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Objective: The purpose of this study was to examine the effect of 12 weeks of moderate intensity aerobic exercise on
echocardiographic and cardiorespiratoryfitness (CRF) parameters, lymphocyte estrogen receptor alpha (ERα) gene ex-
pression and sex hormones (17β-estradiol and progesterone) in overweight/obese postmenopausal women (OPMW).
Methods: Twenty-seven sedentary OPMWaged 45 to 65 years oldwere randomly assigned to exercise (EX, n=14) and
control (C, n = 13) groups. The EX group performed warm up-walking/jogging moderate intensity aerobic exercise
program- recovery (60 min/day, 3 days/week at 70 % of maximal heart rate reserve for 12 weeks) while the
C group participated in no intervention and maintained their daily physical activity level, sedentary normal lifestyle
and dietary habits during 12-week. The lymphocyte ERα gene expression, serum levels of 17β-estradiol and progester-
one, and CRF & echocardiographic parameters were measured at baseline and week-12.
Results: After 12-week, the increase in ERα gene expression (p= 0.009, estimate of effect size/Eta= 28.2 %), VO2max

(p= 0.001, Eta = 53.4 %), walking-jogging time to exhaustion (WJTE) (p= 0.001, Eta = 55.1 %), metabolic equiv-
alent of task (METs) (p = 0.001, Eta = 97.9 %), left ventricular ejection fraction (LVEF) (p= 0.001, Eta = 53.6 %),
cardiac output (Q) (p= 0.036, Eta= 22.3%), and cardiac index (p= 0.030, Eta= 22.5%) were significantly higher
in the EX group compared to the C group, whereas body fat (p = 0.023, Eta = 25.7 %), left ventricular end-systolic
diameter (LVESD) (p = 0.013, Eta = 28.3 %), and mitral E-wave deceleration time (E-wave D time) (p = 0.007,
Eta = 32.1 %) were significantly decreased.
Conclusions: The results suggested that moderate intensity aerobic exercise can be improved cardiac function such as
LVEF, Q, cardiac index, LVESD, and E-wave D time, CRF, ERα-mRNA gene expression as well as maintained sex hor-
mones among sedentary OPMW during menopause, as these positive cellular and molecular or physiological adapta-
tions may be signs of cardioprotective effects by aerobic exercise.
1. Introduction

Cardiovascular disease (CVD) is the most common cause of mortality in
older people [1,2]. Aging-induced events such as CVDs among overweight/
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obese postmenopausal women (OPMW) have been identified as a global
health problem [1]. In addition, sedentary-induced disorders are other
factors that affect the cardiorespiratory system (CRS) and cardiovascular
system (CVS) during menopause [3]. Beside the genetic and environmental
factors affecting CVS, aerobic exercise and cellular & molecular mecha-
nisms are also involved in CVS, including estrogen receptor α (ERα) as a
messenger of cardiomyocytes and sex hormones [4]. On the other hand,
there are both ERα and ERβ in different cardiac cells, including cardiomyo-
cytes, cardiac fibroblast cells, endothelial cells, and smooth muscle cells in
humans [4–6]. It seems that decreased sex hormones, including estrogen/
ERα and progesterone in menopause lead to disturbances in the cardiore-
spiratory regulatory systems such as CVS and sympathetic nervous system
(SNS) [1,3,7]. The aerobic exercise is an important non-medication factor
in old women to take care of their health and CVS later in life span [1,8].
In other words, aerobic exercise intervention is one of the most effective
ways of reducing risk factors of CVDs andmortality [1,9,10]. Recent studies
ovember 2022
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have shown that exercise enhances the physiological myocardial hypertro-
phy adaptations through the cellular and molecular mechanism of ERs in
animal models [4,11]. Recently, a study reported that an increase in the
total ERα expression represents a compensatory process in the stability of
cardiac intercalated discs in humans [5]. In addition, a recent study
reported that up-regulation of ERα-messenger ribonucleic acid (mRNA)
detected in the myocardium of human patients with congenital cardiac
disease was associated with lower myocardial damage and lower cytolysis
in the early post-operative period might support the assumed cardio-
protective role of ERα in humans [12]. However, the role of ERα gene
expression and cell signaling cascades are not fully understood in CVS
following exercise intervention and there are currently no studies regarding
the effect of aerobic exercise on gene expression of human ERα in scientific
databases. Therefore, considering the positive physiological impact of aer-
obic training on cardiorespiratory function, and the possibility of stimulat-
ing the lymphocyte ERα gene expression, sex hormones, and as well as its
effects on improved cardiac function and echocardiographic parameters,
we hypothesized that 1) aerobic exercise intervention would be useful in
the improvement of cardiac function, echocardiographic parameters and
as well as cardiorespiratory fitness (CRF) in OPMW; and 2) aerobic exercise
intervention would be useful in stimulating the lymphocyte ERα-mRNA
expression and serum levels of sex hormones (17β-estradiol and progester-
one) in OPMW. Thus, we conducted a randomized controlled trial to deter-
mine the impact of 12 weeks of moderate intensity aerobic exercise
intervention or sedentary lifestyle on cardiac function, CRF, ERα gene
expression aswell as serum levels of sex hormones inOPMW. To our knowl-
edge, this is the first study to address this subject in OPMW.

