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Aerobic exercise combined with resistance 
exercise training improves cardiopulmonary 
function and blood lipid of patients with breast 
cancer
A systematic review and meta-analysis
Lingfeng Kong, MDa, Run Gao, MMb,* 

Abstract 

Background: To compare the therapy effects following the aerobic exercise combined with resistance exercise training 

(AET + RET) and common care treatment for patients with breast cancer.

Methods: Articles about the effects of AET + RET on the breast cancer patients in 4 online databases were searched. The 

differences of cardiopulmonary function, blood pressure, blood lipid, and body mass index between the AET + RET treatment and 

the usual care treatment were compared.

Results: Totally, 8 articles were involved into the meta-analysis. The qualities of the 8 articles were medium. The combination 

results showed that AET + RET increased the VO
2
peak (weighted mean difference (WMD) = 2.93 mL/kg/min; 95% CI: 0.38, 

5.49; P = .02) and VO
2
max (WMD = 6.98 mL/kg/min; 95% CI: 2.04, 15.92; P = .01), demonstrating its improving effects 

in cardiopulmonary function. Moreover, the AET + RET decreased the TG (WMD = −57.95 mg/dL; 95% CI: −112.25, −3.64; 

P = .04), demonstrating its improving effects in blood lipid. While or the HRpeak, RERpeak, systolic blood pressure, diastolic 

blood pressure, high-density lipoprotein cholesterol, and body mass index, there are no significant differences between the 

AET + RET and usual care treatment (P < .05).

Conclusion: Our results demonstrated that AET + RET can significantly improve the cardiopulmonary function and blood lipid 

for breast cancer patients.

Abbreviations: AET = aerobic exercise training, BMI = body mass index, CI = confidence interval, DBP = diastolic blood 

pressure, HDL-C = high-density lipoprotein cholesterol, HRpeak = peak heart rate, LDL-C = low-density lipoprotein cholesterol, 

RCT = randomized controlled trials, RERpeak = peak respiratory exchange ratio, RET = resistance exercise training, SBP = 

systolic blood pressure, TC = total cholesterol, TG = triglycerides, UC = usual care, WMD = weighted mean difference.
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1. Introduction

Breast cancer is considered the most common cancer in 
women, and its incidence is rapidly increasing.[1] Recently, 
the effective treatments for breast cancer have received great 
achievement and improved patients’ survival rate and prog-
nosis.[2] The usual treatments for breast cancer include sur-
gery, chemotherapy, radiotherapy, and hormonotherapy. 
Nevertheless, the side effects after treatment still bothered 

many women like obesity, cardiovascular disorder, abnormal 
blood pressure, and so on.[3] Physical activity has been consid-
ered a solution to limit adverse outcomes and improve breast 
cancer patients’ quality.[4]

Physically exercise has been reported to be an effective 
intervention to improve the patients’ quality of life, condition 
the vascular function effect, and enhance physical function-
ing in breast cancer patients.[5] A meta-analysis suggests that 
exercise training can effectively reduce chemotherapy-related 
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side effects in breast cancer patients who have completed 
treatment.[6] Recently, resistance exercise training (RET) and 
aerobic exercise training (AET) have been demonstrated to 
be beneficial in decreasing vascular stiffness.[7] The import-
ant role of exercise training has been emphasized in patients 
with breast cancer, while randomized controlled trials (RCTs) 
have shown significant variation in results between AET com-
bined with RET treatment and usual treatment in the peak 
oxygen uptake (VO

2
peak),[8–10] maximal oxygen consumption 

(VO
2
max),[11,12] and blood pressure.[11,13] For example, the 

VO
2
peak change of the training groups in Mijwel et al[9] was 

significantly higher than in the Herrero et al (2006)[14](about 
3.0 vs about 3.9 mL kg–1 min–1). The various results might be 
in terms of the intervention time, intensity, and mean. It is 
necessary for us to find a new perspective to investigate and 
arrive at a standard conclusion regarding exercise training in 
breast cancer management.

