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Abstract

:

This study aimed to examine the relationships between activity restriction, quality of life (QoL), and hematopoietic profile in breast cancer survivors according to exercise modality. The subjects in this study were 187 female breast cancer survivors among a total of 32,631 participants in the Korea National Health and Nutrition Examination Survey, which was conducted from 2016 to 2018. The selected subjects participated in a questionnaire survey and blood analysis. A cross-analysis was conducted to determine the relationship between participation in various modality of exercise (e.g., aerobic exercise, resistance exercise, walking exercise). The phi coefficients or Cramer’s V value for activity restriction and QoL were calculated; an independent t-test was conducted to evaluate the differences between hematopoietic profiles based on the modality of exercise. Statistically significant correlations were seen between obesity and aerobic exercise and walking frequency, as well as between diabetes and aerobic exercise and activity restriction. With respect to QoL, there was a statistically significant correlation between participation in aerobic exercise and exercise ability, participation in aerobic exercise and anxiety/depression, participation in resistance exercise and subjective health status, participation in resistance exercise and exercise ability, and participation in weekly walking exercise and self-care ability. Regarding hemodynamic changes, red blood cells increased significantly in breast cancer survivors who participated in weekly resistance exercise compared to in those who did not. In conclusion, exercise participation had a positive effect on activity restriction, QoL, and hematopoietic profile in breast cancer survivors; in particular, some modalities of aerobic exercise were more effective.
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1. Introduction


Breast cancer is the most common cancer among Korean women. According to a report from the Korea Central Cancer Registry under the Ministry of Health and Welfare, the age-adjusted cancer incidence rate in 2016 was 62.6 out of 100,000 women, which is significantly higher than 54.7 in 2014 and 56.1 in 2015. When noted according to age group, breast cancer is most common among women in their 40s (44.3%), followed by those in their 50s (30.2%) and 60s (16.1%) [1]. The Korea Ministry of Health and Welfare reported that, while the number of patients with cancer who survived for more than 5 years after cancer diagnosis exceeded 1 million in 2017, and the cancer survival rate reached 70%, 40% of patients with breast cancer developed depression [1,2]. Breast cancer survivors experience many activity restrictions because of sexual problems, infertility, fatigue, appearance, separation or divorce from their spouses, fear of cancer recurrence and death, etc. [2,3,4,5,6].



Because of these psychological stresses, those with breast cancer tend not to actively participate in many activities, which leads to the deterioration of cardiovascular health, muscle strength, and bone health, thus increasing the risk of osteoporosis and cardiovascular disease [7]. These diseases eventually cause activity restrictions for breast cancer survivors, including discomfort in daily life and absenteeism due to concurrent diseases [8]. In fact, 48.4% of breast cancer survivors in Korea are obese, which increases the risk of breast cancer recurrence and mortality to 35–40%, and may cause insulin resistance, metabolic syndrome, and type 2 diabetes [9]. Since obesity and diabetes also increase the risk of other cancers, more care is required [10]. In recent studies, the expression and activity of iron-related proteins (ferritin, hepcidin, and ferroportin) in breast cancer cells affected the prognosis of breast cancer [11]. In particular, poor iron metabolism (anemia) in patients with breast cancer is a common phenomenon based on tumor stage and anticancer treatment used, and about 43–47% of patients with breast cancer develop anemia [12,13]. In addition, patients with cancer experience inflammatory reactions in their bodies due to obesity, as their level of activity decreases because of fatigue [14,15].



The prevention of cancer is of primary importance; however, women who already have cancer need proper physical and emotional care to maintain their quality of life (QoL). For cancer survivors, the ongoing management of lifestyle (nutrition, physical activity, sleep, stress) is important. Among lifestyle factors, physical activity is widely recognized as an effective non-pharmacological treatment for patients with cancer [16,17,18]. In order to manage or prevent breast cancer, various modalities of exercise are used. Therefore, this study, utilizing the Korea National Health and Nutrition Examination Survey (KNHANES) conducted from 2016 to 2018, aimed to examine the relationships between participation in various modalities of exercise and activity restriction, QoL, and hemodynamic changes in breast cancer survivors, and to determine which modality of exercise is more effective for breast cancer survivors.




2. Materials and Methods


2.1. Study Design and Participants


The KNHANES is a national survey conducted by trained experts every year under the supervision of the Korea Centers for Disease Control and Prevention. This study was conducted with 187 live female patients with breast cancer of 32,631 participants who participated in the KNHANES for 3 years. The mean age of the subjects and mean age at diagnosis were post-menopausal. For more information about the physical characteristics of the subjects, please see Table 1.




