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The effect of acute magnesium loading on the maximal
exercise performance of stable chronic obstructive
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OBIJECTIVE: The potential influence of magnesium on exercise performance is a subject of increasing interest.
Magnesium has been shown to have bronchodilatatory properties in asthma and chronic obstructive pulmonary
disease patients. The aim of this study was to investigate the effects of acute magnesium IV loading on the aerobic
exercise performance of stable chronic obstructive pulmonary disease patients.

METHODS: Twenty male chronic obstructive pulmonary disease patients (66.248.3 years old, FEV;: 49.34+19.8%)
received an IV infusion of 2 g of either magnesium sulfate or saline on two randomly assigned occasions
approximately two days apart. Spirometry was performed both before and 45 minutes after the infusions. A
symptom-limited incremental maximal cardiopulmonary test was performed on a cycle ergometer at approximately
100 minutes after the end of the infusion. ClinicalTrials.gov: NCT00500864

RESULTS: Magnesium infusion was associated with significant reductions in the functional residual capacity (-0.41 1)
and residual volume (-0.47 1), the mean arterial blood pressure (-5.6 mmHg) and the cardiac double product (-
734.8 mmHg.bpm) at rest. Magnesium treatment led to significant increases in the maximal load reached (+8 w) and
the respiratory exchange ratio (0.06) at peak exercise. The subgroup of patients who showed increases in the work
load equal to or greater than 5 w also exhibited significantly greater improvements in inspiratory capacity (0.29 I).

CONCLUSIONS: The acute IV loading of magnesium promotes a reduction in static lung hyperinflation and improves
the exercise performance in stable chronic obstructive pulmonary disease patients. Improvements in respiratory
mechanics appear to be responsible for the latter finding.

KEYWORDS: Pulmonary Disease; Chronic Obstructive; Magnesium; Cardiopulmonary Exercise Test; Spirometry;
Blood Pressure; Circulatory and Respiratory Physiology.
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INTRODUCTION

Magnesium (Mg) is involved in a great number of
enzymatic reactions and may be involved in several
biological processes, such as energy production, glycogen
catabolism, control of neuronal activity, cardiac electric
conduction, muscular contraction, vasomotor tone, and
blood pressure (1,2). An increased interest in the potential
influence of Mg on exercise performance has been observed
in recent years (2-6).

Nutritional status is an important determinant of exercise
performance in patients with chronic respiratory diseases
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(7). A potential role for Mg supplementation in regard to
physical performance may be pronounced in these patients.
Dietary Mg intake has been shown to be related to lung
function, airway reactivity, and respiratory symptoms (8,9).
Some studies have suggested that patients with chronic
obstructive pulmonary disease (COPD) may exhibit
decreased body levels of Mg (10-12). This abnormality
may be related to the chronic use of medicines such as
steroids and bronchodilators or the presence of food in-
gestion disorders. Inhaled Mg and IV Mg administration
have been shown to promote bronchodilation and to
improve lung function in asthmatic subjects (13-15). The
IV administration of Mg during episodes of acute exacer-
bation of COPD in patients treated with albuterol leads to
improvements in the peak flow (12). In another study, also
involving COPD subjects with exacerbations, the effects of
IV Mg were evident only after albuterol inhalation (16).

In a previous study, we have investigated the acute effects
of the IV loading of Mg on the pulmonary function
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parameters of stable COPD patients (17). The treatment was
associated with a reduction in lung hyperinflation and an
improvement in respiratory muscle strength. The objective
of the present paper is to report the effects of acute Mg IV
loading on the exercise performance of stable COPD
subjects. We hypothesized that these patients would have
a high frequency of hypomagnesemia and that Mg treat-
ment would lead to improvements in their maximal exercise
performance, primarily in the most stable subjects with low
Mg levels.

MATERIALS AND METHODS

Patients

All patients had a diagnosis of COPD according to the
Global Initiative for Chronic Obstructive Lung Disease
criteria (18). All individuals were former smokers who
had quit smoking for at least 12 months. They also had been
in a stable clinical condition for at least two months before
admission to the study. Patients with a history of asthma or
allergy, renal failure, heart failure, arrhythmias or cardiac
electrical disturbances, or a significant disease other than
COPD, were excluded. Individuals on chronic oral steroids,
diuretics, or multimineral supplements were also excluded.
The study was approved by the institutional medical ethics
committee, and all of the volunteers gave their written
informed consent at the initial visit. The protocol has also
been registered at ClinicalTrials.gov (NCT00500864). The
pulmonary function data from 18 of the present patients
have been included in a previously published paper related
exclusively to the evaluation of Mg effects on spirometric
parameters and respiratory muscle strength (17).

Study design

This was a randomized, double-blinded, placebo-con-
trolled crossover study. The patients attended an initial visit
during which a clinical history was provided, pulmonary
function tests were performed, basal arterial blood gases
were determined, and blood for the Mg measurements was
obtained. The volunteers were then randomized by drawing
lots to receive one of two sequences of treatment: a placebo
on day 1 and Mg on day 2, or Mg on day 1 and a placebo on
day 2. Although we attempted to keep a fixed interval of
two days between day 1 and day 2, the personal issues of
some subjects led to the extension of this interval up to five
days. The placebo or the Mg was administered slowly by an
IV infusion through venous access in the arm. A total of
33ml of a 20% Mg sulfate aqueous solution (Aster,
Sorocaba, Brazil) was diluted in 67 ml of saline, correspond-
ing to 2 g of the salt. This dose was given to the patients
based on the recommendations in previously published
papers (19). The placebo was similarly administered as
100 ml of saline. All researchers and technicians were
blinded to the treatment administered, except for the
pharmacist who prepared the solution immediately before
the tests.

