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Abstract

:

The aim of this study was to determine whether a rowing training program could improve cardiac function in women (n = 28) with the mean age of 52.30 ± 3.78 years who survived breast cancer (stage 1: 4.55%; 2: 36.36%; 3: 54.54%; and 4: 4.55%) diagnosed 4.68 ± 3.00 years previously and underwent subsequent surgery (preservation: 56.52%; total mastectomy: 39.13%; and double mastectomy: 4.35%). Participants completed a 12-week training program consisting of three weekly sessions lasting 60–90 min with a progressive intensity increase according to the Börg scale. The assessments performed were blood pressure and pulse measurements both at rest and after performing the six-minute walk test to collect data on cardiac behavior and aerobic performance. The results showed statistically significant differences in cardiovascular system efficiency measured on the basis of heart rate both before (−12.63 ± 14.68 bpm) and after the six-minute walk test (−11.46 ± 28.39 bpm), increase in the distance achieved in the aerobic endurance test (51.56 ± 48.26 m) as well as decrease in diastolic (−13.6 ± 7.85 mm Hg) and systolic (−6.60 ± 9.10 mm Hg) blood pressure. These results suggest that rowing training programs could be a strategy to consider in this population for the benefits observed in heart rate, blood pressure and aerobic performance, which would lead to improved general health and quality of life.
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1. Introduction


Breast cancer (BC) is the most common cancer in the world, affecting mostly women [1]. According to the International Agency for Research on Cancer [2], 4% of the worldwide female population has suffered or will suffer from BC and it is estimated that this will double in the coming decades. Only a few years ago, receiving a diagnosis of BC was, at best, equivalent to being unable to use the upper limbs [3] and, at worst, it was associated with high mortality rates [4]. Today, BC has a survival rate of over 75% in the first five years after surgery. This high survival rate is largely due to early diagnosis, effective treatment and adopting an active lifestyle [5,6].



Various studies have proven that engaging in physical activity improves quality of life [7], producing improvements in aerobic capacity and muscle strength, increasing muscle mass and strength while improving the functionality of the upper extremities [8,9,10,11]. In addition, physical activity decreases the duration and intensity of fatigue [12] as well as reduces anxiety and depression [13].



Most of the studies consulted [14,15,16,17] affirm that physical activity also contributes to improving physical condition and quality of life in BC survivors [12,18,19,20,21,22] while decreasing the risk of BC recurrence [11,23,24,25,26,27]. At the same time, exercise plays an important role in preventing or delaying the onset of other diseases in these individuals [23,26,28,29] and is a key element in recovery from BC and its aftereffects, although some studies [28,29,30] indicate that not all programs produce improvements; in addition, according to Leischik, diseases such as cardiomyopathy can also develop [31].



Considering that physical activity seems to play an important role in improving quality of life in BC survivors, it is surprising that there is no scientific evidence on the prescription and characteristics of the most suitable exercise for this population [32]. The American College of Sports Medicine and the World Health Organization have recommended that both the general population and cancer survivors should engage in 150 min of moderate aerobic activity or 75 min of vigorous aerobic activity per week and two days of resistance training per week [33].



In a thorough review of our subject matter, we observed that the existing literature on physical activity and BC is scarce, but in the case of rowing and BC, it is practically non-existent. For this reason, we believe that our study may represent progress in prescribing healthy exercise for this population and disease. It should be noted that not long ago, physical activity was contraindicated for BC survivors, especially if it involved mobilizing the upper limbs, as it was thought that physical activity involving the upper limbs caused lymphedema or chronic swelling of the arm due to the removal and/or exposure of the lymph nodes in the axilla. It was then argued that the mobilization of these body parts caused an increase in blood flow in the area and therefore a greater production of lymph, which, due to poor drainage, would accumulate in these extremities [34]. McKenzie [35] was the first to develop therapies that involved mobilization of the upper limbs and, more specifically, he recommended paddling in a dragon boat because it is a strenuous, repetitive upper body activity that projects a visible message to all people with BC. It is non-weight-bearing and is therefore associated with a lower risk of injury than weight-dependent activities such as running. According to McKenzie, dragon boat paddling “carried out in an appropriate way” increases psychological improvements [35]. According to Stefani et al. (2015), we must specify that dragon boat paddling is not suitable for everyone because it is a very strenuous exercise [34] in addition to using positions that are difficult to adopt for BCS since those that suffered from BC have neither as much flexibility in the upper limbs as to lift the attacking hand above the head nor as much force in the pulling hand due to surgery.



