


Oral Appliance Therapy in OSA

Table 2—Polysomnographic Outcome Measures from Baseline, Control, and MAS Treatment.

Baseline Control

AHI, per ht 26.9+154 254 +145
MinSaOZ, % 85.7£5.6 86.4+4.7

Arousals, no./hf 35.0+13.5 33.1+12.8
Sleep efficiency, %" 80.6 +12.0 81.8+12.9
AHI-REM, no./ht 34.2+19.4 30.4+18.9
AHI-NREM, no./h 253+17.3 23.6+15.6
TIME-REM, min/ht 66.2 £29.4 62.7 £27.4
TIME-NREM, min/ht 284.4 +49.3 299.6 +59.3

MAS Flz p Effect Size*
12.2+£12.3 -6.9 *x 1.2
88.7+5.3 17.9 *x 0.5
25.0+13.9 -5.3 o 0.7
83.6 £ 10.7 -0.4 NS 0.1
19.3+155 -5.0 wx 0.7
105127 81.2 *x 1.1
67.8 +29.0 1.9 NS 0.2

298.9 £ 54.6 -0.4 NS -0.01

Data are presented as mean + SD; MAS refers to mandibular advancement splint; AHI, apnea-hypopnea index; MinSaO,, Minimum arterial oxygen

saturation; REM, rapid eye movement; NREM, non-rapid eye movement.

T Wilcoxon test

* Effect size = absolute difference between control and MAS treatment/SD of difference

**significant at the .01 a level.

treatment. Overall, there was a 55% reduction in AHI with ac-
tive treatment, relative to baseline. Active treatment resulted in
AHls of <5 per hour and <10 per hour in 36% and 55% of pa-
tients, respectively. In comparison with the control condition,
treatment with MAS resulted in significant improvements in AHI,
AHI-REM, AHI-NREM, MinSa0,, and arousal index. However,
there was no significant change in sleep efficiency, TIME-REM,
or TIME-NREM. Body mass index was unchanged across con-
ditions. Self-reported treatment compliance during each 4-week
treatment period was high and did not differ between appliances
(6.7 £ 0.1 hours per night).

Outcome Measures

SELF-REPORT MEASURES

Table 3 shows that ESS scores were significantly lower during
MAS compared with the control treatment. Significant improve-
ments were also found on the Vigor-Activity and Fatigue-Inertia
scales of the Profile of Mood States and on the somatic compo-
nent of the BDI after the MAS treatment condition. There were no
other significant changes on any of the psychologic measures.

NEUROPSYCHOLOGICAL MEASURES

Performance on the choice reaction time (CRT) task was

significantly improved on MAS treatment. As shown in
Table 4, there were no other significant treatment effects on
neuropsychological performance using the adjusted o levels.
There were no significant treatment-order effects, suggesting
the absence of carryover effects. There were also no significant
treatment-by-treatment order interactions for CRT performance,
indicating that subjects were not susceptible to practice effects on
this task.

To determine whether the improvements in CRT with MAS
therapy were related to treatment outcome, absolute change
scores (ie, MAS treatment — control) and percentage change
scores (ie, (MAS treatment — control) / control) were calculated.
There was no relationship between improvements in CRT and
AHI when expressed as an absolute change, or as a percentage
change score. In order to ascertain whether improvements in
psychomotor speed were related to improvements in subjective
sleepiness, similar variables were calculated for ESS. Using this
method, there was also no relationship between CRT and ESS
absolute or percentage change scores.

DISCUSSION

This randomized controlled study demonstrates significant
improvements in some aspects of neurobehavioral functioning in
OSA patients treated with an oral appliance. This effect was noted
despite the fact that oral appliance therapy did not completely

Table 3—Self-Report Measures From Baseline, Control, and MAS Treatment.

Baseline Control
Epworth Sleepiness Scale 109+48 9.1+51
Profile of Mood States
Tension-anxiety’ 9.2+53 8.3+4.4
Depression-dejection’ 6.4+5.38 6.2+7.9
Anger-hostility" 7.8+6.9 6.7 +6.7
Vigor-Activity' 16.0+5.8 157 +6.6
Fatigue-Inertia’ 10.2+6.7 8.8+6.3
Confusion-Bewilderment’ 8.0+35 7.4+3.7
Total Mood Disturbance’ 56.8 £ 20.9 51.6 £22.4
Beck Depression Inventory
Cognitive items' 24+22 23+28
Somatic items' 33+23 27121
Total score' 58+4.0 50+43

MAS Flz p Effect Sizet
7.1+45 22.1 il 0.6
75%45 -1.7 NS 0.2
59+88 -1.4 NS 0.1
58+7.2 -1.6 NS 0.2
179+6.3 -2.3 * 0.4
6.9+57 -2.6 wx 0.3
6.8+3.6 -1.2 NS 0.2

49.7+19.6 -0.6 NS 0.1
21+28 -0.8 NS 0.1
21+21 -2.2 * 0.3
42+43 -1.5 NS 0.2

Data are presented as mean + SD; Statistical analyses are between control and MAS treatments.

