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Abstract

To investigate whether obesity is associated with alterations in respiratory chemosensitivity, we compared the ventilatory
response to hypoxia (HVR) and hypercapnia (HCVR) in 9 obese men (BMI:43%Z.8kgnt?) and 10 lean men (BMI:
25.8+4.8kgnT?). HVR (AVg, Lmint per ASa,, %) was measured by a progressive isocapnic hypoxia technique, and
HCVR (A VE/APETCOZ, L min~! Torr1) was measured by a progressive hypercapnic method. HCVR, was great&001)
in the obese men (2.680.78) than in the lean men (1440.45) as was HVR{<0.05) (1.26+ 0.65 versus 0.7% 0.43, re-
spectively). The differenceNSa,,%, 4.304 3.69 and 10.54 3.45 in the lean and obese men, respectiyety0.01) between
daytime (86+ 1 and 86+ 1%) and nighttime Sg (81+ 3 and 76+ 4%) at a simulated altitude of 3658 m was significantly
(p<0.05) correlated with both HVR € 0.51) and HCVR(=0.48). These results suggest that chemosensitivity in mildly obese
men is increased, not blunted. Furthermore, otherwise healthy, obese individuals have the potential for significant desaturation
during sleep at high altitude possibly due to exaggerated sleep-disordered breathing.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of the 21st Century (Surgeon General’s Call to Ac-
tion, USPHS 2001). More than 50% of Americans

Obesity is an epidemic problem in the United States are classified as overweight and more than 22% are
and is among the most important health challenges frankly obese (BME 30). Although diabetes, heart

disease, hypertension, and some forms of cancer are

strongly associated with obesity, the associations be-
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Obesity is characterized by an abnormally large adi- 2. Methods
pose tissue mass. An excess weight on the thorax ap-
pears to lead to the development of various respira- 2-1. Subjects
tory pathophysiological disorders. Specifically, addi-
tional weight on the thorax can lead to decreased chest
wall compliance, increased respiratory resistance, in- MéattS.D.) and 10 nonobese men (@8 years).
creased elastic load of breathing, reduced lung vol- OPesity was defined as a body mass index (BMI)

2
umes, sleep-disordered breathing, alveolar hypoventi- =30kgnT= and percent body fat (%BF)30. Al

lation, and nocturnal hypoxemikice, 1980. Obesity subjects were recruited through local advertisements.
also influences resting metabolic rate, ventilatory de- NOne of the subjects had a history of cardiovascular or

mand, and ventilatory efficiencyA(hipp and Davis respiratory abnormalities; all were non-smokers. None
1984, although this has not been studied in otherwise ©f the subjects reported any sleep-related disorders
healthy mild-to-moderately obese men. Furthermore or difficulties. All subjects received both written and

the ventilatory response to hypoxia and hypercapnia verbal explanations of the experiment before giving
have been reported to be reduced in morbid obesity written consent. The Institutional Review Board of the

compared with non-obesiturwell et al., 1956; Bray, University. of Texas. Southwestern Medical Qenter and
1985: Kunitomo et al., 1988; Gabutti et al., 200How- Presbyterian Hospital of Dallas approved this study.

ever, a number of conflicting results have also been
reported, showing that the ventilatory response to hy-

poxia and/or hypercapnia in eucapnic obese subjects 4 subjects underwent standard spirometry in-

are increaseqlk(unitomo et al., 1988; Narkiewicz et cluding maximal flow-volume loop, maximal volun-
al., 1999; Jokic et al., 20Q@ormal Kronenberg etal., ¢4y ventilation, lung volume, and diffusing capacity
1975; Nishibayashi et al., 198a@r decreasedwillich (DLco) measurements in a whole body plethysmo-

etal., 197% These confligting resu!ts could b.e related graph (6200 Autobox D, SensorMedics, Yorba Linda,
to the degree of obesity in the patients studied and/or cay pyimonary function testing was performed ac-
the presence of co-morbidities in the obese individu- cording to the guidelines of the American Thoracic

als studied. The primary purpose of this study was {0 gqciety pmerican Thoracic Society, 1995Resting
investigate the hypoxic and hypercapnic ventilatory re- gierial blood gases were drawn and analyzed at sea
sponse in otherwise healthy, mild-to-moderately obese |\ el and at simulated altitude.