2.2. Physical Activity Assessment


The KNHANES physical activity levels were measured using 3 exercise categories: (1) aerobic exercise only (medium intensity aerobic activity of 150 min per week or high-intensity aerobic activity for 75 min per week); (2) resistance exercise only (>1 time per week); (3) walking exercise only (1–2/times per week, 3–5/times per week, 6–7/times per week). Each participant could belong to multiple exercise categories.




2.3. Activity Restriction


The questions asked during the health interview survey regarding activity restrictions consisted of: the presence of activity restriction, causes of activity restriction, diseases, and experience of absenteeism. To ascertain activity restriction, 5 questions (discomfort in the last 2 weeks, disease in the past month, disease in the last year, absenteeism in the last month, absenteeism in the last year) were asked, and were designed to be answered with a “yes” or ”no.” In addition, the causes of activity restriction, the presence of obesity, diabetes, and anemia (dizziness), which are closely associated with breast cancer, were examined.




2.4. Subjective Health Status and QoL


For subjective health status, the question “How do you think your health is in normal times?” was asked, and answers were scored from 1 point for “Very Bad” to 5 points for “Very Good” using a 5-point Likert scale. The higher the score, the better the perceived health status by the subject. The EuroQoL-5 dimension (EQ-5D) developed by the EuroQoL Group was used to measure QoL related to overall health. It consists of 5 multiple-choice questions concerning exercise ability, self-care, daily activities, pain/discomfort, and anxiety/depression. Each of the 5 questions can be answered with 1 of 3 responses: “No problem at all”, “There are some problems”, and “There are serious problems”. In this study, Cronbach’s alpha for the instrument was 0.78.




2.5. Blood Analysis


Fasting blood samples from all participants in the Korea National Health and Nutrition Examination Survey were collected; white blood cells, red blood cells (RBCs), hemoglobin, platelets, hematocrit, and hs-C-reactive protein (CRP) levels were analyzed. For diabetes, stage 3 diabetes (normal, impaired glucose tolerance (IGT) and diabetes) was based on blood glucose after fasting for more than 8 h. Anemia was determined based on a hemoglobin level <12 g/dL.




2.6. Ethics Statement


The KNHANES was conducted as an interview survey in which the investigators interviewed the subjects and collect responses to the questions. In this study, the raw data from the seventh survey (2016–2018) that met the criteria of the study were downloaded from the KNHANES website (http://knhanes.cdc.go.kr/). In order to use the data, protocols for using the raw data from the KNHANES website were followed. Since the KNHANES is considered a public welfare study conducted by the Korean government, this study was conducted without the prior approval of the Research Ethics Review Committee.




2.7. Statistical Analysis


Phi coefficients or Cramer’s V value were calculated using cross-analysis to determine whether there was a relationship between exercise participation, activity restriction, subjective health status, and QoL by exercise modality. An independent t-test was conducted to examine the differences between exercise modality participation by hematopoietic profile, and alpha (α) was set to 0.05. The reasons for the different case numbers for each variable is due to missing data from those who did not respond to the questionnaire. All analyses were conducted using SPSS version 18.0 (IBM Corp., Armonk, NY, USA).





3. Results


This study examined the relationships between exercise modality, activity restriction, subjective health status, QoL, and hematopoietic profile in breast cancer survivors who participated in the 2016–2018 KNHANES. The results of the cross-analysis, conducted to determine the correlation between exercise participation and activity restriction-related variants by exercise modality (aerobic exercise, resistance exercise, walking exercise) in the breast cancer survivors, are presented in Table 2. There were no statistically significant correlations between participation in various modalities of exercise and activity restriction (discomfort in the past 2 weeks, disease in the last month, disease in the last year, absenteeism in the last month, absenteeism in the last year) in the breast cancer survivors.



Among activity restriction due to disease, there was a statistically significant correlation between obesity and aerobic exercise participation (p < 0.046) and walking exercise frequency (p < 0.029). However, there was an exception; one subject who participated in aerobic and resistance exercises had a higher obesity rate than those who did not participate. There was also a significant correlation between diabetes and aerobic exercise participation at the level of p < 0.038. The subjects who participated in aerobic exercise showed a lower prevalence of diabetes compared to those who did not participate in aerobic exercise.



The results of the cross analysis, conducted to examine the correlation between subjective health status and QoL by exercise modality (aerobic exercise, resistance exercise, walking exercise) in breast cancer survivors, are shown in Table 3. There was a statistically significant correlation between subjective health status and resistance exercise participation at the level of p < 0.180. There was a statistically significant correlation between mobility, aerobic exercise participation, and resistance exercise participation at the levels of p < 0.028 and p < 0.026. There were also a statistically significant correlation between self-care and walking exercise frequency, and anxiety/depression and aerobic exercise participation at the levels of p < 0.037 and p < 0.017.



The independent t-test conducted to examine the effect of exercise participation on the hematopoietic profile by exercise modality in breast cancer survivors is presented in Table 4. The RBC was significantly higher at the level of p < 0.028 for those who participated in resistance exercise compared to those who did not.




