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Abstract - Aim: This study evaluated the effects of 10 weeks of combined exercise training on the salivary oxidative
profile of hypertensive and normotensive postmenopausal women. Methods: Twenty-six non-obese postmenopausal
women were divided into two groups: the hypertensive group (HT; n = 13; 58.9 ± 3.9 years; and BMI of 27.7 ±
4.6 kg/m2) or the normotensive group (NT; n = 13; 52.7 ± 5.2 years; and BMI of 26.9 ± 2.9 kg/m2). They performed 30
sessions of combined exercises over 10 weeks: 45 min per session, three times a week. Resting saliva samples were
collected after an overnight fast to evaluate salivary nitrite levels and oxidative stress markers before and after training.
Results: Two-way ANOVA showed that there was no difference in the responses over time between the hypertensive
and normotensive groups in catalase, superoxide dismutase salivary activity, total antioxidant capacity, or lipid perox-
idation. However, superoxide dismutase activity (ΔHT -0.87 ± 14.53 SOD/mg protein; ΔNT: 7.13 ± 9.39 SOD/mg pro-
tein; p < 0.01) and nitrite levels (ΔHT 10.32 ± 60.83 mM; ΔNT 101.92 ± 149.57 mM; p = 0.03) were higher overall in
the hypertensive group compared to the normotensive group. Moreover, salivary nitrite levels increased over time
(p = 0.04) in both groups. Conclusion: 10 weeks of combined exercise training did not change salivary oxidative
stress markers in either normotensive or hypertensive postmenopausal women, although, after exercise training, nitrite
levels increased in both groups, even with higher baseline salivary nitrite levels in hypertensive women. Thus, recurrent
exercise seems to be a safe strategy after menopause from the standpoint of oxidative stress, regardless of the presence
of hypertension.
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Introduction
Menopause is characterized by the cessation of estrogen
production by the ovaries, resulting in permanent
amenorrhea1. Additionally, estrogen is a cardioprotective
hormone2 that plays a role in the modulation of endothe-
lial function3. So, the lack of this hormone can lead to
endothelial dysfunction and increase oxidative stress4

which may trigger cardiovascular diseases such as
hypertension5. In this way, the imbalance between pro-
oxidant and antioxidant factors leads to oxidative stress,
causing cell damage6 due to excess reactive oxygen spe-
cies (ROS) production6. Furthermore, oxidative stress may
be accentuated by hypertension7 and cause deregulation of

vascular tone control through changes in the bioavail-
ability of nitric oxide (NO)7, an endothelium-derived
relaxing factor that promotes vasodilation7.

NO metabolism produces inorganic anions such as
nitrate and nitrite, which are commonly evaluated in bio-
logical samples8. The main form of NO production is the
L-arginine pathway, which occurs from NO synthase
(NOS) isoforms, mainly by endothelial NOS, which can
be produced by the vascular endothelium and is directly
linked to the regulation of vascular tone and maintenance
of endothelial integrity9. Oxidative stress caused by dis-
eases associated with endothelium dysfunction can
increase the activation of antioxidant enzymes, such as
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catalase and superoxide dismutase (SOD), in an attempt to
maintain body homeostasis10. In this sense, assessment of
antioxidant enzymes, total antioxidant capacity, and oxi-
dative damage in saliva could provide alternative ways to
find information about oxidative balance through less
invasive methods than venipuncture.

Endothelial dysfunction and the lack of NO produc-
tion that can be observed in post-menopausal women may
lead to increased peripheral vascular resistance11, which
facilitates the onset of hypertension. Non-pharmacological
treatments such as physical exercise practice can have
positive responses, improving both endothelial function12

and the antioxidant system13. In this sense, hypertension
guidelines14,15 recommend the practice of moderate aero-
bic training and resistance exercise as support, since they
can reduce resting blood pressure (BP)16 and improve oxi-
dative balance17,18. However, only a few studies have
investigated the effects of combined aerobic and resistance
exercise training on oxidative stress, especially in saliva or
in postmenopausal women. Furthermore, considering that
these women have a higher prevalence of hypertension5, it
is still unknown whether the presence of this disease gen-
erates any different response in oxidative stress markers
compared to women without the disease when submitted
to combined training. Therefore, this study aimed to assess
the effects of 10 weeks of combined aerobic and resistance
training in salivary oxidative stress markers in non-obese
hypertensive and normotensive postmenopausal women.
We hypothesized that hypertensive women would have
worse oxidative balance and that combined exercise train-
ing would be able to improve both nitrite and the anti-
oxidant system in both groups.