On the study days, the patients were subjected to the
following procedures: (i) pulmonary function tests; (ii) an IV
infusion of Mg or the placebo; (iii) blood venous sampling for
plasma Mg measurements 30 minutes after the end of the
infusion; (iv) a new set of pulmonary function tests
performed 45 minutes after the end of the infusion; and v)
a symptom-limited maximal cardiopulmonary exercise test
performed within 90 and 120 minutes after the end of the IV
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infusion. All physiological and biochemical measurements
were performed in the morning, with the patients abstaining
from the use of bronchodilators and anti-inflammatory or
any other type of medication for at least 18 hours prior to the
experimental procedures.

Pulmonary function tests

Spirometry data were obtained using a water-sealed Godard
spirometer (SensorMedics, Bilthoven, The Netherlands). The
forced vital capacity (FVC), forced expiratory volume in the
first second (FEV;) and the forced expiratory flow at 25-75% of
the expiratory curve (FEF,s 75¢,) were calculated employing
representative curves. The total lung capacity (TLC) and
residual volume (RV) were measured using the helium
dilution technique. The procedures were performed according
to the American Thoracic Society’s recommendations, and the
predicted normal values were based on Crapo et al. (20-22).

Exercise test

Symptom-limited incremental maximal cardiopulmonary
exercise tests were performed in a cycle ergometer (Corival
400, Lode, Holland) according to the Brazilian Cardiology
Society guidelines (23). All patients were submitted to a ramp
protocol comprising one resting minute, four minutes biking at
no load, and computer-driven automatic load increments every
minute after that. The ramp increments were set in an
individualized way, according to clinical estimates of the
subject’s exercise capacity. The exercise protocols were planned
for test durations between 8 and 12 minutes. The patients were
encouraged to maintain a velocity of 60 rpm, and the same
protocol was applied on both occasions. The heart rate and
rhythm were continuously monitored by an electrocardiogram
and an analogic polygraph (HP 7754A, Palo Alto, CA, USA).
Breath-by-breath respiratory measurements were registered
using an ergospirometer (CPX/D MedGraphics, St. Paul,
Minnesota). The arterial oxygen saturation was continuously
monitored by a pulse oximeter (Moriya 1001, Japan). The
arterial blood pressure was non-invasively measured at two-
minute intervals. The perceptions of dyspnea and leg effort
were measured at the end of the tests, using the modified Borg
scale.

Magnesium levels

Basal plasma magnesium levels were measured in the
venous blood samples collected into lithium-heparin tubes
during an initial visit. Blood samples were also obtained
from the arm that had not received the IV infusions on the
two protocol days. The samples were stored at -80°C after
processing, and all analyses were performed on the same
occasion using a Perkin Elmer model 3110 atomic absorp-
tion spectrometer (Waltham, MA, USA).

Statistical analysis

The data are reported as the means and the standard
deviations. The data obtained on days 1 and 2 were
compared according to the recommended methodology for
investigations with a crossover design, including an assess-
ment for period effects and treatment/period interactions
(24,25). Paired t-tests were employed in this setting. Post hoc
comparisons between the variables with the patients classi-
fied according to the degree of their response to the Mg
infusion were performed employing non-paired t-tests. A p-
value =0.05 was considered to be statistically significant.
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RESULTS

A total of 34 COPD patients were screened, 14 of whom
were not admitted to the study due to the exclusion criteria.
Twenty male patients were enrolled in the study (Table 1).
According to the GOLD standards, nine (45%) patients were
classified as having severe disease, seven (35%) were
classified as having moderate disease, three (15%) were
classified as having very severe disease, and one (5%) was
classified as having mild disease. The mean plasma Mg
level in the basal condition was within the normal range of
the method for the whole group. However, when we
analyzed the results considering the lower level of normal-
ity (1.5 Meq/L) as a limit, seven (35%) of the patients may
be classified as exhibiting an Mg deficiency.

The mean time interval between the first and the second
visit was 1.9 days, ranging from 1 to 5 days. Half of the
volunteers received a placebo on day 1 and Mg on day 2. The
statistical analysis showed no carryover effects, indicating
that the order of the treatments and the variable washout
period did not influence the final results. As expected, the
infusion of 2 g of magnesium sulfate was associated with a
significant increase in the mean plasma ion level compared
with the placebo (Figure 1). The patients did not complain of
serious side effects either during or immediately following
the Mg infusion. Three (15%) patients noted a transitory hot
wave sensation throughout their bodies. Another two (10%)
patients described a short period of drowsiness.

The administration of Mg was not associated with
significant changes in FVC, FEV,, FEV;/FVC or FEF»5 759,
(Table 2). Magnesium infusion was associated with a non-
significant decrease in TLC, but it was associated with
significant reductions in the residual volume (RV) and
functional residual capacity (FRC). The mean effects of the
Mg treatment on the TLC, RV and FRC were, respectively,
-0.301, -047 1, and -0.41 1. The inspiratory capacity (IC)
improved to approximately 0.12 I, but this change did not
reach statistical significance.

