were homogeneous in age be-
cause of the cohort design.

METHODS

Study Population

The survey was conducted in a cohort of elderly subjects,
the PROOF (PRognostic indicator OF cardiovascular and
cerebrovascular events) cohort.® The primary endpoint of
the PROOF study was to investigate the effect of autonomous
nervous system activity on the incidence of cardiovascular
and cerebrovascular events during the aging process. The co-
hort was recruited between January 2001 and December 2002
from the population registered on the electoral lists for the en-
tire district covering the city of Saint Etienne (France). To be
included in the cohort, subjects had to be aged > 65 years and
give their informed consent to participate. Exclusion criteria
comprised a history of myocardial infarction, stroke, heart
failure, atrial fibrillation; type 1 (insulin-dependent) diabetes
mellitus; pacemaker implantation; a pathological condition
limiting life expectancy to < 5 years; a contraindication to a
brain MRI; being institutionalized; or planning to move dur-
ing the next 2 years.

Objective Sleep Assessment: Respiratory Polygraphy

At the beginning of the study, participants were invited to
undergo ambulatory polygraphy (using a HypnoPTT device,
Tyco Healthcare), giving an objective measurement of sleep
parameters including apnea-hypopnea index (AHI), oxygen
desaturation index (ODI), time spent at an oxygen saturation
level < 90%, mean saturation level, and minimum saturation
level. Apnea was defined as complete cessation of respiratory
flow for > 10 seconds. Hypopnea was defined as decrease in
amplitude of respiratory flow > 50% during > 10 sec associ-
ated with 3% oxygen desaturation. OSA was considered severe
if AHI was > 30/h."* The desaturation index was defined as
the number of desaturation events > 3%/h. The results were
communicated to the subject’s primary care physician, and
treatment initiation was at their discretion. All subjects had
to complete an Epworth Sleepiness Scale the night before the
polygraphy. A score between 0—9 was considered normal; a
score > 9 revealed excessive daytime sleepiness.

Cognitive Assessment (Neuropsychological Tests)
All subjects in the cohort underwent at the same time an as-
sessment of cognitive performance in 2002—2003 and again in
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2009-2012. The results of these evaluations were reported in a
previous publication.” The battery of tests performed included
Mini-Mental State Examination (MMSE), Pichot Depression
Scale evaluation, visual analogue scale (VAS) assessment of
memory complaints, Grober and Buschke test, Benton Vi-
sual Retention test, Coding test (WAIS III), a Trail-Making
test (TMT; parts A and B), Stroop test, Verbal and Categori-
cal Fluency Test, and Similarities tests (WAIS III). Individuals
at baseline were free of any mental disorder. All test scores
show an improvement if the score is higher except the TMT
test (part A and B) and the Pichot depression scale. The neuro-
psychologist was blinded to whether or not participant was on
CPAP therapy.

Questionnaire Concerning Prescribed Treatment and
Compliance in OSA

All subjects presenting severe sleep apnea (AHI > 30) as
detected by polygraphy were questioned again in 2010, ini-
tially by letter and then, if no reply or an incomplete reply was
received, by a follow-up telephone call. These subjects were
asked to supply several items of information: whether or not
they had received CPAP therapy, and if so, whether the treat-
ment had been stopped, and if so, for what reason; for how
long they had been receiving treatment; who was monitoring
their treatment; how well they tolerated the treatment; for how
many nights per week and for how many hours per night the
treatment was implemented. Good compliance was defined as
adherence to treatment > 4 h per night and 85% of the nights
of the week."

Study Calendar

The neurocognitive evaluation was performed at the start
of the study in 2002-2003, and patients were re-assessed be-
tween 2009 and 2012. The objective assessments of respiratory
sleep polygraphy parameters were accomplished at the begin-
ning of the cohort, between 2003 and 2006. The questionnaire
concerning the follow-up of subjects with severe OSA was sent
to these participants in 2010.