4. Discussion


Breast cancer is affected by genetic and environmental factors, such as menarche, menopause, childbirth, and lactation experience; it is reported that a Western diet and inactive lifestyle increase the incidence [19]. Women who have undergone surgery because of the development of breast cancer, ovarian cancer, and uterine cancer may develop depression because they feel deprived of femininity, which may lead to family or social problems. In addition, it has been reported that the risk of myopathy, osteoporosis, and cardiovascular disease increases in breast cancer survivors [7].



Cancer survivors are recommended to participate in various modalities of exercise to prevent daily fatigue and cancer recurrence. In this study, there was no significant correlation between exercise participation and activity restriction-related discomfort or disease, and absenteeism for the last 2 weeks; however, there was a correlation between obesity and diabetes and activity restriction. Specifically, obesity and diabetes were significantly correlated with aerobic exercise participation and walking exercise frequency in breast cancer survivors. In this study, aerobic exercise and walking exercise showed a significantly positive correlation. It is suggested that aerobic exercise and walking (6–8 repetitions per week) are good solutions for obesity in breast cancer survivors. In addition, diabetes showed a correlation with aerobic exercise, showing that participation in aerobic exercise has a lower prevalence of diabetes compared with no participation in aerobic exercise. A meta-analysis conducted by Protani et al. [20], reported that the risk of cancer recurrence or death was 30% higher in breast cancer survivors who were obese than in breast cancer survivors of normal weight. It has also been reported that excess fat tissue caused by obesity increases the recurrence rate of breast cancer [21], and aerobic exercise (walking exercise) reduces the size of fat cells [22] and improves immune function [23]. However, increased fatigue due to a rapid increase in the level of activity may lower the immunity in patients with cancer, so care must be taken during exercise [24]. In addition, patients with breast cancer tend to lose muscle strength because of changes in body composition during anticancer treatment; resistance exercise has a positive effect on maintaining body composition and strength [25], indicating that breast cancer survivors need to participate in various modalities of exercise to further reduce cancer-related risk factors and prevent concurrent diseases.



In this study, there was a significant correlation between resistance exercise participation and subjective health status in breast cancer survivors. With respect to QoL, mobility and anxiety/depression were significantly correlated with aerobic exercise participation self-care, and walking exercise frequency. These results are similar to those of a study that reported a significant increase in QoL, fatigue, and depression symptoms after cancer survivors participated in exercise [26].



Regarding the examination of the relationship between exercise modality and the hematopoietic profile of the breast cancer survivors in this study, RBC significantly increased depending upon weekly resistance exercise participation; thus, those who participated in resistance exercise had higher RBC counts than those who did not. An increase in RBC count is closely associated with the prevalence of anemia. The blood cells of patients with cancer do not pass through blood vessels because of the deformation of red blood cells, which forms congestion and causes anemia. This phenomenon has been reported in more than 40–64% of patients with cancer [27,28]. Anemia can cause dizziness, weakness, and fatigue in everyday life, which may, in turn, deteriorate the QoL and restrict the activities of breast cancer survivors [29]. Although not statistically significant, it was found that the prevalence of anemia was higher in those who participated in all modality of exercise than in those who did not, as shown in Table 1, which is considered to be closely associated with increased RBCs, even though they were within the normal range. Mohamady et al. [30] and Drouin et al. [31] reported that participation in a 7-week exercise program prevented the increase in RBC and hemoglobin in patients with breast cancer who were undergoing radiation therapy. It has also been reported that exercise improves systemic inflammation in cancer survivors [32,33,34,35].



However, in this study, the inflammatory index hs-CRP was within the normal range for all exercise modality, and there was no difference. The results of this study found that participation in physical activities (aerobic exercise, resistance exercise, walking exercise) lowered the prevalence of obesity and diabetes affecting patients with breast cancer. Physical activity participation improved subjective health status and exercise ability, and reduced depression and anxiety, thus improving the quality of life of breast cancer survivors in Korea. Among the modalities of exercise assessed, aerobic exercise had a greater positive correlation, indicating that it may be more effective.



There are several limitations to this study. First, the amount of exercise participation was not directly measured by objective observance, but surveyed indirectly by using a questionnaire. Second, there was a lack of a methodological approach for measuring the proper amount of exercise according to the grade of breast cancer and cancer therapy method, suggesting the necessity of a follow-up study. Third, this study was conducted only with patients with breast cancer; thus, the findings cannot be generalized to other cancer patients. Fourth, additional physical activity evaluations, such as activities of daily living or instrumental activities of daily living, were not conducted, suggesting the necessity for a further study with additional variables. However, combining resistance exercise and aerobic exercise to lessen muscle weakening is recommended. The habit of performing exercise on a regular basis is considered most important for breast cancer survivors for the prevention of cancer recurrence and for cancer recovery.




