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Background/objective: Although regular exercise plays a role in achieving healthy aging, a specific mode
of exercise may be required for elderly individuals with hypertension (HT). Therefore, this study aimed to
assess the effects of combined endurance and strength training (CBT) on blood pressure (BP) and anti-
oxidant capacity in elderly individuals with HT.
Methods: In a single-blinded, randomized controlled trial, 54 older men and women aged 67 ± 5.8 years
completed endurance training (ET, n¼ 13), strength training (ST, n¼ 13), combined endurance and
strength training (CBT, n¼ 16) or served as controls (CON, n¼ 12). The intervention was a supervised
exercise training (1-h sessions, three per week for 12 weeks), followed by a self-supervised exercise
training for 12 weeks. Measurements of BP, glutathione peroxidase (GPx), total nitrite/nitrate (NOx-),
malondialdehyde (MDA), and high-sensitive C-reactive protein (hs-CRP) were obtained before and after
the supervised and the self-supervised periods.
Results: After the supervised period, systolic BP (SBP) decreased by 7.9% in the ET (p < 0.05) and 8.2% in
the CBT (p < 0.01); GPx activity increased by 41.3% in the ET (p < 0.01), 19.1% in the ST (p < 0.05), and
49.2% in the CBT (p < 0.01); NOx-concentrations increased by 66.2% in the ET and 71.9% in the CBT (both
p < 0.01), MDA concentrations decreased by 65.1% in the ST (p < 0.05) and 61% in the CBT (p < 0.01);
hs-CRP concentrations decreased by 49.2% in only the CBT (p < 0.05). After the self-supervised period,
SBP decreases by 7.5% in only the CBT (p < 0.01); NOx-concentrations increased by 68.5% in the ET and
92.4% in the CBT (both p < 0.01). However, there was no significant difference in SBP, GPx activity, NOx-,
MDA and hs-CRP concentrations between the training groups.
Conclusion: The hypotensive and antioxidant effects of the CBT seem to be similar to the ET after the
supervised training period. However, after the self-supervised training period, the CBT program might
affect better due to greater exercise adherence and attendance in elderly individuals with HT.

© 2019 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Oxidative stress is characterized by an imbalance between free
radical production and antioxidant defenses and is implicated in
the aging process.1 The age-associated accumulation of molecular
and cellular damage is attributed to an increasing assault by reac-
tive oxygen species (ROS) and/or a decline in antioxidant enzymes,
especially, glutathione peroxidase (GPx).1,2 Oxidative stress in-
creases with advancing age and is associated with the development
of age-related diseases.3,4
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Hypertension (HT) represents one of the most potentially modi-
fiable diseases and the incidence of HT is the greatest among older
adults.3 Growing evidence indicates that the link between inflam-
mation/oxidative stress and HT appears to be endothelial dysfunc-
tion.3 Prolonged elevations in inflammatory mediators during aging
contribute to chronic overproduction of ROS.5,6 Together with aged-
related declines in nitric oxide (NO) production and bioavailability,7

these increase ROS production. The overproduction of ROS and the
decreased efficiency of antioxidant defenses8 contribute to oxidative
stress. Chronic inflammation and oxidative stress have been
consistently documented as contributors to endothelial dysfunc-
tion,9,10 contributing directly to increased systemic vascular resis-
tance, and therefore increased blood pressure (BP).

Regular physical activity plays a role in achieving healthy aging
and contributes significantly to a longer life and well-being.11
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Exercise and regular physical activity prevent the deleterious ef-
fects of aging, not only by inhibiting oxidative stress and inflam-
mation, but also by exerting additional antioxidant and anti-
inflammatory actions.12,13 Previous studies have reported that
although exercise increases ROS generation, it is also able to
upregulate the expression of antioxidant defense systems.14,15

However, considering that aging and being HT are already risk
factors for inflammation and oxidative stress by themselves,1,3,16

adaptability of the organism gradually attenuates and this in-
creases susceptibility to oxidative stress.16,17 It remains to be
elucidated whether exercise can compensate for its ROS production
in elderly individuals with HT.

Endurance training (ET) has been shown to be effective in a
decrease of the occurrence of ROS-associated HT18 and exerts a
protective effect on oxidative damage independently of age.19

However, older adults can have a perception that exercise is a
tiring activity and can cause health and safety concerns.20 Theymay
prefer an exercise session with moderate-intensity and short
duration, which is more enjoyable than a prolonged approach.20,21

Consequently, although ET is of benefit for elderly individuals with
HT,18 some reports have shown that it is quite boring to complete
the entire session, causing eventually an abolishment.20,21

On the other hand, other studies have indicated that strength
training (ST) provides a protective effect similar to ET.22e24 Signif-
icant decreases in systolic blood pressure (SBP)25 and in ROS26

thanks to ST in elderly individuals with HT have been reported.
However, prescribing a ST program depends on demographic and
health-related variables. Elderly individuals may have their own
preferences as well.27 Moreover, the higher number of repetitions,
the higher rating of perceived exertion.28,29

We hypothesized that combined endurance and strength
training (CBT) may be suitable for elderly individuals with HT and
has benefit of reducing BP and improving antioxidant capacity and
oxidative stress. The CBT may also improve exercise adherence and
reduce perceptual exercise barrier especially during self-supervised
exercise. To our knowledge, a limited number have compared the
effect of ET, ST, and CBT on antioxidant defenses and oxidative
stress. An investigation in young adults has reported that the three
training types induced the same changes in antioxidant capacity
and oxidative stress, but at different rates.30 Nevertheless, another
investigation in middle-aged adults with type II diabetes has re-
ported that only the ET improves antioxidant capacity, NO
bioavailability and oxidative stress.31

Therefore, we investigated the effects of a CBT program,
compared with an ET program and a ST program, on BP, circulating
antioxidants, oxidative stress and inflammatory marker in elderly
individuals with HT.

