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IMPORTANCE The efficacy of surgical treatments for obstructive sleep apnea (OSA) is variable
when considering only the Apnea Hypopnea Index as the treatment end point. However, only
a few studies have shown an association between these procedures and improved clinically
relevant outcomes, such as cardiovascular, endocrine, and neurological sequelae of OSA.

OBJECTIVE To evaluate the association of surgery for OSA with clinically relevant outcomes.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study used the Truven
MarketScan Database from January 1, 2007, to December 31, 2015, to identify all patients
diagnosed with OSA who received a prescription of continuous positive airway pressure
(CPAP), were 40 to 89 years of age, and had at least 3 years of data on file. Data were
analyzed September 19, 2019.

INTERVENTIONS Soft tissue and skeletal surgical procedures for the treatment of OSA.

MAIN OUTCOMES AND MEASURES The occurrence of cardiovascular, neurological, and
endocrine complications was compared in patients who received CPAP alone and those who
received surgery. High-dimensionality propensity score matching was used to adjust the
models for confounders. Kaplan-Meier survival analysis with a log-rank test was used to
compare differences in survival curves.

FINDINGS A total of 54 224 patients were identified (33 405 men [61.6%]; mean [SD] age,
55.1 [9.2] years), including a cohort of 49 823 patients who received CPAP prescription alone
(mean [SD] age, 55.5 [9.4] years) and 4269 patients who underwent soft tissue surgery
(mean [SD] age, 50.3 [7.0] years). The median follow-up time was 4.47 (interquartile range,
3-8) years after the index CPAP prescription. In the unadjusted model, soft tissue surgery
was associated with decreased cardiovascular (hazard ratio [HR], 0.92; 95% CI, 0.86-0.98),
neurological (HR, 0.49; 95% CI, 0.39-0.61), and endocrine (HR, 0.80; 95% CI, 0.74-0.86)
events. This finding was maintained in the adjusted model (HR for cardiovascular events, 0.91
[95% CI, 0.83-1.00]; HR for neurological events, 0.67 [95% CI, 0.51-0.89]; HR for endocrine
events, 0.82 [95% CI, 0.74-0.91]). Skeletal surgery (n = 114) and concomitant skeletal and
soft tissue surgery (n = 18) did not demonstrate significant differences in rates of
development of systemic complications.

CONCLUSIONS AND RELEVANCE In this cohort study, soft tissue surgery for OSA was associated
with lower rates of development of cardiovascular, neurological, and endocrine systemic
complications compared with CPAP prescription in a large convenience sample of the
working insured US adult population. These findings suggest that surgery should be part
of the early treatment algorithm in patients at high risk of CPAP failure or nonadherence.

JAMA Otolaryngol Head Neck Surg. doi:10.1001/jamaoto.2020.5179
Published online January 21, 2021.

Author Affiliations: Division of
Sleep Surgery, Department of
Otolaryngology–Head and Neck
Surgery, Stanford University School
of Medicine, Stanford Hospital and
Clinics, Stanford, California (Ibrahim,
de Freitas Mendonca, Capasso);
Green Button, Stanford Center for
Biomedical Informatics Research,
Stanford, California (Gombar,
Callahan, Jung).

Corresponding Author: Badr
Ibrahim, MD, Division of Sleep
Surgery, Department of
Otolaryngology–Head and Neck
Surgery, Stanford University School
of Medicine, Stanford Hospital and
Clinics, 450 Broadway St, Pavilion B,
2nd Floor, Redwood City, CA 94063
(ibra.badr@gmail.com).

Research

JAMA Otolaryngology–Head & Neck Surgery | Original Investigation

(Reprinted) E1

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Marina Carrasco on 01/22/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2020.5179?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.5179
mailto:ibra.badr@gmail.com


O bstructive sleep apnea (OSA) is associated with neu-
rocognitive, psychiatric, metabolic, and cardiovascu-
lar comorbidities as well as overall decreased sur-

vival. In addition, the annual economic costs of OSA are
estimated to be $65 to $165 billion in the US alone, mostly ow-
ing to OSA comorbidities and health-related accidents.1 There-
fore, adequate treatment has evolved to become a medical and
societal issue of high importance.