5. Conclusions


This study found that, for breast cancer survivors, participation in physical activity, such as aerobic exercise, resistance exercise, and walking exercise may lower the prevalence of diseases such as obesity and diabetes. Furthermore, physical activity can reduce depression and anxiety and improve subjective health status, exercise ability, and quality of life. In particular, aerobic exercise was shown to be effective in positively affecting a number of variables, but resistance training is also recommended to prevent muscle loss. The effort to establish regular exercise habits, regardless of modality, seems to be important for the mental and physiological health of breast cancer survivors.







Author Contributions


Study design: M.K., J.K., and W.-Y.S., Study conduct: M.K., J.K., and W.-Y.S., Data collection: M.K., J.K., and W.-Y.S., Data analysis: M.K., J.K., and W.-Y.S., Data interpretation: M.K., J.K., and W.-Y.S., Drafting manuscript: M.K., J.K., and W.-Y.S., Revising the manuscript content: M.K., J.K., and W.-Y.S. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Ministry of Education of the Republic of Korea and the National Research Foundation of Korea (NRF-2019S1A5B6102784).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Korea Ministry of Health and Welfare. Korea Central Cancer Registry. Korea Ministry of Health and Welfare. 2019. Available online: http://www.cancer.go.kr (accessed on 20 September 2020).

	



Vahdaninia, M.; Omidvari, S.; Montazeri, A. What do predict anxiety and depression in breast cancer patients? A follow-up study. Soc. Psychiatr. Psychiatr. Epidemiol. 2010, 45, 355–361. [Google Scholar] [CrossRef] [PubMed]

	



Van Wyk, J.; Carbonatto, C. The social functioning of women with breast cancer in the context of the life world: A social work perspective. Soc. Work 2016, 52, 439–458. [Google Scholar] [CrossRef]

	



Otto, A.K.; Szczesny, E.C.; Soriano, E.C.; Laurenceau, J.P.; Siegel, S.D. Effects of a randomized gratitude intervention on death-related fear of recurrence in breast cancer survivors. Health Psychol. 2016, 35, 1320–1328. [Google Scholar] [CrossRef] [PubMed]

	



Howard-Anderson, J.; Ganz, P.A.; Bower, J.E.; Stanton, A.L. Quality of life fertility concerns and behavioral health outcomes in younger breast cancer survivors: A systematic review. J. Natl. Cancer Inst. 2012, 104, 386–405. [Google Scholar] [CrossRef]

	



Damodar, G.; Smitha, T.; Gopinath, S.; Vijayakumar, S.; Rao, Y.A. Assessment of quality of life in breast cancer patients at a tertiary care hospital. Arch. Pharma Pract. 2013, 4, 1. [Google Scholar] [CrossRef]

	



Ording, A.G.; Garne, J.P.; Nystrom, P.M.; Froslev, T.; Sorensen, H.T.; Lash, T.L. Comorbid diseases interact with breast cancer to affect mortality in the first year after diagnosis. A Danish nationwide matched cohort study. PLoS ONE 2013, 9, e76013. [Google Scholar] [CrossRef]

	



Su, M.; Hua, X.; Wang, J.; Yao, N.; Zhao, D.; Liu, W.; Zou, Y.; Anderson, R.; Sun, X. Health-related quality of life among cancer survivors in rural China. Qual. Life Res. 2019, 28, 695–702. [Google Scholar] [CrossRef]

	



Seo, J.S.; Hyun-Ah Park, H.A.; Kang, J.H.; Kim, K.W.; Young-Gyu Cho, Y.G.; Hur, Y.I.; Park, Y.R. Obesity and obesity-related lifestyles of korean breast cancer survivors. Korean J. Health Promot. 2014, 14, 93–102. [Google Scholar] [CrossRef]

	



Kang, C.; LeRoith, D.; Gallagher, E.J. Diabetes obesity and breast cancer. Endocrinology 2018, 1159, 3801–3812. [Google Scholar] [CrossRef]

	



Lamy, P.J.; Durigova, A.; Jacot, W. Iron homeostasis and anemia markers in early breast cancer. Clin. Chim. Acta 2014, 1434, 34–40. [Google Scholar] [CrossRef]

	



Tas, F.; Eralp, Y.; Basaran, M.; Alici, S.; Argon, A.; Bulutlar, G.; Camlica, H.; Aydiner, A.; Topuz, E. Anemia in oncology practice: Relation to diseases and their therapies. Am. J. Clin. Oncol. 2002, 25, 371–379. [Google Scholar] [CrossRef] [PubMed]

	



