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Abstract
Background: Physical activity and consuming a healthy diet have clear benefits to the physical and psychosocial
health of cancer survivors, with guidelines recognising the importance of these behaviors for cancer survivors.
Interventions to promote physical activity and improve dietary behaviors among cancer survivors and carers are
needed. The aim of this study was to determine the effects of a group-based, face-to-face multiple health behavior
change intervention on behavioral outcomes among cancer survivors of mixed diagnoses and carers.
Methods: The Exercise and Nutrition Routine Improving Cancer Health (ENRICH) intervention was evaluated using a
two-group pragmatic randomized controlled trial. Cancer survivors and carers (n = 174) were randomly allocated to the
face-to-face, group-based intervention (six, theory-based two-hour sessions delivered over 8 weeks targeting healthy
eating and physical activity [PA]) or wait-list control (after completion of 20-week data collection). Assessment of the
primary outcome (pedometer-assessed mean daily step counts) and secondary outcomes (diet and alcohol intake
[Food Frequency Questionnaire], self-reported PA, weight, body mass index, and waist circumference) were assessed at
baseline, 8-and 20-weeks.
Results: There was a significant difference between the change over time in the intervention group and the control
group. At 20 weeks, the intervention group had increased by 478 steps, and the control group had decreased by 1282
steps; this represented an adjusted mean difference of 1761 steps (184 to 3337; P = 0.0028). Significant intervention
effects for secondary outcomes, included a half serving increase in vegetable intake (difference 39 g/day; 95 % CI: 12 to
67; P = 0.02), weight loss (kg) (difference -1.5 kg; 95 % CI, -2.6 to -0.3; P = 0.014) and change in body mass index (kg/m2)
(difference -0.55 kg/m2; 95 % CI, -0.97 to -0.13; P = 0.012). No significant intervention effects were found for selfreported PA, total sitting time, waist circumference, fruit, energy, fibre, alcohol, meat, or fat consumption.
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Conclusions: The ENRICH intervention was effective for improving PA, weight, body mass index, and vegetable
consumption even with the inclusion of multiple cancer types and carers. As an example of successful research
translation, the Cancer Council NSW has subsequently adopted ENRICH as a state-wide program.
Trial registration: Australian New Zealand Clinical Trials Register identifier: ANZCTRN1260901086257.
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Background
Consuming a healthy diet and participating in physical activity (PA) has been shown to enhance general physical
and psychosocial health in cancer survivors and reduce
risk of recurrence, cancer-specific and all-cause mortality
[1–9]. Despite the potential benefits of healthy lifestyle behaviors, and international guidelines for survivors [10–14],
survivors’ behaviors remain similar to the general population [15–19], with few meeting the recommendations
(e.g., only 5 % of survivors meeting the three recommendations for PA, fruit/vegetables and non-smoking) [15].
Despite the challenges that survivors face throughout
diagnosis and treatment, they can be motivated to make
behavioral improvements and report being interested in
behavior change programs [20, 21]. Carers of cancer
survivors share many of the same behavioral risk
factors [22, 23] as survivors, and also experience poor
physical and psychosocial health [24]. Inclusion of
carers and survivors together in interventions can result in improvements in well-being, social support, diet
and PA behavior for both the cancer survivor and their
carer [24, 25].
Health behaviors are inter-related in terms of the psychological, social, and environmental factors that reinforce
them, and multiple unhealthy behaviors often co-exist
[26]. Diet and PA behaviors in particular, are closely
related, and evidence suggests that interventions targeting
both behaviors simultaneously offer the most promise for
sustained behavior change [27, 28]. In the existing climate
of limited resources, programs that are appropriate for
survivors of multiple cancer types are appealing (as opposed to offering several different behavior change programs for each specific cancer type).
Previous trials have reported that cancer survivors can
safely undertake both supervised and unsupervised PA interventions during and after cancer treatment [9, 29–32].
PA guidelines for cancer survivors encompass individual
behaviors, which are all independent risk factors, relating
to reduction of sitting time, and undertaking both aerobic
and resistance activity [12–14]. However, there are
some gaps in the PA research. Few trials have tested a
resistance training intervention; or used objective measures of PA; or assessed behavior change after the intervention [9, 31, 33, 34]. In addition, most trials targeting
PA and/or diet intervention have been aimed at breast

cancer survivors. Previous diet interventions have been
delivered as part of multiple health behavior interventions, using a range of delivery modes over a period of
6 to 12 months, and found modest improvements in
fruit and vegetable consumption and lower fat intake
[35, 36]. One multiple health behavior intervention targeted both breast and prostate cancer survivors, using a
10-month tailored print intervention, and reported significant improvements to exercise behavior, fruit, vegetables,
and lower fat intake [29]. These data are promising and
demonstrate the feasibility of recruiting and retaining
cancer survivors into efficacious multiple health behavior
programs. To our knowledge, there are no trials that have
included survivors of any cancer type together with their
carers.
With increasing numbers of survivors, more research
is needed on the most efficient and efficacious ways to
support their behavior change. We partnered with a
major cancer charity to develop an intervention that
could be implemented routinely. This intervention meets
definition criteria for a pragmatic trial as program delivery and recruitment was managed by the cancer charity,
program eligibility was broad, the goals of the intervention were applied flexibly based on the preferences of
the participant, and the program outcomes are directly
relevant to funders and the community [37]. The aim of
this paper is to report the effects of a theory-based,
group-delivered, face-to-face multiple health behavior
change intervention (ENRICH) on behavioral outcomes
among a mixed group of cancer survivors and carers.

Methods
A two-arm pragmatic randomized controlled trial
(RCT) with a wait-list control group (who attended the
intervention program after completing 20 week data
collection) was conducted. The study protocol is described in detail elsewhere [38]. In brief, participants
completed assessments at baseline, 8 weeks (intervention completion), and 20 weeks (Fig. 1). The primary
outcome was pedometer-assessed step counts at 20 weeks
post-baseline (i.e., 3 months after completion of the intervention). Secondary outcomes included: self-reported PA
and resistance training, sitting time, dietary intake, weight,
and body mass index (BMI). While weight management is
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Fig. 1 Participant flow diagram
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not a lifestyle behavior, it is the key target of lifestyle
behavior strategies [39].
Eligibility

Eligibility criteria included: 1) individual diagnosed with
cancer who had completed all active cancer treatment
(“cancer survivor”) or “carer” of cancer survivor; 2) no
food restrictions as a result of surgery or treatment; 3)
aged 18 years or older; 4) fluent in English; 5) signed
medical clearance from their General Practitioner; and
6) with a functional performance score of two or less on
the Eastern Cooperative Oncology Group criteria (that is
“at least ambulatory and capable of all self-care but
unable to carry out any work activities or up and about
more than 50 % of waking hours”) [40].
Participant recruitment

The trial was approved by the Human Research Ethics
Committee of the University of Newcastle (H-2009-0347),
and was registered with the Australian New Zealand
Clinical Trials Register (ANZCTRN1260901086257). The
method of recruitment was designed to closely align with
how ‘real world’ recruitment would occur if ENRICH were
a community-based program offered across Australia.
Therefore, participants were recruited by referrals from
health professionals, medical centers, community health
centers, cancer support groups, local media, and various
Cancer Council NSW resources (website, mailing lists, and
publications). Participants provided written informed consent to participate, and obtained signed medical clearance
from their General Practitioner. Cancer survivors and
carers could participate independently or together. Participation was not dependent on both members of the dyad
consenting (i.e., survivors could participate without their
carer participating and vice versa). The trial did not aim to
recruit cancer survivors and carers together as a dyad.
Random assignment

Consenting participants were stratified by age and gender
and were randomly assigned by the Project Co-ordinator
using a random number table to either an immediate program (within one month of consent) (intervention) or
wait-list program (occurring 6–8 months after consent).
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major muscle groups). Gymsticks™ have been found to
be acceptable and effective in improving muscular
fitness in a trial with sedentary older adults [41]. Each
group-based session delivered simultaneous multiple
health behavior content covering a home-based walking
program (using a pedometer), home-based resistance
training program (using a Gymstick™), and information
about healthy eating (the Australian Guide to Healthy
Eating, fruit and vegetables, maintaining a healthy weight,
fats, meat, salt, dietary supplements, alcohol, and food labels). Sessions included a mix of didactic information
delivery (guidelines and recommendations, strategies to
increase PA and healthy foods, overcoming barriers, food
budgeting) and practical activities (e.g., label reading,
recipe modification, demonstration and practice of resistance exercises, setting step goals for the home-based walking program). To encourage maintenance of behavior
change, at the final session participants received information about other community-based programs and support
services. Recommended behavior changes were based on
current guidelines [10–14] with participants encouraged
to reflect on personal areas for improvement and select
key behaviors to change.
Each session was co-facilitated by a qualified exercise
specialist (Accredited Exercise Physiologist or Physiotherapist) and an Accredited Practising Dietician. Facilitators
attended study-specific training and were provided with a
handbook, session guides, and program resources. The
content and delivery of sessions was operationalized using
the principles of Social Cognitive Theory [42] and a
chronic disease self-management framework [43]. The
specific behavior change strategies that were operationalized included goal setting, self-monitoring, self-efficacy,
outcome expectancies, barriers and facilitators, and social
support.
Control: Participants attended the 8-week, 6-session
ENRICH program after completing 20-week study
measures.
Measurement

Data were collected by pen-and-paper mailed survey
(demographics, physical activity, sitting time, dietary behaviors, weight, height, waist circumference), and sealed
pedometer and pedometer log sheet.