Although the criterion standard treatment for OSA is
continuous positive airway pressure (CPAP), it is notoriously
recognized for its limited tolerability and therefore less than
optimal long-term adherence rates.2,3 Oral appliance therapy
for mild to moderate OSA is a recognized alternative, but it is
also limited by patient’s toleration and possible long-term
adverse effects. Therefore, surgical alternatives addressing
the nasal cavity, oropharynx, hypopharynx, and the facial
skeleton have been devised to treat OSA by remodeling
the airway and thereby improving airflow and decreasing
collapsibility.

The variable efficacy of various surgical procedures to im-
prove the Apnea Hypopnea Index (AHI), snoring, and sleepi-
ness has been well demonstrated in prior studies.4 However,
only a few studies to date5-9 have focused on the relevance of
surgical procedures for mortality and health-related out-
comes, including fatal and nonfatal cardiovascular events and
neurocognitive and endocrine ailments. Therefore, we sought
to study the effect of surgical treatment options on clinical out-
comes related to OSA at a population level using a large health
care insurance database.

Methods
Study Design
We performed a retrospective cohort analysis of adults aged
40 to 90 years diagnosed with OSA who were prescribed
CPAP using a portion of the Truven MarketScan Database
(TMD) that spanned from January 1, 2007, to December 31,
2015, and aimed to evaluate the development of cardiovas-
cular, neurological, and metabolic complications in surgi-
cally and nonsurgically treated patients. The TMD is a com-
mercially available database with fully deidentified data,
and institutional review board oversight is not needed for its
use. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline.

Data Source
The TMD is a large convenience sample of the US adult work-
ing insured population containing medical, drug, and dental
records on as many as 250 million patients.10 It integrates dei-
dentified patient-level health data, productivity, health risk as-
sessments, hospital discharges, and electronic medical rec-
ords into data sets available for health care research.10 We
accessed a portion of the TMD spanning the years 2007 to 2015.
The total sample size available in this portion of the TMD was
124 257 670 million US insured working adults for a total of
3 052 587 721 recorded encounters.

Study Population
Patients with an OSA diagnosis were identified based on code
327.23 from the International Classification of Diseases, Ninth
Revision (ICD-9). Only patients with a record of CPAP use af-
ter or 1 month or less before OSA diagnosis were included. The
use of CPAP was identified by the Healthcare Common Proce-
dure Coding System code E0601. Moreover, patients were only
included if they had at least 3 years of follow-up data from the
time of their first CPAP record. Patients were then divided based
on having had surgery for OSA or not. Three subgroups of OSA
surgery were analyzed: (1) soft tissue procedures, including
palatopharyngoplasty (Current Procedural Terminology [CPT]
code 42145) and tonsillectomy (CPT code 42826); (2) skeletal
procedures, including Le Fort I osteotomy (CPT code 21141),
reconstruction of the midface with Le Fort I osteotomy (CPT
code 21145), and mandibular reconstruction/mandibular
sagittal split (CPT code 21196); and (3) any combination of
both types of procedures. Given the large sample size in the
no-surgery group, a sample of 50 000 randomly selected pa-
tients was later used for downstream analysis and propensity
score matching. The sample was restricted to 50 000 pa-
tients to be sufficiently large to capture any confounders while
still being small enough to prevent multiple weeklong times
for a high-dimensionality propensity score match (HDPSM) to
resolve. After exclusion of patients 90 years or older, 49 823
records were included in the no-surgery group for compari-
son with the surgical groups.

Variables Analyzed
Demographic information relative to age, sex, number of medi-
cal encounters, year of entry into the cohort, and record length
were recorded. Medical encounters included the number of
hospitalizations and visits to the emergency department and
clinic. To evaluate our primary outcome, specific ICD-9 codes
for cardiovascular, neurological, and metabolic comorbidi-
ties (Table 1) were used to identify the first occurrence of sys-
temic complications after the index CPAP prescription in the
surgical and nonsurgical cohorts.

Statistical Analysis
Data were analyzed September 19, 2019. Cohorts were com-
pared after HDPSM to control for all observable confounders

Key Points
Question Is surgery associated with clinically relevant systemic
complications of obstructive sleep apnea (OSA)?

Findings In this cohort study of 54 224 patients with OSA,
cardiovascular, neurological, and endocrine comorbidities of OSA
were associated with lower rates of occurrence after soft tissue
surgery of the oropharynx in the unadjusted and adjusted models
compared with continuous positive airway pressure (CPAP)
prescription alone.

