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Abstract 

Background: The residual effects of cancer and its treatment can profoundly affect women’s quality of life. This paper 
presents results from a multisite randomized controlled trial that evaluated the clinical benefits of an e‑health enabled 
health promotion intervention (the Women’s Wellness after Cancer Program or WWACP) on the health‑related quality 
of life of women recovering from cancer treatment.

Methods: Overall, 351 women previously treated for breast, blood or gynaecological cancers were randomly allo‑
cated to the intervention (WWACP) or usual care arms. The WWACP comprised a structured 12‑week program that 
included online coaching and an interactive iBook that targeted physical activity, healthy diet, stress and menopause 
management, sexual wellbeing, smoking cessation, alcohol intake and sleep hygiene. Data were collected via a 
self‑completed electronic survey at baseline  (t0), 12 weeks (post‑intervention,  t1) and 24 weeks (to assess sustained 
behaviour change,  t2). The primary outcome, health‑related quality of life (HRQoL), was measured using the Short 
Form Health Survey (SF‑36).

Results: Following the 12‑week lifestyle program, intervention group participants reported statistically significant 
improvements in general health, bodily pain, vitality, and global physical and mental health scores. Improvements 
were also noted in the control group across several HRQoL domains, though the magnitude of change was less.

Conclusions: The WWACP was associated with improved HRQoL in women previously treated for blood, breast, and 
gynaecological cancers. Given how the synergy of different lifestyle factors influence health behaviour, interventions 
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Background
Aging populations and the increased prevalence of other 
cancer risk factors have led to an increased incidence of 
cancer in women globally [1]. According to the Inter-
national Agency for Research on Cancer (IARC), more 
than 4.2 million women worldwide were diagnosed with 
breast, blood, or gynaecological cancers in 2020, account-
ing for one-third of new cancers during that period [1, 2]. 
Cancer incidence in Australia reflects global trends. In 
2019, incident cases of breast, blood and gynaecological 
cancer were estimated to be approximately 32,000 [3]. 
While cancer rates continue to grow, 5-year survival has 
also increased. In 2016 it was estimated that two-thirds 
of Australian women previously diagnosed with cancer 
were currently living with its long-term effects [3].

Cancer treatments often leave women with a range of 
residual physical and psychological side effects includ-
ing neuropathy [4], fatigue, cognitive disruption [5], 
lymphoedema, osteoporosis [6, 7], treatment-induced 
menopausal symptoms and psychological distress [8]. 
These residual effects can compromise women’s abil-
ity to sustain healthy lifestyle behaviours [9] and further 
heighten their risk of treatment-related chronic disease 
[10]. These residual treatment effects can also profoundly 
undermine women’s quality of life and physical function-
ing as they move into older adulthood.

Comprehensive cancer rehabilitation can reduce symp-
tom burden and health service utilisation, whilst gener-
ally improving health-related quality of life (HRQOL) 
[11, 12]. However, for maximum benefits it is critical 
that supportive interventions address concurrent and 
overlapping risk factors [7] (not just one risk factor) and 
also enhance women’s capacity to self-manage any issues 
in the longer term. This synergistic approach enhances 
intervention effectiveness and longer-term sustainability 
[13–15].

While there is international recognition that compre-
hensive recovery care is needed, services in Australia are 
rarely resourced to deliver this [7, 16–18]. Once women 
have completed active treatment, opportunities to access 
education and support to help them optimise health 
behaviours are limited [17]. This is further compounded 
by remoteness, with almost one-third of Australian 
women living outside major metropolitan areas, and for 
these women, their restricted access to health services is 

associated with poorer health outcomes [19]. Thus, while 
women are living longer after cancer, the opportunity for 
better recovery is limited, depriving women of the ability 
to maximise their health potential.

The Women’s Wellness after Cancer Program 
(WWACP) is a multimodal, individualised, and digitised 
lifestyle intervention that was designed to address these 
gaps [20]. The WWACP capitalised on women’s propen-
sity for lifestyle change at the completion of active treat-
ment for breast, gynaecological, or blood cancers. The 
program, created for the post-acute cancer care milieu, 
aimed to enhance HRQOL, decrease the late effects of 
cancer treatment, and reduce chronic disease risk factors 
in this population. We used an e-health platform to max-
imise opportunities for engagement while reducing the 
potential barriers associated with geography, transporta-
tion, cost, and time. The primary objective of the study 
was to explore the effect of the WWACP on the HRQOL 
of women diagnosed with cancers associated with treat-
ment-induced menopause. It was hypothesised that, 
compared to controls, women enrolled in the WWACP 
would report better HRQOL at the end of intervention 
(Week 12), which would persist at Week 24.

