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Study Objectives: Oralappliance (OA) therapyusagecanbeobjectivelymeasured through temperature-sensingdatachipsembedded in theappliance. Initial reports
of group data for short-term treatment usage suggest goodnightly hours of usage.However, individual variability in treatment usagepatterns hasnot beenassessed.
We aimed to identify OA treatment usage subtypes in the first 60 days and the earliest predictors of these usage patterns.
Methods: OSApatientswere recruited forastudyofOAtherapywithanembeddedcompliancechip (DentiTrac,Braebon,Canada).Fifty-eightparticipantswith60days
ofdownloadable treatmentusagedata (5-minutereadings)wereanalyzed.Ahierarchicalclusteranalysiswasusedtogroupparticipantswithsimilarusagepatterns.A
random forest classification model was used to identify the minimum number of days to predict usage subtype.
Results: Threeusergroupswere identifiedandnamed: “ConsistentUsers” (48.3%), “InconsistentUsers,” (32.8%)and “Non-Users” (19.0%).The first20daysprovided
optimaldata topredict the treatmentusagegroupapatientwouldbelong toat60days (90%accuracy).Thestrongestpredictorsofusergroupweredownloadedusage
data, average wear time, and number of days missed.
Conclusions: GranularanalysisofOAusagedatasuggests theexistenceof treatmentusersubtypes(Consistent, Inconsistent,andNon-Users).Ourdatasuggest that
60-day usage patterns can be identified in the first 20 days of treatment using downloaded treatment usage data. Understanding initial treatment usage patterns
provide an opportunity for early intervention to improve long-term usage and outcomes.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Oral appliance treatment usage measurement to date has only been published in a small number of studies as
group data. We aimed to identify treatment usage patterns for oral appliance therapy in the initial treatment period.
Study Impact: We were able to identify 3 treatment usage groups (Consistent, Inconsistent, and Non-Users) that could be identified from treatment
usage downloads, with greatest accuracy at 20-days post-implementation. The early identification of poor treatment users could provide opportunity for
the clinician to provide intervention to improve long-term treatment adherence.

INTRODUCTION

Oral appliance (OA) therapy for obstructive sleep apnea (OSA)
tends to be reserved for patientswho fail continuous positive air-
way pressure (CPAP) therapy. One potential reason for this is
recognition that average efficacy is lower with OA compared
to CPAP.1 However, at least over short-term treatment, there
is evidence that health outcomes, like blood pressure and quality
of life, do not differ between these therapies.1–3 Patients with
OSAoften report preferringOAtoCPAPafter trialing both ther-
apies,4 and self-reported nightly usage hours for OA are greater
than CPAP.1 Greater adherence to OA therapy is one potential
explanation for similar treatment effectiveness between the
therapies, despite presence of residual OSA.5 However, most

information on OA treatment usage has been self-reported
(diaries, questionnaires).

Objective adherence monitors for OA therapy are now avail-
able and they report usage time based on a temperature range
recorded by small microsensors embedded it the appliance.6

However, to date, OA therapy studies reporting objective adher-
ence are relatively few. Initial usage in a cohort of �50 patients
with OSA unaware of the monitoring capabilities of their appli-
ance showed average nightly usage of over 6-1/2 hours a night
in > 80%of regular users (> 4 hours/night on 70%of nights) after
3 months.7 Longer follow-up, out to 1 year, has shown relative
maintenance of these average usage rates in 2 small studies.8–10

Although initial reportsofaveragedailyusageofOAtherapysug-
gest good treatment adherence, there is likely to be different
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patterns of usage, and the therapy initiation and acclimatization
period (�2months) could provide opportunity for early interven-
tion to improve long-term treatment trajectories. OA adherence
monitors provide an opportunity for more granular analysis of
treatment adherence patterns between individuals.

We aimed to identify usage patterns of OA therapy over the
first 60 days and, secondarily, to identify predictors of 60-day
usage patterns as well as the minimum time needed to do so.
We hypothesized that there are different subtypes of treatment
users that can be identified in the early period of therapy.

