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ABSTRACT
Objectives: The aim of the study was to determine the effects of two different types of single cardiac
rehabilitation (CR) exercise modes on the inflammation status, oxidative stress and total antioxidant
capacity (TAC) of saliva.
Methods: The study involved two groups of CR patients: group A (n = 21) used a cycloergometer, and
group B (n = 21) received breathing and balance exercises. C-reactive protein as an inflammatory
biomarker, malondialdehyde (MDA) as a measure of the level of oxidative stress and salivary 2.2-
diphenyl-1-picryl-hydrazyl (DPPH) as an index of TAC were performed twice: before the beginning
of the CR exercise (pre-CR) and immediately after (post-CR).
Results: No significant changes were observed for the inflammatory response of saliva after CR
exercise regardless of its type. MDA decreased (pre-CR: 39.7 ± 101.9 vs. post-CR: 16.8 ±
44.3 ng·mL−1; p < 0.01) and DPPH increased (pre-CR: 25.9 ± 16.7 vs. post-CR: 32.6 ± 14.0%
reduction; p < 0.05) after CR exercise in the group B, with similar but not statistically significant
changes in the group A.
Discussion: Two popular exercise modes, especially breathing and balance exercises, reduce salivary
oxidative stress and enhance the antioxidant potential of saliva in CR patients. The approval of saliva
as a non-invasive source of information about inflammation status, oxidative stress and antioxidant
capacity in cardiac patients requires further studies.
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1. Introduction

Regular moderate physical exercises constitute a crucial
element of cardiac rehabilitation (CR) in cardiovascular dis-
eases patients. Although CR is known to have an overall ben-
eficial effect [1,2], its impact on antioxidant status or oxidative
stress is not well recognized.

Some data indicate that physical exercise may enhance
antioxidant potential among patients with cardiovascular dis-
eases [3,4], others present a lack of association [5,6]. It remains
unresolved whether an increase in antioxidant properties of
biological fluids (plasma, serum, saliva) results from an
increased defence response against exercise-induced oxi-
dative stress and the accompanying transient inflammatory
reaction, or is rather a fixed adaptation response only in
more physically active individuals [7].

CR plays a key role in the treatment of cardiac subjects by
its anti-inflammatory effects; however, the effect of exercise
on salivary concentration of C-reactive protein (CRP), as well
as on the oxidative stress, expressed as malondialdehyde
(MDA) concentration and total antioxidant capacity (TAC),
has not been well studied [8–10]. Saliva is an easily obtainable
body fluid for medical research and requires little effort for its
collection. It has been proposed that saliva may offer poten-
tial as a biological fluid for biochemical monitoring of intra-
body changes caused by physical exertion [11,12].

Cycloergometer training and exercises in the gym are the
two popular modes of moderate exercise used in CR. Since
various forms of physical activity may have different effects
on serum antioxidant abilities or oxidative stress of cardiac
patients, the type of cardiac rehabilitation may also have
different effects on serumor salivaryoxidant/antioxidant status.

Therefore, the aim of the study was to determine the
effects of two widely-used different types of single acute CR
exercise on the inflammation status, oxidative stress and
total antioxidant capacity of saliva in post-myocardial infarc-
tion patients.

2. Materials and methods

2.1. Subjects

A total of 42 middle-aged and older (age range: 42.0–79.0
years) cardiovascular disease patients (74% male) partici-
pated in the study. The participants were randomly selected
from a group of post-myocardial infarction patients
qualified to the CR program in the Cardiac Rehabilitation
Centre, Copernicus Memorial Hospital, Lodz (Poland).
Twenty-one subjects (group A) were rehabilitated on a
cycloergometer (age range: 42.0–71.0 years; 67% of male)
and a further 21 (group B) not qualified for standard rehabili-
tation (age range: 47.0–79.0 years; 81% male) received
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breathing and balance exercises in the gym (multi-modal
exercise program) The participants were assigned to group
A or group B on the basis of physician’s order; taking into
account the physical abilities and severity of patient’s disease.

Some individuals suffered from hypercholesterolemia (n =
20), arterial hypertension (n = 16), diabetes mellitus (n = 11),
thyroid dysfunction (n = 2), chronic obstructive pulmonary
disease (n = 1), and asthma (n = 1). All diagnosed disorders
were in a stable phase and were pharmacologically con-
trolled; pharmacological therapy in cardiovascular diseases
usually included aspirin, beta-blockers, statins, and angioten-
sin-converting enzyme inhibitors.