adults. Moreover, since the ventilatory response to hy-

poxia is a critical factor for acclimatization to high 2.3, Resting measurements

altitude, we speculated that if chemosensitivity were

blunted, then obese individuals could have a lower  Minute ventilation {g) was measured using a dual
arterial oxygen saturation (§g6) after acute ascent pneumotachograph system, which is standard in our
to high altitude, particularly at night. Thus, altered laboratory Babb et al., 2008 attached to a two-
chemosensitivity could be associated with decreasedway non-breathing valveB@bb, 1997. End-tidal CQ
nighttime Sa,% levels at high altitude, especially if (PETCOZ’ Torr) was measured with an end-tidal €0
the obese men had obesity-related gas exchange ineffiinonitor with display (model 602/11, Criticare Sys-
ciency as well Jenkins and Moxham, 19910ur pre- tems, Waukesha, WI) and,Gand CQ gas fractions
vious data indicated that obese individuals with acute were measured throughout each measurement with
mountain sickness have significant desaturation during mass spectrometry. §& was measured by pulse-
sleep at high altitudeQe et al., 2008 we hypothe- oximetry using a finger probe (model 3700, Ohmeda,
sized that the hypoxic and hypercapnic ventilatory re- Louisville, CO).

sponse would be correspondingly blunted in such pa-

tients. Therefore, our secondary purpose was to exam-2.4. Hypoxic ventilatory response (HVR)

ine the relationship between ventilatory responses and

Sap,% levels at high altitude in mild-to-moderate obe- HVR was measured using a modification of Weil's
Sity. technique {Veil et al., 1971; West et al., 1986The

We studied nine obese (age =2Byears,

2.2. Pulmonary function tests



R.-L. Ge et al. / Respiratory Physiology & Neurobiology 146 (2005) 47-54 49

subjects were asked to breathe quietly through the 3. Results

mouthpiece for 4 min and then switched into areservoir

bag at the end of normal expiration. Progressive isocap- 3.1. Subjects

nic hypoxia was induced by a gradual addition of ni-

trogen to the reservoir bag that initially contained 17% The general characteristics of the participants are
O; and balance B The test was continued for 10min  shown inTable 1 Data on these subjects have been
or until the Sg, dropped from 98 to 70%. $a% previously reportedGe et al., 2008

was measured by pulse-oximetry using a finger probe

(model 3700, Ohmeda, Louisville, COferc,, (end- 3.2. Pulmonary function

tidal CO; monitor with display, model 602/11, Criti-

care Systems, Waukesha, WI) was maintained constant  gpirometry, lung volumes, and diffusing capacity
bythe continuous addition of 100% Q@)theinspired are presented iMable 2 There were small but Sig_
gas. HVR was estimated as the slope of the line calcu- pificant differences in pulmonary function and func-

lated by the linear regression relatilg to Sa, (A Ve tional residual capacity (FRC) between the obese and
L min~* per ASao,%). nonobese participants. Of the resting sea level arterial

blood gas measurements, onlydRavas significantly
2.5. Hypercapnic ventilatory response (HCVR) different (p< 0.01) between the lean (967 Torr) and

, ) obese men (84 9 Torr). Resting arterial blood gas
The progressive HCVR was performed accordingto ,aasurements made after approximately 24 of simu-

the method byVeil etal. (1971pndWest et al. (1986) lated altitude were not different between the lean and

and began with the subject quietly breathing room pase men (5% 6 and 48t 6 Torr, Pa, respectively,
air through the breathing assembly while comfortably .. the nonobese and obese men).

seated in a chair. The participant was on the mouthpiece
for 6 min. ThenVg, Pet.,, , pulse-oximetry, and heart
rate data were collected for an additional 4 min. Im-
mediately after the room air measurement, the subjects
breathed from areservoir bag, which initially contained
2% COQy, 21% @ and balance B attached to the inspi-
ratory side of the breathing assembly while £€n-
centration was progressively increased in the bag until
the PETcoz was>55 mmHg. The slope of HCVR was

3.3. HVR and HCVR

Fig. 1 shows the data points and regression line
for HVR for one typical nonobese and one typical
obese individualFig. 2 shows the average regression
lines for HVR for the obese and nonobese individu-
als. HVR slope,(&VE/ASabz) in the obese group was
, i . significantly < 0.05) higher than that of the nonobese
asgessed by the linear regression rela¥adp Petco, group (Table 9. The distribution of the individual HVR
(AVE/A PeTeq,, Lmin~t Torr™1). slopes for the two groups is shown fiig. 3A. Base-

