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BACKGROUND: Severe obesity is associated with hypoventi-
lation, a disorder that may adversely affect morbidity and mor-
tality. We sought to determine the prevalence and effects of
obesity-associated hypoventilation in hospitalized patients.
METHODS: Consecutive admissions to internal medicine
services were screened over a 6-month period. In all eligible
subjects with severe obesity (body mass index =35 kg/m?), we
administered a sleep questionnaire, and performed neuropsy-
chological, arterial blood gas, and pulmonary function testing.
Hospital course and mortality at 18 months was also deter-
mined.

RESULTS: Of 4332 admissions, 6% (n = 277) of patients were
severely obese, of whom 150 were enrolled, 75 refused to par-
ticipate, and 52 met the exclusion criteria. Hypoventilation
(mean [* SD] arterial partial pressure of carbon dioxide
[PaCO,], 52 = 7 mm Hg) was present in 31% (n = 47) of
subjects who did not have other reasons for hypercapnia. De-

creased objective attention/concentration and increased subjec-
tive sleepiness were present in patients with obesity-associated
hypoventilation compared with in severely obese hospitalized
patients without hypoventilation (simple obesity group; mean
PaCO,, 37 = 6 mm Hg). There were higher rates of intensive
care (P = 0.08), long-term care at discharge (P = 0.01), and
mechanical ventilation (P = 0.01) among subjects with obesity-
associated hypoventilation. Therapy for hypoventilation at dis-
charge was initiated in only 6 (13%) of the patients with obesity-
associated hypoventilation. At 18 months following hospital
discharge, mortality was 23% in the obesity-associated hy-
poventilation group as compared with 9% in the simple obesity
group (hazard ratio = 4.0; 95% confidence interval: 1.5 to 10.4].
CONCLUSION: Hypoventilation frequently complicates se-
vere obesity among hospitalized adults and is associated with
excess morbidity and mortality. Am J Med. 2004;116:1-7.
©2004 by Excerpta Medica Inc.

besity is common in the United States (1), and

high body weight is an independent risk factor

for increased mortality (2,3). Severe obesity is
associated with hypoventilation. However, hypoventila-
tion may not be recognized in a large number of severely
obese inpatients, and therefore appropriate treatment
and follow-up may not be instituted at discharge. Fur-
thermore, the diagnosis and treatment of obese patients
with the hypoventilation syndrome reduces health care
resources (4).
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We hypothesized that hypoventilation is common
among severely obese inpatients and is associated with
higher morbidity and mortality. Accordingly, we pro-
spectively examined a cohort of hospitalized adults to de-
termine the frequency, effects, and outcome of hypoven-
tilation (hypercapnia) associated with obesity. We
compared these findings to that found in hospitalized
patients who had severe obesity but no hypoventilation.

METHODS
Study Sample

We evaluated consecutive adults older than 18 years of
age with a body mass index =35 kg/m?, who were admit-
ted to medical services of three teaching hospitals (the
Denver Veterans Affairs Medical Center, Denver Health
Medical Center, and University of Colorado Hospital).
The criterion for body mass index was based on initial
pilot data gathered over a 1-month period and literature
review suggesting that most previously reported obesity-
associated hypoventilation subjects have a body mass in-
dex =35 kg/m”. Investigators directly screened all admis-
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sions. Subjects were asked to participate in a study
designed to determine the influence of obesity on lung
function and memory. There was no mention of sleep
apnea or sleep quality. Determining the chronicity of hy-
poventilation or the presence of sleep-disordered breath-
ing was beyond the scope of the study. The study was
approved by the Institutional Review Board of each insti-
tution.

Hypoventilation was defined as an arterial partial pres-
sure of carbon dioxide (PaCO,) =43 mm Hg and a pH
=7.42. The specific pH level was selected to eliminate
primary metabolic alkalosis and secondary elevation in
PaCO,. A PaCO, =43 mm Hg is greater than 2 SD higher
than the mean reference values at an altitude of 1400
meters (33 mm Hg for women and 34 mm Hg for men)
and 2 SD higher than the mean reference values at sea
level (37 mm Hg for women and 38 mm Hg for men) (5).
Obesity-associated hypoventilation was defined as severe
obesity and awake hypoventilation (hypercapnia) in the
absence of other known causes of hypoventilation. Sim-
ple obesity was defined as severe obesity without the
above evidence of hypoventilation. Erythrocytosis was
defined as a hemoglobin level >16.3 g/dL in women and
>18 g/dL in men, which are more than 2 SD higher than
those at both sea level and an altitude of 1400 meters (5).