Methods
Study design
This multi-centre, single-blinded, randomised controlled 
12-week trial included five hospitals in three Australian 
states, consumer groups, and supportive cancer care ser-
vices serving women across Australia. The primary aim 
of this study was to test the efficacy of a multimodal, dig-
itised lifestyle intervention on HRQOL of women treated 
for cancer. After baseline assessment, three hundred and 
fifty-one women previously treated for breast, blood or 
gynaecological cancer were randomly assigned to either 
an intervention or usual care arm using permuted-
block randomisation. A computer-generated allocation 
sequence [21, 22] using blocks of varying length was 
developed by the trial statistician, and randomization 
was performed by the trial coordinator, who logged into 
a secure server to obtain the next allocation. While blind-
ing of participants was not possible, the trial statistician 
and study staff (except for the trial coordinator and those 
who delivered the intervention) were unaware of group 
allocation.

accounting for the reciprocity of multiple health behaviours like the WWACP, have real potential for immediate and 
sustainable change.

Trial registration: The protocol for this randomised controlled trial was submitted to the Australian and New Zea‑
land Clinical Trials Registry on 15/07/2014 and approved on 28/07/2014 (ACTRN 12614 00080 0628).
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Data were collected from participants via online ques-
tionnaires and virtual consultations at three time points, 
baseline (t0), 12  weeks (t1) and 24  weeks (t2). The pro-
tocol for this trial was submitted to the Australian and 
New Zealand Clinical Trials Registry on 15/07/2014 
(ACTRN12614000800628). Complete protocol details 
including the funding source, ethical approvals, the 
sampling and recruitment, randomisation procedure, 
intervention content and delivery mode, primary and 
secondary endpoints, and approach to data analysis are 
described elsewhere [20]. However, some deviations from 
the reported protocol in relation to time since diagno-
sis should be noted, with around 22% (n = 62) of women 
enrolled in the study being diagnosed with cancer more 
than 2 years earlier.

Study population
Women who had completed treatment for breast, blood, 
or gynaecological cancer who were proficient in Eng-
lish, and who had access to an Apple computer and/
or iPad were invited to participate in the study. Most 
participants reported having combined cancer treat-
ment (55.9% reported surgery, chemotherapy + radia-
tion; 20.6% reported surgery + radiation; 12.5% reported 
surgery + chemotherapy), 76.5% of women’s treatments 
included hormone therapy, and a smaller proportion 
reported a single modality treatment (> 1% had radia-
tion therapy and 10% of participants reported having 
surgery). Women with metastatic or advanced cancer, 
inoperable or active loco-regional disease, or on mainte-
nance chemotherapy for blood cancers were not eligible 
to participate in this study (they are the focus of future 
intervention studies).

Intervention
The WWACP was underpinned by Social Cognitive 
Theory, an approach that recognises the importance of 
reciprocal determinism and behavioural capacity on self-
efficacy for health behaviour change [23]. The program 
supported women to make incremental and feasible 
changes to less healthy lifestyle behaviours, enhancing 
their self-efficacy and developing and sustaining healthy 
lifestyle habits. The intervention was delivered via an 
e-enabled platform including an iBook and virtual health 
consultations (detailed previously [20]). Briefly, the struc-
tured 12-week intervention comprised a website with 
educational podcasts and exercise planners; an interac-
tive iBook with practical information to support adop-
tion and maintenance of healthy lifestyle behaviours and 
tracking of health behaviour changes goals; three vir-
tual consultations with a registered nurse to support the 
development of realistic and achievable health goals and 

explore the strategies to enhance women’s self-efficacy 
for health behaviour change.

Primary endpoint
Initially, we measured HRQoL using two instruments, 
the Functional Assessment of Cancer Therapy—Gen-
eral (FACT—G) scale [24] and the Short Form Health 
Survey (SF-36) [25]. However, while the FACT—G is a 
robust and well-validated measure for evaluating HRQoL 
among patients receiving cancer treatment [24, 26, 27], 
its responsiveness in ‘longer-term’ after cancer groups in 
largely unknown [26]. As almost one-quarter of women 
in this study were more than 2 years since diagnosis, and 
the focus of the FACT—G instrument is on measuring 
cancer-specific concerns rather than broader HRQoL 
concerns reported in after-cancer populations [26], this 
paper reports SF-36 data only.