2. Materials and methods

2.1. Participants

This randomized controlled trial (RCT) study was approved by the
Ethics Committee of biomedical sciences at Urmia University of medical
sciences according to the Helsinki declaration and was conducted in
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January 2016 at Urmia University, Iran. Twenty-seven sedentary OPMW
volunteered for this study (Fig. 1). The inclusion criteria of participants in-
cluded (1) OPMW with the age range of 45 to 65 years were spent at least
1 year and<5 years at menopause, (2) having bodymass index (BMI) above
25 kg/m2, (3) free of medication (4) no history of CVDs, as well as any clin-
ical problems such as hypertension, electrocardiogram (ECG) or echocardi-
ography abnormalities, diabetes mellitus, fatty liver disease, pulmonary
disease, gastrointestinal disease, and neurologic diseases, and (5) no history
of regular exercise, weight gain, weight loss, hormone therapy, pharmaco-
logical intervention, smoking for at least 6 months before the start of the
study as described before [13]. The CVSwas evaluated based on the normal
ECG (Biocare, ECG-1200, China) and Doppler echocardiography (Esaote
Spa, Firenze, Italy). Exclusion criteria of participants included (1) discon-
tinue of regular exercise protocol or normal sedentary lifestyle and/or die-
tary habits during 12-week, and (2) non-participation in blood sampling at
baseline and/or week-12. The energy expenditure and physical activity
level of OPMW were expressed in terms of metabolic equivalent of tasks
(METs), as described before [13]. All participants attended the exercise
venue and received information about the protocols and procedures, as
well as the possible risks and benefits involved in the study. Informed
written consent was obtained from all the participants. The participants
were then randomly assigned to either exercise (EX, n = 14) or control
(C, n = 13) group (Table 1). True random number generation was used
for randomization of this study. The EX group performed 12 weeks of
moderate intensity aerobic exercise. The C group participated in no inter-
vention during 12 weeks and maintained their daily physical activity
level, sedentary normal lifestyle and dietary habits during 12 weeks.

2.2. Aerobic exercise intervention

To determine the maximal oxygen uptake (VO2max), each participant
underwent a graded exercise treadmill test (GXT-Turbo Fitness, LX740,
Taiwan) prior to the beginning of this study. By using the Borg scale, rating
of perceived exertion (RPE) was recorded in the last 10 s of each stage. For
the first 3-min stage of the GXT, participant walked up a 5% grade at a self-
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Table 1
Physiological characteristics and menopause status of OPMWs at baseline and week 12 in the EX and C groups.

Variables EX (n = 14) C (n = 13) pb value pc value Eta coefficient (%)

Physiological characteristics
Age (years)

Baseline 53.36 ± 3.98 53.00 ± 3.26 ns ns ns
Week 12 53.61 ± 3.98 53.25 ± 3.26 ns
pa value ns ns

Height (cm)
Baseline 158.64 ± 5.18 158.40 ± 5.42 0.768 0.698 0.009 (0.9 %)
Week 12 157.55 ± 6.39 158.30 ± 5.16 0.598
pa value 0.666 0.591

Weight (kg)
Baseline 71.90 ± 9.67 76.10 ± 16.35 0.579 0.881 0.001 (0.1 %)
Week 12 72.72 ± 10.11 75.30 ± 14.73 0.740
pa value 0.785 0.269

Body mass index (kg/m2)
Baseline 28.61 ± 4.20 30.35 ± 6.60 0.727 0.193 0.092 (9.2 %)
Week 12 30.26 ± 4.92 29.81 ± 5.58 0.845
pa value 0.214 0.306

Body surface area (m2)
Baseline 1.78 ± 0.11 1.82 ± 0.19 0.572 0.927 0.0 (0.0 %)
Week 12 1.77 ± 0.11 1.81 ± 0.18 0.586
pa value 0.546 0.225

Total body fat (%)
Baseline 42.03 ± 5.10 40.54 ± 5.50 0.914 0.023‡ 0.257 (25.7 %)
Week 12 40.86 ± 4.67 41.45 ± 5.55 0.898
pa value 0.029⁎ 0.188

Systolic blood pressure (mm Hg)
Baseline 120.45 ± 16.35 116.80 ± 17.65 0.485 0.712 0.119 (11.9 %)
Week 12 111.63 ± 20.10 123.20 ± 14.30 0.840
pa value 0.375 0.087

Diastolic blood pressure (mm Hg)
Baseline 75.18 ± 8.84 79.00 ± 13.81 0.457 0.489 0.001 (0.1 %)
Week 12 76.81 ± 5.90 80.70 ± 10.48 0.302
pa value 0.601 0.354

Resting heart rate (beats/min)
Baseline 80.81 ± 10.94 76.72 ± 10.70 0.185 0.471 0.031 (3.1 %)
Week 12 78.54 ± 6.81 76.27 ± 9.23 0.286
pa value 0.305 0.658

Metabolic equivalent of task (METs) h/week
Baseline 11.61 ± 0.81 12.00 ± 1.13 0.350 0.001‡ 0.979 (97.9 %)
Week 12 14.94 ± 1.00 11.90 ± 1.13 0.001†

pa value 0.001⁎ 0.188

Menopause status
Menopause age (years)

Baseline 2.27 ± 1.42 2.63 ± 1.20 0.525 ns ns
Week 12 2.52 ± 1.42 2.88 ± 1.20 0.525
pa value ns ns