Meta-analysis will provide a systematic and comprehen-
sive recognition to investigate the general effects of AET com-
bined with RET and the usual care (UC) treatment. Moreover, 
meta-analysis is well-known for its advantages in eliminating 
some differences between studies.[15] In this study, we aimed to 
evaluate the effect of AET combined with RET on the cardio-
pulmonary system, blood lipid, blood pressure, body mass index 
(BMI) and other indicators of breast cancer patients through 
searching and re-analyzing the previous RCT studies.

2. Materials and Methods

All procedures were performed following the guideline 
in Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses.[16]

2.1. Search strategy

Following the pre-established retrieval strategy, a system-
atic search for articles was conducted in PubMed, EMBASE, 
The Cochrane Library, and Web of Science. The search terms 
included “breast neoplasms,” “breast cancer,” “aerobic exer-
cise,” “aerobic training,” “resistance training,” and “strength 
training.” Database-specific controlled, and free-text terms were 
combined for searching, and keywords of the same and different 
categories were combined with “OR” and “AND,” respectively. 
Moreover, the retrieval strategies were adjusted in accordance 
with the characteristics of the databases (see Tables S1–S4, 
Supplemental Digital Content, http://links.lww.com/MD/I181, 
which shows the retrieval strategies of each database). Each 
database was searched from inception to December 1, 2021. 
Manual retrieval of the paper version of the literature was car-
ried out for screening the relevant reviews and included refer-
ences to obtain more articles for our meta-analysis.

2.2. References selection

Inclusion criteria for the meta-analysis included: adults patients 
(≥ 18 years old) with pathologically diagnosed breast cancer 
who had completed primary therapy, such as surgery, radiother-
apy, bundled therapy, or chemotherapy; the experimental group 
treated with AET + RET and the control group treated with 
UC without exercise intervention; RCT studies; one or more 
of the following outcomes were reported: VO

2
peak, VO

2
max, 

peak heart rate (HRpeak), peak respiratory exchange ratio 
(RERpeak), BMI, systolic blood pressure (SBP), diastolic blood 
pressure (DBP), high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), 
and total cholesterol (TC).

Exclusion criteria were nonoriginal articles like reviews, con-
ference abstracts and comments; studies that did not report 
post-intervention measurements (mean ± SD) or could not be 

obtained from other parameters in the articles; for repeated arti-
cles or the same data used in multiple articles, the one with the 
most complete research information was chosen.

2.3. Data extraction and quality assessment

Two investigators independently screened the references follow-
ing the above protocol. After determining the articles chosen 
for the meta-analysis, data extraction was accomplished inde-
pendently according to the pre-designed table. The information 
in the table includes: the name of the first author, publication 
year, countries in which the studies were conducted, the basic 
characteristics of candidates (sample size, age, and breast cancer 
stage), intervention program, intervention program, and study 
outcomes. The Cochrane Collaboration’s tool for assessing risk 
was utilized to estimate the methodological quality of all chosen 
studies.[17] A consensus was reached in case of disagreement in 
literature data extraction and quality evaluation after discussion 
with the third author.

2.4. Statistical analysis

Weighted mean difference (WMD) and 95% confidence inter-
val (CI) were performed to evaluate the differences between the 
AET + RET and UC groups. The heterogeneity among stud-
ies was determined by the Cochran’s Q test and I2 statistics. 
P < .05 or I2 > 50% was determined as significant heterogeneity, 
and random-effects models were conducted for meta-analysis; 
P ≥ .05 and I2 ≤ 50% were determined as nonsignificant hetero-
geneity, and fixed-effect models were adopted for meta-analy-
sis. Moreover, sensitivity analyses removing one research at a 
time were conducted to explore the stabilities of the combined 
results. Egger’s tests were conducted to understand whether sig-
nificant publication bias existed among studies,[18] and P < .05 
was determined as a significant publication bias. All the above 
statistical analyses were performed using RevMan 5.3 and 
Stata12.0 software.

