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Changes in Obstructive Sleep Apnea
Severity, Biomarkers, and Quality of Life
After Multilevel Surgery

Eric J. Kezirian, MD, MPH; Atul Malhotra, MD; Andrew N. Goldberg, MD, MSCE; David P. White, MD

Objectives/Hypothesis: To evaluate the impact
of multilevel obstructive sleep apnea surgical treat-
ment on sleep-disordered breathing severity, health-
related measures, and quality of life, and to examine
the association between changes in sleep-disordered
breathing severity and these other outcomes.

Study Design: Prospective cohort study.
Methods: Subjects with obstructive sleep apnea

unable to tolerate positive airway pressure therapy
and with evidence of multilevel (palate and hypophar-
ynx) obstruction underwent uvulopalatopharyngo-
plasty, tonsillectomy, and genioglossus advancement,
with or without hyoid suspension. All subjects had
preoperative and postoperative study assessments,
including blood draw for C-reactive protein, interleu-
kin-6, homocysteine, homeostasis model of insulin re-

sistance, and leptin, and evaluation with the Func-
tional Outcomes of Sleep Questionnaire.

Results: Thirty subjects underwent multilevel sur-
gical treatment. The mean apnea-hypopnea index
decreased from 44.96 28.1 to 27.86 26.4 events/hour (P
¼ .008). Thirteen (43%) subjects in this heterogeneous
sample achieved a response to surgery (defined as an
apnea-hypopnea index reduction of �50% to an absolute
level <15 events/hour), and body mass index �32 kg/m2

was associated with a higher likelihood (55%, 12/22) of
response (P ¼ .04). There was no overall change in C-re-
active protein levels, but responders demonstrated a
decrease (�1.02 6 0.98 mg/L, P ¼ .003) that was inde-
pendent of changes in body weight. There were no signif-
icant changes in other health-related measures. Res-
ponders and nonresponders both demonstrated
improvements in sleep-related quality of life.

Conclusions: This multilevel surgery was asso-
ciated with a low likelihood of response in subjects
with body mass index >32 kg/m2. Responders had
decreased C-reactive protein levels that were inde-
pendent of changes in body weight.

Key Words: Sleep apnea, surgery, C-reactive
protein, quality of life, palate, genioglossus advancement,
uvulopalatopharyngoplasty.
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INTRODUCTION
Obstructive sleep apnea (OSA) is associated with sub-

stantial cardiovascular morbidity and mortality, endocrine

disturbances, excessive daytime somnolence, quality of life

and performance deficits, and motor vehicle crashes. Spe-

cific measures have been identified that may reflect these

adverse health-related consequences, including bio-

markers such as C-reactive protein (CRP).1 Similarly,

valid and reliable tools have been developed to assess the

functional impacts of sleep disorders such as OSA.2

The goals of OSA treatment are twofold: 1) the

elimination of disordered breathing events during sleep

and 2) the prevention or reversal of the associated

adverse health-related and functional consequences

noted above. Positive airway pressure therapy (PAP) is

recognized as the first-line treatment for most OSA
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patients because it eliminates disordered breathing

events, but some patients do not tolerate this treatment

modality and may consider other options, including sur-

gery. All OSA treatments have the potential to improve

breathing patterns during sleep, but the extent to which

they treat its adverse consequences is equally important.

For surgical OSA treatment, most studies have focused

on reducing disordered breathing events during sleep,

and the evidence related to these biomarkers and sleep-

related quality of life is limited.

The objective of this study was to evaluate the

impact of multilevel upper airway surgery (concurrent

uvulopalatopharyngoplasty with possible tonsillectomy

and genioglossus advancement with possible hyoid sus-

pension) on sleep-disordered breathing severity as well

as health-related and functional outcomes. We hypothe-

sized that the changes in sleep-disordered breathing

severity would be associated with changes in health-

related and functional outcomes.

MATERIALS AND METHODS
This prospective cohort study included subjects with OSA

(apnea-hypopnea index >5 events/hour on preoperative diagnostic

sleep study) who were unable to tolerate PAP. All subjects were

seen by the primary author (E.J.K.) at the University of California

San Francisco (UCSF), Department of Otolaryngology–Head and

Neck Surgery. Inclusion criteria included age >18 years, inability

to tolerate PAP, evidence of multilevel (palate/tonsillar and hypo-

pharyngeal/retrolingual) upper airway obstruction, and the desire

to proceed with surgical treatment. Inability to tolerate positive

airway pressure therapy was defined as mean use of no more

than 4 hours per night despite aggressive attempts to improve

tolerance and adherence, with confirmation from referring sleep

medicine physician and the primary author that the subject had

not achieved successful treatment. Evidence of multilevel obstruc-

tion was based on a number of factors: awake physical

examination documenting Friedman stage II or III classification3

and narrowing of the palatal and hypopharyngeal/retrolingual

airway regions on awake fiberoptic endoscopy, lateral cephalo-

gram x-ray, and/or drug-induced sleep endoscopy (showing

multilevel obstruction if performed prior to procedure selection).4,5

No specific inclusion or exclusion criteria were drawn from find-

ings of any single evaluation technique other than those noted

above. Exclusion criteria included pregnant women; acute illness

or infection; coexisting untreated or unstable sleep disorder other

than obstructive sleep apnea; inability to fast overnight; or known

cardiac, hepatic, renal, or neurologic disorder. This study was

approved by the UCSF institutional review board, and all sub-

jects provided written informed consent.