The SF-36 is a 36-item self-reported generic health 
measurement that examines eight dimensions of health, 
including physical functioning (PF), role limitations due 
to physical health (RP), bodily pain (BP), general health 
(GH), vitality (VT), social functioning (SF), role limita-
tions due to emotional health (RE), and mental health 
(MH). The instrument also provides two composite 
measures for mental (Mental Component Summary, 
MCS) and physical (Physical Health Component, PCS) 
functioning and wellbeing [25]. The SF-36 is scored 
using QualityMetric Health Outcomes™ Scoring Soft-
ware (QualityMetric, Inc., Lincoln, RI) to form standard-
ised 100-point scales, with higher scores denoting better 
physical and mental functioning [25].This instrument has 
been extensively used in a variety of clinical and com-
munity populations, including women after cancer treat-
ment, with consistently good reliability and validity [25, 
28].

Statistical analysis
Statistical analyses were performed using Statistical 
Package for the Social Sciences, version 23 (SPSS, Inc., 
Chicago, IL) and STATA 11 (StataCorp, Inc., College Sta-
tion, TX). SPSS was used for generating descriptive (are 
expressed as counts and percentages, mean, and standard 
deviation (SD) and bivariate statistics (t-tests), and one-
way Analysis of Covariance (ANCOVA). Statistical sig-
nificance set at α = 0.05.

To assess the potential impact of attrition on results, 
two separate analyses, per-protocol (PP) and intent-to-
treat (ITT), were performed in SPSS [29]. ITT analysis 
imputed outcome data for 12-weeks (t1) and 24-weeks 
(t2) using the last-observation-carried-forward method of 
imputation.

Incomplete baseline scores were noted in several 
instances with five of the women enrolled in the study 
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did not provide sufficient baseline data to estimate the 
primary endpoints and were excluded from the analysis 
(discussed further in Fig.  1 and Table S1). Withdrawal 
from the study was greatest among participants who 
completed the online questionnaire but who did not 

also want to provide further biophysical data via a vir-
tual consultation. The characteristics of the 68 women 
lost to follow-up (LTFU) during this period were 
compared with women who continued in the study 
(see Table S2). Findings suggested that women who 

Fig. 1 Consort diagram of the Women’s Wellness after Cancer Program (WWACP) clinical trial. All participants provided baseline data (t0) before 
being randomised to either the intervention or standard care group. The intervention group completed a 12‑week e‑enabled lifestyle intervention 
while the standard care group received general information only. Data were collected from all participants at 12‑ (t1) and 24‑ weeks (t2)
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withdrew were more likely to be in the lower income 
brackets (p = 0.01), born in Australia (p < 0.01), but 
were more likely to speak a language other than English 
at home (p = 0.03).

Within-group change in HRQoL scores over the inter-
vention period were assessed using split sample paired 
t-tests and Cohen’s d. Effect size was derived using an 
online calculator that accounted for correlations in the 
outcome variable over time (more information can be 
obtained at https:// memory. psych. mun. ca/ models/ stats/ 
effect_ size. shtml), which suggested that d = 0.2, 0.5 or 
0.8 were equivalent to a small, moderate, and large effect 
respectively [30].

Individual- and group-level changes in HRQoL across 
the trial period using linear mixed-effect models (LMM) 
with an autoregressive residual variance–covariance 
structure (AR 1) [31] were examined in STATA. This 
structure was chosen because of the homogeneous vari-
ances, decreasing correlations with distance (t0, t1, t2), 
and the most favourable fit statistic (i.e., the smallest 
Akaike Information Criterion [AIC] value). To deter-
mine model fit, AIC was used in addition to a likelihood 
ratio chi-square test (LR test). The LR test statistic gener-
ates a chi-squared value which, if statistically significant, 
suggests that the less restrictive model (i.e., the random 
intercept and slope model) is significantly better than the 
random intercept only (more restrictive) model.

Results
A total of 798 patients were assessed for eligibility for 
the study, of whom 351 consented to participate and 
were randomised following baseline data collection. 
Among those who commenced the trial, 18 women from 
the intervention group and 16 women from the control 
group did not provide data at 12  weeks. A further 12 
women were unavailable at 24 weeks (3 intervention par-
ticipants and 9 control participants). Figure 1 provides an 
overview of recruitment and flow through the study.