Study conditions

Intervention: Four weekly, 2-h sessions, and two 2-h
fortnightly sessions were provided (total 6 sessions). The
gradual lengthening of time between sessions was designed to promote self-management strategies and encourage maintenance of behaviors. Participants were
provided with a workbook (which contained program
notes, activities, and handouts), open pedometer and
Gymstick™ (a lightweight graphite shaft, with elastic tubing and foot straps that provide resistance to exercise all

Primary outcome

The primary outcome was step counts at 20 weeks postbaseline, measured by a sealed (Yamax SW200) pedometer (the sealed pedometers used for data collection were
different to the open pedometers provided to participants as part of the intervention). As pedometers were
sealed, the variation of steps between days was not captured. Participants recorded the time they put on and
removed the pedometer each day. Previous studies have
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reported a significant correlation between pedometer
wear time and steps [44]. To establish mean daily step
count, total steps were divided by the number of days
with wear time greater than five hours, and 0.5 for each
day where pedometer wear time was less than five hours.
Pedometers are small, relatively inexpensive devices
worn at the hip to count number of steps walked per
day, and they have been shown to have good reliability
and validity [45, 46]. Participants also completed a log
sheet to record other PA such as resistance training,
swimming, water aerobics, and cycling that were not
captured by pedometry, which is important to assess
change in PA due to the intervention [47]. These activities were converted to sex-specific step counts using the
values reported elsewhere [47] (Table 2), and were added
to the total step count value. A methodological secondary aim was to explore the feasibility and usefulness of
pedometer diaries to record key behaviors (e.g., resistance activities) that are not captured by pedometry. Analysis of step counts using both the raw pedometer data,
and imputed step count data were assessed separately.
Secondary outcomes

Participants self-reported their weight, height, and waist
circumference (using standardized instructions) [48, 49].
The frequency and duration of PA was measured with
the Active Australia survey [50], plus two purposedesigned questions about resistance training. The mean
number of minutes of walking, resistance training, and
moderate-to-vigorous PA reported over the past week were
calculated, and vigorous activity was double-weighted to
account for additional energy expenditure [50].
Sedentary behavior was assessed with five items asking
about time spent sitting in the last working and nonworking day across five domains [51]. Total sitting time
on last working day and non-working day was computed
by adding time spent sitting in each domain.
Dietary intake was assessed using the 74-item Dietary
Questionnaire for Epidemiological Studies version 2 food
frequency questionnaire (FFQ) [52–54]. The average
daily amount of foods from food groups that were specifically targeted in the intervention and of relevance to
cancer survivors were calculated, including fruit (g/day),
vegetables (g/day), red meat (g/day), processed meat (g/
day), dietary fibre (g/1000 kJ) and alcohol intake (g/day
and percent of daily energy). Serves of fruits (total fruit
excluding fruit juices) and vegetables (total vegetables
including potato) were calculated by summing the
weight of food items in the FFQ coded as fruits or vegetables and dividing by the serve size reported in the
Australian Guide to Healthy Eating (fruits, 150 g and
vegetables, 75 g). Nutrient intakes were computed from
the food composition database of Australian foods,
NUTTAB 1995 [55].
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Intervention adherence and program satisfaction

The program co-ordinator attended each ENRICH session to assess facilitator compliance with the ENRICH
program. Each program facilitator completed a 1-page
assessment after each ENRICH session to identify any
issues with the session objectives and content, resources,
location and equipment, participants, and timing and
questions. At the final ENRICH session, participants also
completed an evaluation form that assessed their satisfaction with the program.
Statistical analysis

Descriptive statistics are presented as mean (+/- standard
deviation) for continuous variables and as number and
percent for categorical variables. A repeated measures
analysis was conducted using linear mixed models in IBM
SPSS Statistics 21 [56], with the random statement to fit a
random intercept model. The primary outcome in the
model was mean daily step count, computed by dividing
the total pedometer steps recorded by the number of days
worn (wear time greater than 5 h equalled 1 day; wear
time of 5 h or less equalled ½ day). The predictor variables
included treatment, time and the interaction of treatmentby-time. The coefficient of the interaction term was used
to determine if there was a difference in the trends in step
counts over time between participants in the different
treatment groups. We accounted for clustering of cancer
survivor and carer dyads in the model. However, as the
addition of a cluster variable made no difference to the
standard errors of the coefficients or model fit statistics, it
was removed from the final model (with cluster: AIC
5523.7, BIC 5517.7; without cluster: AIC 5523.6, BIC
5529.4; ICC 0.28). Differences in least squares means with
95 % confidence intervals and the group by time p-value
are presented.
Subgroup analyses were undertaken to explore whether
the intervention effect varied for: participants who were
meeting/not meeting the recommended number of fruit
servings (less than 2 serves/day); vegetarians/those who
had consumed red and processed meat; participants who
reported consuming alcohol/non-drinkers; participants
with a BMI greater than 25 kg/m2 (overweight or obese)
at baseline versus participants whose BMI was less than
25 kg/m2 (underweight/healthy weight); and for the sample of cancer survivors separately.
Sample size

Forty-two subjects per group were required to detect a
mean difference of 2000 steps per day in pedometerassessed step counts with 80 % power and 5 % significance, with a standard deviation of 3200 steps. The
effect size estimate of 2000 steps per day change was
based on a clinically meaningful difference [45]. To ensure adequate sample size for secondary outcomes and
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to account for attrition and missing data, we aimed to
recruit 75 subjects per group.

Results
Participants

Two-hundred and seventy-five potential participants ex
pressed interest and were screened for eligibility by the Project Co-ordinator over the telephone. One-hundred and
seventy-four participants were randomized and 133 completed baseline data collection (Fig. 1). In order to provide a
consistent time reference, participants completed baseline
one week prior to the first ENRICH program session. The
majority of participants who withdrew, did so prior to attending any ENRICH sessions (n = 51). At 8-week data collection, 76 % (n = 57) of intervention participants and
89.7 % (n = 52) of control participants were retained. At 20weeks, 61.3 % (n = 46) of the intervention group, and
82.8 % (n = 48) of the control group were retained.

Baseline characteristics

Groups had similar baseline demographic characteristics
(Table 1), except that intervention participants were
more likely to have received chemotherapy treatment for
their cancer and to have been diagnosed with arthritis.
As this is a randomized trial, these differences were the
result of chance [57]. There were no significant differences between those who dropped out and those who
completed follow-ups on key demographic characteristics (gender, age, marital status, employment, education,
income, or cancer survivor/carer status).
Participants in both groups reported similar PA behaviors at baseline (Table 2) and some small differences
between groups on dietary behaviors. The control group
reported higher energy consumption (by 399 kJ), total
fat (by 6 g), saturated fat (by 1.7 g), and red meat consumption (by 16.7 g).

Intervention adherence and program satisfaction

All intervention session components were delivered by
program facilitators. The majority of intervention participants (76 %; n = 57) attended at least five of the six
ENRICH face-to-face sessions. The mean number of
participants in each ENRICH group program was 10. At
completion of the program, participants agreed that (1 =
strongly disagree to 4 = strongly agree): they trusted the
information provided as part of the program ðx ¼ 3:8Þ;
participation was worth their time and effort ðx ¼ 3:7Þ;
course leaders were organized ðx ¼ 3:8Þ and managed
the topics well ðx ¼ 3:7Þ; the program attendees worked
well together ðx ¼ 3:6Þ ; and everyone had a chance to
speak ðx ¼ 3:8Þ.
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Primary outcome: Pedometer-assessed PA

There was evidence of a change in mean daily step
counts over time between intervention and control at
8 weeks (adjusted mean difference from baseline 2095
steps/day; 95 % CI: 909 to 3281) that was maintained at
20 weeks (mean difference from baseline 1761 steps/day;
95 % CI: 184 to 3338) (P = 0.0028) (Table 3). The difference consisted of the control group decreasing step
counts by 1294 and the intervention increasing steps by
800 steps at 8 weeks. This effect was amplified after
accounting for ‘other’ activities and imputing equivalent
step values for cycling, swimming, water aerobics and
resistance training. The mean difference of the change
over time between the groups at 8 weeks was 2810
steps/day (95 % CI: 1238 to 4382) and at 20 weeks was
2782 steps/day (95 % CI: 818 to 4745) (P = 0.0009).
Secondary outcomes

There were no significant group-by-time effects for
weekly minutes of moderate-to-vigorous PA, resistance
training, or minutes per day of sitting time (Table 3).
There was a significant difference in the change over
time between intervention and control for daily vegetable consumption at 8 weeks (mean 24 g; 95 % CI: -0.9
to 49) and 20 weeks (mean 39 g; 95 % CI: 12 to 67)
(P = 0.019), which equates to a difference of 0.3 to 0.5
of a serve. Both groups reported increased fruit and
fibre consumption, decreased alcohol consumption,
and fat intake (Table 4). However, these differences in
the change over time between intervention and control group were not significant.
Intervention participants reported weight loss at 8 weeks,
with an adjusted mean difference of -1.4 kg (95 % CI: -2.5
to -0.3) compared to the change in control. At 20 weeks,
the difference remained significant (mean -1.5 kg; 95 %
CI: -2.6 to -0.3) (P = 0.014). For intervention participants, this decrease equated to an average 1.9 % reduction in body weight from baseline to 8 weeks, and 2.2 %
reduction in body weight from baseline to 20 weeks.
For body mass index, the mean difference at 8 weeks was
-0.5 kg/m2 (95 % CI: -0.98 to -0.11) and -0.55 kg/m2 (95 %
CI: -0.97 to -0.13) at 20 weeks (P = 0.012). Both groups
decreased waist circumference, however there was no difference in the change over time between the intervention
and control groups (P = 0.236).
Subgroup and sensitivity analyses

