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Abstract

Purpose: To carry out a systematic review and meta-analysis to evaluate the effect of resistance training upon quality of life (QoL) in cancer.

Methods: Search strategy: A wide range of electronic databases were searched from inception to October 2009 using relevant key words. Reference lists of all studies identified for inclusion and relevant reviews were also searched. Relevant journals were hand searched and experts in the field contacted.   Selection criteria: Randomized controlled trials that investigated the specific effect of resistance training on QoL in adult cancer survivors were included.   Data collection & analysis: Two review authors independently assessed methodological quality and extracted data based upon predefined criteria. A meta-analysis was performed for QoL using a random-effects model.

Results: Six studies were identified for inclusion.  Two studies demonstrated a significantly beneficial effect of resistance training on QoL compared to usual care.  Post-test means +/- SD were available for all comparisons providing data for 278 participants who received a resistance training intervention and 270 control participants. The results of the meta-analysis demonstrated that at the end of the intervention period resistance training was statistically more effective than the control intervention (SMD -0.17, 95% CIs -0.34 to -0.00).  Overall there was heterogeneity between studies in relation to tumor type, stage of cancer treatment, type of cancer treatment and duration of the intervention.  

Conclusions: Existing evidence suggests that strength training programs for cancer survivors have marginal benefit.  Further fully powered studies are required to determine the optimal type, intensity and timing of resistance training.
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Introduction

Psychological, behavioral and physiological disruptions generally occur as a consequence of cancer and its diagnosis.  In addition cancer treatment can produce negative short term and some longer term physiological and psychological effects [32] leading to pain, fatigue and reduced QoL [40].  Advances in the treatment of cancer have lead to an increase in the number of cancer survivors [3] and an increased need to focus upon quality of life (QoL).  There is evidence to support the positive role of physical exercise in the rehabilitation of cancer survivors [16]. Potential benefits include positive psychological adjustments [38, 26], improved physical functioning [22] and reduced fatigue [5] all potentially leading to improved QoL [30, 25]. 

Research has shown that following a cancer diagnosis individuals tend to reduce their levels of physical activity [23].  This leads to muscle wasting as well as a reduction in aerobic fitness [2].  It has been suggested that this reduction in activity is likely to contribute to the increased fatigue and reduced function and QoL that is frequently reported in cancer survivors [23] as well as contributing to osteoporosis [35] and increased rates of mortality [14, 15].  Previous research has demonstrated numerous benefits of aerobic exercise in cancer [8, 9, 34, 38] with the benefits of resistance training mainly limited to improvements in muscle strength and function in people with prostate cancer [11].

Resistance training works to increase muscle strength and anaerobic endurance with the execution of relatively few repetitive exercises performed against a relatively high resistance, utilizing weight or body resistance [1, 12, 27].  Resistance training can provide functional benefits and improvements in overall health and well-being including increased bone, muscle, tendon and ligament strength, improved joint function, reduced probability of injury and improved cardiac function [43].  Therefore, resistance training may have beneficial effects in terms of reducing muscle wasting or regaining lost muscle as well as improving muscle movement in cancer patients.  In turn, this may lead to reduced fatigue levels, improved functional ability and an overall improvement in QoL [7].

Previous systematic reviews have examined aerobic physical activity interventions for cancer survivors suggesting that there are benefits in relation to quality of life [18] when activities are undertaken either during or following cancer treatment [16, 20, 25, 33].  It is important to understand the effects of different exercise regimes on QoL in cancer survivors at each stage of the disease process.  Previous reviews have not investigated the specific effects of resistance training upon QoL in cancer.

Therefore the primary purpose of this review was to evaluate the effect of resistance training upon QoL both during and after cancer treatment.  A secondary objective, subject to available data, was to explore the effect of resistance training in different types of cancer populations. Groupings were determined based on tumor type, type of cancer treatment received and stage of cancer treatment, that is, either during or after treatment.

Methods

Types of studies
We considered only randomized controlled trials (RCT) published in English for inclusion.

Types of participants
We included studies that evaluated the effect of resistance training on QoL in adults of any age, regardless of gender, tumor type, tumor stage and type of cancer treatment. Participants may have been actively receiving treatment, be in long-term follow-up, or receiving palliative care.