Table  1 details the sociodemographic characteristics 
or cancer variables of study participants at baseline. The 
average age of participants was 53  years (SD = 8.8) and 
almost all had been diagnosed with breast cancer (94.7%) 
around 19  months (SD = 13.4) before commencing the 
study. Three quarters were married (76.9%) with a small 
number reporting being separated or divorced (11.3%), 
widowed (2.6%) or single (9.2%). Over half reported 
having a university degree (57.5%), around one-quarter 
(22.8%) had a technical certificate or diploma and a small 
proportion of the sample had either a junior (≤ Year 
10, 9.0%) or senior (Year 12, 10.7%) certificate. Most of 
the sample were employed in either a full- or part- time 
capacity (47.8% and 38.2% respectively) before cancer 

diagnosis and two-thirds (64.6%) reported a gross house-
hold income over $80,000 AUD.

Both between-group differences, and within-group 
changes, in SF-36 domain and composite scores were 
examined using per-protocol (PP) and intent-to-treat 
(ITT) analyses. Results suggested that while the magni-
tude of difference was reduced in some instances in the 
ITT analysis, all differences remained significant and 
therefore per-protocol results are presented here (ITT 
analyses are presented in Tables S3 and S4). Between-
group changes in HRQoL scores are presented in Table 2. 
Following adjustment for baseline scores, a 3-point 
improvement in role limitations due to physical health 
(95% CI 0.11 – 5.66, p = 0.03) and 2-point improvement 
in vitality (95% CI 0.36 – 4.13, p = 0.02) was noted at 
12-weeks and these changes were sustained at 24-weeks 
F(1, 238) = 4.41, p = 0.04 and F(1, 231) = 4.20, p = 0.04 
respectively). Similar improvements were noted for bod-
ily pain and PCS scores at 12-weeks (F(1, 241) = 5.11, 
p = 0.02; F(1, 239) = 7.34, p =  < 0.01) though the magni-
tude of this improvement was reduced at 24-weeks. In 
contrast, both mental health and general health domain 
scores showed little change at 12-weeks but a 2-point 
improvement at 24-weeks (95% CI 0.41 – 4.16, p = 0.02 
and 95% CI 0.54 – 4.20, p = 0.01 respectively). Finally, 
control group participants reported an average 3.78-
point improvement improvements in role limitations 
due to emotional health at 12-weeks (95% CI 0.98 – 5.78, 
p < 0.01) though this difference was no longer significant 
at 24-weeks. The results are provided in detail in Table 2.

Within-group changes were also examined over time 
(Table  3). Overall, women in the intervention group 
reported modest improvements in many HRQoL meas-
ures at 12  weeks and in many instances these improve-
ments were sustained at 24  weeks. For example, a 
moderate effect was seen in role limitations due to physi-
cal health (RP, d = 0.45), social functioning (SF, d = 0.40), 
and vitality (VT, d = 0.37) and these improvements were 
sustained at follow-up. Moreover, while MH scores 
decreased at 12  weeks, significant improvements were 
noted at 24 weeks  (Mchanget1 = 2.7, t(116) = 3.63, p < 0.01; 
 Mchanget2 = -8.3, t(113) = -13.65, p < 0.01). This was also 
evident in the large effect in mental component sum-
mary (MCS) scores at 24 weeks (d = 0.63). Similar trends 
were also detected in the RP, SF, and MH scores of par-
ticipants in the control group except for role limitations 
due to emotional health (RE). While women in the inter-
vention group noted little change in RE scores, women in 
the control group reported a moderate effect at 12 weeks 
(d = 0.42).

Linear mixed effect models (LMM) examined within-
group changes, and between-group differences, in health-
related quality of life variables over the intervention 

https://memory.psych.mun.ca/models/stats/effect_size.shtml
https://memory.psych.mun.ca/models/stats/effect_size.shtml
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period. Table 4 shows the results of the best fitting mod-
els for the SF-36 domain sub-scales and composite sum-
mary scores, while comparative fit statistics are presented 
in the online supplementary materials (see Table S5). 
Overall, the less restrictive model (i.e., the random inter-
cept and slope model) provided the best fit for the data, 
with 25–64% of the variance in HRQoL scores attribut-
able to differences between individuals (RP, τ = 0.251; 
PCS, τ = 0.370; PF, τ = 0.395; SF, τ = 0.512; MH, τ = 0.635; 
MCS, τ = 0.524).