Participants in both study groups who consumed less
than two serves of fruit per day at baseline (n = 93), reported non-significant increases to daily serves of fruit.
There was no evidence of an intervention effect for participants who reported consuming red or processed
meat (n = 123-126; P = 0.4 to 0.6), or those that had consumed alcohol (n = 126; P = 0.2).
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Table 1 Baseline characteristics of participants (n = 133)
Control (n = 58)
Characteristic

N

Age, years, Mean (SD)

% (of responses)

Intervention (n = 75)
Sample size

N

58.1 (11.2)

57

56.2 (12.6)

% (of responses)

75

Sample size

Female gender

43

74.1

58

60

80.0

75

Married/de facto

38

66.7

57

55

73.3

75

Completed post-school qualifications

41

71.9

57

54

73.0

74

Employed (full-time or part-time)

26

45.6

57

34

45.9

74

-Less than $499

11

19.6

12

16.0

-$500-$1000

14

25.0

16

21.3

-More than $1000

14

25.0

25

33.3

-Prefer not to answer

17

30.4

22

29.3

3

5.3

3

4.2

-0

16

27.6

13

17.3

-1–3

33

56.9

50

66.7

-4 or more

9

15.5

12

16.0

20

37.7

28

38.4

Weekly family income

56

Current smoker
Number of co-morbidities (ever had OR have)

57

75

58

72
75

a

Types of co-morbidities

-Musculoskeletal disorders

53

73

-Mental health problems

15

27.8

54

27

36.5

74

-Arthritis

16

28.6

56

34

45.9

74

-High blood pressure

18

32.1

56

18

24.3

74

-High cholesterol

19

33.9

56

25

33.3

75

-Chronic headache/migraine

9

16.1

56

7

9.5

74

-Lung conditions

7

12.5

56

13

17.6

74

-Heart condition

4

7.1

56

5

6.8

74

-Stroke

2

3.6

56

0

0

74

-Diabetes

4

7.1

56

2

2.7

73

-Stomach ulcer

3

5.4

56

2

2.7

74

Cancer survivor

43

75.4

57

53

70.7

75

Carer

9

15.8

57

15

20.0

75

Both cancer survivor and carer

5

8.8

57

7

9.3

Relationship to cancer survivor:

14

-Spouse/partner

11

78.6

12

63.2

-other relative or friend

3

21.4

7

36.8

5

10.4

3

5.0

a

Cancer type

-Bowel/colorectal

48

60

-Breast

28

58.3

36

60.0

-Prostate

7

14.6

7

11.7

-Melanoma

3

6.3

4

6.7

-Other (eg. non-Hodgkins lymphoma, Leukaemia, ovarian, thyroid)

13

27.1

17

28.3

Time since diagnosis, months, Mean (SD)

45.2 (52.3)

47

75
19

39.3 (56.7)

57
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Table 1 Baseline characteristics of participants (n = 133) (Continued)
Treatment received (EVER)a
-Surgery

45

93.8

48

55

93.2

59

-Chemotherapy

28

62.2

45

45

84.9

53

-Radiotherapy

30

63.8

47

32

68.1

47

-Hormone treatment

20

48.8

41

30

66.7

45

36

80.0

45

44

77.2

57

43

89.6

54

90.0

Cancer in remission
Number of cancer diagnoses
-1

48

60

-2

4

8.3

5

8.3

-3 or more

1

2.1

1

1.7

a

Participants could select more than one response, so the percentage may add up to more than 100 %

Table 2 Baseline health behaviors (n = 133)
Control (n = 58)
Characteristic

Intervention (n = 75)

Mean (SD)

Sample size

Mean (SD)

Sample size

Raw step counts (per day)

8090.7 (3298.8)

50

7850.0 (3111.5)

68

Moderate-to-vigorous PA (minutes per week)

108.7 (187.1)

55

82.9 (91.9)

69

Resistance training (minutes per week)

13.5 (26.1)

57

14.7 (39.3)

74

Total sitting time on last work day (minutes per day)

547.5 (235.8)

17

774.8 (840.0)

22

Total sitting time on last non-work day (minutes per day)

519.0 (407.8)

23

522.2 (240.9)

33

Physical activity

Sedentary behavior

Dietary behavior (per day)

55

73

Fruit (g)

254.6 (144.6)

222.3 (117.1)

Fruit (serves)a

1.7 (1.0)

1.5 (0.8)

Vegetables (g)

168.7 (81.0)

174.8 (95.5)

Vegetables (serves)

2.3 (1.1)

2.3 (1.3)

Fibre grams per 1000 kJ

3.2 (0.8)

3.3 (0.9)

Fibre (g)

21.4 (8.4)

21.0 (7.0)

Energy (kJ)

6853 (2495)

6454 (1826)

Total fat (g)

69.4 (30.2)

63.4 (21.2)

Saturated fat (g)

26.6 (12.8)

24.9 (9.7)

66.2 (88.1)

49.5 (42.4)

17.0 (27.4)

12.2 (13.5)

b

Red meat (g)

c

Processed meat (g)
% energy from alcohol (%)

4.7 (5.8)

5.1 (7.9)

Alcohol (g)d

10.1 (14.4)

9.5 (13.5)

Body composition
Weight (kg)

76.2 (17.8)

56

72.8 (14.6)

73

BMI (kg/m )

27.5 (6.1)

54

26.7 (5.2)

73

Waist circumference (cm)

93.9 (14.0)

50

91.9 (16.2)

63

2

a

1 serve = 150 g
b
1 serve = 75 g
c
1 serve = 65 g cooked lean red meat
d
1 standard drink = 10 g alcohol in Australia
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Table 3 Mean difference in the physical activity and sedentary behavior outcomes from baseline to 8 weeks and 20 weeks, and
p value for the difference in change between treatment groups
Mean change from baseline (95 % CI)

Adjusted mean
difference (95 % CI)

Outcome

Time from baseline Control

Mean daily steps
(pedometer-assessed)

8 week

−1294 (-2214 to -374.1) 800.8 (52.3 to 1549.3)

2094.7 (908.9 to 3280.5)

20 week

−1282 (-2394 to -170.6) 478.8 (-639.4 to 1597.0)

1761.0 (184.3 to 3337.8)

−1672 (-2873 to -471.9) 1137.8 (122.3 to 2153.3)

2810.1 (1237.8 to 4382.3) 0.0009

Mean daily steps (with imputation 8 week
of steps for swimming, cycling,
resistance training)

Moderate-to-vigorous PA
(minutes per week)

Resistance training
(minutes per week)

Total sitting time on last
WORK DAY, excluding
sleep (minutes per day):

Total sitting time on last
NON-WORK DAY, excluding
sleep (minutes per day):

Intervention

Group-by-time
P-value

20 week

−2124 (-3546 to -702.9) 657.20 (-697.1 to 2011.5) 2781.5 (818.2 to 4744.8)

8 week

9.6 (-26.2 to 45.4)

33.87 (-4.7 to 72.4)

24.3 (-28.3 to 76.8)

20 week

8.7 (-21.4 to 38.9)

−16.2 (-39.8 to 7.5)

−24.9 (-63.2 to 13.4)

8 week

16.0 (-0.01 to 32.0)

38.3 (21.2 to 55.5)

22.3 (-1.1 to 45.8)

20 week

12.3 (-8.9 to 33.5)

29.3 (15.6 to 43.0)

17.0 (-8.3 to 42.2)

8 week

201.3 (-131.3 to 534.0)

−132.5 (-347.0 to 82.1)

−333.8 (-729.6 to 62.0)

20 week

162.9 (-41.4 to 367.2)

−28.5 (-271.5 to 214.4)

−191.4 (-508.8 to 126.0)

8 week

82.6 (-140.6 to 305.8)

69.5 (-99.1 to 238.1)

−13.1 (-292.8 to 266.6)

20 week

−74.7 (-231.6 to 82.2)

52.4 (-84.7 to 189.5)

127.1 (-81.3 to 335.4)

Participants were divided into two sub-groups based on
BMI category, and whether weight loss would be considered a positive outcome. Control participants who were
overweight (n = 50) or obese (n = 30) (BMI > 25 kg/m2) at
baseline decreased their mean daily steps at 8 weeks
(-1370; 95 % CI: -2722 to -18.1) and compared to intervention participants who remain unchanged from baseline
(P = 0.0349). Among participants whose BMI was less
than 25 kg/m2 (underweight n = 3; healthy weight n = 44)
at baseline, there was no intervention effect on step
counts at 8 weeks (mean difference 210; 95 % CI: -787 to
1206) or 20 weeks (mean difference -52; 95 % CI: -1711 to
1607) (P = 0.1). Among participants whose BMI was
greater than 25 kg/m2, there was a significant group-bytime effect for weight at 8 weeks (adjusted mean difference of -2.2 kg; 95 % CI: -3.9 to -0.5) and 20 weeks
(-2.0 kg; 95 % CI: -3.7 to -0.4) (P = 0.0157). At 8 weeks,
the adjusted mean difference for BMI was -0.8 kg/m2
(95 % CI: -1.5 to -0.2) and at 20 weeks was -0.7 kg/m2
(95 % CI: -1.3 to -0.1) (P = 0.0181). Overweight/obese participants in both groups reported reductions in waist circumference, with the adjusted mean difference at 8 weeks
of -3.3 cm (95 % CI: -7.0 to 0.4) and 20 weeks of 0.2 cm
(95 % CI: -5.6 to 6.0) (P = 0.0722). There was no groupby-time intervention effect for participants whose BMI
was lower than 25 kg/m2 at baseline, on waist circumference, BMI, or weight (Table 5).

