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ABSTRACT

Background: The breathing intolerance index, BIT, a noninvasive derivation of the tension-time index of respiratory
muscles, has been recently used to evaluate patients with respect to their need for noninvasive ventilation. Comparing
the BIT index in different disorders with mild to moderate respiratory impairment, such as COPD and obesity, would be
useful in determining differences in threshold for respiratory muscle fatigue amongst cohorts. Objectives: The purpose
of this study was to compare control of ventilation and BIT in individuals with obesity, chronic obstructive pulmonary
disease (COPD), and control subjects free of cardiorespiratory disorders. Because change in posture can alter respira-
tory load and control of ventilation, variables were assessed in two postures. Methods: We assessed 142 subjects con-
sisting of 81 with obesity, 42 with COPD, and 19 non-smoking healthy adults. All subjects underwent evaluation of
pulmonary function, control of ventilation and BIT index [(Ti/Ttot) x (Vt/FVC)] in seated and supine postures. Find-
ings: BIT index was significantly greater in seated posture in all 3 cohorts due primarily to an increase in Vt in this po-
sition. BIT index was similar in value amongst cohorts in both postures, but tended to be higher in patients with obesity
and COPD. Conclusion: While BIT index is higher in seated posture, and tends to be higher in patients with obesity
and COPD as compared to control subjects, discrimination between cohorts is not found in our study because of small
inter-group variations of respiratory function amongst cohorts. Thus, in clinically stable patients whose vital capacities
are mild to moderately reduced, the BIT index alone cannot be recommended as a predictive guide for initiating assisted
ventilation for respiratory failure. Nevertheless, because it is easy to perform, and is comfortably tolerated by patients,
its potential usefulness may be in periodic measurements to monitor its increase as respiratory reserve declines.
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1. Introduction 45 minutes when the TTIdi is >0.15. However, the
method of Bellemare and Grassino [1] is invasive, re-
quiring the use of a gastric and esophageal balloon, and
is difficult for untrained subjects to perform. Later,
Ramonatxo et al. [2] instituted a noninvasive method for
assessing the tension-time index (based on mouth occlu-
sion pressure, Py;) and easy to use from a technical
standpoint. Koga et al. [3] substituted the ratio of tidal
volume to vital capacity (Vt/VC) for Pdi/Pdimax in the
Bellemare and Grassino [1] relationship, calling this rela-
tionship [(Ti/Ttot) x (Vt/FVC)] the breathing intolerance
index (BIT). They found that the BIT indices of patients
with respiratory impairment requiring noninvasive as-
sisted ventilation (NIV) exhibited higher BIT indices
than those who did not need NIV. Vt/VC can substitute
*Corresponding author. for Pdi/Pdimax because the more Vt approaches VC, the

Patients with respiratory disorders experience ventilatory
impairment related to underlying changes in lung volume,
respiratory compliance and resistance, and breathing
control mechanisms. These factors affect the diaphra-
gm’s ability to sustain ventilation in the face of imposed
respiratory loads. Tension time index of the diaphragm
[TTIdi = product of the ratio of the mean transdiaphrag-
matic pressure swing divided by the maximum transdia-
phragmatic pressure (Pdi/Pdimax) with the inspiratory
time divided by the total breath time (Ti/Ttot)] is related
to diaphragm endurance [1]. The ability to sustain trans-
diaphragmatic pressure swings required for continuous
spontaneous breathing cannot be sustained for more than
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less ability the inspiratory muscles have to sustain alveo-
lar ventilation [1]. The study of Koga ef al. [3] assessed
the BIT index in patients with primarily restrictive tho-
racic/neuromuscular disorders. Assessment of the BIT
index in individuals with other, more commonly encoun-
tered respiratory disorders would be useful in determin-
ing its value in assessing respiratory impairment and
threshold for respiratory muscle fatigue. In fact, Mc-
Gregor and Becklake [4] and Rochester and Bettini [5]
found that oxygen consumption of respiratory muscles
was better determined by the tension-time index than by
the work of breathing.

The purpose of this study was to compare control of
ventilation and the BIT index in individuals with obesity,
chronic obstructive pulmonary disease (COPD), and
control subjects free of cardiorespiratory disorders. Be-
cause change in posture alters respiratory mechanics and
control of ventilation [6-14], variables were assessed in
seated and supine posture. We considered that assuming
the supine posture increases respiratory load and may
reduce respiratory reserve, thereby increasing the BIT
index. We also wished to determine differences in the
BIT index in the two cohorts.