Types of interventions
Included studies needed to evaluate and report the effect of resistance training on QoL. The studies should compare resistance training with no exercise, a usual care group (i.e. no specific exercise program prescribed) or an alternative treatment or exercise regime for QoL associated with cancer. The intervention could take place in any setting and be delivered to a group or individual participant. All types of resistance training were considered for inclusion.

Types of outcome measures
The primary outcome of interest was patient-reported QoL measured using a reliable and valid assessment tool.  Other outcomes of interest were fatigue, anxiety and depression, self-efficacy to exercise, body composition, muscle function and tumor specific outcomes.  Additional information was collected in relation to maintenance of resistance training, study attrition and adverse effects associated with the resistance training.  

Search methods for identification of studies
Electronic searches 
See Figure I for search strategy.  The Cochrane Controlled Trials Register (Central/CCTR); MEDLINE (1966 to October 2009); EMBASE (1980 to October 2009); CINAHL (1982 to October 2009); and AMED (1985 to October 2009) databases were searched in order to identify relevant studies for the review.
 
Searching other resources
Reference lists of all included articles were checked for additional studies and three experts in the field were contacted.  In addition, Cancer, Clinical Oncology, and Acta Oncologica were hand searched from 2000-2009.

Data collection and analysis
All studies in which the abstract made reference to a resistance training trial in a population of cancer participants were retrieved in full. Where abstracts were not available and the study could not be excluded based upon the title alone the full text was retrieved. For a study to be included it must include QoL as an outcome measure and at least one treatment arm must be resistance exercise. Two independent review authors screened all the retrieved full text articles for inclusion criteria. Discrepancies were resolved through discussion with a third reviewer.

Data from included studies were extracted by two independent review authors. Disagreements were resolved through consensus with a third review author.  The methodological quality of each study was assessed using the Critical Appraisal Skills Programme (CASP) methodological criteria adapted from Guyatt et al [13] and recommended by the Public Health Resource Unit [28].

In addition, for each trial data on the number of participants in each arm and the type of control group were extracted.  Details of the demographic characteristics of participants including, age and gender were also collected.  In relation to cancer detail of the type(s) of cancer as well as the type and stage of treatment were extracted from each study.  For the resistance training group(s) information was collected regarding the resistance training undertaken, the duration of the intervention, intensity and total number of training sessions.  Finally, the outcome measures employed, including means and standard deviations as well as the duration of follow-up was recorded for each study.

Measures of treatment effect
QoL outcomes were likely to be reported in different ways in the identified trials. It was therefore difficult to predict what data would be available to be combined. If the data were available, and it was appropriate to do so, it was proposed that the studies would be combined in a meta-analysis. We proposed to calculate the mean difference in QoL between resistance training and control groups including usual care and alternative treatment groups. Subgroup analysis would also be conducted if the data were available. Separate analysis would be implemented according to tumor type, for example breast cancer participants; treatment received, for example chemotherapy or radiotherapy; and the stage of treatment the participant was at when the resistance training program was administered, that is either during or after cancer treatment. If heterogeneity between studies was suspected, the possibility of utilizing a random effects model of meta-analysis would be considered. 

Results

Through a comprehensive literature search including screening of titles and abstracts (where available) 30 full text references were retrieved for further evaluation. From these, 24 publications were excluded and six identified as appropriate for inclusion in the current review.  See Table for a summary of included studies.

Excluded studies
The 24 publications retrieved and subsequently excluded did not meet the review inclusion criteria as they were either not a randomized controlled trial; did not report QoL as an outcome measure; or did not include resistance training as an intervention in isolation.


Participants
The total number of participants included in the analysis of the six included studies was 666 with 278 receiving a resistance training intervention, 270 control participants and a further 118 participants receiving an alternative intervention.  The latter participants were not included for the purposes of data extraction and meta-analysis.  Participants had the following diagnoses: breast [4, 24], prostate [36, 37] and head and neck [19, 21] cancer.  Cancer treatments received by participants included various combinations of surgery, radiotherapy, chemotherapy and androgen deprivation therapy.  The treatments delivered varied by study as well as within studies.  Three of the studies investigated participants during cancer treatment [4, 36, 37]; one study investigated a mixed group of participants with some still receiving radiotherapy [19] and in two studies the participants were considered to have completed cancer treatment [21, 24] although some participants were still receiving hormonal therapy or aromatase inhibitors [24].

