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Obesity is a well-established risk factor in the development of
obstructive sleep apnea (OSA)." Weight loss is recommended
in clinical guidelines as an effective treatment of OSA,? par-
ticularly after three recent randomized controlled trials were
published in 2009.3° Less established is whether the benefits
of initial weight loss on OSA severity are sustained once an
intervention has ended or when weight regain occurs. In the
current issue of SLEEP, Kuna and colleagues® report findings
from the Sleep AHEAD (Action for Health in Diabetes) trial,
demonstrating that among overweight and obese patients with
type 2 diabetes mellitus (T2DM) and OSA, the improvement in
AHI at one year with weight loss through an intensive lifestyle
intervention (ILI) persisted at four years despite a 50% weight
regain. At year four, 44% of participants demonstrated an im-
provement in OSA severity category, compared to only 18% of
participants given diabetes support and education (DSE). More-
over, nearly 21% of ILI participants had complete remission of
OSA, compared to only 3.6% of DSE participants.

Tuomilehto et al.* also reported reduced OSA severity (-4.4
events/hour) with a 12-month lifestyle intervention that result-
ed in an 11 kg weight loss. The improvement was sustained
for an additional year despite a 32% weight regain following
the termination of the supervised program.” Johannson and col-
leagues® randomized obese men with moderate to severe OSA
to either a very low energy diet combined with lifestyle coun-
seling or a weight maintenance group. The initial improvement
in AHI of 21 events/h (18 kg weight loss) after 9 weeks of in-
tervention was mostly sustained at 1 year despite a 31% weight
regain.® Collectively, these studies demonstrate that improve-
ments in OSA severity with weight loss interventions are dose-
dependent and sustained over a 1- to 4-year period despite a
30% to 50% weight regain.

Why might improvements in OSA severity persist when
weight and OSA are thought to be so intricately connected?
OSA is more closely linked to abdominal adiposity than general
measures of obesity.” Abdominal adiposity is associated with
reductions in lung volumes,'® which leads to a loss of caudal
traction on the upper airway, an increase in pharyngeal col-
lapsibility,"'* increased oxyhemoglobin desaturations,' and
greater OSA severity.'®* Abdominal visceral fat is also an abun-

Submitted for publication March, 2013

Accepted for publication March, 2013

Address correspondence to: Susheel Patil, MD, PhD, Johns Hopkins
School of Medicine, Johns Hopkins Sleep Disorders Center, 5501 Hop-
kins Bayview Circle, Room 4B.50, Baltimore, MD 21224; Tel: (410) 550-
2335; Fax: (410) 550-3374; E-mail: spatil@jhmi.edu

SLEEP, Vol. 36, No. 5, 2013

dant source of pro-inflammatory cytokines and hormones, such
as TNF-o and IL-6."" Their purported somnogenic activity'
might lead to depression of upper airway neuromuscular con-
trol.?° Furthermore, OSA may increase visceral adiposity based
on small studies, where treatment of OSA with CPAP resulted
in an 8% to 16% reduction in visceral adipose tissue indepen-
dent of changes in subcutaneous adipose tissue and changes in
weight.?'?? Thus, sustained improvements in OSA severity may
be due to relative improvements in body fat distribution de-
spite the weight regain. Although waist circumference was not
independently associated with improvements in AHI in Sleep
AHEAD,® the measure is insensitive relative to imaging mo-
dalities in assessing visceral adiposity and it is subject to mea-
surement variability that can exceed 3%, which may explain
the absence of an independent association in Sleep AHEAD.

An additional intriguing finding of the Kuna et al.® Sleep
AHEAD report was that the ILI intervention, consisting of
dietary modification, physical activity, and education, was as-
sociated with an improvement in AHI by 4.8 events/hour, inde-
pendent of weight loss and waist circumference. Disentangling
the effects of dietary change, improved fitness and increased
physical activity, however, is not possible from the available
data. Nevertheless, considering that physical activity was a
major component of the Sleep AHEAD intervention, increased
physical activity—as acknowledged by the authors—may have
accounted for this finding. Indeed, a recent analysis revealed
that hours of exercise were associated with a reduced incidence
of mild-moderate OSA, whereas a decrease in exercise dura-
tion was associated with worsening OSA.>* Moreover, Kline et
al. reported a nearly 33% reduction in AHI following twelve
weeks of exercise training (4 times/week) without weight loss
in a group of overweight adults with moderate OSA.»

