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Abstract: Background: Post-menopausal women have impaired cardiorespiratory responses to
exercise compared to young women. Exercise training may counterbalance impairments, but the
time-dependent effects of exercise training remain unclear. The current study aims to investigate the
effects of rowing training on maximal aerobic capacity and time-course cardiorespiratory adaptations
in older women. Methods: Female participants (n = 23) were randomly allocated to the experimental
group (EXP; n = 23; 66 ± 5 years old) enrolled in rowing exercise training and control group (CON;
n = 10; 64 ± 4 years old). The cardiopulmonary exercise test (CET) was performed in a cycle
ergometer pre- and post-interventions. Oxygen uptake (VO2), stroke volume (SV), cardiac output
(CO), and HR were recorded during CET and analyzed at the peak of the exercise. HR was monitored
during exercise recovery, and the index of HRR was calculated by ∆HRR (HRpeak—HR one-minute
recovery). Every two weeks, Rowing Stepwise Exercise (RSE) in a rowing machine was performed to
track specific adaptations to the exercise modality. HR was continuously recorded during RSE and
corrected for the average power of each step (HR/watts). The rowing training protocol consisted of
three weekly sessions of 30 min at an intensity corresponding to 60–80% of peak HR for ten weeks.
Results: Rowing exercise training increased VO2, SV, and CO at the peak of the CET, and ∆HRR.
Increased workload (W) and reduced HR response to a greater achieved workload (HR/W) during
RSE were observed after six weeks of training. Conclusions: Rowing exercise training is a feasible
method to improve cardiorespiratory performance, vagal reactivation and heart rate adjustments to
exercise in older women.

Keywords: rowing; whole-body exercise; maximal oxygen uptake; aging; heart rate

1. Introduction

Aging leads to a progressive reduction in physical capacity, which is classically repre-
sented by the reduction in peak oxygen consumption (VO2peak) [1]. In addition, elevated
heart rate (HR) responses during submaximal physical effort may also be observed in
seniors, which could be attributed as a maker of poor cardiovascular function [2,3]. In
contrast, physically active individuals show a lower decline over the years in VO2peak
than sedentary individuals [4] that could be influenced by exercise intensity, volume, and
frequency [5]. Among the possible countermeasures to attenuate this age-related decline
in the cardiorespiratory system, an integrative approach that combines resistive and en-
durance loading elements have been recommended in current guidelines [6]. In addition,
the combination of diet and exercise programs may provide an additional benefit to the
older population. In particular, the Mediterranean diet produces a further microvascular va-
sodilatory improvement in post-menopausal women, highlighting a putative intervention
for further cardiovascular risk reduction [7].
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Rowing is an Olympic sport modality characterized by high aerobic and resistance
components that involve large muscle mass and may produce significant gains in physical
capacity [8]. In a century-long follow-up study, the overall mortality of French Olympic
rowers was reduced by 42% compared to the expected mortality for the general popula-
tion [9]. It is remarkable that rowing exercise practice is able to promote health benefits for
the general population [10]. However, it is unclear if the higher life expectancy in rowers is
influenced by the selection of individuals more than the chronic positive effect of rowing
training per se [8].

Despite most of the studies that investigated the rowing training effects being con-
ducted with master athletes, it was demonstrated that rowing is a feasible training modality
to prevent age-related muscle wasting and weakness [11], to improve muscle power, aero-
bic capacity [12] and endothelial function [13] in the older general population. Moreover,
rowing training preserved skeletal muscle structure and function in key-antigravity mus-
cles after five weeks of bed rest [14]. Regarding bone structure, master rowers had a greater
bone mineral density than age-matched non-athletes, highlighting the benefit of systematic
rowing training to prevent osteoporosis [15]. Due to its integrated cardiovascular benefits,
indoor rowing exercises have been easily implemented in the training program of young
and aged patients [16], and it may be a primary component of an integrated exercise
prescription and countermeasure benefiting astronauts and patients affected by chronic
deconditioning [14].

Remarkably, rowing is associated with few injuries compared to other sports because,
in part, eccentric muscle contractions, the principal causes of the most common connective
tissue injuries, are not frequent during rowing activity [8]. Further, rowing may benefit the
brain, as described in a recent review [8]. Namely, rowing training reduced the cerebral
metabolism demand (cerebral metabolic rate for oxygen) during exercise and increased the
release of BDNF (brain-derived neurotrophic factor) [17]. Thus, rowing is within a rationale
of exercise modality that may contribute to health promotion in the older population, even
without extensive current literature.