_ line Vg and Pere,, Were 10.52+ 4.21Lmim! and
2.6. Measurements of §#4 at altitude

Sap, (model 3700, Ohmeda, Louisville, CO) was gaebr:‘:r; Characteristios
measured at 3685 m (12,000 ft) during the daytime and

during sleep as described previousBe(et al., 2008 Characteristics Obesat9) Lean 0=10)
Age (year) 35+ 7 35+ 8

- . Height (cm) 179.8+ 3.2 181.2+ 3.7

2.7. Statistical analysis Weight (kg) 120 6+ 15.0" 89 41 13.6
. BF (%) 37.54+ 5.0" 15.94+ 5.4

Data are expressed as m_eJaB.D. The differences gy, (kgm~?) 37.0+ 5.0 250+ 4.0
between the groups (obesity versus nonobese) werenp (g/dl) 15.4+ 1.1 152+ 1.6
analyzed using the Studentdest. Linear regression  Hct (%) 46.6+ 4.5 46.3+ 3.9

analysis and correlation coefficients were used to 8SSeSS e5 are mea S.D.n: number of subjects: BF: percent body fat;
the relationships between variables. Comparison and gmi: body mass index; Hb: hemoglobin; Hct: Hematocrit.
correlation were considered significant when0.05. ** p<0.01 compared with lean group.
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Table 2
Pulmonary Functions and ventilatory response

Obese(=9) Lean =10)
FVvVC 551+ 0.6 6.07+ 0.84
FEV1 4.19+ 0.49 4.68+ 0.44
PEF 9.60+ 1.37 10.91+ 0.93
TLC 7.03+ 1.01 7.77+ 1.27
FRC 2.70+ 0.38" 3.954 1.02
DL¢o ) 31.63+ 1.9 34.37+ 3.9
HVR (AVe, Lmin~! per ASay,, %) 1.26+ 0.65 0.71+ 0.43
HCVR (AVE/A Peteo, s L min~t Torr1) 2.68+ 0.76" 1.414 0.45

Values are meatt S.D.n: number of subjects; FVC: forced vital capacity; FEV1: forced expiratory volume in 1s; PEF: peak expiratory flow;
TLC: total lung capacity, FRC: functional residual capacity;:RLdiffusion capacity of the lung; HVR: hypoxic ventilatory response; HCVR:

hypercapnic ventilatory response.
* p<0.05 compared with lean group.
** p<0.01 compared with lean group.

39.60+ 5.55 Torr, respectively, for the lean men, and
13.03+3.55 and 38.0% 3.89, respectively, for the
obese men for the HVR test. These basellﬁt_eCOZ
values for each group were not significantly different
from resting Pao, values, which were drawn at rest
earlier, of 42+ 3 Torr in the lean men and 402 in
obese men.

During hypercapnia, the increaselin was dramat-

ically greater in the obese subjects than in the lean sub-

baselinePet.,, values for each group were not sig-
nificantly different from resting Rep, values, which
were drawn at rest earlier, of 423 in the lean men
and 40+ 2 Torr in obese men.

The HVR and HCVR slopes were significantly cor-
related p<0.01) for the two groupsHig. 6). Thus, a
higher HVR slope usually resulted in a higher HCVR
slope.

jects.Fig. 4 shows the data points and regression line 3.4, Sa,% at altitude

for HCVR for one typical nonobese and one typical

obese individual. The average HCVR in the obese sub-

jects was significantlypg< 0.01) greater than in lean
subjects {able 2. Fig. 5shows the average regression

The difference (4.3& 3.69 and 10.54 3.45% for
the lean and obese men, respectively) between day-
time (86+ 1% for both the lean and obese men) and

lines for HCVR for the nonobese and obese men. The pighttime Sa, (81+3 and 76+ 4% for the lean and

distribution of the individual HCVR slopes for the two
groups is shown irFig. 3. BaselineVe and Petc,,
were 9.76:2.52 L mim ! and 41.0Gk 4.66 Torr, re-
spectively, for the lean men, and 112£.71 and

obese men, respectivelp<0.01) at simulated alti-
tude of 3658 m ASap,) was highly correlated to both
HVR and HCVR Fig. 7). That is, the greater HVR
and HCVR, the greater the decrease inpSéa at

39.38+ 3.63, respectively, for the obese men. These night.