Table 1 - Characteristics of the 20 studied male COPD
patients*.

Age (years) 66.2+8.3
TLC (% predicted) 121.4+17.9
FVC (% predicted) 89.0+22.7
FEV,(% predicted) 49.3+19.8
FEV4/FVC 43.8+11.4
FEF,s5.750, (% predicted) 17.0+9.6
RV (% predicted) 169.7+52.6
FVC bd. response 7.7+8.0
(% baseline)

FEV, bd. response 9.0+7.3
(% baseline)

FEF,5.750, bd. response 13.9+18.6
(% baseline)

pH 7.42+0.03
PaO, 76.3+7.8
(mmHg)

PaCO, 40.3+3.9
(mmHg)

P(A-a)0; 21.94+6.7
(mmHg)

Plasma Mg level 1.6+0.4
(mEqg/1)

*TLC: total lung capacity; FVC: forced vital capacity; FEV,: forced
expiratory volume in the first second; FEF5 750,: middle curve forced
expiratory flow; P(A-a)O,: alveolo-arterial oxygen gradient.

Mg loading and exercise on COPD
Amaral AF et al.

p=0.0001
4- r
[ ]
1L
o d' lH
n
B g
i~
uu.l- 2‘ 'Y 3
E '-a!!!t'
[]
L ]
1- ®se®
0 L} L]
Post-Saline Post-Mg
Infusion Infusion

Figure 1 - Mg plasma levels after infusion of 2 g of magnesium
sulfate or saline in 20 male COPD patients.

Among the several cardiorespiratory parameters measured
with the patients seated on the cycle ergometer at rest,
administration of Mg led to significant decreases only in the
diastolic and mean arterial blood pressures (Table 3). In
addition, the cardiac double product was significantly reduced
as a result of Mg administration (-734.8 bpm.mmHg), and the
arterial oxygen saturation evaluated by the pulse oximeter
improved slightly (0.8%).

The use of Mg was associated with a significant increase
in the duration of exercise (53 seconds) and of the maximal
reached load (8.0 w) (Table 4). The respiratory exchange
ratio (RER) showed a small but significant increase after Mg
administration (0.06). Although Mg use led to a significant
increase in the tidal volume at the peak of exercise (90.2 ml),
there were no differences between the drug and the placebo
treatments regarding the maximal ventilation.

The anaerobic threshold could be determined in only 12
subjects due to technical questions. There were no sig-
nificant differences between the treatment and the placebo
days, except that the time required to reach the anaerobic
threshold after the Mg administration was significantly
longer than that observed after the placebo was adminis-
tered (10'23" +2'14"” x9'43” +1'51"; p=0.029). The mean
load reached at the anaerobic threshold was higher after the
Mg administration than after the saline was administered,
but the difference did not reach statistical significance
(52.9419.0 wx46.6 £19.7 w; p=0.083).

To clarify the potential mechanisms related to the exercise
improvements after Mg loading, we also analyzed the
results with the patients divided in two subgroups based on
changes in the maximal workloads that were lower than, or
equal to or higher than 5 watts, respectively designated as
Group I and Group II (Table 5). Ten patients were included
in each group, and they did not differ in regard to age
(64.9+9.6x67.5+7.0 years; p=0.499) or basal Mg plasma
levels (1.6+0.4x1.6+0.3 mEq/l; p=0.709). These groups
did not significantly differ regarding the treatment’s effect
on the Mg plasma levels or on the exercise hemodynamic
parameters. However, the Group II patients showed a
significantly better response of IC at rest and of the minute
ventilation at the exercise peak.

DISCUSSION

This study detected low plasma Mg levels in 35% of a
highly selective sample of COPD patients. This figure is
consistent with the results of previous papers (10,11).
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Table 2 - Effects of Mg loading on the pulmonary function parameters of 20 COPD patients*.

Treatment effect (Cl

Saline Mg 95%) (Mg-Saline)  p-value
Before After Before - After Before After Before - After
TLC (I) 6.35+1.16 6.47+0.95 0.12+0.80 6.194+0.85 6.01+1.04 -0.18+0.90 -0.30 (-0.73 - 0.13) 0.161
FVC (1) 2.85+0.80 2.8840.88 0.03+0.24 3.114+0.72 3.184+0.80 0.07+0.19 0.03 (-0.08 - 0.14) 0.542
FEV, (1) 1.27+0.56 1.26+0.61 -0.01+0.10 1.28+0.53 1.31+0.56 0.03+0.13 0.04 (-0.03 - 0.11) 0.227
FEV4/FVC (%) 43.4+10.4 42.4+11.1 -0.95 +3.21 42.4+10.5 42.7+9.9 0.29+3.41 1.24 (-0.88 - 3.36) 0.235
FEF25.7505 (1) 0.44+0.27 0.40+0.22 -0.03+0.11 0.43+0.24 0.43+0.24 -0.01+0.10 0.03 (-0.04 - 0.09) 0.370
FRC (I) 4.34+1.07 4.38+0.83 0.04+0.84 4.12+0.83 3.75+1.01 -0.37+0.93  -0.41(-0.82 --0.01)  0.048
RV (1) 3.40+1.03 3.544+0.99 0.13+0.83 3.214+0.69 2.87+0.92 -0.34+0.97  -0.47 (-0.92 - -0.02)  0.042
ERV (1) 0.94+0.58 0.85+0.56 -0.09+0.23 1.02+0.72 0.87+0.50 -0.14+0.51 -0.05 (-0.29 - 0.19) 0.677
1C (1) 1.98+0.49 2.07+0.56 0.09+0.31 2.05+0.43 2.25+0.48 0.20+0.27 0.12 (-0.05 - 0.28) 0.148

"TLC: total lung capacity; FVC: forced vital capacity; FEV;: forced expiratory volume in the first second; FEF,s.759,: middle curve forced expiratory flow; FRC:
functional residual capacity; ERV: expiratory reserve volume; IC: inspiratory capacity.