In the older population, traditional aerobic physical training (e.g., jogging and cycling)
reduces heart rate and blood pressure responses at rest and during submaximal exercise,
even with low volume and intensity of exercise training [18–20], and increased vagal
modulation to the heart at rest [21] as post-effort vagal reentry in older women [22].
Regarding the training volume, the current literature suggests an improvement in physical
capacity and cardiovascular responses during aerobic training protocols of low to moderate
intensity between 6 and 16 weeks in sedentary elderly [23]. Although aerobic exercises
improve aerobic capacity in older adults, the time course of these adaptions from the whole
body and multicomponent training such as rowing is still unclear. Since “one size does
not fit all”, more options for exercise training (i.e., different motor tasks, target intensity,
frequency and volume) should be investigated regarding their potential benefits for the
general health and physiological outcomes in post-menopausal women.

The present study was undertaken to test the hypothesis that ten weeks of indoor
rowing training increases maximal physical capacity and post-exercise heart rate recov-
ery in post-menopausal women. Moreover, we expected an increased workload during
rowing exercises with a lower chronotropic demand during the exercise training session
during the protocol period. This study aims to investigate the effects of rowing exercise
training on maximal aerobic capacity and time-course cardiorespiratory adaptations in
post-menopausal women.

2. Materials and Methods
2.1. Sample

The sample was selected from a database of participants aged above 60 years old at
the Fall Prevention Exercise Program at the Institute of Physical Education at Federal Flumi-
nense University. The exclusion criteria were the use of any medication that could influence
the outcome of the study (cardiovascular, neurological, respiratory, muscular/osteoarticular
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or metabolic diseases), symptoms or altered responses to a clinical exam and/or exercise
test, participation in any other exercise training program, and were not naïve to rowing
modality. The volunteers were restricted from caffeine consumption on the day of the test,
had their last meal 2 h before the protocol and avoided physical exercise 24 h before the
protocol. The temperature of the laboratory was controlled between 22 ◦C and 24 ◦C during
experimental tests.

The protocol was approved by the Ethics Committee of the Fluminense Federal Uni-
versity (CEP/UFF) (2.172.240) following the Declaration of Helsinki and all volunteers
signed a consent form before all procedures.

2.2. Experimental Protocol

Firstly, among the 48 older adults who were contacted, 11 declined the invitation. Thus,
37 participants underwent the cardiovascular pre-participation screening, which consisted
of (1) a clinical exam, (2) an electrocardiogram (ECG) at rest, and (3) a cardiopulmonary
exercise test (CET). After that, 32 participants (5 met at least one exclusion criterion) were
randomized into the experimental group (EXP; n = 22), enrolled in the rowing exercise
training protocol, and the control group (CON; n = 10), who did not engage in any exercise
training program. The randomization was conducted by coin toss for every pair of age-
matched participants. The author that analyzed the data was blinded to the group’s
allocation. Before the end of the protocol, nine individuals dropped out of the EXP group
for personal or medical reasons (Figure 1), and thirteen completed the training protocol.
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2.3. Cardiopulmonary Exercise Test (CET)

CET started with three minutes of warming-up with gradual increments of 10 to
15 w·min−1 (Ergo Control Software; Inbramed®, Porto Alegre RS, Brazil), and cadence
between 50 and 60 rpm in an electromagnetic resistance cycle ergometer (Inbramed®. Porto
Alegre RS, Brazil) employing a ramp protocol until voluntary exhaustion. Workload incre-
ments were calculated according to the following equation: (increment in W/minute for
women = [(height in cm − age in years) × 14] − [150 + (6 × body weight in kg)]/100) [24].

The oxygen consumption (VO2), minute ventilation (VE), and respiratory coefficient
(RQ) were recorded using a gas analyzer (VO2000 Inbramed®, Porto Alegre RS, Brazil)
every 20 s during CET. Cardiac output (CO), systolic volume (SV) and heart rate (HR) were
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recorded using a non-invasive transthoracic bioimpedance (PhysioFlow Lab1, Manatec
Biomedical®, Poissy, France), 12-lead ECG (Wincardio, Micromed®, São Paulo SP, Brazil)
was continuously recorded during CET. Blood pressure (BP) was obtained using the auscul-
tatory method every minute (Premium, São Paulo SP, Brazil). The peak HR was considered
the highest value of HR before the end of the CET. The index of post-exercise heart rate
recovery (HRR) was calculated using ∆HR (HRpeak—HR one-minute recovery) [25].