Preoperative full-night diagnostic polysomnograms

occurred prior to study enrollment and were performed accord-

ing to standard clinical practice. They were repeated if not

performed within 1 year of surgery or if there was a change in

body weight of more than 5 kg. All subjects included in this

analysis underwent a full-night postoperative polysomnogram

at least 3 months following surgery at the same sleep testing fa-

cility as their preoperative study, in an attempt to enhance

consistency in study interpretation.

Over one half (53%, 16/30) of the subjects underwent preop-

erative and postoperative polysomnograms at the UCSF Sleep

Disorders Center. The recording montage at the UCSF Sleep

Disorders Center consisted of C3/A2 and C4/A1 electroencephalo-

grams, bilateral electrooculograms, a bipolar submental

electromyogram, thoracic and abdominal respiratory inductance

plethysmography, airflow (using nasal-oral thermocouple and

nasal pressure cannula), finger pulse oximetry, electrocardiogram,

body position (mercury switch sensor), and bilateral leg move-

ments (piezoelectric sensors). Sleep stages and arousals were

scored using standard criteria.6 Apneas were defined as a com-

plete or almost complete cessation of airflow (by thermocouple),

and hypopneas were identified as a >30% reduction in airflow

associatedwith a�4% oxygen desaturation, according toMedicare

criteria.7 Apneas associated with no evidence of effort on both tho-

racic and abdominal channels were considered to be central and

otherwise as obstructive. The following polysomnogram results

were recorded: apnea-hypopnea index (AHI) (apneas plus hypo-

pneas per hour of sleep), apnea index (apneas per hour of sleep),

hypopnea index (hypopneas per hour of sleep), lowest oxygen satu-

ration, the percentage of sleep time with oxygen saturation below

90%, and the percentages of sleep time spent in stages N3 and

rapid eye movement (REM) sleep. Of the subjects not undergoing

preoperative and postoperative polysomnograms at the UCSF

Sleep Disorders Center, the majority (40% of total, 12/30) under-

went studies at a center using recent consensus-based

recommendations from the American Academy of Sleep Medicine,

with a similar definition of apneas and a hypopnea defined by a

decrease in airflow of at least 50% for at least 10 seconds with an

associated oxygen desaturation of at least 3% or a sleep arousal.6

Surgical decision making was based on preoperative evalu-

ation and patient preferences and was independent of potential

enrollment in this study. In a single procedure, subjects under-

went uvulopalatopharyngoplasty, with tonsillectomy if tonsils

had not been removed previously, genioglossus advancement,8

and in certain cases, hyoid suspension using the thyrohyoid

suspension technique.9 Genioglossus advancement was selected

as the primary hypopharyngeal surgery in this study because it

has been associated with favorable outcomes in combination

with palate surgery for subjects with multilevel obstruction.10

The decision whether to perform hyoid suspension was based on

multiple factors, including cosmesis of the associated cervical

scar and subject preferences.

Study Assessment
All subjects underwent study assessment on two occasions:

preoperatively within 2 weeks prior to surgery but on a separate

date from the procedure and postoperatively at least 3 months

following surgery but within 6 weeks after the postoperative

sleep study. Each study assessment included measurement of

height and body weight, medical history, and morning (between

7–9 AM and within 2 hours of awakening) fasting (for at least 8

hours) blood draw. Blood samples were sent at the time of blood

draw for the following tests: CRP (high sensitivity), homocys-

teine, and leptin. A subset of subjects had collection of stored,

frozen serum samples that were sent in a delayed fashion for

interleukin-6, insulin, and glucose testing. All biomarker assays

were performed using the standard methods of the UCSF clini-

cal laboratory. CRP (high sensitivity) was measured using the

technique of rate turbidimetry. Homocysteine and insulin were

measured using a chemiluminescent immunoassay technique.

Leptin was measured using a radioimmunoassay technique.

