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s u m m a r y

Obstructive sleep apnea (OSA) is associated with impairments in cognitive functioning. Although
cognitive complaints are related to quality of life, work productivity and health care expenditures, most
research and all reviews have focused exclusively on objective cognitive functioning so far. In this sys-
tematic review, we assessed the available literature on subjective measures of cognition in adult OSA
patients. Concentration complaints were consistently found to be more severe in untreated OSA patients
as compared to primary snorers and healthy controls. The same seems to be true for memory and ex-
ecutive function problems, but firm conclusions cannot be made as of yet, due to methodological limi-
tations of the available studies. Cognitive complaints appear to be at least partially related to subjective
sleepiness. Importantly, they are not necessarily a sign of objective cognitive impairment. Additional
research is needed to explore the relation between cognitive complaints, sleepiness and mood problems
using validated and norm-referenced questionnaires for cognitive complaints. In addition, the impact of
continuous positive airway pressure (CPAP) treatment on cognitive complaints in OSA warrants further
study.

� 2014 Elsevier Ltd. All rights reserved.
Introduction

Obstructive sleep apnea (OSA) is a sleep disorder estimated to
affect 3e7% of the general population [1e3]. In OSA, episodes of
(partial) obstruction of the upper airway cause intermittent hyp-
oxemia and arousals during sleep [4], disrupting the sleep archi-
tecture and causing an overall poor quality of sleep. OSA results in
significant impairments in daytime functioning, including exces-
sive sleepiness, fatigue and mood problems [5]. Moreover, OSA
patients often report cognitive complaints [6e8].

Cognitive functioning in OSAmay be assessed objectively -using
formal neuropsychological tests to assess cognitive performance-
or subjectively, using self-report measures to assess daytime
cognitive complaints. So far research in OSA has focussed primarily
on objective cognitive functioning. Studies using objective mea-
sures of cognition in untreated OSA patients show impairments in
tivity disorder; AHI, apnea/
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memory function [9e12] as well as in attention and executive
function [10,13e17]. Effect sizes range from moderate to large
depending on the selection of cognitive tests and the control group
[10,18]. Treatment with continuous positive airway pressure (CPAP)
has been shown to improve performance on objective attention
measures with medium effect sizes [19]. Improvements on objec-
tive measures for memory and executive function have not been
found consistently, indicating that impairments in memory and
executive function may persist, even after successful CPAP treat-
ment [19,20].

Although widely used to study cognitive impairments in OSA,
the ecological validity of objective measures of cognition is noto-
riously low [21,22]. Objective cognitive functioning often correlates
poorly with cognitive complaints [23e29] and measures of quality
of life [30,31]. In contrast, cognitive complaints (i.e., subjective
cognitive functioning) have been found to relate to quality of life,
health care utilization and work productivity in both the general
population [32e34] and several medical conditions such as cancer
[24,35,36]. In OSA, subjective daytime symptoms including cogni-
tive complaints, were shown to influence treatment compliance
[37] and health service expenditures [38]. Cognitive complaints
may therefore serve as an important patient outcomemeasure next
to objective cognitive functioning.
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Table 1
Scale for methodological quality assessment.

Each item is scored 1 (present) or 0 (absent)

Study sample
A. Inclusion and exclusion criteria are reported.
B. OSA is confirmed by poly(somno)graphic evaluation.
C. OSA severity is described using polysomnographic variables (at least AHI or

RDI).
D. Demographic variables of participants are described (at least age and

gender).
E. If CPAP treatment is studied, dropout rates are included.
Study design
F. Data collection is sufficiently described to replicate the study.
G. Cognitive complaints are a primary or secondary outcome measure.
H. Cognitive complaints are measured using a validated questionnaire.
I. Cognitive complaints in OSA patients are compared to at least one other

group.
J. At least one factor associated with cognitive complaints is studied (objective

cognitive functioning, sleepiness or mood).
Results
K. Recognized statistical techniques are used to analyze cognitive complaints.

AHI ¼ apnea/hypopnea index; CPAP ¼ continuous positive airway press;
RDI ¼ respiratory disturbance index.
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This review will give an overview of our current knowledge of
cognitive complaints in patients with OSA, including their preva-
lence and type in different OSA populations. In addition, possible
factors associated with cognitive complaints are reviewed,
including objective cognitive functioning, daytime sleepiness and
mood problems.