2. Methods
2.1. Subjects

We screened 150 clinically stable subjects in the pulmo-
nary function laboratory on the same day as they under-
went lung function testing, from April 2006 to July 2008.
The diagnosis of COPD was made according to Euro-
pean Respiratory Society recommendations [15]. The
diagnosis of obesity (BMI > 30) was based on criteria
published by the World Health Organization [16]. Ques-
tionnaires concerning medical and smoking history, and
respiratory symptoms were administered. Subjects were
excluded if they had otolaryngological defects or acute
cardiorespiratory disease. The study was approved by the
Institutional Review Board of the University of Southern
California Health Sciences Campus, and an informed
consent was obtained from each patient (IRB Proposal #
HS-05-00412).

2.2. Pulmonary Function Testing

Spirometry and lung volumes by body plethysmography
were performed while seated with a Collins GS/PLUS or
DSII/PLUS system (Warren Collins; Braintree, MA).
The cut-off point of FEV/FVC for COPD was 0.7. Pre-
dicted values for post-bronchodilator FEV,, FVC and
FEV|/FVC were from Schoenberg et al. [17], and for
subdivisions of lung volume from Crapo et al. [18].

2.3. Control of Ventilation Equipment

Flow was measured with a heated Fleisch pneumotacho-
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graph (Lausanne, Switzerland) and differential pressure
transducer (Validyne MP-45, + 2.5 cm H,0; Validyne;
Northridge, CA). The pneumotachograph was linear over
the experimental range of flow. Volume was obtained by
integration of digitized flow. The pneumotachograph-
mouthpiece assembly had a resistance of 0.65 cm H,0O/
L/sec for flows up to 1 L/sec. The flow signal, generated
with a Validyne CD-19 carrier demodulators, was passed
through a 32-Hz, low pass filter and sampled at 100 Hz
with a DASOS8 12-bit analog-to-digital converter (Meas-
urement Computing Corporation; Middleboro, MA). The
computer used was a 25-MHz personal computer with a
14-inch monitor. Software, written in Microsoft Quick
Basic (Microsoft; Redmond, WA), provided for real-time
collection and display of flow and volume data as well as
operator control. Artifacts on the flow record caused by
common mode rejection ratio were negligible [19].

2.4. Procedure and Data Analysis

Subjects sat in a comfortable chair at least 1 or 2 hours
after eating or drinking coffee. They breathed room air
through the equipment assembly with a nose clip on.
Each subject underwent a 3 min trial run in order to be-
come accustomed to the procedure. Data acquisition be-
gan after regular breathing was achieved and was con-
tinued for 15 minutes. Subjects were monitored for leaks
at the mouthpiece. A closed system ensured that end-
expiratory volume remained constant. Quiet breathing
was also recorded for 15 minutes with the subject lying
on a comfortable gurney with head resting on a low pil-
low. Seated and supine positioning was in random se-
quence. Coefficients of variation for tidal volume (Vt),
inspiratory time (Ti), and expiratory time (Te) were 5% -
12% in both postures, as reported for normal subjects and
patients with COPD [20,21]. BIT was defined as (Ti/Ttot)
x Vt/FVC [3]. No patient exhibited dyspnea in either
posture.

2.5. Statistical Analysis

Characteristics of participants were compared across
obese, COPD and control cohorts using one-way analysis
of variance (ANOVA). Age, sex and BMI were adjusted
for in the model for their potential confounding effect.
Bonferroni correction of p-values was applied to control
type 1 error caused by multiple tests. Because the data
exhibited skewed distributions for many of the lung
function variables, nonparametric statistical procedures
were used [22]. Medians and ranges were used where
there were outlier values. These values were depicted as
notched bar and whisker plots in order to highlight more
clearly the significance in differences between cohorts.
The notches surrounding the medians provide a measure
of the rough significance of differences between the val-
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ues. Specifically, if the notches about two medians do not
overlap in this display, the medians are significantly dif-
ferent at about a 95% confidence level [23]. For each of
the variables investigated, the Kruskal-Wallis test was
employed to assess differences in central tendency be-
tween subjects with obesity, COPD, and controls. In or-
der to perform similar analyses adjusting for age, BMI
and gender, general linear models were used to model the
ranks of test variables after adjustment for these covari-
ates using Blom normal scores [24]. The Wilcoxon
signed rank test was used to test for differences between
variables obtained in the seated and supine postures.