2.4. Rowing Stepwise Exercise

Rowing Stepwise Exercise (RSE) was a step-incremented adapted protocol [12] in a
rowing machine (Concept II Model E, Morrisville VT, USA), and repeated every two weeks
of training, until the eighth week, to track specific adaptations to exercise modality. RSE
consisted of three steps of five minutes each, starting from a target workload of 20 watts,
the second of 40 watts and the third step of 60 watts. If the target workload was not
reached, the volunteer was encouraged to finish the step (5 min), and the obtained average
workload was recorded. HR was continuously recorded during RSE and corrected for the
average power of each step (HR/watts), to consider the time-course changes for individual
physiological responses.

2.5. Rowing Exercise Training Protocol

The exercise training protocol consisted of three weekly sessions on a rowing machine
(Concept II Model E, Morrisville, VT, USA) for ten weeks. Participants exercised for
30 min (including a 5-min warm-up and 5-min cooldown), and intensity corresponded to
60–80% of peak HR obtained by the CET at baseline (1). Heart rate (Bioharness, Zephyr,
Minneapolis MN, USA), workload, distance, stroke rate, and frequency of training (at
least 75% of 30 sessions) were monitored. The training prescription was divided into two
parts: (1) familiarization sessions with specific exercises to learn the modality technique
and (2) regular sessions. The regular session was divided into four parts: (1) stretching (the
main muscles of the body, better definition), (2) warming up with educational exercises
at 40–50% of HRpeak, (3) main phase at 60–85% of HRpeak and (4) cooldown at 40–50% of
HRpeak. The main phase had four rounds of five minutes of rowing with a passive recovery
of 1 min between the rounds.

2.6. Statistical Analysis

The Shapiro–Wilk test was applied to evaluate the normality of the data. The required
sample size was considered an average statistical power equal to or higher than 0.80 for the
main outcome variable VO2peak. The sample enrolled provided a statistical power of 0.99.
Sample size (n) is computed as a function of the required power level (1-β), the considered
significance level (α < 0.05), and the population effect size to be detected with probability
1-β [26]. Once the prior sample size was considered satisfactory, a post hoc analysis was
conducted to confirm these assumptions.

In addition, the effect size (ES) was used to calculate the magnitude of the differences.
The ES was computed as Cohen’s d (t-test) and f (ANOVA) statistics and interpreted as
following: trivial (0–0.2), small (0.2–0.6), moderate (0.6–1.2), large (1.2–2.0), and very large
(2.0–4.0) [27].

For the comparison between cardiovascular responses and metabolic variables before
and after training, Two-way ANOVA for repeated measurements in the time factor with
Sidak’s post hoc was used. The level of significance of α ≤ 0.05 was adopted. The
descriptive statistics were mean and standard deviation. The software used was GraphPad
Prism version 8.0 (GraphPad Software Inc, Boston, MA, USA).

3. Results
3.1. Sample

Thirty-seven volunteers were selected. From the first sample, five of them showed
alteration in the screening tests, and nine volunteers started the training protocol but did
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not complete it for medical or personal reasons. Twenty-three completed the protocol and
all procedures, and were allocated into two groups, EXP and CON, after random selection.
The details of the flowchart are shown in Figure 1.

The participants were not different by age (EXP 66 ± 5 vs. CON 64 ± 4 years old;
p = 0.50) and body mass index (EXP 26.95 ± 3.20 vs. CON 26.98 ± 3.35 kg/m2; p = 0.29) at
baseline. There were no significant differences in participants’ characteristics and hemody-
namic variables at rest between the groups at baseline and post-intervention (Table 1).

Table 1. Participants’ characteristics and hemodynamic variables at rest in experimental and control
groups at baseline and post-intervention.

CON (n = 10) EXP (n = 13) p-Value
Baseline Post-Intervention Baseline Post-Intervention Int. Time Group

Total body mass (kg) 64.86 ± 8.95 64.88 ± 9.06 60.37 ± 11.75 60.40 ± 11.95 0.98 0.92 0.33
SBP (mmHg) 121 ± 14 121 ± 15 124 ± 10 116 ± 10 0.03 0.04 0.61
DBP (mmHg) 77 ± 11 77 ± 12 76 ± 8 74 ± 8 0.48 0.48 0.33

HR (bpm) 82 ± 10 78 ± 10 76 ± 11 79 ± 10 0.20 0.77 0.38

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate. EXP: exper-
imental group; CON: control group. Two-way ANOVA to compare groups and time factors. Sidak’s post hoc.
Mean ± SD.