Material and methods

Participants
This was a parallel clinical trial study developed in

two stages: before and after 10 weeks of combined exer-
cise. Participants were divided into two groups: HT hyper-
tensive (n = 13) and NT normotensive (n=13). A total of
260 women, aged 50-70 years, were recruited from tradi-
tional media (TV, radio, and posters) and registered from
January 2015 to December 2017 at the Laboratory of Car-

diorespiratory and Metabolic Physiology of the Federal
University of Uberlândia, Uberlândia, MG, Brazil; women
were recruited at the same time as sample collection
occurred. The inclusion criteria for the study were as fol-
lows: amenorrhea for at least 12 months, body mass index
≤ 32 kg/m2, ability to engage in treadmill and resistance
exercise training, without diabetes or cancer treatment, not
undergoing dental treatment, no use of beta-blockers, no
hormone therapy, non-smokers, and not using drugs that
alter the lipid profile. To be included in the hypertension
group, women had to self-report being hypertensive and
using antihypertensive medication. The study design is
presented in Figure 1. The Human Research Ethics Com-
mittee of the Federal University of Uberlandia approved
this study (CAAE: 40622414.9.0000.5152). All the volun-
teers signed a consent form. The experiments were carried
out in accordance with the principles set out in the World
Medical Association Declaration of Helsinki. This study
was registered at Clinicaltrials.gov (number:
NCT03008785).

Anthropometry evaluation
The volunteers were instructed to maintain their reg-

ular diet. Their body mass was measured using an electro-
nic scale (Micheletti, São Paulo, SP, Brazil), height was
measured using a stadiometer (Sanny, São Paulo, SP, Bra-
zil) and abdominal circumference was measured with an
inelastic tape (Sanny, São Paulo, SP, Brazil) measuring
0.5 cm wide. A tetrapolar bioelectrical impedance analysis
(Biodynamics model 450c, Biodynamics, Shoreline, WA,
United States) was used to evaluate the total lean mass, fat
mass, and percentage of total body fat. It was performed in
the morning after at least eight hours of fasting, and
hydration was controlled.

Physical fitness assessment
A short version of the International Physical Activ-

ity Questionnaire (IPAQ)19 was used to evaluate the
initial physical activity level of the volunteers, classify-
ing them as sedentary, irregularly active, active, or very
active. The aerobic capacity assessment was determined
through an incremental treadmill test adapted from pre-
vious study20. Briefly, all volunteers performed a sub-
maximal incremental test on a treadmill at 5.5 km/h and

Figure 1 - Study design. 1RM: one maximum repetition test.
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the intensity was increased using only treadmill inclina-
tion (1% every two minutes) until the volunteers reached
85% of their predicted maximum heart rate (HR) or their
rate of perceived exertion (RPE) reached 18 using the
Borg scale. Oxygen uptake (VO2) and carbon dioxide
output (VCO2) were recorded during all tests using a
Cosmed Quark CPET gas analyzer (Rome, Italy). The
goal of this test was to identify ventilatory thresholds
(VT1 and VT2) based on ventilatory equivalents for oxy-
gen (VE/VO2 ratio) and carbon dioxide (VE/VCO2
ratio)21. The intensity of resistance exercise was eval-
uated and prescribed based on a one-repetition maximum
test (1RM)22, which happened once before and once in
the fifth week of training in the following exercises: leg
press 45°, seated low row, vertical chest press machine,
pec deck, and wide grip lat pull-down. This test con-
sisted of the workload performed with no more than one
repetition in five tries with three minutes of rest between
tries22.

Exercise program
The exercise program consisted of 30 sessions of

combined aerobic and resistance exercise training during
10 consecutive weeks (three sessions per week). Absences
were made up on the nearest day when there were no ses-
sions scheduled. Each session lasted 45 min and consisted
of five min warm-up, 20 min of resistance exercise, and
20 min of aerobic exercise, with the order of the exercises
alternated between sessions. After five weeks of training,
the 1RM test was performed again to readjust the resis-
tance training load. The aerobic intensity was readjusted
with a 20% increase in inclination the same week. Resis-
tance training was performed in two sets of 15 repetitions
in seven weight training exercises (from a new 1RM test;
we readjusted 60% of 1RM in the fifth week) for large
muscle groups: leg press 45°, seated low row, vertical
chest press machine, pec deck, wide grip lat pull-down,
Swiss ball squat and abdominal crunch. The aerobic exer-
cise was performed on a treadmill, at a speed of 5.5 km/h
and intensity (imposed by treadmill inclination and heart
rate) between VT1 and VT2.

