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Abstract

Background—Obstructive sleep apnea (OSA) associated with obesity is known to improve after
bariatric surgery, but little is known about early changes in this condition following surgery.

Objectives—To study the clinical course of OSA after bariatric surgery.
Setting—Children's hospital in the United States.

Methods—Adolescents and young adults with obstructive sleep apnea undergoing vertical sleeve
gastrectomy (n=6) or gastric bypass (n=1) were enrolled in this prospective study. Participants
underwent formal polysomnography before and at 3 and 5 weeks following bariatric surgery.
Anthropometric measurements and assay for orexin and leptin were also performed at study visits.
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Thirty-one adolescents who underwent 2 polysomnography studies that were 4 weeks apart served
as control subjects.

Results—Baseline mean (range) age of participants was 17.8 (15.4-20.7) years, 71% were male,
with body mass index of 55.2 (41.3-61.6) kg/m? and had a median apnea hypopnea index (AHI) of
15.8 (7.1-23.8) events/hour. Differences in least-square means from longitudinal analysis did not
show significant differences in AHI in the control group but showed significant post-operative
decline in AHI relative to baseline. AHI declined post-operatively from baseline by 9.2 events/
hour (95% CI: 3.8 to 14.5) at 3 weeks (p=0.002) and 9.1 events/hour (95% CI: 3.8 to 14.5) at 5
weeks (p=0.002); there was no significant change from 3 to 5 weeks in AHI. Leptin decreased and
orexin levels increased significantly by 3 weeks postoperatively.

Conclusions—These observations suggest that OSA responds early and out of proportion to
weight loss following metabolic/bariatric surgery, thus weight independent factors may at least in
part be responsible for early improvement in OSA postoperatively.
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Introduction

In severely obese adults with body mass index (BMI) = 40 kg/m?, the prevalence of
obstructive sleep apnea (OSA) ranges from 64% to 98% (1) (2) | OSA is also a major problem
for younger age groups. In a large series of severely obese adolescents undergoing bariatric
surgery in the Teen-LABS consortium (), OSA was the second most prevalent comorbidity
at baseline, with 57% diagnosed with OSA at baseline (4). Prior studies have documented
OSA improvement in the majority of adults and even resolution in adolescents when
assessed at 3-12 months following bariatric surgery ©), and the majority of evidence for
improvement in OSA comes from studies of Roux-en-Y gastric bypass patients. Little is
known about specific diagnostic characteristics of OSA after vertical sleeve gastrectomy
(SG). In addition, the factors that contribute to the resolution of OSA after bariatric surgery
besides weight loss are yet to be defined. Testing for change in OSA severity after major
bariatric weight loss has occurred does not permit the examination of possible early, weight
independent neurochormonal effects of surgery that might contribute to OSA resolution.

The objectives of this study were to describe changes in OSA at 3 and 5 weeks after bariatric
surgery, and explore links to physiologic changes occurring postoperatively. We
hypothesized that in adolescents with documented OSA, the severity of OSA would decrease
within as early as 2 weeks after surgery. We further hypothesized that change in OSA status
is associated with a decrease in serum leptin and an increase in plasma orexin, a hormone
that is known to regulate wakefulness, and respiratory control, and a decrease in leptin.

