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Introduction

n a hypoxic environment the cardio-
pulmonary system faces several dis-
tinct challenges and it is well known 

that hypoxia negatively affects performance in 
endurance activities, including the middle and 
long distance events of athletics. Such a situa-
tion is found with increasing altitude as oxygen 
density and air pressure are reduced. Conse-
quently, the energy for exercise supplied by the 
aerobic pathways decreases and the work of 
breathing becomes harder. This in turn leads 
to poor mechanical efficiency and increased 
dyspnea – difficulty in breathing1

Some of the effects of hypoxic conditions on 
endurance exercise performance may be via 
the metaboreflex mediator of cardiovascular 
exercise response2, 3. In this phenomenon, the 
accumulation of metabolites such as lactic acid 
in the respiratory muscles activates group III 
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ABSTRACT
Hypoxia is known to negatively affect en-
durance performance, mainly because the 
energy for exercise supplied by the aero-
bic pathways decreases and the work of 
breathing becomes harder. The aim of this 
study was to investigate the effects of in-
spiratory muscle training (IMT) during a 
period of hypoxic altitude training. Twelve 
male endurance runners from the Iranian 
national team performed 3000m time tri-
als and were tested for energy cost, pe-
ripheral capillary oxygen saturation and 
inspiratory muscle strength (S-Index). They 
then underwent four weeks of training that 
included living at 2500m altitude and 16 
training sessions per week, three of which 
were at 1400m. The experimental group 
also performed IMT in the form of thirty 
deep inspirations twice daily, seven days 
per week. At the end of four weeks the ath-
letes performed a second time trial and un-
derwent the other parameter tests. The au-
thors found that IMT in an altitude training 
programme improves 3000m performance 
and increases S-Index but differences in 
peripheral capillary oxygen saturation and 
energy cost were not significant. They rec-
ommend further studies using more spe-
cific training programmes to understand 
the impact of IMT on peripheral capillary 
oxygen saturation and energy cost more 
precisely. 
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the phosphofructokinase gene expression to 
anaerobic pathways and to increased energy 
production via these pathways as a compen-
satory mechanism for the reduced energy sup-
plied by the aerobic pathways28. As the most 
plausible explanation for IMT-induced perfor-
mance adaptations lies within the reports of 
reduced effort sensations and increased SpO2 
at altitude29, 30, it is surprising that experimen-
tal models examining the effects of IMT have 
tended to do so in isolation rather than utilising 
IMT as an additional aid to an altitude/hypoxic 
training programme31. 

The aim of this study was to investigate 
whether inclusion of IMT in an altitude/hypoxic 
training programme would a) significantly im-
prove 3000m running performance at low alti-
tude, b) increase maximum muscular power (cm 
H2O) for an inspiration (S-Index), and c) increase 
the magnitude of SpO2 measured at rest.

Methods and Materials 
 
Subjects

Twelve male endurance runners from the 
national athletics team of the Islamic Republic 
of Iran agreed to participate in the study and 
written consent was taken from each of them. 
The institutional ethics committee approved all 
procedures employed in the study in advance 
(National Olympic Committee of the Islamic Re-
public of Iran letter no. 2634). We ensured that 
there was no evidence of respiratory, cardio-
vascular or infection diseases or diabetes in any 
of the study subjects. Allergies, smoking and 
supplement use were other excluding criteria. 

Experimental design
The study was conducted after the com-

petitive season during the subject athletes’ pe-
riod of rest. They were first called to the Olym-
pic training camp for checks of their height, 
weight, and Body Mass Index (BMI). After they 
became familiar with the Power Breath device 
(K5 model, United Kingdom) and SPIROLAB 
pulse oximeter device (MIR, Italy), we used 
the Power Breath to measure the maximum 
muscular power (cm H2O) for an inspiration (S-

and especially group IV nerve afferents. This 
ultimately triggers a brain sympathetic outflow 
increase and causes vasoconstriction in the 
exercising limbs, redirecting blood flow from 
the locomotor muscles to assist the respira-
tory muscles4, 5. 

Multiple studies demonstrate that respira-
tory muscle training (RMT) helps improve en-
durance exercise performance. Runners6, 7, 
cyclists8-12 and swimmers exercising both on 
the surface13, 14 and at various depths15 have in-
creased their endurance following RMT, some-
times by as much as 85%16. A particular form 
of RMT known as inspiratory muscle train-
ing (IMT) has been investigated as a method 
of particular value to sportsmen and sports-
women17. Mechanisms postulated to explain 
improvement from IMT include decreases in 
the rating of perceived breathlessness (RPB) 
or rating of perceived exertion (RPE) and an at-
tenuation of the metaboreflex phenomenon4, 5.