Except for cholesterol, glucose and salt restrictions,
none of the patients followed any special diet. Two of
the male participants were smokers, one in either group;
however, they reported smoking their last cigarette at
least 12 h before the examination. The study was carried
out following the rules of the Declaration of Helsinki,
and the protocol was approved by the local ethics com-
mittee (RNN/73/15/KE).

2.2. Study design

The examinations were conducted in the Cardiac Rehabilita-
tion Centre, Copernicus Memorial Hospital of Lodz. The lab-
oratory measurements were performed in the Department
of Clinical Physiology and in the Central Scientific Laboratory,
both at the Medical University of Lodz. The patients reported
to the centre for unstimulated saliva sample collection
between 7.00 and 9.00 am after overnight fasting, not
smoking, and resting for at least 12 h. They had previously
been asked to clean their teeth after the last meal on the
day preceding the examination.

Before the patients began the four-week CR program,
each was tested for blood pressure, and heart rate at
rest, and anthropometric, comorbidities, drug use,
smoking and dietary habits were recorded. Height and
weight were measured and the Body Mass Index (BMI)
was calculated. Waist-to-Hip Ratio (WHR) was evaluated
on the basis of waist and hip circumference. Salivary
TAC, CRP, MDA parameters were assessed twice: once
before the beginning of the first CR exercise (pre-CR exer-
cise) and once immediately afterwards (post-CR exercise).
Both types of CR exercises lasted up for 30 min; group
A carried out CR interval exercise on a cycloergometer
(Ergoline Reha 900, Bitz, Germany) with a load individually
adapted to the patient and group B performed breathing
and balance exercises in the gym.

2.3. Laboratory measurements

2.3.1. Salivary pH
Saliva pH was determined immediately after sampling
(±5 mL) using a standard colorimetric strip test. Following
this, the saliva was centrifuged to separate all debris (10
min, 4°C, 1 125 g). The supernatant was stored at –80°C for
a maximum of 30 days.

2.3.2. Salivary CRP
Salivary CRP (ELISA Kit – Salimetrics, PA, USA) was determined
based on the colorimetric CRP peroxidase reaction with tetra-
methylbenzidine as a substrate. Optical density was read on a
standard VICTORTM X4 multifunctional microplate reader

[Perkin Elmer] at a wavelength of 450 nm. The amount of
CRP peroxidase detected was directly proportional to the
CRP concentration (ng·mL−1) in the sample [13].

2.3.3. Salivary MDA
A high-sensitivity ELISA kit (Cloud-Clone Corp, Katy, TX USA)
was applied to evaluate the level of salivary MDA. The assay
is based on a competitive inhibition reaction between
biotin labelled MDA and unlabelled MDA (samples) with the
pre-coated monoclonal antibody specific to MDA. The con-
centration of MDA (ng·mL−1) in the sample is inversely pro-
portional to the amount of bound Horseradish Peroxidase
conjugate added earlier. The final reading was at λ = 450 nm.

2.3.4. Salivary TAC
Salivary TAC was measured spectrophotometrically using an
Ultrospec III spectrophotometer with Spectro-Kinetics soft-
ware (LKB Biochrom Pharmacia, Cambridge, England) by the
2.2-diphenyl-1-picryl-hydrazyl (DPPH) method [14]. This
method is a promising approach for assessing antioxidant
status in clinical studies; it measures the total activity of circu-
lating low molecular-weight non-enzymatic antioxidants
through their ability to decompose DPPH radicals. The
results are expressed as a percentage of free-radical DPPH
reduction. The details of the method are described elsewhere
[15,16].

To enhance data reliability, all results were calculated as
the mean of two separate experiments. The saliva values
taken immediately following exercise (post-CR) were com-
pared with those taken at the start of the exercise (pre-CR)
to determine the change (i.e.: Δ CRP, Δ MDA, Δ DPPH, and
Δ pH, respectively).

2.4. Statistical analysis

Data were verified for normality of distribution and equality
of variance. Variables that did not meet the assumption of
normality were analysed with non-parametric statistics. The
one-way analysis of variance (ANOVA) and the Kruskal–
Wallis test were used for comparison of pre-CR exercise and
post-CR exercise values and changes (Δ) in CRP, MDA,
DPPH, and pH values along with CR exercise between the
groups A and B. The paired t-test and non-parametric sign
test for pair values were used to compare the pre-CR and
post-CR readings for all variables. The Pearson product
moment and Spearman correlations were used to determine
the relationships between numerical variables. The results for
continuous variables were presented as mean ± SD. The level
for statistical significance was set at p < 0.05. Statgraphics 5.0
(Statgraphics Technologies, Inc, the Plains, VA, USA) was used
for statistical analysis.