3.2. Maximal Cardiorespiratory Fitness following Rowing Training

Maximal aerobic capacity (VO2peak), SVpeak and COpeak increased post-rowing training
in the experimental compared to the control group. VEpeak, HRpeak and RQpeak did not
change post-rowing or control interventions. However, HRR increased for the experimental
group post-intervention compared to the baseline. These results are summarized in Table 2.

Table 2. Cardiorespiratory responses during the maximum exercise test in experimental and control
groups at baseline and post-intervention.

CON (n = 10) EXP (n = 13) p-Value
Baseline Post-Intervention Baseline Post-Intervention Int. Time Group

VO2peak

(mL·kg−1·min−1)
18.2 ± 3.69 18.28 ± 3.41 18.06 ± 2.66 21.76 ± 3.22 *,#,d 0.01 0.01 0.22

VEpeak (L/min) 36.90 ± 4.65 37.66 ± 5.03 33.76 ± 6.76 35.40 ± 8.45 a 0.07 0.34 0.47
RQpeak 1.06 ± 0.08 1.09 ± 0.12 1.08 ± 0.07 1.07 ± 0.07 a 0.59 0.28 0.74
SVpeak (mL) 93.34 ± 16.96 87.72 ± 18.85 92.1 ± 18.08 103.84 ± 22.09 *,#,c 0.01 0.01 0.29
COpeak (L/min) 12.50 ± 2.21 12.21 ± 2.07 14.87 ± 3.07 17.26 ± 4.14 *,#,d 0.01 0.01 0.01
HRpeak (bpm) 150 ± 10 153 ± 10 163 ± 15 164 ± 14 b 0.67 0.03 0.13
HRR (bpm) 20 ± 2 20 ± 4 21 ± 1 27 ± 1 *,c 0.01 0.01 0.16

W = watts. VO2: oxygen uptake. HR: heart rate. CO: cardiac output. SV: stroke volume. HRR: HR peak—HR
at one-minute post-exercise. Two-way ANOVA with repeated measures in the time factor and Sidak’s post hoc.
The effect sizes are represented by letters “a”: trivial (0–0.2); “b”: small (0.2–0.6), “c”: moderate (0.6–1.2); and
“d”: large (1.2–2.0). Mean ± SD. EXP: experimental group; CON: control group. * Differences from baseline.
# Differences between groups.

3.3. Heart Rate and Workload Responses to Rowing Stepwise Exercise after Training

The workload acquired at the last step of the rowing exercise was increased following
six and eight weeks of the training intervention in experimental compared to baseline.
The HR response to RSE was higher at baseline and after two weeks in the EXP group
compared to the CON group. After four weeks, the HR response to exercise was reduced
only in the EXP group and remained lower until the end of the protocol. The ratio between
HR and W (HR/watts) showed reduced HR responses to increased workloads achieved
during the third step of RSE after six and eight weeks of training. These results are shown
in Figure 2. Lastly, it is noteworthy that HR achieved at the last step of RSE at the baseline
was not statistically different from the HRpeak during CET at bicycle (CET 162 ± 15 vs. RSE
154 ± 8 bpm; p = 0.22).
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training. A. Workload (watts) and B. heart rate adjusted for power (bpm/watts) for every week of
training. Measures were obtained during the last stage of the Rowing Stepwise Exercise test. ANOVA
with repeated measures in the time factor. Sidak’s post hoc. Mean ± SD. EXP: experimental group;
CON: control group. * Differences from baseline. # Differences between groups.

4. Discussion

The major findings from the current study are the following: (1) Rowing exercise
training increased oxygen uptake, stroke volume and cardiac output at the peak of the
cardiopulmonary exercise test in post-menopausal women; (2) Rowing training improved
post-exercise heart rate recovery suggesting increased vagal reentry; (3) A diminished
heart rate response and increased workload during rowing stepwise exercise were ob-
served following rowing exercise training. Thus, post-menopausal women who underwent
rowing training improved the specific work capacity of the exercise modality with better
adjustments in heart rate response.

