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Abstract
Recently, we reported that dyspnea on exertion is strongly associated with an increased oxygen
cost of breathing in otherwise healthy obese women; the mechanism of dyspnea on exertion in
obese men is unknown. Obese men underwent measurements of body composition, fat
distribution, pulmonary function, steady state and maximal graded cycle ergometry, and oxygen
cost of breathing. Nine men (34±8yr, 35±4 BMI) with ratings of perceived breathlessness of ≤ 2
during cycling, and ten men (36±9yr, 38±5 BMI) with ratings of perceived breathlessness ≥ 4
were studied (ratings of perceived breathlessness: 1.8±0.4 vs. 4.7±0.8, respectively; p<0.0001).
Groups had only minor differences in fat distribution, pulmonary function, and steady state
exercise. There was no association between ratings of perceived breathlessness and oxygen cost of
breathing; but ratings of perceived breathlessness was strongly correlated with ratings of perceived
exertion (RPE, rho=0.87, p<0.0001). The differences in exercise intensity, ventilatory demand,
cardiovascular conditioning and/or the quality of respiratory sensation did not appear to play a role
in the development of dyspnea on exertion. The mechanism of dyspnea on exertion in obese men
seems unrelated to the oxygen cost of breathing.
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1. INTRODUCTION1

Recently, we reported that dyspnea on exertion is strongly associated with an increased
oxygen cost of breathing in otherwise healthy obese women (Babb et al., 2008a). The
prevalence of dyspnea on exertion and its association with the oxygen cost of breathing are
unknown in obese men but could be an extremely important factor in prescribing exercise as
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a treatment of obese men. Although the physiological mechanism of this relationship
remains unclear in obese women, the associations among dyspnea on exertion, the oxygen
cost of breathing, and pulmonary function could be quite different in obese men since fat
distribution is dissimilar between obese men and women.

In obese adults, even a slight increase in ventilation (V̇E) from resting levels can yield a
considerable increase in the oxygen cost of breathing (i.e., the rate of increase in oxygen
uptake [V̇O2] from respiratory work) (Cherniack, 1959a; Gilbert et al., 1961; Kress et al.,
1999). This rate increases precipitously at higher levels of V̇E, such as those encountered
during exercise. In normal weight subjects, the oxygen cost of breathing at low ventilatory
levels is an average of 1.2mL of oxygen/L of V ̇E (Cherniack, 1959a; Cherniack, 1959b;
Lorenzo and Babb, 2011) and 2.6mL/L at a V̇E of 100 L/min (Coast et al., 1993). In obese
subjects the oxygen cost of breathing at low ventilatory levels can be as much as 3 times
higher, at a rate of 3.0mL/L in otherwise healthy women (Babb et al. 2008a) to 3.5mL/L
independent of gender and it increases disproportionately with further increases in
ventilation (Kaufman et al., 1959; Cherniack, 1959a). When the oxygen cost of breathing is
increased, the level of central respiratory motor output required to obtain a given level of
ventilatory output rises, and if the oxygen cost of breathing and/or respiratory drive are out
of proportion to the exercise intensity, this could elicit dyspnea (Meek et al., 1999). Thus, an
increased oxygen cost of breathing could be an important factor in the manifestation of
dyspnea on exertion in obese men just as in obese women.

Alternatively, in many cases obese patients with dyspnea on exertion are considered to be
deconditioned. However, in contrast to conventional thinking, in our earlier studies in obese
adults and obese women with dyspnea on exertion, we have not found them to be
deconditioned. Thus, it remains unclear if dyspnea on exertion in otherwise healthy obese
men is due to cardiovascular deconditioning or to obesity-related changes in respiratory
function. Dyspnea on exertion is not only an important and prolific clinical concern in obese
men, it is an obstacle to the prevention and treatment of obesity (U.S.Department of Health
and Human Services -National Institutes of Health, 2004).

Lastly, breathlessness can be described in terms of intensity, i.e. how weak or strong the
sensation is, as well as in terms of quality, i.e. what the sensation feels like. It has been
shown that patients with shortness of breath can be distinguished based on their qualitative
descriptors of breathlessness (Simon et al., 1989; Mahler et al., 1996; O’Donnell et al.,
1997). The perception of the quality of respiratory sensations may be associated with the
origin of the intensity of breathlessness. While the intensity of breathlessness may be
increased in some obese individuals it is unknown if the quality of breathing sensation
differs between obese men with or without dyspnea on exertion.

We hypothesized that in obese men with dyspnea on exertion (+DOE) as compared with
obese men without dyspnea on exertion (−DOE): 1) peak oxygen uptake would not be
decreased, 2) the oxygen cost of breathing would be increased; 3) the ratings of perceived
breathlessness during exercise would be associated with the increased oxygen cost of
breathing, and 4) the quality of respiratory sensations would be different.