3. Results

3.1. General characteristics

Group B demonstrated a higher mean age than group A (p <
0.001) and was characterized by higher HR values (p < 0.05).
No other differences were identified between the two sub-
groups for the remaining parameters (Table 1). Over 1/5 of
the study group were obese, almost a half were overweight,
and more than half (64%) presented abdominal obesity.
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These results did not differ after excluding the smoker from
each group.

3.2. Comparison of pH, inflammatory, oxidant and
antioxidant indexes of saliva between subgroups

Table 2 shows pre- and post-CR exercise values obtained
for salivary CRP, MDA, DPPH and pH for the whole study
group (n = 42) and according to type of CR exercise.
Group A and group B presented similar pre- and post-CR
exercise values for inflammatory and antioxidant indexes.
Although no significant differences were found between
the groups for the pre-CR MDA and pre-CR pH values,
group B demonstrated significantly lower values of
post-CR MDA (p < 0.01) and post-CR pH (p < 0.05) than
group A.

3.3. Post-CR exercise changes in salivary parameters

No change was observed between the pre- and post-CR exer-
cise values for CRP in the whole study group (n = 42);
however, post-CR MDA (p < 0.01) and post-CR pH (p < 0.01)
were found to be significantly lower and post-CR DPPH (p
< 0.05) significantly higher than their pre-CR exercise values
(Table 2).

In group A, no significant change was observed for CRP,
MDA, DPPH or pH (p > 0.05) after CR exercise.

In group B, similar to the whole group, DPPH (p < 0.05) sig-
nificantly increased after training while MDA (p < 0.01) and
pH (p < 0.01) fell; only CRP did not change.

3.4. Correlations with antioxidant and oxidant
parameters of saliva (n = 42)

No correlations were found between anthropometric par-
ameters and salivary antioxidant/oxidant indices, except for
a single positive association between BMI and post-CR exer-
cise MDA (rho = 0.40, p < 0.05). The overweight and obese
patients demonstrated a higher level of oxidative stress
after CR exercise.

Positive correlations were identified between pre-CR DPPH
and post-CR DPPH (rho = 0.52, p < 0.001), pre- and post-CR
CRP (rho = 0.73, p < 0.001), pre- and post-CR MDA (rho =
0.51, p < 0.001), and pre- and post-CR pH (r=0.64, p < 0.001).

3.5. Correlations with Δ DPPH, Δ CRP
and Δ MDA (n = 42)

Lower pre-CR exercise DPPH values were associated with
higher Δ DPPH (rho =−0.51, p < 0.01). This could be inter-
preted as the subjects with weaker basic antioxidant
capacities display a stronger antioxidant reaction after CR
exercise.

Conversely, higher pre-CR CRP was associated with lower
Δ CRP values (rho =−0.48, p < 0.01). A greater drop of CRP
after CR exercise was associated with a higher fasting pre-
CR salivary CRP, i.e. with a higher tendency to inflammation
of saliva. Similarly, subjects with a higher level of salivary oxi-
dative stress at baseline demonstrated a greater decline of
MDA (rho =−0.38, p < 0.05).

Higher ΔMDA was related to higher Δ CRP (rho = 0.40, p <
0.05) (Figure 1(a)) and higher Δ DPPH (rho = 0.32, p < 0.05)
(Figure 1(b)).

4. Discussion

To the best of our knowledge our study is the first that simul-
taneously assesses salivary biomarkers of exercise-induced
oxidative stress (MDA concentration), inflammation (CRP con-
centration) and TAC (% reduction of DPPH radical) in a group
of post-myocardial infarction subjects. Our findings indicate
that a single CR exercise/training session at the beginning
of the CR training cycle caused an increase of salivary antiox-
idant potential assessed by the DPPH test and a decline of the
level of oxidative stress in saliva as measured by MDA;
however, no change in salivary inflammation evaluated by
the CRP concentration (with a tendency to decrease) was
revealed among post-myocardial infarction/CR patients.
Moreover, a greater increase in oxidative stress (Δ MDA)
was accompanied by a larger increase in inflammatory reac-
tion level (Δ CRP) and a larger increase in antioxidant
capacities of saliva environment (Δ DPPH).

