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Summary: Impairment of cognitive executive functions previously has been suspected to occur in association with
sleep apnea syndrome (SAS), as suggested by some neuropsychological studies. However, such functions have not
been assessed directly. In the present study, 17 patients with SAS were evaluated with various focused frontal lobe-
related tests in comparison with 17 normal controls. Such tasks explored attention, short-term memory spans,
learning abilities, planning and programming capacities, categorizing activities and verbal fluency. Patients were
found to have a significantly decreased ability to initiate new mental processes and to inhibit automatic ones, in
conjunction with a tendency for perseverative errors. They were also affected with deficits of verbal and visual
learning abilities and had reduced memory spans. Such defects were further evaluated via logistic regression against
two criteria of the severity of the disease: the number of apneas and hypopneas per hour of sleep and the level of
nocturnal hypoxemia. Memory deficits were rather related to the former, whereas typical frontal lobe-related
abnormalities seemed rather consistent with the latter. These findings are discussed in light of data from the literature
concerning cognitive impairments described for patients with isolated daytime sleepiness versus hypoxemia, as
illustrated in other pathological or physiological circumstances. Key Words: Sleep apnea syndrome—Neuropsy-

chology—Executive functions.

Sleep apnea syndrome (SAS) is a common disorder
affecting more than 4% of the general adult population
(1,2) and more than 25% of the elderly (over age 65)
(3). The chief clinical consequence of obstructive sleep
apnea is excessive daytime sleepiness, thought to be
related both to the fragmentation of sleep by recurrent
arousals and to the effects of hypoxemia on cerebral
function (4-11). Cerebral blood flow changes associ-
ated with apneas may also contribute to the impair-
ment of brain activity (12-15).

Besides the common impairment of daytime vigi-
lance, psychological alterations have been reported,
such as irritability, impatience or even depressive
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manifestations (16). Moreover, apneic patients have
been found with cognitive impairments, including def-
icits in attention and visio-motor abilities (17,18), long-
term memory (18,19) and intellectual efficiency (18,20~
22). In most studies, data have suggested an impair-
ment of the so-called “executive functions”, a concept
initially introduced by Luria and Lezak (23,24) to de-
fine cognitive functions such as planning, program-
ming, regulation and verification of goal-directed be-
havior. Hence, there is ample evidence, both from
animal and human studies, that the prefrontal cortex
might be the neuroanatomical substrate for these func-
tions (23,24).

Low intellectual performances of SAS patients have
been evaluated by the use of global assessment scales
without a priori assumption on the underlying cogni-
tive functions involved. Therefore, the present study
was designed to evaluate in patients with SAS some
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limited patterns of daytime intellectual abilities, par-
ticularly the executive functions. In light of the results
already found using global assessment scales, this ex-
periment focused on different aspects of frontal-related
cognitive functions: memory (short- and long-term
memory, verbal and visual memory), selective atten-
tion (with shift and focus components), verbal fluency,
planning abilities and mental flexibility.

METHODS
Subjects

Seventeen male SAS patients, 27-76 years of age [49
+ 3 years (mean + SEM)], complaining of daytime
sleepiness were eligible for inclusion. Their acceptance
in the study was based on consecutive choice. Subjects
who were taking medications that could interfere with
cognitive efficiency, those with depressive manifesta-
tions [i.e. with a score above 10 (out of 59) on Beck’s
evaluation scale (25)], cerebral insult, narcolepsia and
daytime impairment of respiratory function were ex-
cluded from the study.

Volunteer clinically normal male controls (n = 17),
devoid of known or suspected alcohol or drug abuse
and without history of learning disabilities, cerebral
insult of any etiology or sleep disorder, matched for
age (mean = SEM = 49 =+ 3 years), verbal IQ (26) (106
+ 4 for SAS patients and 107 =+ 2 for controls) and
school education level, were selected from the general
population.

Sleep apnea syndrome patients were included after
1 night of polysomnography (27), wherein sleep was
recorded and scored according to standard methods,
including central and occipital electroencephalogram,
chin electromyogram, electrooculogram and electro-
cardiogram (28). Polysomnography included oxygen
saturation (Sa0,) by transcutaneous oxymetry, airflow
measurement both at nose and mouth levels with
thermistors, and thoracic and abdominal movements
monitored by uncalibrated impedance plethysmogra-
phy (29). All patients studied had a respiratory dis-
turbance index (RDI, defined as the number of apneas
and hypopneas per hour of sleep) greater than 10. In
absence of universally admitted criteria for objective
assessment of the severity of SAS, patients with an
RDI below 40 were arbitrarily considered moderately
apneic (n = 7), whereas those with an index above 40
were classified as severe (n = 10). Severity of hypox-
emia was defined according to the cumulated sleep
time spent at Sa0, levels <85%. SAS patients were
arbitrarily considered moderately hypoxemic (n = 10)
when the duration of Sa0O, <85% remained below 10
minutes, and were classified as severely hypoxemic (n
= 7) for durations exceeding 10 minutes.
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Experimental procedure: neuropsychological
assessment

All SAS patients were tested between 3:00 and 6:00
p.m. on the day following the night of polysomnog-
raphy.

Attentional capacity

Trail-making test (30). This test required the subject
1o draw lines by connecting numbers (part A) or num-
bers in alternance with letters (part B) as quickly as
possible. Both tests were timed, and scoring was based
on the test duration in seconds (TMA, TMB).

Digit cancellation task. This test, taken from Pacaud
(31), consisted of 20 rows of 15 digits from which all
digits “2” placed between two odd numbers and all
digits “7” placed between two even numbers had to
be crossed out within 1 minute 30 seconds. Scoring
(DBL-CANC) was defined as the number of correct
crossings from which the number of omissions and
errors was subtracted.