Materials and Methods

Adolescents and young adults undergoing bariatric surgery were enrolled in this prospective
observational study. Patients who were 18 years of age or older underwent written informed
consent for the study while those <18 years of age provided verbal assent and their parent or
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legally authorized representative gave written permission for their participation. After
enrollment, subjects underwent anthropometric assessments, and a formal overnight
polysomnogram in the sleep laboratory at visit 1. These assessments were repeated at visit 2
(range 2-35d, median 20 days postoperatively), and visit 3 (range 30-44, median 39 days
postoperatively). Polysomnography was performed using a computerized system and the
following parameters were recorded during the study: electroencephalogram, right and left
electrooculogram, submental, tibial and intercostal electromyogram, electrocardiography,
nasal/oral airflow through nasal pressure sensor, end-tidal CO, measured at the nose by
infrared capnometry, oxygen saturation by pulse oximeter, oximeter pulse waveform, video
monitoring using an infrared video camera and recorded on a videotape. Rib cage and
abdominal volume changes were recorded with a computer-assisted respiratory inductance
plethysmograph. OSA severity was measured by apnea hypopnea index (AHI). Phlebotomy
was also performed at baseline, and visits 2 and 3; and plasma orexin and leptin were
measured. BMI was measured by weighing participants in light clothing on a digital scale
and height by stationary stadiometer. To minimize confounding, the first postoperative
evaluation was performed after discontinuation of narcotic medication usage. Patients’
dietary intake during the first 3 months was approximately 500-700 Cal per day. The diet is
composed of 40% carbohydrate, 30% protein, and 30% fat. In order to determine the night-
to-night variability in adolescents with obstructive sleep apnea, we enrolled 31 subjects who
underwent two polysomnograms that were four weeks apart.

Linear mixed effects models for repeated measures were used to assess changes from
baseline for each follow-up time and also post-operatively between weeks 3 and 5, with
respect to each outcome of interest in the OSA group. Differences over time were estimated
using least-square means; the 95% CI is reported for each estimated difference. Tukey
adjustment for multiple comparisons was used to obtain p-values, which were considered
statistically significant if p<0.05. Analyses were implemented using SAS 9.3 (SAS Institute,
Cary, NC). The intraclass correlation coefficient (ICC) was obtained to estimate the night-to-
night variability in the control group.

Seven adolescents with OSAS (71% males) with mean (range) age of 17.8 (15.4-20.7) years
participated in the study (Table 1). Additional baseline comorbid conditions are shown in
Table 1. Six subjects underwent sleeve gastrectomy and one underwent Roux-en-Y gastric
bypass. Mean BMI at the first visit (baseline) was 55.2 (range, 41.3-61.6) kg/m? (weight
164.6 [126.5-198]). There were no statistically significant longitudinal changes in BMI,
which decreased by 3.2 (95% CI: -10.9 to 4.6) kg/m? by week 3; from week 3 to week 5,
the decrease was 2.4 (95% Cl: —10.1 to -5.4) kg/m?. Similarly, weight loss over the post-
operative period occurred but changes did not meet statistical significance in this sample
(decrease from baseline to week 3: 9.5 kg, 95% CI: —36.7 to 17.7; decrease from week 3 to
week 5: 7.2 kg, 95% CI: — 34.4 to 20.0).

The apnea hypopnea index (AHI) at baseline in the surgical group was 15.8 (median) or 14.6
(mean) events/hour with a range of 7.1 to 23.8. There was a significant decrease in AHI
postoperatively (Table 2; Figure 1). From baseline to week 3, AHI decreased by 9.2 events/
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hour (95% CI: 3.8 to 14.5). Although the mean decrease in AHI was not significant from
week 3 to week 5 (decrease: —0.01, 95% CI: -5.4 to 5.3), the AHI at week 5 was
significantly lower than the pre-operative (baseline) level (decrease: 9.1 events/hour; 95%
Cl: 3.8 t0 14.5).

In addition to changes in severity of OSAS, a significant decrease in systolic but not
diastolic blood pressure was measured between the baseline and the third visit (Figure 1;
median decrease 9%). Finally, compared to baseline levels, serum leptin decreased and
orexin increased from baseline to both postoperatively time points in the five participants
with biochemical data available (Figure 2).

The control group consisted of 31 subjects (58% males) with a mean (range) age of 15
(13-17) years and mean BMI of 36.90 £+ 9.09. The night-to night variability in AHI and
oxygen saturation did not vary between the two studies (Table 3). However, sleep duration,
efficiency and arousal index were significantly different between the two studies. The ICC
for AHI between the studies is 0.78.

