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Abstract 

Background: Chemotherapy drugs treat cancer by destroying the body’s rapidly proliferating cells; as a 

result, they do not only affect the cancer cells but also have a variety of negative side effects on non-target 

tissues, including marked effects on the immune system that make it difficult for the body to fight infection. 

Objectives: The major cause of the current academic work is to investigate the possible outcomes of 

aerobic training combined with diet protocol on the immune system in breast cancer cases receiving 

adjuvant chemotherapy. Design: An open-label randomized control study. Setting: Outpatient setting. 

Participants: 60 female breast cancer cases were randomly sub-categorized into three groups and given 

adjuvant chemotherapy. Group (A) performed aerobic exercise and adhered to a special diet protocol; 

Group (B) only followed the diet plan; and Group (C) only performed aerobic exercise. Intervention: The 

duration of each treatment intervention was 12 weeks, with each group receiving two sessions each week. 

Outcome measures: Before and after the 12-week intervention, total lymphocyte count (TLC), neutrophil 

to lymphocyte ratio (NLR), and platelet to lymphocyte ratio (PLR) measurements were made. Results: 

After 12 weeks of intervention, the percentage of change in TLC, NLR, and PLT in the aerobic training and 

diet protocol group was 34.74%, 40.79%, and 30.69%, respectively. In the diet protocol group, it was 



Impact of aerobic training combined with diet protocol on the immune 

 system in breast cancer patients receiving adjuvant chemotherapy Section A-Research paper 

 

 

245 
Eur. Chem. Bull. 2023,12(3), 244-255 
 

5.59%, 6.64%, and 5.22%, and in the aerobic training group, it was 28.16%, 22.54%, and 18.17%. A 

marked variation in all immunological indicators was found between the groups, favoring the aerobic 

training and nutrition plan (p< 0.001). Conclusion:  Both aerobic exercise and a diet plan may be beneficial 

therapeutic strategies for boosting the immune system, but a combination of aerobic exercise and a diet plan 

has been demonstrated to be more effective at boosting immunological markers than either aerobic exercise 

alone or diet alone. 

Keywords: Aerobic training, diet protocol, immune system, adjuvant chemotherapy, and breast cancer. 

 

Introduction 

After lung cancer, breast cancer is thought to affect more women globally than any other 

type of cancer; every year, 30% of new female cases are diagnosed with breast cancer. Every 

year, 190 out of every 100,000 women die [Wang et al., 2022]. 

Typically, endocrine therapy, biologics, radiation, and/or cytotoxic chemotherapy are 

given in addition to surgically removing the tumor. In 30% of instances, chemotherapy is part of 

the recommended treatment plan [Verma et al., 2016]. 

Chemotherapy affects a large number of healthy cells in the blood, bone marrow, mouth, 

digestive system, nose, nails, vagina, and hair in addition to fast-dividing cancer cells. Evidence 

suggests that chemotherapy, which causes a reduction in lymphocytes, neutrophils, and platelets 

and lowers a patient’s immune system's capacity to mount a successful response to infection, is 

the prominent cause of immune system deterioration in cancer patients. According to Verma et 

al. (2016), these side effects begin during the course of treatment and can linger for up to 3 

months following the final chemotherapy cycle. 

Exercise increases life expectancy and improves the life of cancer cases who have 

finished their treatment, according to ample evidence (QoL). A growing body of research 

indicates that exercise during treatment can help lessen the side effects of chemotherapy, with 

reports of fatigue reductions of up to 30% and a decrease in chemotherapy-induced peripheral 

neuropathy. Exercise has also been linked to a reduction in the frequency of dose adjustments 

and the amount of time patients miss from work while receiving chemotherapy. Preclinical 

research published more recently [Cave et al., 2018] suggests that exercise may increase the 

cytotoxic effects of chemotherapy. 
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Additionally, the World Cancer Research Foundation (WCRF), the American Institute for 

Cancer Research (AICR), and the American Cancer Society (ACS) recommended the importance of 

adopting a healthy dietary scheme full of important nutrition elements. This dietary plan would reduce the 

risk of breast cancer, recurrence, and mortality ratios [Sanft et al., 2021]. 