2. METHODS
Written informed consent was obtained before participation (University of Texas
Southwestern Medical Center IRB Committee, approval #0703438). Volunteers were
recruited by advertisements, flyers, and word-of-mouth. Volunteers were screened by body
mass index (BMI) (≥30≤45) and pulmonary function (no significant obstruction, FEV1/FVC
> 0.7). No subject had a history of asthma, cardiovascular disease, or musculoskeletal
abnormalities that would preclude maximal exercise. None of the subjects participated in
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regular vigorous exercise for the last 6 months, or had a significant smoking history (<5
pack year, n=2). After screening, the participants returned on three separate occasions for fat
distribution measurements, exercise testing, and determination of the oxygen cost of
breathing.

2.1. Subjects
As subjects were enrolled, they were assigned to one of two groups according to their
ratings of perceived breathlessness (0–10 Borg Scale) during steady state cycling at 90W.
Those with a ratings of perceived breathlessness of ≥ 4 were designated as obese men with
dyspnea on exertion (+DOE, n=10) and those with a ratings of perceived breathlessness of ≤
2 were designated as obese men without dyspnea on exertion (−DOE, n=9). To better
delineate differences between groups, men with a rating of perceived breathlessness of 3
were excluded from further study (n=8, 30%). The work rate and grouping was based on our
previous finding that obese men have an average ratings of perceived breathlessness of 2 ± 2
at ventilatory threshold during incremental exercise, which occurred at 105 ± 16W (DeLorey
et al., 2005).

2.2. Body Composition and Fat Distribution
Measurements of height, weight, body circumference, and underwater weighing (%body fat,
lean body mass, and total body fat mass (Babb et al. 2008a; Babb et al. 2008b)) were
collected.

Multiple MRI scans (i.e., whole body magnet) through the chest and abdomen were used to
estimate subcutaneous chest fat, anterior subcutaneous abdominal fat, visceral fat, posterior
subcutaneous fat, and peripheral fat as previously described (Abate et al., 1994; Abate et al.,
1995; Abate et al., 1996; Abate et al., 1997). The images were analyzed with interactive
software (Wafter, version 1.3, Dallas, TX) (Thomas et al., 1998); (Perry et al., 2000). The
data were similar to those produced by comparable MRI techniques (Ross et al., 1992;
Thomas et al. 1998; Kamel et al., 2000).

2.3. Pulmonary Function
All subjects underwent standard spirometry, lung volume, and diffusing capacity
determinations (model V62W body plethysmograph, SensorMedics, Yorba Linda, CA)
according to American Thoracic Society guidelines (American Thoracic Society, 1995).
Predicted values were based on published norms (Goldman and Becklake, 1959; Burrows et
al., 1961; Knudson et al., 1976; Knudson et al., 1983). Resting maximal flow-volume loops
were measured in a pressure-corrected volume-displacement body plethysmograph to
eliminate the gas compression artifact (SensorMedics 6200).

2.4. Cardio-respiratory Responses during Exercise at 90W
Testing began with the subjects seated on the cycle ergometer (model CPE 2000;
MedGraphics); after 3 min of baseline measurements, subjects performed a 6-min steady
state exercise cycling test at 90W. Ventilation (V̇E), gas exchange (V̇O2 and V̇CO2) and
breathing mechanics were measured at rest and during exercise as previously described
(Babb, 1997b). Inspiratory capacity (IC) was measured at rest and during the last 20s of each
exercise increment to determine placement of tidal flow-volume loops within the maximal
flow-volume loop as previously described (Babb, 1997a; Babb, 1997b). Measurement of IC
was performed by having the subject, on cue from the investigator, inhale maximally to total
lung capacity (TLC) (Babb and Rodarte, 1993). End-expiratory lung volume (EELV) was
estimated from IC during exercise and TLC during body plethysmography (EELV=TLC-IC)
and reported as %TLC (Babb et al., 2002; DeLorey et al. 2005). Expiratory flow limitation
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was defined as the percentage of Vt (%Vt) where tidal expiratory flow impinged on
maximal expiratory flow

2.5. Intensity and Quality of Respiratory Sensations during Exercise at 90W
All participants were given detailed written instructions for rating the intensity of
breathlessness and exertion (RPE) during exercise as described previously (Babb et al.
2008a). Scales (0–10 Borg scale for rating of perceived breathlessness, 6–20 Borg scales for
RPE) with verbal expressions of severity anchored to specific numbers were used (Borg,
1982). Ratings of perceived breathlessness and RPE were collected every two minutes of the
test and the last value recorded was used for analysis. Following the exercise test subjects
were seated in a chair and asked to complete a breathlessness questionnaire to examine the
quality of the respiratory sensations. The questionnaire consisted of 15 descriptors relating
to breathlessness adapted from Simon et al (Simon et al., 1990) and Mahler et al (Mahler et
al. 1996) (Table 1). Subjects were instructed to select the “best three descriptors” that most
closely described their respiratory sensations experienced during the exercise.