Several mechanisms have been hypothesized to explain how
exercise may modulate OSA severity,”® including improved vis-
ceral adiposity, pharyngeal muscle tone, sleep quality, and shifts
in peripheral fluid accumulation.”® Exercise training, indepen-
dent of weight loss, leads to significant reductions in abdominal
adiposity””? and may be required for visceral fat reduction in
those with diabetes.*® Acute bouts of exercise increase the level
of catecholamines, which, in turn, stimulate adipocyte lipoly-
sis through a-adrenergic receptors.*? Catecholamines have been
shown to be more lipolytically active in visceral fat, compared
with subcutaneous fat,** and a-receptor sensitivity to catechol-
amines may be enhanced through increased physical activity.
To our knowledge, the comparative effectiveness of diet or ex-
ercise alone versus a combined diet and exercise intervention
on improvements in central obesity and OSA is not known and
is an important area for future research.
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An additional consideration, noted by Kuna et al.® is that im-
provements in OSA severity, despite weight regain, may trans-
late into improved cardiovascular outcomes. OSA is closely
linked to cardiovascular disease, with several intermediate links
postulated, including endothelial dysfunction,* inflammation,
and increased sympathetic activity.’** Abdominal adiposity is an
established risk factor for both OSA and cardiovascular disease.
Could improvements in OSA with a weight loss regimen that
includes moderate exercise, therefore, mediate the associations
between reduced abdominal obesity and improved cardiovas-
cular risk profiles? Currently, little if any data are available to
answer this question, however, exercise has been hypothesized
to have direct beneficial effects on cardiovascular health, which
extends beyond traditional cardiovascular risk factors (e.g.,
blood pressure, blood lipids, and T2DM). This apparent “risk
factor gap” may be at least partly filled by the independent
protective effect of exercise on endothelial health.*™** Testing
these hypotheses are especially important in light of the recent
decision by the NIH to halt the Look AHEAD trial (the parent
trial of Sleep AHEAD) two years prior of planned completion,
due to interim analyses demonstrating no differences between
ILI and DSE for reductions in non-fatal MI, non-fatal stroke,
death, or hospitalization for angina. Considering that 86% of
Sleep AHEAD participants had established OSA,* might the
lack of apparent benefit in the larger trial be explained by the
high likelihood that most individuals had underlying OSA at
baseline, and despite measurable changes in OSA severity, a
majority still had underlying OSA at 4 years follow up?

Sleep AHEAD® and the studies by Johannson et al.® and Tu-
omilheto et al.” expand our understanding of the long-term ef-
fects of behaviorally induced weight loss on OSA and set the
stage for continued research designed to explore the most ef-
fective treatment strategies for reducing OSA with regard to
exercise programming. Specifically, the mechanisms by which
an intensive lifestyle intervention improves OSA, whether
through increased physical activity or other components needs
to be understood. Addressing this would undoubtedly have ma-
jor implications for how we design and implement therapies for
reducing cardiovascular disease risk among OSA patients.

CITATION
Dobrosielski DA; Patil SP. Weight loss and obstructive sleep
apnea: what lies AHEAD? SLEEP 2013;36(5):627-629.

DISCLOSURE STATEMENT
The authors have indicated no financial conflicts of interest.

REFERENCES

1. Young T, Skatrud J, Peppard PE. Risk factors for obstructive sleep apnea
in adults. JAMA 2004;291:2013-6.

2. Morgenthaler TI, Kapen S, Lee-Chiong T, et al. Practice parameters for
the medical therapy of obstructive sleep apnea. Sleep 2006;29:1031-5.

3. Foster GD, Borradaile KE, Sanders MH, et al. A randomized study on
the effect of weight loss on obstructive sleep apnea among obese pa-
tients with type 2 diabetes: the Sleep AHEAD study. Arch Intern Med
2009;169:1619-26.

