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Figure 5 Relationships between glucose infusion rate (GIR) improving ratio and anthropometric data.
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Figure 6 Relationships between glucose infusion rate (GIR) improving ratio and diabetic control. FPG, fasting plasma

glucose.

that the greater body mass index or body fat ratio
facilitates the improvement of glucose sensitivity.
GIR ratio was negatively correlated both with BMI
(r=0.608, Fig. 5 left panel) and body fat ratio
(r=0.475, Fig. 5 right panel).

Improvement in glucose uptake was also affected
by control status of diabetes mellitus. As the
control status becomes poorer, glucose uptake
improved greater. GIR improving ratio was sig-
nificantly correlated with fasting plasma glucose
(r=0.414, Fig. 6 left panel) and HbA1c (r=0.344,
Fig. 6 right panel).

Some patients were taking antidiabetic agents.
GIR improving ratio of patients with and with-
out oral antidiabetic drugs was 224.2 +85.8% vs.
210.8 £ 62.5% (mean=S.D.). There was no sig-
nificant difference between them. As well, GIR
improving ratio of patients with and without insulin
therapy were 268.1+73.0% vs. 202.0+65.8%
(mean+S.D.). There was also no significant dif-
ference between them. These data indicate that
medical therapeutics do not modify the results.

Discussion

This paper revealed the acute effect of moderate
exercise on glucose uptake and its relevant factors.
Glucose sensitivity improved dramatically within
15min after the commencement of exercise. It lasts
at least 15min after cessation of exercise. This
improvement was extreme in patients with greater
body weight and fat accumulation, as well as poorer
diabetes control.

GIR showed 216.7% increase in this study. All
three factors to regulate the glucose uptake by
skeletal muscle, which were previously described
in this paper, would be involved. Blood flow to
the working muscle increases 10-fold [16]. Glu-
cose transporter (GLUT)-4 translocation to the cell
surface increases more than 2-fold by exercise
stimulus [17]. Of course, exercise needs greater
ATP, which is produced by glycolysis. Although, we
cannot determine which mechanism is the most
determinant in this study, all of the mechanisms
seem important.
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Figure 7 Relationships between glucose infusion rate (GIR) improving ratio and exercise tolerance. AT, anaerabic

threshold.

In our study, although IR was relatively abnor-
mal at rest, GIR during exercise improved to the
normal range. This may be explained by the fact
that there are two different manners to stim-
ulate the GLUT-4 translocation. Experimentally,
short duration of electrical muscle stimulation
(EMS) facilitates GLUT-4 translocation [18]. The
deformity of skeletal muscle cell structure due
to muscle contraction is a key signal to stim-
ulate the AMP-activated protein kinase (AMPK)
which induces GLUT-4 translocation independently
with insulin signaling pathway [19]. That is,
there is another way to increase translocation of
GLUT-4 independently with insulin receptor acti-
vation. Since exercise intervention causes skeletal
muscle contraction, this may be one of the
main mechanisms to induce the improvement
of IR.

Our study revealed that improvement in glu-
cose utilization occurs within 15min after starting
exercise. This time course matches the preceding
experiment [20]. It is also reported that AMPK is
activated in muscle of subjects with type 2 dia-
betes mellitus within 20 min after commencement
of exercise [21]. Acute effect of exercise on up-
regulating the GLUT-4 to the cell surface is not due
to a protein and/or mRNA expression since it usually
takes a few days, but due to a translocation from
an intracellular storage to cell surface. Therefore,
a rapid improvement of glucose uptake would be
due to a translocation of GLUT-4 from vesicle to
cell surface membrane.

The degree of IR is affected by the visceral fat
volume [22]. In our study, GIR was negatively cor-
related with body mass index and body fat ratio.
Our study also revealed that GIR improved greater
in fatter subjects and with poorer diabetic control.
This result is matched with the clinical findings that
blood glucose declines greater in diabetic patients

than normal subjects during exercise [23]. Skeletal
muscle glycogen storage is reported to be dimin-
ished in diabetes mellitus [24]. Greater amount
of glucose transfer would be necessary in dia-
betes mellitus whose intracellular glycogen pool
is exhausted to retain them and fulfill the energy
demand.