3. Results

3.1. Articles retrieval

The results of articles retrieval are in Fig.  1. A total of 1594 
articles were screened. An initial 897 articles were selected 
after removing the 697 duplicates. The 897 articles were fur-
ther screened to 15 through reading the title and abstract. Of 
the 15 articles, 4 were repeated studies[19–22]; 2 laced the avail-
able data[23,24]; and 1 control group was not UC.[25] The man-
ual search failed to find studies that could be included in the 
meta-analysis. Finally, 8 articles were chosen for the following 
meta-analysis.[1,8–14]

3.2. Characteristics of the chosen articles

The basic information of the 8 chosen articles is contained 
in Table  1. All participants did not perform exercises such 
as running, cycling, swimming, or resistance training with 
a fixed frequency in daily life. The publication dates of the 
articles were from 2006 to 2021, and the sample contained 
in these studies was from 14 to 134. A total of 470 samples 
were concluded in the meta-analysis, with 252 controls (UC) 
and 218 experiments (AET + RET). There were no significant 
differences in age and menopausal status between the UC 
and AET + RET groups. As for the stage of the breast can-
cer, patients in 6 articles were in stages I to III,[1,8–11,13] 1 was 
in stages I and II,[14] and 1 was in stage IV.[12] The interven-
tion time of 8 studies was from 8 to 16 weeks. In addition, 2 
studies reported the outcomes of the measurements after 6–12 
months of follow-up.[8,9]

http://links.lww.com/MD/I181
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3.3. Quality assessment

The methodological quality evaluation results for the cho-
sen studies are shown in Supplementary Figs. S1A and S1B 
(see Fig. S1, Supplemental Digital Content, http://links.lww.
com/MD/I182, which shows the methodological quality 
evaluation of the included studies). Due to the characteris-
tics of the intervention measures, the included studies could 
not achieve blindness of researchers and participants. Some 
studies[8,9,11,12] did not implement or clearly describe whether 
blind outcome measurements were implemented, respec-
tively. Two studies did not report specific methods of random 
grouping[10,14] or grouping concealment.[10,11] Therefore, the 
bias mainly focuses on allocation concealment, performance, 
and detection biases. Overall, the bias degree of the included 
studies was uncertain, and the methodological quality was 
moderate.

3.4. Meta-analysis for the cardiorespiratory parameters

The differences in VO
2
peak, VO

2
max, HRpeak, and RERpeak 

between the AET + RET and UC groups are shown in Fig. 2. 
Four articles[8–10,14] reported the differences in VO

2
peak between 

the AET + RET and UC groups. The heterogeneity test was 
I2 = 69%, P = .02, indicating that the 4 studies maintained sig-
nificant statistical heterogeneity. Further random-effects model 
implied that VO

2
peak in AET + RET group was significantly 

higher than that in the UC groups (WMD = 2.93 mL/kg/min; 
95% CI: 0.38, 5.49; P = .02; Fig.  2A). Three studies[1,11,12] 
reported the results of VO

2
max, and these studies were also 

significantly heterogeneous (I2 = 94%, P < .00001). The com-
bined results in the random-effects model suggested that the 
VO

2
max in the AET + RET group was significantly higher than 

that in the UC group (WMD = 6.98 mL/kg/min; 95% CI: 2.04, 
15.92; P = .01; Fig. 2B). Two studies[8,14] reported the results of 
HRpeak and RERpeak. The 2 indexes maintained no obvious 
heterogeneity (I2 < 50%, P > .05). The combined results in the 
fixed-effects models showed no significant differences between 
the AET + RET and UC groups (P < .01; Fig. 2C and 2D). In 
addition, 2 studies[8,9] reported the differences in VO

2
peak after 

follow-up. The results in the 2 studies showed significant het-
erogeneity (I2 = 59%, P = .12). The combined results in the 
random-effects model showed that no significant differences 
occurred between the AET + RET and UC groups (P = .05; see 
Supplemental Fig. S2, Supplemental Digital Content, http://
links.lww.com/MD/I183, which shows forest plots comparing 
the differences in following-up VO

2
peak between AET + RET 

and UC groups).

