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Inspiratory threshold loading reduces lipoperoxidation
in obese and normal-weight subjects
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Obesity is related to increased oxidative stress. Although low-intensity physical exercise reduces oxidative stress,
obese subjects may show exercise intolerance. For these subjects, inspiratory threshold loading could be an
alternative tool to reduce oxidative stress. We investigated the effects of inspiratory threshold loading on biomarkers
of oxidative stress in obese and normal-weight subjects. Twenty obese (31.4± 6 years old, 10 men and 10 women,
37.5± 4.7 kg/m2) and 20 normal-weight (29.4± 8 years old, 10 men and 10 women, 23.2± 1.5 kg/m2) subjects
matched for age and gender participated in the study. Maximal inspiratory pressure (MIP) was assessed by a pressure
transducer. Blood sampling was performed before and after loading and control protocols to assess thiobarbituric acid
reactive substances (TBARS), protein carbonylation, and reduced glutathione. Inspiratory threshold loading was
performed at 60% MIP and maintained until task failure. The 30-min control protocol was performed at 0 cmH2O.
Our results demonstrated that inspiratory threshold loading reduced TBARS across time in obese (6.21± 2.03 to
4.91± 2.14 nmol MDA/ml) and normal-weight subjects (5.60± 3.58 to 4.69± 2.80 nmol MDA/ml; p= 0.007), but
no change was observed in protein carbonyls and glutathione in both groups. The control protocol showed no
significant changes in TBARS and protein carbonyls. However, reduced glutathione was increased across time
in both groups (obese: from 0.50± 0.37 to 0.56± 0.35 μmol GSH/ml; normal-weight: from 0.61± 0.11 to
0.81± 0.23 μmol GSH/ml; p= 0.002). These findings suggest that inspiratory threshold loading could be potentially
used as an alternative tool to reduce oxidative stress in both normal-weight and obese individuals.
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Introduction

Obesity increases the risk of almost all causes of mortality (26). Greater body fat impairs
metabolic function and induces the production of reactive oxygen species (ROS), which
decreases antioxidant defenses and leads to oxidative damage (28). Oxidative stress can be
directly evaluated through free radical production (21) or indirectly via end products of
oxidative damage to lipids (9) and proteins (18). For example, thiobarbituric acid reactive
substances (TBARS) reflect oxidative damage in lipids (24), whereas protein carbonyls are
representative of oxidative damage to proteins (18). On the other hand, ROS-mediated
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oxidative damage can be inhibited by the antioxidant state and this can be evaluated by
antioxidative glutathione (GSH) (3).

It appears that an acute exercise bout may impact oxidative stress. A recently published
study found decreased TBARS, while catalase activity, an antioxidant that combats oxidative
stress, was increased 1 h after high-intensity intermittent exercise in obese middle-aged males
(27). This finding could be clinically relevant because oxidative stress in obese subjects is
related to the development of cardiovascular diseases (28). In contrast, previous studies have
shown that both intensive aerobic exercise (37) and resistance exercise (34) result in
increased lipid peroxidation in obese compared to non-obese individuals. Interestingly,
low-intensity aerobic exercise (performed at 50% of the heart rate reserve) decreases the 8-iso
prostaglandin F2α, an important biomarker of oxidative stress (13).

It also appears that inspiratory exercise has an acute effect on oxidative stress. In rats,
inspiratory loading at 50% maximal inspiratory pressure (MIP) for 1 h reduced nitrite and
nitrate (33) and increased oxidative stress in the diaphragm (30). In dogs, high-intensity
inspiratory load above 38% MIP maintained for 2 h increased protein tyrosine nitration and
carbonylation in the diaphragm muscle, an effect abolished by the administration of the
antioxidant acetylcysteine (4). Based on the fact that diaphragmatic breathing (14) and
low-intensity physical exercise acutely decrease oxidative stress in humans (13), we
hypothesized that inspiratory threshold loading would reduce oxidative stress. Since obesity
is associated with increased oxidative stress (8, 38) and lower adherence to physical activity
(11), inspiratory threshold loading could be an alternative tool to reduce oxidative stress. The
objective of this study was to investigate the acute effects of inspiratory threshold loading on
oxidative stress in obese and normal-weight subjects.

Materials and Methods

Ethical approval
The study was approved by the Ethics Committee in Research of the University of Cruz Alta
(approval no. CAAE: 51573315.7.0000.5322) and clinical trial registry number
NCT03056937. All volunteers provided written and verbal informed consent.