Salivary analyses
Saliva samples were collected after 12 h of fasting

before the first and 72 h after the last exercise training ses-
sion. All samples were kept frozen at -80 °C until analysis
and biochemical determinations were made in duplicate.
Total antioxidant capacity was evaluated using the FRAP
method and calculated from the standard Trolox curve 23.
The activity of SOD was determined based on the auto-
oxidation capacity of pyrogallol and catalase by monitor-
ing the consumption of hydrogen peroxide at 240 nm23.
Lipid peroxidation levels were determined by the TBARS
method, using as the standard a curve of 1,1,3,3-tetra-
methoxypropane24. The amounts of NO were estimated by

the determination of total nitrite by the Griess colorimetric
method25.

Statistical analysis
The data are presented as mean ± standard devia-

tion. The data distribution was analyzed using the Sha-
piro-Wilk test, and non-parametric data were transformed
until a normal distribution was achieved (log or z-score).
The sample size was calculated by GPower 3.1.9.2, con-
sidering variations of 4 ± 4 mM in nitrite as acceptable
for this population after a training program26, with an α
value of 0.05 and power analysis of 85%, resulting in 26
volunteers. An unpaired Student’s t-test was applied to
compare baseline groups and two-way analysis of var-
iance (ANOVA) for repeated measures was used to ana-
lyze time (pre and post) and group (NT and HT) effects
with a Bonferroni post hoc test, when appropriate. For
outlier identification, the extreme studentized deviate
method was used. Effect sizes (Hedges’ g) are presented.
A p-value of < 0.05 was considered statistically sig-
nificant, and all statistical analyses were performed using
SPSS software version 20.0 (IBM, New York, NY,
USA).

Results
Forty volunteers who fulfilled the inclusion criteria

were recruited, and 14 volunteers were excluded: one
modified their antihypertensive medication during the
protocol, one sample analysis failed, two left due to
health problems not related to the study, four did not
complete for personal reasons, and six due to incompa-
tible frequency or scheduling. So, 26 completed the 10
weeks of training and performed the post-tests. Figure 2
shows the flowchart.

Table 1 shows the anthropometric and general char-
acteristics of all participants from both groups and the
antihypertensive drugs used by the HT participants. HT
subjects were older (p = 0.01) when compared to NT
(58.9 ± 3.9 years for HT and 52.7 ± 5.2 years for NT).
There were no significant differences in other variables
between groups.

Table 2 shows the salivary oxidative stress marker
levels, analyzed (ANOVA two-way) before and after the
10-week intervention in both groups. There were no inter-
action effects (group * time) in nitrite, catalase, FRAP,
SOD, and TBARS. SOD levels were lower (p < 0.01) in
NT at both the pre- and post-time points. Two-way
ANOVA showed that nitrite values increased (pre vs. post)
(p < 0.01) in both hypertensive (pre: 87.6 ± 44.0; post
98.0 ± 47.2 mM) and normotensive (pre: 50.2 ± 28.6; post
152.2 ± 146.5 mM) groups with no difference between
groups (p = 0.16).
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Figure 2 - Flowchart.

Table 1 - Volunteers characteristics.

NT (n = 13) HT (n = 13) p

Age (years) 52.7 ± 5.2 58.9 ± 3.9 0.01

Body mass (kg) 64.8 ± 9.0 68.5 ± 8.3 0.29

BMI (kg/m2) 26.9 ± 2.9 27.7 ± 4.6 0.60

Abdominal circumference (cm) 92.9 ± 7.9 93.6 ± 9.2 0.84

Body fat (%) 35.4 ± 3.7 38.4 ± 7.0 0.18

Fat mass (kg) 23.0 ± 4.6 26.5 ± 6.9 0.14

Lean mass (kg) 41.6 ± 4.0 39.2 ± 4.0 0.14

Resting systolic blood pressure
(mm Hg)

129.1 ± 17.4 121.9 ± 13.6 0.25

Resting diastolic blood pressure
(mm Hg)

84.3 ± 12.2 76.1 ± 8.1 0.06

Antihypertensive drugs - (n (%))

ACE - 2 (15.4)

AT1 - 4 (30.8)

Thiazide diuretics - 2 (15.4)

ACE + Thiazide diuretics - 1 (7.7)

AT1 + Thiazide diuretics - 4 (30.8)

Data are present in mean ± standard deviation or n(%). NT: normotensive group; HT: hypertensive group; BMI: body mass index. ACE: angiotensin-
converting-enzyme inhibitors; AT1: angiotensin II type 1 receptor blocker.
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Discussion

The present study investigated if 10 weeks of com-
bined exercise could provide different responses in sali-
vary oxidative stress between hypertensive and
normotensive non-obese postmenopausal women. First,
we found that women in the HT group were a little older
than NT subjects, but they were all in the same age group
as postmenopausal women and not yet elderly. In the oxi-
dative stress variables, our results showed no differences
in these markers between groups, although SOD activity
was higher at baseline for the HT group. Moreover, sali-
vary nitrite levels increased in both the HT and NT groups
after exercise training, even with higher baseline levels in
the HT group.