Over the intervention period, some general improve-
ments in HRQoL were noted for both the interven-
tion and control group. More specifically, both groups 
reported significant improvements in role functioning 

(PF), role limitations due to physical health (RP), and 
social functioning (SF) domains (p < 0.01 for all). Similar 
trends were also seen in physical and mental component 
summary (PCS and MCS) scores, although the magni-
tude of improvement was smaller.

In contrast, the intervention group reported a signifi-
cant reduction in limitations associated with bodily pain 
at Time 1 (β = 2.09, SE = 0.73, p < 0.01) and improve-
ments in general health at Time 2 (β = 2.09, SE = 0.95, 
p = 0.02) compared to the control group. For both bodily 
pain and general health domains, around half of the vari-
ance in scores was associated with individual difference 
(ρ = 0.490 and ρ = 0.618 respectively).

Table 1 Baseline characteristics of women of the study  samplea

n number of participants per group,M mean value,SD standard deviation of the mean value,AUD Australian dollars
a Overall n’s might differ because of missing data

Intervention Control Total
n (%) or M (SD) n (%) or M (SD) n (%) or M (SD)

Background characteristics

 Mean age (SD) 52.6 (9.4) 53.7 (8.1) 53.2 (8.8)

Marital status

 Married/de facto relationship 133 (77.3) 133 (76.4) 266 (76.9)

 Separated or divorced 16 (9.3) 23 (13.2) 39 (11.3)

 Widowed 3 (1.7) 6 (3.4) 9 (2.6)

 Single 20 (11.6) 12 (6.9) 32 (9.2)

Country of birth

 Australia 121 (69.9) 121 (69.5) 242 (69.7)

 Elsewhere 52 (30.1) 53 (30.5) 105 (30.3)

Highest educational attainment

 Year 10 or less (junior school) 13 (7.6) 18 (10.3) 31 (9.0)

 Year 11 or 12 (senior school) 17 (9.9) 20 (11.5) 37 (10.7)

 Technical certificate/diploma 42 (24.4) 37 (21.3) 79 (22.8)

 University degree/postgraduate 100 (58.1) 99 (56.9) 199 (57.5)

Employment status

 Employed (full‑time) 75 (47.2) 79 (48.5) 154 (47.8)

 Employed (part‑time) 62 (39.0) 61 (37.4) 123 (38.2)

 Retired 17 (10.7) 16 (9.8) 33 (10.2)

 Other 5 (3.1) 7 (3.3) 12 (3.7)

Gross household income

 Less than $20,000 AUD 3 (1.8) 3 (1.7) 6 (1.7)

 $20,000—$80,000 AUD 52 (30.4) 48 (27.6) 100 (29.0)

 Above $80,000 AUD 109 (63.7) 114 (65.5) 223 (64.6)

 Don’t Know 7 (4.1) 9 (5.2) 16 (4.6)

Cancer experience

 Cancer type

  Breast 136 (95.1) 130 (94.2) 266 (94.7)

  Gynaecology 2 (1.4) 6 (4.3) 8 (2.8)

  Blood 5 (3.5) 2 (1.4) 7 (2.5)

  Mean months since diagnosis (SD) 19.3 (14.7) 18.8 (11.9) 19.1 (13.4)
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Table 2 Between‑group differences in SF‑36 domain and composite summary scores of study  participantsa

Between-group differences at t1 and t2 used one-way ANCOVA adjusting for baseline scores * p < .05, ** p < .01

M mean value, SD standard deviation of the mean value, SF-36 Short Form 36
a Overall n’s might differ because of missing data

Baseline (t0) Post-intervention (t1) Follow-up (t2)

Intervention 
(n = 175)

Control (n = 176) Intervention 
(n = 120)

Control (n = 126) Intervention 
(n = 123)

Control (n = 120)

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Physical functioning (PF) 47.0 (8.2) 45.0 (8.9) 49.6 (7.8) 47.5 (8.1) 50.6 (7.6) 47.4 (9.3)

Role limitations/physical health (RP) 44.7 (11.6) 42.1 (12.0) 50.0 (9.7) 45.3 (11.9)* 48.6 (10.3) 44.7 (12.4)*

Bodily pain (BP) 48.9 (9.0) 47.0 (8.9) 50.8 (9.0) 47.7 (9.5)* 50.2 (9.3) 47.5 (10.2)

General health (GH) 48.0 (8.3) 47.3 (9.5) 48.9 (8.4) 46.8 (8.9) 50.1 (8.8) 47.0 (9.8)*

Vitality (VT) 47.2 (8.8) 46.3 (9.8) 50.5 (8.7) 47.8 (9.4)* 50.5 (9.2) 47.9 (10.0)*