Interleukin-6 (high sensitivity) was measured with an enzyme

immunoassay technique. Glucose was measured using an oxygen

consumption method. The homeostasis model of insulin resist-

ance (HOMA-IR) was calculated according to the standard

method (fasting insulin [lU/mL] � fasting glucose [mmol/L] /

22.5), which has been shown to be valid when compared to the

gold standard euglycemic clamp method.11

Sleep-related quality of life was evaluated with the

Functional Outcome of Sleep Questionnaire (FOSQ), a 30-item

instrument that measures the effect of excessive daytime
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sleepiness on activities of daily living.2 Mean-weighted item

scores are used to generate five subscales (general productivity,

social outcome, activity level, vigilance, and intimacy and sex-

ual relationships) that together produce a composite score. The

total score ranges from 5 to 20, and lower scores indicate

greater dysfunction. The FOSQ composite score was analyzed

as a continuous variable.

Statistical Analysis
Descriptive statistics were calculated for baseline subject

characteristics, including body mass index (defined as weight in

kilograms divided by the square of height in meters). All contin-

uous measures are reported with mean 6 standard deviation.

Preoperative and postoperative sleep study results were calcu-

lated, and paired t tests were used to evaluate changes after

surgical treatment. Results are reported for the entire cohort

and for subgroups defined by commonly used criteria for

response to surgery or successful outcome. Two different defini-

tions for surgical response developed by other authors were

used in this study. One included the most common criteria in

the literature, requiring �50% reduction in the apnea-hypopnea

index to an absolute level <15 events/hour with no oxygen desa-

turation on the postoperative sleep study below 85% (with

subjects hereafter classified as Response15 or NoResponse15).

The second, also cited in the literature,12 was similar except

that it required a postoperative AHI <5 events/hour (hereafter,

Response5 and NoResponse5). The Response15/NoResponse15

criteria were used for the majority of the subgroup analyses.

Changes in body weight were calculated for the entire

cohort and the Response15 and NoResponse15 subgroups, with

paired t tests to evaluate possible changes after surgery. Linear

regression tested the association between changes in AHI and

body weight.

The potential association between performance of tonsillec-

tomy or hyoid suspension and both the change in AHI (t tests)

and surgical response (v2 testing) was examined. In addition,

previously published studies of multilevel OSA surgery have

identified specific subject factors that have been associated with

outcomes after multilevel OSA surgery: AHI, body mass index

>30 kg/m2, body mass index >32 kg/m2, mandibular insuffi-

ciency or retrognathia (defined by sella-nasion-point B [SNB]

angle <78� on lateral cephalogram), and Friedman stage.10

These were evaluated for their association with outcomes using

two types of tests. First, a v
2 test was used to examine the asso-

ciation between the Response15/NoResponse15 result and the

appropriate categorical distribution (for AHI there were three

categories: >5–15, >15–30, and >30 and two for all other poten-

tial risk factors, including only Friedman stage II vs. III, as

none of the subjects were Friedman stages I or IV). Second, val-

ues of continuous measures (preoperative AHI, body mass index

[BMI], and SNB angle) were compared in the Response15 and

NoResponse15 subgroups using t tests.

Preoperative and postoperative biomarker values and

FOSQ composite scores and their changes were calculated.

Paired t tests examined changes in the entire cohort as well as

the Response15 and NoResponse15 subgroups, evaluating the

changes from baseline for each subgroup individually and com-

paring the changes between the subgroups. Linear regression

was used to test for an association between changes in bio-

markers or FOSQ composite score and changes in AHI, with

additional adjustment for changes in body weight if the associa-

tion was statistically significant.

The primary biomarker outcome in this study was the

change in CRP. The sample size of 30 subjects was determined

by the ability to detect a difference of 0.90 mg/L in CRP follow-

ing surgical treatment, with 80% power at an a ¼ .05 level. P

values <.05 were considered statistically significant. Statistical

analyses were conducted using Stata version 10.0 (StataCorp

LP, College Station, TX).

RESULTS
Thirty subjects underwent multilevel OSA surgical

treatment. Mean age was 44.6 6 10.6 years (range, 19–66

years), and 7% (2/30) were female. Based on subject report,

most (7%, 21/30) were non-Hispanic Caucasian, four (13%)

Hispanic Caucasian, three (10%) Asian-American, and two

(7%) African-American. Twenty (67%) subjects underwent

tonsillectomy, and 19 (63%) underwent hyoid suspension.

Preoperative BMIwas 30.16 4.2 kg/m2.

Sleep-Disordered Breathing Severity
Sleep study results are shown in Table I. Preopera-

tively, the distribution across categories defined by

commonly used AHI cut points was 7% (2/30) with >5 to

15 events/hour, 33% (10/30) with >15 to 30 events/hour,

and 60% (18/20) with >30 events/hour. Postoperative

sleep studies were performed 208 6 67 days (range, 91–

323 days) following surgery.