2.6. Peak Oxygen Uptake
Following the steady state exercise test and a short rest period, peak oxygen uptake was
determined by graded cycle ergometry to volitional exhaustion or pedal rate ≤ 50 rpm.
Testing began with the subjects seated on the cycle ergometer for 3 min of baseline
measurements. Subjects started pedaling at 60–65 rpm with an initial work rate of 30 W.
Work rate was increased by 30 W each minute until termination of test and evidenced by
approaching predicted peak heart rate (HR), peak work rate, peakV ̇O2, and/or RER>1.1.

2.7. Oxygen Cost of Breathing
Oxygen cost of breathing was determined from 6-min measurements of V ̇O2 and V̇E at rest
and 4-min measurements during eucapnic voluntary hyperventilation (EVH) at 60L/min and
90L/min as previously described (Babb, 1997b; Rundell et al., 2004; Babb et al. 2008a). The
oxygen cost of breathing was assessed by calculating the slope of the linear regression
between V̇O2 (mL/min) versus V̇E (L/min) at rest and during the two levels of EVH.

2.8. Data Analysis
Differences between groups were determined by independent t-test. Relationships among
variables were determined with Pearson or Spearman correlation coefficients. Fisher’s exact
tests were used to compare selection frequencies of breathlessness descriptors between
groups. The primary variable of this study was the oxygen cost of breathing between obese
men with and without dyspnea on exertion. Based on our previously published findings in
obese women (Babb et al. 2008a), we expected a difference in means of O2 cost slopes
between +DOE and −DOE groups of 0.74 and a pooled SD of 0.60. Under these
assumptions, only 12 subjects (six per group) were required to achieve 80% power at a
nominal alpha of 0.05 using independent t-test sample size calculation. Values are reported
as mean±SD. A p value of <0.05 was considered significant.

3. RESULTS
3.1. Subjects Characteristics, Body Composition, and Fat Distribution

Subject characteristics were not significantly different between the obese men −DOE and
+DOE with the exception of waist circumference, which was larger in men +DOE (Table 2).
Nine of the obese men were classified as mild (Class I), 5 as moderate (Class II), and 5 as
extreme (Class III) based on the NHLBI clinical guidelines for BMI. While visceral fat and
total abdominal fat were significantly higher (p < 0.05) in the obese men +DOE, abdominal
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fat as a percent of total fat weight was not different, indicating abdominal fat distribution
was not significantly greater in these men (Table 3). There was no significant correlation
between the total abdominal fat (as percent of total fat weight) and the ratings of perceived
breathlessness (p > 0.05).

3.2. Pulmonary Function
All subjects had normal pulmonary function, but forced vital capacity (FVC) and TLC
(%predicted) were lower (p < 0.05) in the obese men +DOE (Table 4). Maximal inspiratory
and expiratory pressures were normal with no significant differences between groups. BMI
and %body fat were not significantly correlated with FVC, but BMI and TLC (%predicted)
were moderately correlated (r = −0.50, p = 0.03), as was %body fat and FRC (%TLC) (r =
−0.51, p = 0.03).

3.3. Cardio-respiratory Responses during Exercise at 90W
Cardio-respiratory measurements made during steady state exercise at 90W were not
significantly different between the men +DOE and −DOE, with the exception of V̇O2 (L/
min) (Table 5). Based on V̇O2 (%peakV ̇O2), HR (%peakHR), V ̇E/V̇CO2, and V̇E (V̇E/
maximal voluntary ventilation (MVV) ratio), the relative intensity of exercise and
ventilatory demand were not different between the two groups during exercise at 90W. RPE
during steady state exercise was 10±2 for the obese men −DOE and 14±1 for the obese men
+DOE (p<0.001). Ratings of perceived breathlessness during steady state exercise was not
strongly correlated with any cardio-respiratory measurement, with the exception of RPE
(rho = 0.87, p < 0.0001).

EELV (%TLC) during steady state cycling was not significantly different between the obese
men +DOE and −DOE (Table 5). However, further examination of the flow-volume loops
revealed that the men +DOE were breathing closer to their residual volume (RV) (i.e.,
bottom of their FVC) due to a lower (p = 0.05) expiratory reserve volume (ERV, %TLC)
during exercise at 90W (11±6% compared with 16±4% in men −DOE). The smaller ERV
places the tidal flow-volume loop in the lower portion of the FVC where there is greater
potential for tidal expiratory flow limitation. However, only two men +DOE (15 and
22%tidal volume (VT)) and two men −DOE (25 and 26 %VT) had expiratory flow limitation
during exercise at 90W.