Escoffery, C.; Rodgers, K.; Kegler, M.C.; Haardörfer, R.; Howard, D.; Roland, K.B.; Wilson, K.M.; Castro, G.; Rodriguez, J. Key informant interviews with coordinators of special events conducted to increase cancer screening in the United States. Health Educ. Res. 2014, 29, 730–739. [Google Scholar] [CrossRef] [PubMed]

	



Eguchi, Y.; Hyogo, H.; Ono, M.; Mizuta, T.; Ono, N.; Fujimoto, K.; Chayama, K.; Saibara, T. JSG-NAFLD. Prevalence and associated metabolic factors of nonalcoholic fatty liver disease in the general population from 2009 to 2010 in Japan: A multicenter large retrospective study. J. Gastroenterol. 2012, 47, 586–595. [Google Scholar] [CrossRef] [PubMed]

	



Cho, K.K.; Kim, Y.H.; Kim, Y.H. Association of fitness, body circumference, muscle mass, and exercise habits with metabolic syndrome. J. Mens Health 2019, 15, 46–55. [Google Scholar]

	



Brown, J.C.; Huedo-Medina, T.B.; Pescatello, L.S.; Pescatello, S.M.; Ferrer, R.A.; Johnson, B.T. Effıcacy of exercise interventions in modulating cancer-related fatigue among adult cancer survivors: A meta-analysis. Cancer Epidemiol. Biomark. Prev. 2011, 20, 123–133. [Google Scholar] [CrossRef]

	



Mishra, S.I.; Scherer, R.W.; Geigle, P.M.; Berlanstein, D.R.; Topaloglu, O.; Gotay, C.C.; Snyder, C. Exercise interventions on health-related quality of life for cancer survivors. Cochrane Database Syst Rev. 2012, 8, CD007566. [Google Scholar] [CrossRef]

	



Szymlek-Gay, E.A.; Richards, R.; Egan, R. Physical activity among cancer survivors: A literature review. N. Z. Med. J. 2011, 124, 77–89. [Google Scholar]

	



Nkondjock, A.; Ghadirian, P. Risk factors and risk reduction of breast cancer. Med. Sci. 2005, 21, 175–180. [Google Scholar]

	



Protani, M.; Coory, M.; Martin, J.H. Effect of obesity on survival of women with breast cancer: Systematic review and meta-analysis. Breast Cancer Res. Treat. 2010, 123, 627–635. [Google Scholar] [CrossRef]

	



Vona-Davis, L.C.; Rose, D.P. Angiogenesis, adipokines and breast cancer. Cytokine Growth Factor Rev. 2009, 20, 193–201. [Google Scholar] [CrossRef]

	



Bruno, E.; Roveda, E.; Vitale, J.; Montaruli, A.; Berrino, F.; Villarni, A.; Venturelli, E.; Gargano, G.; Galasso, L.; Caumo, A.; et al. Effect of aerobic exercise intervention on markers of insulin resistance in breast cancer women. Eur. J. Cancer Care 2018, 27, e12617. [Google Scholar] [CrossRef] [PubMed]

	



Kreutz, C.; Schmidt, M.E.; Steindorf, K. Effects of physical and mind-body exercise on sleep problems during and after breast cancer treatment: A systematic review and meta- analysis. Breast Cancer Res. Treat. 2019, 176, 1–15. [Google Scholar] [CrossRef] [PubMed]

	



Meneses-Echávez, J.F.; González-Jiménez, E.; Ramírez-Vélez, R. Effects of supervised exercise on cancer-related fatigue in breast cancer survivors: A systematic review and meta-analysis. BMC Cancer 2015, 15, 77. [Google Scholar] [CrossRef] [PubMed]

	



Hasenoehrl, T.; Keilani, M.; Palma, S.; Crevenna, R. Resistance exercise and breast cancer related lymphedema—A systematic review update. Support Care Cancer 2019, 42, 26–35. [Google Scholar] [CrossRef] [PubMed]

	



Cramp, F.; Byron-Daniel, J. Exercise for the management of cancer-related fatigue in adults. Cochrane Database Syst. Rev. 2012, 14, CD006145. [Google Scholar] [CrossRef]

	



Steinberg, D. Anemia and cancer. CA Cancer J. Clin. 1989, 39, 296–304. [Google Scholar] [CrossRef]

	



Gaspar, B.L.; Sharma, P.; Das, R. Anemia in malignancies: Pathogenetic and diagnostic considerations. Hematology 2015, 20, 18–25. [Google Scholar] [CrossRef] [PubMed]

	



Hess, L.M.; Insel, K.C. Chemotherapy-related change in cognitive function: A conceptual model. Oncol. Nurs. Forum 2007, 34, 981–994. [Google Scholar] [CrossRef]

	



Mohamady, H.M.; Elsisi, H.F.; Aneis, Y.M. Impact of moderate intensity aerobic exercise on chemotherapy-induced anemia in elderly women with breast cancer a randomized controlled clinical trial. J. Adv. Res. 2017, 8, 7–12. [Google Scholar] [CrossRef]