3. Results
Anthropometric and Pulmonary Function Data

Of 150 patients screened, excluded from analysis were 5
patients with asthma (according to ATS/ERS criteria),
and 3 with active cardiovascular problems. The remain-
ing 142 subjects consisted of 81 patients with obesity, 42
with COPD, and 19 non-smoking healthy subjects (Ta-
ble 1). The COPD patients were older, and the control
subjects slightly younger than the obese subjects. All
control subjects had BMIs < 30. The mean BMI of the
obese subjects was 71% greater than in the control group.
Figures 1, 2, 5, 7 and 8 show that Vt, Vt/FVC, Vt/Ti,
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Figure 1. Vt data for patients with obesity, COPD, and con-
trol subjects. Each notched box represents the 25" - 75™
percentile; internal line indicates the median; whiskers in-
dicate the 10" and 90" percentiles. Notches extend to +/
—1.58 inter-quartile range/n”z. Notches that do not overlap
suggest strong evidence of different medians. The general
linear model used to model the normal ranks of the test
variable as a function of the sitting and supine groups, ad-
justed for age and sex, showed no significant differences
amongst cohorts in the sitting posture, P = 0.434, and
amongst cohorts in the supine posture, P = 0.260. ~“Wil-
coxon signed rank test (non-parametric paired-sample t-test)
for comparisons between sitting and supine positions in
each cohort.
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Figure 2. Vt/FVC for patients with obesity, COPD, and
control subjects. Each notched box represents the 25™ _ 75
percentile; internal line indicates the median; whiskers in-
dicate the 10™ and 90™ percentiles. Notches extend to +/
-1.58 inter-quartile range/n">. Notches that do not overlap
suggest strong evidence of different medians. The general
linear model used to model the normal ranks of the test
variable as a function of the sitting and supine groups, ad-
justed for age and sex, showed no significant differences
amongst cohorts in the sitting posture, P = 0.246, or in the
supine posture, P = 0.477. ~Wilcoxon signed rank test
(non-parametric paired-sample t-test) for comparisons be-
tween sitting and supine positions in each cohort.

minute ventilation (V’g) and BIT index were signifi-
cantly greater in seated position in all 3 cohorts (all P <
0.048). Figure 6 also shows that Ti/Ttot was signifi-
cantly greater in seated posture amongst obese and
COPD patients. Figures 3-5 show that age-, sex-ad-
justed medians were significantly different amongst co-
horts in both postures for Ti, Ttot, and Vt/T1i, respectively
(all P < 0.012). Additionally, Figure 7 shows that age-,
sex-adjusted medians V’g were significantly different
amongst seated cohorts (P = 0.022). Figure 8 shows that
BIT index did not differ significantly amongst cohorts in
either posture (P > 0.08 for both postures). Similarly, in
supine position, Ti/Ttot and V’g did not differ signifi-
cantly amongst cohorts.

The ability of the BIT index to assess respiratory im-
pairment in each cohort was depicted by iso-BIT index
graphs (similar to the iso-diaphragmatic tension-time plot
of Bellemare and Grassino [1]) in which Ti/Ttot was
plotted against Vt/FVC, with BIT isopleths ranging from
0.04 to 0.16 in seated and supine postures (Figures 9(a)
and (b), respectively). We assumed there was no signifi-
cant postural change in FVC, as reported by others in
healthy subjects [6-8] and in patients with obesity [9) and
COPD [10]. As can be seen, obese and COPD patients
tended towards higher BIT index values, suggesting a
greater tendency to respiratory fatigue, although, differ-
ences amongst cohorts were not statistically significant.
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Table 1. Anthropometric and physiologic data for patients with obesity, COPD and control subjects (seated posture)”.

