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Abstract

Objectives: A number of studies suggest that postprandial hyperglycemia produces oxidative stress, leading to
complications associated with diabetes. However, hyperglycemia-induced oxidative stress may affect groups of
people other than diabetics, such as smokers and athletes with specific diet plans. Based on previous reports that
seated breathing meditation reduces hyperglycemia, the present study was designed to determine the effects of
diaphragmatic breathing on postprandial plasma glycemia, insulin, oxidative stress, and antioxidant levels in
athletes with normal glucose metabolism.
Design: Data collected before and after consumption of a 900-calorie breakfast composed of 80% carbohydrates,
10% proteins, and 10% lipids were analyzed. Ten (10) minutes after the meal, 8 subjects spent 40 minutes
performing diaphragmatic breathing in a quiet place. The other 8 subjects, representing the control group, spent
the same time sitting in an equivalent quiet place reading a magazine.
Subjects: Data from 16 amateur male cyclists age 30.12 – 4.9 years ( – SD) were analyzed. Their mean height and
weight were 177.81 – 5.3 cm and 71.40 – 5.2 kg, respectively. All subjects underwent a physical examination and
were determined to be in good health.
Outcome measures: Blood samples were collected immediately before the meal as well as 1 hour and 2 hours
after the meal, and plasma levels of glucose, insulin, reactive oxygen metabolites, and biologic antioxidant
potential were determined. Heart rate was also recorded.
Results: Results show that in normal subjects, acute hyperglycemia induces free-radical production while re-
ducing the antioxidant levels ( p < 0.05). Diaphragmatic breathing reduces heart rates ( p < 0.01), increases insulin
( p < 0.05), reduces glycemia ( p < 0.01), and reduces free-radical production as indicated by the higher antioxi-
dants levels ( p < 0.05).
Conclusions: Diaphragmatic breathing, likely through the activation of the parasympathetic nervous system,
increases insulin, reduces glycemia, and reduces reactive oxygen species production.

Introduction

Anumber of studies suggest that postprandial hyper-
glycemia produces oxidative stress, leading to compli-

cations associated with diabetes.1–8 A decrease in plasma
antioxidant has been observed during glucose tolerance
tests.1–3 The baseline antioxidant level varies among subjects
and depends on the age, lifestyle, and illness. Since antioxi-
dants are consumed in the neutralization of oxidants, the
decrease in antioxidant levels is the consequence of an
increase of reactive oxygen species (ROS, also called free
radicals), which damage blood vessels. Indeed, if the admin-
istered glycemic load is accompanied by a concomitant dos-
age of antioxidants, endothelial dysfunction is reduced.4–6

Moreover, higher levels of hyperglycemia are also propor-
tional to low-density lipoprotein oxidation.7 Finally, post-
prandial plasma malondialdehyde increases significantly
more in people with diabetes than in normal subjects.8 Oxi-
dative stress is also induced by hyperlipidemia after con-
sumption of a meal rich in lipids.9,10 This finding suggests that
macronutrients play a significant role in the redox balance of
the organism.

Because a single short-term exposure to high levels
of glucose is sufficient to cause oxidative damage,11,12

hyperglycemia-induced oxidative stress may affect groups of
people other than people with diabetes, such as smokers, who
commonly experience altered postprandial glucose metabo-
lism.13 Moreover, in Western societies, the postprandial state
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comprises a considerable part of the day and the high obesity
rate is suggestive of poor eating habits associated with an
excessive caloric intake. Additionally, athletes with specific
diet plans frequently incur elevated postprandial plasma
glucose levels. Thus, achieving a thorough understanding of
postprandial physiology is important.