Exclusion criteria included the inability to give con-
sent, other reasons for hypoventilation, severe chronic
obstructive pulmonary disease (COPD) or asthma
(forced expiratory volume in 1 second [FEV, ]/forced vi-
tal capacity [FVC] =50%), interstitial lung disease, lung
resection, and use of opiate or opiate antagonists. In ad-
dition, subjects who had been readmitted were excluded.

Weight/Height and Neck Measurement

We measured height in 88% (n = 132) and weight in 93%
(n = 140) of subjects. We used stated values for those in
whom weight or height could not be measured. Seated
neck circumference at the level of the thyroid cartilage
was recorded. Investigators (blinded to outcome mea-
sures) assessing height and neck circumference were
trained to use uniform techniques.

Medical History

Information on past medical history was obtained by re-
viewing residents’ admission notes. We obtained data
from the patient regarding menopausal status, hormone
replacement therapy, birth control pills, oxygen, current
alcohol consumption, and previous or current tobacco
use.

Laboratory Data

Results of the laboratory testing on admission were re-
corded. Thyroid-stimulating hormone and spirometry
values were obtained during the admission if they had not
been performed in the previous 6 months. Arterial blood
gas was obtained in 95% (91% room air, 9% breathing
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oxygen) of subjects during the admission when subjects
were awake but in a supine position. The supine position
was chosen because obese patients have their worst gas
exchange during sleep. For the 5% (n = 8) of subjects
who refused testing, an arterial blood gas measurement
obtained within the previous 6 months was accepted.

Symptoms

Subjective symptoms of hypersomnolence, headache,
snoring, and altered concentration were recorded in a
standardized fashion. Attention and concentration abil-
ity was evaluated using a modified version of the vali-
dated Digit Span Test (subset of the Wechsler Adult In-
telligence Scale) (6). The Epworth Sleepiness Scale was
used to evaluate hypersomnolence (7,8).

Hospital Course

Data were gathered on the duration of hospitalization,
and the occurrence of thromboembolism, cardiac arrest,
respiratory failure requiring endotracheal intubation,
transfer to intensive care units, discharge disposition, or
death. In addition, the initiation of obesity-associated hy-
poventilation-specific treatments, such as continuous
positive airway pressure, noninvasive ventilation, trache-
ostomy, and progesterone use, as well as discharge diag-
noses, were recorded.

Mortality Data

The names and social security numbers of all 150 original
participants were searched for in the Colorado Death
Certificate Master Files for the period from 1999 to 2001.
National data on death were obtained using the website
www.ancestry.com, which contains complete informa-
tion provided by the Social Security Administration
through 18 months after the last hospital discharge.

Statistical Analysis

Data were incomplete in 7% of the study sample (8 miss-
ing spirometry data, 1 missing thyroid-stimulating hor-
mone data, 1 missing a symptom-related questionnaire,
and 1 missing data on neck circumference). Bivariate
analysis was performed using chi-squared tests, unpaired
t tests, and Pearson correlations. Multivariate Cox pro-
portional hazards regression was used to compare mor-
tality between groups, adjusting for age, sex, body mass
index, history of thromboembolism, history of hypothy-
roidism, electrolyte abnormalities, and renal insuffi-
ciency (serum creatinine level >1.5 mg/dL). These pos-
sible confounders were included in the multivariate
analyses if they were associated with obesity-associated
hypoventilation or mortality in bivariate analyses at a P
value <0.20 (9), or if they had been previously known to
be associated with obesity-associated hypoventilation or
mortality (10,11). Statistical significance was set at P
<0.05 (two-tailed). Analyses were performed using SAS,
version 6.12 (SAS Institute, Cary, North Carolina).
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Figure 1. Association between body mass index and the fre-
quency of obesity-associated hypoventilation in 150 patients. P
= 0.05 using logistic regression. The numbers above each bar
represent the number of patients. Light-colored bars indicate
simple obesity; dark gray bars indicate obesity-associated hy-
poventilation.