METHODS

Participants and treatment
This is a secondary analysis of a subset of participants recruited
for a larger study of imaging biomarkers of OA therapeutic
response. Inclusion criteria were OSA [apnea-hypopnea index
(AHI) ≥ 10 events/h], suitability for OA therapy (eg, sufficient
dentition, no accident risk from sleepiness), and no contraindica-
tions to magnetic resonance imaging (eg, claustrophobia, metal-
lic foreign bodies, artifact-causing dental implants). Written
informed consent was obtained from all participants, and the
study was approved by the South Eastern Sydney Local Health
District Human Research Ethics Committee (protocol number
HRREC/13/POWH/688). Participants were provided with an
OA (SomnoDent; SomnoMed Ltd, Crows Nest, Sydney, New
South Wales, Australia) under supervision of the study dentist
and instructed to self-titrate the level ofmandibular advancement
to themaximal comfortable limit. Following confirmation by the
study dentist, participants used the optimized OA for 6 weeks
before undergoing polysomnography with the OA in situ. The
OA contained a compliance monitoring chip (DentiTrac, Braebon
Medical Corporation, Kanata, Ottowa, Ontario, Canada). To be
included in the current analysis participants needed to have an
activated compliance chip in their appliance that was recording
for a minimum period of 60 days (participants were included
regardless of whether the participant had used the device on any
of those 60 days or not). Additional details of the study data are
available in theSupplementalMaterial.As the primary purpose
of the study was to investigate imaging biomarkers related to
treatment efficacy, factors that might relate to treatment adher-
ence, such as occlusal status, side-effects, personality, and self-
efficacy, were not systematically collected.

Data analysis
Allcomputational andstatistical analysiswascarriedout inRver-
sion 3.5.2. The overall framework of the analysis is described in
Figure S2 in the supplemental material. Raw daily device usage
data (readingsof in/out every5minutes)wereobtained fromeach
participant for the initial 60 days of treatment. Available clinical
data included age, sex, body mass index, Epworth Sleepiness
Scale (ESS) and AHI at baseline and after the treatment period.
Cluster analysis is a statistical method that groups together indi-
viduals in a sample who aremost similar to each other on a given
set of characteristics and most different to individuals in other
groups, hence revealing subtypes that may not have been

hypothesized. Hierarchical cluster analysis was used to define
major user groups based on device usage data and thus to find
treatment usage subtypes. We compared resulting user groups
on clinical characteristics (analysis of variance, or chi-squared
test for categorical variables). We adjusted for multiple compar-
isons of these tests using theHolmprocedure. Next, predictors of
the resulting 60-day usage clusters and the minimum number of
days of data needed for accurate prediction were assessed using
decision trees in a random forest approach. A randomly selected
80% of the dataset was used as the training set, with validation in
the remaining 20% of the dataset. This 80/20 split of the data is
considered typical for training and testing.11 Final validation of
the model was performed using leave-one-out cross-validation
(1 data point is removed to test the model constructed from all
otherdatapoints, and this is repeated for all datapoints in the sam-
ple). Additional details on these analytical methods are provided
in the Supplemental Material.

RESULTS

Participant characteristics
Treatment usage data for the first 60 days were available for 58
participants (74.1% male). Eighty-five participants (out of 110
recruited) completed themain trial (Figure S1 in the supplemen-
tal material). Of our subset of 58 in the current analysis, 93.1%
completed the trial. This subset of 58 did not differ in terms of
baseline AHI or treatment changes, age, sex, ethnicity, or body
mass index fromthemain trial completers,whowerenot included
in this analysis (independent t test,Table S1 in the supplemental
material). There were a total 18 participants from the main trial
who received an OA without a compliance chip and 1 chip was
not activated. Of the study completers with chips eligible for
theanalysis,datawerenot readable for4.2%atanyattemptduring
astudyvisit.Therewereanadditional9.9%thatwerenot readable
due to issues with upgrading the software for the reading station,
whichwasnotnecessarilya failureof thedatachip.Theadditional
missing 9.9% had insufficient data due to failure to return for the
last visit for data download (Figure S1). Participant characteris-
tics are shown in Table 1. Participants were on average middle-
aged and overweight with moderate OSA. The sample was not
particularly sleepy at baseline (average ESS 8.3 ± 4.5), but there
was an improvement in self-reported sleepiness following treat-
ment (ESS reduction –1.3 ± 2.9, P = .003). OA therapy halved
the AHI on average (P < .001) with a complete response (AHI <
5 events/h on treatment) observed in 20.7% and a > 50% AHI
reduction in 53.4% (Table 1).