McKenzie’s experiment had a great impact not only for the daring to prescribe physical exercise, but also because he took advantage of several dragon boat competitions to show the world his Breast Cancer Survivor team which, together with the conclusions of his studies regarding the improvement in quality of life of these women, led to a global movement of hundreds of women around the world practicing this sport [36]. This resulted in various studies on the binomial “dragon boat” and “breast cancer”, many of which focus on psychological aspects [37,38,39]. Studies on the effects of this practice on the physical condition of these women, such as improvements in mobility [40], increased strength in different body segments [41,42], as well as improvements in quality of life, are still scarce [18,43,44,45,46].



Our study subjects engaged in the sport of rowing as an exercise prescription. This activity was chosen because it involves muscles of both the lower and upper extremities [47] and almost all the muscles of the body [48]. According to the classification of Romero-Barquero, rowing is a sport that, when performed frequently, is beneficial for adults, preventing cardiovascular risks and death [45]. While dragon boat paddling is asymmetric and involves difficult movements and forced postures, rowing consists of a simultaneous contraction of the upper and lower body muscles followed by a relaxation phase [46] and is a cyclical and symmetrical sport. It is cyclical because the motor pattern is repeated from the beginning to the end of the activity [49] and symmetrical because the limbs (upper and lower, right and left) are involved simultaneously and similarly. Furthermore, unlike dragon boat paddling, rowing uses all the muscles of the body. A much longer paddle is used and a lever is attached to the boat, which makes rowing training less vigorous than dragon boat paddling since all these elements allow us to achieve higher speeds than those reached in a dragon boat with a lower effort.



According to the National Cancer Institute, certain treatments can damage the heart and the circulatory system leading to a series of side effects, such as hypertension, abnormal heart rhythm and heart failure, which are generally caused or exacerbated by chemotherapy and radiotherapy [50]. No studies currently exist that analyze how rowing affects heart function and blood pressure in BC survivors, but there are several articles showing that physical exercise improves these functions [37,51,52,53,54,55,56]. Notable among them is the study by Stefani et al. [51] which reports that BC survivors who received chemotherapy treatment experienced a significant improvement in diastolic function measurements after four years of dragon boat training, increasing by 2.5 cm/s. These results support the potential positive role of physical exercise on myocardial function in BC survivors. In addition, the work of Serra et al. [52] indicated that after an aerobic training program, a 5% reduction was achieved in both systolic and diastolic blood pressure in BC survivors.



The aim of this study was to understand how a rowing-based training program could affect heart function as assessed by systolic and diastolic blood pressure as well as by heart rate after an aerobic test in BC survivors.




2. Materials and Methods


2.1. Design and Participants


The participants (n = 28) had an average age of 52.30 (SD: ±3.78) years and were recruited provided they had overcome BC (stage 1: 4.55%; 2: 36.36%; 3: 54.54%; and 4: 4.55%) diagnosed 4.58 (SD: ±3.00) years previously and had undergone a subsequent surgery (preservation: 56.52%; total mastectomy: 39.13%; and double mastectomy: 4.35%); 93.3% of them received chemotherapy and radiotherapy treatment and 100% of the participants continued with their hormonal treatment based on tamoxifen (Table 1).



Prior to the start of the project, a meeting was organized between the project coordinator and the participants where the objectives and nature of the study were explained. It was made clear that the ethical considerations of sport and exercise science research [57] would be followed at all times, as well as the principles included in the Declaration of Helsinki [58] which defines ethical guidelines for research on human subjects. The University of Malaga provided the registered identification number for the Ethics Committee: 65-2020-H. All the participants provided written informed consent. At all times during the study both before, during and after the intervention, we acted in accordance with the provisions of Organic Law 3/2018 of December 5 on Protection of Personal Data and Guarantee of Digital Rights with respect to the protection of personal data under Spanish legislation.




2.2. Instruments


We used the six-minute walk test [59] which is a valid and reliable test to assess a subject’s cardiorespiratory fitness by measuring the maximum distance the subject can walk for six minutes on a flat surface. At the same time, heart rate per minute was monitored immediately before and after completing the test through a Polar H7 chest strap (placed before starting the test) that transmitted this signal to the POLAR tablet application. An Omron M6 Comfort IT upper arm blood pressure monitor was used to take blood pressure measurements, recording systolic and diastolic pressure and heart rate per minute.



The training program was held at the facilities of Real Club Mediterráneo in Malaga. The training was divided into three parts.



	1.

	
Warm-up: warm-up, mobility, proprioceptive and postural control exercises, all carried out in a multipurpose room.




	2.

	
The main part was carried out in the Mediterranean Sea near the port of Malaga. The boats used were llauts, fixed-bench boats typical of the Spanish Mediterranean. These boats have eight oarsmen and a coxswain or skipper. Each oarsman applies force on a single oar attached to the boat through an oarlock and a ring using both hands simultaneously [60].