Methods

We reviewed published studies examining cognitive complaints
in patients with OSA. Studies were included when adult patients
were assessed (18 yandolder)withOSAconfirmedbypolygraphyor
polysomnography, in the absence of medical comorbidity, and in
whom cognitive complaints were measured with at least one sub-
jective or self-report measure of cognition. Searches were limited to
papers written in English. MEDLINE, Cochrane and PsycINFO data-
bases were searched for articles from 1960 until May 2013 using the
key terms “sleep apnea/OSAS/sleep disordered breathing/sleep
related breathing disorder” in combination with “cognition/mem-
ory/attention” or “subjective/neuropsychological/cognitive/neuro-
behavioural” and “functioning/complaints/symptoms”.

The initial search yielded 1997 hits. Titles and abstracts were
scanned for the inclusion criteria. If the abstract did not provide
sufficient information, a full-text versionwas collected inwhich the
method section and appendices were assessed. Studies using a
quality of life scale as a measure of complaints, were only included
if the results from subscales or items directly related to cognition
were reported separately. Only 10 studies used a measure for
cognitive complaints, all of themmeeting our inclusion criteria. The
reference lists of these articles yielded an additional two articles. A
total of 12 articles were included for the review. Data from the
articles were extracted using word processing software.

To assess the quality of the included studies, we constructed a
13-item checklist (see Table 1), based on quality criteria used in
recent reviews on cognitive complaints in other medical pop-
ulations [39,40]. Two authors (TJAV, MMS) rated each item, giving
one point for each criterion fulfilled. Disagreement was solved by
discussion.

Results

Included studies

Study characteristics
The characteristics of the included studies are summarized in

Table 2. OSA populations differed across studies. In two studies OSA
patients were recruited from the general community [8,41e43] and
in 10 studies patients were recruited in sleep centers [6,7,44e51].
Four studies compared cognitive complaints in OSA patients to
healthy controls [6,7,45,51], two studies compared OSA patients to
a general community sample without OSA [8,41e43] and four
studies compared OSA patients to other disorders (narcolepsy [45],
attention deficit hyperactive disorder (ADHD) [48], primary snorers
[49,50]). Two studies did not include a control group [46,47].

Six studies reported on memory complaints [6e8,44,45,51],
seven studies on concentration complaints [6,8,44,48e51] and two
on complaints about executive function [6,47]. Two studies only
reported on cognitive complaints in general, without differenti-
ating between specific types [43,46].

Demographic and clinical characteristics
Demographic and clinical characteristics are summarized in

Table 3, with a separation between community and sleep center
studies. As only two studies reported in sufficient detail on
nocturnal oxygen desaturations as a marker for OSA severity [7,51],
these data are not listed.

There was an important variation in sample size: the majority of
studies included between 19 and 65 OSA patients. Three studies
included larger numbers with Stoohs et al. including an exceptional
number of 1610 patients [49]. In most studies, the number of
controls roughly matched the number of patients, except for the
studies by Stoohs et al. (OSA patients:controls 10:1) [49] and Jen-
num and Sjol (OSA patients:controls 1:10) [8].

Of the two community studies, one specifically targeted elderly
OSA patients (>60 y old) [42,43]. OSA severity in this study was
moderate (apnea/hypopnea index [AHI] ¼ 30.4 � 13.1 events/h),
but with notably low sleepiness scores (Epworth sleepiness scale
[ESS] ¼ 6.2 � 3.7). The second community study included adult
patients (>30 y old), but did not provide information on OSA
severity. Extrapolation of the findings of the community studies
should therefore be made with caution.