Meaning These findings suggest that in patients at high risk of
CPAP nonadherence or for whom CPAP failed, surgery should be
considered early in the treatment algorithm, because its use was
associated with a reduction in the development of systemic
complications of OSA.
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in the data set.11-13 The high-dimensionality propensity scores
were assigned based on age, sex, year of entry into the co-
hort, record length, and diagnoses and medications preced-
ing CPAP. High-dimensionality propensity score matching is
a statistical method that allows the reduction of a large vec-
tor of covariates estimating an outcome into a single score. This
composite score allows us to match patients based on com-
plex constructs, such as health status, by including in its cal-
culation all observable data in multiple dimensions (age, sex,
record length, ICD-9 codes, and medications) for each pa-
tient. The time of first CPAP record was used as the index time.
Adjusted cohorts were then analyzed to time of first event using
a Kaplan-Meier estimator.14 Events were considered by cat-
egory (cardiovascular, neurological, and endocrine), and dif-
ferences in the survival curves were analyzed using the log-
rank test. To ensure that the trends we observed were not solely
statistical artifacts related to the large sample sizes that the
TMD provided us, we used E values to estimate the risk of
unmeasured confounding. This extra measure of statistical
validity is a modern statistical tool that allows for the estima-
tion of the effect size that an unmeasured confounder would
need to have to nullify the measured association.15 The higher
the value, the bigger the effect size of the unmeasured con-
founder would have to be. Therefore, the more unlikely it is
that an unmeasured confounder would have been unac-
counted for.

Results
Overall Cohort Overview
In total, 462 570 records of patients diagnosed with OSA and
having had CPAP prescribed from 2007 to 2015 were identi-
fied. Of those, 458 169 did not undergo surgery for OSA, and
4401 went on to have a surgical intervention. Including a con-
venience sample of patients in the no-surgery group, 54 224
were included in the analysis (33 405 men [61.6%] and 20 819
women [38.4%]; mean [SD] age, 55.1 [9.2]). In the surgery
group, 4269 patients had isolated soft tissue surgery, 114 had
isolated skeletal surgery, and 18 had both types of surgery
(Figure). Demographic information of the cohorts is summa-
rized in Table 2. Follow-up after CPAP prescription ranged from
3 to 8 years for all patients included in this study, with a me-
dian follow-up time of 4.47 (range, 3-8) years from after the
index CPAP prescription.

Unadjusted Model
In this model, we observed clinically meaningful reductions
in neurological (hazard ratio [HR], 0.49; 95% CI, 0.39-0.61) and
endocrine (HR, 0.80; 95% CI, 0.74-0.86) complications
(Table 3) for soft tissue surgery. Soft tissue surgery was also
associated with decreased cardiovascular events (HR, 0.92;
95% CI, 0.86-0.98). Associations with meaningful differ-
ences on outcomes of interest were found for skeletal surgery
(HR for cardiovascular events, 1.07 [95% CI, 0.74-1.57]; HR for
neurological events, 0.22 [95% CI, 0.03-1.57]; HR for endo-
crine events, 0.76 [95% CI, 0.47-1.22]) and combined skeletal
and soft tissue surgery (HR for cardiovascular events, 3.18 [95%

CI, 0.33-30.62]; HR for endocrine events, 0.59 [95% CI, 0.15-
2.34]) cases, but the width of the 95% CIs prevented defini-
tive conclusions (Table 4).

HDPSM-Adjusted Model
Given the low number of cases available in the skeletal and
combined soft tissue and skeletal surgery groups, adequate
HDPSM analysis was not possible in these groups. The soft tis-
sue surgery group was large enough to perform HDPSM analy-
sis. Matched cohorts of 4269 patients were generated in the
no-surgery and soft tissue surgery groups, and the likelihood
of developing cardiovascular, neurological, and endocrine out-
comes of interest was compared. The finding of decreased
events was maintained in the adjusted model (HR for cardio-
vascular events, 0.91 [95% CI, 0.83-1.00]; HR for neurologi-
cal events, 0.67 [95% CI, 0.51-0.89]; HR for endocrine events,
0.82 [95% CI, 0.74-0.91]). Further details of this analysis are
summarized in Table 3.