The mean age of participants ranged from 49 [4] to 68 [36] years.  Two of the studies recruited females only [4, 24], two recruited males only [36, 37] and the remaining two studies recruited a mixed sample of males and females [19, 21].

Interventions
Duration of the intervention ranged from 12 weeks [19, 21, 36] to 26 weeks [24].  One intervention was delivered throughout chemotherapy and had a mean duration of 17±4 weeks [4].  Resistance training consisted of up to 10 exercises, with 1-2 sets of 8-15 repetitions per set.  Resistance training was undertaken 2-3 times per week.  Five of the six studies provided clear information regarding the intensity of the resistance training and any progression in intensity.  Only one study provided insufficient detail regarding the intensity of the prescribed training [19].

All studies investigated supervised, institutional-based training programs although in one study the initial 13 weeks of supervised sessions was followed by a further 13-week unsupervised period [24].

Study Outcomes

Quality of Life
Five of the six studies measured QoL using a disease-specific version of the Functional Assessment of Cancer Therapy (FACT) self-report questionnaire [4, 19, 21, 36, 37].  The remaining study used the Cancer Rehabilitation Evaluation System Short Form (CARES-SF) to assess QoL [24]. Four of the six studies reported no significant benefit of resistance training on global QoL scores [4, 19, 21, 24].  However, Courneya et al [4] and McNeely et al [21] reported trends for improved QoL in the resistance training group compared to the control group.  Further to this Ohira et al [24] reported significant benefits of resistance training compared to a control in the CARES-SF subscales for physical QoL (p=0.006) and psychosocial QoL (p=0.02).  The remaining two studies reported significant improvements in QoL in the resistance training group compared to controls [36, 37] (p=0.001 and p=0.015 respectively).

A meta-analysis was used to combine the post-test results (see Figure II).  Post-test means ± standard deviations were available for all comparisons providing data for 278 participants who received a resistance training intervention and 270 control participants.  At the end of the intervention period resistance training was statistically more effective than control (SMD -0.17, 95% CIs -0.34 to -0.00) demonstrating a marginal effect.

Additional Outcomes
All studies additionally reported results for a wide range of physiological and psychological variables including lean body mass, body composition, depression, fatigue, anxiety and self esteem. 

Fatigue
Four of the six studies assessed fatigue as an outcome [4, 21, 36, 37] with two of the four showing no significant benefit of resistance training over usual care [4, 21] and two demonstrating a significant improvement in fatigue in the resistance training group compared to usual care [36, 37].

Anxiety and Depression
Only one study assessed anxiety and depression with no significant effects reported for resistance training [4].

Self-Efficacy
None of the studies included self-efficacy to exercise as an outcome measure.  Self esteem was however assessed in one study and a significant improvement in the resistance training group compared to usual care was demonstrated [4].  

Body Composition
Two studies assessed lean body mass with both demonstrating a significant benefit of resistance training compared to usual care [4, 24].  Body fat percentage was reported in three studies with two of the studies demonstrating significant benefits of resistance training compared to usual care [24, 37] and the third study showing no significant differences between groups [4].  Two studies also reported body fat weight with no differences identified between resistance training and control groups [4, 24].  Two studies reported findings for body mass index with neither study reporting a difference between the resistance training group and control group [24, 36].  One study assessed the ‘sum of skinfolds’ with no significant differences reported between the resistance training group and control group [36].  Four studies assessed body weight with no differences reported between the resistance training groups and control groups [4, 24, 36, 37].  Finally, waist circumference was assessed in two studies with no significant differences reported between resistance training and control groups [24, 36].

Muscle Function
Three of the six studies reported muscle strength as an outcome measure with all three studies reporting significant increases in upper limb and lower limb muscle strength in the resistance training groups compared to usual care groups [4, 21, 37].  Further to this, two studies assessed muscular endurance with both studies reporting significant improvements following resistance training compared to the control groups [21, 36].

Tumor Specific Outcomes
Both studies that investigated the effects of resistance training in people with head and neck cancer reported beneficial effect on shoulder function [19, 21].  Resistance training resulted in significant improvements in the global shoulder pain and disability index score compared to the control group for both studies.  Some improvements in shoulder range of movement were also identified following resistance training.