RESULTS

Of 4332 consecutive admissions, 277 subjects (6%) had a
body mass index =35 kg/m?*. Among these severely obese
inpatients, 127 were excluded: 10 had an FEV,/FVC
=50% or prior lung resection, 10 could not give in-
formed consent, 32 used opiates, and 75 refused to par-
ticipate because they were unwilling to undergo arterial
puncture. The remaining 150 were enrolled.

Of the 150 patients, 47 (31%) met the criteria for obe-
sity-associated hypoventilation, whereas the remaining
103 had simple obesity. As body mass index increased, the
prevalence of obesity-associated hypoventilation also in-
creased significantly (P = 0.05). When the body mass
index was >50 kg/m?, hypoventilation was found in 48%
(14/29) of obese subjects (Figure 1). However, obesity-
associated hypoventilation was still quite prevalent in the
lower body mass index categories.

Patients in the obesity-associated hypoventilation
group were slightly heavier, and had higher mean serum
bicarbonate levels, higher mean PaCO, values, and lower
pH, than did patients in the simple obesity group (Table
1). A significant relation between body mass index and
PaCO, was found for both patients with obesity-associ-
ated hypoventilation (r = 0.52, P <0.01) and simple obe-
sity (r = 0.29, P <0.01) (Figure 2). Patients in the obesity-
associated hypoventilation group were significantly more
likely to have a previous diagnosis of obesity hypoventi-
lation syndrome (usually defined as hypoventilation
complicating sleep apnea), obstructive sleep apnea, or
polycythemia, or to use a diuretic (Table 1). Documenta-
tion of a past history of sleep-disordered breathing ac-
companying hypoventilation or obstructive sleep apnea
was not possible in the majority of subjects with this his-
tory.

The mean FEV, and FVC values were significantly
lower in the obesity-associated hypoventilation group

(Table 1). However, the FEV,/FVC ratio was similar be-
tween the two groups. In addition, when the presence of
severe obstruction was assessed using a more strict crite-
rion from the American Thoracic Society (FEV,/FVC ra-
tio =<70% with FEV, =50% predicted), there was no dif-
ference in the prevalence of moderately severe or severe
airway obstruction in the obesity-associated hypoventila-
tion and simple obesity groups (15% [n = 7] vs. 7% [n =
7], P = 0.16).

The majority of admissions in both groups were for
dyspnea (P = 0.06, obesity-associated hypoventilation vs.
simple obesity) or chest pain (P = 0.44). There was no
significant difference in discharge diagnoses between the
two groups. Also, the frequency of a discharge diagnosis
of COPD or asthma exacerbation (6 in the obesity-asso-
ciated hypoventilation group vs. 11 in the simple obesity
group, P = 0.71) did not differ between groups, and nei-
ther did the presence of severe airflow limitation (FEV,/
FVC =70% and FEV, =50% predicted) differ (3 each in
the obesity-associated hypoventilation and simple obe-
sity groups, P = 0.37). No patient was discharged with a
diagnosis of neuromuscular disease, and only 2 patients
with simple obesity were discharged with a diagnosis of
interstitial/restrictive lung disease.

Subjects with obesity-associated hypoventilation had
more daytime somnolence than did those with simple
obesity (mean [ SD] score, 12 = 5vs. 10 £ 5, P = 0.01).
Testing of memory and concentration ability revealed
lower scores in the obesity-associated hypoventilation
group (7 = 2vs.8 £2,P=0.01). There was no difference
in the symptoms of hypersomnolence, headache, snor-
ing, or altered concentration between the two groups.

Subjects with obesity-associated hypoventilation were
more likely to require invasive mechanical ventilation,
tended to need more intensive care unit management,
and showed a trend towards longer lengths of stay (Table
2). Furthermore, they were more likely to require long-
term care at discharge (Table 2). There were no hospital-
related deaths or cardiac arrests in either group. How-
ever, critically ill patients (n = 10) had been excluded
because informed consent was not readily obtainable.