3.4. Intensity and Quality of Respiratory Sensation during Exercise at 90W
Ten (37%) of the twenty-seven subjects recruited had a rating of perceived breathlessness ≥
4 (+DOE) during steady state cycling at 90W as compared with nine men −DOE (33%).
Overall, ratings of perceived breathlessness during exercise was more than twice as high (p
< 0.01) in +DOE (4.7 ± 0.8) than in −DOE (1.8 ± 0.4). Ratings of perceived breathlessness
were not strongly correlated with any measurements of waist circumference, body
composition, fat distribution, or pulmonary function.

65% of all subjects selected the breathlessness descriptors “I feel that I am breathing more”,
44% chose “my breathing is heavy”, and 44% picked “my breathing requires effort”. Both
+DOE and −DOE groups chose descriptors with similar frequency, only “I feel that I am
breathing more” (80% of +DOE subjects selected this statement, 50% of −DOE) and “I feel
that my breathing is rapid” (+DOE 20%, −DOE 50%) differed slightly but not significantly
between the groups (p=0.321). The 15 descriptors were compared with the cluster analyses
published by Simon et al (Simon et al. 1990) and Mahler et al (Mahler et al. 1996) (Figure 1
and 2). The +DOE group was characterized by the clusters “Breathing more” (80%), “Work/
Effort” (50%), and “Breathing heavy” (40%), while the −DOE group was most closely
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associated with the clusters “Breathing heavy” (50%), “Breathing more” (50%), and
“Breathing rapid” (50%).

3.5. Peak Oxygen Uptake
Exercise capacity was not different between the men +DOE and −DOE based on peak work
rate, exercise time, HR, and V̇O2 (Table 6). None of the cardiorespiratory measures at peak
exercise was different. In mL/min/kg (Table 6), exercise capacity was lower in the obese
men +DOE (p < 0.05); but, we consider this measurement misleading due to slight increases
in age, and body weight in the men +DOE, and not truly representative of cardiovascular
conditioning (Lorenzo and Babb, 2011). In percent predicted (Wasserman et al., 2005),
peakV̇O2 was not different between the obese men +DOE and −DOE (Table 6). There was
no significant correlation between ratings of perceived breathlessness measured during
exercise at 90W and any measure of peak exercise.

3.6. Oxygen Cost of Breathing and Breathing Mechanics
Oxygen cost of breathing was not significantly different in the obese men +DOE compared
with −DOE (2.17±0.84 vs. 2.01± 0.75mL/L, respectively, p=0.67). There was no significant
relationship between the oxygen cost of breathing and the rating of perceived breathlessness
during steady state exercise at 90W. Also, there was no significant relationship between the
oxygen cost of breathing and waist circumference or waist-to-hip ratio.

Ratings of perceived breathlessness, V̇E, VT, Fb, V̇O2, EELV, and ERV (%TLC) were not
different between groups during the 60 and 90L/min bouts of EVH (Table 7). Note that
EELV rises during EVH unlike during exercise when EELV falls. Only three men +DOE
(19, 28, and 15%VT) and two men −DOE (29 and 16%VT) exhibited expiratory flow
limitation.

4. DISCUSSION
Of the obese men recruited, 37% had an elevated rating of perceived breathlessness during
exercise at 90W. However, in contrast to our hypothesis, and our earlier findings in obese
women (Babb et al. 2008a), the oxygen cost of breathing was not greater in obese men
+DOE than in obese men −DOE (i.e., it was equally elevated in both groups compared with
normal weight individuals), nor was it significantly associated with ratings of perceived
breathlessness during exercise. Furthermore, the obese men +DOE and −DOE had only
minor differences in subject characteristics, fat distribution, pulmonary function,
submaximal cardio-respiratory exercise responses, or breathlessness descriptors. None of
these measurements was significantly associated with ratings of perceived breathlessness
during steady state exercise at 90W. Thus, differences in exercise intensity, ventilatory
demand, cardiovascular conditioning and/or the quality of respiratory sensation did not
appear to play a role in the development of dyspnea on exertion in the obese men we
studied. However, ratings of perceived breathlessness was strongly correlated with RPE
during steady state exercise at 90W, suggesting that not only was the perception of dyspnea
on exertion increased in a large proportion of obese men, but also the perception of exercise
intensity. The mechanism of the increased rating of perceived breathlessness is unclear.

4.1. Intensity of Respiratory Sensations in Obese Men
Dyspnea on exertion is a common complaint of obese adults (Whipp and Davis, 1984;
Sahebjami, 1998; Gibson, 2000; Ferretti et al., 2001; Sin et al., 2002). We observed 37% of
the otherwise healthy, obese men we studied to have a significantly elevated ratings of
perceived breathlessness during exertion, which is similar to our previous finding in obese
women (Babb et al. 2008a). Although we cannot address the true prevalence of dyspnea on
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exertion in obese men from this study, it is reasonable to infer that a large proportion of
obese men experience significant dyspnea on exertion, which is in agreement with survey
studies such as the National Health and Nutrition Examination Survey III (Sin et al. 2002).