VO2peak reflects the workings of the cardiovascular, respiratory and neuromuscular
systems during maximal exercise. VO2peak is the gold-standard measure of health and
physical fitness [28], and it was associated with both morbidity and mortality risks [29].
VO2peak is decreased with age, but could be increased in elders with the same magnitude
as observed in young individuals following endurance exercise training [4]. VO2peak
improvements from exercise training are determined by central (stroke volume and cardiac
output), and peripheral (arteriovenous difference) adaptations. The COpeak is the major
component of the age-related decline in VO2peak. Impaired CO responses to exercise in
older adults could be a consequence of some factors: (1) decreased systolic and diastolic
function; (2) increased vascular stiffness and aortic impedance; (3) decreased inotropic and
chronotropic sensitivity [30].

Despite the physiological declines attributed to aging, a physically inactive lifestyle
also contributes to reduced cardiac function (and thus in VO2peak) with advancing age [1].
Age-related decrements in COpeak could be reversed by endurance training in older adults,
especially with substantial increment in SV during exercise [31]. Otherwise, underlying
mechanisms involved in the training-induced improvements in VO2peak could be different
between sexes, as older women are more dependent on peripheral adaptations (i.e., in-
creased arteriovenous difference) [32].

The practice of rowing can promote health benefits for the general population [10].
Despite that, few studies investigated physiological adaptions by rowing training in older
adults [11–13]. Rowing prevented age-related muscle wasting and weakness [12] and
improved endothelial function [13]. A case-controlled study showed a higher total and
regional body mineral density in master rowers compared to age-matched non-athletes [15].
In accordance, a recent meta-analysis showed that both aerobic and resistance training
increased body mineral density in post-menopausal women [33].

Regarding cardiorespiratory fitness, rowing-trained older men showed greater VO2peak
and lower limb muscular strength than the sedentary age-matched group. In this report,
the trained group was composed of men who practiced rowing at least twice per week for
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five years or more. Thus, the lower reduction in VO2peak observed in older rowers seems to
be influenced by a physically active lifestyle with advancing age, but not an effect from a
rowing training intervention in older sedentary adults [10].

From our results, rowing training is a feasible modality to enhance VO2peak in older
women. In addition, the improved VO2peak is accompanied by higher SVpeak and COpeak.
To our knowledge, this is the first study to demonstrate a positive effect of rowing training
in healthy post-menopausal women who were naïve to this sports modality and were not
enrolled in any exercise program at the moment of the protocol.

Results from previous studies suggested that low-volume high-intensity interval train-
ing provoked a rapid improvement in VO2peak compared to higher-volume moderate-
intensity continuous training in post-menopausal women [34]. In addition, a recent
study [35] compared two programs of interval cycling training with moderate and heavy
intensities for twelve weeks in post-menopausal women. The authors reported that only
the heavy exercise increased VO2peak and gas exchange threshold. Following these pre-
vious findings, our results suggest that rowing training induces rapid improvements in
workload and submaximal HR to exercise (Figure 2). Indeed, HR response to exercise
overcame the target HR, but six weeks of training reduced the HR response to a higher
workload. The increased workload during the third step of RSE should be first attributed
to mechanical factors and technique, but the HR adjusted to workload suggests a classical
adaptation to aerobic training. Thus, the time-dependent effects of exercise help to under-
stand how much training volume is needed to adapt the cardiorespiratory function in this
particular population.

In the current study, maximal heart rate did not change in both experimental and
control groups, as observed by others [22,36]. However, rowing training improved heart
rate recovery after cardiopulmonary exercise (Table 2). Heart rate recovery is a powerful
predictor of overall mortality, independent of workload, and the presence of cardiovascular
diseases in the young and the older population [25].

In older hypertensive women, a walking aerobic training program (12 weeks) accen-
tuated the decrement in heart rate after a treadmill cardiopulmonary exercise test [22].
In addition, older patients who completed phase II of a cardiac rehabilitation program,
improved post-exercise heart rate recovery [37]. Vagal reactivation seems to be the main
physiological mechanism responsible for faster heart rate recovery in older adults [38].
Moreover, heart rate recovery 1 min after exercise is dependent on the mode (i.e., lower in
the cycle than treadmill) and intensity of exercise in healthy and heart failure subjects [39].

Heart rate recovery is also associated with the measurements of 24 h heart rate variabil-
ity in older men [40], and with vagal-mediated indexes of heart rate variability increased
by exercise training in healthy young subjects [41]. Older and young subjects matched by
fitness levels showed similar heart rate recovery, despite distinct results between untrained
young and older subjects (i.e., greater HRR in the younger group) [42]. Recently, no differ-
ences were found in heart rate recovery between older adults with high and low physical
fitness [43]. Thus, the impact of physical fitness and aging on the autonomic control of the
heart is still a matter of controversy.

