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Abstract A substudy of ghrelin treatment in a multi-
center trial previously revealed that administration of
ghrelin improves the exercise capacity of underweight
COPD patients. To clarify exertional dyspnea more pre-
cisely, exploratory analysis was conducted on data from the
substudy. Of 20 underweight COPD patients who were
randomized to pulmonary rehabilitation with intravenous
ghrelin (2 pg/kg, n = 10) or placebo (n = 10) twice daily
for 3 weeks in the substudy, 16 (ghrelin = 9, placebo = 7)
could be investigated for dyspnea break-point on the dys-
pnea-ratio (%) of Aoxygen uptake (Voz) (= peak minus
resting Vo,) curve. A significant treatment effect of ghrelin
on percentage V02 at the dyspnea break-point to AVO2
(p = 0.049) was achieved. In conclusion, underweight
COPD npatients benefitted from ghrelin treatment in terms
of shifts to the early exercise phase of the dyspnea break-
point during a standardized exercise program.
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Introduction

Exertional dyspnea is a major symptom of patients with
chronic obstructive pulmonary disease (COPD) [1-3],
especially in its advanced stages, characterized by sig-
nificant systemic deterioration, so-called pulmonary
cachexia [4-6]. Ventilatory limitation in conjunction with
exertional dyspnea is an important reason COPD patients
stop exercise [3, 7-9]. For patients with respiratory dis-
eases we have previously shown that:

1 dyspnea during exercise reached a break-point at
which the level of dyspnea started to increase more
steeply; and

2 the break-point in dyspnea occurred at a similar point
to the lactate threshold point [10-13].

Such approaches might provide clues to the physio-
logical mechanisms of exertional dyspnea. However, the
development of effective treatments for exertional dyspnea
among these patients remains important.

Ghrelin, a 28-amino acid peptide, was first identified in
1999, when it was isolated from rat stomach as an en-
dogenous ligand of the growth hormone (GH) secretagogue
receptor (GHSR) [14]. Ghrelin may have many beneficial
effects for COPD patients, via GH-dependent and GH-in-
dependent mechanisms [15-18]. An open-label pilot study
previously showed that ghrelin may improve walking dis-
tance and symptoms for underweight COPD patients [19].
These encouraging results prompted us to undertake a
multicenter, randomized, double-blind, placebo-controlled
trial of ghrelin with 33 COPD patients; this showed that
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ghrelin administration improved symptoms and respiratory
muscle strength [20]. In parallel with the main multicenter
trial, to understand the precise mechanism that underlies
the improvement of exercise performance or symptoms, a
substudy with 20 COPD patients was conducted in a single
center (Toneyama National Hospital) as part of the main
multicenter trial [21]. The substudy showed that ghrelin
administration improved exercise capacity and ventilatory
cardiac data, but that endurance time was not increased
after administration of ghrelin; in other words, COPD pa-
tients treated with ghrelin could exercise more rapidly.
Absolute dyspnea level during exercise was not sig-
nificantly improved compared with placebo [21], however,
which suggests a discrepancy between improved physio-
logical findings and measures of direct patient benefit, i.e.,
exertional dyspnea level. Therefore, after completion of the
main multicenter trial, including the substudy, to clarify
more precisely the exertional dyspnea pattern after treat-
ment with ghrelin, we examined, for a subpopulation of the
substudy (n = 20), whether ghrelin administration affects
the break-point in dyspnea during exercise. Sixteen patients
could be analyzed for break-point evaluations in an ex-
ploratory manner by use of data from the substudy. Pre-
liminary data included in this article have previously been
presented in abstract form [22].

Methods
Subjects

The eligibility criteria for the substudy [21] included:

1 severe to very severe COPD (forced expiratory volume
in one second (FEV1)/forced vital capacity (FVC)
(= FEV1 %) of less than 70 and %FEV1 of less than
50 %);

2 underweight (body mass index (BMI) <21 kg/mz);

3 clinically stable and able to participate in pulmonary
rehabilitation (PR);

4 between 20 and 85 years old; and

5 signed agreement for participation in this study.