Both studies that recruited participants with prostate cancer reported no significant differences between the resistance training group and the control group in terms of testosterone levels [36, 37].   In one study prostate specific antigen was reported to be significantly less reduced following resistance training compared to the control group [37] with no differences reported in the other study [36].  Only one study assessed hemoglobin levels with no significant difference reported between resistance training and the control condition [37].  Segal et al [37] reported a significant decrease in triglycerides in the resistance training group compared to the control group.  However, no significant differences were reported for cholesterol levels [37].

Maintenance
All studies reported maintenance as percentage attendance at the resistance training sessions.  Attendance at supervised sessions was reported as 68% [4]; 88% [37]; 89% [36]; 92% [24]; 93% [19]; and 95% [21].  All studies carried out statistical analysis on an intention to treat basis.

Three studies did not report any attempt to monitor or control resistance training in the control group [19, 24, 36].  In two studies participants in the control group were asked not to initiate an exercise program during the study period, however, this was not monitored [4, 37].  In the remaining study the comparison group carried out a lower level of therapeutic supervised exercise. Attendance at the sessions was reported as 87% in comparison to 95% in the experimental group [21].

For analysis purposes all studies considered participants in the group to which they had been assigned, regardless of adherence, hence the estimated benefit of resistance training did not take into consideration whether or not the participants adhered to the prescribed activity.

Attrition
Attrition rates were reported for all studies, ranging from 7.4% [37] to 15% [19].  Reasons for attrition were reported in full for three of the included studies [19, 21, 24].  The main reasons for loss to follow-up were cancer recurrence, complications associated with cancer treatment and lack of interest.  The remaining three studies either failed to report the reasons for loss to follow-up [36, 37] or did not report reasons in full [4].  Participants who dropped out of the studies were not included in the analyses.

 Adverse Effects
No serious adverse effects were reported due to resistance training.  Adverse effects were reported in five of the six studies with the remaining study failing to report whether any adverse effects occurred [36].  There was only one adverse effect that resulted in the participant withdrawing from the resistance training program.  This consisted of a soft tissue injury to the scapula region [21].  The remaining adverse effects that were reported did not prevent continued participation in the resistance training program.  The adverse effects were one incidence of nausea that occurred after a training session [19], four participants reported back injuries [24]; and one incidence of chest pain was reported [37].  In the remaining study there were no adverse effects relating to the resistance training but two adverse effects were reported as a result of the maximal treadmill testing [4].

[bookmark: CD006145-sec2-0005]Risk of bias in included studies 
The included studies were initially assessed for quality using CASP.  Following discussion there was 100% agreement in scores between the review authors.  All six studies asked a clearly focused research question and were appropriately designed as randomized controlled trials.  Eligibility criteria were clearly specified for all studies with adequate randomization procedures also described.  Because of the nature of the intervention it was impossible to conceal treatment allocation from participants.  However, blinding was considered appropriate if the assessor was unaware of group allocation. This was reported to have occurred in four of the six studies [21, 24, 36, 37] and was unclear in the remaining two studies [4, 19].  

Sample size ranged from 20 [19] to 242 [4] recruited participants.  Two of the included studies made no attempt to perform sample size calculations [19, 24].  One of these was a feasibility study and the sample size was appropriate for this purpose [19].  The remaining four studies performed sample size calculations based upon the following outcomes; fatigue [36, 37], anemia [4] and shoulder pain and disability [21].  The target sample was achieved or was close to being achieved in each case.  However, it is not clear if the sample sizes were adequate to detect statistical differences in QoL.  

The primary outcomes were identified, although three of the studies reported more than one primary outcome.  QoL was the main outcome in one study [4]; was one of two primary outcomes in three studies [24, 36, 37] and a secondary outcome in the remaining two studies [19, 21].  It was hypothesized in three of the studies that resistance training would improve disease specific quality of life [24, 36, 37].

Follow-up assessment of long-term outcomes was poor with four of the six studies failing to assess outcomes beyond the end of the intervention period [19, 21, 36, 37].  One study followed up participants post intervention (3 months) and at 6 months.  However, due to the cross-over of participants from the control group to the intervention at 3 months there were no comparison data available [24].  The remaining study reported a 6 month follow-up but data were not reported in the original publication [4].