As for the effect of diabetes mellitus on GIR
improvement during exercise, we cannot discuss
whether GIR improvement is greater in diabetic
subjects than in normal subjects. However, we have
data from just one normal subject (Fig. 2D). From
this panel, it is supposed that GIR increases during
exercise in normal subjects too, and seemed that
improving ratio of healthy subject is smaller than
that in diabetic patients. Anyway, we must take
more data from normal subjects to determine the
effect of diabetes mellitus.

The relationship between exercise tolerance and
GIR improving ratio is shown in Fig. 7. There were
no significant relationships between them.

Study limitations

We tested only nine subjects. Although, there was
no intentional selection for the enrollment into
this study, there still leaves a possibility that when
larger mass is studied, results are affected. It is
desired to study using a greater number of subjects.

We measured neither plasma catecholamines nor
sympathetic nerve response during and after exer-
cise. They might affect the results of metabolic
change. It is reported that obesity is related to the
central nervous system [25]. Therefore, we must
not decide that only anthropometric abnormali-
ties and/or poor diabetic control affect the GIR
improvement. These factors are just one of the
mechanisms to enhance the glucose uptake during
exercise,
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Conclusions

In conclusion, glucose uptake is revealed to
increase significantly within 15min after com-
mencement of moderate exercise, especially in
patients with obese and poorer controlled diabetes
mellitus. We must take care of the risk of hypo-
glycemia during exercise training in patients with
diabetes mellitus especially with obese and poorly
controlled diabetes mellitus.
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KEYWORDS Summary
Exercise tolerance; Background: Although patients with heart disease sometimes complain of short-
TV/RR slope; ness of breath with rapid and shallow ventilation, its precise characteristics are

unclear. We evaluated the relationship between exercise tolerance and the degree
of rapidness and shallowness of breathing during exercise.

Methods and results: Thirty-eight heart disease patients with shortness of breath
during daily activity underwent pulmonary function test and cardiopulmonary exer-
cise testing on the same day. Regression line relating tidal volume to respiratory rate
(TV/RR slope) during a ramp protocol below the inflection point was regarded as an
indicator of rapid ventilation. Tidal volume after the inflection point was regarded
as an indicator of shallow ventilation (TV at plateau). TV/RR slope showed weak
but significant positive correlation with anaerobic threshold (r=0.317) and peak
VO, (r=0.302). With VE vs. VCO, slope, it was negatively correlated (r = -0.528).
TV at plateau was strongly correlated with inspiratory capacity (r=0.641). It also
showed strong correlation with anaerobic threshold (r=0.594), peak VO, (r=0.550),
and VE vs. VCO; slope (r=—0.390). There was positive correlation between TV/RR
slope and TV at plateau (r=0.647).

Conclusions: It is suggested that both rapid breathing and shallow breathing are
related to impaired exercise tolerance. Shallow breathing is partly determined by
the ability of chest expansion.

© 2008 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights
reserved.
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Introduction

Although minute ventilation (VE) increases linearly
as work rate increases during a ramp exercise, an
increasing pattern of tidal volume (TV) and respi-
ratory rate (RR) is quite unigue. Normally, below
moderate work intensity during an incremental
exercise test, increase of VE mostly consists of
TV augmentation, while near the peak exercise,
increase of RR becomes a main factor to multiply
the VE.

This ventilation pattern can be clarified by plot-
ting TV as a function of RR during cardiopulmonary
exercise testing using a ramp protocol [1,2]. As
shown in Fig. 1, most of the TV vs. RR relationship
is illustrated as an angled line. Below the inflection
point, TV vs. RR relationship increases linearly in
most cases, and the steepness of this line is an
indicator of rapidness of ventilation. This slope
is called the TV/RR slope [1]. The TV after the
inflection point is an indicator of shallowness
of ventilation. Therefore, we can quantify the
rapidness and shallowness of ventilation using this
plot during a ramp exercise.