17β-Estradiol (pg/ml)
Baseline 31.52 ± 16.28 41.07 ± 12.60 0.202 0.122 0.117 (11.7 %)
Week 12 29.74 ± 15.36 23.84 ± 12.32 0.402
pa value 0.693 0.030⁎

Progesterone (pg/ml)
Baseline 0.18 ± 0.11 0.30 ± 0.15 0.085 0.494 0.026 (2.6 %)
Week 12 0.14 ± 0.08 0.20 ± 0.18 0.402
pa value 0.104 0.032⁎

Note. EX = exercise group; C = control group; Eta = partial Eta squared or estimates of effect size; values are mean ± SD.
⁎ pa < 0.05, significantly different from baseline values by paired samples t-test (within groups, baseline vs. week 12).
† pb< 0.05, significantly different baseline and also week 12 values by independent samples t-test (between groups, baseline EX vs. baseline C; andweek12 EX vs. week 12 C).
‡ pc < 0.05, significantly different between groups during the time (interaction) analyzed by univariate analysis of variance.
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selected, then for the second 3-min stage, participant had the option to
either continue walking (5 % grade, constant speed) or self-select a
comfortable jogging pace (level grade) at a speed of between 3.4 and
5.7 miles. Participant used heart rate monitoring to indicate when they
had achieved acceptable walking-jogging speeds. Following the first two
stages (which served as an initial 6-min warm-up), treadmill grade was in-
creased 1.5% everyminute (constant speed) until participantwas unable to
continue despite verbal encouragement. Treadmill speed and grade were
considered maximal when a given speed and grade were sustained for
1 min just prior to exhaustion. Maximal heart rate (HRmax) of exercise was
recorded at the end of the GXT protocol and VO2max was calculated in the
3

estimated equation as follows: VO2max = 54.07 + (7.062 × female = 0
or male = 1) − (0.1938 × weight kg) + (4.47 × speed mile/h) −
(0.1453 × HR bit/min). The EX group participated in 12 weeks of aerobic
exercise on treadmill, 50–60 min/day, 3 days/week (150–180 min in
week) at 65 %–70 % of each individual's HRmax reserve (HRmaxReserve).
In the first week of this study, the EX group performed walking or jogging
aerobic exercise at 50 % of each participant's HRmaxReserve. During the sec-
ond and third week, the exercise intensity was increased to 60 % of
HRmaxReserve and then was progressed to 65 % HRmaxReserve in the fourth
to seventh week. In the last 5 weeks, human volunteers as participants were
trained at 70 % HRmaxReserve. A schematic of aerobic exercise protocol for



Table 2
Dietary intake differences of OPMWs at baseline and week 12 in the EX and C
groups.

Variables EX (n = 14) C (n = 13) pb

value
pc

value

Total energy intake (kcal/day)
Baseline 2240.88± 546.82 2365.12± 515.60 0.602 0.341
Week 12 2302.36± 335.22 2298.25± 312.63 0.966
pa value 0.557 0.419

Fat (g)
Baseline 103.11 ± 29.13 105.22 ± 32.18 0.935 0.646
Week 12 103.14 ± 26.04 101.29 ± 21.14 0.787
pa value 0.997 0.566

Carbohydrate (CHO) (g)
Baseline 252.20 ± 114.00 294.97 ± 78.48 0.345 0.389
Week 12 264.74 ± 85.26 283.18 ± 63.76 0.605
pa value 0.436 0.200

Protein (g)
Baseline 87.75 ± 23.28 78.96 ± 26.58 0.334 0.470
Week 12 89.06 ± 20.39 80.07 ± 21.33 0.243
pa value 0.693 0.656

Note. EX=exercise group; C=control group; TEI= total energy intake; values are
mean ± SD.
pa < 0.05, significantly different from baseline values by paired samples t-test
(within groups, baseline vs. week 12).
pb < 0.05, significantly different baseline and also week 12 values by independent
samples t-test (between groups, baseline EX vs. baseline C; and week12 EX vs.
week 12 C).
pc < 0.05, significantly different between groups during the time (interaction)
analyzed by univariate analysis of variance (between groups, baseline and week
12 EX vs. baseline and week 12 C).
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this study is shown in Fig. 2. Each training session was included 10 min of
prior warm-up and 5 min of cooling down (active-recovery) at the ambient
temperature of 22–26 °C and relative humidity of 45 %. All exercise sessions
were performed between 09:00 and 11:00 AM and participants were
supervised by exercise physiologists. TheC group participated in no interven-
tion and continued their normal lifestyle, current physical activity level and
dietary habits during 12-week.

2.3. Measurements

2.3.1. Physiological & echocardiographic parameters
General characteristics of age, height, weight, and body surface area

(BSA) in participants were measured by ID card, wall-meter (Beurer,
Germany), digital scale (Beurer, Germany), and Mosteller formula [14],
respectively. BMI and total body fat (TBF) were measured by Dual-energy
X-ray absorptiometry (DXA) (Hologic, USA). Diastolic & systolic blood
pressure and resting heart rate were measured by indicator machine
(WDF-BP001, Brisk, Germany). Echocardiographic parameters were
evaluated by Doppler echocardiography (P8000, Esaote, Italy). The all
physiological and echocardiographic parameters were evaluated two
times at baseline and week-12 in this study.

