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compliance in obstructive sleep apnea
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on diagnosis, device adherence, and treatment
outcomes
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Abstract

Background The incidence of obstructive sleep apnea is rising globally, with significant health repercussions. Cur-
rent research falls short in chronicling the complete trajectory of obstructive sleep apnea management, specifically,
the intricacies of patient adherence to device therapy post-diagnosis.

Objective This study aims to bridge the gap, providing a detailed analysis of the journey from diagnosis to consistent
therapeutic device use, and identifying potential delays and patterns of adherence.

Methods A retrospective observational study was conducted at Rashid Hospital’s sleep study lab, Dubai, United
Arab Emirates, spanning from 2010 to 2022 and encompassing 1,949 patients. The study population consisted

of all patients referred for sleep testing on the basis of a high clinical suspicion of obstructive sleep apnea. Data
were extracted from the hospital's Healthcare Information System, focusing on demographics, sleep study results,
and device usage patterns. Data were analyzed using Python's Pandas library to evaluate compliance and treatment
efficacy.

Measurements and main results The study revealed that 83.4% of patients visiting the sleep lab were diagnosed
with obstructive sleep apnea. Of these, 39.6% purchased a therapeutic device, but only 19.7% of the total population
adhered to the recommended device usage. Treatment reduced the Apnea-Hypopnea Index to below 5 in 26.5%

of the total patient cohort. An increasing trend in OSA diagnoses was observed over the years, with patients experi-
encing an average delay of 1.3 years before initiating therapy.

Conclusion The study addresses a significant gap by detailing the patient journey from obstructive sleep apnea
diagnosis to treatment, highlighting device acquisition delays and adherence challenges. It underscores the need
for integrated care models considering socioeconomic factors and patient education to improve outcomes

for obstructive sleep apnea.

Keywords Continuous positive airway pressure, Patient compliance, Polysomnography, Obstructive sleep apnea,
Treatment adherence and compliance
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Introduction

Obstructive sleep apnea (OSA) is a prevalent sleep-
related breathing disorder characterized by repeated
episodes of partial or complete obstruction of the upper
airway during sleep, leading to significant reductions in
blood oxygen saturation and disruptions in sleep archi-
tecture (Patil et al. 2019). OSA is associated with a mul-
titude of cardiovascular, metabolic, and neuropsychiatric
risks, including hypertension, coronary artery disease,
diabetes, and depression (Peppard et al. 2020).

Globally, the prevalence of OSA has shown an alarm-
ing increase, with estimates suggesting that nearly
936 million adults worldwide suffer from mild to severe
OSA, affecting approximately 3-7% of men and 2-5% of
women (Benjafield et al. 2021). OSA is commonly linked
with obesity, metabolic syndrome, and conditions like
hypertension that not only contribute to cardiovascular
disease but also exacerbate the activation of the sympa-
thetic nervous system, oxidative stress, endothelial dys-
function, and metabolic disturbances (Benjafield et al.
2021).

The journey of an OSA patient extends far beyond
the initial sleep study. Current literature often neglects
the full continuum of care, which includes diagnosis,
the acquisition of Continuous Positive Airway Pres-
sure (CPAP) or Bilevel Positive Airway Pressure (BiPAP)
machines, adherence to recommended usage of these
devices for more than four hours daily, and long-term fol-
low-up to evaluate treatment efficacy and make necessary
adjustments (Sawyer et al. 2018). The Apnea-Hypopnea
Index (AHI) classifies OSA severity into four categories:
normal (<5 events/hour), mild (5-14.9 events/hour),
moderate (15-29.9 events/hour), and severe (> 30 events/
hour). These categories help in assessing the extent of
sleep apnea and guide appropriate treatment decisions,
classifications are based on established guidelines from
the American Academy of Sleep Medicine (AASM) (Patil
et al. 2019). This retrospective observational analytical
study aims to delve into these aspects by detailing the
complete cycle of care from initial diagnosis through
long-term management, thereby filling significant gaps
in our understanding of patient-device interaction and
overall treatment adherence (Stepnowsky et al. 2019).