The authors commonly work with endurance athletes,
particularly cyclists. Because they expend a large amount of
energy, these athletes consume high-calorie meals with ap-
proximately 70%–85% of the calories coming from carbohy-
drates that have a high glycemic index.14–16 This eating
pattern is followed frequently during the training season and
especially prior to a race. Although this regimen is being
revised by nutritionists and trainers, the pre-race meal gen-
erally contains 3500–4000 kcal, 70% of which come from
carbohydrates. The pre-race breakfast consists of 800–
1000 kcal with approximately 80% carbohydrates. In subjects
with normal glucose metabolism, postprandial plasma glu-
cose levels do not reach the high levels measured in those
with diabetes. Nevertheless, postprandial glucose peak is
associated with a decrease in antioxidants and a concomitant
increase in markers of oxidative stress also in subjects with
normal glucose metabolism.1,8 Therefore, the athletes repre-
sent a proper model to study the relation between post-
prandial plasma glycemia and oxidative stress.

Interestingly, a recent study of Chaiopanont17 demon-
strated that seated breathing meditation exerts a hypogly-
cemic effect on patients with type 2 diabetes. Because
hyperglycemia is directly linked to oxidative stress, medita-
tion could reduce oxidative stress and its damaging effects.

The authors recently demonstrated that relaxation in-
duced by diaphragmatic breathing (DB) increases antioxi-
dant defenses and decreases oxidative stress in athletes after
exhaustive exercise.18 However, this earlier study revealed
the involvement of pathways not directly related to glucose
metabolism. On the basis of previous reports that seated
breathing meditation reduces hyperglycemia,17 the authors
designed the present study to determine the effects of dia-
phragmatic breathing on postprandial plasma glycemia, in-
sulin, oxidative stress, and antioxidant levels in athletes with
normal glucose metabolism.

Materials and Methods

Subjects

A retrospective analysis of data collected as part of a
monitoring program was performed during the training
season of a local team. Because the outcome of a race de-
pends on the amount of available energy, these athletes
frequently monitor several parameters of their plasma levels
in relation to meals and exercise in order to determine their
metabolic needs during a race. Moreover, because about 40
athletes supplemented their workouts with DB, to determine
the effects of DB on postprandial glucose metabolism and
oxidative stress, data were randomly selected of 16 subjects
over a sample of about 200 cyclists. The procedures followed
were in accordance with the ethical standards of the re-
sponsible committee on human experimentation and with
the Helsinki Declaration of 1975, as revised in 1983.

Data from 16 amateur male cyclists age 30.12 – 4.9 years
( – SD) were analyzed. Their mean height and weight were
177.81 – 5.3 cm and 71.40 – 5.2 kg, respectively. All subjects

underwent a physical examination and were determined to
be in good health. None of the subjects had taken medica-
tions or supplements within the past 10 days that might alter
the study outcome. Furthermore, no subjects had a history of
medical or surgical events that could affect the study out-
come, including cardiovascular disease or metabolic, renal,
hepatic, or musculoskeletal disorders.

Experimental procedure

The effects of DB on postprandial oxidative stress were
determined by analyzing data collected before and after
consumption of a 900-calorie breakfast composed of 80%
carbohydrates, 10% proteins, and 10% lipids. Ten (10) min-
utes after the meal, 8 athletes spent 40 minutes performing
DB in a quiet place. A few days before data collection, sub-
jects of the studied group were trained to relax by per-
forming DB and concentrating on their breath. All the
subjects followed the same procedure. The other 8 subjects,
representing the control group, spent the same time sitting in
an equivalent quiet place reading a magazine. Subjects of the
control group were selected among those not performing DB.

Blood samples were collected immediately before the meal
as well as 1 hour and 2 hours after the meal, and plasma
levels of glucose, insulin, reactive oxygen metabolites
(ROMs), and biologic antioxidant potential (BAP) were de-
termined. Heart rate was also continuously monitored for 2
hours following the meal.

