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ABSTRACT: The obesity hypoventilation syndrome, which is defined as a combination of obesity and
chronic hypoventilation, utimately results in pulmonary hypertension, cor pulmonale, and probable
early mortality. Since the classical description of this syndrome nearly fifty years ago, research has led
to a better understanding of the pathophysiologic mechanisms involved in this disease process, and to
the development of effective treatment options. However, recent data indicate the obesity hypoventi-
lation syndrome is under-recognized, and under-treated. Because obesity has become a national
epidemic, it is critical that physicians are able to recognize and treat obesity-associated diseases. This
article reviews current definitions of the obesity hypoventilation syndrome, clinical presentation and
diagnosis, present understanding of the pathophysiology, and treatment options.
© 2005 Elsevier Inc. All rights reserved.
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besity hypoventilation syndrome is commonly defined as a
ombination of obesity (body mass index of �30 kg/m2) and
wake arterial hypercapnia (PaCO2 �45 mm Hg) in the absence
f other known causes of hypoventilation.1-3 Clinically, pa-
ients may present with symptoms such as excessive daytime
leepiness, fatigue, or morning headaches, which are similar to
ymptoms seen in obstructive sleep apnea-hypopnea syn-
rome.4 However, patients with obesity hypoventilation syn-
rome have daytime hypercapnia and hypoxemia, which is
ssociated with pulmonary hypertension and right-sided con-
estive heart failure (cor pulmonale).1 If untreated, recent stud-
es indicate this syndrome results in substantial morbidity and
robable early mortality.5,6 Although the precise pathophysi-
logy remains unknown, physiologic consequences of obesity
eem important.7 In a society in which approximately one third
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f adults are obese and the prevalence is expected to increase,8

ecognition of this syndrome is essential because effective
reatment options exist.9

istory and definitions

besity hypoventilation syndrome was classically described
s “Pickwickian syndrome” in a 1956 case report by Bur-
ell.10 This patient resembled a character depicted by Dick-

ns in his story, The Posthumous Papers of the Pickwick
lub, because both were obese with excessive hypersom-
olence. Further, Burwell’s patient had hypoventilation dur-
ng wakefulness, with hypoxemia-induced erythrocytosis,
ulmonary hypertension, and cor pulmonale.

Subsequent investigation of patients with Pickwickian syn-
rome found nocturnal respiratory abnormalities, such as mul-
iple “respiratory pauses” (apneas),11 which led to further study
f these sleep-induced events. Research in eucapnic patients

evealed that occasional apneas (as the result of sleep-induced
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949Olson and Zwillich Obesity hypoventilation syndrome
pper airway obstruction) were common and often asymptom-
tic, whereas frequent complete or partial apneas could cause
leep fragmentation resulting in a range of clinical symptoms
ncluding hypersomnolence. This syndrome is termed “ob-
tructive sleepapnea-hypopnea syndrome.”12-15

Additional investigations found daytime hypercapnia in ap-
roximately 10% to 15% of patients with obstructive sleep
pnea-hypopnea syndrome.16,17 Other studies reported that al-
hough the majority (�90%) of patients with obesity and
aytime hypercapnia had concurrent obstructive sleep apnea-
ypopnea syndrome, a small minority of patients with obesity
ypoventilation syndrome had no evidence of significant
pnea-hypopnea events during sleep.1,18,19 Instead, these pa-
ients had sustained periods of hypoventilation, particularly
uring rapid eye movement sleep, which has been termed
sleep hypoventilation syndrome.”20

In 1999, the American Academy of Sleep Medicine pub-
ished recommendations to standardize definitions, elimi-
ate confusion, and facilitate comparability of studies for
esearch purposes.20 By these definitions, patients with obe-

Table 1 Definitions of simple obesity, obstructive sleep apne
respect to the body mass index, awake arterial pressure of carb
may be present on night-time polysomnography