Although physicians were informed of subjects who
had hypercapnia and normal or low pH, only 23% of
patients (n = 11) were given the diagnosis of obesity-
associated hypoventilation or obesity hypoventilation
syndrome at discharge, about one quarter of whom (n =
3) had a previous diagnosis of obesity hypoventilation
syndrome. Furthermore, only 13% (6/47) were dis-
charged with a reccommendation for long-term treatment
for hypoventilation, such as noninvasive ventilatory as-
sist (n = 5) or tracheostomy (n = 1). Of the patients
recognized by hospital personnel as having obesity-asso-
ciated hypoventilation, 36% (n = 4) were discharged
with specific treatment compared with 6% (2/36) of those
in whom the diagnosis went unrecognized (P = 0.02).
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Table 1. Characteristics of the 150 Patients with Simple Obesity or Obesity-Associated Hypoventilation

Obesity-Associated

Simple Obesity Hypoventilation
Characteristic (n =103) (n=47) PValue
Number (%) or Mean + SD
Age (years) 53+ 13 55+ 14 0.28
Male sex 57 (55) 23 (49) 0.47
Race 0.73
White 67 (65) 31 (66)
Black 20 (19) 7 (15)
Hispanic 16 (16) 9(19)
Body mass index (kg/m?) 42 *38 45*9 0.04
Unemployed 86 (84) 36 (77) 0.31
Past medical history
Hypertension 58 (56) 30 (64) 0.39
Chronic obstructive pulmonary disease 29 (28) 18 (38) 0.21
Coronary artery disease 26 (25) 13 (28) 0.75
Heart failure 25 (24) 15 (32) 0.33
Obstructive sleep apnea 22 (21) 18 (38) 0.03
Obesity hypoventilation syndrome 2(2) 6(13) 0.01
Pulmonary hypertension 4(4) 5(11) 0.11
Right-sided heart failure 4(4) 3 (6) 0.50
Polycythemia 0 2 (4) 0.04
Hypothyroidism 14 (14) 3 (6) 0.20
Diuretic use 47 (46) 30 (64) 0.04
Laboratory measurements
PaCO, (mm Hg) 37*6 52+7 0.01
Serum bicarbonate (mEq/L) 24 *+5 304 0.01
PaO, (mm Hg)* 62 * 1.0 51+ 1.2 0.01
Arterial pH 7.43 £ 0.04 7.38 £ 0.04 0.01
Alveolar-arterial gradient* 16 £9 139 0.08
Supplemental oxygen" 5(5) 8(17) 0.37
Thyroid-stimulating hormone level >5.0 nIU/mL 8 (8) 2 (4) 0.44
Erythrocytosis* 2(2) 7 (15) 0.01
FVC (% predicted) 72 * 20 57 * 16 0.01
FEV, (% predicted) 69 = 20 53 =14 0.01
FEV,/FVC ratio (%) 77 % 10 76 =9 0.41
Neck circumference (cm) 44 + 5 47 * 6 0.01

* Determined on room air only.
T At time of arterial blood gas analysis.

¥ Defined as a hemoglobin level >16.3 g/dL in women and >18 g/dL in men.
COPD = chronic obstructive pulmonary disease; FEV, = forced expiratory volume in 1 second; FVC = forced vital capacity; PaO, = arterial partial

pressure of carbon dioxide.

At 18 months, mortality was 23% (n = 11) among
patients with obesity-associated hypoventilation com-
pared with 9% (n = 9) among patients with simple obe-
sity (Figure 3). After adjusting for age, sex, body mass
index, electrolyte abnormalities, renal insufficiency, his-
tory of thromboembolism, and history of hypothyroid-
ism, patients with obesity-associated hypoventilation
had a hazard ratio for mortality of 4.0 (95% confidence
interval [CI]: 1.5 to 10.4). Most of the deaths associated
with obesity-associated hypoventilation occurred in the
first 3 months following hospital discharge (Figure 3).
History of thromboembolism was independently associ-
ated with mortality (relative risk [RR] = 4.6;95% CI: 1.6
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to 13.7), as was hyponatremia (sodium level <130
mEq/L; RR = 7.0; 95% CI: 2.2 to 22.1) and renal insuffi-
ciency (RR = 2.8; 95% CI: 1.0 to 7.6). However, none of
these variables confounded the effect of hypoventilation
on mortality.