Most important, this study also demonstrated that acute
IV loading with 2 g of Mg sulfate attenuates static
hyperinflation and positively affects the maximal exercise
performance in stable COPD patients. We chose to
investigate the effects of Mg on exercise performance
following acute IV loading to guarantee similar stable
clinical conditions for the COPD patients on both study
days. Although the experimental conditions do not neces-
sarily replicate results that would be obtained with the
dietary supplementation of Mg for longer periods, they
suggest that elevations in the body’s Mg levels may be
associated with meaningful physiological effects for COPD.

Static hyperinflation in COPD results mainly from the
decreased elasticity of the lung parenchyma associated with
emphysematous changes (26). In this study, treatment with
Mg was associated with significant changes in the FRC and
RV, indicating its substantial effect on lung hyperinflation
approximately 45 minutes after the end of infusion. The
decreases in the FRC and the RV are, most likely, secondary
to the reductions in the expiratory airflow resistance
because there is evidence that Mg antagonizes the action
of calcium at the bronchial smooth muscle level, promoting
relaxation and bronchodilatation (27). Other potential
mechanisms leading to bronchodilatation may also include
the inhibition of the release of acetylcholine at the nerve

endings, stimulation of prostacyclin generation, and
increases in the local synthesis of nitric oxide (28-30).

The Mg loading also led to significant changes in the
cardiovascular parameters at rest. The mean blood pressure
dropped approximately 5.6 mmHg, and this effect was
secondary to a significant decrease of the diastolic measure-
ment. The latter finding suggests that Mg-promoted
peripheral arteriolar dilatation and the reduction of the
systemic peripheral resistance are the most important
mechanisms responsible for the decrease in the mean
arterial blood pressure (31). The significant effect on the
group’s mean double product following Mg use indicates
that the treatment was responsible for a reduction in the
heart’'s work and in the level of myocardial oxygen
consumption at rest.

A small but significant increase in SaO, has also been
found at rest following Mg administration. Although this
finding could actually represent an improvement in gas
exchange, an alternative explanation may be found in the
vasodilatory effect of Mg itself. Because pulse oximeters
evaluate SaO, based on changes in skin color, improve-
ments in peripheral perfusion associated with vasodilata-
tion may lead to overestimated readings (32).

The most striking finding observed in the incremental
maximal exercise test was the significant improvement in

Table 3 - Effects of Mg loading on the cardiorespiratory parameters of 20 COPD patients at rest*.

Treatment Effect (Cl 95%)

Saline Mg (Mg-Saline) p-value
HR (bpm) 74.6+11.2 72.8+9.8 -1.8(-5.4-1.8) 0.308
SBP (mmHg) 137.8+25.5 131.0+17.1 -6.8 (-15.6 — 2.1) 0.127
DBP (mmHg) 87.5+13.3 82.5+8.7 -5.0 (-9.2 - -0.8) 0.023
MBP (mmHg) 104.34+15.6 98.7+10.5 -5.6 (-10.2 - -1.0) 0.019
Sa0, (%) 95.2+2.3 95.9+2.0 0.8 (0.01 - 1.49) 0.048
Double product (bpm.mmHg) 10,261.3+2,291.9 9,526.5+1,638.5 -734.8 0.024
(-1,362.6 — -106.2)
RR (bpm) 19.0+5.4 19.3+3.7 0.3 (-2.1-2.7) 0.794
TV (ml) 517.0+150.7 575.4+222.4 58.4 (-62.8 - 179.5) 0.326
MV (I/min) 9.7+3.6 9.3+24 -0.4 (-2.0-1.2) 0.608
VO, (ml/min) 204.2+82.5 202.2+78 -2.0 (-46.9 - 43.0) 0.929
VCO; (ml/min) 167.6+66.4 167.5+67.2 -0.1 (-39.5 - 39.3) 0.996
RER 0.83+0.14 0.83+0.10 -0.01 (-0.072 - 0.062) 0.877
PETO, (mmHg) 101.9+5.4 100.9+4.9 -1.0 (-2.73 - 0.73) 0.240
PETCO, (mmHg) 30.1+4.2 30.2+3.1 0.05 (-1.14 - 1.24) 0.931

"HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean arterial blood pressure; SaO,: peripheral arterial oxygen saturation;
RR: respiratory rate; TV: tidal volume; MV: minute ventilation; VO,: oxygen consumption; VCO,: carbon dioxide production;
RER: respiratory exchange rate; PETO,: end tidal expiratory oxygen; PETCO,: end tidal expiratory carbon dioxide.
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Table 4 - Effects of Mg loading on the cardiorespiratory parameters of 20 COPD patients at maximal exercise*.