	3.

	
Low-intensity stretching.








2.3. Procedure


Each participant was notified in advance of the day on which the initial measurements and assessments would take place. These were carried out in what would be their usual place for subsequent training. Before the assessments, the participants were invited to a conference room where they met the evaluators and were given a brief introduction to the benefits of rowing. Following the presentation and after a five-minute rest period, each participant’s blood pressure was measured in the arm contralateral to the operated side. The blood pressure monitor was reapplied two minutes later and a second measurement was taken. After completing this test, with the participant barefoot and in light clothing, anthropometric evaluation of weight and height was conducted respecting the Frankfurt plane. Next, a Polar H7 chest strap was given to each participant to be fitted according to the manufacturer’s specifications and it was tested to ensure that it emitted a signal to the POLAR application installed in an electronic tablet. Finally, each subject performed the six-minute walk test in a large area, free of objects and with a tape measure extended between two cones to indicate the starting point and the place where they should turn around and continue with the test.



After the initial tests, the participants underwent a 12-week rowing program. Each week consisted of three 60–90 min training sessions, which were divided into warm-up (10–15 min, of which 50% was dry and the other 50% in water) and the main part (40–60 min) based on technical exercises, combined with exercises of playing with the strokes (aerobic exercises) which were supervised by a rowing coach who ensured proper execution of the tasks to prevent injuries and monitored the intensity of the sessions. Finally, the training sessions end with flexibility exercises, with the aim of relaxing the muscles (10–15 min). Training attendance was recorded each day and the participants who did not attend at least 90% of the sessions were excluded from the study.



The training period was divided into three stages, as shown in Table 2. The intensity was progressively increased through the subjective perceived exertion rating of the participants [61]. Upon completion of the 12-week training period, all the subjects who completed the program were reassessed using the same tests and procedures used in the initial evaluation.




2.4. Data Analysis


Data analyses were performed using the Statistical Package for Social Sciences, version 25 (IBM Corp., Armonk, NY, USA).



Before analyzing the statistically significant differences resulting from the rowing training, the normality of the study variables was tested using the Shapiro–Wilk test. Next, the differences between the means of each variable pre- and post-intervention were studied. Finally, parametric testing with the Student’s t-test for related samples was undertaken to determine whether the differences were statistically significant using the probability left in the Student’s t-test, that is, the p-value (p). Cohen’s d for a paired samples t-test was also performed to analyze the size of the effects, where Cohen [61] defined small, medium and large effect sizes as d = 0.2, 0.5 and 0.8, respectively. Thus, the p-value and the size of the effect were used to see if the differences were statistically significant and clinically relevant.





3. Results


Table 3 presents the analysis of the study variables before and after the rowing training program. To assess possible statistically significant differences, the Student’s t-test for related data was performed. Significant improvement was found in all the variables after completion of the intervention. The variables diastolic blood pressure (diff = post–pre = −13.6 ± 8.02; t = −9.484; p = 0.000), systolic blood pressure (diff = post–pre = −6.60 ± 9.10; t = −3.971; p = 0.000), starting heart rate on the six-minute walk test (diff = post–pre = −12.63 ± 14.68; t = −4.712; p = 0.000), final heart rate on the six-minute walk test (diff = post–pre = −11.46 ± 28.39; t = −2.212; p = 0.035) and distance on the six-minute walk test (diff = post–pre = 51.56 ± 48.26; t = 5.852; p = 0.000) showed significant differences between the pre- and post-training values. Regarding the effect size, Cohen’s d for paired samples was calculated, revealing that the differences, in addition to being statistically significant, were relevant as they presented values greater than 0.4.




4. Discussion


The study of cancer in combination with exercise is relatively recent in sports science. Indeed, the first studies on the effects of physical activity in women with BC reported conclusions in the field of psychology [35]. Recently, new research has emerged, describing improvements in physical condition which has been manifested with a high degree of statistical significance in aerobic capacity with an improvement of around 9% in such a short space of time [8,12,21,23,25] and an improvement in upper extremity function [9,10,11], the final effect of which was, as already pointed out by McKenzie, an improvement in the quality of life practiced in safe conditions and not presenting any injury as considered by this author in his research with dragon boat paddling [9,10,14,15,16,17,32,35].



Despite these scientific advances, some side effects of cancer treatments (chemotherapy and radiotherapy) have still not been sufficiently studied. Indeed, there is evidence of aggressiveness of these treatments and their effects on the heart and the cardiovascular system [50].