Social Functioning (SF) 46.5 (9.2) 44.9 (10.4) 49.9 (7.9) 47.9 (10.0) 50.1 (8.3) 48.0 (10.6)

Role limitations/emotional health (RE) 45.5 (12.1) 45.5 (12.2) 47.2 (10.9) 49.7 (10.1)** 48.4 (10.5) 47.1 (12.2)

Mental health (MH) 45.1 (9.1) 45.4 (9.4) 42.5 (8.6) 41.8 (9.1) 50.2 (8.5) 48.8 (10.4)*

Physical component summary (PCS) 47.9 (8.7) 45.3 (9.5) 52.0 (8.6) 47.6 (9.2)** 50.2 (8.9) 46.3 (10.4)

Mental component summary (MCS) 45.5 (10.3) 46.1 (10.8) 45.3 (9.7) 46.2 (9.9) 49.5 (9.4) 48.6 (11.6)

Table 3 Within‑group changes in SF‑36 domain and composite summary scores over time using per protocol  analysisa

p1, Pair 1  (t0 vs.  t1);  p2, Pair 2  (t1 vs.  t2); M mean value, SD standard deviation of the mean value;  d1, effect size for pair 1;  d2, effect size for pair 2; SF-36 Short Form 36
a Split sample paired sample t–tests
b Cohen’s d effect size accounting for the correlation between outcome variables over time
* p < .05
** p < .01

n M (SD) Cohen’s  db

p1/p2 t0 t1 t2 d1 d2

Intervention group
 Physical functioning (PF) 119/115 47.9 (7.3) 49.5 (7.8)* 50.8 (7.6)* 0.20 0.24

 Role limitations/physical health (RP) 115/113 45.0 (11.3) 49.8 (9.8)** 48.9 (10.2) 0.45 ‑0.10

 Bodily pain (BP) 119/115 48.9 (8.9) 50.9 (9.1)* 50.3 (9.3) 0.22 ‑0.08

 General health (GH) 119/115 48.7 (8.1) 48.8 (8.8) 50.5 (8.8) 0.02 0.23

 Vitality (VT) 118/114 47.2 (8.7) 50.5 (8.8)** 51.0 (9.0) 0.37 0.08

 Social Functioning (SF) 119/115 46.6 (8.9) 49.8 (7.9)** 50.4 (8.1) 0.40 0.08

 Role limitations/emotional health (RE) 117/114 46.9 (11.3) 47.1 (11.0) 48.9 (10.2) 0.01 0.15

 Mental health (MH) 117/114 45.3 (8.5) 42.6 (8.6)** 50.8 (8.4)** ‑0.34 1.26

 Physical component summary (PCS) 117/114 48.2 (8.1) 51.9 (8.6)** 50.2 (9.0)** 0.49 ‑0.27

 Mental component summary (MCS) 116/114 46.0 (9.8) 45.2 (9.8) 50.2 (9.1)** ‑0.08 0.63

Control group
 Physical functioning (PF) 125/116 45.3 (8.9) 47.5 (8.1)** 47.7 (9.1) 0.32 0.04

 Role limitations/physical health (RP) 123/114 41.2 (11.7) 45.4 (11.8)** 44.8 (12.4) 0.34 ‑0.05

 Bodily pain (BP) 125/116 47.3 (8.9) 47.7 (9.6) 47.4 (10.0) 0.05 ‑0.03

 General health (GH) 125/116 47.8 (9.3) 46.8 (8.9) 47.0 (9.7) ‑0.15 0.04

 Vitality (VT) 125/116 46.6 (9.4) 47.9 (9.4) 48.0 (10.0) 0.16 0.02

 Social Functioning (SF) 125/116 44.9 (10.4) 47.9 (10.0)** 48.1 (10.4) 0.33 0.02

 Role limitations/emotional health (RE) 121/114 44.9 (12.5) 49.6 (10.1)** 47.4 (12.1) 0.42 ‑0.19

 Mental health (MH) 125/116 46.1 (8.9) 41.9 (9.0)** 49.0 (10.1)** ‑0.58 0.91

 Physical component summary (PCS) 125/116 45.3 (9.7) 47.6 (9.3)** 46.4 (10.4) 0.29 ‑0.18