We also found RPE to be increased in the obese men and a strong association between
ratings of perceived breathlessness and RPE. RPE, unlike rating of perceived breathlessness,
was moderately related (r≈0.50, p<0.05) to indicators of exercise intensity (i.e., HR, V̇O2,
and V̇E as percent of peak or MVV). These findings would suggest that in a large proportion
of obese men there is a related increase in both the perception of breathing and exertion.

4.2. Cardiovascular Conditioning in Obese Men
There was no difference in cardiovascular conditioning between obese men +DOE and
−DOE. Furthermore, cardiovascular conditioning was within normal limits in both groups
(Table 6). As in previous investigations, cardiovascular conditioning in otherwise healthy
obese adults appears to be normal (Salvadori et al., 1992; Babb et al. 2002; DeLorey et al.
2005; Babb et al., 2011) and unrelated to dyspnea on exertion (Babb et al. 2008a), even
though this remains a popular clinical convention. Nevertheless, participation in an exercise
training program may help decrease both perceived exertion and breathlessness in obese
men since they are related. In contrast, obese women with dyspnea on exertion may benefit
more from a weight loss program to decrease the oxygen cost of breathing and rating of
perceived breathlessness than an exercise program, but this has not been tested.

4.3. Oxygen Cost of Breathing and Lack of Association with Dyspnea On Exertion
Based on our findings in obese women (Babb et al. 2008a), we hypothesized that the oxygen
cost of breathing would be increased in obese men +DOE compared with men −DOE, and
that ratings of perceived breathlessness during 90W of cycling would be correlated with the
increase in the oxygen cost of breathing; however, the current study failed to support these
hypotheses in obese men. Not only was the oxygen cost of breathing not increased in the
obese men +DOE, but the values in both groups of men were similar to the increased values
observed in obese women −DOE (obese men +DOE: 2.2mL/L, obese men −DOE: 2.0mL/L,
obese women +DOE: 3.0mL/L, obese women −DOE: 1.8mL/L) (Babb et al. 2008a).
However, the oxygen cost of breathing was elevated (≈80% more) in all the obese men
studied compared with previously published data on nonobese men (Lorenzo and Babb,
2011). Although the obese women weighed less than the obese men, the fat load on the chest
wall (i.e., anterior subcutaneous fat + posterior subcutaneous fat + visceral fat) was very
similar between the genders. The mechanism of the increased oxygen cost of breathing in
the women with dyspnea on exertion is currently unclear, although an increase in
mechanical work of breathing (Milic-Emili and D’angelo, 1997; Milic-Emili and Orzalesi,
1998), a decreased efficiency of the respiratory muscles (Cherniack and Guentter, 1961;
Kress et al. 1999), or a increased level of ventilation (Kaufman et al. 1959) could be factors.
In the obese men, subject characteristics, fat distribution, pulmonary function, submaximal
cardio-respiratory responses, quality of respiratory sensations, peak exercise performance,
and oxygen cost of breathing were all similar. Thus, it is unknown why ratings of perceived
breathlessness during exercise would be increased in some obese men and not others but it
does not appear to be related to an increased oxygen cost of breathing as in the women
+DOE. Rather it appears to be related more to an increase in perception of breathing and
exercise. It is unclear whether exercise training and/or weight loss would reduce
breathlessness in obese men +DOE.

4.4. Quality of Respiratory Sensations in Obese Men
Surprisingly, although the intensity of breathlessness is different between obese men +DOE
and −DOE, they still describe their respiratory sensations similarly during submaximal

Bernhardt et al. Page 7

Respir Physiol Neurobiol. Author manuscript; available in PMC 2014 January 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



exercise. Thus, it seems that the intensity or quantity of the sensations, not the quality, is the
factor that distinguishes the two groups. This is an important novel finding and substantiates
the notion that the intensity and quality of breathlessness are independently perceived. The
separation between intensity and quality of respiratory sensations is in line with previous
work by Simon and coworkers (Simon et al. 1989; Simon et al. 1990) who demonstrated that
different qualitative breathlessness clusters could nevertheless have the same intensity
ratings. This refutes our hypothesis that the difference in intensity ratings originates in
differing qualities of breathlessness.