The average age of OSA patients from the 10 sleep center studies
varied from 41 to 61 y old. Three sleep center studies did not pro-
vide information on OSA severity (either AHI, respiratory distur-
bance index [RDI] or ESS) [44,45,50]. The seven studies reporting
information on OSA severity showedmoderate to severe OSA based
on AHI (study means ranging from 21.4 to 48.9 events/h), RDI
(means ranging from 25.6 to 59.2 events/h) and ESS (means ranging
from 10.1 to 16.4), indicating that representative samples of OSA
patients consulting sleep centers were included.
Methodological quality of studies
For a full overview of the quality ratings of the included studies,

see Table 4. All studies reported in- and exclusion criteria, reported
the study design in sufficient detail and included cognitive com-
plaints as a primary or secondary outcome. The most common
limitations were a lack of a validated questionnaire for cognitive
complaints, and a failure to report on the relation between cogni-
tive complaints and objective cognitive functioning, sleepiness or
mood problems.
Prevalence of cognitive complaints in OSA

Untreated OSA patients versus general community controls
Jennum and Sjol [8] found a significantly higher number of OSA

patients from a community sample to report concentration



Table 2
Study characteristics.

Study Design Primary objective OSA
population

Comparison
group

Measure Cognitive domain

Memory Attention Executive
function

Chen et al.
(2012) [43]

Caseecontrol Cognitive complaints in OSA Sleep center Healthy
control

SCIRS x x x

Daurat et al.
(2010) [44]

Caseecontrol Memory complaints in OSA Sleep center Healthy
control

MIA x

Flemons & Reimer
(1998) [45]

Longitudinal,
caseecontrol

Change in quality of life in
OSA after CPAP

Sleep center Snorers Yes/no-
item

x

x
Hood & Bruck

(1997) [46]
Caseecontrol Memory complaints in

narcolepsy
Sleep center Healthy

control
narcolepsy

MIA x

Jennum & Sjol
(1994) [39]

Caseecontrol Cognitive complaints in
snorers and OSA

Community Community
without OSA

Yes/no-
item

x

Yes/no-
item

x

Moore et al.
(2001) [47]

Descriptive,
uncontrolled

PSG measures and quality of
life in OSA

Sleep center e MOS QOLa

Mulgrew et al.
(2007) [48]

Longitudinal,
uncontrolled

Sleepiness and work limitations
in OSA before and after CPAP

Sleep center e WLQ x

Sangal & Sangal
(2004) [49]

Caseecontrol Inattention and sleepiness in
OSA and ADHD

Sleep center ADHD ADHDRS x

Sforza et al.
(2010) [42]

Cross-
sectional

Cognition and OSA in
healthy elderly

Community Community
without OSA

CDSa

Stoohs et al.
(2008) [50]

Caseecontrol Clinical features of sleep
disorders

Sleep center Snorers and OSA
without
sleepiness

VAS-scale x

Ulfberg et al.
(1996) [51]

Caseecontrol Sleepiness, subjective work
performance in snorers and OSA

Sleep center Snorers Likert-
scale

x

Vernet et al.
(2011) [52]

Caseecontrol Phenotype of residual
sleepiness in OSA

Sleep center Healthy
control

CAARS x
Yes/no-
item

x

CAARS ¼ Conners’ adult attention deficit hyperactivity disorder rating scale; SCIRS ¼ subjective cognitive impairment rating scale; CDS ¼ cognitive difficulties scale (McNair-
R); FLP ¼ functional limitations profile; MIA ¼ metamemory index for adults; MOS QOL ¼ medical outcome study quality of life; PSG ¼ polysomnography; WLQ ¼ work
limitations questionnaire.

a Only assesses cognitive complaints in general, without specifying type of cognitive complaint.
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problems (23%) compared to a community sample without OSA
(14%). The percentage of OSA patients reporting memory problems
was not significantly higher (OSA: 59%, non-OSA: 45%). The
generalizability of the findings of this study may be limited, as no
validated questionnaire was used for cognitive complaints and
details on OSA severity were not provided. Flemons and Reimer
[44] found 69% of OSA patients from a sleep center reporting
concentration difficulties and 58% experiencing memory prob-
lems. Unfortunately, no formal comparisons were made for these
problems with their control group. Sforza et al. administered the
validated cognitive difficulties scale (CDS) in an elderly community
population (age over 60 y), and did not find a difference between
OSA patients and subjects without OSA [43]. It should be noted
however that the CDS evaluates aspects of cognition that are
typically affected in dementia or stroke patients, such as praxis
and temporal orientation. This may have resulted in under-
estimating or masking cognitive complaints more typically related
to OSA.