 Mental component summary (MCS) 125/116 46.2 (10.9) 46.3 (9.8) 48.9 (11.4)** 0.01 0.27
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Vitality improved in both groups. In the intervention 
group an average 3.16- and 3.28-point increase in vital-
ity was detected at Times 1 and 2 respectively. The con-
trol group also reported general increases over the same 
period, albeit to a lesser extent (t2, β = 1.68, SE = 0.77, 
p = 0.03). Changes in the mental health domain scores 
were also reported. Notably, at Time 1, significant decre-
ments in mental health scores were detected among par-
ticipants in both the intervention (β = -2.73, SE = 0.69, 
p < 0.01) and control (β = -4.06, SE = 0.68, p < 0.01) group. 
At Time 2 however, these decrements were no longer 
present, with both groups reporting increases in sum-
mary mental health scores. While both groups reported 
improvements, the magnitude of change differed. The 
intervention group reported better overall mental health 
scores at Time 2 compared with control group partici-
pants (β = 5.24, SE = 0.71, p < 0.01; β = 3.14, SE = 0.72, 
p < 0.01 respectively). Linear predictors for all domain 
scores and component summary scores are presented in 
Figs. 2 and 3.

Discussion
The completion of acute cancer treatment is a time of 
increased vulnerability, as women look for ways to miti-
gate the risk of cancer recurrence [32, 33] and recover 
from the effects of treatment. Yet cancer services 
are necessarily acuity focused. Human and financial 
resource constraints restrict their capacity to provide the 

comprehensive recovery care that could optimise wom-
en’s health and wellbeing once they complete intensive 
treatment [7, 16–18]. This multimodal lifestyle interven-
tion was designed to capitalise on this period of height-
ened receptivity to lifestyle changes, thereby maximising 
the uptake of healthy behaviours in women after cancer 
treatment in the absence of other services.

Our results indicate improvements in many HRQoL 
domains and in component summary scores. Particu-
larly notable were the improvements in general health 
and bodily pain, vitality, mental health, and global physi-
cal and mental health summary scores among women 
in the intervention group. While improvements in some 
of these domains (i.e., VT, MH, MCS, PCS) were also 
detected in the control group, the magnitude of effect in 
the intervention group was almost double that reported 
by control group participants. Previous lifestyle inter-
ventions in women after cancer have also shown less 
fatigue, improved HRQoL, and better quality of sleep in 
the intervention group compared with controls [34, 35]. 
Taken together, this suggests that lifestyle interventions 
can provide non-pharmacologic recovery support that 
optimises quality of life and reduces symptom burden in 
women previously treated for cancer.

Quality of life, the primary outcome of this study, was 
identified in our scoping work with the target group 
as the most important outcome to them [36]. In the 
exploratory work undertaken to develop the WWACP, 

Table 4 Best fitting linear mixed effect model for adjusted SF‑36 domain and composite summary  scoresa

t1, 12-weeks (post-intervention); t2, 24-weeks (follow-up); β, regression coefficient value; se, standard error; τ, variance partition coefficient accounting for individual 
variation; PF Physical Functioning, RP Role limitations due to physical health, BP Bodily Pain, GH General Health, VT Vitality, SF Social Functioning, RE Role limitations 
due to emotional health, MH Mental Health, PCS Physical Component Summary, MCS Mental Component Summary
a All models adjusted for age, education, marital status, and cancer type
b Random effect component accounted for individual variation
* p < .05
** p < .01

Group Simple effects for Control group Simple effects for the 
Intervention Group