Our research utilizes comprehensive data from Rashid
Hospital, United Arab Emirates. This data spans a twelve-
year period from 2010 to 2022, capturing all patient data
and interactions with the sleep lab during this time. In
Rashid Hospital, polysomnography (PSG) and CPAP
therapy are not covered by government or private insur-
ance, unlike some hospitals in other emirates that do
provide such coverage, though they are geographically
distant. Since CPAP is not covered at our facility, there
is no specific AHI threshold required for insurance
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purposes. It is indicated that patients should follow up
initially within two weeks after starting CPAP for the
assessment of response to treatment, then are recom-
mended to revisit every 3—4 months. In patients who
refuse the use of CPAP therapy, there are currently no
alternative treatments offered. This research is not lim-
ited to diagnostic metrics but includes extensive informa-
tion on CPAP and BiPAP usage and patient compliance,
providing a unique insight into the longitudinal manage-
ment of OSA (Shaukat et al. 2022). The main purpose of
this study was to comprehensively evaluate patient com-
pliance with therapeutic device use and factors in treat-
ment adherence over a 12-year period.

Methodology

This retrospective observational study was conducted at
Rashid Hospital’s sleep study lab located in Dubai, United
Arab Emirates. The study spanned a twelve-year period,
from 2010 to 2022. The study included all patients who
visited the sleep lab during this time frame and were
referred to the sleep clinic for a diagnostic sleep test
due to high clinical suspicion of OSA, based on clinical
assessments and symptomatology. Ethical approval for
the study was granted by the ethical committee at Rashid
Hospital, ensuring adherence to the ethical standards of
medical research.

Data collection

Data were systematically extracted from the hospital’s
Healthcare Information System. The extraction process
was divided into three main parts: demographic infor-
mation of the patients, data from the initial sleep stud-
ies conducted upon their first visit, and data extracted
from devices that were returned by the patients for
analysis. These devices, which were used in the treat-
ment of diagnosed sleep disorders, primarily involved
CPAP and BiPAP machines. Routine diagnostic poly-
somnography and split-night studies were performed
on the patients.

The study included consecutive patients who com-
pleted the sleep lab evaluation and had complete data
available. Patients under the age of 18 and those with
incomplete sleep lab data were excluded from the analy-
sis. A total of 1,949 patients were included in the study
over the twelve-year study period. This comprehensive
diagnosis enabled the collection of longitudinal data con-
cerning the effectiveness of treatment modalities and
patient compliance with prescribed therapies.

Data analysis

The data were analyzed using the Python program-
ming language, employing the Pandas library. This
approach allowed for sophisticated statistical analyses,
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including the tracking of patient compliance over time
and the correlation of demographic factors with treat-
ment outcomes.

Results

This study meticulously traced the obstructive sleep
apnea (OSA) treatment journey for 1,949 patients over a
twelve-year period, encapsulating intricate details from
the initial sleep study to long-term device utilization.

Table 1 General demographics of patients at sleep study time

Category Statistics, N=1,949

Age (Patients doing sleep study) 475 (14.6)

Gender, count (%)
Male
Female

BMI, count (%)
Underweight (BMI< 18.5)
Normal (BMI 18.5-24.9)
Overweight (BMI 25.0-29.9) 349 (17.9%)
Obesity Class | (BMI 30.0-34.9) 444 (22.8%)
Obesity Class Il (BMI 35.0-39.9) 331 (17.0%)
Obesity Class IIl (BMI>40.0) 695 (35.6%)

AHI, count (%)

1,074 (55.1%)
875 (44.9%)

15 (0.8%)
115 (5.9%)

Normal (AHI < 5) 323 (16.6%)
Mild (AHI 5-14.9) 506 (26.0%)
Moderate (AHI 15-29.9) 502 (25.8%)
Severe (AHI>30) 618 (31.7%)

Bought Device: 644

OSA (AHI >=5): 1,626

Visited Sleep Lab: 1,949

I No OSA (AHI <5): 323

Fig. 1 Sanky plot for patient journey over 12 years
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General demographics of patients at the time of sleep
study

The average age of patients undergoing sleep studies was
47.5 years with a standard deviation of 14.6, indicating a
broad age range among the study participants (Table 1).
Among them, 1074 (55.1%) were male and 875 (44.9%)
were female.