Purpose of the study 

The study’s major cause is to determine what impact do aerobic exercise and a nutrition plan 

had on the immune system of breast cancer cases having chemotherapy. 

Materials and methods 

An open-label, parallel-group, randomized control trial was used for the investigation. The 

study was carried out between June 2022 and December 2022 at the Physical Therapy Outpatient Clinic at 

Police Academy Hospitals, with participants recruited from the oncology unit. The study was authorized by 

the faculty of physical therapy's ethics committee (P.T.REC/012/003747). The Clinical Trial Registry 

received a prospective registration for the trial (NCT05605808). 

To determine who was qualified to take part in the trial, all patients with breast cancer who 

had also chemotherapy protocol were evaluated. Women who fit the inclusion requirements for the trial—

being between the ages of 30 and 60, having breast cancer, receiving adjuvant chemotherapy, and finishing 

at least one session—were the only ones allowed to enrol in the study. 

If a participant has one of the following medical complications, they were disqualified: heart 

diseases, uncontrolled hypertension, thyroid disease, lymphatic complications, diabetes mellitus, mental 

illness, musculoskeletal or neurological issues that prevent them from engaging in aerobic exercise, and 

patients who failed to adhere to the diet protocol for at least 60% of the prescribed days. Patients who 

refused to engage in the trial or sign the written consent form were also not allowed to participate. 

The G*power software 3.1.9 (G power program version 3.1, Heinrich-Heine-University, 

Düsseldorf, Germany) was adopted to determine the sample size for this investigation using a one-tailed 

test. The previous research [Imayama et al., 2012; Kim et al., 2015] provided the effect size for the sample 

size calculation. With three independent groups being compared for three outcomes of major variables, the 

sample size was calculated adopting F tests (MANOVA: Special effects and interactions), Type I error () = 

0.05, power (1- error probability) = 0.90 (to avoid type II error), Pillai V = 0.3505999, and effect size f2 
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(V) = 0.2125621. Upon this investigation, a minimum sample size of 45 patients was necessary (15 cases in 

each category as a minimum). 

To engage in the study, sixty cases had to sign a written consent form after being given 

extensive information about its nature, goals, and advantages. Cases were divided into three equal groups 

by random allocation: an aerobic training and diet protocol group (group A, study group), a diet protocol 

group (group B), and a group that only engaged in active comparison (group C). The names of the groups 

were written on cards and placed inside sealed envelopes. Based on the chosen card, cases were placed in 

the appropriate group. After the first week of the randomization process, the start dates for the treatment 

were decided upon. 

Study design 

Interventions 

Diet therapy: 

All cases in groups A and B were instructed to follow a specific diet protocol rich in vitamin 

D, fibers, and multiple nuts and seeds such as almond, walnut, pistachio, sunflower seeds, flax seeds, and 

sesame seed to improve the immune system for 12 weeks [De, 2020]. 

Aerobic training: 

Participants in groups A and C performed aerobic exercises by having a walking practice on a treadmill, for 

30 minutes, two sessions per week for 12 weeks. The intensity was around 60-85% of each patient’s 

maximum heart rate. The maximal heart rate predicted by age was computed using (220-age). Each exercise 

session consisted of three phases; a five-minute warming-up phase in form of stretching exercises and 

walking on the treadmill at the slowest speed, a 20-minute conditioning phase in form of walking on the 

treadmill at 60% of the participant’s maximum heart rate in the first two weeks then progressed gradually to 

reach the 85% of maximum heart rate by the 12
th

 weeks”, and five-minutes cool down phase that was 

constant as warming up phase. During the training, the patient’s blood pressure, heart rate, and breathing 

pattern were frequently monitored [Par et al., 2021]. 

Participants were asked to walk continuously at a low intensity for 20 minutes throughout their 

chemotherapy session week as a safety measure to account for the likelihood of an adverse reaction to 

chemotherapy [Thomas et al., 2020]. 