Stroop-color test. This test evaluated resistance to
interference and measured the ease and rapidity of
shifting from a perceptual set {0 another changing de-
mand. This required the subject to suppress habitual
responses in favor of an unusual other one (32). Briefly,
it consisted of three white cards, each containing 10
rows of 10 items. After having named the color of dots
(blue, red, green), each subject was asked to read the
color names (blue, red, green), all printed in black, and
then to name the color in which the color names are
printed (and not the written names themselves, color
names being printed with disparate colors), thus dis-
regarding their verbal content. The time to complete
this last task increased significantly and such a speed
decrease is called “the interference effect” (STROOP).

Memory efficiency

Short-term and working memory: verbal span (DIG-
IT). This function was assessed with the WAIS-R digit
span procedure (33). The span length for the digits
repeated in the same order as presented and that for
the digit recalled in inverse order (DIGIT-INV) were
both recorded. Visual span was assessed by Corsi’s
block-tapping tasks described by Milner (34). The span
length (CORSI) was the longest sequence the subject
could reproduce.

Double-encoding task. This task is supposed to re-
quire much more diligent attentional resources than
the isolated verbal or visual tasks. It requires the sub-
ject to encode both words presented sequentially and
their specific locationson a § x 5 box matrix. Presen-
tation of the respective words within the empty matrix
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was achieved on a computer screen by displaying them
* one by one in the appropriate box for 1.5 seconds.
After a 4-second delay, the subject had to recall the
words at their correct locations. The task began at the
simplest level of difficulty (only one word presented)
followed by increments of one additional word and
further, as long as the subject remained successful. The
“double-codage” span was calculated as the longest
sequence of words at their appropriate locations suc-
cessfully recalled (DC-SPAN). To evaluate the addi-
tional difficulty requested from the subject for such a
double-codage performance, the scoring of verbal span
alone (VERB-SPAN) and visual span alone (VIS-
SPAN) was also performed. This was ensured with two
different procedures where the subjects had, in one
case, to only recall the words presented without specific
location (VERB-SPAN), whereas in the other case they
only had to show the recalled location of the appro-
priate boxes, which were presented by flashing them
empty, without any word inside (VIS-SPAN).

Long-term memory

The procedures testing long-term memory were based
on serial learning, where the presented lists of items
were longer than the common span length. They were
chosen because they involve active memory strategies
highly sensitive to frontal lobe-related dysfunctions.

Verbal learning test. According to the selective re-
minding procedure of Buschke (35), subjects were asked
to learn a list of 10 names of animals [their frequency
of occurrence in French being less than 20 (36)]. The
entire list was read aloud once before the first recall
trial. In subsequent trials, subjects were selectively re-
minded only of those items which were not recalled
by them on the immediately preceding trial. They had
to try to recall in any order all 10 items at each trial.
Learning proceeded up to the criterion of two consec-
utive recalls of the entire list over a maximum of 10
trials. Verbal recall performance (VER-L) was deter-
mined from the mean of correct responses from which
the mean of errors per trial (i.e. repetitions and addi-
tional names) was subtracted. After a 30-minute delay,
during which the subjects performed other tasks, par-
ticipants were asked to recall again the entire list. Ver-
bal forgetting in percent (VER-F) was then calculated
(ratio in percent of the difference between the number
of names recalled before and after the 30-minute delay
to the number of recalled items before this delay).

Visual learning test. Subjects were asked to learn the
precise location of 10 black boxes placedona § x §
white matrix and presented over 30 seconds. The entire
pattern was presented at each trial. After each presen-
tation, subjects blackened the 10 remembered loca-
tions on a similar but empty matrix. Visual learning

proceeded up to the criterion of two consecutive cor-
rect recalls of the entire pattern over a maximum of
10 trials. Visual learning performance (VIS-L) was de-
termined as the mean of correct responses to which
the mean of errors per trial was subtracted. After a 30-
minute delay, during which time the subjects per-
formed other tasks, they had to recall again the same
visual pattern. Visual forgetting in percent (VIS-F) was
then calculated in the same way as for verbal forgetting.

Frontal lobe functions

Subjects were evaluated with tests classically used
for the intellectual assessment of patients with frontal
lobe-related lesions.

The Modified Wisconsin card sorting test (37). This
test is considered to be a test of “abstract of behavior”
and of “shift of set” (38). Briefly, the subjects were
asked to sort a set of 48 cards by category (color, form
and number) so that they matched one of the four target
cards. In addition they had to modify their responses
according to the feedback received from the experi-
menter. Performances were scored in terms of cate-
gories achieved (maximum six) (WISC-CAT), total of
errors (WISC-ERR) and percentage of perseverative
errors (WISC-PER).

Test of verbal fluency. Subjects were told to say as
many words as possible, within 1 minute, beginning
with a letter of the alphabet provided by the examiner
(P, L, F here). Proper names were not allowed. The
number of correct words produced per letter in | min-
ute was recorded (FLUENCY-P, FLUENCY-L, FLU-
ENCY-F).

Tower of “Toronto’ (39). A simplified version of the
tower of Hanoi (40) was chosen to assess planning
ability of the subjects in a problem-solving situation.
The subjects had to move three then four discs from
an initial configuration into a goal configuration within
a minimum number of moves. Three different trials
were allowed in the three-disc experiment and four in
the four-disc one. Then a simple tally of the number
of moves per trial (without counting illegal moves) was
tabulated, and the mean number of moves per disc
experiment (TOWER-3, TOWER-4) was recorded.

The twenty questions procedure. This test, as used
by Goldstein and Levin (41), was chosen to evaluate
subjects’ strategies in verbal problem-solving tasks.
Subjects had to organize and shift their response sets
according to the feedback provided by the examiner
and then evaluate their final performance. In this study,
only the first five questions asked by the subjects were
recorded (QUEST); scoring took into account only the
“constraint” ones (i.e. those categorizing at least two
or more different pictures among the 42 presented).
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Statistical analysis

Graphic analysis of each variable from the various
recorded neuropsychological data was performed with
the use of SYSTAT 5.2 software, for assessing distri-
bution and continuity. Kurtosis and skewness were
also calculated and checked for superior limits set at
1.5 and 1.0, respectively. Because most of these vari-
ables appeared as discontinuous, not normally distrib-
uted or/and with kurtosis and skewness indexes above
the set limits, all further comparisons between the data
from control subjects and SAS patients were performed
with the use of nonparametric tests (Mann Whitney
and Kruskall-Wallis tests from SYSTAT 5.2) with sig-
nificance limits set at p < 0.03.