Simple obesity

Body mass index (kg/m2) �30

Awake PaCO2(mm Hg) Normal
Associated sleep-related

breathing disorder by
nocturnal
polysomnography

Nocturnal monitoring demonstra
�5 apneas, hypopneas, or
respiratory-related arousals pe
hour
ity hypoventilation syndrome may have obstructive sleep h
pnea-hypopnea syndrome with hypercapnia, sleep hy-
oventilation syndrome, or a combination of sleep-related
reathing disorders (Table 1).21

he scope of the problem

pidemiology

lthough the prevalence of obesity hypoventilation syn-
rome is unknown, a recent study of severely obese (body
ass index �35 kg/m2) hospitalized patients found that

1% had daytime hypercapnia unexplained by other disor-
ers.6 Although weight alone did not predict the presence of
ypoventilation, almost half of the patients with a body
ass index 50 kg/m2 or greater had chronic daytime hy-

oventilation. Although data have shown men to be at
igher risk for obstructive sleep apnea-hypopnea syn-
rome,22 the same has not been demonstrated for obesity

pnea syndrome, and obesity hypoventilation syndrome with
ide (PaCO2), and possible sleep-related breathing disorder that

Obstructive sleep
apnea-hypopnea
syndrome

Obesity hypoventilation
syndrome
(Pickwickian syndrome)

Variable, but risk
increases with
increasing
weight

�30

Normal �45
Nocturnal

monitoring
demonstrates
�5 apneas,
hypopneas or
respiratory-
related
arousals per
hour

A. Obstructive sleep apnea-
hypopnea syndrome: Nocturnal
monitoring demonstrates �5
apneas, hypopneas or
respiratory-related arousals per
hour

B. Sleep hypoventilation
syndrome: Nocturnal
monitoring demonstrates one
or both of the following
1. An increase in PaCO2 �10
mm Hg from awake supine
values
2. Oxygen desaturation during
sleep that is not explained by
apneic or hypopneic events
(hypercapnia is assumed
although not measured)

C. A combination of obstructive
sleep apnea-hypopnea events
and sleep hypoventilation
a-hypo
on diox

tes

r

ypoventilation syndrome.23,24
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orbidity and mortality

vidence suggests this syndrome is associated with signif-
cant mortality and morbidity. Two older case series, pub-
ished before treatment options became available and before
he routine use of in-hospital heparin prophylaxis, reported
igh in-hospital mortality rates principally related to pro-
ressive respiratory failure or acute pulmonary embo-
ism.25,26 A recent study found hospitalized patients had a
igher 18-month mortality rate of 23% compared with 9%
mong patients with simple obesity. Notably, although
ealth care providers were informed of the obesity-associ-
ted hypoventilation, only 13% of patients were discharged
ith therapies known to be effective.6

ost

ittle is known about health care use and cost for patients
ith obesity hypoventilation syndrome. A recent Canadian

tudy found that during the 5 years before the diagnosis of
his syndrome, patients had more physician visits, generated
igher fees, and were more likely to be hospitalized than
atients with simple obesity. Two years after the diagnosis
as made and treatment was initiated, patients had a sig-
ificant reduction in physician fees and days hospitalized.5

linical presentation and diagnosis

atients with obesity hypoventilation may present with un-
xplained hypoxemia or a broad spectrum of symptoms
anging from hypersomnolence or dyspnea to signs of right-
ided congestive heart failure. Because these patients have a
oncurrent sleep-related breathing disorder with sleep-
nduced exaggeration of hypercapnia and hypoxemia and
requent arousals from sleep, presenting symptoms may
nclude fatigue, hypersomnolence, mood disorders, and
octurnal or morning headaches.27 In patients with apneic or
ypopneic events, symptoms may include loud snoring, chok-
ng, gagging, and resuscitative snorting. Untreated patients
ay develop secondary erythrocytosis and will ultimately de-

elop pulmonary hypertension and cor pulmonale.28

Data suggest that obesity hypoventilation syndrome is
nder-recognized and under-treated.6 We believe the diagnosis
s frequently missed because pulse oximetry is used to detect
xyhemoglobin desaturation without consideration for the
resence of hypercapnia. As a result, patients may be inappro-
riately treated with supplemental oxygen alone, which does
ot reverse hypoventilation. In our opinion, arterial blood gas
nalysis should be obtained in any patient with morbid obesity
nd unexplained hypoxemia or signs of cor pulmonale.