Participants
Twenty obese [10 men and 10 women; mean± standard deviation (SD): age, 31.4± 6 years
and body mass index (BMI), 37.5± 4.7 kg/m2] and 20 normal-weight subjects (10 men and
10 women; mean± SD: age, 29.4± 8 years and BMI, 23.2± 1.5 kg/m2). All individuals were
sedentary and non-smokers, free of cardiovascular, pulmonary, neuromuscular, and infec-
tious diseases. All experimental testing took place at the Laboratory of Physiology,
University of Cruz Alta, Brazil.

Study design
Participants attended the laboratory on three occasions (one familiarization session and two
experimental sessions). One week prior to the study, subjects were familiarized with the
protocols. All subjects were blinded to the inspiratory load performed (POWERbreathe
International, Ltd., Southam, United Kingdom). The subjects were oriented to achieve the
breathing frequency (15 breaths/min) and duty cycle [inspiratory time (IT)/total breathing
time (Ttot)= 0.75], guided by a computer-generated audio signal with distinct inspiratory and
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expiratory commands. On the day of the study, venous blood was taken after 15 min of
resting and at the end of both the inspiratory threshold loading protocol and the control
protocol for the analysis of markers of oxidative stress. The protocols were performed on
different days in a random order.

Study protocols
Inspiratory threshold loading protocol. After 20 min of rest, the inspiratory muscle strength
was determined via MIP measured by a pressure transducer connected to a system with two
unidirectional valves (DHD Inspiratory Muscle Trainer, Chicago, IL, USA). MIP was
determined during deep inspiration from residual volume against an occluded airway with
a minor air leak (2 mm) (1, 2). It was assessed 12 times to obtain 6 measurements with less
than 10% variation in the highest peak pressure sustained for 1 s (6). Inspiratory muscle
strength was expressed in cmH2O (25).

Inspiratory threshold loading protocol until task failure was induced by breathing against
an inspiratory load of 60% MIP with a prolonged duty cycle (IT/Ttot = 0.75). Each subject
wore a nose clip and breathed continuously through a POWERbreathe Plus Medium
Resistance Inspiratory Muscle Trainer on the inspiratory side. During each inspiratory effort,
subjects were instructed to achieve the preset target inspiratory pressure (60%MIP) traced on
the screen and sustain it during inspiration. Breathing frequency (15 breaths/min) and duty
cycle (IT/Ttot = 0.75) were guided by a computer-generated audio signal with distinct
inspiratory and expiratory commands. The criterion for task failure was defined as the
inability to generate the target inspiratory pressure for three consecutive inspiratory efforts
after which the subjects were instructed to continue to attempt to reach the target for
additional 1 min (29).

Control protocol
Subjects breathed continuously through a POWERbreathe Classic Medium Resistance
Inspiratory Muscle Trainer (Southam, United Kingdom) without inspiratory load (0 cmH2O)
for 30 min with the same breathing pattern performed during inspiratory threshold loading
protocol (29).

Oxidative stress analysis
Systemic lipid peroxidation was determined by the plasma levels of TBARS according to the
methods described by Jentzsch et al. (15). First, 220 μl of plasma was mixed with 1 ml of
phosphoric acid, 550 μl of distilled water, and 250 μl of thiobarbituric acid. The samples were
incubated for 45 min at 95 °C, and readings were taken in a visible spectrophotometer at
532 nm. The results were expressed as nmol MDA/ml plasma.

Protein carbonyl levels were determined using the technique described by Levine
et al. (22). Initially, 300 μl of plasma was diluted in 2.7 ml of HEPES. A 50 μl sample of this
dilution was used to determine the total protein with Labtest® commercial kit (Lagoa Santa,
Brazil), and 500 μl of the same diluted plasma was used to determine the protein carbonylated
using 250 μl of 10% trichloroacetic acid, 2N hydrochloric acid, 2, 4-dinitrophenylhydrazine,
and sodium dodecyl sulfate 3%, realizing a blank for each sample. The readings of the tests
and the whites of the tests were performed in a visible spectrophotometer at 370 nm.
The results were expressed as nmol carbonyl/mg protein.

Reduced GSH was determined by the technique described by Ellman (10). In brief, it
was used a solution containing 100 μl of plasma, 850 μl of potassium phosphate buffer (TFK)
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1M at pH 7.4, and 50 μl of 5,5′-dithiobis-(2-nitrobenzoic acid) (DTNB). The procedure was
performed in an ice bath. The DTNB was mixed only during reading, in a visible
spectrophotometer at 412 nm. The results were expressed as μmol GSH/ml.

Statistical analysis
Data were expressed as mean and SD. The analysis was performed using SPSS software,
version 22 (New York, USA). The data were normally distributed as determined by the
Kolmogorov–Smirnov test. Analysis of variance for repeated measures was used to
determine the effects of inspiratory threshold loading on oxidative stress in obese individuals
and in normal-weight individuals. Significance was set at p< 0.05.

