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ABSTRACT

Objective To develop and evaluate the effectiveness of a

community behavioural intervention to prevent weight

gain and improve health related behaviours in women

with young children.

Design Cluster randomised controlled trial.

Setting A community setting in urban Australia.

Participants 250 adult women with a mean age of 40.

39 years (SD 4.77, range 25-51) and a mean body mass

index of 27.82 kg/m2 (SD 5.42, range18-47) were recruited

as clusters through 12 primary (elementary) schools.

Intervention Schools were randomly assigned to the

intervention or the control. Mothers whose schools fell in

the intervention group (n=127) attended four interactive

group sessions that involved simple health messages,

behaviour change strategies, and group discussion, and

received monthly support using mobile telephone text

messages for 12 months. The control group (n=123)
attended one non-interactive information session based

on population dietary and physical activity guidelines.

Main outcome measures The main outcome measures

were weight change and difference in weight change

between the intervention group and the control group at

12 months. Secondary outcomes were changes in serum

concentrations of fasting lipids and glucose, and changes

in dietary behaviours, physical activity, and self

management behaviours.

Results All analyses were adjusted for baseline values

and the possible clustering effect. Women in the control

group gainedweight over the 12month studyperiod (0.83

kg, 95% confidence interval (CI) 0.12 to 1.54), whereas

those in the intervention group lost weight (−0.20 kg,

−0.90 to 0.49). The difference in weight change between

the intervention group and the control group at 12months

was −1.13 kg (−2.03 to −0.24 kg; P<0.05) on the basis of

observed values and −1.11 kg (−2.17 to −0.04) after
multiple imputation to account for possible bias created

by missing values. Secondary analyses after multiple

imputation showed a difference in the intervention group

compared with the control group for total cholesterol

concentration (−0.35 mmol/l, −0.70 to −0.001),
self management behaviours (diet score 0.18, 0.13

to 0.33; physical activity score 0.24, 0.05 to 0.43), and

confidence to control weight (0.40, 0.11 to 0.69). Regular

self weighing was associated with weight loss in the

intervention group only (−1.98 kg, −3.75 to −0.23).
ConclusionsWeight gain in women with young children

could be prevented using a low intensity self

management intervention delivered in a community

setting. Self management of health behaviours improved

with the intervention. The response rate of 12%, although

comparable with that in other community studies, might

limit the ability to generalise to other populations.

Trial registration Australian New Zealand Clinical Trials

Registry number ACTRN12608000110381.

INTRODUCTION

Obesity treatment and prevention are major issues in
developed nations. In Australia, 60% of adults are
overweight or obese, and many other countries show
similar prevalence.1 2 Treating established obesity and
related diseases has proved challenging and costly, and
requires a skilled workforce, intensive ongoing educa-
tion, and counselling.3 These approaches are asso-
ciated with high dropout rates and limited long term
efficacy. In response to the increasing prevalence of
obesity, the World Health Organization has recom-
mended that prevention of overweight and obesity in
adults should include efforts to avert further weight
gain, even when bodymass index is within an accepta-
ble range.4 Preventing excess weight gain is a vital tar-
get, both from a population health perspective and
through economic necessity.
Few trials have specifically aimed to prevent weight

gain, and there is insufficient evidence that current
interventions to curb weight gain in adults are
effective.5 Studies of lifestyle interventions in high
risk populations, however, haveprovidedvaluable evi-
dence for the positive effect of lifestyle changes on
weight. These interventions are associated with impor-
tant health benefits throughmodest weight change but
are complex, labour intensive, and costly.6 7 The high
cost of many lifestyle interventions has led researchers
to investigate mail and phone interventions, which
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have had disappointing effects in weight loss trials but
may hold promise for weight gain prevention.8 The
key components contributing to the success of com-
plex lifestyle interventions have not yet been clearly
identified, however, nor is it clear which components
are applicable to prevent excess weight gain in healthy
populations.
Womenof reproductive age present an important tar-