Treatment usage over the first 60 days
Descriptive statistics of treatment usage data downloaded from
chips in the OA is shown in Table 2. The average nightly usage
was 5.2 ± 2.5 hours across the 60 days of treatment. Individual
nightly usage data showed an average standard deviation of 2.4
hours, indicating nightly variability in treatment usage. Over
the 60-day period, the range of days the appliance was not used
was 0% to 90%of the total 60 days across individuals; this repre-
sents an average of 26.2 ± 29.6% of days of non-use across the
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sample. We also looked at the amount of time that the OA was
removed after it had been inserted at night. On average this
occurred for 24 minutes during the night (periods of device
removal during night, Table 2). Half of the participants (53%)
took out the splint on average for more than 10 minutes a night.
Histograms of average hours of usage over the 60-day period
are shown in Figure 1. The proportion of patients who could be
describedas “regular users” (≥4hours/night for≥70%ofnights)
was 86.2% (Table 3).

Identification of subgroups according to treatment
usage patterns
Hierarchical cluster analysis was used to identify patient sub-
groups based on objective treatment usage data. The cluster anal-
ysis identified 3 clusters, or subtypes, of patients. The clusters
were examined for their treatment usage characteristics in order
to name them “Consistent Users” (48.3%), “Inconsistent Users”
(32.8%), and “Non-Users” (19.0%). A heat map of daily treat-
ment usage time for individual patients within the subgroups is
shown in Figure 2. The Consistent Users had high usage hours

on most nights of treatment, the Inconsistent Users had moder-
ate-to-highusageon somenightswith irregularnon-usagenights.
TheNon-Usersmostlydidnotuse thedeviceat all; however, indi-
viduals didwear their devices on the occasional night throughout
the60-dayperiod.Figure3depicts a closer look at 1 individual in
each of the 3 categories as examples of the 3 user subtypes.

The 3 treatment usage groups did not differ in terms of patient
characteristics of age, sex, body mass index, or OSA severity
(AHI). The Non-Users were less sleepy at baseline as assessed
by the ESS, although this did not reach the level of significance
required to adjust for multiple comparisons (P < .001, Table 4).
Reduction in AHI or treatment response did not differ between
groups, and change in sleepinesswas not statistically significant,
although there appears to have been a trend toward a lesser
improvement in ESS following treatment in theNon-Users com-
pared to Consistent or Inconsistent Users (P = .057, Table 4).

Predicting treatment usage group based on early
usage data
After identifying 3 patterns of OA treatment usage, we looked at
whether these patterns could be predicted from initial usage and
howmany days of data would be needed tomake an accurate pre-
diction(accuracybyday isshowninFigureS3 in thesupplemental
material).Weobserved that the accuracyplateauedat 20dayswith

Table 1—Participant characteristics.

n Baseline OA Change OA

Age (years) 58 45.8 ± 12.1 — —

Sex (% male) 58 74.1 — —

BMI (kg/m2) 58 29.1 ± 4.7 — —

Epworth Sleepiness
Scale 54 8.3 ± 4.5 6.9 ± 4.2 –1.3 ± 2.9*

AHI (events/h) 54 28.0 ± 16.4 13.9 ± 11.3 –13.3 ± 14.8**

Treatment
response
(% responders)

Criteria 1: AHI < 5 +
≥ 50% AHI
reduction 54 — 20.7 —

Criteria 2: AHI < 10
+ ≥ 50% AHI
reduction 54 — 36.2 —

Criteria 3: ≥ 50%
AHI reduction 54 — 53.4 —

Paired t test, *P< .01, **P< .001,baselinevswithOA.AHI=apnea-hypopnea
index, BMI = body mass index, OA = oral appliance.