CR exercise type affected the post-CR findings: the lower
post-CR exercise MDA and higher post-CR DPPH were ident-
ified in patients rehabilitated in a form of breathing and
balance mode of exercise; these changes were less noticeable
in the group training on a cycloergometer. This indicates that
for patients with initially weaker exercise capacities, even
lighter training in the gym induces an intense antioxidant
defence response, consequently reducing the level of oxi-
dative stress in saliva, which was not the case in group exer-
cising on the cycloergometer i.e. in the group with the
assumption of better adaptability to physical effort at base-
line. Maybe in a group more physically fit the antioxidant

Table 2. Comparison of salivary pH, CRP, oxidant and antioxidant values before
and after CR exercise for the whole study group and two subgroups.

Variable
Study group

(n = 42)
Group A
(n = 21)

Group B
(n = 21)

CRP pre (ng·mL−1) 2.9 ± 4.0 1.8 ± 1.3 3.9 ± 5.4
CRP post (ng·mL−1) 2.3 ± 2.8 2.6 ± 3.6 1.8 ± 1.8
Δ CRP −0.6 ± 4.1 0.8 ± 3.5 −2.1 ± 4.3
MDA pre (ng·mL−1) 39.5 ± 76.0 39.4 ± 38.3 39.7 ± 101.9
MDA post (ng·mL−1) 23.7 ± 44.7b 30.6 ± 45.2 16.8 ± 44.3†,b

Δ MDA −15.8 ± 49.2 −8.8 ± 35.5 −22.8 ± 60.0
DPPH pre (% reduction) 26.4 ± 15.7 26.9 ± 14.9 25.9 ± 16.7
DPPH post (% reduction) 30.6 ± 14.0a 28.7 ± 14.0 32.6 ± 14.0a

Δ DPPH 4.2 ± 13.2 1.7 ± 12.0 6.6 ± 14.2
pH pre 6.8 ± 0.4 6.9 ± 0.4 6.7 ± 0.4
pH post 6.5 ± 0.5b 6.7 ± 0.5 6.3 ± 0.4*,b

Δ pH −0.2 ± 0.3 −0.2 ± 0.4 −0.3 ± 0.3

CRP, C-reactive protein; DPPH, 2.2-diphenyl-1-picryl-hydrazyl; MDA, malondial-
dehyde; pre, examination before CR exercise; post, examination immediately
after CR exercise.

†p < 0.01, *p < 0.05 (as compared to group A); ap < 0.05, bp < 0.01 (as com-
pared to pre-CR exercise values).

Table 1. General characteristics of the whole study group and subgroups.

Variable
Study group
(n = 42)

Group A
(n = 21)

Group B
(n = 21)

Age (years) 62.7 ± 10.2 57.1 ± 9.3 68.3 ± 7.8‡

BMI (kg·m−2) 27.7 ± 4.3 28.4 ± 5.0 27.0 ± 3.4
WHR 0.97 ± 0.09 0.96 ± 0.09 0.98 ± 0.07
SBP (mmHg) 127.6 ± 13.4 126.0 ± 10.6 129.3 ± 15.7
DBP (mmHg) 74.4 ± 11.1 77.0 ± 12.9 71.7 ± 8.5
HR (beats per minute) 65.3 ± 5.6 63.3 ± 4.9 67.2 ± 5.7*

BMI, body mass index; DBP, diastolic blood pressure, HR, heart rate; SBP, sys-
tolic blood pressure; WHR, waist-to-hip ratio.

‡p≤ 0.001.
*p < 0.05 (as compared to group A).
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reaction was more balanced and less violent than in the
second group, where the effect of a decrease in oxidative
stress was more spectacular. Also only in the group rehabili-
tated in the gym the salivary pH significantly declined after
a single CR exercise (i.e. saliva acidity has increased signifi-
cantly). A greater decrease of salivary pH in group B also
may indicate that the mechanisms responsible for maintain-
ing homeostasis in saliva were less efficient in this group.