Arterial blood gas testing is required to confirm the
resence of daytime hypercapnia, and usually reveals com-
ensated respiratory acidosis and hypoxemia. An elevated
erum bicarbonate level may suggest that chronic hypercap-
ia is present, because hospitalized patients with this syn-

rome have higher serum bicarbonate levels when com- m
ared with patients with simple obesity (30 � 4 mEq/L vs
4 � 5 mEq/L, P � .01).6

Other conditions that cause chronic hypoventilation
hould be considered during the evaluation. The history and
hysical examination may reveal mechanical limitations
underlying lung disease, kyphoscoliosis, or myopathy),
europathic conditions (diaphragmatic paralysis or neurop-
thy), or central control abnormalities (severe hypothyroid-
sm, cerebrovascular accident, or central nervous system
isease) suggesting a diagnosis other than obesity hypoven-
ilation syndrome.27,29

Laboratory testing should include a complete blood
ount (to determine the existence of erythrocytosis), serum
lectrolytes, including phosphorus and creatinine phos-
hokinase (to determine additional factors that may be con-
ributing to respiratory muscle weakness), and thyroid-stim-
lating hormone.27 Thyroid function testing should be
erformed because severe hypothyroidism has been shown
o cause alveolar hypoventilation in the absence of severely
mpaired lung function.29,30 If hypoxemia-induced erythro-
ytosis is identified, recommendations state phlebotomy
hould only be performed if the hematocrit is greater than
5% with symptoms of hyperviscosity.31

Pulmonary function testing should include spirometry,
ung volumes, a bronchodilator response, maximal inspira-
ory and expiratory pressures, and supine vital capacity (if
iaphragmatic paralysis is suspected).27,29 These studies
ay support a diagnosis of chronic obstructive pulmonary

isease (COPD). Like obesity hypoventilation syndrome,
OPD can cause chronic hypoventilation. However, hy-
oventilation and hypercapnia are not common in COPD
nless the forced expiratory volume in 1 second is less than

liter. Flenley described the concurrent conditions of
OPD and obstructive sleepapnea-hypopnea syndrome,
hich he termed the “overlap syndrome.”32 In these patients
ith COPD, forced expiratory volume in 1 second that

xceeded 1 liter, and chronic hypoventilation, apneas and
ypopneas were prominent features on night-time polysom-
ography. If these patients are treated with supplemental
xygen alone, symptoms do not improve and nocturnal
ypercapnia may worsen.33

Conditions that aggravate chronic hypoventilation
hould be identified and treated. The history may reveal the
se of excessive alcohol, sedative-hypnotics, or narcotics,
hich have been shown to be respiratory depressants and

hould be avoided if possible.30

Finally, patients should be referred for night-time poly-
omnography testing to identify the underlying sleep disor-
er and to individualize treatment with either continuous
ositive airway pressure or noninvasive mechanical venti-
ation.24,28 In patients with evidence of impending respira-
ory failure (such as an uncompensated respiratory acidosis,
ignificant hypoxemia, or mental status changes), immedi-
te hospitalization is indicated. These patients require im-

ediate ventilatory support.25,26
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athophysiology

verview

espite significant research, the exact pathophysiologic
echanisms leading to obesity hypoventilation syndrome

ave not been clearly defined. The syndrome may result
rom complex interactions among impaired respiratory me-
hanics, abnormal central ventilatory control, possible
leep-disordered breathing, and neurohormonal aberrancies