get group for such interventions because they experi-
ence a high rate of weight gain (mean 650 g/year) and
have considerable barriers to participation in obesity
protective behaviours.9 Their importance as a target
group is increased by their influence on the lifestyle
behaviours of familymembers suchaspartners andchil-
dren, hence targeting such women could potentially
increase the reach of interventions.1011 In the absence
of feasible, successful interventions, there is a need for
effective low intensity, community based, lifestyle inter-
ventions to prevent weight gain in women.
The primary aim of this study was to determine

whether a low intensity, self management intervention
preventsweight gain inwomen in the community com-
pared with a control group of women receiving popu-
lation guidelines on diet and physical activity.
Secondary aimswere to examine the effect of the inter-
vention on biochemical outcomes, physical activity,
energy intake, self management behaviours, and self
confidence in weight management. The effect of self
monitoring on the efficacy of the intervention was
also examined.

METHODS

The setting for recruitment for the study and delivery
of the intervention was primary (elementary) schools
in urban Australia, which teach children aged
5-12 years. This setting supports a collaborative
multi-sector approach, builds on existing social con-
nections, and uses existing community resources.
The healthy lifestyle programme (HeLP-her) trial

was a cluster randomised study with the school as the
unit of randomisation. The cluster design was neces-
sary because of the high risk of contamination if
women from the same school were allocated to differ-
ent treatment groups.We recruited schools from a sin-
gle local government area with a “mid-range” of social
advantage in order to control for the influence of socio-
economic factors on weight gain. For each Australian
local government area, an index of relative advantage
has been calculated on the basis of census data. “Mid-
range” indicates an area that is neither socioeconomi-
cally advantaged nor disadvantaged according to edu-
cation, income, and employment.12

All government primary schoolswithin this commu-
nity were identified (n=22) and invited to participate,
firstly bymail and then by ameetingwith the principal.
Of the first 14 schools approached, 12 agreed andwere
recruited. We then stopped recruiting schools because
we estimated that a sample size of 12 schools would
allow us to meet the required participant number.
We anticipated that the size of the school might have
an influence on the participation rates and outcomes;

therefore, we paired the schools on the basis of size,
with each pair randomised to intervention (n=6) or
control (n=6) by using computer generated numbers.
The randomallocation sequencewas generated by one
teammember and verified by a second teammember.
All schools were allocated to a study group in a single
batch before recruitment of participants.

Study population and recruitment

All womenwith a child attending one of the 12 schools
(n=2560) received a generic invitation attached to the
regular school newsletter that invited them to partici-
pate in a healthy lifestyle programme to be held at the
school. Women could respond by mail, telephone,
email, or in person, thereby reducing the opportunity
for selection bias.
Potential participants were excluded if they were

pregnant, breastfeeding infants under 6 months of age,
taking prescribedweight controlmedications,wished to
gain weight, or had a serious physical or psychological
condition that might affect their ability to complete out-
come measures or to participate fully. To ensure our
study was inclusive of the whole community, partici-
pants were not excluded on the basis of body mass
index (with the exception of underweight women).
From May 2006 until August 2006, women were

assigned to the intervention group or the control
group according to the cluster allocation of their
school. No incentive to participate was provided.
Follow-up was completed in October 2007. Partici-
pants were blind to group allocation status. Ethical
approval required all participants to be informed of
the study aim—to improve lifestyles and prevent
weight gain. The dietitian who delivered the inter-
vention could not be blinded to treatment allocation.
Team members involved in data collection and man-
agement were blind to group allocation and did not
participate in intervention delivery. Ethics approval
was granted through the Southern Health Human
Research Ethics Committee, and all participants
signed an informed consent form.