DISCUSSION

In the present study, 6% of patients hospitalized on med-
ical services of three teaching hospitals were severely
obese (body mass index =35 kg/ m*) and 31% (1% of all
screened admissions) had hypercapnia unexplained by
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Figure 2. PaCO, values and body mass index in patients with
obesity-associated hypoventilation or simple obesity. Some
subjects with simple obesity had elevated PaCO, values; these
patients were not classified as having obesity-associated hy-
poventilation because each had a pH level >7.42, suggesting
that the increased PaCO, could have been in compensation for
metabolic alkalosis. PaCO, = arterial partial pressure of carbon
dioxide. Triangles indicate simple obesity; squares indicate obe-
sity-associated hypoventilation.

other disorders. These patients more often required in-
tensive care and invasive mechanical ventilation, and had
a significantly greater likelihood of discharge to long-
term care facilities. Most notably, mortality at 18 months
following discharge was 23%, which was nearly twice the
rate in patients with simple obesity. Moreover, the ad-
justed relative risk of death in patients with hypercapnia
was fourfold greater than for simple obesity.

Although several studies have demonstrated increased
mortality among obese persons (2,3,12), the association
between hypoventilation and mortality in relation to
obesity has not been well defined. Two small retrospec-
tive studies of patients with characteristics similar to the
patients we studied reported an average in-hospital mor-
tality of 30% (13,14). Although there were no in-hospital
deaths in our study, critically ill patients were not in-

cluded because informed consent was not readily obtain-
80 - able. Thus, our finding of increased mortality at 18
70 - - " months supports an additional mortality burden when

;ﬁ - m, hypoventilation is superimposed on obesity.
c 60 - - - o - In the current study, physicians usually did not re-
E 50 mgm ‘-q .“' spond to the presence of hypoventilation (hypercapnia);
o) o 2 - . as a result, effective treatment was only instituted in 13%
o 40 1 1?\“:3“.{ of patients. This lack of attention is of concern because
& 304 % Jr VN ‘o A studies have demonstrated that noninvasive ventilatory
S support administered during sleep often results in nor-
20 ' ‘ ' malization of awake unassisted blood gas values and res-
30 50 70 920 olution of hypersomnolence in obese patients with hy-
poventilation and episodes of apnea (15-18), although
Body Mass Index (kg/ m2) the effect of noninvasive ventilation on mortality in such

patients is not known.

Subjects with obesity-associated hypoventilation had
more severe restrictive respiratory defects than did those
with simple obesity, as others have also demonstrated
(19,20). Although almost half of patients with a body
mass index =50 kg/m?* had hypoventilation, this condi-
tion was distributed throughout the body mass index
range. Still, many subjects did not have hypoventilation,
which suggests that obesity alone does not fully explain
the respiratory failure in these patients. Furthermore,
there has been one report of similar hypercapnic patients
being able to normalize their blood gases during volun-
tary hyperventilation (21), suggesting that physical im-
pediment alone, although substantial and greater than
that found in simple obesity (20), does not fully explain
the hypercapnia.

The lung function abnormalities that we found in obe-
sity-associated hypoventilation subjects were similar to
those recorded in a study of 41 hypercapnic obese pa-
tients with obstructive apnea (22). In that study, FVC
averaged 60% of predicted, whereas the FEV,/FVC ratio
was 77%, which are very similar to values in our study.
Accordingly, we believe that the lung dysfunction in our
patients is typical of that found in the obesity hypoventi-
lation syndrome. In addition, subjects with obesity-asso-
ciated hypoventilation demonstrated lower FEV, values
than did those with simple obesity. This decrease in FEV,

Table 2. Adverse Events during Hospitalization, Length of Stay, and Discharge Status among
Patients with Simple Obesity or Obesity-Associated Hypoventilation