igure 1 The possible interactions among impaired respiratory
eurohormonal insensitivity to leptin that lead to sustained dayt
ypopnea syndrome; SHVS, sleep hypoventilation syndrome.
Figure 1).7,28 m
espiratory system mechanics

ignificant impairment in respiratory system mechanics is
resent when individuals with obesity hypoventilation syn-
rome are compared with similarly obese patients without
aytime hypercapnia. Reductions in total lung capacity,
ital capacity, functional residual capacity, and increases in
esidual volume have been shown.7 Patients with more
pper body fat distribution tend to have more severe de-
angements in lung volumes, suggesting that fat distribution

nics, abnormal ventilatory drive, sleep-disordered breathing, and
ypercapnia in obese patients. OSAHS, obstructive sleep apnea-
mecha
ime h
ay contribute to the pathogenesis.28
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Because of decreased respiratory system compliance and
ncreased resistance,34-38 these patients must maintain an
ncreased work and oxygen cost of breathing.7,34 This may
esult in respiratory muscle fatigue. Maximal voluntary ven-
ilation, a measure of ventilatory endurance, is reduced in
imple obesity and further reduced in obesity hypoventila-
ion syndrome.7

entilatory control

ata suggest that abnormalities in ventilatory control are
lso involved in the pathogenesis of this syndrome. Patients
ith obesity hypoventilation syndrome can achieve eucap-
ia (or even hypocapnia) during voluntarily hyperventila-
ion,39 implying that impairments in respiratory system me-
hanics alone do not explain the hypoventilation. Moreover,
nvestigators have identified abnormalities in both hyper-
apnic and hypoxemic ventilatory responses, which are
easurements of ventilatory control.7,38,40-46

The ratio of change in the diaphragmatic electromyo-
ram response to increasing concentrations of inhaled car-
on dioxide (�EMG/�PCO2) is thought to be a direct mea-
ure of central ventilatory drive.28 Patients with simple
besity have an augmented ventilatory response, whereas
atients with obesity hypoventilation syndrome have a re-
ponse similar to that of nonobese patients.46 These findings
mply that eucapnic obese patients have an increased central
entilatory drive that is needed to compensate for the me-
hanical restrictions of obesity, whereas patients with obe-
ity hypoventilation seem to lack this compensatory in-
reased drive.40,42,45

bstructive sleep apnea-hypopnea syndrome
nd decreased ventilatory response

here is a significant relationship between obstructive sleep
pnea-hypopnea syndrome and obesity hypoventilation syn-
rome. Although it is not clear why only 10% to 15% of
atients with obstructive sleep apnea-hypopnea develop hy-
oventilation, it has been postulated that obstructive sleep
pnea-hypopnea syndrome may lead to a depressed venti-
atory response and hypoventilation.16,28

Chronic exposure to hypoxia and sleep fragmentation
ttenuate central ventilatory drive. Patients with cyanotic
ongenital heart disease have a reduced hypoxic ventilatory
esponse, which is reversed when the shunt hypoxemia is
orrected.47 Healthy subjects with chronic exposure to hyp-
xia of altitude have a reduction in both the hypoxic and
ypercapnic ventilatory response.48 In addition, sleep depri-
ation in healthy volunteers decreases the hypercapnic ven-
ilatory response.49

In obstructive sleep apnea-hypopnea syndrome, apneic
vents result in sleep hypoxemia, hypercapnia, and in-
reased ventilatory effort. This causes arousals, which im-

rove upper airway patency and normalize blood gas ten- w
ions.50 However, frequent apneas with arousals lead to
leep fragmentation.28 In patients with obstructive sleep
pnea-hypopnea syndrome, this chronic exposure to hypox-
mia and sleep fragmentation may, in susceptible individu-
ls, lead to a diminished ventilatory drive and resultant
ypoventilation.28,47-49