Thirteen (43%) subjects achieved a surgical response

using the most common criteria (Response15), whereas

seven (23%) achieved a surgical response using the more

stringent criteria (Response5). In the cohort as a whole,

there was a significant decline in AHI and an increase in

the percentage of REM sleep. The Response15 and

Response5 subgroups had statistically significant declines

in the AHI, whereas the NoResponse15 and NoResponse5

subgroups did not. Overall, there was a decrease in body

weight of 1.7 6 4.2 kg (P ¼ .038). There were no statisti-

cally significant changes in body weight in the

Response15, NoResponse15, Response5, and NoRes-

ponse5 subgroups individually, and there were no

differences in the changes in body weight between the

appropriate subgroup pairs (all P > .05). There was no

association between changes in AHI and body weight on

linear regression (P ¼ .52). There was no association

between the likelihood of a surgical response and the cri-

teria for scoring of respiratory events.

There was no association between the change in

AHI and the performance of tonsillectomy (P ¼ .21) or

hyoid suspension (P ¼ .13). There was also no associa-

tion between the performance of these procedures and

either the Response15/NoResponse15 or Response5/NoR-

esponse5 outcome (P values .56–.70).

There was an association between Response15/NoR-

esponse15 and the BMI cut point of 32 kg/m2, with only

12% (1/8) of subjects with higher BMI achieving a

response (P ¼ .04). In these subjects with BMI >32 kg/m2,

there was also no association between the change in AHI

and the performance of tonsillectomy (P ¼ .38) or hyoid

suspension (P ¼ .11). There was no association between

the likelihood of surgical response and the severity of

sleep-disordered breathing (based on AHI categories

described above, P ¼ .25), BMI at a cut point of 30 kg/m2

(P ¼ .31), SNB angle <78� (P ¼ .56), or Friedman stage (P

¼ .67). There were no differences in preoperative AHI (P

¼ .39), BMI (P ¼ .27), or SNB angle (P ¼ .22) between the

Response15 and NoResponse15 subgroups.
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Biomarkers and FOSQ
Results for biomarkers and FOSQ scores are shown

in Table II. Postoperative study assessment was per-

formed 28 6 13 days (range, 12–60 days) following the

postoperative sleep study and 236 6 61 days (range,

103–398 days) following surgery. In the entire cohort,

there was a modest increase in homocysteine levels, an

increase in FOSQ scores, and a trend toward a decline

in IL-6 levels. There were no changes in other bio-

markers. Limiting the analysis to all subjects with

preoperative BMI �32 kg/m2 did not change these find-

ings dramatically, including the lack of a statistically

significant change in CRP (�0.30 6 1.7, P ¼ .42).

The Response15 subgroup showed a decrease in

CRP and a modest increase in homocysteine levels,

without changes in the NoResponse15 subgroup. FOSQ

scores decreased in both subgroups. Other biomarkers

showed no statistically significant changes, although the

Response15 subgroup demonstrated point estimates that

were greater in magnitude. Comparing changes between

the Response15 and NoResponse15 subgroups, only the

changes in CRP were statistically different (P ¼ .04).

Other than CRP (discussed below), there was no associa-

tion between the changes in biomarkers and the change

in AHI on linear regression (data not shown).

CRP decreased in the Response5 subgroup (�1.16 6

1.20, P ¼ .04) as well as the subjects (n ¼ 6) in the

Response15 subgroup who did not have a postoperative

AHI below 5 events/hour (�0.85 6 0.73, P ¼ .04). In an

analysis of CRP changes in subjects with interleukin-6

data (n ¼ 21), the changes were reduced in magnitude

but similar for the cohort (no statistically significant

change, P ¼ .60) and for those within the Response15

subgroup (�0.89 6 0.78, P ¼ .009). Linear regression

showed an association between the change in AHI and

change in CRP, suggesting a decrease of 0.20 (95% confi-

dence interval, 0.02-0.38) in CRP for every decrease in

the AHI of 10 events/hour (P ¼ .035). With adjustment

for changes in body weight (which was not itself associ-

ated with the change in CRP, P ¼ .29), this finding was

largely unchanged (decrease in CRP of 0.19 for decrease

in AHI of 10 events/hour, P ¼ .047).

Linear regression analysis showed that the increase

in homocysteine and FOSQ scores was not related to the

change in AHI (data not shown), with or without adjust-

ment for change in body weight (which was not itself

associated with change in either measure).

Three subjects experienced notable postoperative

complications. Two subjects had post-tonsillectomy

bleeding; one resolved spontaneously without interven-

tion, and one required a secondary procedure to control

the bleeding as well as a blood transfusion. One subject

experienced dental injury, likely related to genioglossus

advancement, that required a root canal procedure.