Table 2—Treatment usage data across first 60 days of oral
appliance therapy.

Mean ± SD Range

Mean daily usage (hours) 5.2 ± 2.5 0.2–8.9

Days with no usage (%) 26.2 ± 29.6 0–0

Periods of device removal during the
night (hours)

0.4 ± 0.7 0.0–4.8

Descriptive summary of usage data from compliance chips in n = 58
participants. SD = standard deviation.

Figure 1—Histograms of average hours of oral appliance
usage over the 60-day period.

The top histogram shows the average hours on days used over the 60 days.
Thebottomhistogramshows theaveragehours, includingdayswhennousage
was recorded.
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Table 3—Common compliance criteria.

Definition Meeting Criteria

Compliant User Mean usage ≥ 4 h/night 72.4%

Regular User ≥ 4 h/night on ≥ 70% across all days 86.2%

Frequent User ≥ 4 h/night on ≥ 5 days/week, across all days 53.4%

Criteria commonly used to define adequate usage forCPAP treatment10 based on a threshold of 4 hours nightly usagewere applied for the objective oral appliance
usage data (n = 58). The average usage was obtained from all days, regardless of whether treatment usage was attempted or not.

Figure 2—An overview of individual patient’s device usage behavior over the 60-day period.

(A)Adendrogramof patients clusteredby their deviceusagepatterns.Threemajor clusters are identifiedas “Consistent user,” “Non-user,” and “Inconsistent user.” (B)A
heatmap representing each patient’s daily device usage across the 60-day period studied. For each patient, the x-axis represents patient identification, and the y-axis
represents the day number from the day patient was given the appliance. Each tile color represents the hours of device usage per day.
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final accuracy of 0.88 (Table 5). Our model suggests descriptive
statistics of patient’s average wearing hours, median of wearing
hours, andpercent ofdayswithout thedeviceas the top3 important
variables inpredictionofuser subgroupmembership (FigureS4 in
the supplementalmaterial).Overall, thesedata suggestweare able
to accurately predict most patients’ usage subtype (Consistent,
Inconsistent, or Non-User) in the first 20 days of treatment.

DISCUSSION

In a novel analysis of objective treatment usagedata fromOA,we
have identified 3 treatment user subtypes across the first 60 days
of therapy, namely, Consistent Users, Inconsistent Users, and
Non-Users. Effective OSA therapy comprises dual components
of treatment efficacy and adherence.5 Better adherence to OA

therapy relative to CPAP therapy could be an explanation for
equivalent short-termhealthoutcomes,despite thecommonpres-
ence of residualOSAonOAcompared toCPAP.Although initial
group data suggest that objective adherence to OA therapy could
be higher than reports for CPAP therapy,10,12 our study demon-
strates substantial variation between individuals. Suboptimal
users of OA therapy are unlikely to achieve optimal health out-
comes, ofwhich hours of nightly usage are an important determi-
nant.2,13 Early recognition of those who are not adherent to OA
treatment could provide an important opportunity for interven-
tion to improve long-term adherence. Our data suggest that
60-day usage patterns can be detected after 20 days of therapy.
This suggests that the initial 20days after anOSApatient receives
anOAisan importantperiod forclinicalmonitoringand interven-
tion to improve adherence.

There are currently a limited number of studies reporting
objective OA compliance,7,8,10,14,15 although several commer-
cially availablemonitoring systemshavebeenvalidated for accu-
racy.6 Our average data found 5.2 hours per day usage, which is
slightly lower than someprevious reports.7Our analysis provides
more detailed information of treatment usage subtypes, with
nearly half of our sample being designated Consistent Users
(48.3%)with average usage> 7 hours/night, in linewith previous
studies. Non-Users were a minority of the sample (19.0%), with
average�1hour/night usage.Althoughaminorityof participants
fall into this category, it is important to be able to identify them,
with the aim of intervening to improve their treatment trajectory.
This is particularly important after the manufacture of a custom-
ized device, in which identification of those who are showing
early signs of being intolerant of therapy could benefit fromaddi-
tional efforts to improve adherence.