	



Drouin, J.S.; Young, T.J.; Beeler, J.; Byrne, K.; Birk, T.J.; Hryniuk, W.M.; Hryniuk, L.E. Random control clinical trial on the effects of aerobic exercise training on erythrocyte levels during radiation treatment for breast cancer. Cancer 2006, 107, 2490–2495. [Google Scholar] [CrossRef]

	



Allgayer, H.; Nicolaus, S.; Schreiber, S. Decreased interleukin-1 receptor antagonist response following moderate exercise in patients with colorectal carcinoma after primary treatment. Cancer Detect Prev. 2004, 28, 208–213. [Google Scholar] [CrossRef]

	



Hutnick, N.A.; Williams, N.I.; Kraemer, W.J.; Orsega-Smith, E.; Dixon, R.H.; Bleznak, A.D.; Mastro, A.M. Exercise and lymphocyte activation following chemotherapy for breast cancer. Med. Sci. Sports Exerc. 2005, 37, 1827–1835. [Google Scholar] [CrossRef] [PubMed]

	



Singh, M.P.; Singh, G.; Singh, S.M. Role of host’s antitumor immunity in exercise-dependent regression of murine T-cell lymphoma. Comp. Immunol. Microbiol. Infect Dis. 2005, 28, 231–248. [Google Scholar] [CrossRef] [PubMed]

	



Meneses-Echávez, J.F.; Ramírez Vélez, R.; González Jiménez, E.; Schmidt Río-Valle, J.; Sánchez Pérez, M.J.; Molina Montes, E. Exercise training, inflammatory cytokines, and other markers of low-grade inflammation in breast cancer survivors: A systematic review and meta-analysis. J. Clin. Oncol. 2017, 32, 121. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. The characteristics of the study subjects.






Table 1. The characteristics of the study subjects.





	Variables
	Mean ± Standard Deviation





	Breast cancer survivor (n)
	187



	Age (years)
	60.8 ± 11.1



	Breast cancer diagnosis age (years)
	54.5 ± 11.3



	Menarche age (years)
	14.3 ± 1.8



	Menopause age (years)
	48.00 ± 4.9



	Height (cm)
	155.8 ± 6.1



	Weight (kg)
	57.5 ± 8.3
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Table 2. Correlation between exercise modality and activity restriction-related variants in breast cancer survivors.






Table 2. Correlation between exercise modality and activity restriction-related variants in breast cancer survivors.





	

	
Aerobic Exercise

% (Frequency)

	
Resistance Exercise

% (Frequency)

	
Walking

% (Frequency)




	
Yes

	
No

	
Yes

	
No

	
1–2/Wk.

	
3–5/Wk.

	
6–7/Wk.






	
Discomfort in the last 2 weeks

	
Yes

	
10.8% (20)

	
18.3% (34)

	
4.81% (9)

	
24.5% (46)

	
12.6% (15)

	
10.9% (13)

	
9.2% (11)




	
No

	
32.3% (60)

	
38.7% (72)

	
13.9% (26)

	
56.9% (106)

	
21.0% (25)

	
27.7% (33)

	
18.5% (22)




	
Phi coefficients

	
0.077

	
0.039

	
0.084




	
Presence of disease in the last month

	
Yes

	
5.9% (11)

	
4.3% (8)

	
2.7% (5)

	
8.0% (15)

	
5.0% (6)

	
5.9% (7)

	
2.5% (3)




	
No

	
37.1% (69)

	
53.7% (98)

	
16.0% (30)

	
73.2% (137)

	
28.6% (34)

	
32.8% (39)

	
25.2% (30)




	
Phi coefficients

	
0.101

	
0.056

	
0.079




	
Presence of disease in the last year

	
Yes

	
13.1% (8)

	
16.4% (10)

	
3.2% (2)

	
24.2% (16)

	
15.8% (6)

	
13.2% (5)

	
5.3% (2)




	
No

	
39.3% (24)

	
31.1% (19)

	
24.6% (15)

	
45.9% (28)

	
13.2% (5)

	
23.7% (9)

	
28.9% (11)




	
Phi coefficients

	
0.104

	
0.242

	
0.130




	
Presence of absenteeism in the last month

	
Yes

	
5.3% (4)

	
2.7% (2)

	
2.7% (2)

	
5.3% (4)

	
3.8% (2)

	
3.8% (2)

	
3.8% (2)




	
No

	
36.0% (27)

	
56.0% (42)

	
13.3% (10)

	
78.7% (59)

	
32.1% (17)

	
29.3% (15)

	
28.3% (15)




	
Phi coefficients

	
−0.152

	
−0.101

	
0.019




	
Presence of absenteeism in the last year

	
Yes

	
0.0% (0)