Intervention

The intervention was based on social cognitive theory,
more specifically: goal setting; self monitoring; social
support; problem solving; and training to prevent
relapse.13 It focused on behaviour change skills related
to diet and physical activity but not specifically related
to weight loss. We did not use prescriptive or indivi-
dualised energy restriction or expenditure goals.
Participants attended four one hour group sessions

(weeks one, two, three, and 16) with 10-30 participants
at the local primary school. The intervention was
designed to be delivered by a trained facilitator; in
this case a single dietitian delivered all group sessions.
At session one, participants were weighed, measured,
and completed baseline questionnaires. Simple mes-
sages on dietary intake, physical activity, and beha-
vioural strategies were introduced. The messages and
session content are described in box 1.
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At the following two group sessions, participants dis-
cussed personal goals, outcome expectancies, and
relapse prevention; identified problems and barriers
to behaviour change; and prepared personal action
plans. Women were encouraged to join voluntary
school based walking groups or to walk with friends,
were given a pedometer to keep as a voluntary self
monitoring tool, and asked to weigh themselves regu-
larly. At 16 weeks, the intervention group met again
and participants were measured and completed a
brief questionnaire, and the programme behaviour
change skills were reinforced.

Follow-up support comprised mobile phone text
messages—personalised by using names—sent by
computer to each participant monthly from week
four until week 52. The following messages, based on
information delivered in group sessions, were sent
sequentially: a diet related message; a physical activity
message; and a behaviour change message. Partici-
pants returned for follow-up at 12months and all mea-
sures were repeated.

Control

The control group attended a single, 30 minute,
non-interactive group lecture at the school, in which
they received information on the Australian Popula-
tion Dietary and Physical Activity Guidelines and
were provided with the accompanying population

guideline brochure.14 15 The population guideline bro-
chures are widely available and include advice to eat
more fruit and vegetables, reduce saturated fats, bal-
ance eating and activity to avoid weight gain, and par-
ticipate in regular moderate activity. No specific or
individual advice was provided.
Participants were weighed and measured at this ses-

sion, and completed all baseline questionnaires.
Women received a pedometer to use voluntarily but
were not given specific goals. This measure was to
ensure consistency across the control group because
pedometers are widely available and their indiscrimi-
nate use may have been a confounding factor in physi-
cal activity outcomes. Control participants were not
contacted other than via a brief mailed survey at
16 weeks, and were measured again at completion of
the study.

Outcome measures

Randomisation was at the cluster level, and outcomes
were measured at the individual level. The main out-
comemeasure was weight gain at 12months. All parti-
cipants were weighed to the nearest 0.1 kg in light
clothing, without shoes, and with an empty bladder
on a single electronic scale (Tanita model BWB-800
digital scale; Wedderburn Scales, Melbourne, Austra-
lia) at session one and again at 12 months. Scales were
calibrated before all weighing periods. Height was
measured using a portable stadiometer (Mentone Edu-
cation Centre, Melbourne, Australia). Waist circum-
ference was measured to the nearest 0.5 cm at the
umbilicus with a flexible tape applied directly on the
skin. Hipmeasurements were taken at the widest point
around one layer of light clothing. All measurements
were performed by a trained researcher.
We added cardiovascular risk end points (lipids and

glucose) to support the primary outcome. A commer-
cial pathology provider (Melbourne Pathology, Mel-
bourne, Australia) collected and analysed fasting total
cholesterol, high density lipoprotein, low density lipo-
protein, triglyceride, and glucose concentrations on
fresh samples. For lipids, blood samples were collected
in SST tubes, allowed to clot for 30 minutes at room
temperature, and centrifuged for 10 minutes at 1000 ×
g. Blood samples for measuring glucose concentration
were collected in fluoride oxalate 10 mg/8 mg tubes
and centrifuged for 10 minutes at 1000 × g. Serum
lipids and plasma glucose concentrations were ana-
lysed using a Hitachi modular analyser (Roche Diag-
nostics, Mannheim, Germany).
Dietary energy and fat intakewere assessedusing the

validated Cancer Council Victoria food frequency
questionnaire and analysed usingNUTTAB2006Aus-
tralian food composition tables.16 The food frequency
questionnaire had correlation coefficients for reprodu-
cibility equal to 0.58 over 12 months and validity of
0.27 for energy, typical of dietary questionnaires.17