Exclusion criteria for the substudy [21] were:

1 malignant tumors;

2 active infection;

3 severe heart disease;

4 hepatic dysfunction (serum levels of aspartate amino-
transferase and alanine aminotransferase twice, or
more, the upper limit of normal);

5 asthma;

6  definitely or possibly pregnant;

7 change in drug regimen within 4 weeks before par-
ticipation in this study; or
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8 judged to be unable to participate in this study by their
physician, in addition to the above exclusion criteria.

Of the patients who completed the substudy, patients
who were able:

1  to tolerate both the pre and post-cardiopulmonary ex-
ercise testing (CPET) for at least 4 min (that is, >4
measurement points) to ensure adequate dyspnea
break-point evaluation; and

2 to reach the dyspnea break-point determined by using
the intersection of two lines on plots of individual
dyspnea\—\'/o2 curves during exercise in both the pre-
and post CPETs

were included in the evaluation.
Study design

The substudy, which led to this exploratory study, was a
3-week, randomized, double-blind, placebo-controlled trial
of ghrelin administration during PR conducted at a single
center as part of the main multicenter trial between
September 1, 2005 and May 14, 2009 [20]. The substudy
protocol was approved by the ethics committee of the Na-
tional Hospital Organization Toneyama National Hospital
(approval number 0311) and was conducted in accordance
with the Declaration of Helsinki and Good Clinical Practice
guidelines. All participants were fully informed of the risks
associated with the study before giving their written in-
formed consent (in Japanese). Eligible participants were
randomly assigned in a 1:1 ratio to receive 3-week PR with
either ghrelin (2 pg/kg, ghrelin solution with 10 mL saline)
or placebo (Fig. 1). The randomization list was generated by
a statistician from Hamamatsu University School of Medi-
cine not participating in the study, and it was kept strictly
confidential until completion of the study. Randomization
was performed in our center, which was involved in the main
multicenter study. Neither the investigators nor the patients
were unaware of the treatment. The main multicenter study,
including the substudy, was registered at https://upload.
umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=
brows&type=summary&recptno=R000000103&language=
E (number C000000061). Of all the patients (n = 20) who
completed the substudy, 16 (ghrelin group, n = 9; placebo
group, n = 7) were able to tolerate both pre and post CPETs
to ensure adequate analysis for the break-point evaluations,
and their data were analyzed for break-point evaluations in
an exploratory manner.

Preparation of human ghrelin

Human ghrelin was prepared as described elsewhere [19—
21]. Administration of ghrelin (2 png/kg) or placebo was
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Fig. 1 Outline of the study
design. The substudy was
conducted in a single center
(Toneyama National Hospital)
as part of the main multicenter
trial. In this study, of 20 patients
in the substudy, 16 patients
could be analyzed the break-
point evaluations in an
exploratory manner by use of
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(n=16)
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performed intravenously over 30 min and repeated twice a
day for 3 weeks in hospital.

Pulmonary rehabilitation (PR)

Exercise training included in the PR program was con-
ducted with high-intensity targets as described elsewhere
[21]. The PR program included disease education, breath-
ing control techniques, and exercise training. The exercise
training sessions were performed as three sets daily, 5 days
a week, for 3 weeks, by use of electromechanically braked
cycle ergometers.

Outcome measures

For the exploratory analysis, the outcomes were changes in
dyspnea break-point, lactate break-point, and noradrenaline
break-point, which were determined from the point of in-
tersection of two lines on plots of individual dyspnea—V,,
lactate (LT)—VO2 and noradrenaline (NA)—VO2 during
exercise.

Procedures

Symptom-limited exercise tests were conducted on an
electrically-braked cycle ergometer (CV-1000SS; Lode,
Groningen, The Netherlands) with use of a CPET system
(Vmaxs-29 C; CareFusion 207, Palm Springs, CA, USA).
The incremental testing consisted of 2-min increments to

10 W, the protocol for which was different from that of the
main multicenter study. Measurements were collected under
room air conditions until subject exhaustion and included:
breath-by-breath cardiopulmonary data; intensity of dyspnea
(Borg scale); and arterial blood samples. Expired gas data
were collected as 30-s averages at rest, during exercise at
2-min intervals, and at the end of the exercise. Dyspnea
(Borg scale) and arterial blood were evaluated at rest, during
the last 15 s of each exercise stage, and at the end of the
exercise. Arterial blood samples for blood gas analysis,
plasma noradrenaline, and plasma lactate were obtained and
measured as described elsewhere [12].