	
11.1% (3)

	
0.0% (0)

	
16.7% (5)

	
15.0% (3)

	
0.0% (0)

	
0.0% (0)




	
No

	
37.0% (10)

	
51.9% (14)

	
10.0% (3)

	
63.3% (19)

	
25.0% (5)

	
25.0% (5)

	
35.0% (7)




	
Phi coefficients

	
0.356

	
0.210

	
0.437




	
Obesity

	
Underweight

	
0.5% (1)

	
2.2% (4)

	
0.0% (0)

	
3.2% (3)

	
0.8% (1)

	
2.3% (4)

	
0.0% (0)




	
Normal

	
25.8% (48)

	
29.5% (55)

	
8.4% (8)

	
44.2% (42)

	
16.8% (20)

	
22.7% (27)

	
16.8% (20)




	
Pre-obesity

	
11.8% (22)

	
9.1% (17)

	
5.3% (5)

	
15.8% (15)

	
5.9% (7)

	
5.9% (7)

	
10.0% (12)




	
Obesity

	
4.8% (9)

	
16.1% (30)

	
2.1% (7)

	
21.1% (20)

	
10.1% (12)

	
6.7% (8)

	
0.8% (1)




	
Cramer’s V

	
0.246 *

	
0.158

	
0.290 *




	
Presence of diabetes

	
Normal

	
25.5% (40)

	
36.3% (57)

	
14.5% (23)

	
47.7% (75)

	
18.4% (19)

	
30.1% (31)

	
22.3% (23)




	
IGT

	
15.9% (25)

	
8.9% (14)

	
5.0% (8)

	
19.6% (31)

	
8.7% (9)

	
7.7% (8)

	
2.9% (3)




	
Diabetes

	
5.1% (8)

	
8.3% (13)

	
0.6% (1)

	
12.7% (20)

	
2.9% (3)

	
3.9% (4)

	
2.9% (3)




	
Cramer’s V.

	
0.204 *

	
0.177

	
0.487




	
Presence of anemia

	
Yes

	
39.1% (63)

	
50.3% (81)

	
7.5% (28)

	
72.5% (116)

	
26.7% (28)

	
35.2% (37)

	
30.5% (32)




	
No

	
6.2% (10)

	
4.3% (7)

	
1.8% (3)

	
8.7% (14)

	
2.9% (3)

	
4.7% (5)

	
0.0% (0)




	
Phi coefficients

	
0.093

	
0.159

	
0.141








IGT: impaired glucose tolerance; * p < 0.05; cross-analysis.
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Table 3. Correlation between exercise modality, subjective health status and QoL in breast cancer survivors.






Table 3. Correlation between exercise modality, subjective health status and QoL in breast cancer survivors.





	

	
Aerobic Exercise

% (Frequency)

	
Resistance Exercise

% (Frequency)

	
Walking

% (Frequency)




	
Yes

	
No

	
Yes

	
No

	
1–2/Wk.

	
3–5/Wk.

	
6–7/Wk.






	
Subjective health status

	
Very Good

	
2.7% (5)

	
1.1% (2)

	
1.1% (2)

	
2.7% (5)

	
0.0% (0)

	
0.0% (0)

	
0.0% (0)




	
Good

	
7.0% (13)

	
7.0% (15)

	
1.6% (3)

	
13.4% (25)

	
4.2% (5)

	
8.4% (10)

	
3.4% (4)




	
Normal

	
25.3% (47)

	
28.5% (53)

	
14.4% (27)

	
39.0% (73)

	
16.8% (20)

	
18.5% (22)

	
15.7% (19)




	
Bad

	
5.4% (10)

	
12.4% (23)

	
1.1% (2)

	
16.6% (31)

	
6.7% (6)

	
8.4% (10)

	
5.9% (7)




	
Very bad

	
2.7% (5)

	
7.0% (13)

	
0.5% (1)

	
9.6% (18)

	
7.6% (9)

	
3.4% (4)

	
2.5% (3)




	
Cramer’s V

	
0.194

	
0.252 *

	
0.401




	
QoL

	
Mobility

	
No difficulty walking

	
37.0% (69)

	
40.3% (75)

	
17.6% (33)

	
59.4% (111)

	
22.7% (27)

	
31.0% (37)

	
21.8% (26)




	
Walking is a bit difficult

	
5.9% (11)

	
15.1% (28)

	
1.1% (2)

	
19.8% (37)

	
7.6% (9)

	
7.6% (9)

	
5.8% (7)




	
Lying all day

	
0.0% (0)

	
1.6% (3)

	
0.0% (0)

	
2.1% (4)

	
3.4% (4)

	
0.0% (0)

	
0.0% (0)




	
Cramer’s V

	
0.196 *

	
0.198 *

	
0.189




	
Self-care

	
No problems taking a bath/dressing

	
53.2% (99)