The hypertensive population had greater cardiovas-
cular risk and worse vascular health27,28, mainly due to
endothelial dysfunction11 involved in the production and
action of substances related to BP control, such as relaxa-
tion factors (e.g. NO)9. The oxidative stress caused by this
high BP can chronically intensify endothelial dys-
function7, lipid peroxidation, and inflammation7. Further-
more, oxidative stress may compromise other organs and
systems that play a key role in the regulation of BP, such
as the kidneys14,29, where activation of the renin-angio-
tensin-aldosterone system causes oxidative imbalance via
NADPH-oxidase and decreased availability of NO and
antioxidant enzymes29.

Some studies have found lower oxidative stress in
healthy compared with hypertensive patients; while ROS
production plays an important role in the development of

hypertension, chronic moderate-intensity exercise training
has been documented to ameliorate these ROS levels18.
Unlike these results, we did not find improvements in sali-
vary oxidative stress markers after exercise training in
these women, but we believe that some factors were
important in determining our results, such as BP levels and
exercise training duration. In a previous study, we found
that there were no significant differences in 24-h ambula-
tory blood pressure values between groups30. These data
also showed no undiagnosed hypertensive women from
the outpatient examination. Furthermore, the hypertensive
women in our study had been under antihypertensive drug
treatment for more than three years, so they were treated,
well-controlled hypertensive patients. Blood pressure
levels are positively correlated with markers of oxidative
stress and negatively correlated with antioxidant
capacity18, so we believe that good regulation of BP levels
in hypertensive women may attenuate oxidative stress
markers over time. Another important factor was that we
used a combined aerobic and resistance exercise training
intervention for 10 weeks; this may have been too short a
period to see differences in salivary oxidative stress mar-
kers in our volunteers.

The effects of physical training on oxidative balance
in patients with hypertension are not unequivocal. Dantas
et al.31 found improvements in plasma oxidative balance
and nitrite levels in patients similar to those taking part in
the present study (elderly hypertensive women) after 10
weeks of resistance training. A further study in hyperten-
sive patients suggested that isometric handgrip training
protected against plasma oxidative stress at rest and after

Table 2 - Salivary oxidative stress markers in HT and NT before and after intervention.

Pre Post Δ ANOVA Effect size t test p

Mean ± SD Mean ± SD p group p time p interaction Baseline

Nitrite (mM)

NT 50.25 ± 28.62 152.16 ± 146.51 101.92 ± 149.57 0.16 0.04 0.07 -0.97 0.03

HT 87.64 ± 43.98 97.96 ± 47.24 10.32 ± 60.83 -0.23

Catalase (U/mg prot)

NT 15.51 ± 7.23 15.15 ± 7.38 -0.36 ± 5.72 0.20 0.74 0.25 0.05 0.32

HT 20.38 ± 15.20 17.31 ± 11.16 -3.07 ± 15.11 0.23

FRAP (umol/L eq. Trolox)

NT 59.62 ± 43.82 57.09 ± 44.97 -2.34 ± 55.68 0.09 0.81 0.93 0.06 0.66

HT 53.28 ± 22.97 52.24 ± 25.65 -1.04 ± 27.32 0.04

SOD (SOD/mg prot)

NT 3.30 ± 0.82 11.85 ± 10.04 7.13 ± 9.39 < 0.001 0.38 0.36 -1.20 < 0.001

HT 23.23 ± 12.37 22.36 ± 17.78 -0.87 ± 14.53 0.06

TBARS (umol/L)

NT 5.12 ± 1.17 5.80 ± 1.69 0.69 ± 1.65 0.67 0.13 0.12 -0.47 0.26

HT 4.58 ± 1.19 4.90 ± 1.09 0.32 ± 1.51 -0.28

Data are present in mean ± standard deviation. NT: normotensive group; HT: hypertension group; FRAP: ferric reducing ability of plasma; SOD: super-
oxide dismutase; TBARS: thiobarbituric acid reactive substances; Δ: Values of salivary variation (post - pre values).
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exercise32. However, as in the present results, no improve-
ments in nitrite or lipid peroxidation were found. Lastly,
Feairheller et al.33 demonstrated that six months of mod-
erate-intensity aerobic exercises with 94 hypertensive and
prehypertensive adults was sufficient to improve the
plasma and urinary oxidative profiles, independent of the
analyzed polymorphisms.