Both before and after the treatment, the outcome measures were evaluated. Before and after 

our intervention of 12 weeks, blood samples from each patient in each group were taken while they were 
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sitting, after a six-hour fast from food and liquids, to evaluate their immunological markers (TLC, NLR, 

and PLR). 

Statistical analysis 

The subject characteristics of the study categories were compared while adopting the ANOVA 

test. The Shapiro-Wilk test was adopted to determine both the normal distribution of the study’s data. The 

homogeneity was examined utilizing Levene’s test. To compare TLC, NLR, and PLR between groups, 

MANOVA was adopted. Tukey’s test post hoc analyses were run for consecutive multiple comparisons. 

Pre- and post-treatment measures were compared using a paired t-test. The statistical tests had a 

significance threshold of p <0.05. The statistical program for social studies (SPSS) version 25 for Windows 

was adopted for the statistical analysis (IBM SPSS, Chicago, IL, USA). 

Results 

Figure 1 highlights the cases’ flow chart, and Table 1 lists the cases’ fundamental data, showing that 

there was no appreciable change in the mean age of the patients (p > 0.05). 
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Figure (1): Flow diagram showing the progress of subjects at each stage of the clinical trial. 

 

 

 

Table 1. Basic characteristics of participants. 

 Group A Group B Group C 
p-value 

 mean ± SD mean ± SD mean ± SD 

Age (years) 42.9 ± 7.1 42.2 ± 6.72 43.2 ± 7.4 0.91 

SD, standard deviation; p-value, level of significance 
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Within the group comparison, A marked increase in TLC and another clear decrease was noticed in NLR 

and PLR in the three groups’ post-treatment values in comparison to the pre-treatment values (p < 0.001). 

The percent of change of TLC, NLR, and PLR in group A was 34.74, 40.79 and 30.69% respectively, and 

in the group, B was 5.59, 6.64 and 5.22% respectively. While in group C the percentage of change was 

28.16, 22.54 and 18.17% as highlighted in (Table 2). 

Between-group comparison, A crystal-clear increase was marked in TLC of group A in comparison 

to group B and group C post-treatment (p < 0.05). Also, an increase in TLC of group C is marked in 

comparison to group B post-treatment (p < 0.05). Also, a noticeable decrease in NLR and PLR of group A 

in comparison to the other two categories post-treatment (p < 0.05) was observed. A clear decrease was 

noticed in NLR and PLR of group C in comparison to group B post-treatment (p < 0.05), Table 2. 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Mean TLC, NLR, and PLR pre- and post-treatment of groups A, B, and C: 

 

Group A Group B Group C p-value 

mean ± SD mean ± SD mean ± SD A vs B A vs C B vs C 

TLC (103 /ul)       

Pre-treatment 1.90 ± 0.48 1.79 ± 0.43 1.74 ± 0.42 0.73 0.51 0.93 

Post-treatment 2.56 ± 0.37 1.89 ± 0.44 2.23 ± 0.41 0.001 0.03 0.03 
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MD (% of change) -0.66 (34.74%) -0.1 (5.59%) -0.49 (28.16%)    

t- value -0.54 -3.55 -10.97    

 
p = 0.001 p = 0.002 p = 0.001    

NLR 
  

 
 

  

Pre-treatment 2.28 ± 0.37 2.11 ± 0.41 2.13 ± 0.52 0.42 0.53 0.98 

Post-treatment 1.35 ± 0.27 1.97 ± 0.43 1.65 ± 0.37 0.001 0.02 0.02 

MD (% of change) 0.93 (40.79%) 0.14 (6.64%) 0.48 (22.54%)    

t- value 11.35 3.73 9.57    

 p = 0.001 p = 0.001 p = 0.001    

PLR      

Pre-treatment 139.86 ± 31.71 146.29 ± 23.09 144.61 ± 32.16 0.76 0.86 0.98 

Post-treatment 96.94 ± 26.21 138.66 ± 24.39 118.33 ± 24 0.001 0.02 0.03 

MD (% of change) 42.92 (30.69%) 7.63 (5.22%) 26.28 (18.17%)    

t- value 11.11 5.59 5.89    

 p = 0.001 p = 0.001 p = 0.001    

SD, Standard deviation; MD, Mean difference; p-value, Level of significance 

 

Discussion 

The combined aerobic and diet protocol groups exhibited a crystal-clear increase in the outcome 

measures compared to the other two groups post-treatment, and the current study indicated statistical 

improvements in immunological markers in all three groups (p< 0.001). 