	
42.5% (79)

	
18.7% (35)

	
76.5% (143)

	
28.6% (34)

	
37.8% (45)

	
26.9% (32)




	
Taking a bath/dressing somewhat hindered

	
3.2% (8)

	
0.5% (1)

	
0.0% (0)

	
4.3% (8)

	
5.0% (6)

	
0.8% (1)

	
0.8% (1)




	
Not able to take a bath/dress alone

	
0.5% (1)

	
0.0% (0)

	
0.0% (0)

	
0.5% (1)

	
0.0% (0)

	
0.0% (0)

	
0.0% (0)




	
Cramer’s V

	
0.197

	
0.108

	
0.037 *




	
Usual

activities

	
No ADL disruption

	
38.1% (71)

	
48.9% (91)

	
17.6% (33)

	
68.9% (129)

	
25.2% (30)

	
35.3% (42)

	
24.4% (29)




	
ADL is

somewhat impeded

	
4.8% (9)

	
8.0% (15)

	
1.0% (2)

	
12.3% (23)

	
8.4% (10)

	
3.3% (4)

	
3.3% (4)




	
Phi coefficients

	
−0.043

	
−0.108

	
0.093




	
Pain/

discomfort

	
No pain/

discomfort

	
27.9% (52)

	
37.6% (70)

	
13.9% (26)

	
51.3% (96)

	
18.5% (22)

	
27.7% (33)

	
17.6% (21)




	
Some pain/

discomfort

	
13.4% (25)

	
16.3% (30)

	
4.3% (8)

	
25.7% (48)

	
10.9% (13)

	
10.1% (12)

	
7.5% (9)




	
Severe pain/

discomfort

	
1.6% (3)

	
3.2% (6)

	
0.5% (1)

	
4.3% (8)

	
4.2% (5)

	
0.8% (1)

	
2.5% (3)




	
Cramer’s V

	
0.785

	
0.093

	
0.136




	
Anxiety/

depression

	
No anxiety/depression

	
39.2% (73)

	
45.1% (84)

	
66.3% (33)

	
66.3% (124)

	
26.0% (31)

	
34.4% (41)

	
23.5% (28)




	
Some anxiety/

depression

	
2.1% (4)

	
10.7% (20)

	
1.1% (2)

	
12.3% (23)

	
5.9% (7)

	
4.2% (5)

	
2.5% (3)




	
Severe anxiety/

depression

	
1.6% (3)

	
1.0% (2)

	
0.0% (0)

	
2.7% (5)

	
1.7% (2)

	
0.0% (0)

	
1.7% (2)




	
Cramer’s V

	
0.209 *

	
0.138

	
0.132








* p < 0.05, tested by cross-analysis.
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Table 4. Differences between exercise modality participation in relation to hemodynamic variables in breast cancer survivors.
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Variables

	
Aerobic Exercise

% (Frequency)

	
Resistance Exercise

% (Frequency)

	
Walking

% (Frequency)




	
Yes

	
No

	
Yes

	
No

	
1–2/Wk.

	
3–5/Wk.

	
6–7/Wk.






	
White blood cell (Thous/uL)

	
5.51 ± 1.30

	
5.57 ± 1.65

	
5.42 ± 1.71

	
5.54 ± 1.49

	
5.86 ± 1.92

	
5.12 ± 1.35

	
5.60 ± 1.22




	
Red blood cell (Mil/uL)

	
4.27 ± 0.40

	
4.29 ± 0.33

	
4.41 ± 0.38 *

	
4.25 ± 0.35

	
4.30 ± 0.37

	
4.33 ± 0.36

	
4.40 ± 0.38




	
Hemoglobin (g/dL)

	
12.97 ± 0.97

	
13.19 ± 0.87

	
12.81 ± 2.50

	
13.05 ± 0.91

	
13.1 ± 1.00

	
13.0 ± 0.93

	
13.35 ± 0.90




	
Platelets (Thous/uL)

	
246.34 ± 64.85

	
233.15 ± 62.36

	
242.65 ± 71.42

	
237.75 ± 64.73

	
220.45 ± 53.27

	
240.45 ± 65.52

	
252.00 ± 73.49




	
Hematocrit (%)

	
39.70 ± 3.00

	
40.36 ± 2.77

	
39.94 ± 5.48

	
39.86 ± 2.84

	
40.08 ± 3.06

	
40.09 ± 2.95

	
40.84 ± 3.03




	
C-reactive protein (mg/L)

	
1.55 ± 2.75

	
1.14 ± 3.01

	
1.18 ± 2.07

	
0.73 ± 0.30

	
0.93 ± 0.92

	
0.78 ± 0.86

	
1.42 ± 3.71








* p < 0.05; tested by an independent t-test.
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