The validated international physical activity ques-
tionnaire, short version was used to measure usual
weekly physical activity.18 19 Physical activity data
were scored in metabolic equivalents, where one

Box 1: Intervention components delivered in groups

Week one

Facilitator—Explained the self management concept and introduced the eating and

physical activity messages: eat two servings of fruit each day; eat five servings of

vegetables; limit high fat fast food and convenience foods, drink water in place of

sweetened drinks; if hungry snack on fruit and vegetables between meals; eat breakfast

every day; and aim for 8000-10000 steps a day or 30-40 minutes of brisk walking.

Small groups—Discussed realistic expectations for behaviour change, where to go for

more information and resources on physical activity and diet, and personal barriers to

behaviour change. Commenced goal setting.

Week two

Facilitator—Introduced problem solving skills, gave examples, brainstormed possible

solutions, and finished with decision making. Introduced self monitoring.

Small groups—Developed individual goals, identified barriers, and practised problem

solving skills. Devised a self monitoring plan and a personal action plan. Formed walking

groups or planned walking opportunities.

Week three

Facilitator—Reviewed problem solving and eating and physical activity messages.

Introduced the concept of relapse prevention.

Small groups—Reviewed action plans, practised applying skills in different situations,

identified high risk times, and re-wrote personal action plans.

Week 16

Facilitator—Reviewed messages, behaviour skills, and action plans.

Small groups—Reviewed progress and renewed personal action plans.

Weeks four to 52

Facilitator—Sent mobile phone text message every four weeks to reflect the agreed

nutrition and physical activity messages and behaviour change strategies. Mailed one

motivational A4 flyer.
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metabolic equivalent is equal to resting energy expen-
diture, and calculated as minutes a week for walking
and for moderate and vigorous activity using the fol-
lowingmetabolic equivalent levels:walking=3.3;mod-
erate activity=4.0; vigorous activity=8.0 (metabolic
equivalent level × minutes a day × days a week =
MET/min/week. To provide an objective measure of
physical activity, participants wore a sealed research
pedometer (Yamax Digiwalker model SW-700;
Yamax Corporation, Tokyo, Japan) for three to seven
days before the baseline and final visits; steps recorded
were averaged across full days. The pedometer was
sealed to limit tampering and the possibility of feed-
back on step counts motivating participants to change
usual activity during the data collection periods.
The eating and exercise confidence scale developed

by Sallis was used to measure participants’ self confi-
dence in managing diet and physical activity on a
Likert scale of one to five (with five being highest
confidence).20 The consistency and reliability of this
scale has been reported for both the diet and physical
activity domains. The self management strategy
questionnaire21 was used to measure participants’ self
management strategies and includes 12 items on cog-
nitive and behavioural strategies related to physical
activity. An additional 16 similar items on diet strate-
gies were added because there is no dietary equivalent
of this questionnaire. Examples of strategies are: I
think about the benefits of being active; I actively
seek information about nutrition; and I make backup

plans to be sure I stay active. A mean numerical score
was derived for physical activity (total score divided by
12) and diet (total score divided by 16).

Sample size

Annual weight gain in young Australian women has
been documented at 600-725 g/year.9 We estimated
that 71 participants were required in each group in
order to demonstrate a 600 g (standard deviation
(SD) 1100) difference between the intervention group
and the control group at 12 months with a power of
90% and a statistical significance of 5%.
To account for the cluster design, we adjusted the

sample size assuming an intracluster correlation coeffi-
cient of 0.02. No published data on intracluster corre-
lation coefficients exist for this setting, target group, or
outcome.However, studies in primary care clusters for
both a general community and older adults report an
intracluster correlation coefficient of less than 0.02 for
weight variables.22 23 In estimating the adjusted sample
size we assumed 30 mothers per cluster. After adjust-
ment, we estimated that 110 participants a group
would be required to detect at least a 600 g difference
in weight between groups at 12 months.
To allow for potential dropouts, we aimed to recruit

125 participants in each group. To ensure we could
randomise schools in one batch and recruit the
required sample size, 14 schools were invited to parti-
cipate; 12 agreed and were subsequently randomised.