Discussion
Continuous positive airway pressure is the criterion standard
treatment for the correction of the physiological abnormali-
ties in sleep disordered breathing. Its tolerability and adher-
ence rate make it a challenging solution at a populational level.
Indeed, adherence rate estimates at 5 years range from 40%
to 80%.2,16 A recent body of literature examining the effect of
CPAP treatment as a primary and secondary prevention method
for cardiovascular and neurological morbidity in adult pa-
tients with OSA has consistently demonstrated null results in
3 distinct systematic reviews of randomized clinical trials.17-19

However, subgroup analysis of these trials demonstrated a ben-
efit of CPAP for cardiovascular events in patients with more
than 4 hours of CPAP treatment per night. To this day, this is
the highest level of evidence suggesting a clinically meaning-

Table 1. ICD-9 Diagnostic Codes Used to Identify Systemic Complications

ICD-9 code Diagnosis
Cardiovascular event

410.x Myocardial infarction

414.x Coronary artery disease

413.9 Angina pectoris

401.1, 401.9, 402.x Hypertension

Chronic ischemic heart disease

277.7 Metabolic syndrome

427.x Arrhythmia

Neurological event

434.91 CVA/stroke

331.0 Alzheimer

Endocrine event

790.2 Impaired fasting glucose level,
impaired glucose tolerance test result,
or other abnormal glucose finding

Abbreviations: CVA, cerebrovascular accident; ICD-9, International Classification
of Diseases, Ninth Revision.
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ful objective systemic benefit of OSA treatment. These re-
sults emphasize the need for a minimum use time of CPAP and,
more importantly, its lack of benefit when a minimal treat-
ment time is not achieved. Because surgical modifications of
the upper airway exercise their effect all night, the adherence
issue is removed from the equation.

The present study is one of the few studies available to ex-
amine such clinically relevant systemic outcomes for surgi-
cal treatments of OSA. It complements the existing literature
by introducing a very large US cohort of matched patients un-
dergoing surgical and nonsurgical treatment and followed up
longitudinally for as long as 8 years and by using a database
that represents a real-life setting rather than a controlled trial
environment.

Several smaller cohorts have previously evaluated the ef-
fect of various surgical procedures on cardiovascular morbid-
ity in OSA.5 Larger cohorts with designs similar to the one pre-
sented in this study have also demonstrated outcomes similar
to ours.9,20 Notably, a study spanning 192 316 patients with OSA
in South Korea9 has recently been published with similar find-
ings. Lee et al9 used a government-run national insurer data-
base to identify cohorts of patients with OSA treated with uvu-
lopalatopharyngoplasty (UPPP) and compared them with a
cohort of patients with OSA not undergoing surgery from 2007
to 2014. They found that UPPP decreased the incidence of con-
gestive heart failure and atrial fibrillation in unadjusted mod-
els and significantly decreased the incidence of congestive
heart failure alone (HR, 0.757; 95% CI, 0.596-0.960) when ad-

Figure. Flow Diagram of Patient Inclusion

124 257 670 Patients in available portion of
Truven Marketscan Database

458 169 CPAP alone

49 823 CPAP alone 4269 CPAP and soft
tissue surgery

114 CPAP and skeletal
surgery

18 CPAP and combined soft
tissue and skeletal surgery

50 000 CPAP alone convenience
sample

177 Excluded
(aged ≥90 y)

4404 Met inclusion criteria
Record of using CPAP
Aged ≥40 y
Data ≥3 y after first CPAP record

CPAP indicates continuous positive
airway pressure.

Table 2. Demographic Characteristics

Characteristic
CPAP alone
(n = 49 823)

CPAP plus soft
tissue surgery
(n = 4269)

CPAP plus
skeletal surgery
(n = 114)

CPAP plus skeletal and
soft tissue surgery
(n = 18)

Age, mean (SD), y 55.5 (9.4) 50.3 (7.0) 50.8 (7.0) 49.5 (5.4)

Female, % 38.9 32.3 47.4 22.2

Events, No. (%)

Cardiovascular 10 771 (21.6) 913 (21.4) 27 (23.7) 3 (16.7)

Neurological 1826 (3.7) 84 (2.0) 1 (0.9) 0

Endocrine 9092 (18.2) 673 (15.8) 17 (14.9) 2 (11.1)

Length of record,
median (IQR), y

7.0 (5.1-8.0) 7.0 (5.2-8.0) 7.0 (5.5-8.0) 7.1 (6.3-7.5)
Abbreviations: CPAP, continuous
positive airway pressure;
IQR, interquartile range.