Discussion

This review provides some evidence that resistance training can provide benefits in relation to QoL in adults with cancer. Statistically significant improvements in QoL were identified following a resistance training program in adults with cancer.  The two studies that independently demonstrated a statistically beneficial effect of resistance training upon QoL were carried out in participants with prostate cancer.  This may suggest a variable response to resistance training according to cancer site and warrants further investigation.  It also remains to be determined whether the type of cancer treatment or stage of treatment alters the beneficial effect of resistance training on QoL.
[bookmark: CD006145-sec2-0007]Limitations of the review 
This review has incorporated a diverse range of studies and not all studies were statistically powered to detect changes in QoL. There is a considerable degree of clinical heterogeneity between studies in terms of adjuvant therapy, mode and intensity of resistance training, stage and type of cancer. Despite this statistical heterogeneity was not detected for the QoL meta-analysis (P=0.92; I2 = 0%).  The lack of statistical heterogeneity does not however exclude heterogeneity given the small numbers. 

For the purpose of inclusion in the review all studies recorded QoL as an outcome, however, the primary purpose of the resistance training interventions varied between studies. The resistance training may therefore have been designed for an alternative purpose resulting in a lack of beneficial effect for QoL.

The results of the review should not be considered in isolation as there are a range of non-pharmacological interventions that may be considered beneficial in the management of QoL. Interventions that may be delivered in conjunction with a resistance training program include, but are not limited to, psychosocial therapies [39], nutrition therapy [17], complementary therapies [e.g. 29, 41, 42] and other physical activity interventions [5].
[bookmark: CD006145-sec2-0008]Limitations of the current review were the exclusion of studies that were not published in the English language.

Limitations of the included studies 
Quality of the included studies was variable with the more recent studies generally being of better quality.  Participants recruited to the included studies were volunteers therefore response to treatment in terms of motivation and participation may differ to the target population [31].  As a result validity is threatened as outcomes are open to selection bias [10, 31].  Few of the included studies provided information about eligible people who refused participation in the trial. It is possible that the included participants differed statistically to those who refused participation, particularly in relation to their attitudes towards resistance training. It is possible that those who declined to participate would not have achieved the same benefits from a resistance training program as those who chose to participate. The more recent studies indicated the main reasons for individuals refusing to participate and these included a lack of interest in the study [4], a refusal or inability to travel [4, 37], being too busy or having other commitments [4, 21, 37], and already active [37].

The types of cancer investigated in the included studies was limited to prostate, breast and head and neck cancers thus limiting generalizability of the results to all cancer groups.  Further research in this area needs to include participants with various cancer diagnoses or other specific cancer populations at various stages of disease including those receiving palliative care.

In the majority of studies the control group received less attention than the intervention group which may have resulted in bias due to the Hawthorne effect.  This is highlighted in the study that incorporated a control group [21] as although the resistance training group demonstrated greater improvements in QoL this did not reach significance.  Further to this, in the two studies that included an aerobic exercise training group [4, 37] there were no significant differences between the intervention groups in relation to quality of life.  Despite this it has been suggested that improvements in QoL are likely to have occurred as a result of increased muscular fitness [24, 36] and lean body mass [24].  In contrast to the findings of the studies reviewed, previous research comparing the effects of aerobic training to a placebo exercise group (light body training and stretching) indicated that improvements in QoL due to aerobic training could not be entirely attributable to attention [6].  Participants attended the same number of supervised training sessions with the aerobic group demonstrating significant improvement in QoL compared to the placebo group.  To investigate this issue further, future researchers studying the effects of resistance training should consider the inclusion of an attention control group.

Long-term follow-up measures were either not included or not reported in the studies.  Further research is therefore required to determine the long term effects of resistance training upon QoL.