In patients with chronic heart failure, a rapid
and shallow ventilation mode is often investi-
gated [3]. Since the ratio of anatomic dead space
becomes greater and greater as the ventilation
mode becomes shallower, shallow breathing is
assumed to lead to deteriorated gas exchange.
Namely, the extent of abnormal ventilation pattern

almost normal pattern
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is assumed to relate with the degree of exer-
cise intolerance. This phenomenon is supposed to
occur not only in heart failure subjects. However,
the relationship between TV/RR slope and exercise
tolerance in heart disease patients has not been
well studied. Also, a relationship between ability
of chest expansion at rest and exercise tolerance
is unknown. Therefore, we planned to evaluate
the relationship between exercise tolerance and
shallowness and rapidness of ventilation in heart
disease patients.

Methods

Study populations

We studied 38 heart disease patients whose chief
complaint was shortness of breath during their
daily activity [ischemic heart disease 7, hyperten-
sion/hypertensive heart disease 21, arrhythmias
(sick sinus syndrome, atrial fibrillation, etc.) 9, s/p
CABG 3, s/p AVR 1, and valvular heart disease 3,
Table 1]. The degree of shortness of breath varied
since it was not diagnosed by pulmonary function
test but by subjects’ complaint, although six sub-
jects had obstructive pattern on their pulmonary
function test.

They underwent pulmonary function test and
cardiopulmonary exercise testing using a ramp pro-
tocol on a cycle ergometer on the same day.

rapid and shallow
breathing pattern

TV (mL)
4000 | ; —
TVIRR slope
inflection
2400 point
|
|
1600 |
|
800 ; |
gL : TV at plateau
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Figure 1 Examples of TV vs. RR relationship. Almost normal pattern and rapid and shallow breathing pattern of TV
vs. RR relationship. Left panel is from case 31. Although this patient shows severely impaired EF, his exercise tolerance
is preserved. His RR vs. TV relationship seems to be normal. Right panel is a sample of case 2. Her exercise tolerance
is impaired, and TV/RR slope is shallow and TV at plateau is low.
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Clinical data of enrolled subjects are shown in
Table 1. Patients with acute phase of myocardial
infarction or open heart surgery were excluded.

This study was approved by the ethics commit-
tee of Gunma Prefectural Cardiovascular Center.
Written informed consent was obtained from all
patients.

Exercise testing

Exercise tolerance was measured by cardiopul-
monary exercise test using a ramp protocol. Ramp
protocol starts 3 min at rest on ergometer, followed
by 3min unloaded exercise, and an incremental
exercise at 10W/min until exhaustion as usual
[4]. Respiratory flow was measured by breath-by-
breath method using gas analyzer (MINATO AE300S,
Minato lkagaku, Osaka, Japan). Anaerobic thresh-
old was determined by V-slope method [5]. Oxygen
uptake at peak exercise was regarded as peak
VO;. VE vs. VCO, slope was determined by lin-
ear regression analysis [6,7]. Anaerobic threshold
and VE vs. VCO; slope were regarded as indices
of exercise tolerance and severity of heart failure
[4,8,9].

TV vs. RR relationship was calculated using a
graph of TV as a function of RR (Figs. 1 and 2).
TV and RR related almost linearly during exercise
until moderate work intensity. Then, this linearity
broke down abruptly followed by nearly horizontal
line. Usually, this inflection point is between anaer-
obic threshold and respiratory compensation point.
We selected the earlier portion below the inflection
point for evaluating a TV vs. RR relationship. We

measured TV/RR slope by linear regression analysis
as an index of rapidness of breathing during exer-
cise. As well, we evaluated the value of TV after the
inflection point. TV at plateau was calculated using
alinear regression analysis. Its range of interest was
from the inflection point until the peak exercise. A
value of tidal ventilation at the point of intersec-
tion of these two lines was manually determined
and regarded as TV at plateau. We regarded this TV
at plateau as an index of shallowness of ventilation.
As for the inter- and intraobserver variation, intr-
aclass correlation coefficient (p) of TV at plateau
was 0.924 (p<0.001) and 0.909 (p<0.001). That is,
this method to determine the TV at plateau had
only a small unevenness and seemed to be reli-
able.