Table 3. HRs for Occurrence of Cardiovascular, Neurological, and Endocrine Outcomes After Soft Tissue Surgery
Compared With CPAP Prescription Alone

Outcome

Unadjusted modela Propensity score–matched modelb,c

HR (95% CI) E value (95% CI) HR (95% CI) E value (95% CI)

Cardiovascular event 0.92 (0.86-0.98) 1.31 (1.46-1.12) 0.91 (0.83-1.00) 1.34 (1.53-1.05)

Neurological event 0.49 (0.39-0.61) 3.53 (4.55-2.69) 0.67 (0.51-0.89) 2.33 (3.34-1.49)

Endocrine event 0.80 (0.74-0.86) 1.61 (1.77-1.45) 0.82 (0.74-0.91) 1.56 (1.77-1.34)

Abbreviations: CPAP, continuous positive airway pressure; HR, hazard ratio.
a Includes 4269 patients undergoing soft tissue surgery and 49 823 prescribed

CPAP alone.
b Includes 4269 patients undergoing soft tissue surgery and 4269 prescribed

CPAP alone.
c Matched by age, sex, year of entry into the cohort, record length, diagnoses

preceding CPAP, and medications preceding CPAP.
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justing for income level, age, sex, hypertension, dyslipid-
emia, and diabetes. Of note, however, although the present
study’s results with regard to cardiovascular morbidity sup-
port the result of Lee et al,9 our result shows some vulnerabil-
ity in the strength of association and to confounding as as-
sessed by the 95% CIs of the HRs and E values. We hypothesize
that 2 mechanisms can explain this vulnerability. First, con-
trary to the findings of Lee et al,9 which have analyzed the ef-
fect of UPPP on each selected ICD code independently, we have
chosen to consider all selected ICD-9 codes for each domain
as a single outcome to have a broad view on the association
with surgery. This less granular analysis might have caused a
dilution of the strength of association by incorporating ICD-9
codes that are not individually associated with lower inci-
dence of complications after UPPP. Moreover, the incorpora-
tion of multiple distinct diagnoses as a single outcome leads
to exposure to more unobserved confounding. Still, the gen-
eral trend is concordant with previously published data and
confirms that surgery has a role as a therapeutic tool in the re-
duction of cardiovascular morbidity of OSA.

Chen et al20 demonstrated a decrease in the 1-year inci-
dence of cerebrovascular events in patients undergoing UPPP
compared with those not undergoing surgery in a fully ad-
justed model (relative risk, 0.45; 95% CI, 0.33- 0.61) using the
Taiwanese National Health Insurance Database. A previous
study by Weaver et al6 using the health care database of the
Veterans Affairs hospital network demonstrated a benefit in
survival of patients treated by UPPP compared with CPAP pre-
scription alone with an adjusted HR of 1.31 (95% CI, 1.03-1.67)
for mortality at 5 years for CPAP prescription alone. Weaver
et al6 provided one of the first evaluations of clinically rel-
evant outcomes in surgical treatment of OSA independent of
the AHI-related outcomes and an early demonstration of the
benefit of treating patients surgically, even if to obtain an in-
complete cure by polysomnographic standings.

The present study strengthens the findings of the previ-
ously cited reports by expanding the applicability of the re-
sults and using an exhaustive method for creating matched co-
horts. Indeed, the analysis presented in this report expands
the size of the cohorts of US patients treated surgically for OSA
available in the literature and captures a different segment of
the US population: insured working adults. Also, compared
with the Korean and Taiwanese insurance databases, the US
population represents a larger and more ethnically heterog-

enous patient pool. However, the findings are replicable. More-
over, previous studies have attempted to control for various
confounders by stratifying based on a prespecified limited set
of comorbidities9 or using a composite marker for comorbid-
ity, such as the Charlson comorbidity index in data available
only in part of the database.6 The analysis provided in this study
relies on propensity score matching to create comparable co-
horts while decreasing the risk of indication bias. All vari-
ables available in the database were used in the matching pro-
cess (including every individual’s recorded ICD-9 codes),
resulting in uniquely comparable cohorts. This significant
methodological improvement allowed us, within the bounds
of the available data, to control for the confounding to which
this kind of observational insurance-based database studies
is prone. Moreover, in the context of biomedical and social sci-
ence research, it is generally accepted that unmeasured con-
founders with an E value of 2 to 3 are relatively uncommon.15

Hence, our data do not seem to be significantly affected by un-
measured confounders.