Determination of ROMs

Oxidative stress was measured by performing the dROMs
test, which determines the level of ROMs.19 ROMs are pro-
duced by interaction of ROS with organic substrates such as
carbohydrates, lipids, amino acids, proteins, and nucleo-
tides.20 Of the known ROMs, hydrogen peroxides are con-
sidered markers and amplifiers of oxidative stress.21 The
dROMs test is based on the concept that plasma hydrogen
peroxides react with the transition metal ions liberated from
proteins in the acidic medium and are converted to alkoxy-
and peroxy- radicals. These newly formed radicals are able to
oxidize N,N-diethyl-para-phenylenediamine to the corre-
sponding radical cation, and the concentration of this cation
can be determined by spectrophotometry (absorption at 505-
nm wavelength). The dROMs test is expressed in U CARR
(Carratelli units) where 1 U CARR = 0.08 mg H2O2/dL.
Values higher than 300 U CARR are indicative of ongoing
oxidative stress.

Determination of biologic antioxidant potential

Antioxidant defense status was assessed by performing the
BAP test, which measures plasma levels of antioxidants. The
BAP test is based on the ability of a colored solution, con-
taining a source of ferric (Fe3 + ) ions bound to a special
chromogenic substrate, to decolorize when the Fe3 + ions are
reduced to ferrous ions (Fe2 + ). This reduction occurs only
when the solution is added to a reducing/antioxidant system.
First, 50 lL of ferric chloride reagent is transferred into the
cuvette containing the thiocyanate derivative reagent. The
resulting colored solution is gently mixed by inversion and
then subjected to a 550-nm photometric reading. Then, 10 lL
of plasma are added to the same cuvette, and the solution is
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gently mixed and incubated in a thermostatic block for 5
minutes at 37�C. After incubation, the sample is tested for
absorbance at 550 nm. BAP test results are expressed in lmol
Fe2 + /L of sample. Samples with values greater than
2200 lmol Fe2 + /L are considered to have normal BAP.

The dROMS and BAP tests were performed using apposite
kits and the appropriate FRAS4 instrumentation (Free Ra-
dical Analytical System 4, Health & Diagnostics Limited Co.,
Parma, Italy).

Determination of plasma glucose and insulin

Plasma glucose concentrations were determined by an
enzymatic kit. Insulin levels were determined by chemilu-
minescence. Both the tests were performed by a local labo-
ratory analysis.

Measurement of heart rate

Heart rate (HR) was monitored to identify any DB-
induced activation of the parasympathetic nervous system
(PNS), which also controls insulin secretion and tissue sen-
sitivity to insulin. The HR was measured for 20 seconds prior
to and 1 hour and 2 hours after the meal using a Polar cardio-
frequency meter (Polar Electro Italia S.p.A.). The means were
used for comparison between groups.

Statistical analysis

Distribution of variables was assessed by the Kolmogorov-
Smirnov test. Results were normally distributed. The com-
bined effect of the two factors (time and DB) on glucose,
insulin, ROMs, BAP, and HR was analyzed by repeated-
measure two-way analysis of variance (ANOVA) followed
by the Student-Newman-Keuls test ( post-hoc comparisons).
A p-value < 0.05 indicated statistical significance. Statistics
were compiled using Statistica 7 (StatSoft, Inc., USA)
software.

Results

Glucose and insulin variation

Figures 1 and 2 show the levels of insulin and glucose
from each group at baseline and both times following the

meal, respectively. ANOVA revealed a significant effect of
time on plasma glucose [F(1,46) = 732.66; p < 0.01] and insulin
[F(1,46) = 132.99; p < 0.01] levels.

More importantly, ANOVA [F(1,46) = 6.21; p < 0.05] and
post-hoc comparisons ( p < 0.01, DB versus control group) re-
vealed that DB significantly reduced plasma glucose level 60
minutes after the meal. The interaction between time and DB
was significant [F(1,46) = 4.40; p < 0.05]. Two (2) hours after
the meal, differences in glucose levels between the groups
were not statistically significant.

The decrease in plasma glucose corresponds with the DB-
induced insulin increase as shown in Figure 2.