Results

As expected, obese subjects had higher body weights and BMIs than normal-weight subjects
(Table I). Fasting glucose, triglycerides, and total cholesterol were higher in obese than in
normal-weight subjects. Inspiratory muscle strength did not differ between obese
(120± 45 cmH2O) and normal-weight subjects (118± 31 cmH2O, p= 0.81).

The inspiratory threshold loading at 60% MIP similarly reduced the levels of TBARS
across time in obese (from 6.21± 2.03 to 4.91± 2.14 nmol MDA/ml) and normal-weight
subjects (from 5.60± 3.58 to 4.69± 2.80 nmol MDA/ml; Fig. 1). There was no effect of
gender on TBARS responses to inspiratory threshold loading; when comparing men versus
women, regardless of the presence of obesity, TBARS was reduced across time (p= 0.008)
similarly in men and women (women: from 4.96± 2 to 3.87± 1.8 nmol MDA/ml; men: from
6.81± 3.5 to 5.81± 2.7 nmol MDA/ml). However, men did have greater TBARS at baseline
(p= 0.01; Fig. 2). There was not enough statistical power to evaluate the effects of inspiratory
threshold loading in gender subgroups of obese and normal-weight. Protein carbonyls
remained unchanged (obese: from 2.19± 1.70 to 2.6± 2.8 nmol protein carbonyl/mg;
normal-weight: from 2.68± 1.69 to 3.09± 2.18 nmol carbonyl/g protein, Fig. 3) as did

Table I. Clinical characteristics of obese and normal-weight individuals

Obese (n= 20) Normal-weight (n= 20) p

Age (years) 31.4± 6 29.4± 8 0.389

Gender (male/female) 10/10 10/10 –

Weight (kg) 107± 18 66± 8 0.001*

Height (m) 1.68± 0.8 1.68± 0.1 0.879

BMI (kg/m2) 37.5± 4.7 23.2± 1.5 0.001*

Glycemia (mg/dl) 93± 13 75.65± 7.4 0.001*

Triglycerides (mg/dl) 128± 53 91± 32 0.013*

Total cholesterol (mg/dl) 166± 32 147± 23 0.046*

BMI: body mass index.
*p< 0.05
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Fig. 1. Effects of inspiratory threshold loading on TBARS. Data were expressed as mean and standard deviation.
Inspiratory threshold loading reduced baseline TBARS in obese and normal-weight subjects. Measured values were

not significantly changed in the control protocol. †p< 0.05 baseline vs. end

Fig. 2. Effects of inspiratory threshold loading on
TBARS related to gender. Data were expressed as
mean and standard deviation. Inspiratory threshold

loading reduced TBARS similarly in men and women.
Men did have greater TBARS at baseline. *p< 0.05

woman vs. men. †p< 0.05 baseline vs. end

Fig. 3. Effects of inspiratory threshold loading on protein carbonyl. Data were expressed as mean and standard
deviation. Protein carbonyl was not significantly changed by inspiratory threshold loading and control protocol
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reduced GSH (obese: from 0.73± 0.18 to 0.73± 0.18 μmol GSH/ml; normal-weight: from
0.62± 0.19 to 0.62± 0.23 μmol GSH/ml; Fig. 4). There was insufficient statistical power to
analyze the effect of gender on protein carbonyls and reduced GSH responses to inspiratory
threshold loading regardless of the presence of obesity.

As expected, the control protocol performed without inspiratory load showed no
significant changes in TBARS (obese: from 5.58± 3.38 to 7.37± 4.1 nmol MDA/ml;
normal-weight: from 5.65± 2.38 to 5.51± 2.55 nmol MDA/ml; Fig. 1) and protein carbonyls
(obese: from 2.26± 1.96 to 3.27± 3.17 nmol protein carbonyl/mg; normal-weight: from
3.23± 2.03 to 3.36± 1.99 nmol carbonyl mg protein; Fig. 3). For the control protocol, there
was not enough statistical power to analyze the effects of gender on TBARS and protein
carbonyls.

However, reduced GSH was increased across time (p = 0.002) in both groups
(obese: from 0.50± 0.37 to 0.56± 0.35 μmol GSH/ml; normal-weight: from 0.61± 0.11 to
0.81± 0.23 μmol GSH/ml; Fig. 4). The control protocol induced a similar increase in
reduced GSH across time (p= 0.005) in men and women (women: from 0.68± 0.29 to
0.75± 0.25 μmol GSH/ml; men: from 0.48± 0.22 to 0.65± 0.34 μmol GSH/ml; Fig. 5).