Table 4—Comparison of identified treatment usage groups (Consistent User, Non-User, and Inconsistent User) across clinical charac-
teristics, OSA severity, and symptom changes with treatment.

Variable
Treatment Usage Groups

Statistical Test P
Consistent Users Inconsistent Users Non-Users

n (%) 28 (48.3) 19 (32.8) 11 (19.0) —

Treatment usage data:
daily usage (hours) 7.3 ± 0.8 4.6 ± 0.8 1.0 ± 0.6 —

Baseline characteristics

Age (years) 45.8 ± 12.4 47.1 ± 12.0 43.7 ± 12.1 Welch’s one-way ANOVA .78

BMI (kg/m2) 28.7 ± 4.8 29.6 ± 4.3 29.3 ± 5.5 Welch’s one-way ANOVA .79

Sex [male n (%)] 19 (67.9) 15 (25.9) 9 (47.4) Chi-squared test .62

Ethnicity (%
Caucasian)

64.3 54.5 63.2 Chi-squared test .80

AHI (events/h) 32.3 ± 18.5 26.1 ± 14.5 20.2 ± 10.4 Welch’s one-way ANOVA .088

ESS 7.7 ± 4.6 10.3 ± 4.4 6.1 ± 2.1 Welch’s one-way ANOVA .0092

Treatment changes

DAHI 17.7 ± 17.1 11.2 ± 12.6 10.0 ± 10.0 Welch’s one-way ANOVA .54

DESS 1.8 ± 2.5 1.9 ± 3.1 0.9 ± 2.7 Welch’s one-way ANOVA .057

Data are presented as mean ± SD. No P values are significant at the level adjusted for multiple comparisons (Holm procedure, P < .001 for ESS). AHI = apnea-
hypopnea index, ANOVA = analysis of variance, BMI = body mass index, ESS = Epworth Sleepiness Scale, OSA = obstructive sleep apnea.

Table 5—Performance of the random forest model with summary
of 20 days data to predict treatment user group.

Consistent
User Non-User Inconsistent

User

Sensitivity 0.93 0.82 0.84

Specificity 0.93 0.96 0.92

Balanced
accuracy*

0.93 0.89 0.88

Correctly
classified

0.88

*Normalized value of true positive rate and true negative rate for each class.
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Usage patterns have previously been explored for CPAP treat-
ment. Aloia and colleagues used time series analysis to identify
usage patterns across 1 year of CPAP therapy.16 In this study of
71OSApatients,usagepatternswerevisuallygrouped intodiffer-
entcategoriesbasedonusageandslopeover time.Sevendifferent
categories were identified and named “Good Users” (24%),
“Slow Improvers” (13%), “Slow Decliners” (14%), “Variable
Users” (17%), “Occasional Attempters” (8%), “Early Drop-

Outs” (13%), and“Non-Users” (11%).16Thisworkwasextended
touse cluster analysis basedonmeandailyusageover 180days of
treatment in 161 OSA patients.17 The cluster analysis revealed 4
usage groups: “Great Users,” “Good Users,” “Low Users,” and
“Slow Decliners.” 17 To the best of our knowledge, our study is
the first such analysis in OA therapy. Our analysis revealed 3
groupsofOAusagepatterns, although someofour usagepatterns
(Figure3)mayhavesimilar traits toCPAPgoodusers,occasional
attempters, and non-users. It is possible that additional treatment
usage patterns may be identified in larger samples; for example,
inconsistent usersmay consist of thosewho skip treatment nights
altogether vs those who only use a portion of the night, which
could require different approaches to improving adherence.
Unfortunately,wedonot have the sample size in the current study
to be able to ascertain this (data not shown). Itwill be important to
validate and extend this work in larger samples and over longer
periods of OA therapy and to compare to CPAP usage patterns.