Food intake
Food intake was evaluated as described elsewhere [20].
Data analysis

Break-point Break-points were determined for each patient
who was able to tolerate both the pre and post-CPETs for at
least 4 min (that is, >4 measurement points) to ensure
adequate break-point evaluations. A break-point was de-
termined for each patient by using the intersection of two
lines on plots of individual dyspnea—VO, (Fig. 2), lactate
(LT)—VOz, and noradrenaline (NA)-VO, plots during ex-
ercise. The location (%) of each break-point relative to
AVO, (= peak VO, — resting VO,) that occurs during
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Fig. 2 Dyspnea break-point (point A). First, a dyspnea break-point
was determined for each patient by using the intersection of two lines
on plots of dyspnea as a function of Vo,. Second, the location (%) of
each resulting dyspnea break-point relative to AVq, (= peak Vo, —
resting Voz) that occurs during exercise was calculated for each
patient by use of the equation 100 x (dyspnea break-point Vo, —
resting Voz)/AVoz. 50 % Vo2 point (point B). The Voz value at the
50 % Vo2 point was calculated for each patient by use of the equation
resting Vo2 + (peak Vo2 — resting Voz)/2. Next, the value of the
Borg scale at the 50 % Vo, point was calculated for each patient,

where the Borg scale on the Y axis corresponded to the 50 % VO2
point on the X axis by linear interpolation between adjacent
measurement points

exercise was calculated for each patient by use of the
equation 100 x (break-point VO, — resting Voz)/AVoz.
50 % Vo, point The Vo, value at the 50 % Vo, point
during exercise was calculated for each patient as shown in
Fig. 2. Next, each value (for instance, Borg scale) at each
50 % VO2 point was calculated by linear interpolation be-

tween adjacent measurement points, as described else-
where [10].

Statistical analysis

Data are presented as means + standard deviations, except
where otherwise indicated. Fisher’s exact tests and Wil-
coxon rank sum tests were used to compare baseline char-
acteristics between the groups. Effects were examined once,
soon after the 3-week intervention. The results at Week 3
were compared between the two groups by use of unpaired
t tests. The significance level had previously been set at
p < 0.05. (SAS 9.1.3; SAS Institute, Cary, NC, USA).

Results
Of all the patients (n = 20) who completed the substudy,
the data for 16 patients could be analyzed for break-point

evaluations (ghrelin group, n = 9; placebo group, n = 7).
Break-points were not determined for 3 patients because
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Table 1 Patients’ baseline characteristics®

Ghrelin, n = 9 Placebo, n = 7

Age, years 69.8 (5.9) 73.6 (4.6)
Sex, males/females 9/0 6/1
Height, cm 161.8 (6.2) 160.8 (6.0)
Weight, Kg 49.6 (6.3) 48.1 (8.8)
BMI, kg/m? 18.9 (2.0) 18.5 (2.5)
Cigarettes, pack-years 61.5 (29.9) 62.8 (20.6)
Pulmonary function

FEV1, L 0.81 (0.21) 0.85 (0.26)

%FEV 1, % predicted 30.7 (9.1) 35.1 (11.2)

FEV1/FVC, % 41.8 (8.1) 43.5 (9.1)

VC, L 2.54 (0.44) 2.74 (0.57)

%V C, % 79.0 (11.4) 91.2 (15.5)

RV, L 2.80 (0.42) 3.12 (0.66)

RV/TLC, % 52.5(7.3) 53.1 (5.4)

IC, L 1.51 (0.26) 1.80 (0.34)

DLco, % predicted 61.5 (25.2) 79.1 (24.5)
Exercise capacity in ICPET

Peak work rate, Watts 37.8 (13.0) 37.1 (7.6)