We have previously proposed that the inclu-
sion of IMT within a training programme might 
positively alter the perception of effort during 
training and consequently augment the venti-
lation parameters and quality of work accom-
plished. This in turn could be expected to en-
hance endurance performance18. Several other 
studies previously suggested that inclusion of 
IMT within a training programme might posi-
tively improve respiratory indexes including pe-
ripheral capillary oxygen saturation (SpO2), oxy-
gen partial pressure (PaO2), hemoglobin oxygen 
saturation (SaO2), and endurance performance, 
which would consequently augment the volume 
and quality of accomplished work19-27. 

Elite endurance athletes have utilised alti-
tude/hypoxic training in preparation for both 
high altitude and sea-level competition. The 
main methods currently used are ‘live high-
train high’ (LHTH), ‘live high-train low’ (LHTL), 
intermittent hypoxic exposure during rest (IHE), 
intermittent hypoxic exposure during continu-
ous sessions (IHT) and live high-train low and 
high’ (LHTLH)21. In each case, exposure to hy-
poxia is intended to lead to the body switching 
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Inspiratory muscle training and energy 
cost measurement

The training protocol for the EXP group 
included IMT in the form of thirty deep inspi-
rations performed twice daily (morning and 
evening), seven days per week for four weeks. 
These were performed with closed nose us-
ing the Power Breath device, which was also 
used to measure energy cost during the IMT. 

Data collection and statistical analyses
Data were collected and analysed using 

SPSS software (Version 21.0, SPSS, Chicago, 
Illinois). Parametric data assumptions were met 
(Shapiro-Wilks test), pre-training, post-training 
and group interactions results were statistically 
compared using two-way repeated measures 
analyses of variance (ANOVA), and post hoc 
Bonferroni tests of Honestly Significant Differ-
ence were conducted as appropriate. Probabil-
ity values of less than 0.05 were considered sig-
nificant. All results were expressed as mean and 
standard deviation (SD) unless otherwise stated.

Results

Measurements of the effect of altitude train-
ing on the variables studied (see Table 3 and 
Figures 1 to 3) along with the between-group 
factor revealed that the 3000m time trial per-
formance showed a significant difference 
(T=838/65, P=0/01) regardless of the group 
or training protocol followed. The post hoc 

Index), which is considered equal to maximum 
inspiratory pressure (MIP), and energy cost for 
all subjects. We used the SPIROLAB to mea-
sure SpO2 at altitude. We randomly divided the 
participants into an experimental group (EXP) 
(n=6) and a control group (CON) (n=6) and time 
trials over 3000m were staged for both groups 
on a standard 400m indoor track located at 
1400m altitude (see Table 1). 

At the end of the four weeks all the sub-
jects performed a second 3000m time trial at 
1400m and all inspiratory indexes were mea-
sured again.

 Altitude training intervention
After the initial data was collected, the sub-

ject athletes underwent training based at the 
Delfan Camp (2500m altitude) in the Zagros 
Mountains in western Iran. All the subjects 
followed similar programmes for four weeks. 
These included 16 training sessions per week, 
three of which were track sessions at low alti-
tude. The training means used included most 
of those employed by contemporary endur-
ance runners such as continuous aerobic, 
interval and repetition running, speed work, 
power and plyometric training at different vol-
umes and intensities (Table 2). In the evenings 
a measurement of SpO2 was carried out at alti-
tude on each subject for at least three minutes 
in a flat position using the SPIROLAB device.

Table 1: Pre- and post-altitude training anthropometric characteristics for the experimental (EXP) and in the 
control (CON) groups (mean ± SD)

EXP (n=6) CON (n=6)

Parameter
Pre- 

altitude
Post- 

altitude
Pre- 

altitude
Post-  

altitude

Age (yrs) 23.1±2.8 23.1±2.8 25.6±3.1 25.6±3.1

Height (cm) 178.3±4.0 178.3±4.0 182.6±3.3 182.6±3.3

Body mass (kg) 67.5±3.1 66.1±2.6 66.0±3.8 65.5±3.4

BMI (kg.m2) 21.2±0.3 20.8±0.4 20.7±1 19.7±1

Effects of IMT on Energy Cost at Elite Endurance Runners 
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Bonferroni test showed a significant difference 
(%2/66) between the EXP group and the CON 
group (p≤0.05). 