To evaluate the predictive accuracy of the various
neuropsychological tests used here, logistic regression
analysis was performed with the help of the SPSS/PC+
4.0 software package. First, the event of SAS occur-
rence was tested as the dependent variable (0 = con-
trols, 1 = SAS). Building of the model was facilitated
by both forward and backward stepwise methods.
Goodness of fit of the model was assessed via the cri-
terion of —2 times the log of likelihood (-2 LL), its
chi-square classification table and improvement, fol-
lowed by the resulting global classification table. The
histogram distribution of estimated probabilities for
the various cases (class plot) completed the assessment
of the model. A “receiver operating characteristics”
(ROC) statistical procedure was also checked to eval-
uate the accuracy of the model for predictive purposes
(42). This was ensured by calculating the sensitivity
and the specificity of the model over a range of arbi-
trarily chosen cut-off points of the probability (within
0-1 limits) as predicted by the model (43). Secondly,
the same logistic regression procedure followed by ROC
analysis was further applied to the neuropsychological
data from the SAS patient population, with the de-
pendent variable used for establishing the models ei-
ther discriminating between severe and moderate hyp-
oxemia or between severe and moderate apneic patients.

RESULTS

The 17 SAS patients had a body mass index (BMI)
of32.4 + 1.5 kg/m? (mean + SEM), ranging from 24.0
t0 46.8 kg/m?, an RDI of 41.0 + 4.5, with a minimum
of 14.2 and a maximum of 75.0. They had a diurnal
supine Sa0, of 93.6 + 0.5%, ranging from 90.0% to
97.0%, PaO, of 70.9 + 2.7 mm Hg, ranging from 57.0
mm Hg to 90.0 mm Hg and PaCO, of 40.0 = 0.7 mm
Hg, ranging from 35.0 mm Hg to 42.0 mm Hg.

The neuropsychological performances of SAS pa-
tients and their matched control subjects are presented
in Table 1. When considering the tests that primarily
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evaluated attention-related processes, only the
STROOP test gave significantly different results in SAS
patients versus age-matched control subjects (U =
92.00; p < 0.05). Accordingly, our SAS patients seemed
not to have obvious difficulties in performing tasks in
which focal attention and even shifting processes are
required as evaluated by TMA, TMB and DBL-CANC,
at least when these tests remained of short duration
(<2 minutes).

In all the tasks where short-term memory (verbal,
visual as well as working memory) was evaluated, the
performances of SAS patients were significantly worse
than those of age-matched control subjects. In the case
of working memory evaluation, both VERB-SPAN and
VIS-SPAN, tested separately, were significantly im-
paired (U = 79.00; p = 0.035 for VERB-SPAN and U
=70.50; p=0.015 for VIS-SPAN). These defects could
themselves account for the decrease in the perfor-
mances found in DC-SPAN. To evaluate more pre-
cisely whether the additional attention resources typ-
ically involved in such double-codage tasks were also
reduced in the SAS patients, the differences between
VIS-SPAN and DC-SPAN on one hand, VERB-SPAN
and DC-SPAN on the other, were also analyzed. No
differential effect could be found between SAS patients
and their age-matched control subjects.

In SAS patients, long-term memory efficiency was
also significantly decreased, both for verbal and visual
data. The impairment involved only the learning part
of the tasks (U = 61.50; p = 0.004 for VER-L, U =
73.50; p = 0.024 for VIS-L), whereas SAS patients did
not forget learned data more than control subjects
(VER-F, VIS-F). It is worth noting that such a lack of
forgetting deficit is not attributable to a too pronounced
deficit of learning abilities (see VIS-L and VER-L val-
ues in Table 1).

When considering the performances in the tasks
commonly sensitive to frontal lobe dysfunction, our
SAS patients had significant impairments in the TOW-
ER test with three discs (U = 118; p = 0.05), but not
with four discs. In addition, scores on the Wisconsin
card sorting test were only slightly reduced. Effectively,
the WISC-CAT criterion is not significantly different
in the SAS patients versus age-matched control sub-
jects (only a tendency at p = 0.069 could be found).
SAS patients also did not produce more errors (WISC-
ERR) than age-matched control subjects. However,
when they did, they persevered significantly more (U
= 198.50; p = 0.05 for WISC-PER). Finally, their per-
formances in the QUEST and their verbal fluency were
not significantly different from age-matched control
subjects, no matter which letter was being presented
(P, ForL).

In order to evaluate how much these various cog-
nitive tests were able to predict the dysfunctions found
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TABLE 1. Comparisons of neuropsychological tests scores for SAS patients and control subjects
SAS patients Control subjects U Mann-Whitney
Variables Tests Mean SEM Mean SEM probability
Age 49.06 3.02 49.12 2.95 ns
Verbal IQ Binois-Pichot 105.82 3.93 107.00 2.27 ns
Attention TMA (seconds) 38.82 3.67 40.65 3.55 ns
TMB (seconds) 99.41 10.53 96.47 10.10 ns
DBL-CANC 15.06 2.06 19.29 1.06 ns
STROOP -5.06 1.73 -0.82 0.65 0.05
Short-term memory DIGIT 5.76 0.33 6.59 0.21 0.05
DIGIT-INV 4.23 0.30 5.47 0.21 0.003
CORSI 5.29 0.21 6.53 0.30 0.002
VERB-SPAN 4.75 0.27 5.62 0.26 0.035
VIS-SPAN 3.59 0.25 4,44 0.18 0.015
DC-SPAN 2.78 0.22 3.79 0.19 0.002
Long-term memory VER-L 7.96 0.19 8.54 0.26 0.004
VER-F (%) 5.88 1.73 8.65 2.02 ns
VIS-L 5.51 0.68 7.66 0.39 0.024
VIS-F (%) —10.50 5.92 1.47 4.57 ns
Related-frontal function WISC-CAT 5.53 0.21 5.94 0.06 0.069
WISC-ERR 7.18 1.25 4.59 0.53 ns
WISC-PER 34.29 7.06 16.06 391 0.05
FLUENCY-P 12.76 0.99 14.00 193 ns
FLUENCY-F 11.00 0.99 12.29 0.77 ns
FLUENCY-L 10.06 0.91 11.41 0.82 ns
TOWER-3 10.75 0.91 8.63 0.33 0.05
TOWER-4 25.89 1.68 23.76 0.97 ns
QUEST 9.87 1.09 11.53 0.54 ns