2.3.2. Dietary assessment
Dietary data was assessed via a 3-day food record in the first and last

weeks of the exercise program (over 2 weekdays and 1 weekend day)
[15]. The participants were requested to maintain their normal diet during
the period of study and were instructed to consume a diet as similar
as possible in each sampling day. Information on the use of medications/
supplements was also obtained through standard and self-reported ques-
tionnaires [15]. Nutrition and dietary data were analyzed by nutrition anal-
ysis software (Nutrition data pro™ v1.1, StarApps Co, USA) (Table 2).

2.3.3. Blood sampling and assays
Following a 12-hour overnight fasting and without exercise at least

24-h, blood samples (10 ml) were taken in the early morning (between
07:30 and 08:30 AM). Blood samples (5ml) were collected 24 h before and
after the 12-week of exercise program in order to measure serum levels of
sex hormones, including 17β-estradiol and progesterone in both EX and C
groups. Serum levels of 17β-estradiol and progesterone were measured
using an enzyme-linked immunosorbent assay (ELISA) kit (1561-DRG,
Euroimmun, Germany) and (2633-DRG, Euroimmun, Germany) by ELISA
device (Stat Fax®4200- Awareness Technology, USA), respectively.
Another 5ml remaining blood samples (whole blood coated to an anticoag-
ulant ethylenediaminetetra-acetic acid [EDTA]) were used to extract RNA
in the expression of ERα and β-actin genes.

2.4. RNA extraction from peripheral blood lymphocytes and complementary
deoxyribonucleic-acid (cDNA) synthesis

The rapid genomicDNA extraction (RGDE)method [16]was performed
on blood samples in the laboratory. Whole blood-1000 μl (1 ml) coated to
WWeek 6Week 5Week 4Week 3Week 2Week 1
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Fig. 2. A schematic of the moderate-intensity aerobic exercise protocol
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an EDTA as well as 1 ml of cell lysis buffer solution were poured into
RNase DNase-Free 2 ml microtube. After mixing, it was centrifuged at
6000 rpm for 2 min. The top phase was then removed, leaving a white pel-
let. And then RNA was extracted using the RNX-Plus RNA Extraction Kit
(SinaClon, Iran) according to the manufacturer's instructions as follows:
(1) added 1 ml ice cold RNX–Plus solution to 2-ml microtube containing
white pellet sample, (2) vortexed 5–10 s and incubated at room tempera-
ture for 5 min, (3) added 200 μl of Chloroform, (4) mixed well for 15 s by
shaking (and not vortex), (5) incubated on ice or 4 °C for 5 min, (6) centri-
fuged at 12,000 rpm at 4 °C for 15 min, (7) transfer the aqueous phase to
new RNase-free 1.5 ml microtube, (do not disturb the mid phase) and
added equal volume of Isopropanol, (8) gently mixed and incubated on
ice for 15 min, (9) centrifuged the mixture at 12,000 rpm at 4 °C for
15 min, (10) discard the supernatant and added 1 ml of 75 % Ethanol,
shortly vortexed to dislodge the pellet and then centrifuged at 4 °C for
8 min at 7500 rpm, (11) discarded the supernatant and let the pellet to
dry at room temperature for few minutes, (12) dissolved pellet in 50 μl of
DEPC treated water and then placed the tube in 55–60 °C water bath for
10–15 min. The concentration and quality or Purity of total RNA was
assessed on the basis of OD260/280 ratio (ng/μl) measurements using a
NanoDrop 1000 Spectrophotometer (ThermoScientific, Wilmington, USA)
and electrophoresis on a 1.2 % agarose gel in 0.5 (ng/μl) ethidium
Week 12Week 11Week 10Week 9Week 8eek 7
70% HRmaxReserve

in our study. 50–60 min/day, 3 days/week (150–180 min in week).
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bromides, respectively. The samples of RNA were converted to cDNA after
treating with DNase I to eliminate any genomic DNA contamination. RNA
reverse transcription (RT) was performed in a final volume of 20 (μl) reac-
tion mixtures containing 1 (μl) template RNA, 1 (μl) dN6 primer, and 18
(μl) DEPC-DNase water by AccuPower® RocketScript™ RT-PreMix cDNA
kit (k-2101, Bioneer, Germany). The reactions on the samples were per-
formed by real time PCR (E750, ThermoScientific, Belgium) according to
the manufacturer's protocol. The synthesized cDNA samples were immedi-
ately stored at −70 °C for using expression of ERα and β-actin genes.

2.5. Primer design

The specific primers of genes ERα and β-actin were used from
Malandish et al. study [17] and were checked by primer Blast and
OligoAnalyzer idt tools. Then, for the preparation of primers, their lyophi-
lized powders were prepared by Bioneer Company, Daejeon from South
Korea. The sequences of primers used for the ERα cDNA amplification
were F-GCCAGCAGGTGCCCTACTAC and R-TGGTACTGGCCAATCT TTCT
CTG, and sequences of primers F-TGGACTTCGAGCAAGAGATG and R-
GAAGGAAGGCTGGAAGAGTG for the β-actin cDNA amplification.