Statistical Analysis

Baseline characteristics (sociodemographic characteristics
and polygraphic parameters) were compared between treated
and untreated subjects. Proportions were compared between
the groups using the Pearson y? test. Means were compared
using Student #-test with equal or unequal variance hypothesis
as appropriate. Results are presented as percentages for cat-
egorical variables and mean =+ standard deviation (SD) for con-
tinuous variables. The population under study was divided in
a dichotomous way: treated or not treated with CPAP therapy.
The number of hours of use was not taken into account, as it
can be overestimated in this population.

Means of cognitive tests were compared between TO
and T1, in both treated and untreated group, using repeated
MANOVA. Then the effect of CPAP treatment on cognitive
functions was assessed using a model of analysis of covariance
for repeated measures. In this model, the 2 repeated measures
of all neuropsychological scores were considered dependent
variables, and CPAP treatment was the independent variable.
This model allows consideration of the expected colinearity



between the neuropsychological scores with each other, as
well as the expected colinearity between the 2 repeated mea-
sures of the neuropsychological scores. The neuropsychologi-
cal scores were then all modelized in the same model in order
to address the multiple testing problem. The results provided
by the model was (1) p value for within-subject effects, assess-
ing the difference in neuropsychological scores between re-
peated measures independent of CPAP treatment; (2) p value
for between-subject effects, assessing the relationship be-
tween neuropsychological scores and CPAP treatment group
(treated or untreated); (3) p value for the interaction between
time and treatment, assessing whether changes in neuropsy-
chological scores were similar in the CPAP treatment groups.
The assumptions allowing the application of this model were
verified, such as the homoscedasticity of the variances of the
neuropsychological scores between CPAP treatment groups
using the test of Levene.

The model was then adjusted for potential confounders using
a step-wise strategy. All variables that were significantly dif-
ferent between treated and untreated group in the unadjusted
analyses were in a first step included together in the model as
independent variables. Nonsignificant variables were then re-
moved one by one, removing the largest p value first, until all
remaining variables in the model were significant.

A p value < 0.05 was considered statistically significant. All
statistical tests were two-tailed. Statistical analyses were per-
formed using SPSS (Statistical Package for the Social Sciences)
version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).

Ethics Committee

The PROOF study has been approved by the University Hos-
pital of Saint-Etienne and the (CCPPRB) Rhone-Alpes Loire
Ethics Committee (CCPPRB). The French Data Protection Au-
thority (CNIL) gave its consent for the data to be entered. All
the subjects who took part in the study signed a consent form
in a free and enlightened manner. ClinicalTrials.gov Identifier
NCT00759304.

RESULTS

Of the entire cohort, 508 participants underwent polygraphy
between 2003 and 2006, among whom 176 (35%) presented
severe OSA, necessitating CPAP therapy. Among the sample,
24 subjects were lost to follow-up, and 26 subjects refused to
take the second neuropsychological evaluation. A total of 126
subjects with severe OSA were assessed at the beginning of
the study, then again between 2009 and 2012. Only 33 (26%)
patients were treated by CPAP; the remaining 74% remained
untreated due to their common decision with their primary
care practitioner (Figure 1).

Sociodemographic and Polygraphic Characteristics of
the Study Population

The mean age of the subjects in 2010 was 74.8 = 1.1. Men
represented the majority (> 60%) of the population. The 2
groups, treated and non-treated, did not differ to a statisti-
cally significant extent with regard to age, sex, or socioedu-
cational level. With respect to polygraphic parameters, treated
subjects presented more severe OSA, had a higher BMI, and
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The PROOF Study

Figure 1—Flowchart of the population under study.

1,011 subjects in 2001
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1,011 subjects had initial neuropsychological
evaluation in 2002-2003

508 underwent a night polygraphy between
2003-2006

'

176 had severe OSA

24 subjects were lost of
follow-up

26 subjects refused the
second neuropsychological
evaluation

\J

126 subjects included

¥\

33 subjects had CPAP therapy

93 had no treatment

experienced more pronounced daytime repercussions of sleep
apnea reflected by higher scores on the Epworth Sleepiness
Scale (Table 1).