Peak Vo,, mL/kg/min 13.5 (3.8) 14.3 (3.2)
Medications

LAMA 7 3

SAMA 1 1

LABA 5 3

ICS 3 1

Methylxanthines 4 3

* The groups shown represent all patients analyzed for dyspnea
break-points both pre-treatment and post-treatment. Medications are
not mutually exclusive, and data are presented separately

Data are presented as mean (SD) unless otherwise stated

BMI body mass index, DLco carbon monoxide diffusing capacity,
FEV, forced expiratory volume in one second, FVC forced vital ca-
pacity, IC inspiratory capacity, /ICPET incremental cardiopulmonary
exercise test, /CS inhaled corticosteroids, LABA long-acting [,-ago-
nist, LAMA long-acting muscarinic antagonist, RV residual volume,
SAMA short-acting muscarinic antagonist, 7LC total lung capacity,
VC vital capacity

their endurance times were less than 4 min (i.e., only 3
measurement points were obtained) in one of the pre or
post CPETs. The other patient could not reach the break-
points because endurance times were very short in CPET,
even though 4 measurement points were obtained. There
were no significant differences between baseline charac-
teristics in the two groups (Table 1), but it is likely that
differences between treatment strategies and cardiopul-
monary function at baseline were large.

Exercise data and break-point in response to ghrelin

In this exploratory study, with incremental exercise, the
distribution of reasons for stopping exercise did not differ
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Fig. 3 Cardiopulmonary data-
ratios (%) from the AVO2 curves
of COPD patients during
pulmonary rehabilitation with
ghrelin or placebo.
Cardiopulmonary responses are
plotted against the ratio (%) of
AV, that occurs during
exercise. AVOZ, increment in
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SD. Dyspnea, noradrenaline,
and lactate break-points with
ghrelin were determined for 9,
9, and 8 patients, respectively,
and with placebo for 7, 7, and 6
patients, respectively.

*P < 0.05, mean differences
between pre-treatment and post-
treatment were analyzed for the
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between the ghrelin and placebo groups at pre-treatment.
Most patients stopped primarily because of dyspnea
(ghrelin group, 78 % vs. placebo group, 57 %), and fewer
patients stopped because of leg discomfort only (ghrelin
group, 22 % vs. placebo group, 43 %). The distributions
post-treatment were quite similar to those pre-treatment.
Peak V02 (mL/kg/min) was significantly different in the
ghrelin and placebo groups (mean difference from pre-
treatment (ghrelin minus placebo), i.e., treatment effect,
+1.2 mL/kg/min, 95 % CI, 0.0 to 2.5; p = 0.048), but
there was no significant between-group difference in en-
durance time, the results for which were similar to those
of the substudy [21]. At peak exercise, each mean dif-
ference in absolute dyspnea, absolute plasma nora-
drenaline level, and absolute plasma lactate level in the
ghrelin group was similar to that in the placebo group
(Fig. 3 and Table 2).

7 100 0 25 50 % 100
Percentage of Aoxysgen uptake (%)

The break-points for dyspnea, plasma noradrenaline,
and lactate were compared by using standardized oxygen
uptake. At pre-treatment, the exercise ratio of Vo, at each
dyspnea, NA, or LT break-point to each AVO2 (= peak
Vo, — resting Vo,) occurred at a similar exercise point in
the ghrelin and placebo groups (ghrelin group, mean (SD):
dyspnea break-point, 82 % (9 %); NA break-point 82 %
(10 %), LT break-point 77 % (13 %) vs. placebo group:
dyspnea break-point, 79 % (8 %); NA break-point 79 %
(7 %), LT break-point 72 % (5 %)). No treatment effect
compared with placebo was found for the absolute Borg
scale at the dyspnea break-point, for the absolute plasma
noradrenaline level at the NA break-point, or for the ab-
solute plasma lactate level at the LT break-point, as shown
in Fig. 3. Of note, a significant treatment effect of ghrelin
administration on percentage V02 at the dyspnea break-
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Table 2 Changes in peak incremental exercise data after pulmonary rehabilitation with ghrelin or placebo