2.6. Quantitative real-time reverse transcription polymerase chain reaction
(qRT-PCR) assay

The ERα and β-actin genes were measured by qRT-PCR device (Applied
BioSystem A, Step One™, USA) according to the manufacturer's protocols.
The reactions were performed on the basis of Syber Green-I (Maxima
SYBR-Green/ROX qPCR MasterMix k-0221, ThermoScientific, Germany)
with melting curve for both groups in the range of 60 to 95 °C to evaluate
the specific sequences of genes along with their temperature cycles. The
protocols of genes ERα and β-actin for qRT-PCR reaction were as follows,
respectively: initial denaturation at 95 °C for 5min (holding step), followed
by 40 cycles of denaturation at 95 °C for 30 s (denaturation step), annealing
at 57 °C for 40 s (annealing step), and extension at 95 °C for 15 s (extension
step). Initial denaturation at 95 °C for 5 min (holding step), followed by
40 cycles of denaturation at 95 °C for 15 s (denaturation step), annealing
at 60 °C for 15 s (annealing step), and extension at 72 °C for 20 s (extension
step). The reaction was carried out in a final volume of 12 μl based on the
desired amounts. To ensure for presence of DNA in the products of the
qRT-PCR device, electrophoresis on a 1.2 % agarose gel in 0.5 (ng/μl)
ethidium bromides was applied. Finally, the mean of threshold cycle (CT)
data was calculated by the 2−ΔΔCT method [18].

2.7. Statistical analysis

Data analysis was evaluated by statistical software program SPSS (SPSS
Co, Chicago IL, version 23) for windows. Statistical significancewas consid-
ered at a p< 0.05 of two-tailed. All data are expressed as means± standard
deviation (SD) and checked for normality using Kolmogorov-Smirnov and
homogenize of variances (Levene's test). To evaluate the difference be-
tween baseline- and week 12 values for each group paired samples t-test
was employed. Analysis of Covariance (ANCOVA) test was applied to deter-
mine the changes of all variables during the time.

3. Results

3.1. Physiological characteristics

Baseline indices of OPMW did not show any significant differences
between groups in physiological characteristics (p > 0.05, Table 1). After
12 weeks, METs value was significantly increased while TBF percentage
was significantly decreased in the EX group (p< 0.05, Table 1). In addition,
17β-estradiol and progesterone were significantly decreased in the C group
(p < 0.05, Table 1). The mean change TBF percentage was significantly de-
creased during time in the EX group compared to the C group (p= 0.023),
whereas the mean change METs was significantly increased (p = 0.001).
5

The effect size (Eta) coefficient showed 25.7 % decrease in TBF per-
centage and 97.9 % increase in METs in the EX group compared to
the C group, whereas the other factors did not show considerable
changes (Table 1).

3.2. Menopause status

Baseline values in menopause status parameters did not show signifi-
cant differences in between-groups (p > 0.05, Table 1). After 12 weeks,
17β-estradiol and progesterone were significantly decreased in the C
group (p < 0.05, Table 1). The mean changes in menopause status parame-
ters did not show considerable changes during the time (Table 1).

3.3. Dietary intake

Dietary intake status in total energy intake (TEI), fat, carbohydrate
(CHO), and protein did not show any significant within/between group dif-
ferences as well as food intake during the time among OPMW (p > 0.05,
Table 2).

3.4. Lymphocyte ERα gene expression

There was no significant difference in the lymphocyte ERα-mRNA ex-
pression at baseline (p > 0.05, Table 3). After 12 weeks of aerobic exercise
intervention, lymphocyte ERα-mRNA expression was significantly in-
creased in the EX group (p < 0.05, Table 3). The mean change during the
time in the lymphocyte ERα-mRNA expression was significantly increased
in the EX group compared to the C group (p= 0.009, Table 3). The Eta co-
efficient showed 28.2 % increase in the lymphocyte ERα-mRNA expression
in the EX group compared to the C group (Table 3).

3.5. CRF parameters

Baseline values of CRF parameters did not show considerable differ-
ences in between-groups (p > 0.05, Table 3). After 12 weeks, VO2max and
walking-jogging time to exhaustion (WJTE) were significantly increased
in the EX group (p < 0.05, Table 3). The mean changes VO2max and WJTE
were significantly increased during the time in the EX group compared to
the C group (p = 0.001, Table 3). The Eta coefficient showed 53.4 % and
55.1 % increase in VO2max and WJTE in the EX group compared to the C
group, respectively (Table 3).

3.6. Echocardiographic parameters

Baseline values in echocardiographic parameters did not show any sig-
nificant differences in between-groups (p > 0.05, Table 3). After 12 weeks,
mitral E-wave deceleration time (E-wave D time) was significantly de-
creased while left ventricular ejection fraction (LVEF), cardiac output (Q),
and cardiac index were significantly increased in the EX group as well as
P-wave velocity time integral (PVTI) in the C group (p < 0.05, Table 3).
The mean changes LVEF (p = 0.001), Q (p = 0.036), and cardiac index
(p = 0.030) were significantly increased during the time in the EX group
compared to the C group, whereas left ventricular end-systolic diameter
(LVESD) (p=0.013) and E-wave D time (p=0.007) were significantly de-
creased (Table 3). The Eta coefficient showed 28.3 % and 32.1 % decrease
in LVESD and E-wave D time and 53.6 %, 22.3 % and 22.5 % increase in
LVEF, Q and cardiac index in the EX group compared to the C group, respec-
tively (Table 3).

4. Discussion

Our study clearly showed that 12 weeks of moderate intensity aerobic
exercise at 65 %–70 % HRmaxReserve provided cardio-protective effects
via echocardiographic parameters and probably cellular mechanism of
lymphocyte ERα gene expression among OPMW. In other words, our data
revealed that CRF, LVEF, Q, cardiac index and as well as lymphocyte



Table 3
The lymphocyte ERα gene expression, CRF and cardiovascular (echocardiographic) parameters of OPMWs at baseline and week 12 in the EX and C groups.