0.0028

0.2168

0.1039

0.2412

0.4275

Due to inadequate numbers, the impact of the intervention on cancer survivor or carer status could not be
assessed separately. However, sensitivity analysis was
undertaken to explore the effect of the intervention on
the sample of cancer survivors only (n = 108), and is reported in Table 6. The adjusted mean difference between
intervention and control at 8 weeks for daily step counts
was 1998 (95 % CI: 707 to 3288), and at 20 weeks was
1402 (95 % CI: -379 to 3183) (P = 0.0111). The adjusted
mean difference between groups on vegetable consumption at 8 weeks was 13.2 g per day (95 % CI: -12.9 to
39.3), and at 20 weeks was 39.2 g (95 % CI: 8.4 to 69.9)
(P = 0.042). For BMI, the difference between groups at
8 weeks was -0.3 kg/m2 (95 % CI: -0.6 to -0.05), and at
20 weeks was -0.5 kg/m2 (95 % CI: -0.9 to 0.02) (P = 0.064).
For weight, the adjusted between group difference at
8 weeks was -0.9 kg (95 % CI: -1.7 to -0.1), and at 20 weeks
was -1.2 kg (95 % CI: -2.5 to 0.1) (P = 0.072).

Discussion
Statement of principal findings

The primary aim of this paper was to report the effects
of a theory-based, group-delivered, face-to-face, multiple
health behavior change intervention (ENRICH) on behavioral outcomes among a mixed group of cancer survivors and carers. The ENRICH multiple health behavior
intervention was effective for improving pedometer-
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Table 4 Mean difference in the diet and body composition outcomes from baseline to 8 weeks and 20 weeks, and p value for the
difference in change between treatment groups
Mean change from baseline (95 % CI)

Adjusted mean
difference (95 % CI)

Outcome

Time from baseline

Control

Intervention

Fruit (excluding juice) (g/day)

8 week

7.3 (-27.9 to 42.5)

36.9 (-0.3 to 74.1)

29.6 (-21.6 to 80.8)

20 week

12.9 (-17.0 to 42.9)

50.9 (1.2 to 100.5)

38.0 (-20.0 to 96.0)

8 week

−0.5 (-19.1 to 18.1)

23.6 (6.9 to 40.2)

24.1 (-0.9 to 49.0)

20 week

−7.1 (-26.9 to 12.7)

32.4 (13.3 to 51.4)

39.4 (12.0 to 66.9)

8 week

−0.01 (-0.3 to 0.2)

0.3 (0.1 to 0.5)

0.3 (-0.01 to 0.7)

Vegetables (g/day)

Vegetables (serves/day)

P-value

20 week

−0.1 (-0.4 to 0.2)

0.4 (0.2 to 0.7)

0.5 (0.2 to 0.9)

Dietary fibre (g/1000 kJ)

8 week

0.1 (-0.01 to 0.3)

0.3 (0.2 to 0.5)

0.2 (-0.02 to 0.4)

20 week

0.1 (-0.1 to 0.2)

0.2 (0.1 to 0.4)

0.2 (-0.1 to 0.4)

Energy (kJ/day)

8 week

−244 (-806 to 318)

−492 (-912 to -72)

−248 (-949 to 453)

20 week

111 (-836 to 1057)

−436 (-881 to 9)

−547 (-1592 to 499)

8 week

−3.4 (-10.3 to 3.5)

−7.4 (-12.0 to -2.9)

−4.0 (-12.3 to 4.2)

20 week

0.5 (-10. 6 to 11.5)

−7.1 (-11.7 to -2.6)

−7.6 (-19.5 to 4.4)

8 week

−1.5 (-4.1 to 1.1)

−3.7 (-5.5 to -1.9)

−2.2 (-5.4 to 0.9)

Total fat (g/day)

Saturated fat (g/day)

20 week

−0.4 (-4.4 to 3.6)

−3.4 (-5.3 to -1.5)

−3.0 (-7.4 to 1.4)

Red meat (g/day)

8 week

1.2 (-20.6 to 23.1)

−2.9 (-13.3 to 7.5)

−4.1 (-28.3 to 20.1)

20 week

−6.0 (-28.3 to 16.3)

0.8 (-8.2 to 9.8)

6.8 (-17.3 to 30.9)

Processed meat (g/day)

8 week

−1.7 (-5.8 to 2.4)

0.1 (-2.7 to 2.9)

1.8 (-3.2 to 6.7)

20 week

−2.6 (-8.9 to 3.6)

0.5 (-2.7 to 3.6)

3.1 (-3.9 to 10.1)

8 week

−0.4 (-1.8 to 1.1)

−2.2 (-4.5 to 0.1)

−1.8 (-4.5 to 0.9)

20 week

−1.6 (-3.6 to 0.5)

−1.3 (-4.0 to 1.3)

0.2 (-3.1 to 3.6)

8 week

−0.3 (-1.2 to 0.6)

−1.0 (-2.0 to 0.1)

−0.7 (-2.1 to 0.7)

Alcohol (g/day)

% of energy provided by alcohol (%)

20 week

−0.5 (-1.6 to 0.6)

−0.2 (-1.7 to 1.3)

0.3 (-1.6 to 2.1)

Weight (kgs)

8 week

0.04 (-0.5 to 0.6)

−1.4 (-2.3 to -0.4)

−1.4 (-2.5 to -0.3)

20 week

−0.1 (-0.8 to 0.6)

−1.6 (-2.5 to -0.7)

−1.5 (-2.6 to -0.3)

BMI (kg/m2)

8 week

0.02 (-0.2 to 0.2)

−0.5 (-0.9 to -0.1)

−0.5 (-1.0 to -0.1)

20 week

−0.02 (-0.3 to 0.2)

−0.6 (-0.9 to -0.2)

−0.6 (-1.0 to -0.1)

Waist circumference (cm)

8 week

−1.5 (-3.8 to 0.7)

−3.8 (-5.9 to -1.7)

−2.3 (-5.4 to 0.7)

20 week

−2.1 (-4.0 to -0.2)

−2.5 (-5.8 to 0.8)

−0.4 (-4.3 to 3.4)

assessed PA, weight, and subsequently body mass index,
and vegetable consumption. Achieving improvements in
at least one component of both diet and PA behaviors is
an important finding, and has demonstrated potential to
improve health outcomes, such as body composition and
chronic disease risk [58, 59].
The improvements in pedometer step counts are lower
than the results reported in reviews of pedometer interventions with adults [45, 60, 61]. While the increases in
the intervention group were small, the control group decreased steps by more than 1000 steps. This difference
between groups of 2000 steps per day may be clinically
important, as an increase of 2000 steps has been associated with decreased blood pressure, BMI, and an 8 % decrease in cardiovascular event rate [45, 62]. Both groups

Group-by-time

0.3793

0.0188

0.0188

0.1942

0.5739

0.4165

0.2827

0.4208

0.6659

0.2331

0.4265

0.0140

0.0120

0.2361

successfully increased their time spent in moderate and
vigorous PA and resistance training, however these
changes were not significant and might reflect that simply enrolling in a lifestyle behavior modification trial is
sufficient to stimulate change. Imputation of step count
values for swimming, cycling, and resistance training,
had a significant effect between the two groups with the
mean difference increasing by approximately 1000 steps
(from 2000 to 3000 steps). Whilst it did not change
interpretation of the results, it amplified the difference
between the two groups and reflects that this target group
do participate in activities not captured by pedometry.
Both groups in the current trial showed encouraging
(non-significant) trends in regards to fruit, alcohol and fat
consumption; similar to the FRESH START intervention
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Table 5 Subgroup and sensitivity analyses
Mean change from baseline (95 % CI)
Outcome (Subgroup)

Time from Control
baseline

Intervention

Difference (Intervention - Time x Group
Control)
P-value

960.1 (-158.5 to 2078.8)

1793.6 (131.5 to 3455.7)

Overweight and obese at
baseline (n = 80; BMI >25 kg/m2)
−1370 (-2722 to -18.1)

Mean daily steps

8 week
20 week

−1366 (-2903 to 170.7)

768.0 (-751.7 to 2287.7)

1597.2 (-267.8 to 3462.2)

BMI (kg/m2)

8 week

0.03 (-0.2 to 0.3)

−0.8 (-1.4 to -0.2)

−0.8 (-1.5 to -0.2)

20 week

−0.01 (-0.4 to 0.3)

−0.7 (-1.2 to -0.3)

−0.7 (-1.3 to -0.1)

8 week

0.06 (-0.6 to 0.8)

−2.1 (-3.7 to -0.6)

−2.2 (-3.9 to -0.5)

20 week

−0.06 (-1.0 to 0.8)

−2.1 (-3.5 to -0.7)

−2.0 (-3.7 to -0.4)

8 week

−1.0 (-2.5 to 0.5)

−4.3 (-7.7 to -0.9)

−3.3 (-7.0 to 0.4)

20 week

−2.6 (-5.0 to -0.2)

−2.4 (-7.7 to 2.9)

0.2 (-5.6 to 6.0)

8 week

−1312 (-2343 to -280.4)

209.7 (-786.9 to 1206.2)

1521.6 (87.3 to 2955.8)

20 week

−1271 (-3018 to 476.)