Patients with these concurrent syndromes may be caught
n a “vicious cycle” (Figure 2). Apnea-induced hypoxemia
nd sleep fragmentation may diminish the ventilatory re-
ponse. This decreased ventilatory response, combined with
eranged lung mechanics,28 may prevent restoration of
ost-apnea eucapnia, which leads to more severe exposure
o hypoxemia and hypercapnia and further attenuation of the
entilatory response.21,51

There is evidence supporting this theory. Patients with
bstructive sleep apnea-hypopnea syndrome (and daytime
ucapnia) demonstrated an augmented ventilatory drive
ith large tidal volume breaths after an apnea, whereas
atients with obesity hypoventilation syndrome did not have
compensatory ventilatory response after apneas.21,44 Fur-

hermore, the severity of hypercapnia has been correlated
ith the severity of sleep-induced respiratory abnormalities,

he mechanical impairment of the respiratory system, and
he degree of daytime hypoxemia.51

eptin and the ventilatory response

ecent evidence suggests that the protein leptin may be
nvolved in the pathogenesis of obesity hypoventilation syn-
rome. Leptin is produced by adipose tissue and acts on
eceptors in the hypothalamus to suppress appetite.52-54 A
utation in the gene that encodes the leptin protein causes

besity in mice and in humans.55-57 In addition, leptin acts
n the central respiratory centers to stimulate ventilation,
hereas leptin deficiency has been associated with hy-
oventilation.58

Leptin-deficient mice hypoventilate, and leptin replacement
esults in increased ventilation. In wild-type mice with diet-
nduced obesity, leptin levels increase more than 10-fold and
re associated with an increase in ventilation. These findings
uggest leptin may be involved in maintaining an adequate
evel of ventilation for a given degree of obesity.58

Human obesity is also associated with elevated serum levels
f leptin,59 which may explain a means by which eucapnia is
aintained in most obese individuals. It has been speculated

hat in some individuals leptin resistance may lead to a reduc-
ion in ventilation, but further research is necessary to confirm
his theory.58,60-62

reatment

eight loss

he ideal treatment for obesity hypoventilation syndrome is

eight loss, which improves most of the physiologic abnor-
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alities thought to be involved in the pathogenesis and
ltimately leads to the restoration of daytime eucap-
ia.7,18,38

Weight loss of at least 10 kg results in a significant
mprovement in vital capacity and maximum voluntary ven-
ilation, and a significant reduction in daytime PaCO2.38

lthough data are limited, weight loss has also been shown
o significantly increase central ventilatory drive as mea-

igure 2 The vicious cycle of obesity hypoventilation syndr
yndrome; OSAHS, obstructive sleep apnea-hypopnea syndrome.
ured by the diaphragmatic electromyogram response to a
arbon dioxide inhalation.38 In patients with obesity hy-
oventilation syndrome and concurrent obstructive sleep-
pnea hypopnea syndrome, weight loss reduced the number
f sleep-disordered breathing events (apneas and hypo-
neas), decreased the severity of desaturation associated
ith any residual apneas, and led to the resolution of the
aytime hypercapnia.63

The National Institutes of Health consensus statement

ee text for further explanation). OHS, obesity hypoventilation
ome (s
ddresses the issue of surgical treatment for obesity and
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besity with associated comorbid conditions. According to
hese guidelines, patients with a body mass index greater
han 35 kg/m2 and an obesity-related comorbid condition
including obesity hypoventilation syndrome) or patients
ith a body mass index greater than 40 kg/m2 are recom-
ended for surgical treatment.64 Support for these recom-
endations comes from studies on the effect of gastric

urgery in patients with obesity hypoventilation syndrome
nd obstructive sleep apnea-hypopnea syndrome. As a
roup these patients had a significantly higher operative
ortality (2.4% vs 0.2%). However, gastric surgery was

ssociated with significant weight loss and improvement in
leep apnea, lung volumes, arterial blood gases, polycythe-
ia, and pulmonary hypertension.3,23,65