Body Mass Index (BMI) classifications showcased a
notable inclination towards higher obesity categories,
with only 0.8% of patients categorized as underweight and
a substantial 35.6% falling into the Obesity Class III cat-
egory. The distribution across other BMI categories was
as follows: 5.9% in the normal range, 17.9% overweight,
22.8% in Obesity Class I, and 17.0% in Obesity Class IL

The assessment of AHI revealed that 16.6% of patients
had a normal range (AHI < 5), while the rest were distrib-
uted across mild (26.0%), moderate (25.8%), and severe
(31.7%) OSA categories. This distribution emphasizes the
high prevalence and severity of OSA within the patient
population at our sleep lab.

Patient journey and time series analysis

The Sankey plot (Fig. 1) meticulously maps the trajectory
of patients from their initial visit to the sleep lab through
the various stages of OSA management. Initially, out of the
1,949 patients assessed at the sleep lab, a significant pro-
portion, 1,626 patients (83.4%), were diagnosed with OSA
(AHI>5), and 323 patients (16.6%) had normal AHI values
(AHI<5). Among these diagnosed patients, 644 (39.6% of
those diagnosed with OSA and 33.0% of the total popula-
tion) took the step to purchase a therapeutic device.

Average Usage > = 4 Hrs / day: 385

Average AHI < 5: 517

Average Usage < 4 hrs / day: 259

Average AHI > = 5: 127
Did not Buy Device: 982
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It’s notable that out of the patients who bought a
device, 385 (59.8% of those who purchased a device and
19.7% of the total population) demonstrated compliance
with average usage of 4 or more hours per day. On the
other hand, 259 patients (40.2% of those who purchased
a device and 13.3% of the total population) fell below the
optimal usage threshold.

In the context of treatment outcomes, 517 patients
achieved an average AHI<5 post-treatment, account-
ing for 31.8% of those diagnosed with OSA and 26.5%
of the overall population. This is a key indicator of suc-
cessful treatment in the cohort. Conversely, among the
patients who adhered to device usage, 127 individuals
(33.0% of adherent patients and 6.5% of the total popu-
lation) continued to have an average AHI>5, reflecting
ongoing challenges in the effective management of their
condition.

The temporal trend analysis exhibited an escalation in
both the number of patients and the severity of OSA over
the years (Fig. 2). The average AHI fluctuated, spiking at
certain intervals, whereas the average BMI for patients
with AHI>5 showed an overall downward trend over
the years. Correspondingly, the average age of patients
decreased progressively, indicating an expanding younger
demographic grappling with OSA. Notably, in 2018, there
was an increase in BMI due to a heightened preoperative
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evaluation for bariatric surgery as part of a gastric bypass
program. In 2019, the number of working sleep labs in
the hospital increased from one to two, which caused a
higher capacity for patient intake.

Device usage results

Patients took an average of 1.3 years to decide to pur-
chase a CPAP or BiPAP device after their sleep study
and initial diagnosis. The cycle time for providing the
prescription for the device to patients after the sleep
study is less than or equal to 2 weeks. The devices, when
bought, were used for an average duration of 7.5 months
before data extraction. Notably, the average daily usage
was 4.6 h, suggesting a reasonable level of adherence
among those who opted to utilize the device. However,
as seen in the Sankey plot, the adherence varied, with
40.2% using the device for less than the recommended
4 h daily and a more compliant 59.8% exceeding the
4-hour threshold (Table 2).