As far as metabolic complications are concerned, prior
studies demonstrated that patients with moderate or severe
OSA have a higher frequency of type 2 diabetes and that treat-
ing OSA with CPAP lowers the prevalence of diabetes of any
severity level.21,22 Moreover, surgical treatment for OSA has
been shown to affect various metabolic markers, notably de-
creasing postoperative leptin, triglyceride, and total choles-
terol levels, independently of changes in body mass index.23

However, no association was noted with hemoglobin A1c lev-
els. In contrast, the present study’s findings show an associa-
tion between soft tissue surgery and reduced rates of predia-
betes and impaired glucose intolerance compared with CPAP
prescription alone.

Other emerging findings in clinically relevant outcomes re-
search in OSA surgery have demonstrated that UPPP can reduce
the risk of development of dementia in OSA.7 However, no ben-
eficial effect was demonstrated for Alzheimer disease. Moreover,
UPPP has also been linked to a decreased risk of developing de-
pression in a similar study design based on a long-term retrospec-
tive follow-up of patients from insurance databases.8

Uvulopalatopharyngoplasty is the surgical procedure most
commonly performed for OSA. Historically, UPPP has been a
controversial procedure owing to concerns about its efficacy,
postoperative recovery, and long-term adverse effects. In-
deed, highly variable surgical cure rates have been reported24

Table 4. HRs for Occurrence of Cardiovascular, Neurological, and Endocrine Outcomes After Skeletal Surgery
and Combined Skeletal and Soft Tissue Surgery Cases Compared With CPAP Prescription Alone

Outcome

Unadjusted model

Skeletal surgery alonea Combined skeletal and soft tissue surgeryb

HR (95% CI) E value (95% CI) HR (95% CI) E value (95% CI)
Cardiovascular event 1.07 (0.74-1.57) 1.28 (1.77-2.07) 3.18 (0.33-30.62) 5.82 (60.73-5.49)

Neurological event 0.22 (0.03-1.57) 8.53 (2.51-63.89) 0 (0-�)c 325 703 (�-�)c

Endocrine event 0.76 (0.47-1.22) 1.72 (1.56-2.75) 0.59 (0.15-2.34) 2.25 (2.99-6.64)

Abbreviation: CPAP, continuous positive airway pressure; HR, hazard ratio.
a Includes 114 patients undergoing skeletal surgery and 49 823 prescribed

CPAP alone.
b Includes 18 patients undergoing skeletal plus soft tissue surgery and 49 823

prescribed CPAP alone.
c No neurological events were observed in the subset of patients with combined

surgery, yielding a degenerate HR estimate.
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based on various different definitions of cure. Importantly, all
these definitions used the AHI as the main indicator of suc-
cess. However, meeting specific AHI targets does not guaran-
tee that the successful treatment will translate to meaningful
clinical benefits to the patient. In fact, polysomnographic indi-
ces have been shown to correlate very poorly with patient’s
symptoms, quality of life, and reaction time.25 Moreover, a de-
cade-long historical cohort evaluating factors associated with
cardiovascular morbidity failed to demonstrate an association
of AHI in the final adjusted multivariate analysis.26 Further-
more, AHI is highly affected by the subjectivity inherent to the
interpretation of hypopnea. This makes the AHI a much less ob-
jectively quantifiable marker of disease over time. Hence, it
seems sensible to evaluate the value of an intervention based
on its capacity to yield meaningful health-related outcomes
rather than purely based on polysomnographic outcomes.
Therefore, it is highly relevant to reconsider the value of surgi-
cal interventions, even if they only partially resolve the poly-
somnographic findings but provide physiological improve-
ments in breathing that translate into meaningful clinical
outcomes.

The TMD did not allow us to identify sufficient cases to
evaluate the value of skeletal surgery or combined soft tissue
and skeletal surgery. However, these procedures have been
reported to be highly effective in the treatment of OSA.27,28

Limitations
The present study presents some limitations in its design. Given
the available data in the TMD, we could not match patients
based on their body mass index. However, the confounding
effect of this limiting factor was partially mitigated by the in-
clusion of every patient’s individual list of ICD-9 codes, in-
cluding any obesity-related ICD-9 code, in the propensity score
matching process when generating the cohorts. Moreover, the
TMD did not provide a measure of the severity of OSA of each
patient or the rates of adherence to CPAP therapy per night or
over time. Although not having AHI information can be a con-
founding factor, this is a limitation that does not invalidate the
results of this study, because severity grouping by AHI has been
proven to not correlate with the risk of developing cardiovas-
cular disease,26 and inclusion of other physiological criteria,
such as the desaturation index, might prove to be more infor-
mative to estimate systemic complications for future studies.29