Initial CPAP compliance has been shown to relate to the effect
on intimacy with partners, race, and OSA severity.18 Treatment
adherence toCPAP therapy is complex and is influenced bymul-
tiple factors ranging from the interface/mask, characteristic
patient disease severity, side-effects, psychological factors, and
the method of initiation.19 There are few studies to date that
have assessed factors related to short-term objective compliance
to OA therapy. Two studies have shown some relationship with
OA side-effect frequency and severity and objective usage
time.20,21 Improved snoring, but not self-reported daytime sleep-
iness, was associated with greater objective usage hours in the
short-term.20 In this studywe did not collect side-effect informa-
tion, butNon-Users didhave less sleepiness at baseline compared
to the Inconsistent or Consistent Users, and lack of OSA-related
symptoms could relate to their low adherence to OSA therapy.
Greater sleepiness, measured by the ESS, has also been found
to indicate longer-term adherence to CPAP therapy.22 Addition-
ally, we did observe a trend toward less improvement in ESS fol-
lowing therapy in the Non-Users compared to the Consistent or
Inconsistent User groups, which may relate to their lower level
of sleepiness at baseline or lack of usage of the treatment. The
lack of statistical significance on this outcome may reflect a
sample-size issue. We additionally did not collect other lifestyle
information, including marital status/bed partner, which could
influence adherence. Sex and ethnicity did not relate to treatment
user patterns in our sample. Future studies of OA could look at a
broader range of factors, including dental occlusal status and
appliance factors such as degree of mandibular advancement
and side-effects. However, analysis based on data from the
recording chip was able to robustly predict the type of user after
the first 20 days of treatment. This suggests that objective adher-
ence monitoring could have an important clinical role in early
identification of Non-Users, even without knowledge of other
factors. Objective adherence monitoring for OA has not been
widely adopted in clinical practice, but this analysis suggests
there may be value for early detection of Non-Users in the accli-
matization phase.

We have found that 20 days of initial usage provided the best
prediction of treatment usage subtype after 60 days of therapy
(Figure S2 in the supplemental material). This is broadly con-
sistent with studies of CPAP adherence, where early adherence

Figure 3—Individual treatment usage traces from examples
of the 3 treatment usage subtypes.

These figures show daily usage hours for 3 study participants who were clas-
sified into1of the3usergroups identifiedby thecluster analysis: (A)Consistent
user, (B) Inconsistentuser,and (C)Non-user.TheConsistentusershowedhigh
nightly usagewithminimal skipped days over the 60-day period. The Inconsis-
tent user showedmore skippeddayswithmore dayswithmore variable usage,
including days with < 4 hours. This Non-user had no usage on the majority of
days although sporadically attempted treatment throughout the 60-day period.
InFigure2, theseexamplesareNon-userP5, Inconsistent userP28, andCon-
sistent user P33.
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predicts longer-term adherence, although the time points used
for early prediction in CPAP studies have varied from 3 days
to 3 months.22–24 Moreover, most CPAP adherence studies
have used predetermined fixed time points for measuring early
adherence, in contrast with our method, by which we assessed
the accuracyof prediction at eachdaypost–treatment initiation.
We determined 20 days to be optimal in that it provided nearly
90% accuracy, with relatively minor increases in accuracy
beyond this. However, our data after 1 week indicated nearly
70% accuracy, which increased to nearly 80% accuracy after
2weeks.A recent analysis of predictors of long-termadherence
to CPAP in a cardiovascular disease cohort (from the SAVE
trial) reported a stronger association with adherence over the
first month compared to the titration week inmultivariate anal-
ysis, also supporting that a slightly longer assessment of initial
usage may add value for prediction of long-term usage.25