Obesity-Associated

Simple Obesity Hypoventilation
Variable (n =103) (n=47) P Value
Number (%) or Mean = SD
Intensive care management 27 (26) 19 (40) 0.08
Invasive mechanical ventilation 0 3(6) 0.01
Thromboembolism 3(3) 2 (4) 0.67
Length of stay (days) 6*9 8§11 0.16
Discharge to long-term care facility 2(2) 9(19) 0.01

January 1, 2004 THE AMERICAN JOURNAL OF MEDICINE®  Volume 116 &



Obesity-Associated Hypoventilation in Hospitalized Patients/Nowbar et al

C_B - :. ‘—|—‘|ﬁ—|—\_\—
2 09 L
-2 - .
a BRNEEEE
e 084 m R P
L2
2
s 0.7
1]
S
a 0.6 - Simple Obesity
- = = = Obesity-Associated Hypoventilation
0.5 T T T . . T T T T
0 2 4 6 8 10 12 14 16 18
Months after discharge
(n=148) (n=143) (n=138) (n=280)

Figure 3. Survival curves for patients with obesity-associated hypoventilation or simple obesity after discharge from hospital, with
adjustment for age, sex, body mass index, electrolyte abnormalities, renal insufficiency, history of thromboembolism, and history of

hypothyroidism.

is likely in part due to the severity of restriction found in
patients with obesity-associated hypoventilation. In ad-
dition, there was no difference between the two groups
with regards to the severity of airflow limitation when
using the American Thoracic Society criteria of obstruc-
tive lung disease. If patients with severe obstruction
(FEV,/FVC =70% and FEV, =50% predicted) were ex-
cluded, the prevalence of obesity-associated hypoventila-
tion would still be 31%.

Our study has certain limitations. First, although we
did not include subjects with a history of muscle disease
or interstitial lung disease, no objective testing was per-
formed to rule out this possibility. Second, our study lo-
cation (Denver, Colorado), at an altitude of 1609 meters,
is more likely to be associated with oxygenation abnor-
malities and polycythemia for the same degree of hy-
poventilation than at sea level. Chronic hypoxemia in
those living at high altitudes, or as the result of cyanotic
congenital heart disease, may result in decreased ventila-
tory drive (23,24), suggesting that the prevalence of obe-
sity-associated hypoventilation in our community could
be higher than at sea level. However, our inability to find
any reports of an increased prevalence of hypercapnia in
patients with respiratory disease living at a high altitude
suggests that altitude has minimal effect on the general-
izability of our results. Third, since admissions for acute
respiratory conditions such as acute pulmonary edema,
COPD/asthma exacerbation, or pneumonia were not ex-
clusionary, it is possible that the increased prevalence of
obesity-associated hypoventilation may be partly attrib-
utable to these conditions. However, these conditions
were equally common between groups, and it is therefore
unlikely that this alone would explain our findings.
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Lastly, we evaluated subjects for hypoventilation at
hospital admission, but did not determine the chronicity
of their hypercapnic respiratory failure or the prevalence
of sleep-disordered breathing. Accordingly, we are not
certain how many had the obesity hypoventilation syn-
drome in which chronic hypoventilation and sleep-disor-
dered breathing were present. Despite our findings of
partially compensated respiratory acidosis (increased se-
rum bicarbonate levels) in the obesity-associated hy-
poventilation group, there are no data to definitively
prove the chronicity of hypercapnic respiratory failure in
these patients. In addition, the higher Epworth Sleepiness
Scale score and decreased concentration suggest a higher
rate of sleep-disordered breathing among those with obe-
sity-associated hypoventilation. Therefore, it is likely, but
not proven, that many of these patients had undiagnosed
obesity hypoventilation syndrome.

In summary, our findings suggest that hypoventilation
is underappreciated and undertreated in severely obese,
hospitalized patients. The presence of obesity-associated
hypoventilation appears to predict increased mortality
and to portend the need for increased intensive and post-
discharge care. It may thus be advisable to perform arte-
rial blood gas analysis in severely obese, hospitalized sub-
jects, especially those with dyspnea, who snore, or have
headaches or daytime somnolence.
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