in SAS patients in comparison with control subjects,
a logistic regression model was built. For such a pur-
pose, the variables initially introduced were those for
which significant differences or tendencies were ob-
tained after bivariate comparisons (Table 1). After per-
forming backward and forward stepwise methods, a
final model was found showing an overall 93.94% cor-
rect classification. The variables in this model were
STROOP, DC-SPAN, VIS-L, TOWER-3 and TOW-
ER-4. As illustrated in Table 2, odds ratios were max-
imal for TOWER-3, followed by the STROOP-color
test, for which the odds ratio remained within the (0-
1) limits. In the case of the STROOP test, where scores
were higher when performances were better, results
were thus inversely related to those of TOWER-3. For

TABLE 2. Results of the logistic regression model applied
to control subjects versus the whole set of patients

exp exp
B-196 B+ 1.96
Tests B SEM exp(B) SEM) SEM)
STROOP —-0.4708 0.2048 0.6245 0418 0.933
DC-SPAN -1.1815 0.7964 0.3068 0.0644 1.4614
VIS-L -0.977 0.5507 0.3764 0.1279 1.1078
TOWER-3 0.9865 0.6132 2.6818 0.8062 8.9209
TOWER-4 —0.4988 0.2835 0.6073 0.3484 1.0585
Constant 12.3353 6.8635 — — -

B = calculated coefficients of the best fit model; SEM = standard
error of the mean for the calculated coefficients; exp(B) = exponential
of B, an index of the odds ratio level for the corresponding item.

the other variables (DC-SPAN, VIS-L and TOWER-
4), the confidence limits of exp(B) crossed through the
limit value of 1, thus excluding them from any major
contribution in predicting cognitive disabilities of our
patients. ROC analysis, used as a control, confirmed
the quality of the model.

To take into account some of the pathological mech-
anisms likely to contribute to the cognitive disabilities
found in the SAS patients, the respective contributions
of the number of respiratory events and the time spent
overnight in hypoxemia were further evaluated. For
such a purpose, SAS patients were arbitrarily subdi-
vided into two subcategories: moderately or severely
apneic and moderately or severely hypoxemic. The
comparison of the neuropsychological performances
from moderately apneic SAS patients and severely ap-
neic ones tested with nonparametric tests revealed that
only WISC-CAT scores were significantly different (U
= 52.50; p = 0.033) between both subcategories of SAS
patients; WISC-ERR scores were beyond the level of
significance (U = 15.50; p = 0.056). When comparing
the performances of moderately hypoxemic SAS pa-
tients with those of the severely hypoxemic ones, only
WISC-ERR scores were significantly different (U= 7.00;
p = 0.006); WISC-CAT and FLUENCY-F scores were
the closest to significance (U = 49.50; p = 0.078 for
WISC-CAT and U= 53.50; p = 0.069 for FLUENCY-
F)

Multivariate analysis performed via logistic regres-
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TABLE 3. Results of the logistic regression model applied TABLE 4. Results of the logistic regression model applied

to moderately apneic patients versus severely apneic ones

Tests B exp(B)
STROOP 7.6864 2,178.55
DIGIT 65.7994 377 E + 28
DIGIT-INV —78.7325 0
VIS-SPAN 44.7193 264 E+ 19
VER-L 11.0669 64,014.15
VIS-L 23.0836 1.06 E + 10
WISC-PER 1.4680 4,34
TOWER-3 —21.8049 0
TOWER-4 12.9109 404,697.20
Constant —536.318

B = calculated coefficients of the best fit model; exp(B) = expo-
nential of B, an index of the odds ratio level for the corresponding
item.

sion allowed us to build a model that fitted either ap-
neic or hypoxemic subcategories (each being subdivid-
ed as moderately and severely affected). Each model
could reach an overall 100% correct classification. With
the help of backward and forward stepwise method-
ology and by testing the overall classification obtained,
it was possible to select the most important neuropsy-
chological tests that remained necessary in each model
to maintain an overall 100% final correct classification.
These tests with their respective B factor and exp(B)
values (i.e. odds ratios) are presented in Table 3 for
the severity of apneas and in Table 4 for the severity
of hypoxemia. Performances in the DIGIT, VIS-SPAN
and VIS-L tests, followed by those in the TOWER-4
and VER-L tests, appear most predictive of the severity
of apneas (Table 3), whereas performances in the DIG-
1T, WISC-CAT and WISC-ERR seem rather predic-
tive of the severity of hypoxemia (Table 4). Because
low scores in the DIGIT test participate in the predic-
tive model of the severity of both severe apneas and
severe hypoxemia with a high odds ratio in both cases,
one may thus consider that the DIGIT test contributes
to the evaluation of the global severity of the disease,
at least when considering its consequences on cognitive
functions. On the other hand, the Wisconsin card sort-
ing test and particularly the WISC-ERR scores (and
perhaps also the related WISC-CAT ones) are likely to
be predictive of the deleterious effects of a severe hyp-
oxemia on cognitive performances of SAS patients. It
is noteworthy that although SAS patients classified as
severely apneic were most often also severely hypox-
emic, there still remained others that would be clas-
sified as severely apneic without being also severely
hypoxemic. Such patients correspond to those with a
high number of apneic episodes of short duration with-
out profound desaturations, because they exhibit a nor-
mal pulmonary volume and a high initial saturation.
This is usually found in younger subjects with normal
lung function who are not obese or are only moderately
sO.
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to moderately hypoxemic patients versus severely hypoxemic

ones
Tests B exp(B)
DIGIT 45.4434 544 E+ 19
DIGIT-INV —23.1347 0
CORSI —-25.6633 0
DC-SPAN —25.7475 0
WISC-CAT 43,2502 6.07 E+ 18
WISC-ERR 12.9964 440,811.90
Constant —301.7560

B = calculated coefficients of the best fit model; exp(B) = expo-
nential of B, an index of the odds ratio level for the corresponding
item.