Methods

Subjects and study design

Subjects recruited through advertisements were aged over 60
years, had community-dwelling status and underwent their annual
routine health checkup at the 19th Somdet Pha Sangkharat Hospital
in Thailand, during 2016e2017. Sixty-seven subjects aged 67.6 ± 6.2
years (12 male and 55 female) with HT (SBP � 130mmHg or dia-
stolic blood pressure (DBP) � 80mmHg) were eligible32 and pre-
sented physically independent functional status determined by
responses to the 12-item of the Composite Physical Functioning
Scale.33 They also presented sedentary behavior with sedentary
time of 176.6 ± 87.7min per week, moderate physical activity of
41.4 ± 21.3min per week and no high physical activity, determined
using Thai Version of the General Practice Assessment Question-
naire.34 In all subjects, general health status and resting
electrocardiogram were examined by a physician.
Subjects were excluded if they had 1) unstable and/or uncon-

trolled cardiovascular diseases (CVD); 2) musculoskeletal limita-
tions to physical exercise; 3) known cancer or limited life
expectancy; 4) any psychiatric problems; 5) cognitive impairment
with a dementia diagnosis; or 6) severe visual impairment. The use
of statins, antihypertensive, and diabetes medications was
permitted. The size of the sample was based on the ability to detect
a medium effect (0.5) according to the previous report of Schaun
et al.35 It was decided to require 80% power at a significance level of
0.05. Thus, having at least 12 subjects was required to finish this
study. The study was conducted in accordance with the principles
of the Declaration of Helsinki and a local hospital research ethics
committee provided ethical approval (REC NO.1/59).

This study had a single-blinded, randomized controlled trial in
which the subjects were blinded from the test results to reduce
experimental bias. Following the initial assessments, the subjects
were randomly divided into four groups: 1) an endurance training
group (ET; n¼ 16, 93.8% females), 2) a strength training group (ST;
n¼ 14, 100% females), 3) a combined endurance and strength
training group (CBT; n¼ 17, 70.6% females), or 4) a control group
(CON; n¼ 20, 70% females). Subject characteristics are presented in
Table 1. They were matched for age, body mass index (BMI), and
underlying diseases.

The intervention composed of 2 training periods: a supervised
training period and a self-supervised training period. All subjects
were asked to avoid commercial vitamins and other dietary sup-
plements throughout the study. They were also asked to maintain
their habitual activities with no exercise for one week before the
intervention and at the end of each training period.

The measurements took place three times: 1) at the beginning
before the intervention; 2) after the supervised training period; and
3) after the self-supervised training period. In order to avoid any
potential acute effects of exercise on the outcome variables, all
measurements were performed at least 48 h after the last exercise
session. Blood samples were collected after a 12-h fast to measure
plasma GPx, total nitrite/nitrate (NOx-), malondialdehyde (MDA),
serum high-sensitive C-reactive protein (hs-CRP), lipid profiles, and
blood glucose concentrations. Measurements for the body
composition and BP were performed as well.

During the supervised training period, the training groups
trained for 12 weeks (three sessions per week) at the 19th Somdet
Pha Sangkharat Hospital Health Center. The exercise programs in
this study were prescribed according to guidelines.36,37 All training
sessions were supervised by experienced trainers. During the self-
supervised training period, the training groups performed by
themselves at the center and received weekly calls for 12 weeks to
prompt and reinforce regular exercise. The calls involved assess-
ment and feedback on exercise adherence, reinforcement, and
motivation by positive role modeling regarding the benefits of ex-
ercise. If exercise adherence was under 80%, the subject would be
advised on how to overcome their specific barriers. The CON sub-
jects were asked to maintain their activity levels throughout the
experimental period.

After the intervention, the trial was completed by 81.3% for the
ET (n¼ 13, 92.3% females), 92.9% for the ST (n¼ 13; 100% females),
94.1% for the CBT (n¼ 16; 68.8% females) and 60% for the CON
(n¼ 12; 58.3% females). Fig. 1 outlines the subject flow from initial
contact through to study completion.

Data collection

Body composition
Body composition was measured after a 12-h fast using a bio-

impedance analysis device (Inbody 720, Biospace Inc., Seoul, Korea)



Table 1
Characteristics of subjects.

CON ET ST CBT

(n¼ 12) (n¼ 13) (n¼ 13) (n¼ 16)

Age (years) 66.7 ± 5.8 65.6 ± 4.5 68 ± 7.4 67.3 ± 5.9
Gender (male/female) 5/7 1/12 0/13y 5/11
Height (cm) 157.6 ± 6.1 156.6 ± 7.8 151.8 ± 3.3 157.6 ± 9.3
Weight (kg) 63.4 ± 9.2 58.5 ± 7.7 52.3 ± 7.6* 60.2 ± 9.1
BMI (kg,m�2) 25.6 ± 4.3 23.8 ± 2.4 22.6 ± 2.6 24.1 ± 2
MMSE 28.8 ± 1.1 28.4 ± 1.2 28.6 ± 1.3 28.4 ± 1.3
Medication
Antihypertensivez 7 (58.3%) 6 (46.2%) 6 (46.2%) 8 (50%)
Antihyperglycemia 2 (16.7%) 1 (7.7%) 2 (15.4%) 2 (12.5%)
Lipid-lowering drug therapy 5 (41.7%) 5 (38.5%) 6 (46.2%) 5 (31.3%)

Data are means ± SD and n(%). CON, control group; ET, endurance training group; ST, strength training group; CBT, combined endurance and strength training group; BMI,
body mass index; MMSE, Mini-Mental State Examination.
*p < 0.05 vs. control group. c2 for categorical variables.
yp < 0.05 to between-group comparison.
zComprises hydrochlorothiazide (25mg), propranolol (40mg), captopril (25mg), enalapril (10mg), losartan (50mg), and amlodipine (5mg).