Chemotherapy is also linked to a variety of harmful side effects on tissues that are not the target, 

including considerable immune system consequences. The most severe hematological toxicity, neutropenia, 

is frequently seen as being linked to infections that may necessitate lowering chemotherapy doses and/or 

treatment delays that may jeopardize outcomes. There is general agreement that chemotherapy lowers the 

number of circulating lymphocytes in people with breast cancer, whether during the medication process or 

up to three months following the final cycle of chemotherapy. It is also well-recognized that treatment for 

many other tumors can cause lymphopenia [Grossman et al., 2015; Verma et al., 2016]. 
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No study has specifically addressed supplementing traditional physical therapy for breast cancer 

patients receiving chemotherapy with aerobic training and a diet protocol to improve their immune 

response, as the majority of previous studies concentrated on either aerobic training or diet protocol alone. 

The current trial’s findings are in line with those of other studies that focused on the impact of either 

aerobic exercise (Agha-Alinejad et al., 2022; Chastin et al., 2021; Nobari et al., 2022) or an immune-

targeted diet protocol (Iddir et al., 2020; Lockyer, 2020; Wypych et al., 2017). 

Exercise at a moderate intensity has a marked direct or indirect impact on lymphocytes, modifying 

the effectiveness of immune system activity. Aerobic exercise directly has an impact on the immune system 

by enhancing T-cell proliferation, improving the function of neutrophils, macrophages, and monocytes, 

regulating circulatory levels of pro-inflammatory cytokines, reducing pro-inflammatory cells responsible 

for the onset of autoimmune diseases, raising IgA and IgG levels, regulating C- reactive protein levels, and 

lowering age-related changes in immune function. While improving the glycaemic, insulin, and lipidic 

metabolisms, reducing anxiety and depression, increasing physical activity and cardiopulmonary 

conditioning, reducing oxidative stress, and improving these metabolisms all have an indirect impact on the 

immune system [Da Silveira et al., 2021; Mohamed et al., 2021; Nobrai et al., 2022]. 

Diet therapy also affects the immune system in two different ways. The diet components have an 

impact on the direct effects because fibres, which are not digested and absorbed by the host and act as 

nutrients for the microbiota, regulate the function of innate immune cells to participate in the immune 

system, such as macrophages, neutrophils, and dendritic cells. A diet rich in seeds and nuts produces boosts 

immunity. Furthermore, innate and adaptive immune responses can be modified by vitamin D. 

Proper diet components improve cholesterol and glucose metabolism while inhibiting inflammatory 

signals. Although a healthy diet indirectly affects the immune system by improving the overall health status 

of the body by promoting the growth and maintenance of muscle and body organs like skin and hair 

[Calder, 2020; Kim, 2018; Yao et al., 2022]. 

In group B, the improvement is only attributable to the diet protocol's impact on the immune system, 

but in group C, the improvement is solely attributable to aerobic exercise's impact on the immune system, 

which is more effective than the diet protocol alone. While the combination of the immune system's benefit 

from aerobic exercise and the food protocol provided the largest improvement in group A. Both led to a 

multifaceted improvement in the immune system in breast cancer cases receiving chemotherapy medication 

protocol. 
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The current academic work has specific limitations. On one level, this study encompassed a small 

sample size. To give considerably better statistical data analysis, a larger sample size is therefore needed. 

On another level, none of the groups have provided a long-term follow-up. Therefore, a spectrum of 

academic work is crucial to trace the long-term effects of aerobic exercise coupled with a diet protocol 

targeting the immune system. 

Taking the current study’s results into consideration, it is possible to conclude that while both aerobic 

exercise and a diet plan can help breast cancer patients receiving adjuvant chemotherapy by enhancing their 

immune systems, the combination of aerobic exercise and a diet plan is superior in terms of raising immune 

markers. 
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