Variables EX (n = 14) C (n = 13) pb value pc value Eta coefficient (%)

Lymphocyte ERα gene expression (fold change)
Baseline 0.17 ± 0.21 0.42 ± 0.39 0.070 0.009‡ 0.282 (28.2 %)
Week 12 18.53 ± 18.14 0.40 ± 0.36 0.002†

pa value 0.005⁎ 0.283

Cardiorespiratory fitness (CRF) parameters
VO2max (ml/kg/min)

Baseline 29.05 ± 2.25 30.03 ± 5.74 0.713 0.001‡ 0.534 (53.4 %)
Week 12 33.56 ± 2.13 29.26 ± 6.41 0.174
pa value 0.001⁎ 0.132

Walking & jogging time to exhaustion (min)
Baseline 9.93 ± 2.63 9.77 ± 2.79 0.895 0.001‡ 0.551 (55.1 %)
Week 12 12.16 ± 1.95 9.62 ± 2.60 0.026†

pa value 0.001⁎ 0.470

Cardiovascular (echocardiographic) parameters
Left ventricular end-diastolic diameter (cm)

Baseline 4.61 ± 0.58 4.91 ± 0.43 0.142 0.100 0.136 (13.6 %)
Week 12 4.50 ± 0.42 4.92 ± 0.46 0.049†

pa value 0.651 0.630
Left ventricular end-systolic diameter (cm)

Baseline 3.22 ± 0.54 3.47 ± 0.38 0.329 0.013‡ 0.283 (28.3 %)
Week 12 2.87 ± 0.41 3.73 ± 0.77 0.007†

pa value 0.144 0.271
Left ventricular septum diastolic diameter (mm)

Baseline 7.20 ± 1.25 7.16 ± 1.25 0.537 0.840 0.002 (0.2 %)
Week 12 7.54 ± 1.46 7.49 ± 1.29 0.882
pa value 0.578 0.249

Left ventricular posterior wall diastolic diameter (cm)
Baseline 7.05 ± 1.75 7.54 ± 1.86 0.794 0.589 0.016 (1.6 %)
Week 12 7.14 ± 1.59 7.48 ± 1.80 0.542
pa value 0.887 0.370

Aortic root diameter (cm)
Baseline 2.29 ± 0.29 2.36 ± 0.33 0.698 0.168 0.098 (9.8 %)
Week 12 2.17 ± 0.16 2.37 ± 0.27 0.162
pa value 0.276 0.832

Left atrial area diameter (cm)
Baseline 2.52 ± 0.34 2.51 ± 0.43 0.929 0.102 0.134 (13.4 %)
Week 12 2.40 ± 1.31 2.58 ± 0.46 0.190
pa value 0.231 0.153

Right ventricular diameter (cm)
Baseline 2.21 ± 0.28 2.50 ± 0.35 0.051 0.556 0.019 (1.9 %)
Week 12 2.22 ± 0.25 2.38 ± 0.39 0.221
pa value 0.913 0.066

Right atrial area volume (cm2)
Baseline 10.58 ± 3.14 11.20 ± 3.79 0.681 0.261 0.066 (6.6 %)
Week 12 10.41 ± 2.23 11.70 ± 2.75 0.308
pa value 0.830 0.614

E velocity (cm/s)
Baseline 0.68 ± 0.10 0.74 ± 0.18 0.354 0.458 0.029 (2.9 %)
Week 12 0.72 ± 0.11 0.80 ± 0.19 0.189
pa value 0.106 0.209

A velocity (cm/s)
Baseline 0.61 ± 0.16 0.69 ± 0.11 0.218 0.227 0.076 (7.6 %)
Week 12 0.56 ± 0.11 0.64 ± 1.08 0.018†

pa value 0.121 0.082
Mitral E-wave deceleration time (ms)

Baseline 190.58 ± 41.65 196.90 ± 62.35 0.780 0.007‡ 0.321 (32.1 %)
Week 12 158.83 ± 29.46 197.90 ± 30.54 0.101†

pa value 0.007⁎ 0.965
Aortic velocity time integral (cm)

Baseline 17.00 ± 2.33 18.00 ± 3.26 0.290 0.199 0.088 (8.8 %)
Week 12 17.16 ± 2.55 19.00 ± 2.82 0.182
pa value 0.504 0.191

Pulmonary velocity time integral (cm)
Baseline 17.41 ± 3.44 16.80 ± 2.34 0.637 0.402 0.037 (3.7 %)
Week 12 17.41 ± 2.46 17.40 ± 2.22 0.746
pa value 1.00 0.024⁎

Left ventricular ejection fraction (%)
Baseline 55.00 ± 1.06 54.25 ± 1.20 0.137 0.001‡ 0.536 (53.6 %)
Week 12 60.00 ± 2.88 54.25 ± 1.89 0.001†

pa value 0.001⁎ 1.00
Cardiac output (l/min)

Baseline 4.375 ± 0.48 4.169 ± 0.60 0.400 0.036‡ 0.223 (22.3 %)
Week 12 5.041 ± 0.94 4.155 ± 0.67 0.024†
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Table 3 (continued)