Obese COPD Controls P-value' P-value
No. subjects 81 42 19
Age, yr 50.0 (45.0, 56.5) 62.0 (54.0, 70.0) 47.0 (36.0, 51.0) <0.0001
Sex, F/M 46/35 11/31 13/6 <0.0001
BMI, kg/m? 41.7 (35.7,47.8) 26.6 (24.7,30.9) 24.3(22.5,27.5) <0.0001 <0.0001
FVC, % pred 84 (69, 95) 71 (62,91) 103 (94, 108) <0.0001 <0.0001
FEV,, % pred 91 (75, 102) 50 (35, 62) 112 (103, 114) <0.0001 <0.0001
FEV//FVC, % 82.5(77.5, 85.6) 47.7 (37.0, 56.9) 82.6 (81.3, 86.6) <0.0001 <0.0001
TLC, % pred 92.5 (83.0, 104.0) 97.5 (82.5,123.5) 100.0 (90.0, 106.0) <0.0001 <0.0001
FRC, % pred 80.5(71.0,91.0) 116.5 (94.0, 134.0) 97.0 (83.0, 102.0) <0.0001 <0.0001
RV, % pred 104.5 (87.0, 123.0) 153.0 (111.0, 175.0) 94.0 (87.0, 111.0) <0.0001 <0.0001
IC/FVC 0.84 (0.79, 0.92) 0.77 (0.65, 0.83) 0.71 (0.59, 0.78) <0.0001 NS

"Values are expressed as median (25", 75™ percentiles). IC, inspiratory capacity. /ANOVA is used to test significant differences across all cohorts univariately.
The difference in sex distribution across all cohorts is tested by j* test. Bonferroni-corrected p-values are presented for lung function variables. *ANOVA is
used to test significant differences across all cohorts after adjustment for age, sex and BMI. Bonferroni-corrected p-values are presented for lung function vari-
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Figure 3. Ti data for patients with obesity, COPD, and con-
trol subjects. Each notched box represents the 25" - 75™
percentile; internal line indicates the median; whiskers in-
dicate the 10™ and 90™ percentiles. Notches extend to +/
—1.58 inter-quartile range/n”z. Notches that do not overlap
suggest strong evidence of different medians. The general
linear model used to model the normal ranks of the test
variable as a function of the sitting and supine groups, ad-
justed for age and sex, showed significant differences
amongst cohorts in the sitting posture, P = 0.001, and
amongst cohorts in the supine posture, P = 0.0003. ““Wil-
coxon signed rank test (non-parametric paired-sample t-test)
for comparisons between sitting and supine positions in
each cohort.
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Figure 4. Ttot data for patients with obesity, COPD, and
control subjects. Each notched box represents the 25™ - 75™
percentile; internal line indicates the median; whiskers in-
dicate the 10™ and 90™ percentiles. Notches extend to +/
—1.58 inter-quartile range/n"2. Notches that do not overlap
suggest strong evidence of different medians. The general
linear model used to model the normal ranks of the test
variable as a function of the sitting and supine groups, ad-
justed for age and sex, showed significant differences
amongst cohorts in the sitting posture, P = 0.003, and
amongst cohorts in the supine posture, P = 0.002.
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Figure 5. Vt/Ti data for patients with obesity, COPD, and
control subjects. Each notched box represents the 25™ - 75™
percentile; internal line indicates the median; whiskers in-
dicate the 10" and 90" percentiles. Notches extend to +/
-1.58 inter-quartile range/n"”. Notches that do not overlap
suggest strong evidence of different medians. The general
linear model used to model the normal ranks of the test
variable as a function of the sitting and supine groups,
adjusted for age and sex, showed significant differences
amongst cohorts in the sitting posture, P = 0.012, and
amongst cohorts in the supine posture, P = 0.011. ~“Wil-
coxon signed rank test (non-parametric paired-sample t-test)
for comparisons between sitting and supine positions in
each cohort.
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Figure 6. Ti/Ttot data for patients with obesity, COPD, and
control subjects. Each notched box represents the 25™ _ 75t
percentile; internal line indicates the median; whiskers in-
dicate the 10™ and 90™ percentiles. Notches extend to +/
-1.58 inter-quartile range/n"”. Notches that do not overlap
suggest strong evidence of different medians. The general
linear model used to model the normal ranks of the test
variable as a function of the sitting and supine groups,
adjusted for age and sex, showed no significant differences
amongst cohorts in the sitting posture, P = 0.071, and
amongst cohorts in the supine posture, P = 0.228. “"Wil-
coxon signed rank test (non-parametric paired-sample t-test)
for comparisons between sitting and supine positions in
each cohort.
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Figure 7. Minute ventilation data for patients with obesity,
COPD, and control subjects. Each notched box represents
the 25" - 75 percentile; internal line indicates the median;
whiskers indicate the 10" and 90™ percentiles. Notches ex-
tend to +/—1.58 inter-quartile range/n"”. Notches that do not
overlap suggest strong evidence of different medians. The
general linear model used to model the normal ranks of the
test variable as a function of the sitting and supine groups,
adjusted for age and sex, showed significant differences
amongst cohorts in the sitting posture, P = 0.022, and bor-
derline significant amongst cohorts in the supine posture, P =
0.062. ““Wilcoxon signed rank test (non-parametric paired-
sample t-test) for comparisons between sitting and supine
positions in each cohort.
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Figure 8. Breathing intolerance (BIT) index data for pa-
tients with obesity, COPD, and control subjects. Each
notched box represents the 25" - 75™ percentile; internal
line indicates the median; whiskers indicate the 10™ and
90™ percentiles. Notches extend to +/—1.58 inter-quartile
range/n"”. Notches that do not overlap suggest strong evi-
dence of different medians. The general linear model used
to model the normal ranks of the test variable as a function
of the sitting and supine groups, adjusted for age and sex,
showed no significant differences amongst cohorts in the
sitting posture, P = 0.081, or in the supine posture, P = 0.321.
“Wilcoxon signed rank test (non-parametric paired-sam-
ple t-test) for comparisons between sitting and supine posi-
tions in each cohort.
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Figure 9. Ti/Ttot versus Vt/FVC in (a) seated and (b) supine
positions. Diagram is similar to the iso-diaphragmatic ten-
sion-time index plot of Bellemare and Grassino [1] con-
structed from the data of our patients. Ordinate: inspira-
tory to total cycle duration ratio (Ti/Ttot); abscissa: mean
tidal volume expressed as a fraction of the forced vital ca-
pacity (Vt/FVC). The product of each combination of the
two variables is the breathing intolerance (BIT) index. Four
isopleths are drawn for reference. Each symbol refers to the
median (interquantile range) of each group during quiet
breathing in seated posture.