20 * y = -0.46x + 52.03 60 y=-1.11x + 125.91
- R? = 0.97 R? = 0.94
€15 3
£ 40
210 . 2
w * *
> 5 Nonobese - HVR 201 Obese-HVR *
0 0
80 90 100 70 80 90 100
Sao, (%) Sao, (%)

Fig. 1. Slope of the hypoxic ventilatory response (HVR) in one typical nonobese man (left panel) and one typical mild-to-moderately obese

man (right panel).



R.-L. Ge et al. / Respiratory Physiology & Neurobiology 146 (2005) 47-54 51
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Fig. 2. Slope of the hypoxic ventilatory response (HVR) inmild-to-  rig 3. ndividual values for hypoxic ventilatory response (panel A;

moderately obese and nonobese mepk 0.05, significant differ- HVR) and progressive hypercapnic ventilatory response (panel B;
ence between mean slopes. For the HVR test, bas\@uaedPETco2 HCVR) for obese and nonobese men.

were 10.52+ 4.21 and 39.66-5.55, respectively, for the lean men,
and 13.03t 3.55 and 38.03 3.89 for the obese men, respectively.
On average, the HVR slope was determined individually usii#gl9

data points with afR? = 0.91+ 0.08 for the lean men and 392 data 60 -

points with anR? = 0.94 0.06 for the obese men. VE = 268 5076 % Py, CO, - 98.04 + 3452
= 40 — Obese
E --- Nonobese _
4. Discussion =] *p < 0.001 -
20
The main finding of the present study was that the VE = L41 £0.45 % PyyCO, - 4751 £ 1473

. : o 0 . . .
ve_ntllatory response to hypoxia and hypercapnia in 0 20 50 50
mild-to-moderately obese adults were exaggerated, not P CO
. oS erCO, (mmHg)

attenuated as suggested by traditional thinking. Para-
tory response to hypoxia and/or hypercapnia had the mild-to-moderately obese and nonobese mep.<.01 significant
potential for significant desaturation during sleep at difference between meanslopes. For the HCVR test, basedined
high altitude. This finding could have potentially im-  F€Tco, Were 9.7652.52and 41.08-4.66, respectively, for the lean

.. o men, and 11.24-2.71 and 39.38& 3.63, respectively, for the obese
portant clinical relevance for obese individuals travel-

I . ’ . men. On average, the HCVR slope was determined individually using
ingto higher elevations where they could be more likely 7 1 data points with aR? = 0.95- 0.06 for the lean men and:83

to develop acute mountain sickne&e(et al., 2008 data points with af2 = 0.87+ 0.10 for the obese men.
25 80
y = 0.88x - 33.96 y = 2.65x - 91.73
20 R2=0.97 60 R? = 0.96
15

V¢ (Lmin)

10 40
5 Nonobese-HCVR 20 Obese- HCVR
0 : * * 0
50 55 60 65 45 55 65
Pe:CO, P¢CO,

Fig. 4. Slope of the hypercapnic ventilatory response (HCVR) in one typical nonobese man (left panel) and one typical mild-to-moderately
obese man (right panel).
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Fig. 6. Relationship between hypoxic ventilatory response (HVR)
and hypercapnic ventilatory response (HCVR) for mild-to-
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Fig. 7. Relationship between the change ig,3a (4.30+ 3.69 and

10.54+ 3.45 for the lean and obese men, respectively) from day-

time to nighttime at a simulated altitude of 3568 mSap, %) and

hypoxic ventilatory response (HVR, panel A) and hypercapnic ven-
tilatory response (HCVR, panel B) for mild-to-moderately obese and

nonobese men.