DISCUSSION

Patients with SAS suffer both from night sleep frag-
mentation, due to repetitive apneic episodes, and in-
termittent nocturnal oxyhemoglobin desaturation. They
have been shown to be affected by cognitive impair-
ments (17-22). The present study sought to evaluate
their cognitive functions with more selective tasks than
those previously used. Furthermore, it focused mainly
on mental processes known to involve frontal net-
works.

When comparing the SAS patients to their age-
matched control subjects, the tests classically sensitive
to attention-related disturbances did not show signif-
icant abnormalities, except for the STROOP-color test.
Although the STROOP test involves focal attention
and shifting processes, as do TMA, TMB and DBL-
CANC tests, it further takes into account the capacity
to resist interferences by inhibiting stereotyped re-
sponses. Therefore, such a capacity appears to be im-
paired in SAS patients. However, Bédard et al. (18)
found reduced attentional capacities via TMB, letters
cancellation and digit-symbol tests, but this appeared
effective only when the most severely affected patients
were compared to control subjects. In our population,
the resistance to interferences, as shown via the
STROOQP test, was disturbed even when considering
the complete set of patients. This defect, without a
concomitant decreased ability to rapidly detect stimuli,
at least for a reduced period of time, emphasizes the
propensity of these patients for distraction, as is clas-
sically found in frontal lobe deficits.

Memory impairment has also been reported to oc-
cur, as evidenced from tests like the Wechsler Memory
Scale (44) and Rey-Osterrieth Figure (45). However,
these studies did not clearly differentiate short-term
versus long-term memory processes. In the present
study we have shown that performances in short-term
memory were altered regardless of the nature of in-
formation used, verbal or visual (VERB-SPAN and
DIGIT, or VIS-SPAN and CORSI), or the lag between
presentation and retrieval (0 second for DIGIT and

Zz0z 1snbny 0z uo 1senb Aq 82961/2Z/Sh/1/8 L /8|01 e /des|s/Wwod dno olwapede//:sdly woly pspeojumoq




COGNITIVE DEFICITS IN SAS 49

CORSI, 4 seconds for VERB-SPAN, VIS-SPAN and
DC-SPAN). Likewise, the double-encoding task, which
is supposed to involve much higher attentional re-
sources than the isolated verbal or visual ones, was
also significantly impaired. However, because of the
reduced short-term memory abilities found for isolated
verbal and visual information, the defect in the double-
encoding task cannot be attributable typically to an
additional deficit of working memory. This lack of
additional defect is not due to a too low single span,
because VERB-SPAN or VIS-SPAN, although de-
creased, did not decline dramatically.

Decreased retention has been reported in long-term
memory of apneic patients (18,19). The weakness of
the procedures used in these previous studies for as-
sessing forgetting processes resides on the absence of
equalization, at the presentation step, of the amount
of learning by the patients to the performances achieved
by the control subjects. Effectively, equalization ap-
pears necessary for a correct interpretation of the for-
getting curve. It is of course obvious that a defect, even
moderate, at the immediate recall step might be re-
sponsible for a significant worsening of the delayed
recall. In the case of Wechsler, Rey auditory learning
and Rey-Osterrieth Figure procedures, such method-
ological conditions are not taken into account. In the
present study, the tests used were able to equalize the
amount of learning and thus evaluate the amount of
forgetting on its own. It then becomes clear that SAS
patients, in fact, do not have forgetting disabilities
(VER-F and VIS-F), and their long-term memory def-
icits are related merely to a learning impairment
(VER-L and VIS-L). In light of these results, SAS pa-
tients appear to have memory disabilities quite differ-
ent from those found in amnesic patients with tem-
poral lesions, whose forgetting is the core disturbance
found (46). Therefore, the long-term memory deficits
of SAS patients rather appear in line with the memory
impairments encountered in patients with frontal lobe-
related disturbances [for review see Shimamura et al.
(47).

Although it has been suggested that SAS patients
could be affected by executive intellectual difficulties
[in particular planning and sequential thinking, which
are reminiscent of frontal dysfunctions (22)], except
for the TOWER-3, the tests used here, which are spe-
cifically sensitive to frontal lobe-related disabilities,
were not significantly impaired. The lack of significant
difference for TOWER-4, in contrast to TOWER-3,
would mean that SAS patients had difficulties initiating
an efficient strategy for performing the tasks, whereas
they were still able to achieve and generalize the task,
even when more difficult (TOWER-4 vs. TOWER-3),
once the solving strategy was found. The absence of
impairment in solving problems and in generalizing

cognitive strategy is confirmed by the lack of significant
difference in the performances on the QUEST test.
Likewise, the capacity of SAS patients in categorizing,
mental flexibility and shifting, as assessed by the Wis-
consin card sorting test, was only slightly reduced: no
significant difference for the WISC-CAT or WISC-ERR
criteria could be observed, only a significantly higher
amount of perseverations (WISC-PER). In addition,
verbal fluency (FLUENCY-P, -F or -L) also remained
not significantly altered. This surprising absence of im-
pairment on both the Wisconsin card sorting test and
in verbal fluency sharply contrasts with what is usually
found in patients with frontal lobe damage. However,
as observed when considering the results on the whole
set of cognitive tasks performed here, many of the
significant impairments found, such as in the STROQP-
color test, the verbal and visual learning tests,
TOWER-3 and the amount of perseverations in the
Wisconsin test, correspond to deficits functionally re-
lated to frontal lobe disabilities [for review see Craw-
ford et al. (48)]. Therefore, our results consistently con-
firm the assumption that SAS patients do have deficits
in their executive functions, but without the degree
seen in patients with frontal lobe lesions or related
subcortical abnormalities.