T Wilcoxon test

* Effect size = absolute difference between control and mandibular advancement splint (MAS) treatment/SD of difference

*Significant at the .05 o level; **significant at the .01 a level.
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Table 4—Neuropsychological Outcome Measures From Baseline, Control, and MAS Treatment.

Baseline Control
Speed/Vigilance
Trails-A' 30.0+10.6 26.9+10.3
DSYM-# 37.1+£9.0 38.7+9.4
DSYM-RT! 2411.7 £ 642.7 2314.9 + 666
Simple reaction time 275+ 0.04 285+ 0.04
Choice reaction time .664 +0.1 .662 + 0.1
Attention/working memory
Digit span backward 8.0+2.9 8.0+25
DA-tracking® 31.9+£10.9 325+11.6
DA-targets’ 57+22 6.2+21
Verbal Memory
RAVLT1 (/15) 6.6 2.2 75%22
RAVLT1-5 (/75) 52.2+9.3 55.6 £9.7
RAVLT7 (/15) 10.9+3.3 11.3+27
RAVLT % retention 83.0£20.0 86.3 £ 14.6
Visuospatial functioning
Block Design' 342+94 36.5+9.9
Executive functioning
Trails-B' 70.0 £30.4 65.9 £ 31.5
Verbal fluency 38.3+125 40.3+12.7

MAS Flz p Effect Size*
27.1+86 -0.7 NS 0.01
389+94 0.1 NS 0.02

2296.4 + 640.7 -04 NS 0.1
276 +0.1 2.1 NS 0.2
.643+0.1 12.0 .001* 0.4
8.1+28 0.2 NS 0.1
325+9.6 -0.3 NS 0.00
6.1+1.8 -0.5 NS -0.03
70+22 5.7 NS -0.2

54.3+10.2 3.1 NS -0.2
11.4+£3.0 0.00 NS 0.3

86.1+16.1 0.04 NS -0.02
36.4+9.38 -0.33 NS -0.02
65.2 +25.9 -0.13 NS 0.04
41.0+£129 0.53 NS 0.09

Data are presented as mean + SD; statistical analyses are between control and mandibular advancement splint (MAS) treatments; DSY M-#, number
of correct responses made within the 90-second period; DSYM-RT, average reaction time in milliseconds; DA-targets, number of targets correctly
responded to; DA-tracking, tracking ability; RAVLT, the number of words recalled on the Rey Auditory Verbal Learning Test.

"Wilcoxon test

*Effect size = absolute difference between control and MAS treatment/SD of difference
*Significant at the Bonferroni-adjusted o level: adjusted a levels for domains of neuropsychological functioning after Bonferroni corrections: speed,
p = .01; attention, p = .017; verbal memory, p = .0125; visuospatial ability, p = .05; executive functioning, p = .025.

control OSA in all patients. As previously reported by us in this
sample!” and by others in studies evaluating CPAP,*® there was a
significant improvement in subjective sleepiness using MAS treat-
ment. In accordance with this finding and with that of other re-
searchers,® small-to-moderate effect-size improvements were also
found on subscales of the Profile of Mood States questionnaire
that measure Fatigue-Inertia and Vigor-Activity levels. However,
unlike recent studies showing an improvement in tension-anxiety
levels with oral appliance therapy,® our data did not show an im-
provement in this area. It has been suggested that complaints of
fatigue, tiredness, or lack of energy may be as critical as excessive
sleepiness in patients with OSA and should, therefore, be consid-
ered equally in the diagnosis.®® The current study supports such a
proposition in finding that both symptoms improve equally with
MAS treatment.