Although there is no paper that has shown TV/RR
slope numerically, from a graph in a described
paper, we can evaluate its value. Yokoyama et al.
[1] showed that TV/RR slope of normal subjects,
heart failure patients without shortness of breath
(peak VO; 19.5+0.9mL/min/kg), and with short-
ness of breath (peak VO, 19.0+40.5mL/min/kg)
were 78, 65, and 45, respectively. Similarly,
Dimopoulou et al. [10] reported that TV/RR slope
varied from 10 in heart failure patients (peak VO;:
12+ 3 mL/min/kg) to 120 in normal subjects (peak
VO;: 17 + 5mL/min/kg). Our average data of TV/RR
slope was 81.5+74.8 ranging from 3.0 to 316.0.
Therefore, subjects in this study seem to cover from
normal to relatively severe heart failing status from
the point of TV/RR slope.

As for the TV at plateau, Witte et al. showed that
tidal volume at the inflection point of normal sub-

TV (mL) Pre 2Mo 9Mo
4000 — — — ———————
| TVIRR slope - 611 | 75.9 | 942 |
|
3200/ TV at plateau (mL) 935 ; 1450 | 1510 ‘|
Peak VO, (mL/min/kg) ~ 14.9 | 20.0 ' 254 |
2400 . |
| \
| i
1600
|
800 >
|
0. - -~ e - :
0 20 30 40 50 20 30 40 50
RR (/min) RR (/min) RR (/min)

Figure 2 Example of improvement of TV vs. RR relationship. This is a sample of heart failure subjects (not included
in this study). As the peak VO, improves, pattern of TV vs. RR relationship changes.
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Figure 3 Relationship between TV/RR slope and exercise tolerance.

jects and heart failure patients (NYHA II-IIl, peak
V0,:19.7mL/min/kg)was 2.2 + 0.6 and 1.6 + 0.3 L,
respectively [2]. Yokoyama et al. showed 1.6L in
normals and 1.3L in heart failure patients. We
showed 1.099 +0.300L as an average value. There-
fore, as for the TV at plateau, subjects enrolled
to our study were evaluated as mild-to-moderate
heart failure status.

Pulmonary function test

Pulmonary function test was measured at rest using
Minato system 9 auto spirometer (Minato lkagaku).
Inspiratory capacity, which is an indicator of chest
expansion, was measured as usual.
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Statistical analysis

Data are expressed as mean + S.D. Correlation coef-
ficient was calculated to evaluate the relationship
between each parameter.

Results

All patients performed cardiopulmonary exercise
test until exhaustion without any complications.
Mean anaerobic threshold and the peak VO, were
14.1+2.5 and 23.0+ 3.9 mL/min/kg (86.4 + 15.0%
and 88.4 +25.6% of age- and gender-matched con-
trols, respectively). The average VE vs. VCO; slope
was 30.1+4.4,
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Figure 4 Relationship between TV at plateau and inspiratory capacity (left panel), and TV/RR slope (right panel).
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Figure 5 Relationship between TV at plateau and exercise tolerance.

Correlation between TV/RR slope and exercise
tolerance is shown in Fig. 3. There was mild cor-
relation between them (with anaerobic threshold,
r=0.317; peak VO,, r=0.302; VE vs. VCO; slope,
r=-0.528).