4. Tuomilehto HP, Seppa JM, Partinen MM, et al. Lifestyle intervention with
weight reduction: first-line treatment in mild obstructive sleep apnea. Am
J Respir Crit Care Med 2009;179:320-7.

SLEEP, Vol. 36, No. 5, 2013

628

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Johansson K, Neovius M, Lagerros YT, et al. Effect of a very low energy

diet on moderate and severe obstructive sleep apnoea in obese men: a
randomised controlled trial. BMJ 2009;339b:4609.

. Kuna ST, Reboussin DM, Borradaile KE, et al. Long-term effect of

weight loss on obstructive sleep apnea severity in obese patients with type
2 diabetes. Sleep 2013;36:641-9.

. Tuomilehto H, Gylling H, Peltonen M, et al. Sustained improvement

in mild obstructive sleep apnea after a diet- and physical activity-based
lifestyle intervention: postinterventional follow-up. Am J Clin Nutr
2010;92:688-96.

. Johansson K, Hemmingsson E, Harlid R, et al. Longer term effects of

very low energy diet on obstructive sleep apnoea in cohort derived from
randomised controlled trial: prospective observational follow-up study.
BMJ 2011;342d:3017.

. Shinohara E, Kihara S, Yamashita S, et al. Visceral fat accumulation as

an important risk factor for obstructive sleep apnoea syndrome in obese
subjects. J Intern Med 1997;241:11-8.

Sharp JT, Henry JP, Sweany SK, et al. Effects of mass loading the respira-
tory system in man. J Appl Physiol 1964;19959-66.

Thut DC, Schwartz AR, Roach D, et al. Tracheal and neck position influ-
ence upper airway airflow dynamics by altering airway length. J Appl
Physiol 1993;75:2084-90.

Rowley JA, Permutt S, Willey S, et al. Effect of tracheal and tongue
displacement on upper airway airflow dynamics. J Appl Physiol
1996;80:2171-8.

Series F, Cormier Y, Desmeules M. Influence of passive changes of lung
volume on upper airways. J Appl Physiol 1990;68:2159-64.

Series F, Marc 1. Influence of lung volume dependence of upper airway
resistance during continuous negative airway pressure. J Appl Physiol
1994;77:840-4.

Peppard PE, Ward NR, Morrell MJ. The impact of obesity on oxygen de-
saturation during sleep-disordered breathing. Am J Respir Crit Care Med
2009;180:788-93.

Heinzer RC, Stanchina ML, Malhotra A, et al. Effect of increased lung
volume on sleep disordered breathing in patients with sleep apnoea. Tho-
rax 2006;61:435-9.

Arner P. Regional differences in protein production by human adipose
tissue. Biochem Soc Trans 2001;29:72-5.

Dusserre E, Moulin P, Vidal H. Differences in mRNA expression of the
proteins secreted by the adipocytes in human subcutaneous and visceral
adipose tissues. Biochim Biophys Acta 2000;1500:88-96.

Opp MR. Cytokines and sleep. Sleep Med Rev 2005;9:355-64.

Schwartz AR, Patil SP, Laffan AM, et al. Obesity and obstructive sleep
apnea: pathogenic mechanisms and therapeutic approaches. Proc Am
Thorac Soc 2008;5:185-92.

Chin K, Shimizu K, Nakamura T, et al. Changes in intra-abdominal vis-
ceral fat and serum leptin levels in patients with obstructive sleep apnea
syndrome following nasal continuous positive airway pressure therapy.
Circulation 1999;100:706-12.

Trenell MI, Ward JA, Yee BJ, et al. Influence of constant positive airway
pressure therapy on lipid storage, muscle metabolism and insulin action in
obese patients with severe obstructive sleep apnoea syndrome. Diabetes
Obes Metab 2007;9:679-87.