−51.7 (-1711 to 1607.3)

1219.6 (-1190 to 3628.9)

8 week

0.02 (-0.3 to 0.3)

−0.1 (-0.3 to 0.1)

−0.1 (-0.5, 0.3)

20 week

−0.05 (-0.5 to 0.4)

−0.2 (-0.5 to -0.02)

−0.2 (-0.7 to 0.3)

8 week

−0.02 (-0.9 to 0.9)

−0.2 (-0.7 to 0.3)

−0.2 (-1.2 to 0.8)

20 week

−0.2 (-1.5 to 1.0)

−0.7 (-1.2 to -0.1)

−0.4 (-1.8 to 1.0)

8 week

−2.4 (-7.4 to 2.6)

−2.9 (-4.8 to -1.1)

−0.5 (-5.9 to 4.8)

20 week

−1.2 (-3.9 to 1.5)

−2.3 (-4.2 to -0.4)

−1.2 (-4.4 to 2.1)

Processed meat (g/day) (consuming 8 week
any processed meat; n = 123)
20 week

−1.8 (-6.3 to 2.7)

0.3 (-2.9 to 3.4)

−3.3 (-10.6 to 4.0)

−2.8 (-9.8 to 4.2)

0.8 (-2.8 to 4.3)

−1.7 (-8.0 to 4.6)

Red meat (g/day) (consuming any
red meat; n = 126)

8 week

1.6 (-21.6 to 24.7)

−2.5 (-13.6 to 8.7)

−21.2 (-43.5 to 1.1)

20 week

−5.9 (-29.6 to 17.8)

2.2 (-7.6 to 12.0)

−9.1 (-27.0 to 8.8)

Alcohol (g/day) (consuming any
alcohol; n = 126)

8 week

−0.4 (-2.1 to 1.3)

−2.4 (-5.0 to 0.2)

−3.4 (-8.4 to 1.5)

20 week

−1.8 (-4.2 to 0.6)

−1.4 (-4.5 to 1.7)

−1.1 (-6.1 to 3.9)

Percentage of energy intake
from alcohol (consuming any
alcohol; n = 126)

8 week

−0.3 (-1.4 to 0.8)

−1.1 (-2.2 to 0.1)

−0.7 (-3.1 to 1.7)

20 week

−0.5 (-1.8 to 0.8)

−0.2 (-1.9 to 1.6)

0.4 (-2.3 to 3.1)

Weight (kgs)

Waist circumference (cms)

0.0349

0.0181

0.0157

0.0722

Normal and underweight at
baseline (n = 47; BMI < 25 kg/m2)
Mean daily steps
BMI (kg/m2)

Weight (kgs)

Waist circumference (cms)

0.1046

0.7127

0.8127

0.7309

Other subgroups

Fruit serves/day (where baseline
8 week
fruit consumption is less than
20 week
recommended 2 serves/day; n = 93)

0.4 (0.2 to 0.6)

0.4 (0.1 to 0.7)

0.04 (-0.4 to 0.4)

0.4 (0.2 to 0.6)

0.6 (0.3 to 1.0)

0.3 (-0.2 to 0.7)

which reported significantly improved lifestyle behaviors
over 12 months [29]. The only significant dietary impact
in the present study was the increase in vegetable consumption in the intervention group by 0.4 serve (32 g) at
20 weeks, similar to an 11-session telephone counseling
intervention that targeted colorectal cancer survivors [30].
Our findings are of a similar magnitude to those found
amongst breast and prostate cancer survivors who reported a difference of 0.5 serves per day of combined fruit
and vegetable intake after a 12-month intervention with
rigorous dietary goals [29]. Although this change is small,
increases of one serve of vegetables per day have been associated with a 5 % reduction in all-cause mortality [63],

0.6405

0.3994

0.2361

0.4335

0.5091

and a 5 % reduction in ischaemic stroke risk and 10 % reduction in ischaemic heart disease [64]. While other studies have reported significant effects on fat consumption
[30], intervention participants in the current study reported non-significant decreases in fat and energy intake.
Diet was a secondary outcome, so the study may have
been under-powered to detect small changes to all aspects
of diet. It is also important to note that the FFQ is not designed to assess small changes in diet, and being a selfreport measure, there may also be an association with
reporting bias. The magnitude of change for participants
in both groups who were not already meeting recommended two serves of fruit per day at baseline was higher

James et al. BMC Cancer (2015) 15:710

than the total sample, which may indicate possible ceiling
effects.
Despite ENRICH not being designed or promoted as a
weight loss intervention, the intervention group reported
significant decreases in weight and BMI at both 8- and
20-weeks. Although both groups reported decreases in
waist circumference, the group-by-time effect were not
statistically significant. Significant changes to BMI were
also reported in the Australian CanCHANGE intervention with BMI decreasing by 0.9 at 12 month follow-up
[30]. Intervention participants decreased weight by 1.9 %
at 8 weeks, and 2.2 % at 20 weeks. Whilst a 5 % reduction in weight is considered to be a clinically significant
threshold [65], health improvements have been noted
for smaller reductions in weight (at 2 %) and waist
circumference (at 4 cm) [66, 67]. Sub-group analyses
showed that the intervention appeared to have a stronger
effect on the step counts, weight, and BMI, of overweight
or obese participants when compared to participants who
were underweight or healthy weight at baseline. It was
encouraging that overweight and obese participants were
able to undertake increased PA after the face-to-face intervention had finished.
Exploratory sub-group analyses of cancer survivors
revealed some possible differences between cancer survivors’ and carers’ response to the intervention. Differences between groups over time remained significant for
mean daily step counts and vegetable consumption.
However, the magnitude of change among cancer survivors was smaller than the increases observed in the total
sample. Reductions in weight and BMI were reported
among cancer survivors, however these group-by-time
changes were not significant. There are few trials that
include carers in behavior change interventions to compare these findings to, however the results of this trial
are promising for carers.
As a simultaneously delivered multiple health behavior
change program, the ENRICH intervention was designed
so that participants were encouraged to reflect how their
current behavior corresponded to current recommendations and then select behaviors they wanted to change. It
is therefore unrealistic that participants would make
positive changes in every behavior, making assessment of
changes at the group level challenging. In addition,
improvements in one area may have resulted in other
compensatory behaviors (e.g., success in achieving a selfmonitored step count goal may have led to increased
energy consumption). Other research has reported an
association between increased PA levels and increased fat
intake [68]. Most previous multiple health behavior interventions have been of longer duration (6-12 months) and
greater intensity [29, 36, 69] than the intervention presented here. It was encouraging that behavior change was
achieved with a relatively low dose, short duration
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intervention (total 12 h of contact), and change was
sustained over the short-term.
Strengths and weaknesses of the study

Targeting cancer survivors of mixed diagnoses and
carers is a novel aspect of the program, however, this
heterogeneity prevented sub-group analyses by sex,
cancer type, or carer status. Given the pragmatic,
community-based recruitment methods used in this
trial, participants were not broadly representative of the
cancer survivor population. Similar to many behavior
change trials, breast cancer survivors and participants
with high socioeconomic status were over-represented
and men were under-represented in our sample [6, 70].
The majority of participants were at least 3 to 5 years
post-diagnosis at baseline. In addition, participants
were likely to be more interested (and potentially motivated) to make lifestyle changes. Wait-list control participants’ awareness that they were in a diet and PA
study and receipt of (sealed) pedometers to record steps
at each time-point may have influenced their PA behavior [45, 60, 71]. Using accelerometers to measure PA
and sitting time would provide an objective measure of
the duration and intensity of activity.
Although the drop-out rate after baseline data collection was high (19.5 % of the total sample), we successfully retained 75 % of intervention participants who
attended at least one intervention session. A wait-list
control group was used to enhance recruitment and to
meet ethics requirements regarding provision of care to
participants. However it appears that the wait-list control group was not acceptable to many participants due
to the long wait before attending, or difficulty attending
on the specific dates (e.g., due to pre-planned holidays),
or due to a change in their circumstances (e.g., return to
work). Recent data have confirmed that offering participation in the intervention at completion of the study
does not compensate completely for the disappointment
of being assigned to the control group [72]. Our trial
duration was less than 6 months and wait-list control
participants were expected to provide three measures of
7-day pedometry, and complete three separate surveys
before receiving any support or assistance. These findings have implications for researchers designing behavior
change trials, and especially for trials that involve longer
term follow-ups. There remains a need to consider alternate trial designs (e.g., attention control designs) to reduce
the impact of drop-out due to study group preferences.
Intervention attrition was similar to other face-to-face
intervention trials with a 12-month follow-up [73, 74].
The most common reasons for attrition and drop out related to pragmatic difficulties with program scheduling
(location and/or time), changed work or personal circumstances that prevent attendance, or illness or injury [74].
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Table 6 Mean difference in the physical activity, diet and body composition outcomes from baseline to 8 weeks and 20 weeks, and
p value for the difference in change between treatment groups for cancer survivors only (n = 108)
Mean change from
baseline (95 % CI)