DISCUSSION
This multilevel surgical treatment was associated with

a decrease in OSA severity, but the degree of improvement

for individual subjects varied widely. This finding is not

new. Surgical treatment of obstructive sleep apnea includes
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a wide range of procedures, and this study adds to a grow-

ing body of literature indicating the need to identify factors

associated with a favorable response. Over one half of the

subjects with BMI �32 kg/m2 achieved a substantial reduc-

tion in OSA severity (defined as a >50% reduction in the

apnea-hypopnea index to an absolute level <15 events/hour

with no oxygen desaturation on the postoperative sleep

study below 85%) with this procedure combination; the pro-

portion was notably lower with BMI >32 kg/m2. Although

comparison of figures across studies is fraught with peril,

the response rates in this study are consistent with the lit-

erature for similar procedure combinations.10 Compared to

results reported for isolated palate surgery in subjects with

presumed multilevel obstruction, our response rates in

those with a BMI �32 kg/m2 are higher than those

reported that are as low as 5% to 8%,3,13 but the response

rate for those with higher BMI is not substantially higher.

This study did not examine the association between out-

comes and other specific preoperative evaluation technique

findings due to small sample size.

There was no association between outcomes and per-

formance of tonsillectomy or hyoid suspension. For hyoid

suspension in particular, it remains unclear as to which

patient subgroups benefit most from this procedure.

OSA treatment must not only eliminate disordered

breathing events during sleep but also prevent or reverse

the disorder’s associated health-related and functional

consequences. Based on the hypothesis that effective (but

not ineffective) treatment would be associated with

improvements in these measures, we evaluated changes

in selected biomarkers and FOSQ score and compared

them to the change in OSA severity. Biomarkers are inter-

mediate outcomes with their inherent limitations, but

they may prove valuable in a disorder like OSA, for which

some treatments, such as PAP, have high efficacy but

effectiveness limited by compliance, and other treatments,

such as surgery, have variable efficacy, albeit equal to

effectiveness because there are no issues of compliance.14

Biomarkers may ultimately have a role in monitoring the

effectiveness of OSA treatment, similar to the use of he-

moglobin A1c in monitoring glucose control in diabetes

management based on its association with diabetic compli-

cations.15 This is particularly true if the risks of OSA-

related complications are more closely related to bio-

marker levels than OSA severity.

Subjects who had a substantial reduction in OSA

severity also had a reduction in CRP, independent of

changes in body weight. This reduction in CRP levels

was seen in both subgroups of responders (Response15

and Response5), and interestingly, for the group of sub-

jects who were considered responders by one definition

(Response15) but not the other (Response5). There is

substantial controversy as to the most appropriate defi-

nition of surgical response,12 but the linear association

between the reduction in AHI and CRP suggests that

although greater reductions in AHI are more beneficial,

smaller reductions may not be meaningless.

Two studies have examined surgical treatment and

CRP. One showed a reduction in CRP 3 months after

uvulopalatopharyngoplasty with tonsillectomy, with the

reduction associated with the change in AHI.16 Another
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incorporated a variety of multilevel procedures and

showed a decline in CRP in the entire cohort as well as

both subgroups defined similarly to the Response15 and

NoResponse15 groups; there was no evaluation of the

association between changes in OSA severity and CRP.17

Multiple studies have shown that elevated or high

normal CRP predict the development of cardiovascular dis-

ease and its complications, independent of other risk

factors.1 A number of cross-sectional studies have exam-

ined the association between CRP and OSA severity. Some

have suggested that CRP levels are more closely associated

with BMI than OSA severity,18–22 but others have shown

an association independent either of BMI23 or more

detailed measures of adiposity24,25 and in the nonobese.26

There are two groups of PAP studies. The first

show no reduction in CRP,18,19,21,27 but they suffer from

two methodological weaknesses. They largely ignore

treatment adherence or compliance, indicating in some

cases that they asked subjects to use treatment18 or

chose not to incorporate compliance data into their

analyses.27 In addition, the statistical analyses compare

group means rather than changes in individual sub-

jects.19,21,27 Four studies of PAP have demonstrated

improvements. One showed an association between the

decrease in AHI on PAP and the reduction in CRP but

did not report compliance data.28 A randomized trial

showed that 4 months of compliant PAP (range, 5–6.6

hours of mean nightly use) decreased CRP,29 and two

studies specifically showed that CRP decreased in com-

pliant but not noncompliant users.30,31

This study’s results are consistent with previous

publications. Initiating OSA treatment does not guaran-

tee a decrease in CRP; these changes are seen only in

those subjects who have achieved effective treatment

(true for both compliant PAP and substantial reductions

in OSA severity after surgery). The one exception is the

surgical study that did report a reduction in CRP for

subjects who did not achieve a substantial reduction in

OSA severity.17

The present study was designed with adequate sta-

tistical power to consider changes in CRP. We also

considered other biomarkers and FOSQ scores. Although

other surgical studies did suggest adequate power to an-

alyze FOSQ scores, data to make accurate sample size

estimates for other biomarkers were limited, as this is

the first study of OSA surgical treatment to examine

these other biomarkers. Overall, the results for other

biomarkers demonstrate a consistent pattern: no

changes in the entire cohort and point estimates sug-

gesting possible greater changes in the Response15 than

the NoResponse15 subgroup, albeit without statistical

significance.