Ghrelin, n = 9 Placebo, n = 7 Treatment effect (95 % CI; p value®)
Vo,, mL/kg/min 1.4 (0.9) 0.1 (1.4) 1.2 (0.0 to 2.5; 0.048)
Vo,, mL/min 69.3 (48.6) 8.4 (69.5) 60.9 (—2.3 to 124.1; 0.058)
Endurance time, s 56 (98) 83 (53) —27 (—115 to 61; 0.523)
Dyspnea, Borg —-0.4 (1.3) —1.0 (1.8) 0.6 (—1.1 to 2.2; 0.492)
Plasma LT, mg/dL 2.8 (7.9) 2.4 (12.0) 0.4 (—10.2 to 11.0; 0.937)
Plasma NA, ng/mL —0.19 (1.32) 0.03 (0.94) —0.22 (—1.49 to 1.05; 0.714)

Data are presented as mean (SD) unless otherwise indicated. LT plasma lactate level, NA plasma noradrenaline level; Treatment effect mean
difference from pre-treatment (ghrelin minus placebo); Vo, oxygen uptake

% Between-group difference (treatment effect) by unpaired #-test

Table 3 Changes in break-points during pulmonary rehabilitation with ghrelin or placebo

Ghrelin, % Placebo, % Treatment effect (95 % CI; p value®)
Dyspnea break-point —17 (15) 1 (18) —18 (—35.9 to —0.0; 0.049)
Noradrenaline break-point —11 (12) 3 (16) —14 (=29.1 to 1.0; 0.065)
Lactate break-point —12 (12) 7 (13) —19 (—34.1 to —4.2; 0.017)

Data are presented as mean difference, i.e., ghrelin minus placebo (SD). Dyspnea, noradrenaline, and lactate break-points with ghrelin were
determined for 9, 9, and 8 patients, respectively, and with placebo for 7, 7, and 6 patients, respectively

%, ratio of each oxygen uptake (Voz) at the break-point to A\'/o2 (peak Vo2 — resting Vog)- Treatment effect: mean difference from pre-treatment

(ghrelin minus placebo)
* Between-group difference (treatment effect) by unpaired r-test

point to AV02 (treatment effect —18 %, 95 % CI —35.9 to
—0.0, p = 0.049) was obtained, as shown in Fig. 3 and
Table 3. However, there was no significant treatment effect
of ghrelin administration on the absolute value of Vo, at
the dyspnea break-point (treatment effect —43 mL/min,
95 % CI —143 to 56, p = 0.366). In addition, in the ghrelin
group, the mean difference from pre-treatment in the per-
centage of Vo, at the dyspnea break-point was negatively
correlated with the mean difference from pre-treatment in
peak Vo, (r = —0.696, 95 %CI —0.9 to —0.1, p = 0.035)
and positively correlated with the mean difference between
pH at peak exercise (r = 0.737, 95 %CI 0.1 to 0.9,
p = 0.021) but not with the mean difference between the
resting Vo, (r = —0.055, 95 %CI —0.7 to 0.6, p = 0.893).
Furthermore, the percentage of Vo2 at the LT break-point
to AVO2 was significantly shifted to the left in Fig. 3,
compared with placebo (treatment effect —19 %, 95 % CI
—34.1 to —4.2, p = 0.017).

Food intake and body weight

No treatment effect compared with placebo, which was
evaluated from pre-treatment, was found for food intake
(treatment effect +143 kcal, 95 % CI —183 to 469,
p = 0.363) after 3-week treatment, or for weight (treatment
effect +0.2 kg, 95 % CI —1.1to 1.6,p = 0.725) at 4 weeks
after the completion of 3-week treatment.
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Discussion

In this exploratory analysis of data from a randomized,
placebo-controlled trial [22], a significantly higher exercise
capacity during CPET was achieved after PR in combina-
tion with ghrelin administration, but no significant pro-
longation of endurance time for exercise or improvement
of dyspnea, assessed on the Borg scale, was observed.
However, this study showed that the relative location of the
dyspnea break-point shifted significantly to an earlier phase
of exercise during a standardized exercise program after
ghrelin administration.
We have previously shown that:

1 the dyspnea break-point during exercise occurred

similarly among COPD patients at the anaerobic

threshold (AT) point, and

2 the dyspnea break point during exercise occurred in a

later exercise phase among COPD patients than among
controls [10, 12].