Simon’s group developed 8 clusters from the 15 descriptors based on their studies in healthy
adults and patients with shortness of breath, including pulmonary vascular, neuromuscular
and interstitial lung disease, congestive heart failure, asthma, chronic obstructive pulmonary
disease, and pregnancy. The experimentally induced respiratory stimulus condition
‘exercise’ in healthy volunteers elicited the sensation clusters “heavy” and “rapid”. These
two clusters were found to be two of the highest represented in the current study as well. In
fact, the cluster “heavy” was unique to the “exercise” condition. None of the other
conditions, such as breathholding, CO2 inhalation, resistive or elastic loading, elicited the
same combination of clusters (Simon et al. 1989). Furthermore, none of the patients with
shortness of breath and/or cardiorespiratory disease chose this particular set of clusters to
describe their respiratory sensation (Simon et al. 1990; Mahler et al. 1996) indicating that
the obese individuals in the present study describe their breathlessness during exercise using
the same words as normal healthy volunteers.

Based on Mahler et al.’s study (Mahler et al. 1996) the descriptors “my breathing is heavy”
and “I feel that I am breathing more” did not cluster together as they did in Simon et al’s
(Simon et al. 1989) analysis. The top four clusters found in the present study included the
single-descriptor clusters “more”, “heavy”, and “rapid” as well as the four-descriptor cluster
“work/effort”. These clusters were found in Mahler et al.’s study to be unique to a group
they called “deconditioned” based on a lower than predicted peak V̇O2. However, the results
of the current study clearly showed that our participants did not have lower than predicted
values. This sharing of the same clusters by Mahler’s deconditioned patients and our non-
deconditioned obese individuals suggests that the sensation of breathlessness may be
mediated by similar receptors or neural pathways (Simon et al. 1990). This does not seem
that surprising in terms of the mechanism by which ventilation rises from rest to exercise in
deconditioned and obese subjects. Deconditioned individuals have to increase minute
ventilation with lower exercise work rates than their normal counterparts and this may be
sensed as an increased respiratory drive leading to dyspnea on exertion. In contrast, obese
subjects do not have an increased V̇E compared with lean individuals, however, they also
have an increased drive to the respiratory muscles in order to inflate the lungs against the
load of the chest wall and abdominal mass resulting in dyspnea on exertion (El Gamal et al.,
2005; Steier et al., 2009; Jensen et al., 2009). Thus, the sensation of breathing discomfort
may be perceived via the increased respiratory drive necessary to maintain V̇E with
additional respiratory work.

4.5. Conclusion
In conclusion, the oxygen cost of breathing was not increased in obese men +DOE, nor was
it associated with ratings of perceived breathlessness during cycling. However, obese men
+DOE do experience an increase in ratings of perceived breathlessness and RPE during
exercise. The mechanism of this increased perception deserves further study in obese men.
Also, these findings in obese men support the contention that women +DOE may experience
gender-specific changes in the oxygen cost of breathing that also suggests the need for
further study. However, oxygen cost of breathing is increased in obese men over normal
weight men and many obese men have an increased intensity of breathlessness, which
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should be taken into account when prescribing exercise to treat obesity or prevent further
obese levels in men.
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Highlights

• Otherwise healthy, obese men with or without dyspnea on exertion (DOE) were
studied.

• 37% of men studied had elevated ratings of perceived breathlessness during
exertion.

• Oxygen cost of breathing was not increased in men with DOE vs men without.

• Fat distribution and pulmonary function were not different between groups.

• Cardiovascular conditioning and quality of respiratory sensations and were not
different.
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Figure 1.
Most common descriptors and clusters selected by obese men with (+DOE) and without
dyspnea on exertion (−DOE) based on cluster analysis by Simon et al (Simon et al. 1990).
Percentage of subjects per group who chose the descriptors as one of the “best three” that
applied to their respiratory sensations they felt during steady state cycling exercise at 90W.
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Figure 2.
Most common descriptors and clusters selected by obese men with (+DOE) and without
dyspnea on exertion (−DOE) based on cluster analysis by Mahler et al (Mahler et al. 1996).
Percentage of subjects per group who chose the descriptors as one of the “best three” that
applied to their respiratory sensations they felt during steady state cycling exercise at 90W.
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Table 1

Breathlessness descriptors to examine the quality of respiratory sensations

Breathlessness Descriptors

1 My breathing requires effort

2 I feel out of breath

3 My breathing requires work

4 I cannot get enough air

5 I feel that I am smothering

6 I feel that I am suffocating

7 My breath does not go out all the way

8 My chest feels tight

9 My chest is constricted

10 My breath does not go in all the way

11 My breathing is shallow

12 I feel that my breathing is rapid

13 I feel that I am breathing more

14 My breathing is heavy

15 I feel hunger for air
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Table 2

Subject Characteristics

Group Obese −DOE (n = 9) Obese +DOE (n = 10) P value

Age (yr) 34 ± 8 36 ± 9 0.58

Height (cm) 179 ± 7 180 ± 4 0.66

Weight (kg) 112 ± 19 125 ± 14 0.12

Body Mass Index (kg/m2) 35 ± 4 38 ± 5 0.10

Body Fat (%) 36 ± 4 40 ± 5 0.11

Fat Weight (kg) 41 ± 12 50 ± 11 0.11

Lean Body Mass (kg) 72 ± 8 75 ± 6 0.29

Chest circumference (cm) 114 ± 9 122 ± 8 0.07

Waist circumference (cm) 115 ± 10 127 ± 13 0.04

Hip circumference (cm) 118 ± 11 126 ± 09 0.09

Waist/Hip (ratio) 0.98 ± 0.06 1.01 ± 0.06 0.37

Values are means ± SD. DOE, dyspnea on exertion; −DOE, without DOE; +DOE, with DOE; Significant, p≤0.05.
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Table 3