Fig. 1. Flowchart of the study.
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with light clothing and without shoes. Height was measured using
a spring-coil measuring tape, which was placed on a flat surface
with the backboard supported by a wall. BMI was calculated as the
body mass divided by the squared value of the height. The mea-
surements were performed by the same investigator throughout
the study period.
Blood pressure
BPwasmeasured 3 times at 2-min intervals at a fixed time in the

morning (between 8:00 and 10:00 a.m.) after a 10-min seated rest
and using an oscillometric semiautomatic device (Omron model
HEM 705-CP, Omron Corporation, Tokyo, Japan). The measure-
ments were taken by the same person following a validated pro-
tocol.38 The subjects were asked to take antihypertensive and other
drugs after the measurements. Mean arterial pressure (MAP) was
calculated using the standard equation: MAP ¼ (SBP þ 2 � DBP)/3.
Blood samples
Blood samples were obtained from an antecubital vein after a

12-h fast before and after the supervised and the self-supervised
training periods. Blood samples were collected into tubes con-
taining ethylenediaminetetraacetic acid (K3EDTA; 8.4 mg/Vacu-
tainer) or into serum collection tubes and then centrifuged at 4 �C
at 1,500 � g for 5min. The samples were stored immediately at �
80 �C.
Glutathione peroxidase assay
The antioxidant enzymatic activity of GPx wasmeasured using a

commercial GPx assay kit (catalog no. 703102, Cayman Chemical®,
Ann Arbor, MI, USA). The assay was performed according to the
manufacturer's instructions. In the assay system for total GPx ac-
tivity, the oxidation of glutathione (GSH) was coupled to nicotin-
amide adenine dinucleotide phosphate (NADPH) oxidation by GSH
reductase. The decrease in absorbance at 340 nm was recorded
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every 1min for 6min. The reduction rate of the absorbance is
directly proportional to the GPx activity in the sample. Each assay
was assessed in duplicate, and the plasma GPx activity unit was
expressed as nmol,min�1,mL�1.

Total nitrite/nitrate assay
The plasma NOx-concentration was determined as (nitrite/ni-

trate) using a commercial colorimetric assay kit (catalog no.
760871, Cayman Chemical®, Ann Arbor, MI, USA) according to the
manufacturer's instructions. The absorbance was then detected at
540 nm using a PowerWave microplate spectrophotometer (BioTek
Instruments, Winooski, VT, USA). Each assay was assessed in
duplicate, and the plasma NOx-concentration was expressed as
mmol.

Lipid peroxidation assay
The plasma MDA concentration was estimated using the

method of Draper et al. (1993)39 using 1,1,3,3-tetra-ethoxypropane
as the standard. The absorbance of the supernatant was measured
at 532 nm using a spectrophotometer (Genesys 20, SN: 35 gk
130009; Thermo Fisher Scientific, Waltham, MA, USA). The plasma
MDA concentration was expressed as mmol,L�1.

High-sensitivity C-reactive protein assay
The serum hs-CRP concentration was assessed using a high-

sensitivity immunoturbidimetric assay on a Hitachi autoanalyzer
(Roche Diagnostics Corporation, Indianapolis, IN, USA). The hs-CRP
was analyzed by the Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University, Thailand. The coefficient of variation ob-
tained from blinded simultaneously analyzed quality controls was
<3%. The hs-CRP concentration was expressed as mg,L�1.

Blood glucose and lipid profiles assessment
Fasting blood glucose (FBG), total cholesterol (TC), high-density

lipoprotein cholesterol (HDL-C), and triglyceride (TG) concentra-
tions (mg,dL�1) were assessed using an automated colorimetric
assay (BS-200, Shenzhen Mindray Bio-medical Electronics Co®,
Nanshan, China) using specific commercially available kits (Bio-
clin®, Quibasa, MG, Brazil). Low-density lipoprotein cholesterol
(LDL-C) data were calculated using the Friedewald equation.40

Training program

Endurance training
The endurance training was carried out three times a week for

60min per session. During the supervised period (12 weeks), all
sessions were supervised by an experienced trainer using heart rate
(HR) monitoring. Prior to the exercise session, there was a 10-min
period of warm-up and stretching exercises. During the exercise
session, subjects performed 40min of walking at an intensity of
50e60% of their maximum heart rate (HRmax) (weeks 1e6). The
walk program consisted of walk with arms up, heel hit behind,
tiptoe, arms adduction/abduction and knee lift. They were contin-
uously encouraged to exercise at their set training HR and to in-
crease their speed of walking after 6 weeks (weeks 7e12) to an
intensity of 60e70% HRmax whenever the HR monitor gave a
signal. There was also a 10-min cool-down period following the
exercise session. During the self-supervised period, subjects were
asked to complete three unsupervised exercise sessions each week
for 12 weeks and they were asked to attend once-monthly super-
vised exercise sessions at the site.