Previous studies have revealed conflicting results
regarding chemo-sensitivity in obesity, with some

studies reporting increasedtllgrkiewicz et al., 1999;
Jokic et al., 2000 normal Kronenberg et al., 1975;
Nishibayashi et al., 1987; Chapman et al., 1990

decreased Zwillich et al., 1975; Kunitomo et al.,
1988 ventilatory response to hypercapnia and hy- due to subtle changes in the relationship between lung
poxia. However, it has generally been agreed that the ventilation-perfusion in the obese men, it is possible

morbidly obese are often characterized by hypoven-
tilation, which is termed obesity-hypoventilation syn-
drome (OHS). The exact factors responsible for the
development of OHS are unclear, but abnormal ven-
tilatory regulation, such as blunted peripheral and/or
central chemoreceptors, in these OHS patients may be
involved Ewillich et al., 1975. Obese patients with
sleep-disordered breathing have also shown an attenu-
ated Zwillich et al., 1979 and augmented HVR and
HCVR (Buyse et al., 2003 Conventional reasoning
suggests that blunted HVR and/or HCVR could be re-
sponsible for nighttime desaturation in obese individ-
uals at altitude.

Contrary to conventional thinking, the results of this
study provide no support for the concept of impair-
ment in ventilatory chemoresponsiveness in mild-to-
moderate obese individuals who are otherwise healthy.
In the present study, the respiratory chemosensitiv-
ity, particularly the hypercapnic chemoreflex, in the
mild-to-moderately obese individuals was significantly
greater than that of the nonobese individuals. These re-
sults are consistent with a previous stud\Narkiewicz
et al. (1999) They reported that the resting HCVR
was significantly higher in eucapnic obese subjects
when compared with normal-weight subjects, suggest-
ing that the resting HCVR in mild-to-moderate obesity
is not blunted, just as we found. The origin for the
conflicting results regarding chemosensitivity could be
related to the type of obese individual studied. It ap-
pears that those who are morbidly obese or have devel-
oped symptoms or co-morbidities may have substan-
tially different responses in comparison to volunteers
who have mild-to-moderate obesity and are otherwise
healthy.

The mechanism underlying the higher chemosen-
sitivity in obese volunteers is unclear since this was
not the original intent of this investigation. However,
we can address some of the relevant issues. The lower
resting Pa, in the obese men could have influenced
both HCVR and HVR. That is, since Bawas lower
in the obese group, there could have been a greater de-
gree of potentiation between G@nd hypoxia at the
carotid bodies during the HCVR test. Because we did
not use a hyperoxic background gas mixture during
the HCVR test, we cannot resolve this issue. Also, be-
cause the lower Rg in the obese men could have been
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that the relationship between &g and PgTco, Was respiratory center, causing periodic breathing with ap-
also affected. However, there was no difference be- nea (ahiri et al., 1983; West et al., 1986; Masuyama
tween resting Rep, and baseliné’et.,, measuredbe- et al., 1989; Eichenberger et al., 199Buring apnea,
fore the HCVR or HVR tests (i.e., see HVYRand HCVR  S&,% decreases and £g, increases, this stimulates
results). Therefore, we believe it is unlikely that the in- both peripheral and central chemoreceptors, causing
crease in HCVR in the obese subjects was due to somea recurrent hyperpnea and apnea cycle. The increased
systematic change in the relationship between arterial sensitivity, therefore, may make the control of breath-
and end-tidal C@. During the HVR test, Rg, could ing during sleep unstable at high altitude.
have been lower in the obese men at any reading of In summary, we found that respiratory chemosen-
Sap,% than in the nonobese men and thus contributed sitivity, in particular the central chemoreflex, in
totheincreased slope. This could have been true despiteobese subjects to be significantly greater than that of
the fact that resting $3% was not different between  nonobese subjects. This finding suggests that the rest-
the nonobese and obese men{98and 97 1%, re- ing ventilatory response to hypoxia and hypercapnia
spectively). Since, we did not have arterial lines in these in mild-to-moderate obesity is exaggerated, not atten-
subjects, nor could we have justified placing arterial uated. Furthermore, in contrast to conventional think-
lines in these patients, we cannot resolve this basic is- ing, otherwise healthy, mildly obese individuals with
sue completely. Alternatively, evidence from animal increased HVR and HCVR have the potential for signif-
models of obesity, have suggested that plasma leptin, aicant desaturation during sleep at high altitude probably
protein produced by adipose tissue that circulates to the due to exaggerated sleep-disordered breathing.
brain and interacts with receptors in the hypothalamus
to inhibit eating, could modulate the central chemore-
flex (O’Donnell et al., 2000; Fitzpatrick, 2002 Acknowledgements
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