3.5. Meta-analysis for the blood pressure and blood lipid

The differences in the SBP and DBP between the AET + RET 
and UC groups are shown in Fig. 3. The studies involving the 2 

Figure 1. The process and results of literature retrieval.

http://links.lww.com/MD/I182
http://links.lww.com/MD/I182
http://links.lww.com/MD/I183
http://links.lww.com/MD/I183
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indexes exhibited significant heterogeneity (I2 > 50%, P < .05). 
The combined results for SBP (P = .18; Fig.  3A) and DBP 
(P = .12; Fig. 3B) in the random-effects model showed no signif-
icant differences between the AET + RET and UC groups.

Two studies[10,13] reported the differences in HDL-C and TG 
(Fig.  4). The 2 indexes were all significantly heterogeneous 
(I2 > 50%, P < .05). The combined results for the 2 indexes in 
the random-effects models showed a difference. There were 
no significant HDL-C differences between the AET + RET 
and UC groups (P = .16; Fig. 4A). A significant difference was 
showed in the TG between the AET + RET and UC groups, and 
AET + RET group showed lower TG compared to the UC group 
(WMD = -57.95 mg/dL; 95% CI: −112.25, −3.64; P = .04; 
Fig. 4B).

In addition, only 1 article[13] reported the results of TC, and 
no article focused on the LDL-C. Therefore, we did not perform 
a meta-analysis for the 2 indexes.

3.6. Meta-analysis for the BMI

Two studies[8,9] stated the results of BMI and the differences 
in BMI between AET + RET and UC groups are shown in 
Fig.  5. The 2 studies involved showed no significant het-
erogeneity (I2 = 12%, P = .33). Further fixed-effects model 
showed no significant differences in BMI between the 2 groups 
(WMD = −0.90 kg/m2; 95% CI: −1.86, 0.07; P = .07).

3.7. Sensitivity analyses and publication bias analyses

Sensitivity analyses and publication bias tests were per-
formed for outcomes combined with more than 2 articles 
(VO

2
peak, VO

2
max, SBP, and BMI; Table  2). Sensitivity 

analyses showed that the results of VO
2
peak, VO

2
max, SBP, 

and BMI were not stable. Nevertheless, Egger’s test showed 
that the 4 indexes maintained no significant publication bias 
(P > .05).

4. Discussion

Breast cancer is considered the most common cancer in 
women.[1] Physical activity has been considered an approach 
to limit adverse outcomes and improve breast cancer patients’ 
quality.[4] Considering the inconsistent results in different RCT 
studies, we conducted a meta-analysis to investigate the import-
ant role of AET + RET treatment in patients with breast cancer. 
In our results, AET + RET treatment intervention significantly 
increased the VO

2
peak and VO

2
max and decreased the TG. 

However, for the HRpeak, RERpeak, SBP, DBP, HDCL-C, and 
BMI, there are no significant differences between the AET + RET 
and UC treatments.

AET + RET increased the cardiorespiratory function of 
patients with breast cancer compared to the UC groups, 
expressed as higher VO

2
max and VO

2
peak. VO

2
peak is an inde-

pendent predictor of mortality and cardiovascular prognosis, 
and low VO

2
peak is related to cardiotoxicity, cancer-associated 

mortality, and low quality of life.[26] High-intensity exercise 
impacts the VO

2
peak response in patients with breast cancer.[27] 

We confirmed that the AET + RET treatment increased the 
VO

2
peak than the UC treatment, demonstrating a better cardio-

respiratory function. The results were consistent with the pre-
vious RCT studies[8,9] and meta-analysis.[26,27] Moreover, in the 
study conducted by Jones et al,[11] VO