Strength training
The strength training was carried out three times a week for

60min per session. During the supervised period (12 weeks), the
training programwas a progressive resistance exercise program for
the lower and upper extremities and trunk muscles. The stan-
dardized exercise sessions were led by an experienced trainer. Prior
to the exercise session, there was a 10-min period of warm-up and
stretching exercises the same as endurance exercise. During the
first 6 weeks of the training (weeks 1e6), the subjects trained with
loads of 50e70% of the one-repetition maximum (1RM). The sub-
jects performed 15 repetitions per set and performed 3 sets of each
exercise. During the last 6 weeks of the training (weeks 7e12), the
subjects performed with higher training loads (60e80% of 1RM), 10
repetitions per set and performed 3 sets of each exercise. Each
training session included squat, legs raise, knee extension, unilat-
eral knee flexion exercise, leg adduction/abduction exercise, leg
kick back, shoulder press, bench press, bicep curl, triceps dip, lateral
flexion exercise, sit-up exercise and back extension. There was also
a 10-min cool-down period following the exercise session. During
the self-supervised period, the subjects were asked to complete
three unsupervised exercise sessions each week for 12 weeks and
they were asked to attend once-monthly supervised exercise ses-
sions at the site.
Combined endurance and strength training
The CBT subjects performed both endurance training and

strength training at the same intensity as the other training groups.
They also performed three sessions a week for 60min per session.
Subjects performed 20min of walking, at an intensity of 50e60% of
their HRmax during the first 6 weeks. They were continuously
encouraged to exercise at their set training HR and to increase their
speed of walking after 6 weeks to an intensity of 60e70% HRmax.
For strength exercise, the subjects performed 12 repetitions per set,
2 sets for each exercise with the same load as the ST program
(50e70% of 1RM) during theweek 1e6. During theweek 7e12, they
performed 8 repetitions per set, 2 sets for each exercise (60e80% of
1RM). Prior to the endurance exercise, there was a 10-min period of
warm-up and flexibility exercises. Following the endurance exer-
cise session, subjects trained using resistance exercise. There was
also a 10-min cool-down period following exercise session.
Statistical analysis
The results were expressed as mean ± standard deviation (SD).

Normality was assessed using the Shapiro-Wilk test. Baseline
comparisons between groups were performed using one-way
analysis of variance (ANOVA) or c2 as appropriate. Baseline values
were used as covariates. If necessary, the data were transformed
logarithmically before analysis of covariance (ANCOVA) to fulfill the
criterion of normal distribution. The measurement outcomes were
tested to determine whether they met the assumptions of
normality, linearity, and homogeneity of variance. Training effects
and differences between the groups were performed using
repeated measures ANCOVA. Within group analyses were per-
formed with repeated measures ANOVA. Pairwise comparisons
were performed using the Tukey test or Bonferroni test. The effect
size (ES) was calculated between each pair of measurements ac-
cording to Hedges et al. (1999)41 and Cohen (1988).42 The magni-
tude of the ES was classified as trivial (< 0.2), small (� 0.2e0.6),
moderate (� 0.6e1.2), large (� 1.2e2.0), and very large (� 2.0).43

Pearson's correlation was use to assess the relationships between
the changes in antioxidant and oxidative stress variables and BP
after adjustment for gender as a confounding factor. The statistical
significance was set at p < 0.05. The statistical analyses were
conducted using the SPSS software for Windows (SPSS Inc., Chi-
cago, IL, USA).
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Results

The characteristics of subjects were not different among the
groups, except for body weight and gender (both p < 0.05). All
groups had similar profiles for all clinical parameters examined
(Table 1). Use of medication did not change during the study. In the
supervised training period, 67 subjects were randomized and 59
completed the study, yielding a total drop-out rate of 11.9%. Eight
subjects in the CON withdrew prior to completion of the inter-
vention, while no subject withdrew in the training groups.
Adherence data in the supervised training period were available as
16, 14 and 17 completers in the ET, the ST and the CBT, respectively.
Average attendances were 88.7%, 93.6% and 88.7% for the ET, the ST
and the CBT, respectively. The adherence differences between
group did not reach statistical significance (p¼ 0.19). In the self-
supervised training period, 54 completed the study, yielding a to-
tal drop-out rate of 19.4%. Attrition rates from the ET, the ST, the CBT
and the CON were 18.8%, 7.1%, 5.9% and 40%, respectively. Adher-
ence data in the self-supervised training period were available from
13 of the 16 completes in the ET, from 13 of the 14 completes in the
ST and from 16 of the 17 completes in the CBT. Average attendances
were 76.5%, 85.7% and 80.7% for the ET, the ST and the CBT,
respectively. The percentage of attendance in the ST was signifi-
cantly greater than in the ET (p < 0.01) and the CBT (p < 0.05),
while there was a trend significantly greater in the CBT than in the
ET (p¼ 0.06).

Table 2 shows the results of body composition and physiological
outcomes before and after the supervised and the self-supervised
training periods. No significant differences were observed in body
weight, BMI, FM, %BF, SMM, or resting HR after the supervised and
the self-supervised training periods in any of the groups. After the
supervised training period, SBP decreased by 11.1mmHg (7.9%)
(ES¼ 0.7, p < 0.05) in the ET and 11.6mmHg (8.2%) (ES¼ 1.1, p <
0.01) in the CBT, but was unchanged in the ST or the CON. Only the
CBT produced a reduction in SBP of 10.6mmHg (7.5%) (ES¼ 0.7, p <
0.05) after the self-supervised training period. The reductions in
SBP in the CBT were significantly greater than in the CON after the
supervised and the self-supervised training periods (ES¼ 1, p <
0.05 and ES¼ 1, p < 0.01, respectively). DBP decreased by
8.1mmHg (9.9%) (ES¼ 1.1, p < 0.05) in only the CBT after the self-
supervised training period, but with no significant differences
among groups. MAP decreased by 7mmHg (6.9%) (ES¼ 1, p < 0.01)
and 8.9mmHg (8.8%) (ES¼ 1.1, p < 0.05) in only the CBT after the
supervised and the self-supervised training periods, respectively,
but with no significant differences among groups (Table 2).