Among the subjects receiving CPAP treatment for OSA, the
mean duration of treatment was 44.5 = 26.3 months. Only 2
subjects stopped treatment because of intolerance. The self-
reported mean compliance with treatment was 7.0 + 0.2 nights/
week and 6.6 + 1.1 h/night. All participants of the treated group
estimated their compliance > 4 h/night. The treatment was well
tolerated; only 30% of subjects reported adverse effects, none
of which led to treatment cessation. All subjects were regularly
monitored by a pulmonologist.

Changes in Neurocognitive Parameters in Treated and
Non-Treated Subjects

The changes in the different parameters over time (within-
subject - time) for each group (treated and not treated) and
for all subjects, as a function of treatment (between-subjects
- treatment), and as a function of both effect of time and treat-
ment with respect to changes in cognitive performance (time-
treatment) are summarized in Table 2.

Deterioration of performance was observed with time in
the Trail-Making test (parts A and B), the number of delayed
free recalls, the Stroop test, and the WAIS III Similarities test.
Comparison of the means obtained in cognitive scores in the 2
groups, without taking into account the effect of time, revealed
a statistically significant difference with respect to the Simi-
larities test—the scores achieved at the time of the baseline
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Table 1—Sociodemographic and polygraphic parameters of the treated and non-treated population (n = 126).

Non-Treated OSA (n = 93) Treated OSA (n = 33) p
Age, mean + SD 747 +£1.1 75.0+1.1 0.59
Gender, % male 58 70 0.24
Educational level, % 0.94
No formal qualifications 54 6.1
Primary education certificate 33.3 27.3
Secondary education certificate 36.6 39.4
End of secondary education diploma or over 24.7 27.2
Polygraphic parameters (before treatment), mean + SD
Mean global AHI 40.7+9.1 490+154 0.006
Mean desaturation index 21095 30.2+10.8 <0.001
Mean time SpO, < 90% 30+55 46+56 0.16
Mean SpO, 95.0+14 945+1.8 0.12
Mean minimum SpO, 87347 85.2£5.0 0.03
Epworth score 58+35 79+£35 0.004
BMI 26.7+35 278+33 0.03

Table 2—Comparison of neuropsychological parameters between treated and non-treated OSA subjects (n = 126 patients with

T0 and T1 analysis).

Non-Treated Patients (n = 93)

Treated Patients (n = 33) p values

Mean value Mean value  p value (within- Mean value Mean value  p value (within-  within-subject time between-subject  time-
atTo0 atT subject time) atTo atT1 subject time) for all patients treatment treatment

MMS 28.75(0.12) 28.51(0.15) 0.13 28.77(0.2) 28.84 (0.24) 0.78 0.55 0.42 0.30
Depression scale 1.95(0.2) 2.68(0.29) 0.006 2.13(0.33) 2.35(0.48) 0.53 0.48 0.86 0.30
VAS of memory complaint 2.52(0.21) 3.01(0.19) 0.04 2.52(0.34) 2.67(0.32) 0.69 0.16 0.57 0.45
Delayed total recall 15.43(0.12) 15.36 (0.22) 0.71 15.65 (0.2) 15.61 (0.36) 0.85 0.75 0.42 0.91
(Grober and Buschke test)
Delayed free recall 12.21(0.25) 11.19(0.32) <0.0001 12 (0.41) 12(0.53) ns 0.02 0.56 0.02
(Grober and Buschke test)
Benton test 12.48 (0.17) 12.3(0.18) 0.34 12.87(0.28) 12.58 (0.3) 0.48 0.24 0.23 0.78
TMTA 445 (1.35) 49.77 (1.78) 0.002 41.32(2.22) 51.74 (2.92) <0.0001 <0.0001 0.82 0.09
TMTB 96.86 (3.79)  107.42 (4.81) 0.03 81.49(6.23)  103.34 (7.92) <0.0001 <0.0001 0.18 0.19
Stroop (words) 98.71(1.34) 89.9(1.38) <0.0001 98.87 (2.3) 92.58 (2.27) <0.0001 <0.0001 0.56 0.28
Stroop (colors) 69.20 (1.13) 63.02 (1.19) <0.0001 70.19 (1.86) 63.71(1.96) <0.0001 <0.0001 0.69 0.85
Semantic fluency 31.56 (0.84) 30.63 (0.83) 0.20 30.32(1.39) 29.65(1.37) 0.53 0.23 0.45 0.85
Alphabetic fluency 19.96 (0.72) 19.93 (0.82) 0.96 19.55 (1.18) 20.26 (1.34) 047 0.57 0.98 0.54
Similarities 17.71(0.52) 11.53 (0.72) <0.0001 10.45 (0.85) 25.13(1.18) <0.0001 <0.0001 0.001 <0.0001