Among the various cognitive tasks carried out in
this study, the use of logistic regression for discrimi-
nating between the cognitive performances of our SAS
patients and their age-matched control subjects al-
lowed us to highlight the importance of the TOWER-3
and STROOP tests, the levels of their corresponding
odds ratios being the highest. Hence, such a logistic
regression model emphasizes here the importance of
difficulties found in SAS patients both to initiate a new
mental process (TOWER-3 and STROOP) and to in-
hibit an automatic one (STROOP). Altogether, these
deficits are suggestive of a dysfunction in the Super-
visor Attentional System, which is described as a cen-
tral component in the model of Norman and Shallice.
Processing by this system would take place when one
needs to suppress an alternative source of stimulation,
allowing one then to concentrate on a nonroutine as-
pect of the stimulus (49).

Apart from all these related defects, the question
remains of whether those concerning the impairment
of short-term memory might also be attributable to
the same altered frontal lobe-related process. Because
the various short-term memory tests used here did not
also include the tasks specifically devoted to evaluating
the involvement of the Supervisor Attentional System,
as recommended by Baddeley (50), this question still
remains open. It is yet worth noting that we did not
find any additional defect in the double-coding span
over the single verbal and visual spans taken individ-
ually. Hence, we cannot attribute the short-term mem-
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ory deficits found here to a typical working memory
impairment.

By subdividing the whole set of patients according
to their moderate or severe amount of apneas and hyp-
opneas, it was possible, with the help of logistic re-
gression, to point out the cognitive tests most sensitive
for categorizing these subsets of patients. DIGIT, VIS-
SPAN and VIS-L tests showed maximal odds ratio
when testing severity according to the apnea index,
with TOWER-4 and VER-L reaching quite lower val-
ues. These results thus emphasize the importance of
memory difficulties, particularly for visual informa-
tion. Bédard et al. (18) attributed attentional and mem-
ory deficits of SAS patients primarily to a decrease of
daytime vigilance. In addition, after suppression of
sleep apnea by continuous positive airway pressure,
they observed a significant improvement and even a
normalization of these attentional and memory defi-
cits, even if there remained some degree of persistent
impairment in daytime vigilance (51). Our findings are
consistent with these observations. However, it has to
be kept in mind that the decrease of memory and at-
tentional abilities has not proven to be solely related
to daytime sleepiness. Effectively, after 1 night of sleep
deprivation in healthy volunteers, such a deprivation-
induced daytime sleepiness has been reported not to
elicit any deficit in cognitive performances (52). Like-
wise, other studies have shown that hypoxemia levels
in SAS patients are in fact strongly correlated with the
tendency to fall asleep, as measured by the mainte-
nance of wakefulness test, a variant of the multiple
sleep latency test (53). In addition, sleep disruption
related to respiratory events has been reported to play
an important role in the pathogenesis of daytime sleep-
iness; such a role is probably not exclusive because the
reduction in sleep fragmentation after treatment does
not restore daytime vigilance to normal (54).

By applying the same type of logistic regression pro-
cedure to our SAS patients after categorizing them as
moderately or severely hypoxemic, the most promi-
nent predictive cognitive tests were DIGIT and WISC-
CAT, followed by WISC-ERR. The DIGIT test ap-
pears thus to be more generally impaired in severely
affected patients, whichever criterion of severity is con-
sidered, the index of sleep apneas or the level of noc-
turnal hypoxemia. However, performances in the Wis-
consin card sorting test, particularly when referring to
categorizing abilities and the number of errors pro-
duced, appear to be merely sensitive to the severity of
nocturnal hypoxemia. This points out the importance
of frontal lobe-related disabilities found in SAS pa-
tients with some emphasis on the hypoxemia-induced
effects.

Deficits of executive functions, such as planning and
shifting (24), have also been considered by others (22)
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as mostly attributable to the severity of nocturnal hyp-
oxemia, with only poor improvement after treatment.
This suggests that such deficits might be at least partly,
and particularly for the most severe patients, the results
of an irreversible anoxic disruption (51). This contrasts
with the neuropsychological deficits found in patients
with typical anoxic cerebral damage (55), whose cog-
nitive deficits concern merely memory and visio-per-
ceptive capacities. In the latter case the insult primarily
affects posterior and infero-temporal cortex and even
deep structures such as the cerebellum and the brain
stemn. One must be aware, however, that such anoxic
insults correspond mainly to an acute and massive
event and are thus quite different from the moderate
but chronic hypoxemic situation that prevails in SAS
patients.

In a less extreme situation, such as in climbers reach-
ing very high altitudes (up to 8,840 m) or being placed
at artificial comparable altitudes, hypoxemia is less
acute but still very important and has been reported
to produce declines in visual and verbal long-term
memory (56). In the same situation, others have found
mild impairments of concentration, short-term mem-
ory and cognitive flexibility (57). These reported data
resemble those found here in SAS patients, although
the magnitude of hypoxemia reached by these patients
is lower than that found at over 8,000 m altitude.
Interestingly, in patients suffering from continuous ob-
structive pulmonary disease with chronic hypoxemia
(but less acute and probably of lower amplitude than
in such climbers), similar neurobehavioral impair-
ments have also been reported (58).

With the help of the cognitive tests used here, it
becomes possible to discriminate between those tasks
which are more sensitive to the amount of sleep apneic
episodes and those which appear more relevant to their
hypoxemic consequences. However, such patterns of
results need to be confirmed further by testing through
prospective studies applied to large sets of SAS pa-
tients.