Ribeiro-Filho FF, Faria AN, Azjen S, et al. Methods of estimation of vis-
ceral fat: advantages of ultrasonography. Obes Res 2003;11:1488-94.
Awad KM, Malhotra A, Barnet JH, et al. Exercise is associated
with a reduced incidence of sleep-disordered breathing. Am J Med
2012;125:485-90.

Kline CE, Crowley EP, Ewing GB, et al. The effect of exercise training on
obstructive sleep apnea and sleep quality: a randomized controlled trial.
Sleep 2011;34:1631-40.

Riegel B, Sawyer AM, Libonati J. The lesser of two evils. Sleep
2011;34:1621-2.

Stewart KJ, Bacher AC, Turner KL, et al. Effect of exercise on blood
pressure in older persons: a randomized controlled trial. Arch Intern Med
2005;165:756-62.

Ross R, Janssen I, Dawson J, et al. Exercise-induced reduction in obesity
and insulin resistance in women: a randomized controlled trial. Obes Res
2004;12:789-98.

Trwin ML, Yasui Y, Ulrich CM, et al. Effect of exercise on total and intra-
abdominal body fat in postmenopausal women: a randomized controlled
trial. JAMA 2003;289:323-30.

Editorial—Dobrosielski and Patil



30.

31.

32.

33.

34.

35.

36.

37.

Giannopoulou I, Ploutz-Snyder LL, Carhart R, et al. Exercise is required
for visceral fat loss in postmenopausal women with type 2 diabetes. J Clin
Endocrinol Metab 2005;90:1511-8.

Martin WH 3rd. Effects of acute and chronic exercise on fat metabolism.
Exerc Sport Sci Rev 1996;24203-31.

Richelsen B. Increased alpha 2- but similar beta-adrenergic receptor ac-
tivities in subcutaneous gluteal adipocytes from females compared with
males. Eur J Clin Invest 1986;16:302-9.

Richelsen B, Pedersen SB, Moller-Pedersen T, et al. Regional differences
in triglyceride breakdown in human adipose tissue: effects of catechol-
amines, insulin, and prostaglandin E2. Metabolism 1991;40:990-6.

Nieto FJ, Herrington DM, Redline S, et al. Sleep apnea and markers of
vascular endothelial function in a large community sample of older adults.
Am J Respir Crit Care Med 2004;169:354-60.

Hatipoglu U, Rubinstein I. Inflammation and obstructive sleep apnea syn-
drome pathogenesis: a working hypothesis. Respiration 2003;70:665-71.

Narkiewicz K, Somers VK. Sympathetic nerve activity in obstructive
sleep apnoea. Acta Physiol Scand 2003;177:385-90.

Green DJ, O’Driscoll G, Joyner MJ, et al. Exercise and cardiovascular
risk reduction: Time to update the rationale for exercise? J Appl Physiol
2008;105:766-8.

SLEEP, Vol. 36, No. 5, 2013

629

38.

39.

40.

41.

42.

43.

DeSouza CA, Shapiro LF, Clevenger CM, et al. Regular aerobic exercise
prevents and restores age-related declines in endothelium-dependent va-
sodilation in healthy men. Circulation 2000;102:1351-7.

Green DJ, Maiorana A, O’Driscoll G, et al. Effect of exercise train-
ing on endothelium-derived nitric oxide function in humans. J Physiol
2004;561:1-25.

Hambrecht R, Gielen S, Linke A, et al. Effects of exercise training on
left ventricular function and peripheral resistance in patients with chronic
heart failure: A randomized trial. JAMA 2000;283:3095-101.

Hambrecht R, Wolf A, Gielen S, et al. Effect of exercise on coronary en-
dothelial function in patients with coronary artery disease. N Engl J Med
2000;342:454-60.

Higashi Y, Sasaki S, Kurisu S, et al. Regular aerobic exercise augments
endothelium-dependent vascular relaxation in normotensive as well as
hypertensive subjects: role of endothelium-derived nitric oxide. Circula-
tion 1999;100:1194-202.

Foster GD, Sanders MH, Millman R, et al. Obstructive sleep apnea among
obese patients with type 2 diabetes. Diabetes Care 2009;32:1017-9.

Editorial—Dobrosielski and Patil