Until now, no scientific results have been available to support the use of rowing as an activity to improve cardiac function in BC survivors, although literature exists on cardiac function in BC survivors who engage in dragon boat training and other exercise modalities [37,51,52,53,54,55,56]. The most striking results of these studies are the significant improvement in diastolic function after four years of dragon boat training [51] together with the work of Serra et al. [52] whose findings revealed a 5% reduction in systolic and diastolic blood pressure in female BC survivors after a 16-week resistance training program while our research obtained twice the reductions for these same variables, a total of 10% with four fewer weeks of treatment.



Unlike the studies mentioned above, our work presents some of the effects of rowing training (not dragon boat paddling). Interestingly, with a shorter training period than in previous studies (48/16 weeks), our results demonstrated a decrease in heart rate in the participants (both at rest and during exertion) by a mean of 12 bpm, which translated into an improvement in aerobic performance of 51.56 ± 48.26 m on the six-minute walk test and reductions in blood pressure of −13.6 ± 7.85 mm Hg in diastolic blood pressure and –6.60 ± 9.10 mm Hg in systolic blood pressure. Lee’s previous studies [56], although with a large sample of subjects, only constitute a descriptive study about the relationships between heart rate at rest and blood pressure. Fong [37,40] did not include aerobic work as they used qigong as a physical activity in which the upper extremities are used in a very relaxed and controlled way. Finally, Leischik [31] showed evidence between cardiorespiratory fitness and cardiovascular health, although this association was not based on a longitudinal study as in this investigation.




5. Conclusions


Rowing training programs may be a strategy to consider for female BC survivors not only because of the psychological and physical fitness benefits, but also because of the benefits found in heart rate, blood pressure and aerobic performance that lead to better overall health and quality of life.



From a cardiovascular perspective, this study suggests that rowing training may be more advisable than dragon boat training for women who survived BC. The results achieved showed greater improvements than those obtained in previous research. These improvements were also attained within a shorter period of time compared to similar physical activity programs.
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Table 1. Characteristics of the sample regarding breast cancer.






Table 1. Characteristics of the sample regarding breast cancer.





	
Age (Years)

	
Years from Diagnosis

	
Stage

	
%

	
Surgery

	
%

	
Treatment

	
%






	
52.30 ± 3.78

	
4.68 ± 3.00

	
1

	
4.55

	
Preservation

	
56.52

	
Chemotherapy

	
93.3




	
2

	
36.36

	
Total mastectomy

	
39.13




	
3

	
54.54

	
Double mastectomy

	
4.35

	
Radiotherapy

	
93.3




	
4

	
4.55
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Table 2. Design of the prescribed exercise program.






Table 2. Design of the prescribed exercise program.





	Stage
	Content





	Initial

(four weeks)
	Warm-up with mobility exercises, proprioceptive exercises and postural control exercises, with rowing training as the main part and stretching exercises as the final part. Intensity according to the Börg rating of perceived exertion: 5–6.



	Intermediate

(four weeks)
	Warm-up with mobility exercises, proprioceptive exercises and postural control exercises, with rowing training as the main part and stretching exercises as the final part. Intensity according to the Börg rating of perceived exertion: 6–7.



	Final

(four weeks)
	Warm-up with mobility exercises, proprioceptive exercises and postural control exercises, with rowing training as the main part and stretching exercises as the final part. Intensity according to the Börg rating of perceived exertion: 7–8.
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Table 3. Statistical analysis of the study variables. Mean ± standard deviation; differences.






Table 3. Statistical analysis of the study variables. Mean ± standard deviation; differences.





	Variables
	Pre-Test
	Post-Test
	Diff = Post–Pre
	Student’s t
	Effect Size
	p





	Diastolic blood pressure (mm Hg)
	124.40 ± 15.21
	110.80 ± 14.97
	−13.6 ± 7.85
	−9.484
	1.73
	0.000 ***



	Systolic blood pressure (mm Hg)
	82.13 ± 10.37
	75.53 ± 11.18
	−6.60 ± 9.10
	−3.971
	0.73
	0.000 ***



	Starting heart rate on the six-minute walk test (bpm)
	98.43 ± 16.72
	85.80 ± 9.79
	−12.63 ± 14.68
	−4.712
	0.86
	0.000 ***



	Final heart rate on the six-minute walk test (bpm)
	143.26 ± 32.64
	131.80 ± 18.62
	−11.46 ± 28.39
	−2.212
	0.40
	0.035 ***



	Distance on the six-minute walk test (m)
	611.23 ± 87.01
	662.80 ± 85.82
	51.56 ± 48.26
	5.852
	1.07
	0.000 ***







Diff = post–pre = differences between the post-test and pre-test results; *** p < 0.01.
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