Interleukin-6 is a proinflammatory cytokine that

stimulates production of CRP. In this study, in spite of

the findings related to CRP, there were no statistically

significant changes for interleukin-6. The difference may

be related to the smaller sample size for interleukin-6,

as the CRP findings in the subgroup with interleukin-6

results had similar findings as for interleukin-6.

Otherwise healthy OSA subjects have normal levels

of homocysteine, but those with OSA and a history of is-

chemic heart disease have demonstrated elevated

levels.32 In the studies of otherwise healthy OSA sub-

jects, PAP use lowered homocysteine levels within the

high normal range31 but had no effect in another.21 In

our study, surgical treatment was associated with a

small increase in homocysteine levels, but the clinical

significance of this increase with normal homocysteine

levels (in all subjects from this study) is unclear.

Large clinic- and population-based studies have

shown that insulin resistance (based on abnormal

HOMA-IR values) is associated with OSA severity, even

after adjustment for measures of obesity such as body

mass index and percent body fat.33 This study showed

no statistically significant changes in the HOMA-IR, but

this may be due to inadequate sample size and low sta-

tistical power.

The present study to our knowledge is the first to

examine changes in leptin levels after OSA surgical

treatment, although there was no difference in leptin

levels after surgery. Leptin levels have been shown to be

elevated in subjects with OSA, whereas effective PAP

treatment reduces leptin levels to normal.34 Using the

standard deviation estimates of Table II, this sample

size enables detection of a difference of 4.2 ng/mL in the

entire cohort and 7.4 ng/mL in the Response15 subgroup

with 80% power at an a ¼ .05 level. Both of these detect-

able differences are within the ranges reported after

effective PAP, but a larger sample size would be able to

detect smaller potential differences..

In spite of the large volume of evidence describing

the adverse health-related consequences of OSA, many

patients seek treatment only because of the decrement

in quality of life associated with the disorder. Improve-

ments in FOSQ scores have been shown with surgical

treatment.35–39 The present study showed substantial

improvements in FOSQ scores, with improvements in

both responder and nonresponder subgroups that were

not statistically different from each other. The improve-

ment in both subgroups and the lack of an association

between changes in FOSQ scores and AHI raises one of

two possibilities: that the potential benefits of OSA sur-

gical treatment on surgical treatment are not captured

entirely by AHI or other aspects of the Response15 defi-

nition, or that at least some of the FOSQ score changes

are due to a placebo effect (possible given this is a sub-

jective outcome in an unblinded study). It is notable that

the magnitude of the FOSQ score changes in the pub-

lished surgical literature is loosely correlated with the

invasiveness of the procedure, ranging from means of

1.2 to 1.8 for tongue radiofrequency (in a randomized,

placebo-controlled trial)35,37 and 1.4 for the Pillar Proce-

dure,39 to 2.0 for tongue base suspension,36 to 2.9 in this

study, and to 4.5 for maxillomandibular advancement.38

Potential limitations of this study include the lack

of a single sleep testing center for all sleep studies and

the lack of blinding in the interpretation of sleep studies.

Although these would enhance standardization in poly-

somnogram technique and interpretation, the present

study was designed to reflect standard clinical practice,

in which patients obtain sleep studies from multiple

testing facilities and undergo trials of PAP prior to
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consideration of surgery. We attempted to maximize con-

sistency in testing methods and interpretation by having

subjects return to the same center for their postopera-

tive study. We did evaluate the influence of scoring

criteria for respiratory events centers and showed that

there was no association between the likelihood of surgi-

cal response and the two different criteria used most

commonly for the polysomnograms in the present

study.6,40

Another potential weakness is that the multilevel

surgical intervention shared certain features but was

not uniform, as not every subject underwent tonsillec-

tomy and/or hyoid suspension. We did evaluate this

heterogeneity specifically and showed that the perform-

ance of these procedures was not clearly associated with

outcomes. The lack of randomization raises issues as

well, because we used subjects as their own controls

rather than having an untreated control group or one

receiving treatment by another method. Within-subject

comparisons are useful for identifying biological effects,

but raise issues such as regression to the mean and pos-

sible changes in biomarkers based on natural history or

longitudinal changes. We doubt important changes

would have occurred spontaneously based on both the

literature and our experience, but controlled studies will

be required in the future.