Adjusted on BMI, AHI, desaturation index. ns, nonsignificant (identical value for the treated population); cognitive T0, cognitive assessment at baseline (2002-2003); cognitive T1, cognitive
assessment after treatment (2009-2012); MMSE, Mini Mental Status Examination; VAS, visual analog scale; G&B, Grober and Buschke; TMT, Trail Making Test.

evaluation indicating a greater impairment in the group of sub-
jects who would receive treatment. No statistically significant
differences were seen in other cognitive parameters. When
both the effect of time and the effect of treatment were taken
into account, an improvement in scores on the Similarities test
(Figure 2) as well as maintenance of performance in terms of
delayed free recall was observed in subjects with sleep apnea
receiving CPAP treatment.

Changes in Neurocognitive Parameters in Treated and
Untreated Subjects in a Multivariate Model

Adjustment of the initial model was proposed on the basis
of sociodemographic characteristics (sex, BMI, and socio-
educational level), and polygraphic parameters (AHI and de-
saturation index). The trends described above remained after
this adjustment. Neither depth of desaturation nor severity of
OSAS affected performance in the neurocognitive tests con-
ducted before and after treatment.
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DISCUSSION

The main result of this study suggests that long-term CPAP
therapy is associated with a protective effect on cognitive per-
formance in elderly OSA patients. Almost 15% of the PROOF
cohort had unknown OSA at the age of 66 years old (age of
diagnosis), with a mean Epworth score less than 9. This as-
certainment might explain why subjects were not previously
diagnosed.

This study highlighted several important points concerning
OSA in the elderly. First, the population with a diagnosis of
severe OSA was predominantly male, slightly overweight, and
with a clinical profile approaching that of young subjects with
OSA™1%; while previous reports have described a considerably
more heterogeneous profile in elderly subjects.” The preva-
lence of severe OSA was comparable to that reported in the
literature for elderly subjects.”” Treated and untreated patients
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did not differ with respect to age, sex, or level of education.
In contrast, treated subjects presented more severe apnea and
deeper hypoxia, as well as more pronounced daytime reper-
cussions of OSA in terms of somnolence, which may underline
that a significant clinical pattern is needed for the general prac-
titioner to go for CPAP therapy.

From the neurocognitive standpoint, this study emphasized
several points. Firstly, the subjects with sleep apnea showed
a more severe deterioration of executive functioning and epi-
sodic memory over time. Secondly, CPAP treatment enabled
maintenance of certain cognitive functions, notably with re-
gard to memory (delayed free recall), attention, and executive
functioning (WAIS III Similarities test). Thirdly, when CPAP
therapy was prescribed, self-reported compliance was excel-
lent, with treatment used for at least 6 hours per night. The
level of treatment tolerance and acceptability was fully sat-
isfactory. Only two patients stopped their CPAP treatment.
Similarly satisfactory compliance has been shown in a popula-
tion of subjects older than 65 years, particularly in those with
severe OSA."