Adjusted mean
difference (95 % CI)

Outcome

Time from baseline

Control

Intervention

Mean daily steps
(pedometer-assessed)

8 week

−1281 (-2349 to -214.2)

716.2 (-9.9 to 1442.4)

1997.6 (706.9 to 3288.4)

20 week

−1278 (-2587 to 30.8)

123.9 (-1084 to 1331.6)

1401.9 (-379.0 to 3182.8)

8 week

−1783 (-3200 to -366.2)

628.9 (-354.1 to 1611.9)

2411.9 (687.5 to 4136.4

20 week

−2220 (-3874 to -565.3)

327.0 (-1285 to 1939.1)

2546.6 (236.7 to 4856.5)

Moderate-to-vigorous
PA (minutes/week)

8 week

−1.8 (-33.4 to 29.7)

41.3 (-4.0 to 86.6)

43.2 (-12.0 to 98.4)

20 week

5.1 (-32.8 to 43.0)

−10.2 (-36.7 to 16.3)

−15.3 (-61.5 to 31.0)

Resistance training
(minutes/week)

8 week

18.6 (-0.4 to 37.5)

35.3 (14.8 to 55.8)

16.7 (-11.2 to 44.6)

Mean daily steps
(with imputation of steps)

Total sitting time on last
WORK DAY, excluding
sleep (minutes/day):

Total sitting time on
last NON-WORK DAY,
excluding sleep (minutes/day):

Fruit (excluding juice) (g/day)

Vegetables (g/day)

Vegetables (serves/day)

Dietary fibre (g/1000 kJ)

P-value

20 week

12.0 (-14.0 to 38.0)

24.5 (9.2 to 39.8)

12.5 (-17.7 to 42.7)

8 week

210.0 (-177.5 to 597.5)

3.5 (-138.7 to 145.7)

−206.5 (-619.3 to 206.2)

20 week

154.4 (-5.22 to 313.9)

135.0 (-122.1 to 392.2)

−19.3 (-322.0 to 283.3)

8 week

125.5 (-137.3 to 388.3)

6.8 (-136.2 to 149.8)

−118.7 (-417.9 to 180.5)

20 week

−104.1 (-290.5 to 82.3)

82.3 (-78.3 to 242.9)

186.4 (-59.6 to 432.5)

8 week

−5.9 (-45.6 to 33.8)

37.5 (-7.2 to 82.1)

43.4 (-16.3 to 103.1)

20 week

−7.8 (-38.0 to 22.4)

56.9 (-5.4 to 119.2)

64.7 (-4.5 to 133.9)

8 week

5.6 (-12.3 to 23.5)

18.8 (-0.2 to 37.8)

13.2 (-12.9 to 39.3)

20 week

−7.4 (-27.2 to .12.4)

31.8 (8.2 to 55.3)

39.2 (8.4 to 69.9)

8 week

0.1 (-0.2 to 0.3)

0.3 (-0.0 to 0.5)

0.2 (-0.2 to 0.5)

20 week

−0.1 (-0.4 to 0.2)

0.4 (0.1 to 0.7)

0.5 (0.1 to 0.9)

8 week

0.1 (-0.03 to 0.3)

0.3 (0.1 to 0.4)

0.1 (-0.1 to 0.4)

20 week

−0.03 (-0.2 to 0.1)

0.2 (-0.00 to 0.4)

0.2 (-0.04 to 0.5)

Energy (kJ/day)

8 week

−275 (-853 to 304)

−428 (-900 to 44)

−154 (-900 to 593)

20 week

101 (-1027 to 1229)

−336 (-868 to 195)

−437 (-1685 to 810)

Total fat (g/day)

8 week

−3.5 (-10.7 to 3.7)

−7.4 (-12.4 to -2.4)

−3.8 (-12.6 to 4.9)

20 week

1.3 (-11.7 to 14.4)

−6.8 (-12.2 to -1.5)

−8.2 (-22.2 to 6.0)

Saturated fat (g/day)

8 week

−1.6 (-4.3 to 1.0)

−3.5 (-5.6 to -1.4)

−1.8 (-5.2 to 1.5)

20 week

−0.00 (-4.7 to 4.7)

−3.0 (-5.0 to -1.0)

−3.0 (-8.1 to 2.1)

Red meat (g/day)

8 week

12.8 (-0.3 to 25.9)

2.1 (-8.4 to 12.5)

−10.8 (-27.5 to 6.0)

Processed meat (g/day)

Group-by-time

20 week

4.6 (-10.0 to 19.2)

3.4 (-5.7 to 12.4)

−1.3 (-18.4 to 15.9)

8 week

−1.8 (-6.6 to 3.1)

0.3 (-2.2 to 2.7)

2.1 (-3.3 to 7.5)

20 week

−2.3 (-9.9 to 5.3)

0.1 (-3.5 to 3.7)

2.4 (-6.0 to 10.8)

Alcohol (g/day)

8 week

−0.1 (-1.8 to 1.5)

−1.1 (-3.1 to 1.0)

−0.9 (-3.5 to 1.7)

20 week

−1.2 (-3.5 to 1.1)

−1.3 (-3.7 to 1.1)

−0.1 (-3.4 to 3.2)

% of energy provided
by alcohol (%)

8 week

−0.2 (-1.2 to 0.9)

−0.4 (-1.2 to 0.4)

−0.2 (-1.5 to 1.1)

20 week

−0.4 (-1.6 to 0.9)

−0.4 (-1.5 to 0.6)

−0.1 (-1.7 to 1.5)

0.0108

0.0121

0.2064

0.403

0.5880

0.1271

0.1624

0.0422

0.0422

0.2039

0.7818

0.4710

0.4082

0.4353

0.7480

0.5974

0.9382
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Table 6 Mean difference in the physical activity, diet and body composition outcomes from baseline to 8 weeks and 20 weeks, and
p value for the difference in change between treatment groups for cancer survivors only (n = 108) (Continued)
Weight (kgs)

8 week

0.1 (-0.5 to 0.7)

−0.8 (-1.4 to -0.3)

−0.9 (-1.7 to -0.1)

20 week

−0.1 (-1.0, 0.7)

−1.3 (-2.3 to -0.3)

−1.2 (-2.5 to 0.1)

BMI (kg/m2)

8 week

0.04 (-0.2 to 0.3)

−0.3 (-0.5 to -0.1)

−0.3 (-0.6 to -0.05)

20 week

−0.03 (-0.3 to 0.3)

−0.5 (-0.9 to -0.1)

−0. 5 (-0.9 to 0.02)

Waist circumference (cm)

8 week

−2.0 (-4.7 to 0.8)

−2.9 (-5.3 to -0.4)

−0.9 (-4.6 to 2.8)

20 week

−2.3 (-4.6 to 0.1)

−1.4 (-5.6 to 2.9)

0.9 (-4.0 to 5.7)

While illness or injury was reported as a reason for withdrawal, it was unrelated to the intervention or research
study. We acknowledge that the attrition has resulted in
missing data over time, however the use of linear mixed
models has been shown to be robust when missing data
depends on baseline values [75].
Unanswered questions and future research

There remains a need to identify more programs that
can improve lifestyle behaviors among cancer survivors
and carers. As with other trials, this study was not able
to successfully recruit participants most at-risk. There
remains a need to promote programs that are appealing
to cancer survivors earlier in their cancer trajectory in
order to improve their health outcomes. Interventions
that appeal to men and those who are socially disadvantaged, and are accessible regardless of geographic location are needed. Despite participants in this trial being
interested and motivated to change behavior, retention
of participants was a significant issue. The intervention
was effective for the group recruited, however the study
was not able to detect the separate impact of the intervention on specific cancer types, on carers, or on men.
Future trials should assess intervention effects separately
for cancer survivors and carers. The magnitude of behavior changes achieved in this trial was similar to other
interventions delivered through different channels (such
as telephone) and to those of longer duration. This offers
reassurance to those considering programs in this target
group. A range of lifestyle interventions is likely to be
required to meet the diverse needs of cancer survivors
and carers in the future. Future multiple health behavior
change trials will benefit from using objective measures
of sedentary behavior and PA, such as inclinometers and
accelerometers, and using dietary measures that are sensitive to small changes. Trials that assess maintenance of
behavior change over the longer-term are still required.