Untreated OSA patients from sleep centers versus healthy controls
Findings on cognitive complaints in sleep center samples

comparing OSA to healthy controls are summarized in Table 5.
Compared to healthy controls OSA patients were more likely to
report difficulties concentrating on new tasks, performing monot-
onous tasks [50] and reported their life to be more impacted by
problems with attention and vigilance [6]. Also OSA patients
experienced more difficulties with memory, learning in general [6]
and learning new tasks [50]. Findings on more specified memory
complaints were inconsistent. Daurat et al. [7] found OSA patients
to experience a decline in memory over time and to be more
anxious about their memory compared to healthy controls. Hood
and Bruck [45] could not replicate these findings however using the
same questionnaire in their study design. Both studies failed to find
a significant difference in subjectivememory capacity between OSA
patients and healthy controls. The inconsistent findings for these
more specified memory complaints may be attributed to lack of
statistical power in both studies due to small sample sizes (N ¼ 26
and N ¼ 23 respectively). With regard to executive function Chen
et al. [6] found OSA patients to report more complaints regarding
emotional control and motivation, but not regarding abstract
thinking and problem solving.

Untreated OSA versus other disorders
Findings on OSA patients compared to other disorders are

summarized in Table 6. Compared to primary snorers, OSA patients
reported more concentration complaints, complaints performing
monotonous tasks [49,50] and complaints learning and concen-
trating on new tasks [50]. Compared to narcolepsy patients, OSA
patients perceived their memory to have a higher capacity and
experienced less memory decline over time [45]. The only study
comparing OSA patients to a non-sleep disorder group found that
OSA patients experienced less inattention complaints than people
with ADHD [48]. It should be noted that even though a validated
questionnaire was used, this questionnaire is not designed to assess
general attention complaints but attention complaints typically
found in ADHD.



Table 3
Demographic and clinical characteristics.

Study Group N Age (y) Diagnostics AHI (events/h) RDI (events/h) ESS

Community studies
Jennum & Sjol [39] OSA 65 30e60 PG, RDI S5

events/h
e e e

COM 683
Sforza et al. [42] OSA 445 >68 PG, AHI >15

events/h
30.4 � 13.1 e 6.2 � 3.7

COM 382 8.7 � 4.1 5.1 � 3.4
Sleep center studies
Chen et al. [43] OSA 19 41,7 � 7.5 PSG, RDI >15

events/h
e 59.2 � 24.5 12.6 � 2.4

HC 19 41.6 � 8.3 5.8 � 3.0
Daurat et al. [44] OSA 26 52.7 � 1.5 PSG, AHI >5

events/h
24.2 � 17.2 12.4 � 3.8

HC 27 50.6 � 1.2 8.9 � 4.8
Hood & Bruck [46] OSA 23 48.5 � 11.8 Sleep laboratory,

not specified
e e e

HC 29 49.6 � 12.7
NC 33 55.2 � 14.4

Flemons & Reimer [45] OSA 113 49.5 � 10.6 Sleep laboratory,
not specified

e e e

SNR 50 44.9 � 9.9
Moore et al. [47] OSA 39 48.0 � 9.0 PSG, RDI >20

events/h
e 46.0 � 26.9 11.0 � 5.0

Mulgrew et al. [48] OSA 428 49.3 PSG 21.4 � 22.0 10.1 � 5.4
Sangal & Sangal [49] OSA 38 48.7 � 15.5 PSG, RDI >5

events/h
e e 12.9 � 5.1

ADHD 18 31.9 � 12.2 8.3 � 5.6
Stoohs et al. [50] OSA 1610 51.5 � 11.7 PSG, RDI >5