Furthermore, the time series plot (Fig. 3) illustrates a
trend in device compliance over the years, focusing on
usage of 4 or more hours per day. From 2017 onwards,
there has been a gradual increase in the average per-
centage of days where devices were used for at least
four hours, indicating an improving trend in patient
compliance.
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Table 2 Device usage results

Details Duration/Percentage

Waiting time to decide to buy the device 1.3 years

Duration device was used before data extrac- Average 7.5 months

tion (standard deviation=6
months)
Average daily usage of the device 46h

Regression analysis and device usage patterns

The regression analysis of Apnea-Hypopnea Index (AHI)
versus Body Mass Index (BMI) by gender and age category
(Fig. 4) underscored significant correlations, with p-values
reaching statistical significance. The plots revealed that
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higher BMI values are associated with higher AHI scores,
and this trend is consistent across different age categories.

The boxplots depicting device usage patterns (Fig. 5)
delineated the age distribution across various catego-
ries of device usage. While the median age remained
relatively stable, the interquartile range suggested a
broader age spectrum among those with lower device
usage, a pattern worth noting for future compliance
interventions.

Figure 6 provides a detailed analysis of the variation
in the Apnea-Hypopnea Index (AHI) among different
cohorts categorized by age, Body Mass Index (BMI),
and gender. Each bubble’s position on the x-axis repre-
sents the BMI category within specific age groups (< 30,
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Age Distribution by Device Usage Category (P value = 0.463)
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Fig. 5 Device usage patterns

30-50, and >50), ordered from underweight to obese.
The y-axis indicates the average AHI for each cohort.
The pink bubbles represent females, while the blue
bubbles represent males. The size of each bubble cor-
responds to the standard deviation within that group,
indicating the variability of AHI around the mean.

The data shows a clear trend of increasing AHI with
higher BMI categories across all age groups and gen-
ders, reflecting the well-known correlation between
obesity and sleep apnea severity. Males generally have
a higher average AHI compared to females within the
same BMI and age categories, suggesting gender-spe-
cific physiological differences in the manifestation of
sleep apnea. Notably, the largest bubbles, indicating
the highest variability, are seen in the obese category
across all age groups, particularly among males. This
suggests that while obesity is a significant modifi-
able risk factor, there are also substantial individual
differences within this group, possibly due to other
modifiable factors such as lifestyle, or non-modifiable
factors such as genetic predisposition and anatomical
differences.

Discussion

This study’s findings cast a spotlight on the complexi-
ties inherent in the management of OSA, a multifac-
eted condition that demands comprehensive care
strategies. The data indicate that despite a high diag-
nostic rate within our population, there is a palpable
disconnect in translating diagnoses into timely and
effective treatment actions.

Detailed analysis of results

Our study observed an average delay of 1.3 years before
patients acquired a CPAP or BiPAP device post-diag-
nosis. These delays may be attributed to a variety of
reasons: financial constraints, perceived inconven-
ience, and an OSA management approach that does
not emphasize phenotypic consideration. In relation to
the latter, it pertains to treatments not directed to cer-
tain specific characteristics or attributes in a patient,
where anatomical, physiological, or genetic differences
may result in inappropriate device choice and reduced
interest by the patient in the therapy (Delrosso et al.
2015). This may be the reason why a tailored approach
decreases the latency to initiation and improves adher-
ence rates. The economic impact, including the cost of
devices and insurance coverage issues, represents sig-
nificant barriers to device acquisition and has been doc-
umented in several health economic studies (Delrosso
et al. 2015; Pendharkar et al. 2024).