Table 3 shows the results of biochemical outcomes before and
after the supervised and the self-supervised training periods. No
significant differences were observed in FBG, TC, TG, or LDL-C
concentrations after the supervised and the self-supervised
training periods in any of the groups. Only in the ST, HDL-C con-
centrations increased by 7.2mgdL�1 (12.2%) (ES¼ 0.7, p < 0.01),
and the TC/HDL-C and the LDL-C/HDL-C ratios decreased by 0.5
(15%) (ES¼ 0.8, p < 0.05) and 0.4 (20.9%) (ES¼ 0.7, p < 0.05),
respectively, after the self-supervised training period, but with no
significant differences among groups (Table 3).

The results regarding the antioxidant, oxidative stress, and in-
flammatory markers before and after the supervised and the self-
supervised training periods are presented in Fig. 2. After the su-
pervised training period, plasma GPx activity increased in all
training groups: 41.3% (ES¼ 1.2, p < 0.01) in the ET, 19.1% (ES¼ 0.9,
p < 0.05) in the ST, and 49.2% (ES¼ 2.4, p < 0.01) in the CBT, but
not in the CON. The GPx activity of the CBT (ES¼ 0.8, p < 0.01) and
the ET (ES¼ 1, p < 0.01) increased significantly with respect to the
CON after the supervised training period, whereas there were no
significant differences among the groups. There were no significant
differences compared to baseline for all training groups after the
self-supervised training period.

Plasma NOx-concentrations increased by 66.2% and 68.5%
(ES¼ 1.5, p < 0.01 and ES¼ 1.8, p < 0.01, respectively) in the ET,
and 71.9% and 92.4% (ES¼ 1.5, p < 0.01 and ES¼ 1.7, p < 0.01,
respectively) in the CBT after the supervised and the self-
supervised training periods, but was unchanged in the ST or the
CON. The increment of NOx-concentration seen in only the CBTwas
significantly greater than in the CON after the supervised training
period (ES¼ 1, p < 0.05), whereas there were no significant dif-
ferences among the groups.

Plasma MDA concentrations decreased by 65.1% (ES¼ 1.1, p <
0.05) in the ST, and 61% (ES¼ 1.4, p < 0.01) in the CBT after the
supervised training period, but was unchanged in the ET or the
CON. The reduction in MDA concentration seen in only the CBT was
significantly greater than in the CON after the supervised training
period (ES¼ 1.7, p < 0.01), whereas there were no significant dif-
ferences among the groups. There were no significant differences
compared to baseline for all training groups after the self-
supervised training period.

Serum hs-CRP concentrations decreased by 49.2% (ES¼ 1.1, p <
0.05) in only the CBT after the supervised training period, but was
unchanged in the ET, the ST or the CON. The hs-CRP concentrations
of the CBT decreased significantly with respect to the CON after the
supervised training period (ES¼ 1.4, p < 0.05), whereas there were
no significant differences compared to baseline for all training
groups after the self-supervised training period.

The decrease in SBP in the CBT was positively related to the
change in hs-CRP (r¼ 0.37, p < 0.05) and MDA (r¼ 0.46, p < 0.01)
concentrations, while the decrease in SBP tended to be negatively
related to the change in NOx-concentration (r¼�0.31, p¼ 0.08)
after the supervised training period. After the self-supervised
training period, the decrease in SBP in the CBT was negatively
related to the change in NOx-concentration (r¼�0.34, p < 0.05).
In the ET, the decrease in SBP was negatively related to the change
in GPx activity (r¼�0.41, p < 0.05) and NOx-concentration
(r¼�0.43, p < 0.05) after the supervised training period.

Discussion

The present study was conducted to investigate the effects of
the CBT program, compared with the ET program and the ST pro-
gram on BP, antioxidants and oxidative stress among elderly in-
dividuals with HT. The present study demonstrated that the
reduction in SBP and improvements in antioxidant, oxidative stress
and inflammatory markers in the CBT seem to be similar to the ET
after the supervised training period. However, after the self-
supervised training period, the CBT program might affect better
due to greater exercise adherence and attendance in elderly in-
dividuals with HT.

The main finding demonstrated that after adjustment for
baseline covariates, SBP significantly decreased by 7.9% in the ET
and 8.2% in the CBT, but was unchanged in the ST after the super-
vised training period. Only the CBT produced a reduction in SBP of
10.6mmHg (7.5%) after the self-supervised training period. The
reduction in SBP in the CBT was significantly greater than the CON,
but was not significantly different compared to the other training
groups. Although SBP increased in parallel with advancing age,
slowing the age-related rise in SBP could prevent the associated
cardiovascular complications.44 A previous study with a longer
term and larger population revealed that a reduction of 10.4mmHg
in SBP in older adults with HT was associated with reduced total
mortality by 13%, reduced chronic heart disease death by 18% and
reduced strokes by 26%.45 If the present reduction in SBP with the
CBT program (10.6mmHg) were sustained in the long term, it could



Table 2
Body composition and physiological outcomes before and after the supervised and the self-supervised training periods.