4. Discussion

To our knowledge, this study is the first to compare BIT
index amongst patients with obesity and COPD and in
healthy control subjects. In addition, in the course of de-
riving BIT, we compared indices of ventilatory control in
the 3 cohorts in seated and supine positions. The main
findings are:

1) BIT index was significantly greater in seated pos-
ture in all 3 cohorts.

2) BIT index was similar in values amongst cohorts in
both postures, but tended to be higher in patients
with obesity and COPD.

The higher values of BIT index in seated posture can
be attributed to greater values of Vt and Ti/Ttot in this
posture as compared to the supine position. For purposes
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of computing BIT index in both postures, we assumed
there was no significant postural change in FVC, as re-
ported by others in healthy subjects [6-8] and in patients
with obesity [9] and COPD [10]. Supine decline in FVC
amounts to about 200 mL, or about 5% in both obese and
control subjects [8,9]. Our findings of higher overall Vt
and Vt/Ti in seated posture are similar to those of Weiss-
man et al. [6] who used a noninvasive canopy system,
but are in contrast to those of others who used mouth-
pieces to record ventilation [7,25-27]. One would expect
that in supine posture, the diaphragm operates at a more
advantageous portion of its length-tension curve than on
the assumption of upright position which results in a
shorter operating length [11,12]. Thus, neural drive to the
diaphragm increases in sitting as compared to supine
position [11], and this finding has been referred to as the
operational length compensation of the diaphragm [13].
In our study, other factors may have increased respiratory
drive in the seated posture, such as a change in the “set-
ting” of the control system, changes in cardiac output,
thoracoabdominal position, and/or proprioceptive stimuli
generated by postural change, or a decrease in cerebral
blood flow in the erect position [14]. Regardless of the
mechanism, a progressive increase in ventilatory drive
(with resulting higher values of Vt and BIT index) in
seated posture would lead to respiratory muscle fatigue
in the presence abnormal respiratory mechanics without
appropriate compensatory mechanisms. Such an occur-
rence is understandable in patients with COPD in which
lung hyperinflation produces shortening of diaphragmatic
fibers. Leaning forward (or “tripodding”) displaces the
diaphragm cephalad and stretches its resting length, re-
sulting in greater force generation with a reciprocal de-
crease in central drive. In this connection, Ti/Ttot was
lower in supine posture, at least in the obese and COPD
subjects, a finding that can be explained on the basis of
increased airway resistance and reactance [8,9], prolong-
ing expiration (i.e., shorter Ti, Figure 3, obese and
COPD groups), in the absence of a change in Ttot with
posture (Figure 4).