Statistical analysis

Baseline and within group differences over time were
assessed using paired Student’s t tests for continuous
variables and χ2 tests for categorical variables. Between
group differences at 12 months were analysed using
linear regression on complete data, with the variable
of interest at 12 months as the outcome variable
adjusted for baseline values and the clustering effect
of schools.
We conducted amultivariable regression analysis on

a subset of 171 women with complete data, using
weight at 12 months as the outcome variable and
adjusting for variables known to influence weight
gain, which were baseline weight, age, income, educa-
tion, and school cluster.
To address potential bias created frommissing data,

multiple imputation was applied to primary and sec-
ondary outcome variables. Multiple imputation is a
statistical technique designed to reduce the bias that
can occur from missing data by allowing participants
with incomplete data to be included in analyses.24 We
used the predictive mean matching multiple imputa-
tion method available in Stata version 11 (Statacorp,
College Station, TX), a partially parametric method,
and obtained 20 imputed datasets. A univariate regres-
sion analysis was performed for each outcome variable
for all 250 imputed cases, adjusted for baseline values
and the clustering effect of school.
We undertook an exploratory analysis to investigate

the effect of selfmonitoring onweight change by divid-
ing the participants into regular self weighers (daily or

Schools randomised to intervention (n=6)Schools randomised to control (n=6)

Primary schools randomised (n=12)

Women eligible and invited (n=1220)Women eligible and invited (n=1310)

Women allocated to intervention clusters (n=127)
Completed weight measures (n=127)
Completed surveys (n=119)
Completed blood tests (n=89)

Women allocated to control clusters (n=123)
Completed weight measures (n=123)
Completed surveys (n=119)
Completed blood tests (n=86)

Included in completers analysis (n=109)
Included in multiple imputation analysis (n=127)

Included in completers analysis (n=106)
Included in multiple imputation analysis (n=123)

Discontinued (n=8):
  Not interested (n=4)
  Moved (n=1)
  Withdrew owing to illness (n=1)
  Unable to attend follow-up visit (n=2)

Discontinued (n=4):
  Not interested (n=3)
  Moved (n=1)

12 month follow-up (n=109)
Completed weight measures (n=109)
Completed questionnaires (n=96)
Completed blood tests (n=64)

Lost to follow-up (n=10):
  Not contactable (n=4)
  Moved (n=3)
  Became pregnant (n=2)
  Overseas (n=1)

12 month follow-up (n=106)
Completed weight measures (n=106)  
Completed questionnaires (n=96) 
Completed blood tests (n=64)

Lost to follow-up (n=13):
  Not contactable (n=4)
  Moved (n=3) 
  Became pregnant (n=1)
  Overseas (n=2)
  Unable to attend follow-up visit (n=3)  

Fig 1 | Flow chart of enrolment, randomisation, and follow-up
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weekly) and non-regular self weighers (monthly, occa-
sional, or never). Linear regression was used to esti-
mate the association between regular self weighing
and weight change. Given that the longitudinal data
suggest younger women are at high risk of weight
gain and that weight gain even within the healthy
body mass index range increases risk, data were strati-
fied and analysed by age and body mass index.