The aging process reduces heart rate responses during light [2], moderate [3], and
high [43] levels of exercise. Indeed, older adults had a reduced cardiac vagal withdrawal
and sympathetic drive to light cycle exercise than young subjects [2]. As regards the train-
ing effects, maximal workload, VO2 and submaximal heart rate response to exercise were
improved following increased daily physical activity in the elderly [18,21]. Indeed, im-
provements in the submaximal responses to exercise training have noteworthy importance
to the older population because of the accomplishment of daily activities [20].

Lastly, our data showed an increment in absolute workload reached at the last stage
of the rowing stepwise exercise post-training in the experimental compared to the control
group, with a lower heart rate response to the increased workload. These findings suggest
improvements in the specific work capacity for the exercise mode (rowing) with a lower
cardiac demand (heart rate) by rowing training in post-menopausal women.
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5. Limitations

The current study has two main limitations: (1) differences in the sample size between
groups; (2) the target HR for each rowing exercise section was not calculated by the HRpeak
achieved during the CET at the bicycle ergometer. Although it was not ergometer-specific,
the achieved HR at the last stage of RSE and the HRpeak during CET were similar (please see
results section, subtitle 3.3). In addition, we opted for the bicycle ergometer for two main
reasons: (1) it should be safer to perform the pre-participation screening for this population;
and (2) to our knowledge, there is not a validated protocol for maximal tests using the
rowing ergometer in non-athletes, namely older post-menopausal women. Finally, the
sample size seems to be small, but the effect size of the rowing training was robust enough
to provide reliable results.

6. Conclusions

Rowing exercise training is a feasible and efficient method to increase peak oxygen
uptake, stroke volume and cardiac output, and to improve vagal reactivation in older
women. In addition, post-menopausal women who underwent rowing training improved
their specific work capacity in the exercise mode with better adjustments in heart rate
response. In conclusion, older women can row and present cardioprotective adaptations
from training, and rowing exercises should be encouraged and introduced in physical
activity programs for healthy aging.
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master rowers. J. Bone Miner. Metab. 2015, 33, 540–546. [CrossRef]

16. Shibata, S.; Fu, Q.; Bivens, T.B.; Hastings, J.L.; Wang, W.; Levine, B.D. Short-term exercise training improves the cardiovascular
response to exercise in the postural orthostatic tachycardia syndrome. J. Physiol. 2012, 590, 3495–3505. [CrossRef] [PubMed]

17. Seifert, T.; Brassard, P.; Wissenberg, M.; Rasmussen, P.; Nordby, P.; Stallknecht, B.; Adser, H.; Jakobsen, A.H.; Pilegaard, H.;
Nielsen, H.B.; et al. Endurance training enhances BDNF release from the human brain. Am. J. Physiol. Integr. Comp. Physiol. 2010,
298, R372–R377. [CrossRef]

18. Belman, M.J.; Gaesser, G.A. Exercise training below and above the lactate threshold in the elderly. Med. Sci. Sports Exerc. 1991, 23,
562–568. [CrossRef]

19. De Vito, G.; Hernandez, R.; Gonzalez, V.; Felici, F.; Figura, F. Low intensity physical training in older subjects. J. Sports Med. Phys.
Fitness. 1997, 37, 72–77.

20. Meijer, E.P.; Westerterp, K.R.; Verstappen, F.T.J. Effect of exercise training on total daily physical activity in elderly humans. Eur. J.
Appl. Physiol. 1999, 80, 16–21. [CrossRef]

21. Gulli, G.; Cevese, A.; Cappelletto, P.; Gasparini, G.; Schena, F. Moderate aerobic training improves autonomic cardiovascular
control in older women. Clin. Auton. Res. 2003, 13, 196–202. [CrossRef] [PubMed]

22. Braz, N.F.; Carneiro, M.V.; Oliveira-Ferreira, F.; Arrieiro, A.N.; Amorim, F.T.; Lima, M.M.; Avelar, N.C.; Lacerda, A.C.; Peixoto,
M.F. Influence of aerobic training on cardiovascular and metabolic parameters in elderly hypertensive women. Int. J. Prev. Med.
2012, 3, 652–659. [PubMed]

23. Ferreira, L.F.; Rodrigues, G.D.; Soares, P.P.D. Quantity of aerobic exercise training for the improvement of heart rate vari-ability in
older adults. Int. J. Cardiovasc. Sci. 2017, 30, 157.