One of the main observations in our study was the
secular trend for the increase in the diagnoses of OSA
within the period of 12 years. The increase in the rate
of diagnosis may be attributed to factors such as the
expansion of our sleep laboratory facilities in 2019,
which serves to improve capacity and hence allows
more patients to be evaluated promptly. Moreover, bet-
ter awareness among health practitioners and the gen-
eral population of the health risks due to OSA likely
increased the rate of referral and self-reporting (Pep-
pard et al. 2020; Benjafield et al. 2021). The growing
prevalence of obesity worldwide—a major risk factor
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AHI Average by Age and BMI Categories
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for OSA (Shah et al. 2009), may increase the prevalence
even more in our patient population. Additionally, age
and gender have emerged as significant determinants
in our study, aligning with previous research indicat-
ing that the prevalence of OSA increases with age and
is more common in males, which may be influenced by
hormonal variations, fat distribution, and airway anat-
omy (Franklin and Lindberg 2015).

The presence of large standard deviations within cer-
tain groups, particularly in the obese category, points
to the influence of unknown or less understood fac-
tors that could be affecting AHI variability. These could
include differences in fat distribution, muscle tone,
upper airway structure, and the presence of comorbid
conditions like diabetes or hypertension. The data indi-
cates that as BMI increases, the impact of these various
factors becomes more pronounced, highlighting the
complexity of managing sleep apnea in obese patients.
Furthermore, the trends observed in the younger age
group (<30) suggest that early intervention and life-
style modifications could play a critical role in prevent-
ing the progression of sleep apnea severity. Overall,
the graph underscores the multifaceted nature of sleep
apnea, where both modifiable (BMI, lifestyle) and non-
modifiable (age, gender) factors contribute to its vari-
ability, necessitating a comprehensive and personalized
approach to treatment.

Compliance challenges

Adherence to device use remains a substantial challenge.
Among device owners, only 59.8% met the recommended
threshold for usage, which may stem from factors such
as discomfort, inconvenience, and psychosocial issues
such as stigma (Rohit 2007). Age appeared to have a
non-significant correlation with device usage patterns,
suggesting that age-related factors alone do not predict
adherence levels. This finding diverges from certain stud-
ies that report better compliance among older patients,
potentially due to greater health awareness or more
severe symptoms (Najafi et al. 2019).

Addressing compliance and time to device acquisition
Solutions to improve compliance have been explored in
other research, including the use of telemedicine for reg-
ular follow-ups and patient education to enhance device
familiarity and comfort (Turino et al. 2017). Interventions
targeting health literacy and social support can profoundly
impact patient attitudes and behaviors regarding treat-
ment acceptance (Ward et al. 2014; Abuzied et al. 2024).
Reducing the time for device acquisition is crucial.
Beyond financial considerations, psychological factors
such as denial of disease severity and fear of treatment
dependency are pervasive (Seo et al. 2020). Healthcare
organizations can bridge this gap through initiatives
that promote early diagnosis and patient education
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(Alshammary et al. 2021; Abuzied et al. 2021). Programs
such as the American Sleep Apnea Association’s CPAP
Assistance Program have made strides in improving
access to treatment by subsidizing costs and providing
educational resources (Ramar et al. 2015).

Studies have identified numerous obstacles to CPAP
adherence in the treatment of obstructive sleep apnea,
including discomfort and socioeconomic issues. For
example, Sawyer et al. (2011) noted that targeted
approaches, such as patient education, are effective in
improving adherence (Sawyer et al. 2011). In the same
line, Weaver and Grunstein (2008) reiterated the neces-
sity of a multidisciplinary approach in overcoming the
difficulties in adherence to improve the overall treatment
outcome (Weaver et al. 2008).

Implications and future directions

The significant delays in device acquisition and variable
levels of adherence among patients with OSA, depicted
from the results of this study, represent multi-faceted
challenges in managing the condition. This study has
traced the complete patient journey from diagnosis to
use of the therapeutic device, thereby highlighting some
of the key gaps in the continuum of care. These socio-
economic and patient barriers are often very powerful
and drive delays that suggest the need for more intensive
intervention.