RESULTS

Figure 1 shows the flow of participants through the
study. Three hundred women (12%) responded to the
invitation to participate in the study, and 250 women
(10%) were recruited and randomised as school clus-
ters to the intervention (n=127) or control (n=123).
The demographic and health characteristics of the

intervention and control groups were similar at base-
line (table 1). At baseline, the cohort was ethnically
diverse (26% born overseas), included single mothers
(11%), had amean age of 40.39 years (SD4.77), amean
weight of 73.89 kg (SD 14.98), and a mean body mass
index of 27.82 kg/m2 (SD 5.42). Women within the
healthy weight range were included as well as over-
weight and obese women. Recruited participants
represented a broad range of income and education
levels, reflecting background Australian population

levels as we have reported previously. 25 No exclusions
were made on the basis of physical or psychological
disorders.Womenwith diagnoseddiabetes or lipid dis-
orders or who were taking medication for these disor-
ders were excluded from biological analyses. Women
who became pregnant during the study period were
excluded from all analyses. Baseline characteristics
by school cluster are reported in web appendix A.
A total of 215 women, 106 (86%) from the control

group and 109 (86%) from the intervention group,
completed final weight measures. Analysis of the data
found only small baseline differences between those
who returned final weight measures and those who
did not (table 2), supporting both the assumption that
data were missing at random and the use of multiple
imputation.Differences in incomewerenotedbetween
women who returned for final weight measurement
and those who did not, although participants were
given a “prefer not to answer” option for income that
led to a high number ofmissing values for this variable.
We report the extent and characteristics of missing
data for variables of interest in the flow chart (figure
1) and in web appendix B.

Weight change

Themeanweight gain in the control groupwas 0.83 kg
(95% confidence interval (CI) 0.12 to 1.54). Weight
gain was not observed in the intervention group
(−0.20 kg, 95% CI −0.90 to 0.49). The difference in
weight change between the intervention group and
the control group at 12 months, on the basis of
observed values adjusted for baseline weight and
school cluster, was significant at −1.13 kg (95% CI
−2.03 to −0.24; P<0.05). After multiple imputation to
account for missing values, the estimated difference in
weight change between the two groups was still statis-
tically significant (−1.11 kg, 95% CI −2.17 to −0.04;
table 3). After adjusting for baseline weight, age,
income, education, and clustering in the multivariable
analysis, the estimated effect size was still significant
(−0.99 kg, 95% CI −1.9 to −0.08; n=171).
Stratification of participants on the basis of baseline

body mass index and age revealed different trends in
weight change. Young control participants (aged <
40 years) with a body mass index of 18-24.9 kg/m2

seemed to have gained the most weight (1.72 kg, 95%
CI 0.45 to 2.99), in contrast to the young intervention
participants (−0.72 kg, 95% CI −2.54 to 1.08).
Figure 2 shows a box plot of weight change over the

study period according to the 12 school clusters. The
plot shows a trend towards weight loss in the inter-
vention school clusters and weight gain in the control
clusters. The observed intracluster correlation coeffi-
cient calculated using generalised estimating equations
was −0.02 and thus interpreted as effectively zero.

Secondary and exploratory analyses

Analyses forall secondaryoutcomevariables forboth the
control group and the intervention group are presented
in tables 4, 5, and 6. The difference between groups is
reported for complete cases, where data are available at

Table 1 | Baseline characteristics of participants in the healthy lifestyle programme (HeLP-her)

trial

Total number
of participants*

Intervention group
(n=127)

Control group
(n=123)

Age at baseline (years) 231 40.56 (4.75) 40.26 (4.80)

Height (cm) 250 163.11(5.59) 162.91 (5.60)

Weight (kg; SD, range) 250 73.19
(13.81, 46.3 to 115.6)

74.62
(16.13, 44.6 to 129.6)

Body mass index (kg/m2) 250 27.52 (5.05) 28.09 (5.79)

Hip circumference (cm) 247 106.56 (11.01) 108.11 (11.81)

Number of children 235 2.3 (0.7) 2.4 (0.8)

Waist circumference (cm) 250 94.80 (12.60) 96.84 (14.57)

Energy intake (kJ/day) 216 6648 (2204) 6830 (2361)