The AT, in other words the lactate threshold, reflects a
sustainable Vo, and is an objective measure of cardiopul-
monary exercise capacity. AT is likely to change sig-
nificantly with changes in the extent of cardiopulmonary
dysfunction [23]. AT becomes progressively larger as the
severity of cardiopulmonary dysfunction decreases, but the
ratio of V02 at the AT to peak Vo2 becomes smaller [24,
25]. In this study:
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1  at pre-treatment, the dyspnea break-point also occurred
at a similar point to the lactate threshold point, which,
in turn, was located in a later exercise phase; and

2 when treated with ghrelin, the percentage of Vo2 at the
dyspnea break-point to A Vg, became smaller com-
pared with placebo, but the absolute value of Vo2 at the
dyspnea break-point was unchanged.

The relative change of the dyspnea break-point to an
early exercise phase after treatment by ghrelin was asso-
ciated with an increase in peak Vo, rather than a change in
resting VOz- This suggests that the relative change of the
dyspnea break-point was more strongly associated with
improvement in exercise capacity caused by ghrelin treat-
ment, although the percentage of Vo2 at the dyspnea break-
point is calculated using the both values of resting and peak
Voz- In general, above the AT point, exertional acidosis
develops in COPD patients, which in turn is not compen-
sated by their ventilatory ability to stop exercise immedi-
ately [3, 12, 26]. Given the relationship between the change
of the dyspnea break-point and the development of acidosis
at peak exercise in this study, these findings suggest that
after COPD patients treated with ghrelin reached the dys-
pnea break-point, they had more ability to increase exercise
capacity or VO2 by using their improved cardiopulmonary
function [21], even if severe exertional acidosis was pre-
sent at peak exercise. As a result, as shown in this study,
the exertional dyspnea pattern during a standardized exer-
cise program may be changed. We believe that the car-
diopulmonary improvements obtained by ghrelin
administration may result in a clinically significant change
in the exertional dyspnea pattern, and patients treated with
ghrelin may then be able to exercise more rapidly.

This study has some limitations. First, given the ex-
ploratory nature of the study, these findings should be re-
garded as preliminary, Furthermore, although the drug
regimen of enrolled patients was not changed within
4 weeks before participation or during the study, and the
treatment strategies in the two groups were not significantly
different (Table 1), the differences between bronchodilator
therapy at baseline were large. In addition, the enrolled
patients treated with ghrelin had slightly poorer cardiopul-
monary function at baseline. The results obtained in this
study might be affected by these biases and must be con-
firmed in future studies. Second, of 20 patients who com-
pleted the substudy, only 16 could be analyzed for break-
point evaluations. The number of evaluated participants was
small. In addition, it would be important to confirm whether
the findings obtained in this study are valid for the whole
range of COPD patients. Third, in this study, at week 7, i.e.,
4 weeks after completion of the intervention, the sustained
effects on the exertional dyspnea pattern of ghrelin

treatment should have been evaluated, as in the multicenter
trial [20]. Fourth, weight loss is an important risk factor for
COPD patients. In this study, the effect of ghrelin on weight
was not determined. When the ghrelin and placebo groups
were combined in one group, the relative decrease in weight
after the 3-week treatment, including the PR program (mean
change from pre-treatment (SD), —0.1 (0.9) kg) was fol-
lowed by an increase 4 weeks after completion of the
3-week treatment (mean change from 3-week treatment
(SD), +0.6 (1.1) kg). In this analysis, no such effect of PR
was observed in the placebo group. On the basis of the
condition of each patient, an appropriate PR program
should have been conducted, to checking what intensity and
which frequencies are effective. We also need to study
which other suitable treatments, for example nutrition
therapy are effective in conjunction with ghrelin.

In conclusion, although these findings might be regarded
as preliminary and should be confirmed by larger-scale
studies, the results of this exploratory analysis revealed that
underweight patients with COPD gained a clinically sig-
nificant benefit from ghrelin treatment with regard to
changes in the pattern of exertional dyspnea during a
standardized exercise program.
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