As for the shallowness of the breathing, the
relationship with chest expansion during exercise
is illustrated in Fig. 4 (left panel). TV at plateau
was strongly correlated with inspiratory capacity
(r=0.641). TV at plateau was also mildly corre-
lated with anaerobic threshold (r = 0.594), peak VO,
(r=0.550), and VE vs. VCO; slope (r=—0.390) as
shown in Fig. 5.

The relationship between the rapidness and shal-
lowness of breathing during exercise is shown in
Fig. 4 (right panel). They were positively correlated
(r=0.647).

Discussion

The present study clarified the relationship
between ventilation mode and exercise tolerance.
There are some previous papers concerning the
rapid and shallow ventilation mode in chronic heart
failure [2,3,11]. However, there was no paper
describing the correlation between exercise toler-
ance and abnormal ventilation mode. Therefore,
this is the first paper describing the correlation
coefficient between rapidness or shallowness and
exercise tolerance. Also, this paper first revealed
the close relationship between chest expansion at
rest and shallow breathing during exercise.

There are many reports describing the aug-
mented increase in VE during exercise in chronic
heart failure patients [2,3,6,11]. This increase in

VE is expressed as an augmentation of VE rel-
ative to the increase of carbon dioxide output
(VCO;), known as a VE vs. VCO; slope. Steepness of
VE vs. VCO; slope is regarded as a good indicator of
impaired exercise tolerance [6,12], abnormal mor-
tality [4,8,9], and increased symptoms. However,
although VE vs. VCO, slope is a well-established
indicator of exercise hyperpnea, and although an
increased VE is mostly consisted of augmented RR
as compared with TV [13], it is still difficult to eval-
uate the rapidness and shallowness of ventilation
during exercise from VE vs. VCO; slope.

Yokoyama et al. plotted the slope relating TV to
RR in chronic heart failure and this slope was set
as an index of rapidness of ventilatory mode [1].
In addition, they showed that there was a point on
the TV/RR slope at which RR started to increase to
TV. Although not necessarily this point appears as
an inflection point [10], in almost all the subjects,
TV reaches a plateau and constant at the maximal
and the highest value resulting in an increase in
RR in order to multiply the VE. The value of TV at
plateau is an indicator of shallowness of ventilation
during exercise. Therefore, we used TV/RR slope as
an index of rapidness and TV at plateau as an index
of shallowness of breathing during exercise.

In this study, it was shown that TV/RR slope cor-
related weakly with exercise tolerance. We are not
able to clarify the mechanism to enhance the fre-
quency of RR in patients with impaired exercise
tolerance from this study. However, it is speculated
that increased ergoreflex [14] due to diminished
skeletal muscle bulk [15] in these subjects facili-
tates the frequency of RR. As well, hypersensitized
peripheral and/or central chemoreceptor, which is
frequently seen in subjects with impaired exercise
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tolerance, also stimulates the frequency of breath-
ing [16]. Correlation coefficient between TV/RR
slope and exercise tolerance was weak in this study.
This may result from the fact that exercise toler-
ance is regulated by multiple factors.

This paper also clarified a positive relationship
between the depth of breathing and exercise tol-
erance. That is, we have demonstrated that TV at
plateau is smaller as subjects’ exercise tolerance is
lower. Also, we showed that shallowness of breath-
ing is highly correlated with inspiratory capacity.
These results suggest that lower TV during exercise
is deeply related to diminished chest expansion.
Shallow breathing has been reported to appear
when inspiratory muscle fatigue occurs, and this
respiration is reported to minimize the respiratory
sensation [17]. Also, increased lung stiffness due
to pulmonary congestion induces shallow breathing
[18]. These two mechanisms seem to account for
the shallow breathing in this study since respira-
tory muscle weakness [19] and increased pulmonary
wedge pressure during exercise [3] are common in
chronic heart failure, though subjects are not nec-
essarily the heart failure patients in this study.

In conclusion, it is revealed that both rapid
breathing and shallow breathing are related to
impaired exercise tolerance. Also, these two abnor-
malities are strongly correlated with each other,
and shallow breathing is determined by the ability
of chest expansion.
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