24. Meneghelo, R.S.; Araújo, C.G.; Stein, R.; Mastrocolla, L.E.; Albuquerque, P.F.; Serra, S.M. Sociedade Brasileira de Cardiologia. III
Diretrizes da Sociedade Brasileira de Cardiologia sobre teste ergométrico. Arq. Bras. Cardiol. 2010, 95 (Suppl. S1), 1–26.

25. Cole, C.R.; Blackstone, E.H.; Pashkow, F.J.; Snader, C.E.; Lauer, M.S. Heart-rate recovery immediately after exercise as a pre-dictor
of mortality. N Engl. J. Med. 1999, 341, 1351–1357. [CrossRef]

26. Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A fexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef]

27. Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine and exercise
science. Med. Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef]

28. Basset, D.R.; Howley, E.T. Limiting factors for maximum oxygen uptake and determinants of endurance performance. Med. Sci.
Sports Exerc. 2000, 32, 70–84. [CrossRef]

29. Blair, S.N.; Kampert, J.B.; Kohl, H.W., III; Barlow, C.E.; Macera, C.A.; Paffenbarger, R.S., Jr.; Gibbons, L.W. Influences of cardi-
orespiratory fitness and other precursors on cardiovascular disease and all-cause mortality in men and women. JAMA 1996, 276,
205–210. [CrossRef]

30. Coudert, J.; Van Praagh, E. Endurance exercise training in the elderly: Effects on cardiovascular function. Curr. Opin. Clin. Nutr.
Metab. Care. 2000, 3, 479–483. [CrossRef]

31. Spina, R.J.; Ogawa, T.; Kohrt, W.M.; Martin, W.H., 3rd; Holloszy, J.O.; Ehsani, A.A. Differences in cardiovascular adaptations to
endurance exercise training between older men and women. J. Appl. Physiol. 1993, 75, 849–855. [CrossRef] [PubMed]

32. Spina, R.J. 10 Cardiovascular Adaptations to Endurance Exercise Training in Older Men and Women. Exerc. Sport Sci. Rev. 1999,
27, 317–332. [CrossRef] [PubMed]

33. Hejazi, K.; Askari, R.; Hofmeister, M. Effects of physical exercise on bone mineral density in older postmenopausal women: A
systematic review and meta-analysis of randomized controlled trials. Arch. Osteoporos. 2022, 17, 1–20. [CrossRef] [PubMed]

34. Klonizakis, M.; Moss, J.; Gilbert, S.; Broom, D.; Foster, J.; Tew, G. Low-volume high-intensity interval training rapidly improves
cardiopulmonary function in postmenopausal women. Menopause 2014, 21, 1099–1105. [CrossRef] [PubMed]

http://doi.org/10.1007/s00421-020-04429-y
http://doi.org/10.1371/journal.pone.0113362
http://doi.org/10.1111/j.1600-0838.2006.00520.x
http://doi.org/10.1080/02640414.2011.635311
http://www.ncbi.nlm.nih.gov/pubmed/22150337
http://doi.org/10.1007/s00421-002-0714-1
http://www.ncbi.nlm.nih.gov/pubmed/12436264
http://doi.org/10.1111/j.1600-0838.2009.01012.x
http://doi.org/10.1152/japplphysiol.00803.2013
http://doi.org/10.1007/s00774-014-0619-1
http://doi.org/10.1113/jphysiol.2012.233858
http://www.ncbi.nlm.nih.gov/pubmed/22641777
http://doi.org/10.1152/ajpregu.00525.2009
http://doi.org/10.1249/00005768-199105000-00008
http://doi.org/10.1007/s004210050552
http://doi.org/10.1007/s10286-003-0090-x
http://www.ncbi.nlm.nih.gov/pubmed/12822041
http://www.ncbi.nlm.nih.gov/pubmed/23024855
http://doi.org/10.1056/NEJM199910283411804
http://doi.org/10.3758/BF03193146
http://doi.org/10.1249/MSS.0b013e31818cb278
http://doi.org/10.1097/00005768-200001000-00012
http://doi.org/10.1001/jama.1996.03540030039029
http://doi.org/10.1097/00075197-200011000-00010
http://doi.org/10.1152/jappl.1993.75.2.849
http://www.ncbi.nlm.nih.gov/pubmed/8226490
http://doi.org/10.1249/00003677-199900270-00012
http://www.ncbi.nlm.nih.gov/pubmed/10791021
http://doi.org/10.1007/s11657-022-01140-7
http://www.ncbi.nlm.nih.gov/pubmed/35896850
http://doi.org/10.1097/GME.0000000000000208
http://www.ncbi.nlm.nih.gov/pubmed/24552980