Finally, the sample size was sufficient only to detect

large differences in biomarker changes, other than CRP

and leptin. A larger study may have demonstrated that

the patterns we observed, with point estimates showing

greater changes in responders than nonresponders, were

statistically significant. Future research may utilize

these results as preliminary data for a study to detect

clinically meaningful changes in these biomarkers.

CONCLUSION
This multilevel surgical treatment was associated

with a low likelihood of response in subjects with body

mass index >32 kg/m2. Responders had decreases in

CRP levels that were independent of changes in body

weight. Homocysteine levels increased slightly in the

entire cohort and responders. There was an increase in

FOSQ scores in the entire cohort that was also seen

both in responders and nonresponders.

BIBLIOGRAPHY

1. Ridker PM. Clinical application of C-reactive protein for
cardiovascular disease detection and prevention. Circula-
tion 2003;107:363–369.

2. Weaver TE, Laizner AM, Evans LK, et al. An instrument to
measure functional status outcomes for disorders of
excessive sleepiness. Sleep 1997;20:835–843.

3. Friedman M, Ibrahim H, Bass L. Clinical staging for sleep-
disordered breathing. Otolaryngol Head Neck Surg 2002;
127:13–21.

4. Kezirian EJ, White DP, Malhotra A, Ma W, McCulloch CE,
Goldberg AN. Inter-rater reliability of drug-induced sleep
endoscopy. Arch Otolaryngol Head Neck Surg 2010;136:
393–397.

5. Rodriguez-Bruno K, Goldberg AN, McCulloch CE, Kezirian
EJ. Test-retest reliability of drug-induced sleep endos-
copy. Otolaryngol Head Neck Surg 2009;140:646–651.

6. Iber C, Ancoli-Israel S, Chesson A, Quan S; American Acad-
emy of Sleep Medicine. The AASM Manual for the Scor-
ing of Sleep and Associated Events: Rules, Terminology,
and Technical Specifications. 1st ed. Westchester, IL:
American Academy of Sleep Medicine; 2007.

7. Department of Health and Human Services, Centers for
Medicare and Medicaid Services. Medicare Coverage
Issues Manual. Washington, DC: Department of Health
and Human Services; December 26, 2001. Transmittal
150, Section 60-17.

8. Riley R, Guilleminault C, Powell N, Derman S. Mandibular
osteotomy and hyoid bone advancement for obstructive
sleep apnea: a case report. Sleep 1984;7:79–82.

9. Riley RW, Powell NB, Guilleminault C. Obstructive sleep
apnea and the hyoid: a revised surgical procedure. Oto-
laryngol Head Neck Surg 1994;111:717–721.

10. Kezirian EJ, Goldberg AN. Hypopharyngeal surgery in ob-
structive sleep apnea: an evidence-based medicine review.
Arch Otolaryngol Head Neck Surg 2006;132:1–8.

11. Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis
model assessment: insulin resistance and beta-cell func-
tion from fasting plasma glucose and insulin concentra-
tions in man. Diabetologia 1985;28:412–419.

12. Elshaug AG, Moss JR, Southcott AM, Hiller JE. Redefining
success in airway surgery for obstructive sleep apnea: a
meta analysis and synthesis of the evidence. Sleep 2007;
30:461–467.

13. Sher AE, Schechtman KB, Piccirillo JF. The efficacy of sur-
gical modifications of the upper airway in adults with ob-
structive sleep apnea syndrome. Sleep 1996;19:156–177.

14. Weaver EM. Sleep apnea devices and sleep apnea surgery
should be compared on effectiveness, not efficacy. Chest
2003;123:961–962; author reply 2.

15. Retinopathy and nephropathy in patients with type 1 diabe-
tes four years after a trial of intensive therapy. The Dia-
betes Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications Research
Group. N Engl J Med 2000;342:381–389.

16. Kinoshita H, Shibano A, Sakoda T, et al. Uvulopalatophar-
yngoplasty decreases levels of C-reactive protein in
patients with obstructive sleep apnea syndrome. Am
Heart J 2006;152:692.e1–e5.

17. Friedman M, Bliznikas D, Vidyasagar R, Woodson BT, Jo-
seph NJ. Reduction of C-reactive protein with surgical
treatment of obstructive sleep apnea hypopnea syndrome.
Otolaryngol Head Neck Surg 2006;135:900–905.

18. Akashiba T, Akahoshi T, Kawahara S, Majima T, Horie T.
Effects of long-term nasal continuous positive airway
pressure on C-reactive protein in patients with obstruc-
tive sleep apnea syndrome. Intern Med 2005;44:899–900.

19. Barcelo A, Barbe F, Llompart E, et al. Effects of obesity on
C-reactive protein level and metabolic disturbances in
male patients with obstructive sleep apnea. Am J Med
2004;117:118–121.

20. Guilleminault C, Kirisoglu C, Ohayon MM. C-reactive pro-
tein and sleep-disordered breathing. Sleep 2004;27:
1507–1511.