Treatment Effect (Cl 95%)

Saline Mg (Mg-Saline) p-value
HR peak (bpm) 133.3+12.7 135.6+13.0 23(-2.8-7.4) 0.355
HR peak/HR maxpred. 86.9+9.0 88.4+9.0 1.5(-1.8-4.3) 0.353
SBP peak (MmMHg) 194.0+33.2 191.0+25.4 -2.5(-9.3-43) 0.449
DBP peak (MmMHQ) 103.0+18.7 99.5+16.1 -3.5(-8.8 - 1.8) 0.185
MBP peak (MMHQ) 133.3+22.7 130.2+17.9 -3.2(-82-1.9 0.205
Sa0; peak (%) 91.1+3.0 91.6+3.4 0.5 (-1.0 - 2.0) 0.480
Double product (bpm.mmHg) 25,900 +5,375.7 25,876 +3641.9 (-734.8 — 1,341.5) 0.982
RR peak (bpm) 30.4+6.7 30.9+7.5 0.5(-1,4-24) 0.593
TV peak (ml) 1,318.4+314.8 1,408.5+286.8 90.2 (20.3 - 160.0) 0.014
MV peak (1) 41.1+15.1 43.6+15.5 2.5(-0.3-5.3) 0.078
MV peak MVV (%) 85.4+19.1 88.9+21.6 3.5 (-5.1-12.0) 0.405
Duration (min, sec) 12'42" + 3'43" 13'36" +3'19"” 53" (14" - 1'33") 0.011
Maximal load (w) 73.4+37.8 81.4+33.7 8.0 (1.5 - 14.4) 0.018
VO, peak (ml/min) 1,110.6 +342.5 1,110.3+319.8 8.7 (-54.6 - 72.0) 0.777
VCO; peak (MI/min) 1,216.8 +433.2 1,288.0+410.6 71.3 (-27.0 - 169.5) 0.146
RER peak 1.09+0.13 1.15+0.19 0.06 (0.01 - 0.11) 0.023
PETO, peak (MMHg) 98.1+10.0 98.6+10.6 0.5 (-0.9 - 1.9) 0.468
PETCO; peak (MMHQ) 39.2+8.3 38.9+8.7 -0.4 (-1.6 - 0.9) 0.548
Borg peak dyspnea 6.2+2.6 6.0+2.6 -0.2 (-0.91 - 0.51) 0.560
Borg peak leg effort 5.1+2.8 5.1+3.0 0.03 (-0.63 - 0.68) 0.937

"HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean arterial blood pressure; SaO,: peripheral arterial oxygen saturation;
RR: respiratory rate; TV: tidal volume; MV: minute ventilation; VO,: oxygen consumption; VCO,: carbon dioxide production;
RER: respiratory exchange rate; PETO,: end tidal expiratory oxygen; PETCO,: end tidal expiratory carbon dioxide.

the maximal achieved load associated with Mg treatment.
This occurred although there were no significant differences
in the peak oxygen consumption, or in Borg dyspnea and
the leg fatigue scores, between treatment days. These results
indicate that the overall exercise performance improved
after Mg loading, as more work was performed with the

Table 5 - Comparisons between Mg treatment effects
with COPD patients classified according to the level of
work load response *.

Group | Group Il

(n=10) (n=10) p-value
Plasmatic Mg (mEgq/L) 1.5+0.5 1.5+0.4 1
TLC (L) -0.46+1.02 -0.14+0.82 0.447
FVC (L) -0.03+0.21 0.10+0.26 0.209

FEV, (L) -0.01+0.17 0.09+0.12  0.158
FRC (L) -0.43+1.04 -0.40+0.72  0.947
RV (L) -0.57+1.10 -0.37+0.85  0.647
ERV (L) -0.07+0.70 -0.03+0.26  0.894
IC (L) -0.064+0.29 0.29+0.32  0.020
HRpeak (bpm) -0.4+9.7 50+11.7  0.278
MBPpeak (MMHg) 0.0+10.5 -6.310.6 0.197
Sa0; peak (%) 1,3+3.2 -0.3+3.2 0.260
MV peak () -0.8+4.5 5.8+5.6 0.009

-21.8+20.9 128.1+45.4 <0.0001
-2.6+5.8 18.5+11.0 <0.0001

-85.4+89.7 102.8+104.3 0.0004

-48.5+91.5 191.0+229.8 0.007

Duration (min, sec)
Maximal load (w)
VO3 peak (Ml/min)
VCO; peak (Ml/min)

RER peak 0.14+0.1 0.1+0.1 0.785
Borg peak dyspnea 0.3+1.2 -0.7+1.7 0.142
Borg peak leg effort 0.4+1.0 -0.3 1.7 0.312

“Group I: Changes in work load <5 w; Group II; Changes in work load
=5 w. TLC: total lung capacity; FVC: forced vital capacity; FEV;: forced
expiratory volume in the first second; FRC: functional respiratory
capacity; RV: residual volume; ERV: expiratory reserve volume;

IC: inspiratory capacity; HR: heart rate; MBP: mean blood pressure; SaO,:
peripheral arterial oxygen saturation; MV: minute ventilation;

VO,: oxygen consumption; VCO,: carbon dioxide production; RER:
respiratory exchange rate.
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same amount of VO, and corresponding levels of limiting
symptoms. The cardiovascular measurements evaluated at
the maximal exercise load also did not show significant
changes with Mg treatment. Although the tidal volume
measured at the peak of exercise was significantly higher
after Mg administration, the observed elevation in peak
ventilation did not reach statistical significance (p=0.078).