Variables EX (n = 14) C (n = 13) pb value pc value Eta coefficient (%)

pa value 0.035⁎ 0.876
Cardiac index (l/min/m2)

Baseline 2.44 ± 0.29 2.30 ± 0.33 0.313 0.030‡ 0.225 (22.5 %)
Week 12 2.88 ± 0.61 2.30 ± 0.35 0.016†

pa value 0.018⁎ 0.986

Note. EX = exercise group; C = control group; Eta = partial Eta squared or estimates of effect size; values are mean ± SD.
⁎ pa < 0.05, significantly different from baseline values by paired samples t-test (within groups, baseline vs. week 12).
† pb < 0.05, significantly different baseline and also week 12 values by independent samples t-test (between groups, baseline EX vs. baseline C; and week12 EX vs.

week 12 C).
‡ pc < 0.05, significantly different between groups during the time (interaction) analyzed by univariate analysis of variance.
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ERα-mRNA expression were increased with moderate intensity aerobic ex-
ercise in the EX group compared to the C group,whereas E-waveD time and
LVESD were decreased.

Recent investigations on estrogen receptors report a cardio-protective
role of ERα in both sexes after myocardial infarction (MI) in the heart of an-
imal models [3,19,20]. In addition, recent studies reported that ERα-
deficient in both male and female mice models is associated with obesity
and insulin resistant [3,21]. Recently, a study reported that exercise-
induced physiological myocardial hypertrophy is mediated by ERs in
mice models [4]. These findings indicate the important role of ERs, espe-
cially ERα in cardio-protective function of animal models. Furthermore, a
recent study reported that a higher expression of ERα-mRNA detected in
the right atrial myocardium of human patients with congenital cardiac dis-
ease was associated with lower myocardial damage, improved lung func-
tion, lower water retention, and lower cytolysis in the early post-
operative period might support the assumed cardio-protective role of ERs
in this patient population [12]. In particular, it seems that the relationship
between the expression of ER-mRNA and brain natriuretic peptide (BNP)-
mRNA might indicate a role of hemodynamic overload in the upregulation
of ERs as it has been shown in adult patients with aortic stenosis [12,22].
Recently, a study demonstrated ERα-mRNA expression detected in the
left ventricular myocardial biopsies of postmenopausal women patients
with aortic valve stenosis [22]. On the other hand, both ERα and ERβ are
expressed in T-lymphocytes in animals as well as humans, which are asso-
ciated with T-lymphocytes biology [23–26]. Thus, it is possible that
lymphocyte ERα-mRNA may reflect cardiac tissue levels in OPMW.
However, the molecular mechanism of cross-talk between the ERα
signaling and T-lymphocyte (T-cell) responses following exercise interven-
tions is unclear, and further studies are needed.

Our study for the first time showed that moderate intensity aerobic ex-
ercise at 65 %–70 % HRmaxReserve resulted in considerable increases in
lymphocyte ERα gene expression after 12 weeks of aerobic exercise inter-
vention among OPMW. To our knowledge, no studies have investigated
lymphocyte ERα gene expression response to moderate intensity aerobic
exercise in OPMW. The results of this study demonstrated that moderate in-
tensity aerobic exercise was improved physiological adaptations of the
heart including CRF, VO2max, WJTE, LVESD, E-wave D time, LVEF, Q, and
cardiac index in OPMW although the circulating levels of 17β-estradiol
and progesterone remained unchanged. The results of our study were con-
sistent with the results of some previous studies [4,27–30] and were incon-
sistent with others [31,32].

Dworatzek et al. reported that the exercise-induced physiological myo-
cardial hypertrophy is mediated by ERs in mice models [4], which was
consistent with the findings of the current study. In addition, Pandey
et al. reported that short-term exercise training is associated with consider-
able improvement in CRF [27]. Our results were consistent with those stud-
ies with similar aspects to our independent variables, protocol and type of
exercise, and gender including Mahmoodzadeh & Dworatzekand [3] and
Dworatzek et al. [4] (ERα role in cardio-protective function and exercise-
induced physiological myocardial hypertrophy, respectively), Tartibian
et al. (12 weeks of walking-jogging aerobic exercise with 70 %
HRmaxReserve, three sessions per week, and 60 min per training session
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in OPMW) [28] and Pandey et al. (the same exercise type of aerobic exer-
cise intervention) [27]. In contrast, the difference in the type of exercise (re-
sistance training) in Moghadasi & Siavashpour study [32], as well as the
age [32] and health status [31] differences of participants in other studies,
may be of possible inconsistency reasons with the results of our study.

The results of recent studies reported that exercise-induced ERα gene
expression improves cardiac function and morphology through physiologi-
cal myocardial hypertrophy-related signaling pathways including phospho-
inositide 3-kinase (PI3-K)-serine/threonine kinase (AKT), glycogen
synthase kinase-3β (GSK-3β), mitogen-activated protein kinase (MAPK),
AMP-dependent protein kinase (AMPK), and p70 s6 kinase (S6k) and its
down-stream target s6 ribosomal protein (rps6) in mice models [3,4].
Also, optimal reduction in the E-wave D time indicates a supernormal dia-
stolic function. In other words, a vigorous recoil of the ventricle during di-
astole is demonstrated in young and physically active individuals [33],
which was observed in the EX group compared to the C group. The results
of our study demonstrated an increase in the flexibility and elasticity of the
LVmuscle in the EX group. Given these positive adaptations in diastolic and
systolic function, it is possible that increased lymphocyte ERα-mRNA ex-
pression via aerobic exercise is associated with a supernormal diastolic
function during menopause.