Fig. 4. Effects of inspiratory threshold loading on reduced glutathione. Data were expressed as mean and standard
deviation. Inspiratory threshold loading did not change reduced glutathione. Control protocol induced an increase in

reduced glutathione in obese and normal-weight subjects. †p< 0.05 baseline vs. end

Fig. 5. Effects of control protocol on reduced
glutathione related to gender. Data were expressed as
mean and standard deviation. Control protocol induced
an increase in reduced glutathione similar in men and

women. †p< 0.05 baseline vs. end
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Discussion

This study demonstrates that inspiratory threshold loading reduces lipid peroxidation in both
obese and normal-weight subjects. This finding suggests that acute inspiratory exercise may
inhibit oxidative stress related to reduction in lipid oxidation.

In agreement with our findings, high-intensity intermittent physical exercise decreased
TBARS in obese middle-aged males (27) and walking exercise decreases the 8-iso prosta-
glandin F2α (13), a biomarker of oxidative stress, in type-2 diabetic patients. However, the
effects of acute physical exercise on oxidative stress biomarkers are divergent across studies.
For example, maximal graded treadmill exercise (37) and moderate-intensity aerobic and
resistance exercise (34) result in greater increases in lipid peroxidation in obese compared to
non-obese individuals. Perhaps, exercise involving a greater muscle mass contributes to
increased oxidative stress. However, a recent study shows that high-intensity interval exercise
on either treadmill or cycle ergometer induced a similar reduction in TBARS postexercise in
young men (19), despite treadmill exercise involving greater muscle mass. To our knowl-
edge, this is the first study to investigate the effects of inspiratory threshold loading on
oxidative stress in humans. This type of exercise differs from whole-body exercise and
involves far lesser muscle mass. In addition, diaphragmatic muscle appears to be better
protected from oxidative stress than hind limb skeletal muscles (32).

The effects of inspiratory threshold loading on oxidative stress have been only
investigated in animals (4, 30). A previous study in humans showed that diaphragmatic
breathing (without inspiratory load) reduced malondialdehyde and superoxide dismutase,
both markers of oxidative stress (14). This finding is in agreement with this study, in which
inspiratory threshold loading performed at 60% MIP reduced systemic lipoperoxidation
(TBARS) in obese and normal-weight humans. Although the mechanism involved in the
reduction of lipoperoxidation after inspiratory exercise remains unknown, we suppose that
there is a relationship between reduction in lipid peroxidation and oxidative capacity of the
diaphragm (36). In fact, aerobically trained rats showed a 30% lower level of lipid peroxides
compared to sedentary rats after a fatiguing diaphragm protocol (35).

As expected, in this study, the control protocol did not significantly change TBARS.
However, reduced GSH was increased in obese and normal-weight subjects after the control
protocol. In a previous study, diaphragmatic breathing improved GSH and vitamin C in
patients with type-2 diabetes (14). In addition, an earlier interventional yoga program
consisting of prayers, asana, pranayama, and meditation performed for 6 months increased
total antioxidant status in healthy individuals (31). In this study, controlled breathing acutely
increased the reduced GSH, which may be analogous to altered breathing during yoga.

Gender could affect oxidative stress (16), as demonstrated in this study, by lower levels
of TBARS in women compared to men at baseline. However, inspiratory threshold loading
induced similar reduction of TBARS in men and women. This finding is in agreement with a
previous study, in which changes of oxidative stress in response to exercise were similar in
men and women (12).

In this study, oxidative stress biomarkers were similar in obese and normal-weight
subjects at baseline in agreement with a previous study (37). Interestingly, metabolically
healthy normal-weight and metabolically healthy obese subjects showed similar changes in
TBARS after acute aerobic exercise (23). Hence, other comorbidities associated with obesity
may exacerbate oxidative damage in lipids and proteins and reduce the antioxidant state. A
previous study showed that advanced oxidation protein products were increased only in obese
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patients with diabetes compared to obese prediabetics and healthy controls (17). Advanced
oxidation protein products seem to be related to central obesity, triglycerides, lipid
peroxidation, and insulin (20). In addition, metabolic syndrome seems to increase lipid
peroxidation (7) and carbonyl protein (5). These data suggest that increased oxidative stress
in obese subjects could be related to metabolic comorbidities. However, in this study, the
baseline values of TBARS and protein carbonyls were not influenced by glycemia,
cholesterol, and blood pressure.

Based on the fact that inspiratory threshold loading acutely reduces lipid peroxidation, it
is possible that long-term inspiratory exercise training may inhibit oxidative stress and
provide clinical benefits for healthy individuals as well as patients with obesity.

Conclusions

Inspiratory threshold loading reduces lipid peroxidation in obese and normal-weight
subjects. These findings suggest that inspiratory threshold loading could be potentially
used as an alternative tool to reduce oxidative stress in both normal-weight and obese
individuals.
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