Conclusions
Cancer survivors and carers can participate in a unique
theoretically-based program targeting aerobic activity, resistance training, and healthy diet components. Significant
improvements to objectively measured steps, weight, body

0.0723

0.0637

0.6287

mass index, and vegetable consumption were sustained for
three months after completion of the intervention. The
magnitude of behavior change was significant and clinically
relevant, and likely to result in health improvements.
ENRICH has subsequently been adopted as a Cancer
Council NSW program and is being delivered state-wide.
Abbreviations
ENRICH: Exercise and Nutrition Routine Improving Cancer Health; PA: Physical
activity; RCT: Randomized controlled trial; FFQ: Food frequency questionnaire;
BMI: Body mass index.
Competing interests
The authors have no competing interests to declare.
Authors’ contributions
EJ, KC, AG, AWB conceptualized the trial and obtained funding. EJ, FS, KC, DL
developed the intervention content. EJ, FS, DL, AWB, KC provided detailed
input into the methods. EJ, DL, KC, FS, GA conducted facilitator training. KC,
GA oversaw and conducted recruitment. TB conducted dietary analyses and
assisted with interpretation of findings. AB, FS conducted analyses. FS drafted
the manuscript. All authors read and approved of the final manuscript.
Acknowledgements
This study was supported by funding from the Australian Better Health Initiative:
A joint Australian, State and Territory government initiative with additional
funding and infrastructure support provided by the Cancer Council NSW and
Hunter Medical Research Institute.
We thank the multi-disciplinary project advisory group (Ms Julie-Anne Mitchell,
National Heart Foundation; Ms Katherine Pronk, Liverpool Hospital; Associate
Professor Sharon Kilbreath, The University of Sydney; Dr David Dalley, St Vincent’s
Hospital; Mrs Lisa Oxman, and Ms Anne Norton) who provided input into the
overall design and provided valuable advice throughout the project. Thank you
to Dr Kendra Sundquist for input into the initial project proposal and funding
application. Thank you to the ENRICH program facilitators: Jennifer Chan, Cate
Mellor, Karen Hester, Belinda Giles, Carolina Sandler, Karen Bowers, and Katerina
Kobryn, and all of the ENRICH program participants.
Author details
1
School of Medicine and Public Health, Priority Research Centre for Health
Behavior, Priority Research Centre in Physical Activity and Nutrition, The
University of Newcastle, Callaghan, NSW, Australia. 2Hunter Medical Research
Institute, New Lambton Heights, NSW, Australia. 3Cancer Council New South
Wales, Woolloomooloo, NSW, Australia. 4Priority Research Centre for Health
Behavior, School of Medicine and Public Health, The University of Newcastle,
Callaghan, NSW, Australia. 5School of Health Sciences, Priority Research
Centre in Physical Activity and Nutrition, The University of Newcastle,
Callaghan, NSW, Australia. 6Centre for Oncology Education and Research
Translation (CONCERT), Ingham Institute for Applied Medical Research, UNSW
Medicine, Liverpool, NSW, Australia. 7School of Education, Priority Research
Centre in Physical Activity and Nutrition, The University of Newcastle,
Callaghan, NSW, Australia.
Received: 19 December 2014 Accepted: 10 October 2015

James et al. BMC Cancer (2015) 15:710

References
1. Ballard-Barbash R, Friedenreich CM, Courneya KS, Siddiqi SM, McTiernan A,
Alfano CM. Physical activity, biomarkers, and disease outcomes in cancer
survivors: a systematic review. J Natl Cancer Inst. 2012;104:1–26.
2. Focht BC, Clinton SK, Devor ST, Garver MJ, Lucas AR, Thomas-Ahner JM, et al.
Resistance exercise interventions during and following cancer treatment: a
systematic review. J Support Oncol. 2013;11:45–60.
3. Fong DYT, Ho JWC, Hui BPH, Lee AM, Macfarlane DJ, Leung SSK, et al.
Physical activity for cancer survivors: meta-analysis of randomized controlled
trials. BMJ. 2012;344:e70.
4. George SM, Irwin ML, Smith AW, Neuhouser ML, Reedy J, McTiernan A, et al.
Postdiagnosis diet quality, the combination of diet quality and recreational
physical activity, and prognosis after early-stage breast cancer. Cancer
Causes Control. 2011;22(4):589–98.
5. Ligibel J. Lifestyle factors in cancer survivorship. J Clin Oncol.
2012;30(30):3697–704.
6. Pekmezi DW, Demark-Wahnefried W. Updated evidence in support of diet
and exercise interventions in cancer survivors. Acta Oncol.
2011;50(2):167–78.
7. Pelser C, Arem H, Pfeiffer RM, Elena JW, Alfano CM, Hollenbeck AR, et al.
Prediagnostic lifestyle factors and survival after colon and rectal cancer
diagnosis in the National Institutes of Health (NIH)-AARP Diet and Health
Study. Cancer. 2014;120(10):1540–7.
8. Sabiston CM, Brunet J. Reviewing the benefits of physical activity during
cancer survivorship. Am J Lifestyle Med. 2011;6(2):167–77.
9. Speck RR, Courneya KS, Masse LC, Duval S, Schmitz KH. An update of
controlled physical activity trials in cancer survivors: a systematic review and
meta-analysis. J Cancer Surviv. 2010;4(2):87–100.
10. Buffart LM, Galvão DA, Brug J, Chinapaw MJM, Newton RU. Evidence-based
physical activity guidelines for cancer survivors: Current guidelines,
knowledge gaps and future research directions. Cancer Treat Rev.
2014;40(2):327–40.
11. Robien K, Demark-Wahnefried W, Rock CL. Evidence-based nutrition
guidelines for cancer survivors: current guidelines, knowledge gaps, and
future research directions. J Am Diet Assoc. 2011;111(5):368–75.
12. Rock CL, Doyle C, Demark-Wahnefried W, Meyerhardt J, Courneya KS,
Schwartz AL, et al. Nutrition and physical activity guidelines for cancer
survivors. CA Cancer J Clin. 2012;62(4):242–74.
13. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, Galvao DA,
Pinto BM, et al. American College of Sports Medicine roundtable on
exercise guidelines for cancer survivors. Med Sci Sports Exerc.
2010;42(7):1409–26.
14. World Cancer Research Fund, / American Institute for Cancer Research.
Food, Nutrition, Physical Activity, and the Prevention of Cancer: a Global
Perspective. Washington DC: AICR; 2007.
15. Blanchard CM, Courneya KS, Stein K. Cancer survivors’ adherence to lifestyle
behavior recommendations and associations with health-related quality of
life: results from the American Cancer Society’s SCS-II. J Clin Oncol.
2008;26(13):2198–204.
16. Eakin EG, Youlden DR, Baade PD, Lawler SP, Reeves MM, Heyworth JS, et al.
Health behaviors of cancer survivors: data from an Australian populationbased survey. Cancer Causes Control. 2007;18:881–94.
17. Milliron B-J, Vitolins MZ, Tooze JA. Usual dietary intake among female breast
cancer survivors is not significantly different from women with no cancer
history: results of the National Health and Nutrition Examination Survey,
2003-2006. J Acad Nutr Diet. 2014;114(6):932–7.
18. Williams K, Steptoe A, Wardle J. Is a cancer diagnosis a trigger for health
behavior change? Findings from a prospective, population-based study.
Br J Cancer. 2013;108(11):2407–12.
19. Centers for Disease Control and Prevention. Surveillance of demographic
characteristics and health behaviors among adult cancer survivors - behavioral
risk factor surveillance system, United States. MMWR 2012. 2009;61(1):1–23.
20. Stull VB, Snyder DC, Demark-Wahnefried W. Lifestyle interventions in cancer
survivors: Designing programs that meet the needs of this vulnerable and
growing population. J Nutr. 2007;137:243S–8S.
21. Trinh L, Plotnikoff RC, Rhodes RE, North S, Courneya KS. Physical activity
preferences in a population-based sample of kidney cancer survivors.
Support Care Cancer. 2012;20:1709–17.
22. Beesley VL, Price MA, Webb PM. Loss of lifestyle: health behavior and
weight changes after becoming a caregiver of a family member diagnosed
with ovarian cancer. Support Care Cancer. 2010;19(12):1949–56.