ANOVA revealed a significant effect of DB [F(1,46) = 6.64;
p < 0.05] on insulin levels. Post-hoc comparisons confirmed
that, 60 minutes after the meal, insulin plasma levels were
higher in the DB group as compared with the control group
athletes ( p < 0.05, DB versus control group). The interaction
between time and DB was significant [F(1,46) = 5.29; p < 0.05].
Two (2) hours after the meal, differences in insulin levels
across groups were not statistically significant.

Changes in ROMs

Figure 3 shows ROMs levels before and after the meal in
both the groups.

FIG. 1. Effects of diaphragmatic breathing (DB) on plasma
glucose levels after a meal rich in carbohydrates. n = 8.
**p < 0.01 (Student-Newman-Keuls test, DB versus control
group).

FIG. 2. Effects of diaphragmatic breathing (DB) on plasma
insulin levels after a meal rich in carbohydrates. n = 8.
*p < 0.05 (Student-Newman-Keuls test, DB versus control
group).

FIG. 3. Effects of diaphragmatic breathing (DB) on test that
determines the level of reactive oxygen metabolites (dROMs)
after a meal rich in carbohydrates. 1 U CARR = 0.08 mg
H2O2/dL.
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The overall ANOVA revealed a significant effect of time
on ROM levels [F(1,46) = 178.88; p < 0.01]. Post-hoc compari-
son evidenced that time effect was significant in both of the
groups ( p < 0.01). The effects of DB on ROM levels were not
statistically significant [F(1,46) = 0.018; p > 0.05].

Biologic antioxidant potential

BAP levels revealed the effects of postprandial hypergly-
cemia on oxidative stress. Results are shown in Figure 4.
ANOVA revealed a significant effect of time on BAP levels
[F(1,46) = 15.97; p < 0.01]. Post-hoc comparisons evidenced
that the BAP decreased significantly only in the control
group after the meal ( p < 0.01). This result confirms that there
is have a useful model to determine the effect of hypergly-
cemia on oxidative stress.

Moreover, ANOVA revealed a significant effect of DB on
BAP levels [F(1,46) = 4.71; p < 0.05]. Post-hoc comparisons
confirmed that 120 minutes after the meal, the mean level of
BAP in athletes who performed DB was significantly higher
than that of the control group athletes ( p < 0.05, DB versus
control group). The interaction between time and DB was not
significant [F(1,46) = 3.25; p > 0.05].

Heart rate

Two-way ANOVA analysis was performed and revealed a
significant time [F(1,46) = 177.96; p < 0.01] and DB effect
[F(1,46) = 6.84; p < 0.05]. Post-hoc comparisons confirmed that
60 minutes after the meal, the mean HR in athletes who
performed DB was significantly lower than that of the con-
trol group athletes ( p < 0.05, DB versus control group).

Figure 5 shows the mean values of HR for both groups.
The interaction between time and DB was significant
[F(1,46) = 11.82; p > 0.01].

Discussion

This study demonstrates a significant effect of DB on
postprandial plasma levels of antioxidants. This effect is
achieved through the modulation of insulin and resultant
glucose metabolism. The effects of DB on ROM levels were
not statistically significant. This result was expected because
the postprandial increase in ROMs induced by a meal is

likely to be hindered by the antioxidant defense system. In
this context, the effect of hyperglycemia on oxidative stress
must be determined indirectly by analyzing the levels of
plasma antioxidants. Actually, in individuals with normal
BAP levels, the excess levels of ROS are promptly neutralized
by the antioxidant barrier before production of ROMs. This
scenario is particularly true in athletes, whose metabolisms
are adapted to compensate for the ROS induced by exer-
cise.22 On the contrary, when the ROS production reaches
high levels, as in diabetics, BAP could be inadequate to
neutralize them, and the increase in ROM levels is thus a
marker of oxidative stress. Because of these protective
mechanisms, as in many other studies,1–6 indirect evidences
were obtained to support the hypothesis that acute hyper-
glycemia induces the production of free radicals. Indeed,
BAP levels significantly decrease after a meal rich in carbo-
hydrates in the control group in this study.