CONCLUSION

The results of the present study performed with fo-
cused cognitive tests allow us to conclude that exec-
utive functions, including the acquisition of informa-
tion for memory processing, are impaired in SAS
patients and are consistent with frontal dysfunctions.
These disabilities remain discrete when referring to
typical frontal lobe damage and might be the result of
chronic intermittent oxyhemoglobin desaturation
rather than daytime sleepiness.

Acknowledgements: This investigation received support
from CNRS GDR 978 to the Neuropsychology Unit, and

—

220z 1snbny 0z uo 1senb Aq 8z961/Z/ct/L/8L/e10nie/des|s/woo dnoolwspede//:sdiy woly papeojumo(q



COGNITIVE DEFICITS IN SAS 51

from the Centre Hospitalier Universitaire of Grenoble to the
Neurology and Neuropsychology Unit and to the Laboratory
of Neurophysiopathology of Sleep and Epilepsy at the De-
partment of Clinical and Biological Neurosciences. The au-
thors thank Marc Hommel for his advice and unlimited help
in the realization of the various steps of the statistical anal-
ysis. Thanks are also directed to Jean Luc Roulin for his
methodological advice, to Marc André Bédard and Isabelle
Rouleau for helpful discussions and to Jacques Montplaisir,
who kindly revised the manuscript.

10.

11.

12.

19.

20.

REFERENCES

. Lavie P. Incidence of sleep apnea in presumably healthy working

population: a significant relationship with excessive daytime
sleepiness. Sleep 1983;6:312-8.

. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Safwan B.

The occurrence of sleep-disordered breathing among middle-
aged adults. New Engl J Med 1993;29:1230-5.

. Ancoli-Israel S, Kripke DF, Klauber MR, Mason W], Fell R,

Kaplan OJ. Sleep-disordered breathing in community-dwelling
elderly. Sleep 1991;14:486-95.

. Guilleminault C, Tilkian A, Dement WC. The sleep apnea syn-

drome. Ann Rev Med 1976;27:465-84.

. Krieger J. Les syndromes d’apnées du sommeil de I’adulte. Rev

Electroencephalogr Neurophysiol Clin (Paris) 1987;17:121-57.

. Bédard MA, Montplaisir J, Richer F, Malo J. Sleep disruption

and nocturnal hypoxemia as a determinant of vigilance im-
pairment in sleep apnea syndrome, Chest 1991;100:367-71.

. Guilleminault C. Clinical features and evaluation of obstructive

apnea. In: Kryger MH, Roth T, Dement WC, eds. Principles
and practice of sleep medicine. Philadelphia: Saunders, 1989:
552-8.

. Guilleminault C, Partinen M, Quera-Salva MA, Hayes B, De-

ment WC, Nino-Murcia G. Determinants of daytime sleepiness
in obstructive sleep apnea. Chest 1988;24:32-7.

. Dement WC, Carskadon MA, Richardson G. Excessive daytime

sleepiness in sleep apnea syndrome. In: Guilleminault C, De-
ment WC, eds. Sleep apnea syndrome. New York: Liss AR,
1978:23-46.

Ancoli-Israel S, Kripke DF, Mason W], Dillon K, Fell RL.
Daytime sleepiness, sleep fragmentation and hypoxemia. Sleep
Res 1990;19:182.

Partinen M, Guilleminault C. Daytime sleepiness and vascular
morbidity at seven-year follow-up in obstructive sleep apnea
patients, Chest 1990;97:27-32.

Meyer ]S, Sakai F, Karacan I, Derman S, Yamamoto M. Sleep
apnea, narcolepsy and dreaming: regional cerebral hemodynam-
ics. Ann Neurol 1980;7:479-85.

. Loeppky JA, Miranda FG, Eldridge MW. Abnormal cerebro-

vascular responses to CO, in sleep apnea patients. Sleep 1984;
7:97-109.

. Siebler M, Nachtmann A. Cerebral hemodynamics in obstruc-

tive sleep apnea. Chest 1993;103:1118-9.

. Siebler M, Daffertshofer M, Hennerici M, Freund HJ. Cerebral

blood flow velocity alterations during obstructive sleep apnea
syndrome. Neurology 1990;40:1461-2.

. Cartwright RD, Knight S. Silent partners: the wives of sleep

apneic patients. Sleep 1987;10:244-8.

. Greenberg GD, Watson RK, Deptula D. Neuropsychological

dysfunction in sleep apnea. Sleep 1987;10:254-62.

. Bédard MA, Montplaisir J, Richer F, Rouleau I, Malo J. Ob-

structive sleep apnea syndrome: pathogenis of neuropsycholog-
ical deficits. J Clin Exp Neuropsychol 1991;13:950-64.

Berry DTR, Webb WB, Block AJ, Bauer RM, Switzer DA.
Nocturnal hypoxia and neuropsychological variables. J Clin Exp
Neuropsychol 1986,8:229-38.

Findley L, Barth JT, Powers DC, Withoit SC, Boyd DG, Scratt

21.

22.

23.
24,
25.

26.
27.

28.

29.
30.

31.
32.
33,
34.
35.
36.

37.
38.
39.
40.

41.
42,

43.

44,
45.
46.
47.

48.

PM. Cognitive impairment in patients with obstructive sleep
apnea and associated hypoxemia. Chest 1986;90:686-90.
Telakivi T, Kajaste S, Partinen M, Koskenvuo M, Slami T,
Kaprio J. Cognitive function in middle-aged snorers and con-
trols: role of excessive daytime somnolence and sleep related
hypoxic events. Sleep 1988;11:454-62.

Montplaisir J, Bédard MA, Richer F, Rouleau I. Neurobehav-
ioral manifestations in obstructive sleep apnea syndrome before
and after treatment with continuous positive airway pressure.
Sleep 1992;15 (Suppl):S17-S19.

Luria AR, ed. Higher cortical functions in man. London: Tavi-
stock, 1966.

Lezak MD. The problems of assessing executive functions. Int
J Psychol 1982;17:281-97.