It is well-established that moderate intensity aerobic exercise increases
CRF [27,28,34], cardio-protective effects [35], and quality of life in humans
[36]. In other words, aerobic exercise-induced CVS adaptations can be ac-
companied by a better quality of life and decreased CVD in sedentary
OPMW [1,28]. In addition, moderate intensity aerobic exercise provides
changes in the heart that contribute to the greater peak Q and aerobic ca-
pacity [35,37]. Changes in LVEF and blood volume play the primary role
in enhancing stroke volume (SV), and hence Q and cardiac index [37],
which were observed in the EX group compared to the C group of our
study. Furthermore, cardiovascular adaptations to aerobic exercise training
allow the heart to maintain a given submaximal work level at a lower heart
rate, and thus with less strain on the heart [37]. It is possible that moderate
intensity aerobic exercise in sedentary OPMW increases maximal exercise
performance reflecting an increase in VO2max. In this regard, the results of
studies revealed that the age, gender differences, fitness level, aerobic ca-
pacity, type of exercise, and duration of the physically inactive can be in-
volved in CVS changes in older adults [37].

Our study demonstrated that 12 weeks of aerobic exercise intervention
improved CRF through positive adaptations in physiological indices includ-
ing an increase in the VO2max, WJTE, METs, and TBF percentage in OPMW
while other variables did not show considerable changes during the time.
CRF as a genetic factor is similar in importance to othermajor physiological
risk factors for CVD, but it is also highly adaptable via aerobic exercise [33,
34,37,38]. The results of studies well-established that moderate intensity
aerobic exercise is one of the non-pharmacological interventions to im-
prove CRF [28,34]. Also, the recent studies have reported that increased
CRF is associated with reduced risk factors of CVD and lower all-cause
and cardiovascular mortality [9,27,28] which can promote healthy cogni-
tive and psychosocial function in OPMW [39]. It seems that increased
CRF and decreased TBF lead to a reduction in aging-induced diseases
such as CVD [40], sarcopenia, and sarcopenia obesity in older adults [41,
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42]. In other words, it is possible that increased efficiency of CVS and de-
creased TBF can delay aging-induced risk factors such as CVD and sarcope-
nia obesity during menopause although the mechanism is unclear [39].

Recent studies reported that menopause status is associated with changes
in body composition and physiological parameters such as increased TBF and
central adiposity [43,44], decreased fat-free mass and muscular strength
[43], decreased energy expenditure [44,45], decreased CRF as well as de-
creased sex hormones [31]. It is well-established that serum levels of sex hor-
mones such as 17β-estradiol and progesterone decrease significantly due to
both physiological and psychological changes such as loss of skeletal muscle
mass, decreased CRF and poor quality of life duringmenopause [31,46]. Fur-
thermore, aromatization of androgens is strongly affected by aging, as spe-
cific activity of aromatase increases with menopause and aging [47]. In
contrast, reduced central adiposity and total body fat [48], increased
VO2max as well as the maintenance of sex hormones of 17β-estradiol and pro-
gesterone by aerobic exercise intervention can be considered as aerobic
exercise-induced positive hormonal and physiological adaptations and im-
proved CRF during menopause [49], which were observed in the EX group
compared to the C group of this study. In other words, potential mechanisms
related to the maintenance of sex hormones by aerobic exercise during men-
opause may be the muscle mass [43], central adiposity and fat mass [43,44],
glucose and lipid metabolism [50], menopause age or reproductive function
[17], mitochondrial function [50] as well as changes in 17β-estradiol and
progesterone receptors in OPMW [17]. However, the potential mechanisms
of exercise intervention-related sex hormone changes are unknown and re-
quire further studies. The results of studies demonstrated that the aging-
induced CVS changes are associated with changes in HRmax, contractility,
end-diastolic volume (EDV), end-systolic volume (ESV), SV, prolonged dia-
stolic relaxation, prolonged systolic contraction, and sympathetic signaling
during menopause. As mentioned above, increase in the E-wave D time is as-
sociated with diastolic dysfunction and aging process in the heart during
menopause, which was observed in the C group.

4.1. Limitations

The current study had some limitations. We only measured ERα gene
expression at the mRNA level, but not at the protein level. In addition,
the human volunteers as participants in our study were only sedentary
OPMW aged 45–65 years and consequently the findings of our study can't
be generalized to the other statistical populations such as young women,
girls, men, and boys.

5. Conclusions

In conclusion, moderate intensity aerobic exercise at 65 %–70 %
HRmaxReserve was effective in enhancing CRF, cardiac systolic function, car-
diac diastolic function, and cardio-protective effects as well as increasing car-
diac index and ERα gene expression in sedentary OPMW. In other words,
aerobic exercise for 12 weeks in OPMW can increase exercise capacity and
lead to an associated improvement in left ventricular cardiac functional, en-
hanced ERα gene expression and preservation of estrogen levels duringmen-
opause. However, further studies are needed to determine the effect of
aerobic exercise on cardiac function, CRF and gene expression of ERs in sed-
entary OPMW. In addition, the effects of types of exercise interventions on
the cross-talk between the ERα signaling and lymphocyte responses during
menopause or CVD could be investigated in future studies.
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