Energy expenditure (MET/min/week) 178 1504 (1657) 1653 (1452)

Highest education (n (%)) 238 — —

Up to year 10 (~16 years old) — 25 (21.00) 36 (30.25)

Year 12 (~18 years old) — 25 (21.00) 26 (21.84)

Trade or certificate — 33 (27.73) 24 (20.16)

University or higher — 36 (30.25) 33 (27.73)

Income ($A)† 202 — —

<40<thin>000 — 21 (21.42) 27 (25.96)

40<thin>000-60<thin>000 — 26 (26.53) 18 (17.30)

60<thin>000-80<thin>000 — 20 (20.40) 26 (24.03)

>80<thin>000 — 31 (31.63) 33 (31.73)

Employment (n (%)) 237 — —

Not working — 47 (39.83) 49 (41.17)

Part time — 64 (54.23) 63 (52.94)

Full time — 7 (5.93) 7 (5.82)

Data are presented as mean (standard deviation) unless otherwise specified. Abbreviations: MET/min/week,

metabolic equivalent level × minutes a day × days a week, where one metabolic equivalent is equal to resting

energy expenditure (walking=3.3; moderate activity=4.0; vigorous activity=8.0).
*Numbers vary owing to missing values, incorrectly completed surveys, or because participants selected a

“prefer not to answer” option for income.

†1$A=£0.56; €0.67; $0.84.
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both baseline and 12 months, and for the entire dataset,
using multiple imputation for missing values.

Metabolic measures
The control group showed a significant increase in total
cholesterol concentration (0.19mmol/l, 95%CI0.04 to
0.34; P=0.01) and low density lipoprotein cholesterol
concentration (0.32 mmol/l, 95% CI 0.18 to 0.45;
P<0.001) at the end of the 12 month study period,
andadecrease in the concentration of highdensity lipo-
protein (−0.10 mmol/l, 95% CI −0.16 to −0.03;
P=0.004), with little change in fasting glucose concen-
tration (−0.003mmol/l, −0.14 to 0.13; P=0.95; table 4).
In contrast, the intervention group showed small
non-significant changes in total cholesterol concentra-
tion (−0.02mmol/l, 95%CI −0.20 to 0.16; P=0.83), low
density lipoprotein concentration (0.12 mmol/l,
95%CI −0.05 to 0.30; P=0.16, and fasting glucose con-
centration (−0.11 mmol/l, 95% CI −0.25 to 0.02;
P=0.08), and a significant decrease in the concentration

of high density lipoprotein (−0.09 mmol/l, 95%
CI−0.14 to−0.03; P=0.002). Aftermultiple imputation,
the intervention group had a significantly lower choles-
terol concentration than the control groupat 12months
(−0.35 mmol, 95% CI −0.70 to −0.001; P=0.05).

Behavioural measures
At 12 months, participants in the intervention group
had increased the amount of vigorous activity they
did (400.00 MET/min/week, 95% CI 121.00 to
678.99; P=0.005), but, as expected, there was little
change in vigorous activity in the control group
(42.50 MET/min/week, 95% CI −135.17 to 220.18;
P=0.63; table 5). Although women in the intervention
group reported an increase in moderate and vigorous
activity from baseline, the average amount of walking
they did decreased (−84.97 MET/min/week, 95% CI
−356.58 to 186.63).
The intervention group and the control group

reported a similar significant reduction in energy

Table 2 | Baseline characteristics of participants with and without weight recorded at 12 months

Weight recorded at 12 months Weight not recorded at 12 months

n* Mean (SD) n* Mean (SD)

Weight (kg) 215 73.50 (14.61) 35 76.33 (17.09)

Age (years) 203 40.32 (4.50) 28 41.14 (6.45)

Waist circumference (cm) 215 95.29 (13.05) 35 98.93 (14.09)

Body mass index (kg/m2) 215 27.71 (5.39) 35 28.36 (5.67)

Low density lipoprotein concentration
(mmol/l)