Beck AT, Beamesderfer A. Assessment of depression: the de-
pression inventory in psychological measurements. Psycho-
pharmacology 1974;7:151-69. i

Binois R, Pichot P, eds. Test de vocabulaire. Paris: Editions du
Centre de Psychologie Appliquée, 1947.

American Thoracic Society. Indications and standards for car-
diopulmonary sleep studies. Am Rev Respir Dis 1989;139:559-
68.

Rechtschaffen A, Kales A, eds. 4 manual of standardized ter-
minology, techniques and scoring system for sleep stages of hu-
man subjects. Los Angeles: Brain Information Service/Brain Re-
search Institute, University of California at Los Angeles, 1968.
Lévy P, Pépin JL, Wuyam B, Veale D. Respiratory monitoring
in sleep apnea syndrome. Sleep 1992;15 (Suppl):S5-S8.

Army Individual Test Battery. Manual of directions and scoring.
Washington, DC: War Department, Adjutant General’s Office,
1944.

Pacaud S, ed. Test de barrage des chiffres. Paris: Etablissements
d’Applications Psychotechniques, 1974.

Golden CJ. Stroop color and word test. In: A manual for clinical
and experimental uses. Chicago: Stoelting Company, 1978.
Wechsler D, ed. Wechsler adult intelligence scale—revised man-
ual. Paris: Editions du Centre de Psychologie Appliquée, 1981.
Milner B. Interhemispheric differences in the localisation of
psychological processes in man. Br Med Bull 1971;27:272-7.
Buschke H. Selective reminding for analysis of memory and
learning, J Verb Learn Verb Behav 1973;12:543-50.

Juilland A, Brodin D, Davidovitch C. Frequency dictionary of
French words. In; Juilland A, ed. The Romance languages and
their structures. The Hague: Mouton, 1970.

Nelson HE. A modified card sorting test sensitive to frontal lobe
defects. Cortex 1976;12:313-24.

Lezak MD, ed. Neuropsychological assessment, 2nd ed. New
York: Oxford University Press, 1983.

Saint-Cyr JA, Taylor AE, Lang AE. Procedural learning and
neostriatal dysfunction in man. Brain 1988;111:941-59.
Cohen NJ, Eichenbaum H, Deacedo BS, Corkin S. Different
memory systems underlying acquisition of procedural and de-
clarative knowledge. Ann NY Acad Sci 1985;444:54-71.
Goldstein FC, Levin HS. Question-asking strategies after severe
closed head injury. Brain Cogn 1991;17:23-30.

Metz CE. Basic principles of ROC analysis. Semin Nucl Med
1978:8:283-9.

Vermont J, Bosson JL, Frangois P, Robert C, Rueff A, De-
mongeot J. Strategies for graphical threshold determination.
Comp Meth Prog Biomed 1991;35:141-50.

Wechsler D. A standardized memory scale for clinical use. J
Psychol 1945;19:87-95.

Osterrieth P. Le test de copie d’une figure complexe. Arch Psy-
chol 1944;30:206-356.

Mayes AR, ed. Human organic memory disorders. Cambridge:
Cambridge University Press, 1988. )

Shimamura AP, Janowsky JS, Squire LR. What is the role of
frontal damage in memory disorders? In: Levin HS, Eisenberg
HM, Benton AL, eds. Frontal lobe function and dysfunction.
New York: Oxford University Press, 1991:173-95.

Crawford JR, Parker M, McKinlay WW, eds. 4 handbook of
neuropsychological assessment. Hillsdale, NJ: Lawrence Erl-
baum Associates, 1992.

Sleep, Vol. 18, No. 1, 1995

220z 1snbny 0z uo 1senb Aq 8z961/2Z/ct/L/8L/e1one/des|s/woo dnoolwspede//:sdiy woly papeojumoq



52

49.

50.
51,

52.

53.

B. NAEGELE ET AL.

Shallice T. Specific impairments of planning, In: Broadbent DE,
Weiskrantz L, eds. The neuropsychology of cognitive function.
London: The Royal Society, 1982:199-209.

Baddeley AD, ed. Working memory. Oxford: Oxford University
Press, 1986.

Bédard MA, Montplaisir J, Richer F, Malo J, Rouleau I. Per-
sistent neuropsychological deficits and vigilance impairment in
sleep apnea syndrome after treatment with continuous positive
airway pressure (CPAP). J Clin Exp Neuropsychol 1993;15:330-
41

Ph.ilip P, Stoohs R, Guilleminault C. Sleep fragmentation, day-
time sleepiness and cognitive function. Sleep Res 1992;1 (Suppl):
S179.

Poceta JS, Timms RM, Jeong D, Ho S, Erman MK, Mitler MM.
Maintenance of wakefulness test in obstructive sleep apnea syn-
drome. Chest 1992;101:893-7.

Sleep, Vol. 18, No. 1, 1995

54.

55.

56.

57.

58.

Sforza E, Krieger J. Daytime sleepiness after long-term CPAP
treatment in obstructive sleep apnea patients. Sleep Res 1992;
1 (Suppl):S209.

Volpe BT, Hirst W. Amnesia following the rupture and repair
of an anterior communicating artery aneurysm. J Neurol Neu-
rosurg Psychiatry 1983;46:704-9.

Hornbein TF, Townes BD, Schoene RB, Sutton JR, Houston
CS. The cost to the central nervous system of climbing to ex-
tremely high altitude. New Engl J Med 1989;21:1714-9,
Regard M, Oelz O, Brugger P, Landis T. Persistent cognitive
impairment in climbers after repeated exposure to extreme al-
titude. Neurology 1989;39:210-3.

Grant I, Heaton RK, McSweeny AJ, Adams KW, Timms RM.
Neuropsychologic findings in hypoxemic chronic obstructive
pulmonary disease. Arch Intern Med 1982;142:1470~6.

220z 1snbny 0z uo 1senb Aq 8z961/2Z/ct/L/8L/e10ne/des|s/woo dnoolwspede//:sdiy woly papeojumo(q