The need for precisionmedicine in themanagement of OSA is
increasingly recognized.26–30 One approach is to achieve more
personalized care through recognition of different disease pheno-
types.Cluster analysis isonemethod to identify subtypesbasedon
specific sets of characteristics without presetting boundaries for
what groups may be found. There have been recent examples of
cluster analysis revealing OSA subtypes based on symptoms
and polysomnographic data,31,32 with these subtypes demon-
strated to have clinical meaning in terms of cardiovascular
risk.33 We have applied similar cluster analysis approaches to
treatment usage data downloaded from oral appliances. Under-
standing treatment usage behavior is another aspect to precision
sleep medicine and provides opportunity to improve adherence
for better health outcomes. This study provides an important
step in utilizing objective adherence monitoring to identify clini-
cally useful patterns from thedata itself. SuccesswithOA therapy
involvesacomplex interactionofefficacy (withknownvariability
inAHI reduction) andpatient acceptance and ongoing usage. Pre-
dicting OSA patients whowill respond to OA therapy in terms of
AHI reduction has been the subject of much research, although
reliable clinical prediction models remain elusive to date.34 Con-
tinuedefforts in thisdirectionwillhopefullyenablepreselectionof
candidates who will experience adequate efficacy with OA ther-
apy. Both the initial selection of those suited to OA therapy and
optimizing adherence once the appliance is made are important
elements of successful therapy and complementary aspects of a
precision approach to OA therapy.

Although this studyused a novel analytical approach toprovide
new insights about objective treatment usage patterns with OA
therapy for OSA, there are important limitations. This study
included 58 people on OA treatment: Although this is a relatively
small sample andwe advocate assessment in other and larger sam-
ples, the sample size is larger than most objective OA usage data
samples published to date. The primary study was not designed
to look specifically at treatment adherence, and therefore there
were some variables that were not collected that could have been
useful to an understanding of the contributors to these patterns,
such as information on OSA symptoms (beyond self-reported
sleepiness), self-efficacy, dental occlusal status, side-effects,
degree of mandibular advancement, and other potential reasons
for non-usage. We did not look at final mandibular advancement
level in relation to usage groups, as data was primarily gathered

inthetitrationperiodwhenadvancementlevelwaschanging.How-
ever, amore detailed exploration of titrationmethods and usage in
future studies would be warranted. Regardless, a potential advan-
tage is that treatment usage in this studywas not influencedbypar-
ticipants knowing theywere in a study of treatment adherence, and
hence the data likely reflect real world usage patterns. Our inclu-
sion criteria included a requirement for 60 days of recording
data. Therefore, participants who could not tolerate therapy and
abandoned it earlierwerenot included inour summary.The results
would therefore underestimate numbers of people not tolerating
OA therapy. We do not have information on sleep time related to
hours of usage, so we are unable to confirm whether compliant
users were using the appliance for their entire sleep time. Given
our slightly lower average usage times compared to previous stud-
ies, it would have been advantageous to knowwhether sleep time
truly reflected less usage or shorter sleep times in our sample.
We experienced technical issues accessing data from the chips in
some cases (both due to chip read failure and software issues); of
our total study sample with data chips in their OA, only around
two-thirds had the first 60days ofdata available for analysis. Tem-
peraturedata loggersandreadingsystemsare likely toimprovefur-
therwhendemandandusageofthesedevices increases.Finally, the
data reported here relate to a single OA design, and it is unknown
whether the results can be generalized across other OA designs,
although it has been shown previously that OA device does not
relate to compliance in a self-report study.35

CONCLUSIONS

Our initial work suggests the first 20 days is a key window in the
treatment period inwhich theremay be a role for intervention strat-
egies in patients predicted to be on a poor adherence trajectory.
However, longer periods could now be studied for usage patterns
and in relation to other factors that affect adherence, including per-
sonality types,9 side-effects, and symptomatic improvements.20

The relationship between long-term treatment usage patterns and
health outcomes is also important. This study is the first to combine
objective OA treatment usage data and cluster analysis methods to
identify patterns in the data. Understanding these individualized
treatment patterns is an important step toward precision medicine
in OSA and OA therapy.

ABRREVIATIONS

AHI, apnea-hypopnea index
CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale
OA, oral appliance
OSA, obstructive sleep apnea
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