Statistical assessment of the S-Index mea-
surements (T=26/13, P=0/01) showed a signifi-
cant difference related to the duration of being 
exposed to altitude conditions (P≤0.05). But 
no significant differences between the groups 
due to IMT were indicated by post hoc Bonfer-
roni tests (P≤0.05). 

The results also indicated that, except for 
SpO2 (T=1/31, P=0/27) and energy cost (T=3/20, 
P=0/10), there were no significant differenc-
es in other variables in either group (P≥0.05).  

Table 3: Pre- and post-training characteristics of the experiment and in control groups

Indexes

CON group EXP group

PRE POST PRE POST

S-Index 
(cmH20)

110.23±22.3 130.60±10.8 122.45±22 141.54±18.35

Energy cost 
(J)

237±0.63 244±1.02 345±0.59 419±0.44

SpO2 (%) 94.30±0.32 94.33±0.22 94.35±0.24 94.58±0.62

Performance 
3000m (min)

9:03.29±0.18 8:40.52±0.30 9:01.20±0.20 8:30.31±0.50

Figure 3: Mean pre- to post-training energy cost for 
EXP and CON groups
No significant post-training in energy cost (p=0.10). Post-
training energy cost significantly in EXP group (p=0.05)

Figure 1: Mean pre- to post-training S-Index for EXP 
and CON groups
*significant post-training S-Index increase in, EXP (p=0.01). 
Post-training S-Index Significantly increased in EXP 
(p=0.05.)

Figure 2: Mean pre- to post-training 3000m perfor-
mance times for EXP and CON groups
*significant post-training increase in performance (p=0.00). 
Post-training performance significantly increased in EXP 
group (p=0.05)

Effects of IMT on Energy Cost at Elite Endurance Runners 
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hypoxic conditions is effective for improving 
25m performance in female swimmers, but 
this effect was not significant at 50m or 100m. 
One of the probable reasons for this outcome 
may be the already stronger respiratory sys-
tem in swimmers38. LIKEWISE, MCCONNELL 
& ROMER have shown that IMT improves time 
trial performance, accelerates recovery period, 
decreases lactate blood level and delays mus-
cle fatigue39. Utilising IMT in hypoxic conditions 
can reduce perceived exertion and improve 
performance without any side effects on respi-
ration indexes. There are reports that time trial 
performance and maximal oxygen uptake (VO2 
max) improve in cyclists after IMT10, 40. 

Maximum muscular power for an inspira-
tion (S-Index)

The current study also shows significantly 
improved S-Index scores (EXP=18.48%, 
CON=15.60%). These findings are consistent 
with those of MCCONNELL, KILDING et al and 
BROWN et al. They show inconsistency with 
the results of NICKS and WYLEGALA14, 41-43. 
MCCONNELL, KILDING et al showed that S-
Index improved with IMT in every sport stud-
ied except snorkelling and swimming. The 
main reason for not being effective in these 
cases might be related to water pressure on 
the chest during exercise. In addition, it is 
possible that the elite swimmers studied may 
have reached their optimal level of respiratory 
muscle function and therefore increases in the 
S-Index were not possible28-29. BROWN et al 
reported a significant increase of the S-Index 
in fifty males after IMT and found that skeletal 
and respiratory muscle endurance decreases 
in older age and respiratory muscle alterations 
in elderly people are similar with musculoskel-
etal changes during weight training44, 45. 

Arterial oxygen saturation (SpO2)
We did not observe any alteration in SpO2 at 

rest after IMT in hypoxic conditions. DOWNEY 
et al assessed the effect of IMT and observed 
SpO2 alterations in hypoxic conditions27. LO-
MAX obtained results of about 6% SpO2 at 
4880m and 5550m altitudes25. Because SpO2 
decreases with altitudes above 2500m, this in-
consistency might be due to the higher altitude 
used by LOMAX. 

Discussion

The current study showed that IMT contrib-
uted to significantly improved 3000m time trial 
performances and S-Index scores after a four-
week period of altitude/hypoxic training and it 
indicated the importance of hypoxic training 
for both the EXP and CON groups, regardless 
of IMT device impact. Even though significant 
differences of between-group S-Index were 
expected, none was found.