Random  effectb

Constant Intervention t1 t2 t1 t2

β (se) β (se) β (se) β (se) β (se) β (se) β (se) τ

PF 47.13 (3.39)** 1.92 (0.99) 2.41 (0.59)** 2.73 (0.73)** 1.92 (0.60)** 3.03 (0.71)** 5.16 (0.82) .395

RP 42.03 (4.34)** 3.92 (1.36) ** 4.29 (0.99)** 3.47 (1.17)** 5.01 (1.01)** 3.72 (1.15)** 5.61 (1.26) .251

BP 48.03 (3.75)** 1.96 (1.12) 0.50 (0.72) 0.55 (0.82) 2.09 (0.73)** 1.33 (0.81) 6.44 (0.57) .490

GH 44.31 (3.73)** 0.69 (1.07) ‑0.79 (0.61) ‑0.55 (0.68) 0.30 (0.62) 1.59 (0.67)* 6.92 (0.44) .618

VT 43.27 (3.77)** 0.68 (1.11) 1.42 (0.72) 1.68 (0.77)* 3.16 (0.73)** 3.28 (0.76)** 6.89 (0.45) .565

SF 44.62 (3.86)** 1.93 (1.15) 3.23 (0.76)** 3.61 (0.84)** 3.25 (0.77)** 3.78 (0.82)** 6.78 (0.52) .512

RE 45.29 (4.30 ** 0.91 (1.37) 4.82 (1.07)** 2.45 (1.16)* 0.60 (1.07) 2.26 (1.13)* 6.64 (0.73) .348

MH 43.50 (3.88)** ‑0.45 (1.12) ‑4.06 (0.68)** 3.15 (0.72)** ‑2.73 (0.69)** 5.24 (0.71)** 7.37 (0.43) .635

PCS 46.15 (3.82)** 2.89 (1.12)* 2.46 (0.65)** 1.27 (0.81) 3.91 (0.66)** 1.95 (0.79)* 5.61 (1.09) .370

MCS 43.66 (4.24)** ‑0.25 (1.26) 0.19 (0.80) 2.85 (0.90)** ‑0.78 (0.82) 3.91 (0.89)** 7.48 (0.58) .524
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Fig. 2 Change over time in SF‑36 domain scores
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participants emphasised that quality of life is not a sin-
gle factor, it is multidimensional [36]. They also clearly 
described how the health behaviours that influenced 
quality of life worked in synergy and operated across 
physical, emotional, and social domains [36]. In women 
treated for cancer, healthy behaviours such as good nutri-
tion and physical activity interact constantly in daily 
life with each other and with psychosocial factors like 
emotional distress, sleep quality and fear of recurrence. 
Hence, the WWACP was designed as a bundled inter-
vention to account for the complexity of health behav-
iour within the context of each participant’s sociocultural 
milieu and individual goals for wellbeing. This lifestyle 
intervention accounted for the reciprocity of these factors 
and as demonstrated in our results, yielded an immediate 
and sustainable quality of life benefit. Interventions that 
compartmentalise rather than synergise health behav-
iours, and which are not underpinned by strong elements 
of psychosocial support and self-management, often have 
good results at the end of the intervention period—but 
these results are rarely sustained at follow-up [13–15, 
37]). This observation is reinforced by others who have 
demonstrated continued adherence and positive patient 
experiences from multidimensional interventions for 
weight, diet, and exercise in women with breast cancer 
[37].

This study has several limitations that should be noted 
when interpreting the findings. Like many RCTs, selec-
tion bias (motivated individuals enrolling in lifestyle 
intervention) and attrition might have affected the rep-
resentativeness of the sample. In this study, the largest 
proportion of women lost to follow-up (LTFU) occurred 
between randomisation and commencing the study. 
Excess participant burden associated with the length of 
the questionnaire and the dual modes of data collection 

might explain the 20% attrition at this time, though we 
do not believe it impacted the study outcomes. This study 
also relied on self-report which is associated with an 
increased risk of response bias due to the misinterpreta-
tion of questions and social-desirability bias even if the 
survey was de-identified [38]. To minimise the response 
bias, standard and validated data collection tools were 
used, and trained data collectors were employed. Finally, 
most participants were treated for breast cancer, so we 
hesitate to generalise these findings to women with other 
cancers. Future research should explore the way in which 
the core elements of the program can be applied to other 
cancer groups.

Despite these limitations, this study addresses an 
unmet need for many women whose cancer-related 
health effects, while potentially deleterious to their qual-
ity of life, are frequently amenable to lifestyle modifi-
cation. As such, programs like the WWACP have the 
potential to optimize health by focussing on effective 
symptom management, preventing late effects, reduc-
ing co-morbid conditions, and general health promotion 
[39]. Moreover, the use of an interactive eHealth platform 
to deliver a real-time, dynamic, and technology-assisted 
intervention [40] can enhance patient engagement and 
capacity for self-management while reducing accessibility 
barriers faced by many vulnerable populations.

Conclusions
This study demonstrated the effectiveness of a mul-
tidimensional digitised lifestyle intervention for the 
improvement of quality of life among women previ-
ously treated for blood, breast, and gynaecological 
cancers. The intervention employed multiple strategies 
for tailoring the intervention for individuals, integrat-
ing feedback and support mechanisms, and adopting 

Fig. 3 Change over time in PCS and MCS scores
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theory-based behaviour change models. The complex 
and synergistic effects of many modifiable health behav-
iours emphasise the need for bundled health behaviour 
interventions to optimise women’s health and wellbeing 
after completion of active cancer treatment.
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