Page 15 of 16

23. Kotronoulas G, Wengstrom Y, Kearney N. Informal carers: a focus on the real
caregivers of people with cancer. Forum Clin Oncol. 2012;3:58–65.
24. Northouse L, Williams A-L, Given B, McCorkle R. Psychosocial care for family
caregivers of patients with cancer. J Clin Oncol. 2012;30(11):1227–34.
25. Martire LM, Lustig AP, Schulz R, Miller GE, Helgeson VS. Is it beneficial to
involve a family member? A meta-analysis of psychosocial interventions for
chronic illness. Health Psychol. 2004;23(6):599–611.
26. King TK, Marcus BH, Pinto BM, Emmons KM, Abrams DB. Cognitivebehavioral mediators of changing multiple behaviors: smoking and a
sedentary lifestyle. Prev Med. 1996;25:684–91.
27. King AC, Castro CM, Buman MP, Hekler EB, Urizar GG, Ahn DK. Behavioral
impacts of sequentially versus simultaneously delivered dietary plus
physical activity interventions: the CALM trial. Ann Behav Med.
2013;46(2):157–68.
28. Lippke S, Nigg CR, Maddock JE. Health-promoting and health-risk behaviors:
theory-driven analyses of multiple health behavior change in three
international samples. Int J Behav Med. 2011;19(1):1–13.
29. Demark-Wahnefried W, Clipp EC, Lipkus IM, Lobach D, Snyder DC, Sloane R,
et al. Main outcomes of the FRESH START trial: A sequentially tailored, diet
and exercise mailed print intervention among breast and prostate cancer
survivors. J Clin Oncol. 2007;25(19):2709–18.
30. Hawkes AL, Chambers SK, Pakenham KI, Patrao TA, Baade PD, Lynch BM,
et al. Effects of a telephone-delivered multiple health behavior change
intervention (CanChange) on health and behavioral outcomes in survivors
of colorectal cancer: a randomized controlled trial. J Clin Oncol.
2013;31(18):2313–21.
31. Short CE, James EL, Stacey F, Plotnikoff RC. A qualitative synthesis of trials
promoting physical activity behavior change among post-treatment breast
cancer survivors. J Cancer Surviv. 2013;7(4):570–81.
32. Thorsen L, Courneya KS, Stevinson C, Fossa SD. A systematic review of
physical activity in prostate cancer survivors: outcomes, prevalence, and
determinants. Support Care Cancer. 2008;16:987–97.
33. Kampshoff CS, Jansen F, van Mechelen W, May AM, Brug J, Chinapaw MJM,
et al. Determinants of exercise adherence and maintenance among cancer
survivors: a systematic review. Int J Behav Nutr Phys Act. 2014;11:80.
34. Spark LC, Reeves MM, Fjeldsoe BS, Eakin EG. Physical activity and/or dietary
interventions in breast cancer survivors: a systematic review of the
maintenance of outcomes. J Cancer Surviv. 2013;7(1):74–82.
35. Demark-Wahnefried W, Case LD, Blackwell K, Marcom PK, Kraus W, Aziz N,
et al. Results of a diet/exercise feasibility trial to prevent adverse body
composition change in breast cancer patients on adjuvant chemotherapy.
Clin Breast Cancer. 2008;8(1):70–9.
36. Djuric Z, Ellsworth JS, Weldon AL, Ren J, Richardson CR, Resnicow K, et al. A
diet and exercise intervention during chemotherapy for breast cancer.
Open Obes J. 2011;3:87–97.
37. Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes B, et al.
Improving the reporting of pragmatic trials: an extension of the CONSORT
statement. BMJ. 2008;337:a2390.
38. James EL, Stacey F, Chapman K, Lubans DR, Asprey G, Sundquist K, et al.
Exercise and nutrition routine improving cancer health (ENRICH): The
protocol for a randomized efficacy trial of a nutrition and physical activity
program for adult cancer survivors and carers. BMC Public Health.
2011;11:236.
39. Hamman RF, Wing RR, Edelstein SL, Lachin JM, Bray GA, Delahunty L, et al.
Effect of weight loss with lifestyle intervention on risk of diabetes. Diabetes
Care. 2006;29(9):2102–7.
40. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al.
Toxicity and response criteria of the Eastern Cooperative Oncology Group.
Am J Clin Oncol. 1982;5:649–55.
41. Lubans DR, Mundey CM, Lubans NJ, Lonsdale CC. Pilot randomized
controlled trial: elastic-resistance-training and lifestyle-activity intervention
for sedentary older adults. J Aging Phys Act. 2013;21:20–32.
42. Bandura A. Health promotion by social cognitive means. Health Educ Behav.
2004;31(2):143–64.
43. Lorig K. Chronic disease self-management. Am Behav Sci. 1996;39(6):676–83.
44. Schmidt MD, Blizzard LC, Venn AJ, Cochrane JA, Dwyer T. Practical
considerations when using pedometers to assess physical activity in
population studies. Res Q Exerc Sport. 2007;78(3):162–70.
45. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R,
et al. Using pedometers to increase physical activity and improve health. A
systematic review. J Am Med Assoc. 2007;298(19):2296–304.

James et al. BMC Cancer (2015) 15:710

46. Tudor-Locke C, Bassett DR, Shipe MF, McClain JJ. Pedometry methods for
assessing free-living adults. J Phys Act Health. 2011;8:445–53.
47. Miller R, Brown W, Tudor-Locke C. But what about swimming and cycling?
How to “count” non-ambulatory actvity when using pedometers to assess
physical activity. J Phys Act Health. 2006;3:257–66.
48. Data Dictionary Supplement of the ALSWH (The Australian Longitudinal Study
on Women’s Health) [http://www.alswh.org.au/for-researchers/data/datadictionary-supplement]
49. Pursey K, Burrows TL, Stanwell P, Collins CE. How accurate is web-based
self-reported height, weight, and body mass index in young adults? J Med
Internet Res. 2014;16(1):e4.
50. Australian Institute of Health and Welfare (AIHW). The Active Australia
Survey: a guide and manual for implementation, analysis and reporting.
Canberra: AIHW; 2003.
51. Marshall AL, Miller YD, Burton NW, Brown WJ. Measuring total and domainspecific sitting: a study of reliability and validity. Med Sci Sports Exerc.
2010;42(6):1094–102.
52. Giles GG, Ireland PD. Dietary Questionnaire for Epidemiological Studies
(Version 2). Cancer Council Victoria: Melbourne; 1996.
53. Hodge A, Patterson AJ, Brown WJ, Ireland P, Giles G. The Anti-Cancer Council
of Victoria FFQ: relative validity of nutrient intakes compared with weighed
food records in young to middle-aged women in a study of iron
supplementation. Aust N Z J Public Health. 2000;24:576–83.
54. Ireland P, Jolley D, Giles G, O’Dea K, Powles J, Rutishauser I, et al. Development
of the Melbourne FFQ: a food frequency questionnaire for use in an Australian
prospective study involving an ethnically diverse cohort. Asia Pac J Clin Nutr.
1994;3(1):19–31.
55. National Food Authority. NUTTAB95 database. Canberra: National Food
Authority; 1995.
56. IBM Corp. IBM SPSS Statistics for Windows, Version 21.0. IBM Corp: Armonk,
NY; 2012.
57. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ,
et al. CONSORT 2010 Explanation and Elaboration: updated guidelines for
reporting parallel group randomized trials. BMJ. 2010;340:c869.
58. Cecchini M, Sassi F, Lauer JA, Lee YY, Guajardo-Barron V, Chisholm D.
Tackling of unhealthy diets, physical inactivity, and obesity: health effects
and cost-effectiveness. Lancet. 2010;376:1775–84.
59. Haskell WL, Lee I-M, Pate RR, Powell KE, Blair SN, Frankin BA, et al. Physical
activity and public health: updated recommendation for adults from the
American College of Sports Medicine and the American Heart Association.
Circulation. 2007;116(9):1081–93.
60. Kang M, Marshall SJ, Barreira TV, Lee J-O. Effect of pedometer-based
physical activity interventions. Res Q Exerc Sport. 2009;80(3):648–55.
61. Tudor-Locke C, Craig CL, Brown WJ, Clemes SA, De Cocker K, Giles-Corti B,
et al. How many steps/day are enough? For adults. Int J Behav Nutr Phys
Act. 2011;8:79.
62. Yates T, Haffner SM, Schulte PJ, Thomas L, Huffman KM, Bales CW, et al.
Association between change in daily ambulatory activity and cardiovascular
events in people with impaired glucose tolerance (NAVIGATOR trial): a
cohort analysis. Lancet. 2014;383:1059–66.
63. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, et al. Fruit and vegetable
consumption and mortality from all causes, cardiovascular disease, and
cancer: systematic review and dose-response meta-analysis of prospective
cohort studies. BMJ. 2014;349.
64. Lock K, Pomerleau J, Causer L, Altmann DR, McKee M. The global burden of
disease attributable to low consumption of fruit and vegetables:
implications for the global strategy on diet. Bull World Health Organ.
2005;83:100–8.
65. Douketis JD, Macie C, Thabane L, Williamson DF. Systematic review of longterm weight loss studies in obese adults: clinical significance and
applicability to clinical practice. Int J Obes. 2005;29:1153–67.
66. Christian JG, Tsai AG, Bessesen DH. Interpreting weight losses from
lifestyle modification trials: using categorical data. Int J Obes.
2010;34:207–9.
67. Laatikainen T, Philpot B, Hankonen N, Sippola R, Dunbar JA, Absetz P, et al.
Predicting changes in lifestyle and clinical outcomes in preventing diabetes:
The Greater Green Triangle Diabetes Prevention Project. Prev Med.
2012;54:157–61.
68. Dutton GR, Napolitano MA, Whiteley JA, Marcus BH. Is physical activity a
gateway behavior for diet? Findings from a physical activity trial. Prev Med.
2008;46(3):216–21.

Page 16 of 16

69. von Gruenigen VE, Courneya KS, Gibbons HE, Kavanagh MB, Waggoner SE,
Lerner E. Feasibility and effectiveness of a lifestyle intervention program in
obese endometrial cancer patients: A randomized trial. Gynecol Oncol.
2008;109(1):19–26.
70. White SM, McAuley E, Estabrooks PA, Courneya KS. Translating physical
activity interventions for breast cancer survivors into practice: an evaluation
of randomized controlled trials. Ann Behav Med. 2009;37:10–9.
71. Waters LA, Reeves MM, Fjeldsoe BS, Eakin EG. Characteristics of control
group participants who increased their physical activity in a clusterrandomized lifestyle intervention trial. BMC Public Health. 2011;11(1):27.
72. Courneya KS, Forbes CC, Trinh L, Sellar CM, Friedenreich CM, Reiman T.
Patient satisfaction with participation in a randomized exercise trial: Effects
of randomization and a usual care posttrial exercise program. Clin Trials.
2013;10(6):959–66.
73. von Gruenigen V, Frasure H, Kavanagh MB, Janata J, Waggoner S, Rose P,
et al. Survivors of uterine cancer empowered by exercise and healthy diet
(SUCCEED): A randomized controlled trial. Gynecol Oncol.
2012;125(3):699–704.
74. Winters-Stone KM, Dobek J, Nail L, Bennett JA, Leo MC, Naik A, et al.
Strength training stops bone loss and builds muscle in postmenopausal
breast cancer survivors: a randomized, controlled trial. Breast Cancer Res
Treat. 2011;127(2):447–56.
75. Liu GF, Lu KL, Mogg R, Mallick M, Mehrotra DV. Should baseline be a
covariate or dependent variable in analyses of change from baseline in
clinical trials? Stat Med. 2009;28:2509–30.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