Discussion

To our knowledge, this is the first demonstration of early and profound postoperative
improvement in OSA following bariatric surgery. Similar to the early, weight-independent
metabolic effects of surgery on type 2 diabetes mellitus, the 60% decline we observed in
AHI by 3 weeks was of far greater magnitude than the 5-6% weight loss in this same period
of time. Furthermore, the decline in AHI could not be explained by a difference in sleep
duration or sleep position. The inclusion of a control group demonstrates that the mean
change in AHI observed in subjects who underwent bariatric surgery is extremely unlikely to
be due to night-to night variability in the severity of OSA.

Based on the concomitant rise in orexin and decrease in leptin, it is apparent that metabolic
changes are also occurring in this same time span and thus it is plausible that physiologic
rather than anatomic changes may underlie the clinically significant improvement in OSA as
early as 11 days following surgery.

Orexin-producing neurons located in the brain & 7) intestines and pancreas (/) are strong
candidates for mediators which may provide a critical link between nutritional energy
balance and the central mechanisms that coordinate glucose homeostasis, breathing, and
wakefulness (8-13). The fact that 1) orexin neurons are involved in sensing the body's external
and internal environments (14-16), 2) orexin neurons have a role in stimulating upper

airway (1")and central respiratory neurons (12, and 3) our findings showing increased orexin
levels after bariatric surgery are all facts that support our speculation that neurophysiologic
mechanisms may be responsible for the observed changes in OSA.

A significant decrease in serum leptin was observed at both the second and third visits after
surgery. Leptin is a protein synthesized in adipose tissue that increases with advancing
obesity. It acts in the hypothalamus to inhibit appetite (18) and is also a respiratory
stimulant 19). There are multiple potential explanations of the decrease in serum leptin so
early postoperatively. The obvious suspects that might be related to a modest decline in
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leptin would be the decrease in insulin resistance, or the modest weight loss that occurred.
However, a more attractive hypothesis in the context of these data would be that changes in
the frequency of intermittent hypoxia, a well-described mechanism affecting leptin

levels (20) (21) might have contributed to the decline in serum leptin.

Finally, it is plausible that the special diet prescribed after bariatric surgery contribute the
changes in the levels of orexin and leptin.

Limited data are available on the hormonal changes that might take place days or weeks
after the administration of general anesthesia or after laparoscopic surgery. During the
intraoperative and perioperative periods, anesthesia with propofol or sevoflurane is
associated with a decrease in leptin (22 while laparoscopic cholecystectomy is associated
with an increase in leptin for the first 48 hours after surgery (23). Studies, which examined
the changes in Orexin A following anesthesia or surgical procedures, showed an increase in
plasma Orexin during the first 2 hours after the induction of anesthesia and as patients
emerge from anesthesia (24, It is believed that increased Orexin signaling is essential to the
emergence from general anesthesia (2°). However, there is no evidence that the acute
hormonal changes during and immediately after anesthesia are sustained for weeks.

Limitations of this study include the small sample size, precluding adjustment for important
covariates. Despite observed mean differences in both BMI and weight after surgery, the
magnitude of the between-subject variability, coupled with the small number of subjects,
limited our ability to detect statistical significance in these outcomes. In addition, without a
control group of individuals with similar baseline severity of OSA undergoing an elective
non-bariatric laparoscopic procedure, we cannot formally exclude the possibility that a
unique feature of the postoperative state influenced the outcomes of interest in this study.
However, there is no obvious reason to speculate that either general anesthesia or
laparoscopy alone would result in significant improvement in OSA.

Finally, while we cannot exclude the possibility that changes in fat mass around the airway
might account for early changes in AHI, the magnitude of weight loss by 3 weeks would
suggest weight loss alone is not a major contributor.