To further explore the potential mechanisms related to the
improvement of exercise performance, we have compared
the effects of the Mg treatment on the measurements of two
sub-sets of patients, classified according to the level of work
load responses. Neither basal Mg plasma levels, nor the
degree of Mg plasma elevations after loading, differed
between the groups. Additionally, there were no significant
differences in the hemodynamic parameters during exer-
cise. Both groups also exhibited decreases of similar
proportions in TLC, RV, and FRC after treatment. The
group with a positive exercise response, however, showed a
substantial increase in IC after the Mg infusion. This finding
strongly suggests that improvements in the respiratory
mechanics played an important role in the genesis of
improved exercise performance. This latter result is also
compatible with the concept that progressive respiratory
constraints are central limiting factors for maximal exercise
capacity in COPD, and it highlights the importance of IC
measurements in this setting (33-35).

It is worth noting that the minute ventilation at the peak
of exercise in Group II was significantly higher than that in
Group I. Although this finding might only reflect the higher
level of work load reached, it may also be interpreted as the
true mechanism responsible for an improved exercise
performance. The use of Mg, most likely, was associated
with reductions in dynamic hyperinflation during exercise
in the responders. Unfortunately, measurements of IC
during exercise, which is considered to be a proxy for
dynamic hyperinflation, were not available to completely
confirm this possibility (26).
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The overall set of results indicates that the improvement
in exercise performance that is associated with the Mg
treatment does not appear to be secondary to changes in the
heart function.

An additional potential contributing mechanism to the
present findings is that the Mg treatment led to a higher
efficacy of the exercise mechanism itself. The acute loading
of Mg may have influenced the muscle contraction or the
peripheral energy production process in this setting. Animal
studies have shown that Mg administration leads to
increases in the glucose available to tissues, decreases in
lactate release and increases in pyruvate production (36-39).
In addition, Mg oral supplementation in athletes has been
shown to increase glucose blood levels during exercise via
ACTH and cortisol discharge (39). Most importantly,
because Mg is a cofactor that binds to ATP molecules,
increases in intracellular Mg may also improve ATP
production and glucose utilization (40). It has also been
suggested that Mg supplementation may enhance the
endothelial function by increasing the local NO availability,
decreasing platelet aggregation, and reducing oxidative
stress (41,42).

Although the VO, and VCO, of the overall group of
patients did not differ between treatments, the RER showed
a small but significant increase after the Mg infusion (0.06;
p=0.023). This finding could be better explained by a
change in the metabolic profile, with an Mg-induced rise in
glucose utilization, as previously suggested.

The present study has several limitations, including the
small number of patients enrolled, the lack of a standard
inquiry for dietary Mg ingestion, the lack of an adequate
measurement of exercise dynamic hyperinflation, and the
need for biochemical determinations during exercise.
Dynamic inspiratory capacity evaluations and biochemical
measurements, such as blood lactate and glucose levels,
would permit less speculative explanations for the observed
improvements in exercise performance. As Mg has sub-
stantial metabolic actions, it would be more informative
if the present study had also measured intracellular Mg
concentrations. In addition, technical problems did not
permit the determination of the aerobic threshold in eight
COPD patients, which precluded an adequate analysis of
the data related to this parameter in the group.

The effects of Mg on peak exercise, although statistically
significant, were small, with a mean load addition of 8 w.
The clinical meaning of this finding is presently unknown,
but it appears that it should be of little relevance.
Additionally, this level of improvement was obtained with
mean Mg plasma levels of approximately 3 mEq/L, which
are substantially higher than in the typical physiological
range (1.5-2.5 MEq/L). On the other hand, intracellular Mg
levels may be more important than plasma measurements.
Certainly, definitive answers to the questions generated by
this paper will only be possible after clinical trials involving
the oral supplementation of Mg in COPD patients for longer
periods.

The acute IV loading of 2 g of Mg was associated with a
reduction in static hyperinflation and increases in the load
reached with incremental maximal exercise tests. Post-hoc
analyses indicated that the positive exercise response was
due to improvements in respiratory mechanics. The present
results suggest that higher circulating levels of Mg may be
beneficial for COPD patients. These findings also indicate
the need for further studies investigating the effects of
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chronic dietary supplementation with Mg on the pulmonary
function parameters and exercise tolerance of stable COPD
patients.

AUTHOR CONTRIBUTIONS

Amaral AF and Crescéncio JC conceived the study and were responsible
for the data collection and tabulating. Gallo Jr L and Vianna EO
conceived the study and were responsible for the manuscript writing.
Vannucchi H conceived the study and was responsible for the biochemical
measurements. Martinez JA conceived the study and was responsible for
the statistical analysis and manuscript writing.

REFERENCES

1. Saris NE, Mervaala E, Karppanen H, Khawaja JA, Lewestam A.
Magnesium. An update on physiological, clinical and analytical aspects.
Clin Chim Acta. 2000;294(1-2):1-26.