events/h
e 25.6 � 20.9 9.9 � 4.9

SNR 157 48.7 � 11.8 2.2 � 1.3 5.6 � 3.4
OSA� 562 53.0 � 12.3 23.1 � 18.0 5.9 � 3.3

Ulfberg et al. [51] OSA 62 49.7 PG, ODI >6
events/h

e e e

SNR 289 47.1
CPAP� CPAPþ CPAP� CPAPþ

Vernet et al. [52] OSAþ 20 61.1 � 9.9 PSG, AHI >15
events/h

40.7 � 17.3 2.4 � 2.3 e 15.9 � 5.5 16.4 � 3.0

OSA� 20 61.8 � 9.0 48.9 � 19.0 2.7 � 3.9 13.2 � 3.4 6.2 � 9.2
HC 20 55.6 � 10.0 7.6 � 5.8 5.7 � 2.7

AHI¼ apnea/hypopnea index; COM¼ community population without OSA; CPAP�¼ before CPAP treatment; CPAPþ¼ after CPAP treatment; ESS¼ Epworth sleepiness scale;
HC ¼ healthy controls; NC ¼ narcolepsy; ODI ¼ oxygen desaturation index; OSA� ¼ OSA without residual sleepiness after CPAP; OSAþ ¼ OSA with residual sleepiness after
CPAP; PG ¼ polygraphy; PSG ¼ polysomnography; RDI ¼ respiratory disturbance index; SNR ¼ primary snorer.

Table 5
Cognitive complaints in OSA patients compared to healthy controls.

Study Cognitive complaints p Comment

Concentration problems
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Cognitive complaints after CPAP treatment
Only two studies reported on the effect of CPAP on cognitive

complaints. Mulgrew et al. [47] approached 100 patients, whowere
prescribed CPAP, from their initial 428 OSA patients included at
baseline for a two year follow-up survey. Thirty-eight of the pa-
tients completed the follow-up. After two years, 33 patients were
Table 4
Quality assessment of the included studies.

Study Criterion

A B C D E F G H I J K Total

Chen et al. (2012) [6] 1 1 1 1 NA 1 1 0 1 1 1 9
Daurat et al. (2010) [7] 1 1 1 1 NA 1 1 1 1 1 1 10
Flemons & Reimer (1998) [44] 1 0 0 1 NA 1 1 0 0 0 0 4
Hood & Bruck (1997) [45] 1 0 0 1 NA 1 1 1 1 0 1 7
Jennum & Sjol (1994) [8] 1 0 0 0 NA 1 1 0 1 0 1 5
Moore et al. (2001) [46] 1 1 1 1 NA 1 1 0 0 1 1 8
Mulgrew et al. (2007) [47] 1 1 1 1 1 1 1 0 0 1 1 9
Sangal & Sangal (2004) [48] 1 1 1 0 NA 1 1 1 1 1 1 9
Sforza et al. (2010) [43] 1 0 0 1 NA 1 1 1 1 1 1 8
Stoohs et al. (2008) [49] 1 1 1 1 NA 1 1 1 1 1 1 10
Ulfberg et al. (1996) [50] 1 1 1 0 NA 1 1 0 1 0 1 7
Vernet et al. (2011) [51] 1 1 1 1 NA 1 1 1 1 1 1 10
Total 12 8 8 9 1 12 12 6 9 8 11

NA ¼ not applicable.

Chen et al. [6] Attention & vigilance [ .01
Ulfberg et al. [50] Concentrating on

new tasks
[ <.05 Odds ratio 7.5

Performing
monotonous tasks

[ <.05 Odds ratio 20

Memory complaints
Chen et al. [6] Memory & learning [ .02
Daurat et al. [7] Memory capacity .10
Hood & Bruck [45] ns
Daurat et al. [7] Memory stability [ .012 Cohen’s d ¼ .75
Hood & Bruck [45] ns
Daurat et al. [7] Anxious about

memory
[ .009 Cohen’s d ¼ .85

Hood & Bruck [45] ns
Ulfberg et al. [50] Learning new tasks [ <.05 Odds ratio 9.1
Executive function complaints
Chen et al. [6] Emotional control &

motivation
[ .01

Abstract thinking &
problem solving

.07

[ ¼ more severe cognitive complaints compared to healthy controls; ns ¼ non-
significant with no exact p-values provided in the paper.



Table 6
Cognitive complaints in untreated OSA from sleep centers compared to other
disorders.