CON ET ST CBT

(n¼ 12) (n¼ 13) (n¼ 13) (n¼ 16)

Weight (kg)
Baseline 63.4 ± 9.2 58.5 ± 7.7 52.3 ± 7.6 60.2 ± 9.1
After supervised period 61.5 ± 6.9 58.2 ± 7.6 51.9 ± 3.3 59.8 ± 9.4
After self-supervised period 63.4 ± 10 58.1 ± 7.5 51.9 ± 7.6 59.3 ± 9.2

BMI (kg,m�2)
Baseline 25.6 ± 4.3 23.8 ± 2.4 22.6 ± 2.6 24.1 ± 2.0
After supervised period 25 ± 2.6 23.7 ± 2.4 22.4 ± 2.5 24 ± 2.1
After self-supervised period 25.6 ± 4.3 23.7 ± 2.6 22.5 ± 2.6 23.9 ± 2.3

FM (kg)
Baseline 22.6 ± 7.2 18.8 ± 4.9 17.7 ± 4.9 19.4 ± 4.3
After supervised period 20.8 ± 4.4 18.4 ± 4.4 17.1 ± 5 18.7 ± 4.2
After self-supervised period 23.1 ± 7.6 17.9 ± 4.9 17 ± 5.1 18.3 ± 4.9

%BF
Baseline 35.3 ± 7 32.3 ± 7.6 33.4 ± 5 32.3 ± 6.3
After supervised period 33.8 ± 5.7 31.7 ± 6.7 32.3 ± 5.3 31.4 ± 5.9
After self-supervised period 35.8 ± 7 30.8 ± 7.2 32.3 ± 5.7 31.8 ± 6.3

SMM (kg)
Baseline 22 ± 3.7 21.3 ± 4.8 18.1 ± 2.2 21.9 ± 5.1
After supervised period 22 ± 3.5 21.4 ± 4.4 18.2 ± 2.1 22.1 ± 5.0
After self-supervised period 21.9 ± 3.6 21.5 ± 4.2 18.3 ± 2.3 21.5 ± 4.6

HR (beats,min�1)
Baseline 71.9 ± 9 77.5 ± 12.2 73 ± 10.8 75.6 ± 7.2
After supervised period 73.4 ± 11.5 79.4 ± 10.2 72.9 ± 9.3 74.3 ± 9.3
After self-supervised period 74.9 ± 11.6 82 ± 15.1 72.3 ± 10.7 74.2 ± 9.9

SBP (mmHg)
Baseline 140.6 ± 18.2 141 ± 15.9 146.8 ± 23.6 142 ± 12.2
After supervised period 142.1 ± 13.1 128.3 ± 15.4* 141.8 ± 17 130.4 ± 9.4**,y

After self-supervised period 147.3 ± 20 133.3 ± 15.7 144.8 ± 21.7 131.4 ± 15.9*,y

DBP (mmHg)
Baseline 82.5 ± 10.1 84.1 ± 10 80.5 ± 7.8 81.7 ± 5.6
After supervised period 82.1 ± 12.6 76.6 ± 7.5 74.4 ± 8.7 76.9 ± 7.4
After self-supervised period 81.5 ± 12.1 80.1 ± 7.3 76.6 ± 9.9 73.6 ± 9.3*

MAP (mmHg)
Baseline 93.4 ± 31.4 95.1 ± 30.1 102.6 ± 11.8 101.8 ± 6.6
After supervised period 96.6 ± 47.2 93.8 ± 9.4 89.4 ± 28.1 94.8 ± 7.2**

After self-supervised period 94.8 ± 32.4 97.8 ± 9.3 99.4 ± 12.2 92.9 ± 9.9*

Data are means ± SD. CON, control group; ET, endurance training group; ST, strength training group; CBT, combined endurance and strength training group; BMI, body mass
index; FM, fat mass; %BF, body fat percentage; SMM, skeletal muscle mass; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial
pressure.
*p < 0.05 and **p < 0.01 to within-group comparison (baseline vs. after supervised period vs. after self-supervised period).
yp < 0.05 and yyp < 0.01 to between-group comparison (vs. control group).
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reduce chronic heart disease death and strokes as well.
Our findings agree with previous studies inwhich a reduction in

BP for older adults with HT have been demonstrated after ET46 and
CBT.47 Another study observed a more impressive decrease in BP
after CBT compared to ET.48 On the other hand, we observed no
change in BP in the ST, which disagrees with another study.25 It is
possible that intensity and volume could affect responsiveness.
Interestingly, only the CBT produced a reduction in SBP and DBP
after the self-supervised training period. However, the DBPwas less
responsive than the SBP despite its significant reductions. A pre-
vious study has also reported a larger decrease in the SBP than in
the DBP.47

A possible mechanism responsible for the antihypertensive ef-
fect of the ET and the CBT programs in this study may be an
improved endothelium-dependent vasodilator. The ET and the CBT
may have enhanced NO bioavailability, resulting in improved
endothelium-dependent vasorelaxation in the hypertensive sub-
jects. In this study, plasma NOx-concentrations significantly
increased by 66.2% and 68.5% in the ET, and 71.9% and 92.4% in the
CBT after the supervised and the self-supervised training periods
respectively, but was unchanged in the ST. The reductions in SBP in
the ET and the CBT were associated with increments in plasma
NOx-concentrations. The antihypertensive effect of aerobic exercise
in pre-hypertensive and hypertensive individuals has been
supported by previous studies.49,50 The endothelial adaptation has
been suggested to be a product of exercise-induced changes in
shear stress.18,49,50 This was associated with an upregulation of
endothelial NO synthase leading to the greater bioavailability of
NO.51 Although previous studies have shown reduced bioavail-
ability of NO with aging,52,53 it has been suggested that the
exercise-induced endothelial adaptation and the improvement of
endothelium-dependent relaxation are mainly mediated by a sig-
nificant increase in NO production and/or a decrease in NO scav-
enging by ROS.18 On the other hand, plasmaNOx-concentrationwas
unchanged in the ST. It has been demonstrated that ST improves
endothelial-dependent vasodilation which only occurs locally in
the trained limbs.54 The results of the present study suggested that
the effect of aerobic exercise in the ET and the CBT might cause the
increase in plasma NOx-concentration.