Both of these challenges call for an integrative and pro-
active approach. Increased patient education regarding
the condition and its complications may have the effect
of empowering individuals to make timely and relevant
decisions about their treatment. General practitioners
are in a position to play a key role in this respect and
must become more sensitive and proactive in identifying
those patients who are at risk and referring them to sleep
centers without delay. Furthermore, telemedicine and
remote monitoring systems would support patients con-
tinually to improve adherence rates. Interventions can be
made at appropriate times when compliance issues are
noted. Digital tools together with personalized care mod-
els, taking into consideration individual patient needs
and barriers, may enable more consistent and effective
management of OSA.

Community awareness of the disease is also necessary;
it would increase public awareness of OSA and its com-
plications, thus probably leading to early diagnosis, and
instigation of treatment. Incorporating such strategies
in routine practice would position health systems bet-
ter amidst the complexities of managing OSA and hence
improving patient outcomes.
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Recommendations for enhancing proactivity in sleep
centers

Sleep centers can implement routine OSA screenings for
high-risk individuals and integrate these screenings into
regular health check-ups. Partnering with community
health programs to conduct awareness campaigns about
OSA’s risks and symptoms can facilitate early diagnosis.
Additionally, sleep centers can develop targeted edu-
cational programs for healthcare providers, enhancing
their ability to identify potential OSA cases during rou-
tine consultations and use system-based prompts to refer
these patients directly to specialized sleep labs.

Suggestions for enhancing patient compliance

and engagement

To improve patient compliance, sleep centers can adopt
personalized care models that account for individual
lifestyle and barriers to adherence. This includes flex-
ible follow-up schedules, remote monitoring of therapy
adherence, and establishing support groups for sharing
coping strategies. Sleep centers should also advocate for
better insurance coverage for OSA treatments to reduce
financial barriers, thus increasing treatment continuation
and effectiveness.

Non-PAP options for OSA management

Non-PAP treatments, such as mandibular advancement
devices (MADs), positional therapy, weight loss, and
upper airway surgeries, are all effective options for the
management of OSA, especially in patients who cannot
adhere or are intolerant to CPAP (Lee et al. 2021). In our
present study, 60% of diagnosed patients did not acquire
a device; this fact underlines the need for available and
accessible non-PAP options. Combined treatments, like
MADs in combination with positional therapy, further
improve results, especially in those patients with mild to
moderate OSA (Hrubos-Strem et al. 2023).

Limitations

Despite the insights gained, our study is not without limi-
tations. The retrospective nature imposes inherent con-
straints, including potential biases in data recording and
the unavailability of certain longitudinal data that could
affect the outcomes. Moreover, the study’s focus on a sin-
gle center may limit the generalizability of the findings
across different demographics and healthcare systems.
We recommend future multicentric studies in the United
Arab Emirates to validate these findings and an explora-
tion into the psychological and socio-economic barriers
that could influence device purchase and adherence.
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Conclusion

This study sheds light on the essential yet often over-
looked aspects of obstructive sleep apnea (OSA) man-
agement, emphasizing the importance of timely and
effective interventions following diagnosis. The observed
delay in patients’ procurement of CPAP or BiPAP devices
and the challenge of maintaining consistent use reflect a
broader narrative of patient engagement and the multi-
faceted nature of adherence. The journey from diagnosis
to management is revealed to be fraught with hurdles,
both medical and socioeconomical, which are critical to
consider in the pursuit of improved patient outcomes.

In response, our findings advocate for an integra-
tive model of care that prioritizes personalized patient
education, robust support systems, and strategies that
streamline and simplify the pathway to treatment. As the
healthcare community continues to advance its under-
standing of OSA, the emphasis must be on creating a
treatment landscape that not only addresses the clinical
dimensions of OSA but also actively dismantles the bar-
riers to efficient and effective care. This approach prom-
ises to optimize therapeutic outcomes and enhance the
quality of life for individuals living with this complex
condition.
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