Although weight loss seems to be the optimal treatment
or this syndrome, it is slow to occur and difficult to achieve
nd maintain. As a result, weight loss cannot be used as the
ole initial treatment. Furthermore, the optimal amount of
eight loss has not been studied, and the long-term outcome
f sustained weight loss is not known.7,18

ontinuous positive airway pressure
nd noninvasive mechanical ventilation

s previously stated, there are a variety of sleep-associated
espiratory disturbances (apneas, hypoventilation, or both)
hat are found in obesity hypoventilation syndrome. Treat-
ent that corrects the specific sleep-related breathing dis-

rder results in the reversal of chronic daytime hypercap-
ia.66

In patients with concurrent obstructive sleep apnea-
ypopnea syndrome, nocturnal continuous positive airway
ressure therapy (applied by nasal mask) is usually effec-
ive. This therapy provides continuous positive pressure
uring the respiratory cycle, which maintains upper airway
atency, eliminates apneas and hypopneas, and restores
aytime eucapnia.67

A subset of patients with obstructive sleep apnea-
ypopnea syndrome, however, will not respond to continu-
us positive airway pressure therapy, and may require
oninvasive mechanical ventilation to alleviate daytime hy-
ercapnia. Noninvasive mechanical ventilation may be
chieved with a nasal mask and either a bilevel positive
irway pressure device or a volume ventilator. Bilevel sys-
ems permit independent adjustment of inspiratory and ex-
iratory positive airway pressure. Differences between
hese pressures assist with lung inflation during each respi-
atory cycle thereby supporting ventilation. The inspiratory
nd expiratory pressures, like continuous positive airway
ressure, also maintain upper airway patency. Volume ven-
ilation better ensures adequate alveolar ventilation and pro-
ides the advantage of allowing higher peak inspiratory
ressures.16

Several factors have been identified that may explain
hy some patients with obesity hypoventilation syndrome
nd obstructive sleep apnea-hypopnea syndrome are not w
dequately treated with continuous positive airway pressure
lone. In some patients, despite high continuous positive
irway pressures, airway patency is not established. These
atients may need higher peak inspiratory pressures, which
nly volume ventilation can provide. Other patients may
ave concurrent sleep hypoventilation syndrome, which ne-
essitates noninvasive ventilatory support to augment ven-
ilation.16 Finally, in some patients, intolerance to therapy
ay be a significant issue. Among patients who cannot

olerate any form of ventilatory support, a tracheostomy
ay be required.18,66

In patients with obesity hypoventilation syndrome whose
nderlying sleep disorder is hypoventilation alone, nonin-
asive mechanical ventilation is the mainstay of treatment.
ypoxia and hypercapnia develop as a consequence of
ypoventilation. Treatment with supplemental oxygen alone
s inadequate, and ventilatory support is required to correct
he hypercapnia.24,66

In addition to evidence that treatment directed at the
nderlying sleep-associated respiratory disturbance allevi-
tes daytime hypercapnia, there is emerging evidence that
reatment also alleviates symptoms such as morning head-
ches, morning drowsiness, sleepiness, dyspnea, and leg
dema.24

rogesterone

edroxyprogesterone has been shown to increase hyper-
apnic chemosensitivity and improve ventilation in patients
ith obesity hypoventilation syndrome.68,69 However, it
oes not improve apnea frequency or symptoms of sleepi-
ess,70 and there are limited data regarding adverse effects
nd outcomes of long-term use. As a result, experts do not
urrently recommend progesterone therapy.28

onclusion

ecause obesity has become a national epidemic, it is im-
erative that physicians are able to recognize and treat
besity-associated diseases. Evidence suggests that obesity
ypoventilation syndrome is under-recognized, under-
reated, and associated with a significant increase in mor-
ality. These findings are particularly disturbing because
ffective treatment options exist. Further investigations are
eeded to completely understand the prevalence, patho-
hysiology, morbidity, and long-term treatment outcomes
ssociated with this syndrome.
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