In obese and COPD patients, we found values of Ti
and Ttot to be lower than, and Vt/Ti and V’g higher than
corresponding values in control subjects. Similar results
were described by Sorli ez al. [20] in patients with COPD
and are explained by dynamic compression of airways
during expiration, and the increased respiratory elastance
and resistance in obese subjects [28]. Accordingly, a
relative decrease in Ti in relation to Tg is not surprising
in our COPD and obese subjects, as found in the studies
of Sorli et al. [20] and Chlif et al. [28], respectively.
Similarly, V’g was significantly higher in our obese and
COPD subjects than in control subjects, findings also
described by Sorli e al. [20] and Chlif et al. [28]. The
latter authors confirmed that mean occlusion pressure at
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0.1 sec (Py;) in their resting obese subjects was nearly
twice as high as in controls despite a mean maximal in-
spiratory pressure that was only 59% of control values.
Such increased work of breathing in the face of respira-
tory loading is likely to result in reduced respiratory re-
serve, increased fatigue and likelihood of requiring as-
sisted ventilation, such as with obesity-hypoventilation
syndrome, congestive heart failure or acute respiratory
infection. Indeed, in the study of Chlif et al. [28], using
the Py method, the tension-time index of obese subjects
was 3-fold higher than control values and close to the
critical zone in which breathing leads to diaphragmatic
fatigue [1,29].

There are a number of limitations to our study. Since
we did not measure tension-time index as defined by
Romanatxo et al. [2], we did not record Py and so could
not directly measure central drive. Py is not directly in-
fluenced by respiratory resistance as air flow ceases dur-
ing its measurement, in contrast to the derivation of the
BIT index in which breathing remains free through an
open circuit. Thus, ventilatory control can be affected by
the abnormal respiratory resistance and elastance in both
obese and COPD patients, reducing discrimination of
ventilatory control variables and BIT index amongst co-
horts. Using this technique, Koga ef al. [3] found that
BIT index in their most severely involved patients (e.g.,
those that required noninvasive ventilation, many of
whom had restrictive thoracic disorders) was, on average,
3.7 times greater than in nonsmoking healthy subjects, a
difference that was entirely accounted for by an equiva-
lent reduction in VC. By contrast, median FVC in our
COPD and obese patients was only 25% and 16% less,
respectively, than in the control subjects. In addition,
control of ventilation in the neuromuscular patients of
Koga et al. [3] was likely affected by respiratory muscle
weakness [27]. Another limitation of our study was that
blood gas determinations were not available for the ma-
jority of our subjects at the time of referral for pulmonary
function evaluation. Thus we were not able to subdivide
our COPD and obese patients into those who were hy-
percapnic and eucapnic. Obesity-related changes in lung
volumes and pulmonary mechanics are more marked in
obesity-hypoventilation syndrome than in equally obese
eucapnic individuals [30]. Finally, because our patients
were clinically stable at the time of testing, it is likely
that BIT index values were not high enough to discrimi-
nate those who would need assisted ventilation.

In conclusion, BIT index is greater in seated posture in
obese and COPD patients, due primarily to an increase in
Vt and V/Ti in this position. While BIT index tends to
be higher in patients with obesity and COPD as com-
pared to control subjects, discrimination between cohorts
is not possible because of smaller intergroup differences
in lung function. Thus, in clinically stable patients whose
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vital capacities are mild to moderately reduced, the BIT
index alone cannot be recommended as a predictive
guide for initiating assisted ventilation for respiratory
fatigue. Nevertheless, because it is easy to perform and
measure, and is comfortably tolerated by patients, its
potential usefulness may be in periodic measurements to
monitor its increase as respiratory reserve declines. Pro-
spective studies to assess BIT index over time in patients
with progressive respiratory compromise are recom-
mended.
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Abbreviations OSA: Obstructive sleep apnea
RV: Residual volume

Vt: Tidal volume

Ti: Inspiratory time

Te: Expiratory time

ANOVA: Analysis of variance

AHI: Apnea-hypopnea index

BIT index: Breathing intolerance index

EFL: Expiratory flow limitation

FEV,: Forced expiratory volume in one second
FRC: Functional residual capacity

FVC: Forced vital capacity

IC: Inspiratory capacity
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