Conclusions

In conclusion, these observations extend our initial observations (26-29) of resolution of OSA
in adolescents following Roux-en-Y gastric bypass further suggest that the response of OSA
is quite early following gastric surgery, and occurs with or without gastroduodenal bypass.
These data firmly support the inclusion of OSA as an indication for use of weight loss
surgery for severely obese adolescents. Larger scale study of early changes in OSA
following bariatric surgery, including a broader age range, controlling for weight loss, and
with measurement of key covariates is warranted.
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Obstructive Apnea Pre and 3 and 5 weeks
after Bariatric Surgery
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Systolic and Diastolic Blood Pressure Pre and 3 and 5 weeks

after Bariatric Surgery
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Figure 1. Severity of sleep apnea and changes in blood pressure before and after surgery
Panel A

AHI= apnea hypopnea index

AHI at baseline, 3 and 5 weeks after bariatric surgery.

P-values obtained by repeated measures analysis with Tukey adjustment for multiple
comparisons.

Panel B

Systolic and Diastolic blood pressure at baseline, 3 and 5 weeks after bariatric surgery. P-
values obtained by repeated measures analysis with Tukey adjustment for multiple
comparisons.
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Orexin Pre and 3 and 5 weeks

after Bariatric Surgery
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Leptin Pre and 3 and 5 weeks
after Bariatric Surgery
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Figure 2. Orexin and Leptin changes
Panel A

Plasma Orexin at baseline, 3 and 5 weeks after bariatric surgery. P-values obtained by
repeated measures analysis with Tukey adjustment for multiple comparisons.

Panel B

Serum Leptin at baseline, 3 and 5 weeks after bariatric surgery. P-values obtained by
repeated measures analysis with Tukey adjustment for multiple comparisons.
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Table 1
Subject | Age (yrs) | Sex Race Baseline Comorbidities Operation
1 16.2 M Black Dyslipidemia, OSAS RYGB
2 20.7 F Black OSAS SG
3 15.7 F Biracial OSAS, GERD, NASH SG
4 18.5 M Cauc OSAS SG
5 18.5 M Black HTN, Dyslipidemia, OSAS SG
6 15.4 M Cauc OSAS SG
7 19.4 M Cauc Type 1 DM, Dyslipidemia, OSAS SG

Cauc, Caucasian; OSAS, obstructive sleep apnea syndrome; GERD, gastroesophageal reflux disease; DM, diabetes mellitus; HTN, hypertension
requiring medication; dyslipidemia, abnormally elevated of LDL cholesterol or triglycerides for age, or abnormally low HDL cholesterol for age;

RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy
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Polysomnography data from subjects who underwent bariatric surgery

PSG 1 PSG 2 PSG 3
Total sleep time (TST) 393+ 22 358+36 | 361+68
Sleep efficiency 807 74+9 70+ 11
Arousal index 15.7+538 12+25 | 124+47
AHI 134+ 6.9’/§ 45+25 5+43
SAO2 REM 9% +1 96 +2.1 97+13
SAO2 NREM 97+14 96+23 | 97121
SAO2 nadir 84+6 88+5 89+ 6
End tidal CO2 41+39 41+23 405
Maximum CO2 50+2.6 4823 475
% TST in supine 61 + 33 70 £ 39 58 + 42

Table 2

Page 13

AHI, apnea hypopnea index; SAO2 REM, average oxygen saturation during REM sleep; SAO2 NREM, average oxygen saturation during NREM

sleep. The table describes the polysomnogaphic findings prior to surgery (PSG 1), 3 weeks (PSG 2) and 5 weeks (PSG3) after surgery.

”PGl vs PG2 P <0.05

$pG1 vs PG3 (P < 0.05)
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Polysomnography data from control group

PSG 1 PSG 2 P
Total sleep time (TST) | 391 +57 | 429 +49 | 0.0005
Sleep efficiency 77+£12 84+9 0.003
Arousal index 19+15 16 +14 0.03
AHI 17+ 20 16+ 25 0.17
SAO2 REM 971 971 0.5
SAO2 NREM 97+1 97+ 1 0.6
% TST in supine 58 + 28 48+ 28 0.04

Polysomongraphy data from subjects with obstructive apnea who underwent 2 studies that were 4 weeks apart (Control group)
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