21. Ryan S, Nolan GM, Hannigan E, et al. Cardiovascular risk
markers in obstructive sleep apnoea syndrome and corre-
lation with obesity. Thorax 2007;62:509–514.

22. Taheri S, Austin D, Lin L, et al. Correlates of serum C-reac-
tive protein (CRP)—no association with sleep duration or
sleep disordered breathing. Sleep 2007;30:991–996.

23. Kapsimalis F, Varouchakis G, Manousaki A, et al. Associa-
tion of sleep apnea severity and obesity with insulin re-
sistance, C-reactive protein, and leptin levels in male
patients with obstructive sleep apnea. Lung 2008;186:
209–217.

24. Lui MM, Lam JC, Mak HK, et al. C-reactive protein is asso-
ciated with obstructive sleep apnea independent of vis-
ceral obesity. Chest 2009;135:950–956.

25. Punjabi NM, Beamer BA. C-reactive protein is associated
with sleep disordered breathing independent of adiposity.
Sleep 2007;30:29–34.

Laryngoscope 120: July 2010 Kezirian et al.: OSA, Biomarkers, and QOL After Surgery

1487



26. Tsauossoglou M, Vgontzas AN, Pejovic S, et al. Inflamma-
tion and insulin resistance in non-obese men with sleep
apnea. Sleep 2009;32:A173.

27. Kohler M, Ayers L, Pepperell JC, et al. Effects of continu-
ous positive airway pressure on systemic inflammation in
patients with moderate to severe obstructive sleep
apnoea: a randomised controlled trial. Thorax 2009;64:
67–73.

28. Yokoe T, Minoguchi K, Matsuo H, et al. Elevated levels of
C-reactive protein and interleukin-6 in patients with ob-
structive sleep apnea syndrome are decreased by nasal
continuous positive airway pressure. Circulation 2003;
107:1129–1134.

29. Drager LF, Bortolotto LA, Figueiredo AC, Krieger EM, Lor-
enzi GF. Effects of continuous positive airway pressure
on early signs of atherosclerosis in obstructive sleep
apnea. Am J Respir Crit Care Med 2007;176:706–712.

30. Ishida K, Kato M, Kato Y, et al. Appropriate use of nasal
continuous positive airway pressure decreases elevated
C-reactive protein in patients with obstructive sleep
apnea. Chest 2009;136:125–129.

31. Steiropoulos P, Tsara V, Nena E, et al. Effect of continuous
positive airway pressure treatment on serum cardiovas-
cular risk factors in patients with obstructive sleep
apnea-hypopnea syndrome. Chest 2007;132:843–851.

32. Jordan W, Berger C, Cohrs S, et al. CPAP-therapy effec-
tively lowers serum homocysteine in obstructive sleep
apnea syndrome. J Neural Transm 2004;111:683–689.

33. Punjabi NM, Shahar E, Redline S, et al. Sleep-disordered
breathing, glucose intolerance, and insulin resistance:

the Sleep Heart Health Study. Am J Epidemiol 2004;160:
521–530.

34. Sanner BM, Kollhosser P, Buechner N, Zidek W, Tepel M.
Influence of treatment on leptin levels in patients with
obstructive sleep apnoea. Eur Respir J 2004;23:601–604.

35. Steward DL, Weaver EM, Woodson BT. Multilevel tempera-
ture-controlled radiofrequency for obstructive sleep
apnea: extended follow-up. Otolaryngol Head Neck Surg
2005;132:630–635.

36. Woodson BT. A tongue suspension suture for obstructive
sleep apnea and snorers. Otolaryngol Head Neck Surg
2001;124:297–303.

37. Woodson BT, Steward DL, Weaver EM, Javaheri S. A
randomized trial of temperature-controlled radiofre-
quency, continuous positive airway pressure, and placebo
for obstructive sleep apnea syndrome. Otolaryngol Head
Neck Surg 2003;128:848–861.

38. Lye KW, Waite PD, Meara D, Wang D. Quality of life evalu-
ation of maxillomandibular advancement surgery for
treatment of obstructive sleep apnea. J Oral Maxillofac
Surg 2008;66:968–972.

39. Steward DL, Huntley TC, Woodson BT, Surdulescu V. Pal-
ate implants for obstructive sleep apnea: multi-institu-
tion, randomized, placebo-controlled study. Otolaryngol
Head Neck Surg 2008;139:506–510.

40. Sleep-related breathing disorders in adults: recommenda-
tions for syndrome definition and measurement techni-
ques in clinical research: the Report of an American
Academy of Sleep Medicine Task Force. Sleep 1999;22:
667–689.

Laryngoscope 120: July 2010 Kezirian et al.: OSA, Biomarkers, and QOL After Surgery

1488