Fat Distribution

Group Obese −DOE (n = 9) Obese +DOE (n = 10) P value

Chest Fat (kg) 5.2 ± 2.0 6.5 ± 1.4 0.12

Chest Fat (%FW) 13 ± 2 13 ± 2 0.56

Ant Sub Q Abd Fat (kg) 5.1 ± 1.8 6.7 ± 3.2 0.20

Ant Sub Q Abd Fat 12 ± 2 13 ± 4 0.64

Visceral Fat (kg) 5.3 ± 2.0 8.1 ± 2.5 0.02

Visceral Fat (%FW) 13 ± 4 17 ± 6 0.12

Post Sub Q Fat (kg) 6.6 ± 2.4 8.1 ± 2.8 0.24

Post Sub Q Fat (%FW) 16 ± 3 16 ± 3 0.88

Total Chest Wall Fat 22.2 ± 7.3 29.3 ± 8.0 0.06

Total Chest Wall Fat 54 ± 7 58 ± 6 0.14

Peripheral Fat (kg) 18.8 ± 6.0 20.5 ± 4.8 0.52

Peripheral Fat (%FW) 46 ± 7 41 ± 6 0.14

Total Abdominal Fat 10.4 ± 3.5 14.8 ± 4.1 0.02

Total Abdominal Fat 30 ± 4 25 ± 5 0.06

Values are means ± SD. DOE, dyspnea on exertion; −DOE, without DOE; +DOE, with DOE; %FW, percent fat weight; Chest, rib cage fat; Ant
SubQ Abd fat, anterior subcutaneous abdominal fat; Post SubQ, posterior subcutaneous fat; Peripheral = total fat – chest fat - anterior subcutaneous
abdominal fat - visceral fat - posterior subcutaneous fat. Total abdominal fat = Ant SubQ Abd fat + visceral fat. Significant, p≤0.05.
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Table 4

Pulmonary Function

Group Obese −DOE (n = 9) Obese +DOE (n = 10) P value

FVC (L) 5.6 ± 0.8 5.1 ± 0.4 0.14

FVC (% pred) 105 ± 7 95 ± 8 0.01

FEV1 (L) 4.3 ± 0.6 4.1 ± 0.3 0.38

FEV1 (% pred) 98 ± 9 92 ± 8 0.15

FEV1/FVC (%) 77 ± 6 80 ± 6 0.29

PEF (L/min) 10.0 ± 1.4 9.9 ± 0.9 0.79

PEF (% pred) 106 ± 15 102 ± 9 0.52

MVV (L/min) 164 ± 18 158 ± 21 0.52

MVV (% pred) 94 ± 9 90 ± 12 0.54

DLco (% pred) 88 ± 5 82 ± 9 0.14

DLco/VA (% pred) 108 ± 12 113 ± 10 0.32

TLC (% pred) 102 ± 9 93 ± 9 0.05

FRC (%TLC) 36 ± 4 35 ± 5 0.47

RV (% pred) 83 ± 20 72 ± 16 0.21

RV/TLC (%) 22 ± 4 22 ± 5 0.80

FRC (% pred TLC) 37 ± 6 32 ± 6 0.13

MIP (% pred) 115 ± 19 99 ± 21 0.09

MEP (% pred) 105 ± 20 103 ± 31 0.82

ERV (%TLC) 15 ± 4 12 ± 6 0.22

Values are mean ± SD. DOE, dyspnea on exertion; −DOE, without DOE; +DOE, with DOE; FVC, forced vital capacity; L, liter; %pred, percent of
predicted; FEV1, forced expiratory volume in one second; PEF, peak expiratory flow; MVV, measured maximal voluntary ventilation; DLco,

diffusing capacity of the lung; VA, alveolar volume; TLC, total lung capacity; FRC, functional residual capacity (note: reported as %TLC); RV,
residual volume; and ns, non-significant. MIP, maximal inspiratory pressure; MEP, Maximal expiratory pressure. Predicted values for spirometry,

lung volumes, and diffusing capacity were based on the norms of Knudson et al., 28,29, Goldman and Becklake 31, and Burrows et al., 30,
respectively.
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Table 5