Int. J. Environ. Res. Public Health 2023, 20, 3238 10 of 10

35. Lyall, G.K.; Birk, G.K.; Harris, E.; Ferguson, C.; Riches-Suman, K.; Kearney, M.T.; Porter, K.E.; Birch, K.M. Efficacy of interval
exercise training to improve vascular health in sedentary postmenopausal females. Physiol. Rep. 2022, 10, e15441. [CrossRef]

36. Duarte, A.; Soares, P.P.; Pescatello, L.; Farinatti, P. Aerobic Training Improves Vagal Reactivation Regardless of Resting Vagal
Control. Med. Sci. Sports Exerc. 2015, 47, 1159–1167. [CrossRef]

37. MacMillan, J.S.; Davis, L.L.; Durham, C.F.; Matteson, E.S. Exercise and heart rate recovery. Heart Lung J. Acute Crit. Care. 2006, 35,
383–390. [CrossRef]

38. Imai, K.; Sato, H.; Hori, M.; Kusuoka, H.; Ozaki, H.; Yokoyama, H.; Takeda, H.; Inoue, M.; Kamada, T. Vagally mediated heart
rate recovery after exercise is accelerated in athletes but blunted in patients with chronic heart failure. J. Am. Coll. Cardiol. 1994,
24, 1529–1535. [CrossRef]

39. Buchheit, M.; Papelier, Y.; Laursen, P.B.; Ahmaidi, S. Noninvasive assessment of cardiac parasympathetic function: Postexercise
heart rate recovery or heart rate variability? Am. J. Physiol. Heart Circ. Physiol. 2007, 293, H8–H10. [CrossRef]

40. Darr, K.C.; Bassett, D.R.; Morgan, B.J.; Thomas, D.P. Effects of age and training status on heart rate recovery after peak exercise.
Am. J. Physiol. Circ. Physiol. 1988, 254, H340–H343. [CrossRef]

41. Lind, L.; Andren, B. Heart rate recovery after exercise is related to the insulin resistance syndrome and heart rate varia-bility in
elderly men. Am. Heart J. 2002, 144, 666–672. [PubMed]

42. Njemanze, H.; Warren, C.; Eggett, C.; MacGowan, G.A.; Bates, M.G.; Siervo, M.; Ivkovic, S.; Trenell, M.I.; Jakovljevic, D.G. Age-
related decline in cardiac autonomic function is not attenuated with increased physical activity. Oncotarget 2016, 7, 76390–76397.
[CrossRef] [PubMed]

43. Fleg, J.L.; O’Connor, F.; Gerstenblith, G.; Becker, L.C.; Clulow, J.; Schulman, S.P.; Lakatta, E. Impact of age on the cardiovascular
response to dynamic upright exercise in healthy men and women. J. Appl. Physiol. 1995, 78, 890–900. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.14814/phy2.15441
http://doi.org/10.1249/MSS.0000000000000532
http://doi.org/10.1016/j.hrtlng.2006.07.003
http://doi.org/10.1016/0735-1097(94)90150-3
http://doi.org/10.1152/ajpheart.00335.2007
http://doi.org/10.1152/ajpheart.1988.254.2.H340
http://www.ncbi.nlm.nih.gov/pubmed/12360163
http://doi.org/10.18632/oncotarget.12403
http://www.ncbi.nlm.nih.gov/pubmed/27705949
http://doi.org/10.1152/jappl.1995.78.3.890
http://www.ncbi.nlm.nih.gov/pubmed/7775334

	Introduction 
	Materials and Methods 
	Sample 
	Experimental Protocol 
	Cardiopulmonary Exercise Test (CET) 
	Rowing Stepwise Exercise 
	Rowing Exercise Training Protocol 
	Statistical Analysis 

	Results 
	Sample 
	Maximal Cardiorespiratory Fitness following Rowing Training 
	Heart Rate and Workload Responses to Rowing Stepwise Exercise after Training 

	Discussion 
	Limitations 
	Conclusions 
	References