3000m performance
All 12 subjects, in both the EXP and CON 

groups, showed improved 3000m running 
times. These findings are consistent with 
those of MOHAMMADI MIRZAEI & MIRDAR32 
and several other research groups, which have 
shown that exposure to hypoxia leads to im-
prove endurance performance and 3–10% im-
provements in exercise economy with altitude 
training. This might come from a decreased 
cost of ventilation, greater carbohydrate (CHO) 
use for phosphorylation, or, more likely, from 
improved mitochondrial efficiency (as denoted 
by P/O ratio or an increase in ATP production 
per mole of oxygen used)33, 34. LEVINE et al re-
ported that sea-level endurance performance 
indicators were significantly increased for 14 
elite men and eight elite women runners af-
ter 27 days of living at 2500m and training at 
1250m (LHTL strategy): a 1.1% improvement in 
3000m time and a 3% increase in VO2max35. 
LEVINE & STRAY-GUNDERSEN showed 
that four weeks of living at moderate altitude 
(2500m) and training at low altitude (1250m) 
improved sea-level performance more than 
equivalent sea-level or LHTH training in 13 
well-trained runners36. Significant increase of 
running performance after living and training in 
high altitude is not consistence with the find-
ings of SIEBENMANN et al, who assessed the 
effects of LHTL in 16 male endurance cyclists 
and did not observe any significant difference 
in 26km time trial performance under normoxic 
conditions37. 

Our results also show significant improve-
ment in 3000m performance between-group 
in the EXP group using IMT (%2.66). ASTINC-
HAP & BEHPARVAR have reported that IMT in 

Effects of IMT on Energy Cost at Elite Endurance Runners 
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decreases in VE and F were accompanied by 
a decrease in inspiratory time of one breath/
total time of one breath (TI/TTot), owing pri-
marily to an increase in the expiratory phase 
of the breath. The longer expiratory duration 
during submersion at the shallower depths, 
when hyperventilation was observed—to pas-
sive expiration. This would allow more time for 
respiratory muscle relaxation, which has been 
shown to increase perfusion. While this should 
increase oxygen delivery to and metabolite 
clearance from the muscles, the change in TI/
TTot was only significant at rest and therefore is 
probably not part of the mechanism by which 
RRMT improves exercise performance13, 49-51. 

Conclusion 

Although IMT was shown to improve 
3000m running performance and S-Index, 
we found no significant changes in SpO2 and 
energy cost, contrary to what was expected. 
We recommend further studies using training 
programmes specifically designed for runners 
to understand the impact of IMT on SpO2 and 
energy cost more precisely.

Please send all correspondence to:
Mohammadi Mirzaei Roohollah
coach.iri@gmail.com
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Not being previously exposed to hypoxic 
condition probably leads to minute hyperventi-
lation as a primary response at first exposure. 
Consequently, peripheral chemo-receptors in 
the respiratory system may cope with hypoxia. 
However the respiratory organs are ultra-struc-
tured against any applied changes in different 
environmental conditions. SpO2 reduction due 
to climbing from sea level will decrease SaO2

46. 
Long alkalosis that occurs at high altitude as 
well as increasing 2,3–Diphosphoglycerate 
(DPG) concentration won't lead to complete 
respiratory compensation, but will navigate 
the balance between extra oxygen loading in 
the lungs, oxygen tissue proliferation and ul-
timately minimum PH disturbance. IMT may 
modify natural hyper-ventilation in response to 
hypoxia through such process19, 46, 47. 

In fact, chronic exposure to reduced partial 
pressure of oxygen, as it is the case at high 
altitude, decreases arterial oxygen saturation, 
provoking shifts in substrate metabolism. This 
increases the difficulty for the body to use oxi-
dative phosphorylation to produce the energy 
needed for endurance exercise; the glycolytic 
pathway is therefore favoured rather than other 
catabolic pathways, including fat catabolism 
for energy production, because it has the low-
est oxygen cost 48.

Energy cost 
In the current study, IMT in hypoxic condi-

tions made no significant difference in pre-test 
and post-test energy cost among the EXP 
group. We also found no significant difference 
in energy muscle cost between the groups un-
der hypoxic conditions. This was unexpected 
and the contradiction might be due to training 
protocol or even that we did not set the training 
protocol specifically for endurance runners. 
Several authors have shown that ventilation 
(VE) decrease, primarily due to lower breath 
frequency (F), led to reduction in respiratory 
muscle work during exercise. During rest, the 
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