It is worth noting that few subjects were treated. Treatment
initiation was at the discretion of the primary care physician.
Unfortunately, a small proportion of the subjects received
CPAP therapy, and only the more symptomatic subjects may
have being considered. These results demonstrate lack of
awareness of the potential impact of OSA in the elderly, even
though OSA was recently shown to be associated with a higher
risk of cardiovascular mortality among elderly subjects."”

One of the main results of this study is the association of
CPAP therapy on a cognitive test: the similarities test (WAIS
IIT). These results are of considerable importance as the PA-
QUID French epidemiological study has shown that the simi-
larities test from the WAIS III was one of the more specific
tests correlated with later occurrence of dementia.?’ Thus,
treating the sleep apnea population could be a way to delay the
occurrence of cognitive impairment.

Ju et al. also showed the effect of severe OSA on episodic
memory and executive functioning.'” In their study, cogni-
tive performance was related to the severity of the disorder in
terms of AHI and hypoxia. Such a relationship was not evi-
dent in our study, probably because subjects already had se-
vere OSA in the inclusion period; in this case, the AHI may
have had a lower impact because all individuals included had
a score over 30. On the basis of smaller groups, similar re-
sults were obtained, with treated subjects showing less impair-
ment of delayed free recall and better preservation of executive
functioning.'”” Cooke et al. also reported similar results, with
treated subjects showing less deterioration of verbal episodic
memory and improvement in more specific tests of executive
functioning.”’ Neuroimaging studies reinforce these findings,
as improvement has been showed in specific regions such as
the hippocampus or frontal structures affecting memory, at-
tention, and executive functioning.?>*

This study has some limitations. While the long period be-
tween the two cognitive evaluations constitute the original in-
tent of this study to show the long-term effect of CPAP therapy,
as the mean time treatment was 44.5 months, this long period
could impair the cognitive function of patients, and we can-
not be absolutely sure that neuropsychological modifications
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Figure 2
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(A) Similarities test at TO and T1 for each subjects under CPAP therapy
(n=33). (B) Similarities test at TO and T1 for each subject without CPAP
therapy treatment (n = 93).

are not due to another pathophysiological process. Neverthe-
less, in our study, patients under treatment tended to maintain
their cognitive function even when taking into account this
time period. This bias would tend to reinforce our results. Also,
a large number of subjects were lost to follow-up or contrib-
uted to incomplete data. However, as the subjects lost to follow-
up were probably those with poorer health, this factor should
not modify the nature of the results. One may also regret the
absence of more ecological tests to evaluate executive perfor-
mance, which might have highlighted executive dysfunction in
subjects with sleep apnea and the effect of treatment on these.
Also, treatment compliance was only self-reported and subjects
might have overestimated their adherence with CPAP therapy.
However, the comparison of the two groups did not take into ac-
count nightly duration of CPAP therapy, but only if individuals
were using CPAP therapy. Finally, allocation to treatment was
not random, as this study was a cohort study, but several con-
founding factors have been included in the analysis. The confir-
mation of these results will require further randomized clinical
studies to confirm the CPAP effect on cognitive performance.

CONCLUSIONS

OSA is currently recognized as a risk factor for hippocam-
pal atrophy,?* and its implication in the onset or exacerbation of
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cognitive disorders should be seriously taken into account. As
symptoms are often absent and medical awareness of this field
is still emerging, particular attention should be paid to screen-
ing and treatment of OSA in the elderly population. CPAP
therapy may help maintain cognitive performance, but further
study is needed to confirm this finding.

ABBREVIATIONS

AHI, apnea-hypopnea index

CPAP, continuous positive airway pressure
MCI, mild cognitive impairment

OSA, obstructive sleep apnea

SD, standard deviation

VAS, visual analogue scale
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