We detected higher antioxidants levels in subjects who
performed DB. Whereas in other circumstances DB can
modulate the antioxidants levels with more complex mecha-
nisms,18 in this case, the increase in levels of antioxidants can
be directly related to the reduction of free radicals production.
In fact, if DB decreased ROS levels, antioxidants levels were
higher in the DB group than in the control group because
antioxidants were not consumed in oxidants neutralization.

Hyperglycemia is associated with oxidative stress and an
impaired antioxidant barrier.1–8 This mechanism seems to be
responsible in important disorders that affect people with
diabetes, such as cardiovascular diseases and atherosclerosis.
However, as reported previously by other researchers,1,8 the
present study shows that acute hyperglycemia is associated
with postprandial free radicals production in subjects with a
normal glucose metabolism. Particularly for endurance and
resistance athletes, oxidative stress occurs frequently and can
last for long periods.23–27 Beyond the long-term effects, in
athletes the oxidative stress may affect sporting performance
and may cause fatigue, muscle damage, and reduced im-
mune function.28,29 Together with intense exercise, a diet rich
in carbohydrates can contribute significantly to the increase
of oxidative stress. Since this study recently demonstrated
that DB reduces exercise-induced oxidative stress,18 DB may
represent a useful technique to protect athletes from adverse
effects of free radicals.

FIG. 4. Effects of diaphragmatic breathing (DB) on biologic
antioxidant potential (BAP) levels after a meal rich in car-
bohydrates. n = 8. **p < 0.01 (Student-Newman-Keuls test, DB
versus control group).

FIG. 5. Heart rate levels after a meal rich in carbohy-
drates. DB, diaphragmatic breathing. n = 8. *p < 0.05 (Student-
Newman-Keuls test, DB versus control group). bpm, beats
per minute.
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Because the mechanisms that link hyperglycemia with
oxidative stress are equivalent in normal and diabetic sub-
jects, it is plausible that the beneficial effects of DB can be of
use in persons with diabetes. Furthermore, because in people
with diabetes hyperglycemia-induced oxidative stress leads
to serious disorders, the positive effects of DB could be
greater in these patients.

As in the Chaiopanont study,17 the data of this study show
that breathing relaxation reduces plasma glucose. Moreover,
this study shows that DB exerts this effect by increasing
postprandial plasma insulin. Also, studies on long-term im-
plementation of relaxation procedures produced similar re-
sults.30–34 In these studies, relaxation was shown to have
protective effects in individuals with diabetes mellitus by
decreasing oxidative stress and improving antioxidant status
through the modulation of insulin levels. Although pro-
longed relaxation procedures are plausible methods to con-
trol stress, and thus cortisol levels, with a positive effect on
glucose metabolism, in the present study, the acute effects of
a short DB procedure on insulin levels should involve faster
mechanisms than mechanisms that control long-term effects
of relaxation. This study’s explanation of the DB effects is
that the pancreas is controlled by the PNS, which, among
other functions, promotes the secretion of insulin and in-
creases tissue sensitivity to this hormone, thus promoting the
storage of glucose. Because it has been demonstrated that
relaxation procedures shift the autonomic nervous balance
toward parasympathetic activity,35–39 the authors propose
that postprandial DB activates the PNS and thus induces
insulin secretion in the pancreas. Indeed, in support of this
proposal, DB also causes a reduction in heart rate, which is a
process controlled by the PNS.

DB is a fairly straightforward procedure. The only issue
would be to stay focused on breath; therefore, a short training
would help to improve concentration. Subjects were not fa-
miliar with DB and so were trained a few days before data
collection. Based on the results obtained by other researchers
with long-term relaxation procedures,20–23 it is plausible to
expect that a longer DB training would be even more effective.