Steady State Exercise at 90W

Group Obese −DOE (n = 9) Obese +DOE (n = 10) P value

V̇O2 (L/min) 1.60 ± 0.10 1.74 ± 0.14 0.03

V̇O2 (%Peak) 55 ± 9a 59 ± 7 0.32

V̇CO2 (L/min) 1.56 ± 0.16 1.69 ± 0.16 0.09

V̇E (L/min) 44 ± 8 49 ± 7 0.23

VT (L) 2.20 ± 0.38 2.44 ± 0.54 0.28

Fb (bpm) 21 ± 7 21 ± 7 0.95

V̇E/V̇CO2
28 ± 4 29 ± 2 0.71

PETCO2 (torr) 45 ± 4 45 ± 3 0.88

V̇E/MVV (%) 28 ± 7 31 ± 6 0.22

EELV (%TLC) 40 ± 4a 35 ± 5 0.07

Resting EELV 42 ± 6 37 ± 6 0.08

HR (% Peak) 68 ± 9 70 ± 6 0.62

VT (%TLC) 30 ± 5 36 ± 7 0.08

RER 0.97 ± 0.07 0.98 ± 0.06 0.92

EILV (%TLC) 71 ± 6a 71 ± 9 0.86

RPB 1.78 ± 0.44 4.70 ± 0.82 < 0.0001

RPE 10 ± 2 14 ± 1 < 0.001

Values are mean ± SD. DOE, dyspnea on exertion; −DOE, without DOE; +DOE, with DOE; V̇O2, oxygen uptake; V ̇CO2, carbon dioxide

production; V̇E, minute ventilation; VT, tidal volume; Fb, breathing frequency; V ̇E/V̇CO2, ventilatory equivalent for CO2; PETCO2, end-tidal

CO2, MVV, maximal voluntary ventilation; RER, respiratory exchange rate; EILV, end-inspiratory lung volume; EELV, end-expiratory lung

volume; HR, heart rate percent of peak heart rate; and ns, non-significant; RPB, ratings of perceived breathlessness; RPE, ratings of perceived
exertion;

a
n=8.
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Table 6

Peak Exercise

Group Obese −DOE (n = 9) Obese +DOE (n = 10) P value

Work Rate (W) 250 ± 45 240 ± 28 0.56

Exercise Time (min) 8.2 ±1.6 7.9 ± 1.0 0.57

Heart Rate (% pred) 96 ± 6 95 ± 7 0.69

V̇O2 (L/min) 3.06 ± 0.52 3.00 ± 0.38 0.77

RER 1.22 ± 0.06 1.25 ± 0.08 0.32

V̇E (L/min) 121 ± 20 130 ± 19 0.35

VT (L) 2.96 ± 0.56 3.00 ± 0.84 0.89

Fb (bpm) 42 ± 8 46 ± 11 0.37

V̇E/V̇CO2
33 ± 1 35 ± 4 0.11

PETCO2 (torr) 36 ± 3 34 ± 4 0.30

V̇E/MVV (%) 74 ± 7 83 ± 16 0.10

RPE (6–20) 18 ± 1 19 ± 1 0.13

RPB (0–10) 8 ± 2 8 ± 2 0.49

VT (%TLC) 40.61 ± 3.80 43.84 ± 9.58 0.35

EELV 43 ± 4 41 ± 3 0.20

V̇O2 (mL/min/kg) 27.0 ± 2.4 24.1 ± 3.4 0.05

V̇O2 (mL/min/kgLBM) 42.6 ± 2.8 39.8 ± 3.5 0.08

V̇O2 (% pred) 104 ± 12 104 ± 14 0.96

V̇O2 (% pred + corr) 96 ± 11 94 ± 13 0.72

Values are mean ± SD. DOE, dyspnea on exertion; DOE, dyspnea on exertion; −DOE, without DOE; +DOE, with DOE; Exercise Time, exercise

time to peak; V̇O2, oxygen uptake; RER, respiratory exchange ratio; V̇E, minute ventilation; VT, tidal volume; Fb, breathing frequency; bpm,

breaths per minute; MVV, measured maximal voluntary ventilation; RPE, ratings of perceived exertion; RPB, ratings of perceived breathlessness;
PETCO2, end-tidal CO2; LBM, lean body mass; %Pred, percent predicted; Corr, corrected; and ns, non-significant. While interpretation of

peakV̇O2 in determining cardiovascular conditioning in obesity is a complex issue, the recommendation is to use a method whereby peakV ̇O2 is

compared with an age, gender, and weight-corrected predicted peakV̇O2 51,52,53. Thus, we used the following equation adapted from Wasserman

et al., [predicted peak V̇O2 = ((predicted peak V̇O2 in ml/min/kg)*predicted wt) + ((actual wt − predicted wt) * 6 ml/kg)] 37,54,55.
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