There is not much data on the effect of exercise/physical
effort on antioxidant and oxidant level of salivary biomarkers,
even less so in the group of cardiologic patients [17,18]. It has
been proven that CR exercises are beneficial for post-myocar-
dial infarction patients [19], but it remains unclear whether
moderate CR exercise may enhance, or rather attenuate the
physiological antioxidant potential. Saliva has been success-
fully used as a medium for the reflection of health status
but the research in this area is still limited. Available data con-
cerning the impact of physical exercises on the salivary anti-
oxidant status and oxidative stress parameters in subjects
with different health conditions are not unambiguous
[20,21]. For instance, the intensity of the exercise bout
(related to type of physical training) determines the value
of TBARS (oxidative stress biomarker): the more intense exer-
cise-bouts have significantly increased the salivary TBARS
[22], while less intense exercises have not [23]. In addition,
the variety of methods (their limitations; e.g. a lack of enzy-
matic antioxidants in acetonitrile deproteinized saliva
sample during DPPH test preparation procedure [15]), par-
ameters tested (individual antioxidants as enzymes, uric
acid versus TAC) or time of sample collection (immediately
after the end of exercise, or for example, 1 [24] or 3 h later
[25]) make it difficult to drawn common conclusions. As an
example in the study by Rodrigues de Araujo et al. [26] per-
formed among soccer athletes subjected to an acute high-
intensity interval exercise unclear effects for i.a. MDA, cata-
lase, and superoxide dismutase (SOD) were observed while
uric acid (a main TAC contributor) showed a large decrease
after physical effort (contrary to our results). Meanwhile, the
data of the study by Coelho-Júnior et al. [27] indicate that
an acute session of power and resistance exercise can be
effective to cause beneficial changes on hemodynamic par-
ameters and nitric oxide levels in older women, similarly as
in salivary samples from young male subjects performing
various type exercises (high-intensity interval, continuous,
and resistance exercises) [25]. In the study by Souza et al.
[25], healthy men demonstrated an increase of TAC measured

by ferric-reducing antioxidant power (FRAP) analysis at the
end of training in all different exercise protocols. In turn, in
a group of young non-smoking women DPPH activity was sig-
nificantly decreased immediately after exhaustive aerobic
exercise [28]. As discussed by Munther [29] physical exercise
may alter total salivary antioxidants activity; a higher total
salivary antioxidants concentration was found among those
who exercised compared to those who did not. Mendoza-
Núñez et al. [30] reported that Tai Chi exercise during a
period of 6 months increased SOD activity and total antioxi-
dant status in saliva, as well as decreased the level of IL-1β
(inflammation biomarker) in older adults. Similar effect was
observed in patients with coronary artery disease after 6–8
weeks of moderate intensity aerobic exercise training: salivary
high-sensitivity CRP level decreased after 24 sessions of CR
[31] but these are examples of distant effects. In the
present study after only a single CR exercise CRP concen-
tration revealed a tendency to decrease.

Study limitations of the present study should be pointed.
Pharmacotherapy and its heterogeneity could interfere with
the results. It was not feasible to find CR patients free from
common age-related ailments or using similar drugs and
treatment regimens. Lack of detailed energy expenditure cal-
culation for each patient can be seen as a restriction;
however, it is not necessary to clearly differentiate between
group A and B. A future examination could also include an
assessment of oral health to evaluate a possible inflammatory
effect in active caries or periodontitis cardiac patients on anti-
oxidant/oxidant parameters. In addition, the study is based
on a relatively limited number of subjects. The aim of our
study was not the assessment of diagnostic reliability of the
measurement of oxidative stress markers in saliva; however,
a several previous papers have presented the data of utility
of saliva for assessing these biochemical indices
[14,18,23,32]. Nevertheless further clinical studies should
involve sex- and age-matched groups, with a larger number
of subjects to verify the exercise-induced possible antioxi-
dant/oxidant changes in saliva and confirm the present
findings with serum results.

5. Conclusions

A single CR exercise reduces salivary oxidative stress and
enhances antioxidant potential of saliva in post-myocardial
infarction/CR patients receiving a breathing and balance
exercise modes; however, the inflammatory response is

Figure 1. Correlations of Δ MDA with ΔCRP (a), and with Δ DPPH (b) in the study group (n = 42). CRP – C-reactive protein DPPH – 2.2-diphenyl-1-picryl-hydrazyl,
MDA – malondialdehyde.
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more or less unchanged regardless of CR exercise type. A
greater intensification of oxidative stress in saliva, generated
as a result of exercise overload during a single CR training
unit, might be muted by the simultaneous strengthening of
the salivary antioxidant capacity. The approval of saliva as a
non-invasive source of information about inflammation
status, oxidative stress and antioxidant capacity in cardiac
patients requires a simultaneous assessment and confir-
mation of serum results of CRP, oxidative status and TAC
with the findings of salivary parameters.
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