2
peak increased by 16% 

following the exercise training, which is in line with our results. 
While in the estimation of HRpeak and RERpeak, there were no 
significant changes in the training groups, and the results were 
consistent with the original RCT.[8,14]

We further compared the blood pressure and blood lipid func-
tion in the AET + RET and UC groups. Lowering blood pres-
sure is related to a lower risk of cardiovascular disease in breast 
cancer patients.[28] The SBP and DBP included in our analysis 
showed no significant differences between the 2 groups of breast 
cancer patients. The results were inconsistent with the previous 
meta-analysis, which showed that exercise decreased the SBP and 
DBP in breast cancer and, therefore, improved patients’ BP.[27] 

Table 1

Characteristics of the 8 included studies.

Study 

Cancer 

Stage N Age, years 

Menopause 

status # Intervention Exercise session duration, frequency Duration Outcomes 

Chung, WP 2021 

(China)

I–III 16 52.4 ± 8.9 6/10 AET + RET 40 min, 50–75% HRmax (AET); 2–3 sets of 10–20 

repetitions, 15 min (RET); 2–3 sessions/week

12 weeks VO
2
peak, HRpeak, 

RERpeak13 50.3 ± 7.7 5/8 UC

Dieli-Conwright, 

CM 2018 (USA)

I–III 50 52.8 ± 10.6 23/27 AET + RET 30 min at 65-80% HR maximum; 3–4 sessions/week 

(AET); 3 sets of 10 repetitions, 2 sessions/week (RET)

16 weeks SBP, DBP, HDL-C, 

TG, BMI50 53.6 ± 10.1 22/28 UC

Dieli-Conwright, 

CM 2021 (USA)

I–III 29 a 46.9 ± 10.2 15/14 AET + RET 30 min at 65–80% HR maximum; 3–4 sessions/week 

(AET); 3 sets of 10 repetitions, 2 sessions/week (RET)

16 weeks VO
2
max

19 a 55.6 ± 10.5 7/12

27 b 46.7 ± 10.0 14/13 UC

22 b 55.9 ± 10.3 9/13

Herrero, F 2006 

(Spain)

I–II 8 50.0 ± 5.0 0/8 AET + RET 3/week, 90 min, 70-80% HRmax (AET); 1–3 sets of 

8–20 repetitions (RET)

8 weeks VO
2
peak, HRpeak, 

RERpeak8 51.0 ± 10.0 0/8 UC

Jones, LM 2020 

(New Zealand)

I–III 26 55.8 ± 7.2 3/23 AET + RET Twice weekly, 60 min/session (AET); 10–12 repetitions 

with 30s between sets (RET)

12 weeks BMI, VO
2
max, 

SBP, DBP25 55.9 ± 7.1 5/20 UC

Mijwel, S 2019 

(Sweden)

I–III 74 52.7 ± 10.3 36/38 AET + RET Twice weekly, 60 min cycle ergometer (AET); 2–3 sets 

of 8–12 repetitions (RET)

16 weeks VO
2
peak, BMI

60 52.6 ± 10.2 33/37 UC

Nuri, R 2012 

(Iran)

I–III 14 58.3 ± 6.3 NR AET + RET Twice weekly, 25–45 min brisk walk (AET); 60 min, 

10–14 repetitions per set, 3 sets/session (RET)

15 weeks VO
2
peak, BMI, 

SBP, TG, HDL-C15 NR UC

Yee, J 2019 

(Australia)

IV 8 60.1 ± 12.7 2/6 AET + RET Twice weekly, 10–15 minute brisk walk (AET); 

30–40 min, 2 sets of 10–12 repetitions (RET)

8 weeks VO
2
max

6 65.0 ± 6.9 0/6 UC

#, number of premenopause/postmenopause; a, Hispanic breast cancer survivors; b, non-Hispanic breast cancer survivors.