The included studies did not compare the effects of different frequency or intensity of resistance training.  However, in one study the participants in the control group carried out basic resistance training with light weights [21] which were considered standard care.  There were non-significant improvements observed in the resistance training group compared to the control condition. It is possible that the inclusion of light resistance training in the control condition was the reason that the difference did not reach significance. Further studies are therefore required to determine the influence of training duration and intensity requires further investigation to determine optimal parameters.
[bookmark: CD006145-sec2-0009]
Outcome measures 
Although five of the six studies used the FACT the addition of a disease specific domain prevented direct comparisons between studies. Results for the FACT-G were not generally reported which would have allowed comparison.  It is positive to note however that data was available for the purpose of meta-analysis for all studies retrieved and identified as suitable.
[bookmark: CD006145-sec2-0010]Adherence and contamination 
Group contamination has previously been reported in studies investigating exercise. This may occur when the control participants undertake exercise or the exercise group do not adhere to the program. Only one study attempted to monitor exercise participation within the control group [21].  Control participants in this study attended a therapeutic exercise program described as usual care; however, there were no attempts to monitor exercise participation outside of the supervised sessions.  Further to this, contamination may occur when participants do not undertake the exercise at the prescribed intensity or for the prescribed duration. However, within the included studies resistance training programs were hospital based and it was therefore possible to monitor participation.  Adherence to the programs was high for all the included studies suggesting that resistance training is acceptable to people with cancer.

It is possible that implementation of any exercise program should be accompanied by a behavioral change intervention to ensure that participants are supported and therefore more likely to continue exercising unsupervised. None of the studies monitored participant’s self-efficacy which may be an important predictor of long-term exercise maintenance. 

Previously published exercise guidelines for cancer rehabilitation suggest that an individualized approach is more appropriate [20], however, further research is required to determine the most appropriate recommendations for exercise. Further research to determine the additional benefits of resistance training when carried out in combination with aerobic exercise compared to aerobic exercise in isolation may also be beneficial.

In summary, the research to date suggests that it is possible to increase muscle strength in cancer survivors through a resistance training program.  Marginal improvements in QoL are also apparent immediately following a resistance training program.  However, further research is required to determine the optimal parameters for resistance training as well as the long term effects of such programs.
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Figure I. Search strategy
The following search strategy was utilised for this review, using text and keyword and MESH terms in each database:
1. Randomized controlled trials.mp. [mp=title, original title, abstract, name of substance word, subject random allocation.mp. heading word]
2. Randomized controlled trial.pt
3. random allocation.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
4. double blind method.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
5. single blind method.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
6. clinical trial.pt
7. Exp clinical trials/
8. or/1-7
9. (clinic$ adj trial$1).tw.
10. ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$s)).tw.
11. placebo.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
12. placebo$.tw.
13. randomly allocated.tw.
14. (allocated adj2 random).tw.
15. or/9-14
16. 8 or 15
17. Case report.tw.
18. Letter.pt.
19. historical article.pt.
20. review of reported cases.pt.
21. review, multicase.pt.
22. or/17-21
23. 16 not 22
24. exp NEOPLASMS/
25. exp LEUKEMIA/
26. exp LYMPHOMA/
27. exp RADIOTHERAPY/
28. BONE MARROW TRANSPLANTATION/
29. neoplasm$.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
30. cancer$.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
31. (leukaemi$ or leukemi$).mp. [mp=title, original title, abstract, name of substance word, subject heading word]
32. (tumour$ or tumor$).mp. [mp=title, original title, abstract, name of substance word, subject heading word]
33. malignan$.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
34. neutropeni$.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
35. carcino$.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
36. adenocarcinoma$.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
37. lymphoma$.mp. [mp=title, original title, abstract, name of substance word, subject heading word]
38. (radioth$ or radiat$ or irradiat$ or radiochemo$ or chemotherapy$).mp. [mp=title, original title, abstract, name of substance word, subject heading word]
39. (bone adj marrow adj5 transplant$).mp. [mp=title, original title, abstract, name of substance word, subject heading word]
40. or/24-39
41. (qualit$ of life or qualit$ adjusted life year$ or health status or mental health or well being or qualit$ adjusted survival). mp. [mp=title, original title, abstract, name of substance word, subject heading word]
42. Exp strength training/
43. ((strength$ or resist$) adj (train$ or program$)).mp [mp=title, original title, abstract, name of substance word, subject heading word]
44. resist$ adj (exercise or train$ or program$).mp. [mp=title, original title, abstract, name of substance word, subject heading word]
45. (progressive adj resist$ adj train$).mp. [mp=title, original title, abstract, name of substance word, subject heading word]
46. or/42-45
47. 23 and 40 and 41 and 46























































Figure II: Meta-analysis of QoL post-test means (SD) for resistance exercise compared to control
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