Several studies in hypertensive individuals suggested that reg-
ular exercise, especially aerobic exercise, can improve endothelial
function, which relates to restoration of NO availability caused by
antioxidant activity.49,50 Our findings demonstrated that circulating
GPx activity significantly increased by 41.3% in the ET and 49.2% in
the CBT after the supervised training period, but was unchanged in
the ST. GPx enzyme reacts with peroxide by converting hydrogen
peroxide (H2O2) to H2O. It contributes to low production of hy-
droxyl radicals and consequently low oxidative stress. It seems that



Table 3
Biochemical outcomes before and after the supervised and the self-supervised training periods.

CON ET ST CBT

(n¼ 12) (n¼ 13) (n¼ 13) (n¼ 16)

FBG (mg,dL�1)
Baseline 97.1 ± 17 88.2 ± 6.8 89.2 ± 17.1 95.7 ± 12.9
After supervised period 104.6 ± 19.2 92 ± 6 106 ± 31.4 99.1 ± 14.9
After self-supervised period 95.7 ± 14.7 88.4 ± 5.9 92.3 ± 14.4 92.9 ± 11

TC (mg,dL�1)
Baseline 201.4 ± 48 210.7 ± 41.1 200.8 ± 40.9 203.8 ± 33.3
After supervised period 211.8 ± 43.1 211.3 ± 46 195.1 ± 41.1 209 ± 39.9
After self-supervised period 202.4 ± 43.3 208.3 ± 47.3 192 ± 37.8 202 ± 30.4

TG (mg,dL�1)
Baseline 151.5 ± 64.7 122.1 ± 32.9 95.6 ± 31.6 96.5 ± 27.8
After supervised period 143.3 ± 57.1 134 ± 61.5 95.1 ± 31.5 109.5 ± 49.4
After self-supervised period 140.8 ± 67.4 125.8 ± 59.7 83.2 ± 28.3 93.4 ± 24.5

LDL-C (mg,dL�1)
Baseline 122.6 ± 46.4 136.1 ± 39 123.2 ± 38.6 128.8 ± 32.9
After supervised period 133.3 ± 36.8 127.8 ± 35.7 118.8 ± 38 124.3 ± 35.9
After self-supervised period 124.3 ± 38.5 126.8 ± 41.4 109.9 ± 34.8 125.4 ± 31.5

HDL-C (mg,dL�1)
Baseline 48.6 ± 10.8 53.8 ± 11.4 58.5 ± 9.1 55.9 ± 15.1
After supervised period 49.9 ± 15.5 56.8 ± 15.1 57.5 ± 7.2 57.3 ± 14.5
After self-supervised period 49.9 ± 8.7 56.4 ± 14.6 65.7 ± 10.9** 57.5 ± 16.7

TC/HDL-C ratio
Baseline 4.2 ± 0.9 4 ± 0.9 3.5 ± 0.8 3.8 ± 1
After supervised period 4.4 ± 1 3.9 ± 1.1 3.4 ± 0.7 3.8 ± 1
After self-supervised period 4.1 ± 0.8 3.9 ± 1 3 ± 0.6* 3.7 ± 1

LDL-C/HDL-C ratio
Baseline 2.5 ± 0.8 2.4 ± 1 2.1 ± 0.7 2.5 ± 0.9
After supervised period 2.8 ± 0.7 2.4 ± 0.8 2.1 ± 0.6 2.3 ± 0.9
After self-supervised period 2.5 ± 0.7 2.3 ± 0.7 1.7 ± 0.5* 2.4 ± 0.9

Data are means ± SD. CON, control group; ET, endurance training group; ST, strength training group; CBT, combined endurance and strength training group; FBG, fasting blood
glucose; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.
*p < 0.05 and **p < 0.01 to within-group comparison (baseline vs. after supervised period vs. after self-supervised period).
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the ET and the CBT increased production of H2O2 enough to stim-
ulate significant increases in circulating GPx activity. This response
could be interpreted as a positive feedback mechanism that reflects
a response of exposure to oxidative stress in these groups. In
contrast, the ST did not significantly increase GPx activity; in all
probability, the ST had an insufficient increase in oxidative meta-
bolism and also was less exposed to the production of H2O2 during
exercise. These adaptation results were consistent with a previous
study in sedentary young individuals.30 There was also no differ-
ences in GPx at rest between young and older individuals regard-
less training status.55

Our results also showed that plasma MDA concentration
significantly decreased by 61% in the CBT and by 65.1% in the ST
after the supervised training period, but was unchanged in the ET.
However, the reduction in plasma MDA concentration seen in only
the CBT was significantly greater than in the CON. The reduction in
plasma MDA concentration was observed in the CBT, associated
with the increase in GPx activity in this study. GPx, which is an
antioxidant enzyme responsible for the decomposition of lipid
peroxides, protects cellular membranes from peroxidative dam-
age.56 Thus, the reduction in plasma MDA concentration in the CBT
probably resulted from the increase in GPx activity.