All subjects followed the same procedure. However, it is
believed that similar techniques would elicit comparable
results. Being concentrated on breath is a very important
component of DB procedure and makes the difference with a
simple rest. Actually, it is likely that subjects of the control
group unconsciously conducted DB while reading. However,
subjects of the studied group reported that the act of per-
forming DB being concentrated on the breath is relaxing, a
sort of meditation, while unconscious DB is just restful.

Indeed, the differences between the control and DB groups
confirm this observation and demonstrate the efficacy of the
procedure adopted.

Data were collected during the training season, and it is
believed that this has characterized the results of this study.
Probably, different effects of DB would be expected without
physical activity, which itself is sufficient to alter the plasma
oxidant and antioxidant levels. For example, the suspension of
exercise decreases oxidant production, so antioxidant defense
increases. Moreover, during exercise, antioxidants are upre-
gulated and also mobilized from tissues to blood.40 Con-
versely, exercise represents an ideal situation for leveling
parameters among subjects, which might be too heterogeneous
for a statistical comparison of different experimental groups.

As a widespread procedure, we determined ROS metab-
olites. Measuring ROS directly in vivo is difficult because
they are unstable and have very short-lived intermediates.
Free radicals can be detected directly in conditions that limit
its use in vivo.41

Oxidative stress represents an imbalance between the
production of ROS and the BAP. Oxidants and antioxidants
levels are strictly interdependent, and an excessive increase
of ROS level is promptly neutralized by the antioxidant
systems. Therefore, defining a situation of oxidative stress on
the basis of plasma levels of oxidant and antioxidant is not
easy. This is particularly true when the increment in ROS
production is not particularly elevated or, as for athletes, the
organism is adapted to frequent elevated ROS levels.

In this study, the authors evidenced a decrease of post-
prandial BAP levels only in the control group, and a partial
effect of DB on oxidative stress. The increase of ROMs was
probably not sufficiently elevated to reveal the effect of DB.
Additional studies, also in different circumstances, will
contribute to elucidate the effects of DB on postprandial
oxidative stress.

Conclusions

Overall this study shows that in normal subjects, acute
hyperglycemia induces ROS production while reducing the
BAP levels. DB, likely through the activation of the PNS,
increases insulin, reduces glycemia, and reduces ROS pro-
duction. In addition to athletes, who can experience post-
prandial oxidative stress due to exercise, DB is a procedure
that may interest people with diabetes or obesity as well as
smokers because these groups of people typically have im-
paired postprandial glucose metabolisms.
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36. Peressutti C, Martı́n-González JM, Garcı́a-Manso J, Mesa D.
Heart rate dynamics in different levels of Zen meditation. Int
J Cardiol 2010;145:142–146.

37. Tang YY, Ma Y, Fan Y, et al. Central and autonomic nervous
system interaction is altered by short-term meditation. Proc
Natl Acad Sci U S A 2009;106:8865–8870.

38. Wu SD, Lo PC. Inward-attention meditation increases
parasympathetic activity: A study based on heart rate vari-
ability. Biomed Res 2008;29:245–250.

39. Phongsuphap S, Pongsupap Y, Chandanamattha P, Lursin-
sap C. Changes in heart rate variability during concentration
meditation. Int J Cardiol 2008;130:481–484.

40. Watson TA, Callister R, Taylor RD, et al. Antioxidant re-
striction and oxidative stress in short-duration exhaustive
exercise. Med Sci Sports Exerc 2005;37:63–71.

41. Ochsendorf FR. Infections in the male genital tract and re-
active oxygen species. Hum Reprod Update 1999;5:399–420.

Address correspondence to:
Daniele Martarelli, PhD

School of Pharmacy
Unit of Experimental Medicine and Public Health

University of Camerino
Via Madonna delle carceri 9
Camerino (Macerata) 62032

Italy

E-mail: daniele.martarelli@unicam.it

628 MARTARELLI ET AL.



Copyright of Journal of Alternative & Complementary Medicine is the property of Mary Ann Liebert, Inc. and

its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