Finstad EW, Newhouse IJ, Lukaski HC, Mcaulifffe JE,Stewart CR. The
effects of magnesium supplementation on exercise performance. Med Sci
Sports Exerc. 2001;33(3):493-8.

Newhouse IJ, Finstad EW. The effects of magnesium supplementation on
exercise performance. Clin J Sport Med. 2000;10:195-200.

Lukaski HC, Nielsen FH. Dietary magnesium depletion affects metabolic
responses during submaximal exercise in postmenopausal women.
T Nutr. 2002;132(5):930-5.

Cinar V, Nizamlioglu M, Mogulkoc R. The effect of magnesium
supplementation on lactate levels of sportsmen and sedanter. Acta
Physiol Hung. 2006,93(2-3):137-44.

Shechter M, Bairey Merz CN, Stuehlinger HG, Slany ], Pochinger O,
Rabinowitz B. Effects of oral magnesium therapy on exercise tolerance,
exercise-induced chest pain, and quality of life in patients with coronary
artery disease. Am J Cardiol. 2003;91(5):517-21.

Sabino PG, Silva BM, Brunetto AF. Nutritional status is related to fat-free
mass, exercise capacity and inspiratory strength in severe chronic
obstructive pulmonary disease patients. Clinics. 2010;65(6):599-605,
http:/ /dx.doi.org/10.1590/51807-59322010000600007 .

Britton J, Pavord I, Richards K, Wisniewski A, Knox A, Lewis S, et al.
Dietary magnesium, lung function, wheezing, and airway hyperreactiv-
ity in a random adult population sample. Lancet. 1994;344(8919):357-62,
http://dx.doi.org/10.1016/50140-6736(94)91399-4.

Gilliland FD, Berhane KT, Li YF, Kim DH, Margolis HG. Dietary
magnesium, potassium, sodium, and children’s lung function.
Am | Epidemiol. 2002;155(2):125-31.

Cerci-Neto A, Ferreira Filho F, Parreira JS. The relative frequency of
hypomagnesemia in outpatients with chronic airfl ow limitation treated
at a referral center in the north of the state of Parand, Brazil. ] Bras
Pneumol. 2006;32(4):294-300.

Ruljancic N, Popovic-Grle S, Rumenjak V, Sokolic B, Malic A, Mihanovic
M, et al. COPD: magnesium in the plasma and polymorphonuclear cells
of patients during a stable phase. COPD. 2007;4(1):41-7, http://
dx.doi.org/10.1080/15412550601169513.

Skorodin MS, Tenholder MF, Yetter B, Owen KA, Waller RF,
Kahndelwahl S, et al. Magnesium sulfate in exacerbations of chronic
obstructive pulmonary disease. Arch Intern Med. 1995;155(5):496-500,
http://dx.doi.org/10.1001/archinte.1995.00430050072008.

Cheuk DK, Chau TC, Lee SL. A meta-analysis on intravenous
magnesium sulfate for treating acute asthma. Arch Dis Child, 2005;
90(1):74-7.

Blitz M, Blitz S, Hughes R, Diner B, Beasley R, Knopp J, et al. Aerosolized
magnesium sulfate for acute asthma: a systematic review. Chest.
2005;128(1):337-44, http://dx.doi.org/10.1378/chest.128.1.337.

Bichara MD, Goldman RD. Magnesium for treatment of asthma in
children. Can Fam Physician. 2009;55(9):887-9.

Abreu Gonzélez J, Hernandez Garcia C, Abreu Gonzalez P, et al [Effect
of intravenous magnesium sulfate on chronic obstructive pulmonary
disease exacerbations requiring hospitalization: a randomized placebo
controlled trial]. Arch Bronchoneumol. 2006;42(5):384-7, http://
dx.doi.org/10.1157/13091646.

Amaral AF, Rodrigues-Jinior AL, Terra Filho J, Vannucchi H, Martinez
JAB. Effects of acute magnesium loading on pulmonary function of
stable COPD patients. Med Sci Monit. 2008;14(10):LE15-6; author reply
E16-7.

Global Initiative for Chronic Obstructive Lung Disease. Global strategy
for the diagnosis, management and prevention of chronic obstructive
pulmonary disease. NHLBI/WHO workshop report. Available at:
www.goldcopd.com. Accessed March 9, 2011.

Bloch H, Silverman R, Mancherje N, Grant S, Jagminas L, Scharf SM.
Intravenous magnesium sulfate as an adjunct in the treatment of acute
asthma. Chest. 1995;107(6):1576-81, http://dx.doi.org/10.1378/
chest.107.6.1576.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.



CLINICS 2012;67(6):615-621

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Standardization of spirometry-1987 update. Statement of the American
Thoracic Society. Am Rev Respir Dis. 1987;136:1285-98, http://
dx.doi.org/10.1164/ajrccm /136.5.1285.

Crapo RA, Morris AH, Gardner RM. References spirometric values using
techniques and equipment that meet ATS recommendations. Am Rev
Respir Dis. 1981;123(6):659-64.

Crapo RO, Morris AH, Clayton PD, Nixon CR. Lung volumes in healthy
nonsmoking adults. Bull Eur Physiopathol Respir. 1982;18(3):419-25.
Sociedade Brasileira de Cardiologia. III Guidelines of Sociedade
Brasileira de Cardiologia on the exercise test. Arq Bras Cardiol.
2010;95(5 Suppl 1):1-26.