Previous studies have shown that ET is effective to reduce ROS
and enhances the adaptation to oxidative stress by increasing the
level of antioxidants in hypertensive individuals.18,51 However, we
observed no change in plasma MDA concentration in the ET, which
disagreeswith the previous studies.18,51 Another previous study has
reported that, with the increase of exercise frequency, the oxidative
stress markers is improved in hypertensive individuals who
participated in walking. This study has suggested that individuals
with HT should engage in walking with a frequency of 4 or more
days perweek.57 Thus, it is possible that the frequency of exercise in
the ET program was insufficient to affect responsiveness. The
decrease in MDA concentration in the ST was consistent with
previous studies.22e24 These studies have indicated that ST can
increase total antioxidant capacity by concomitantly increasing ROS
and reactive nitrogen species generation. The intensity and volume
of exercise in the ST is possibly sufficient to enhance the adaptation
to oxidative stress.

Unlike after the supervised training period, circulating GPx ac-
tivity and plasma MDA concentration did not present differences
compared to baseline for all training groups after the self-
supervised training period. The adherence of exercise in the self-
supervised training period were decreased by 14.3%, 9.7% and
9.7% for the ET, the ST and the CBT respectively, compared to the
supervised training period. Moreover, the exercise intensity is
doubtful since it is collected through self-reported adherence.
These results suggest that GPx activity andMDA concentration may
have no sensitivity to respond to frequency and/or intensity of the
programs.

Finally, serum hs-CRP concentration significantly decreased by
49.2% in the CBT after the supervised training period, but was un-
changed in the ET and the ST. Our findings indicate that intensity,
frequency and duration of the CBT program were sufficient to
improve hs-CRP concentration. A systematic review has reported
regular exercise reduces hs-CRP concentrations though multiple
mechanisms, including a reduction in cytokine production by adi-
pose tissue, skeletal muscles, endothelial and blood mononuclear
cells, improved endothelial function and insulin sensitivity, and
possibly an antioxidant effect. Moreover, regular exercise has also
been demonstrated to normalize the levels and/or expression of
pro-inflammatory cytokines,12 supporting the reduction in hs-CRP
concentration. However, it is notable that the training programs
in this study were progressive as both training intensity and



Fig. 2. Plasma glutathione peroxidase (A), total nitrite/nitrate (B), malondialdehyde (C), and serum high-sensitive C-reactive protein (D) before (black) and after the supervised
training period (white) and after the self-supervised training period (gray). Data are means ± SD. CON, control group; ET, endurance training group; ST, strength training group; CBT,
combined endurance and strength training group. *p < 0.05 and **p < 0.01 to within-group comparison (baseline vs. after supervised period vs. after self-supervised period). yp <
0.05 and yyp < 0.01 to between-group comparison (vs. control group).
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volume during the ET and the ST program. Therefore, it is also
possible that the training programs were not intense enough to
elicit anti-inflammatory effect.

After the self-supervised training period, serum hs-CRP con-
centration did not present differences compared to baseline for all
training groups. Due to lower adherence and doubtful intensity of
exercise compared to the supervised period, the training programs
might not include sufficient frequency and intensity of exercise to
elicit anti-inflammatory effect. Moreover, the reduction in hs-CRP
concentration seem to be associated with adiposity loss.58

The training programs did not promote any additional benefit in
body weight, BMI and %BF or metabolic parameters in this study.
Similar results were obtained in a study in which elderly in-
dividuals exhibited no changes in body weight or BMI after 12
weeks of CBT.59 In addition, exercise training alone is generally not
associated with significant weight loss when diet is not restricted.
Body weight loss lower than 2 kg and %BF loss lower than 2% have
been reported in subjects who have participated exercise for 6
weeks to 2 years.60

Our findings showed the reduction in SBP and improvements in
antioxidant, oxidative stress and inflammatory markers in the ET
and the CBT after the supervised training period. This might be a
result of the aerobic exercise existing in the both program. How-
ever, after the self-supvervised training period, only the CBT pro-
duced a reduction in SBP and DBP. This might be due to the
adherence and the attendance to the CBT program. The CBT's
adherence was the highest (94.1%) and the exercise attendance in
the CBT (80.7%) also showed a trend significantly greater than the
ET (76.5%). Based on the results of this study, the CBT program
might affect better after the self-supervised training period due to
greater exercise adherence and attendance in elderly individuals
with HT.

The major limitation of the study was the intensity of exercise
during the self-supervised exercise, which was self-reported by the
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subjects. Therefore it was not as reliable as it could have been if
measured by a professional. Additionally, subjects who were less
self-motivated, less self-condent, and enjoyed exercising in a group
would prefer to be supervised by a therapist or a trainer. Finally, the
generalizability of the results is limited due to the small sample.
The results should therefore be interpreted with caution. Never-
theless, we do believe that our findings can provide insight for
future studies to explore adaptation effects of CBT among different
populations.

Conclusion

The present study supported the hypothesis that the CBT pro-
gram has beneficial effects on the improvement of BP and the
balance between ROS production, the ability to neutralize it, and
the damage in cellular lipid membranes that ROS may produce in
the elderly subjects with HT. Moreover, for the self-supervised
training, the CBT program has shown its applicability to improve
BP and circulating NOx-concentration. This program might affect
better due to greater exercise adherence and attendance in the
elderly subjects with HT. From a clinical viewpoint, our findings
indicated that CBT can be applied as a therapeutic and preventative
tool to improve BP and bioavailability of NO and also to attenuate
oxidative stress associated with aging.
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