Study Comparison group Cognitive complaints p

Hood & Bruck [45] Narcolepsy Memory capacity Y <.05
Memory stability Y <.05
Anxious about memory ns

Sangal & Sangal [48] ADHD Inattention Y <.001
Stoohs et al. [49] Primary snorers Concentration [ <.001
Ulfberg et al. [50] Primary snorers Concentrating on

new tasks
[ <.05

Learning new tasks [ <.05
Performing
monotonous tasks

[ <.05

ADHD ¼ attention deficit hyperactivity disorder; [ ¼ more severe cognitive com-
plaints compared to comparison group; Y ¼ less severe cognitive complaints
compared to comparison group; ns ¼ non-significant with no exact p-values pro-
vided in the paper.

Table 7
Relation between cognitive complaints and sleepiness.

Study Cognition complaints ESS

r Slope

Chen et al. [6] Attention & vigilance problems .414**
Memory & learning problems .332**
Emotional control &
motivation problems

.363**

Abstract thinking & problem
solving problems

.350**

Daurat et al. [7] Memory capacity ns
Memory stability ns
Anxious about memory ns

Mulgrew et al. [47] Time management difficulties 1.22***
Difficulties cognitive work tasks 1.09***

Sangal & Sangal [48] Attentional deficits .49***
Sforza [43] Subjective cognitive difficulties .51***

r ¼ Pearson correlation coefficient; slope ¼ multivariable logistic regression;
** ¼ p < .01; *** ¼ p < .001; ESS ¼ Epworth sleepiness scale; ns ¼ non-significant
with no exact p-values provided in the paper.

Table 8
Cognitive complaints in OSA with sleepiness compared to OSA without sleepiness.

Study Group ESS Cognitive
complaints

p

Mulgrew
et al. [47]

OSA with sleepiness 18e24a Time
management

[ <.001

OSA without sleepiness 0e5a Cognitive
work tasks

[ <.001

Stoohs
et al. [49]

OSA with sleepiness 9.9 � 4.9 Concentration [ <.001
OSA without sleepiness 5.9 � 3.3

Vernet
et al. [51]

OSA with residual
sleepiness after CPAP

16.4 � 3.0 Memory [ <.10

OSA without residual
sleepiness after CPAP

6.2 � 2.9 Inattention [ <.10

ESS ¼ Epworth sleepiness scale; [ ¼ more severe cognitive complaints in OSA with
sleepiness compared to OSA without sleepiness.

a Only ranges were provided, no means.
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still using CPAP (age ¼ 49 y, AHI ¼ 28� 20 events/h, ESS ¼ 9.3) and
reported less complaints with time-management (p < .001) and
cognitive work tasks (p < .05). No information on OSA severity or
CPAP usage was available at follow-up, nor was a control group
included. However, five of the 38 patients that completed follow-up
had discontinued CPAP and did not report improvements on time-
management (p ¼ .54) and cognitive work tasks (p ¼ .46). These
findings suggest a possible positive effect of CPAP on cognitive
complaints.

In contrast, a study by Vernet et al. [51] showed that cognitive
complaints may remain after CPAP treatment. They compared OSA
patients with residual sleepiness after CPAP (n ¼ 20, age ¼ 61 �10
y, AHI ¼ 4 � 2 events/h, ESS ¼ 16 � 3) to patients without residual
sleepiness (n ¼ 20, age ¼ 62 � 9 y, AHI ¼ 4 � 2 events/h,
ESS ¼ 6 � 3) and healthy controls (n ¼ 20, age ¼ 66 � 10 y,
ESS ¼ 6 � 3). In both OSA groups, memory complaints were
significantly more frequent than in healthy controls (prevalence of
95% with residual sleepiness, and 65% without residual sleepiness).
Both OSA groups also reported more inattention complaints
compared to healthy controls. These data show that cognitive
complaints may persist even after successful CPAP treatment.

Factors associated with cognitive complaints

Although cognitive complaints are common among OSA pa-
tients, clearly not every patient is affected to the same degree and
reports the same type of cognitive dysfunction. Next, we will re-
view possible determinants of cognitive complaints, focusing on
the relation with objective cognitive functioning, daytime sleepi-
ness and mood problems.