Moreover, potential selection bias in the choice of surgery and
surgical technique coded under the same CPT code, depend-
ing on each clinician’s practice preferences and habits, can
affect the outcome. Indeed, UPPP and its associated CPT code
encompasses various techniques of palatal and oropharyn-
geal surgical procedures that share the common goal of wid-
ening the oropharyngeal airway. This limitation is inherent to
retrospective insurance database–based studies and should be
kept in mind when interpreting the data presented.

Also, this study is subject to the limitations of studies per-
formed on large health care utilization databases. The valid-
ity of the data in these databases depends on the accuracy of
the medical coding and billing information input. Specifi-
cally, at any given encounter for any patient, secondary ICD-9
codes may not be accurately reported. Hence, the overall ICD-9

code list for each patient may not reflect the patient’s actual
full list of comorbidities but the ones for which the patient
sought medical care as captured by the payer or insurer. This
loss of secondary and tertiary ICD-9 codes may induce an un-
controlled confounding by inaccurately matching patients with
dissimilar comorbidity profiles simply based on the observed
ICD-9 codes in the database.

Several features of our study design were used to control
for this inherent feature of insurance database–based stud-
ies. First, all patients had to have a minimum of 3 years of fol-
low-up on the database to be included. Hence, one can rea-
sonably assume that any medical condition of significant
importance for the patient’s health would have required a ser-
vice captured under that condition’s specific ICD-9 code dur-
ing that period, and so it would be accounted for in the pa-
tient’s list of comorbidities included in the HDPSM. Also, we
have used E values to quantify the risk of uncontrolled con-
founding to better detect inaccuracies in our results owing to
such risks. Furthermore, ICD-9 codes do not reflect accu-
rately the severity of a disease process. Therefore, even with
appropriate matching based on the ICD-9 codes, a degree of
confounding by severity may be present and uncontrolled for.
Moreover, information for each patient is only available for the
duration of the patient’s enrollment with particular insurers
covered by the scope of the database. The TMD belongs to a
family of health care databases that track individual patient
information from multiple databases to improve the longitu-
dinal follow-up and attenuate data loss with changes in work
or insurers. Moreover, the TMD covers a large sample of the
adult working population of the US covered by private insur-
ers. It is not representative of a random sample of the US popu-
lation. Also, only patients with sufficient coverage are likely
to present to their specialist for care of a disease that is not di-
rectly life-threatening. This further affects the representativ-
ity of the sample.

Furthermore, although HDPSM is an excellent tool to cre-
ate a matched cohort for comparison in a retrospective set-
ting, it remains mainly a statistical technique whereby pa-
tients are matched based on their propensity score rather than
their true clinical state. Given the limitations of ICD-9 coding
presented earlier, it is conceivable that patients matched by
HDPSM are not perfect clinical matches for one another but
ideal statistical matches based on prespecified empirically se-
lected criteria available in the database. Moreover, despite using
a database designed for longitudinal follow-up of patients, the
median follow-up of 4.47 years from the index CPAP prescrip-
tion could limit our capacity to detect larger differences that
may have arisen in time, because systemic comorbidities tend
to develop over a long period.

Last, the choice of codes used for outcome selection could
be expanded to include more stroke-related outcomes and en-
compass a broader variety of dementias. With regard to the en-
docrine outcomes, the ICD-9 code chosen could be narrowed
to target type 2 diabetes specifically in a future study. For all
these reasons, we consider the design of the present study to
allow for exploratory analysis of the comparative effects of
CPAP prescription and soft tissue surgery for OSA on the rate
of systemic complications in a real life setting and over time
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but do not claim to have established any link of causality within
the present study design.

Conclusions
This cohort study presents observational evidence of
reduced rates of occurrence of cardiovascular, neurological,

and endocrine comorbidities of OSA after UPPP compared
with CPAP prescription alone. It expands on the findings
of an emerging body of literature evaluating clinically
meaningful health-related outcomes. Further observational
and experimental studies focusing on similar outcomes
are needed to critically assess the value of surgical
interventions in the treatment of OSA and establish
causality.
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