AET = aerobic exercise training, BMI = body mass index, DBP = diastolic blood pressure, HDL-C = high density lipoprotein cholesterol, HRpeak = peak heart rate, RERpeak = peak respiratory exchange 

ratio, RET = resistance exercise training, SBP = systolic blood pressure, TG = triglycerides, UC = usual care, VO2max = maximal oxygen consumption, VO2peak = peak oxygen uptake.
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The inconsistency in the results might be from the high hetero-
geneity of the original included articles and the diverse inter-
vention methods. Furthermore, we also investigated the blood 
lipid between the AET + RET and UC groups, and the results 
showed that the level of TG in the AET + RET group was sig-
nificantly lower. A previous study suggests that blood lipid-like 
HDCL-C and TG are risk factors.[29] Once the body absorbs a 
large amount of fat, it will induce cell damage and affect cancer 
progression.[30] In all, we confirmed that the AET + RET could 
improve the blood lipid in breast cancer patients.

The exploration of the role of exercise training on BMI 
showed diverse results for a long time. High BMI is well-known 
to induce stress in the cardiovascular system and increase the 
risk of mortality.[31] A meta-analysis conducted in 2018[32] 
showed no significant BMI change between the exercise training 
and the control groups, which is in line with our results. While 
in a recent meta-analysis,[27] a reduced BMI was reported in the 
exercise intervention.

One of the advantages of this study is that all included articles 
were RCTs, with the priority of small research design heteroge-
neity and relatively ideal bias degree. Furthermore, while the 
included studies contain various intervention methods, we only 
focused on the role of AET + RET in the therapy of patients with 
breast cancer. Thus, the extrapolation of the combined results 
would show effectiveness. Egger test suggested no significant 
publication bias in the combined results. Nevertheless, several 
limitations still exist. Firstly, the large heterogeneity of outcomes 
in most studies may come from differences in intervention time, 
specific exercise method, tumor stage, etc. However, due to the 
small number of studies, it is not sufficient to evaluate the influ-
ence of these factors on heterogeneity and combined results 
through quantitative methods such as subgroup analysis and 
meta-regression. Secondly, due to the small number of included 
studies and small sample size, the sensitivity analysis showed 
that the combined results were unstable, indicating that more 
high-quality and large-sample RCTs would be further conducted 

Figure 2. Forest plots comparing the differences in cardiorespiratory parameters between aerobic exercise training combined with resistance exercise training 

(AET + RET) and unral care (UC) groups. (A) The results of peak oxygen uptake (VO
2
peak); (B) The results of maximal oxygen consumption (VO

2
max); (C) The 

results of peak heart rate (HRpeak); (D) The results of peak respiratory exchange ratio (RERpeak). Experimental group represent the AET + RET group, and the 

control group represent the UC group (the same below).
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to verify the stability of the combined results. Thirdly, although 
there was only one indicator(VO

2
peak) and only 2 studies,[89] 

were included, the long-term effects of AET + RET were not sig-
nificantly different from those of UC.

Figure 3. Forest plots comparing the differences in blood pressure between AET + RET and UC groups. (A) The results of systolic blood pressure (SBP); (B) 

The results of diastolic blood pressure (DBP).

Figure 4. Forest plots comparing the differences in serum lipids between AET + RET and UC groups. (A) The results of high-density lipoprotein cholesterol 

(HDL-C); (B) The results of triglycerides (TG).

Figure 5. Forest plots comparing the differences in body mass index (BMI) between AET + RET and UC groups.
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5. Conclusions

AET combined with RET could significantly increase VO
2
peak 

and VO
2
max and decrease TG for breast cancer patients. 

However, due to the limitations of this meta-analysis (few 
included studies and poor stability of combined results), more 
high-quality and large-sample RCTs for verification are rec-
ommended. Therefore, breast cancer patients should regularly 
participate in moderate AET and RET, to impove their cardio-
pulmonary function and blood lipid.
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