Cognitive complaints versus objective cognitive functioning
Research in healthy subjects as well as non-sleep disorder pa-

tient populations (such as cerebrovascular disease) has shown that
the relation between cognitive complaints and objective cognitive
functioning is often rather weak or even absent [24,26,52]. Studies
in OSA patients support this finding [6,7,51]. Daurat et al. [7] did not
find significant correlations between the performance on an
episodic memory test and subjective ratings for memory capacity
(r ¼ .09, p ¼ .68), subjective memory stability (r ¼ .08, p ¼ .68) or
anxiety about memory (r¼ .06, p¼ .77). Chen et al. studied possible
correlations between cognitive tests for attention, memory, and
executive function and subjective ratings for attention, vigilance,
memory, learning, abstract thinking, problem solving, emotional
control and motivation [6]. Of the resulting 252 Pearson correlation
coefficients, none were significant. As reported earlier Vernet et al.
[51] found that even after successful CPAP treatment, patients still
often reported memory and inattention complaints. Interestingly,
this was in the absence of objective impairments on tests for
memory, attention and executive function. No correlations were
calculated between subjective and objective measures of cognition
in this study.

Cognitive complaints and sleepiness
Findings on correlations between cognitive complaints and

sleepiness scores are summarized in Table 7. Both Chen et al. [6] and
Sangal and Sangal [48] found complaints on attention to correlate
with subjective sleepiness (with r-values above .41). Findings for
memory complaints were less consistent. Chen et al. [6] found
memory complaints and learning problems to correlate with sub-
jective sleepiness (r¼ .33). In contrast, Daurat et al. [7] failed to find
correlations between memory complaint ratings and subjective
sleepiness. Regarding executive function, correlations were found
for emotional control, motivation problems, abstract thinking and
problem solving (r > .35). Mulgrew et al. [47] used multivariable
logistic regression analyses and found that subjective sleepiness
predicted complaints of time management difficulties in OSA pa-
tients. Unfortunately, none of the studies explored the association
between cognitive complaints and objective measures of
sleepiness.

Findings comparing cognitive complaints between OSA patients
with and without daytime sleepiness are summarized in Table 8.



Practice points

- OSA patients often report complaints with regard to

concentration, memory and executive function.

- Concentration problems are worse in OSA compared to

primary snorers and healthy controls.

- OSA patients with high levels of subjective sleepiness are

more likely to report cognitive complaints.

- Cognitive complaints are not necessarily a sign of objec-

tive cognitive impairments in OSA.

- There are data indicating that cognitive complaints may

persist even after successful CPAP treatment.
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Subjects in the reported studies were matched for AHI or RDI. Pa-
tients with sleepiness were more likely to report complaints about
concentration [49] and difficulties with time management and
cognitivework tasks [47]. After successful CPAP treatment, memory
and inattention complaints were elevated in patients with residual
sleepiness, compared to non-sleepy patients [51].

Cognitive complaints and mood problems
Cognitive complaints, particularly memory complaints, have

often been associated with mood problems in the general popu-
lation and in non-sleep disorder patients [24,25]. In these groups
mood problems were shown to be an even stronger predictor for
memory complaints than actual impairments in objective memory
function [26,53e55]. It is therefore surprising that no study to date
has reported on possible associations between cognitive com-
plaints and mood problems in OSA. As more than a quarter of OSA
patients report significant depressive symptoms and 20% are esti-
mated to suffer from a depressive syndrome [56], it is not unlikely
that mood problems may be a mediator of cognitive complaints in
OSA as well.

Discussion

Cognitive complaints have repeatedly been linked to quality of
life, work productivity and health care utilization in the general
population [32e34] and medical populations such as cancer pa-
tients [24,35,36]. In addition to indicators of objective cognitive
functioning, cognitive complaints are therefore an important
patient outcome measure in OSA. In this paper, we reviewed the
current knowledge on cognitive complaints in OSA. Several
studies showed an increased prevalence of concentration com-
plaints in OSA patients. The same may be true for memory and
executive function problems, but firm conclusions are not
possible due to methodological limitations of the (few) available
studies. OSA patients with higher level of subjective sleepiness
seem to report cognitive complaints more often. Importantly,
cognitive complaints are not necessarily a sign of objective
cognitive impairment.