Similar to our results, some studies have also found
no changes in oxidative stress markers after exercise train-
ing. Jarrete et al.34 showed higher SOD activity but did not
find changes in the plasma levels of catalase or TBARS in
hypertensive postmenopausal women after eight weeks of
aerobic exercise training. Plasma oxidative stress markers
(ex. SOD, catalase, glutathione peroxidase, and total anti-
oxidant status) were also not different after 12 weeks nor
10 weeks of combined exercise training in women of the
same age35,36. So, although our hypothesis was that exer-
cise training could improve oxidative stress markers, and,
in accordance with the literature, exercise training tends to
improve antioxidant markers and decrease pro-oxidant
markers, the intensity, volume, type of exercise, and type
of population may directly influence these results37. It is
worth mentioning that most studies use plasma analysis,
and although saliva analysis is advantageous due to its
ease of collection, there are still few studies that use it for
their main analysis.

Another important point was that 84.7% of the HT
group in our sample used drugs that act on the renin-
angiotensin system. It has been reported that AT1 receptor
antagonists or angiotensin-converting enzyme inhibitors
inhibit vascular remodeling and reduce ROS, not only by
the reduction of NADPH oxidase but also by the positive
regulation of Cu/ZnSOD38. In addition, these drugs also
partially improve endothelial function regardless of BP
reduction39. These antioxidant actions are important
because oxidative stress and NO elimination due to excess
ROS are a major cause of reduced NO bioavailability39.
Therefore, this result leads us to hypothesize that endothe-
lial dysfunction, vascular remodeling, and increased lipid
peroxidation in women after menopause40 reduces the
bioavailability of NO and generates the need for increased
SOD activity in both groups. Nevertheless, within the HT
group in the present study, this was corrected by anti-
hypertensive drugs.

Regarding the increase in NO expression after train-
ing, we know that during exercise there is an over-
production of ROS due to increased endothelial shear
stress and mitochondrial respiratory chain inefficiency18.
However, this acute momentary increase in oxidative
stress possibly signals positive chronic antioxidant upre-
gulation, providing long-term antioxidant capacity18.
Despite some inconsistent results, some literature
reviews13,17,18 seem to indicate positive oxidative balance
effects of regular exercise. However, in relation to these
parameters, it is worth mentioning that: 1) few studies

have evaluated the chronic effects of exercise; 2) fewer
studies are completed with hypertensive subjects; 3)
almost all studies use aerobic exercise and 4) the influence
of exercise load variables (i.e. intensity, volume, fre-
quency) is still not very clear.

In this way, a clinical study with hypertensive
women after menopause who underwent aerobic training
for eight weeks (three days/week) showed higher plasma
NO levels after training34. A meta-analysis41 on the effects
of high-intensity interval training in patients with lifestyle-
induced cardiovascular problems found a greater avail-
ability of NO and less oxidative stress when compared to
lower intensity training. However, in general terms, mod-
erate-intensity aerobic exercise is recommended, espe-
cially in populations more vulnerable to mechanical
injuries, such as middle-aged and elderly people17.

To our knowledge, this is the first study to evaluate
the relationship between combined training and salivary
markers of oxidative stress in humans, especially in
hypertensive patients. However, the present study has
some limitations, such as the duration of the exercise
training and the fact that BP was well-controlled by anti-
hypertensive drugs in the HT group. Additionally, ana-
lyses comparing the classes of antihypertensive agents and
the various characteristics of training load control (such as
volume, frequency, and intensity) should be completed
with this population on salivary oxidative markers in
future studies. Thus, the results suggest that combined
exercise at moderate intensity may be a good strategy to
maintain vascular health and to improve NO release from
the endothelium in both hypertensive and normotensive
postmenopausal women, but that exercise training is not
effective in improving oxidative stress markers.

Conclusion
Ten weeks of combined aerobic and resistance exer-

cise training did not change salivary oxidative stress mar-
kers in either normotensive or hypertensive non-obese
postmenopausal women but was able to increase salivary
nitrite in both groups. Thus, recurrent exercise seems to be
a safe strategy after menopause from the standpoint of
oxidative stress, regardless of the presence of hyperten-
sion.
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