Although scores on the somatic component of the BDI were
found to improve with MAS treatment, scores on the cognitive
component and on affective items of the Profile of Mood States
did not improve. This is consistent with some,'2%" but not all®33¢
research using CPAP and varied study methodologies. In their re-
cent study, Barnes et al*® also found no improvement in depres-
sion scores beyond placebo effects, although baseline rates were
more clinically significant and scores were not broken into so-
matic and affective components. It has been suggested that when
evaluating variables such as mood states, somatic and cognitive
components should be evaluated separately. Indeed, this distinc-
tion is particularly warranted in patients with sleep disorders due
to the interrelationships between sleep quality and hypersomno-
lence found in depression and similar symptoms inherent to sleep
disorders. Since many studies have not made this distinction in
their analyses, the accurate comparison of results across studies is
somewhat precluded.0#

While studies have variously reported performance decrements
across neuropsychological domains of attention, working memo-
ry, memory, visuoconstructional, motor, and executive function-
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ing, a recent meta-analytic review of case-controlled studies has
indicated that vigilance and executive functioning are the most
substantially affected by OSA.“?> In general, only small effect-
size improvements in neuropsychological functioning can be ex-
pected following CPAP treatment,®® and these are usually within
the domain of attention/vigilance.'> However, as previously men-
tioned, some studies show a lack of improvement in cognition,
or improvements only to the extent of placebo or subtherapeu-
tic treatment.1®123 In comparisons between CPAP and oral ap-
pliance therapy, 1 study showed no difference'® while another
showed improvements in psychomotor vigilance and divided at-
tention, respectively.’® Consistent with the majority of treatment
studies using CPAP,*> we found small effect-size improvements
in 1 domain of vigilance/psychomotor speed, measured using
CRT. These improvements did not correlate with improvements
in subjective sleepiness or with the extent of treatment success
(as measured by ESS and AHI, respectively) and remained as-
sociated with baseline polysomnography variables, specifically,
AHI during REM sleep. This finding thus suggests that other po-
tentially unmeasured, albeit ‘treatable’ factors may contribute to
psychomotor speed in OSA and that, despite significant improve-
ments, some aspects of performance continue to be influenced by
pretreatment sleep-disordered breathing factors.

Current researchers attempting to elucidate the pathophysiol-
ogy of neurobehavioral changes in OSA have suggested that do-
mains of functioning are differentially affected by the effects of
sleep fragmentation or hypoxemia. On the basis of convergent,
although inconclusive, evidence, such authors have postulated
that vigilance/psychomotor deficits may be ‘reversible,” as they
most likely result from the effects of poor sleep quality, related
to sleep fragmentation and consequent hypersomnolence. 5404344
While these results support this notion, they additionally indicate
that some residual ‘irreversible” impairment may occur. Thus, it
is possible that both mechanisms differentially influence vigi-
lance/psychomotor speed.®® This issue is of particular clinical



significance due to the role of psychomotor speed in driving per-
formance. Importantly, it also highlights the need for early iden-
tification and preventative mechanisms in OSA, in an effort to
reduce those workplace and road traffic accidents that are associ-
ated with suboptimal speed of thinking and responding.

The discrepancies observed within the literature with regard
to treatment outcomes in OSA highlight that a multitude of fac-
tors are likely to underpin neurobehavioral functioning, and the
ability of such functions to be amenable to successful treatment.
Such factors would include apnea duration, premorbid level of
functioning, medical comorbidity, sensitivity of assessment tools,
individual variability in the ability to recuperate from brain in-
sult, irreversible cognitive impairment, study methodology, and
treatment duration. Further experimental, meta-analytic and treat-
ment-based studies are required in order to aid clarification of
these important issues.®*Additionally, it is important to note that a
large proportion of subjects in this sample had an AHI of greater
than 10, even with MAS treatment. This warrants consideration
when comparing these results with other studies and also high-
lights the potential need for such patients to choose additional
treatment by some other modality.

Apossible limitation of the study relates to the adequacy of the
blinding process used in the study. An attempt was made to keep
patients blind to active and control treatments by the physical
similarity between the 2 oral appliances, despite a difference in
the anteroposterior position of the mandible, and by concealment
of the inactive nature of the control. The comparable self-reported
compliance rates between the 2 appliances during each treatment
phase suggest that patients were equally interested in the 2 treat-
ments. Similarly, the improved subjective daytime sleepiness
with the control treatment, and the reported desire to continue
treatment with the control by a significant proportion of patients,
indicate an effective blinding process.

In conclusion, this controlled study shows that MAS results in
small to moderate enhancements in sleepiness, energy levels, and
vigilance/psychomotor speed in patients with OSA. In combina-
tion with previous research showing a benefit of MAS therapy
on typical OSA symptoms and objective sleepiness,'” as well as
blood pressure,**? these data provide further support for the use
of this form of therapy in the management of OSA. Since effect
sizes in neurocognitive research are typically small,® further
studies utilizing larger samples may be worthwhile in order to
detect potential improvements in other domains of functioning
and, importantly, to determine their clinical significance.
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