The results of the review stress the importance of differentiating
between objective cognitive functioning and cognitive complaints.
In accordance with findings in other medical populations, no evi-
dence was found for a relation between objective cognitive func-
tioning and cognitive complaints in OSA. In fact, cognitive
complaints in OSA may be reported in the absence of objective
cognitive impairments. There are several possible explanations for
this lack of relation. Firstly, current validated objective tests for
cognition are designed to detect cognitive impairments in brain-
injured patients and not to specifically assess cognitive impair-
ments in OSA. For example, alertness may fluctuate across different
environmental circumstances in OSA patients, while most objective
cognitive tests only assess cognitive performance under maximum
levels of alertness, potentially masking everyday cognitive failures
in sleep apnea. Secondly, cognitive complaints are typically rated
over a longer time period, including different circumstances,
whereas objective measures only assess cognition at one point in
time and under conditions often not comparable to everyday life.
Finally, cognitive complaints may be secondary to other daytime
symptoms in OSA and not purely related to objective impairments
in cognitive performance. So far, only the relation between sub-
jective sleepiness and cognitive complaints has been studied. In
other medical populations it has been proposed cognitive com-
plaints are a sign of psychological distress rather than objective
cognitive impairments [39]. This hypothesis certainly warrants
further exploration in OSA, for it could potentially guide treatment
strategies for persisting cognitive complaints.
Meta-analyses have shown that CPAP improves objective
cognitive functioning [19], and reduces sleepiness complaints
[57,58] andmood problems [58]. No randomized controlled trial on
CPAP has used cognitive complaints as an outcome measure. Only
one of the reviewed studies [47] performed follow-up after CPAP
therapy, showing a positive effect of the intervention on cognitive
complaints. A large dropout rate and lack of a control groupmade it
however unclear whether CPAP was the primary cause of this
improvement. A study by Vernett et al. [51] showed that even after
successful CPAP cognitive complaints may persist, underscoring the
importance of improving our understanding of the effect of CPAP
on cognitive complaints.

The number of studies on cognitive complaints in OSA is still
limited. Moreover, methodological limitations of the available
studies limit the extent to which firm conclusions can be drawn.
Only concentration complaints were consistently found to be more
severe in untreated OSA patients as compared to primary snorers
and healthy controls. Findings on OSA and memory complaints
were inconsistent, most likely due to the various types of outcome
parameters used for memory complaints, small sample sizes and
different types of control groups. Subjective measures for executive
function were used in only two studies, yielding inconsistent
findings on its relation with OSA.

Given the clinical importance of cognitive complaints, there is a
clear need for future studies on this topic in OSA. It will be
important that severity measures are included, both for the
number of nocturnal respiratory events and daytime symptoms,
especially sleepiness. As cognitive complaints are prevalent in
other medical populations and even the general population, the
inclusion of well-specified control groups is of paramount
importance. Most important however would be the use of more
unified measures for cognitive complaints, that cover domains
typically affected in OSA. Validated questionnaires covering
various types of cognitive complaints are available, with cut-off
scores that distinguish normal levels of cognitive complaints
from clinically significant complaints based on general population
norms. Examples include the multifactorial memory questionnaire
(MMQ) [59,60] for memory complaints, and the behavior rating
inventory of executive function (BRIEF) [61] for complaints related
to executive function.

We have shown that the literature on cognitive complaints in
OSA is far less extensive than studies on objective cognitive func-
tioning. Because of methodological limitations, only firm conclu-
sions can be drawn regarding an increase in concentration
problems in OSA, although memory complaints and complaints
related to executive function may also be affected. Cognitive com-
plaints appear to be at least partially related to subjective sleepi-
ness and may not necessarily be a sign of objective cognitive
impairment.



Research agenda

- Studies on cognition in OSA should include both mea-

sures of objective cognitive functioning and measures of

cognitive complaints, as these are related to different as-

pects of daytime functioning.

- Cognitive complaints in OSA patients should be studied

using validated and norm-referenced questionnaires

covering cognitive domains typically affected in this

population (memory, concentration and executive

function).

- The relation between cognitive complaints and sleepiness

and mood problems warrants further study, as both are

potential determinants of cognitive complaints in OSA.
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