Grizzle JE. The two-period cross-over design and its use in clinical trials.
Biometrics. 1965;21:467-80, http:/ /dx.doi.org/10.2307/2528104.

Hills M, ArmitageP. The two period cross-over clinical trial. Br J Clin
Pharmacol. 1979;8(1):7-20.

Fergunson G. Why does the lung hyperinflate? Proc Am Thorac Soc.
2006;3(2):176-9, http:/ /dx.doi.org/10.1513/pats.200508-094DO.

Spivey MH, Skobeloff EM, Levin RM. Effect of magnesium chloride on
rabbit bronchial smooth muscle. Ann Emerg Med. 1990;19(1):1107-12,
http://dx.doi.org/10.1016/50196-0644(05)81513-6.

Del Castillo J, Engbauk L. The nature of the neuromuscular block
produced by magnesium. J Physiol, 1954;124(2):370-84.

Nadler JL, Goodson S, Rude RK. Evidence that prostacyclin mediates the
vascular action of magnesium in humans. Hypertension. 1987,9(4):379-83.
Kemp PA, Gardiner SM, March JE, Bennett T, Rubin PC. Effects of NG-
nitro-L-arginine methyl ester on regional haemodynamic responses to
MgSO, in conscious rats. Br ] Pharmacol. 1994;111(1):325-31.

Yogi A, Callera GE, Antunes TT, Tostes RC, Touyz RM. Vascular biology
of magnesium and its transporters in hypertension. Circ J. 2011;75(2):237-
45, http://dx.doi.org/10.1253/circj.CJ-10-1021.

Wukitsch MW, Petterson MT, Tobler DR, Pologe JA. Pulse oximetry:
analysis of theory, technology, and practice. ] Clin Monit. 1988;4(4):290-
301, http://dx.doi.org/10.1007/BF01617328.

O’Donnell DE, Webb KA. The major limitation to exercise performance
in COPD is dynamic hyperinflation. ] Appl Physiol. 2008;105(2):753-5;
discussion 755-7, http:/ /dx.doi.org/10.1152 /japplphysiol.90336.2008b.

621

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mg loading and exercise on COPD
Amaral AF et al.

Laveneziana P, Parker CM, O’Donnell DE. Ventilatory constraints and
dyspnea during exercise in chronic obstructive pulmonary disease. Appl
Physiol Nutr Metab. 2007;32(6):1225-38, http:/ /dx.doi.org/10.1139/H07-
119.

Ofir D, Laveneziana P, Webb KA, Lam YM, O’Donnell DE. Mechanisms
of dyspnea during cycle exercise in symptomatic patients with GOLD
stage I chronic obstructive pulmonary disease. Am ] Respir Crit Care
Med. 2008;177(6):622-9, http://dx.doi.org/10.1164/rccm.200707-
10640C.

Chen Y], Chen HY, Wang MF, Hsu MH, Liang WM, Cheng FC. Effects of
magnesium on exercise performance and plasma glucose and lactate
concentrations in rats using a novel blood-sampling technique. Appl
Physiol Nutr Metab. 2009;34(6):1040-7, http://dx.doi.org/10.1139/H09-
105.

Cheng SM, Yang DY, Lee CP, Pan HC, Lin MT, Chen SH, et al. Effects of
magnesium sulfate on dynamic changes of brain glucose and its
metabolites during a short-term forced swimming in gerbils. Eur ] Appl
Physiol. 2007;99(6):695-9.

Cheng SM, Yang LL, Chen SH, Hsu MH, Chen IJ, Cheng FC. Magnesium
sulfate enhances exercise performance and manipulates dynamic
changes in peripheral glucose utilization. Eur J Appl Physiol.
2010;108(2):363-9.

Cinar V, Mogulkoc R, Baltaci AK, Polat Y. Adrenocorticotropic hormone
and cortisol levels in athletes and sedentary subjects at rest and
exhaustion:effects of magnesium supplementation. Biol Trace Elem
Res. 2008;121(3):215-20, http://dx.doi.org/10.1007 /s12011-007-8052-0.
Mooren FC, Golf SW, Lechtermann A, Voler K. Alterations of ionized
Mg2+ in human blood after exercise. Life Sci. 2005;77(11): 1211-25, http://
dx.doi.org/10.1016/j.1fs.2004.12.040.

Fuentes JC, Salmon AA, Silver MA. Acute and chronic oral magnesium
supplementation: effects on endothelial function, exercise capacity, and
quality of life in patients with symptomatic heart failure. Congest Heart
Fail. 2006;12(1):9-13, http://dx.doi.org/10.1111/§.1527-5299.2006.04692.x.
Shechter M, Sharir M, Labrador MJ, Forrester M, Silver B, Bairey Merz
CN. Oral magnesium therapy improves endothelial function in patients
with coronary artery disease. Circulation. 2000;102(19):2353-8.



	Title
	Authors
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Study design
	Pulmonary function tests
	Exercise test
	Magnesium levels
	Statistical analysis
	RESULTS
	DISCUSSION
	Table 1
	Figure 
	Table 2
	Table 3
	Table 4
	Table 5
	REFERENCES
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33
	Reference 34
	Reference 35
	Reference 36
	Reference 37
	Reference 38
	Reference 39
	Reference 40
	Reference 41
	Reference 42


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