161 2.69 (0.79) 14 3.05 (0.79)

High density lipoprotein concentration
(mmol/l)

161 1.70 (0.38) 14 1.71 (0.52)

Triglyceride concentration (mmo/l) 161 1.05 (0.70) 14 1.32 (0.60)

Total cholesterol concentration (mmol/l) 160 4.88 (0.91) 14 5.37 (1.09)

Income (n (%)) 181 — 21 —

Low — 34 (18.78) — 14 (66.67)

Medium — 89 (49.17) — 1 (4.76)

High — 58 (32.04) — 6 (28.57)

Education (n (%)) 212 — 26 —

Year 12 (~18 years old) — 52 (24.53) — 9 (34.62)

Trade or certificate — 97 (45.75) — 11 (42.31)

University or higher — 63 (29.72) — 6 (23.08)

*Numbers vary owing to incorrectly completed surveys, participants selecting a “prefer not to answer” option for income, and participants failing to

attend for blood tests.

Table 3 | Weight measures and the difference between the intervention group and the control group

Intervention group Control group Adjusted difference‡
(95% CI)

Multiple imputation analysis‡

n† Mean (SD) n† Mean (SD) n† Difference (95% CI)

Weight (kg)

Baseline — 72.35 (13.66) — 74.68 (15.51) — — —

Follow-up — 72.14 (13.63) — 75.51 (15.24) — — —

Change (mean (95% CI))§ 109 −0.20 (−0.90 to 0.49) 106 0.83 (0.12 to 1.54)* −1.13 (−2.03 to−0.24)* 250 −1.11(−2.17to−0.04)*

Waist circumference (cm)

Baseline — 93.67 (12.33) — 97.00 (14.52) — — —

Follow-up — 92.36 (13.85) — 97.13 (14.88) — — —

Change (mean (95% CI))§ 108 −1.30 (−2.4 to−0.15)* 106 0.12 (−0.96 to 1.20) −1.51 (−4.00 to 0.97) 250 −1.62 (−4.07 to 0.83)

*P<0.05.

†n indicates participants for whom a pair of correctly answered questionnaires was available (that is, both from at baseline and at study completion).

‡Linear regression was used to assess the difference between groups over the length of study. All data were adjusted for school cluster and baseline scores.

§Change within groups assessed using paired Student’s t tests.
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intake (−559 kJ/day, 95% CI −940 to −178; P=0.004 v
−570 kJ/day, 95% CI −996 to −143; P=0.009, respec-
tively). The two groups also had a similar reduction in
total intake of fat (−8.22 g/day, 95%CI−13.39 to−3.05;
P=0.002 and −7.34 g/day, 95% CI −12.43 to −2.26;
P=0.005 for the intervention and control group,
respectively) and saturated fat (−3.29 g/day, 95% CI
−5.50 to −1.08; P=0.004 and −3.66 g/day, 95% CI
−5.88 to −1.44; P=0.001, respectively).
Women in the intervention group used more self

management strategies to control diet and physical
activity over the 12 month study period than did those
in the control group (diet: 0.25, 95% CI 0.17 to 0.33;
P<0.001 v 0.06, 95% CI –0.02 to 0.14; P=0.14; physical
activity: 0.37, 95%CI 0.26 to 0.49; P<0.001 v 0.10, 95%
CI−0.04 to 0.25; P=0.16). Aftermultiple imputation for
missing values, the difference between groups was 0.18
for diet (95%CI 0.03 to 0.33; P=0.02) and 0.24 for activ-
ity (95% CI 0.05 to 0.43; P<0.001; table 6). At
12 months, participants in the intervention group were
alsomore confident they could control theirweight than
were those in the control group (P=0.01).

Self monitoring
Regular self weighing was associated with weight loss
in the intervention group (−1.11 kg, SD 3.96) but not in
the control group (0.88 kg, SD 4.66; a difference of

−1.99 kg, 95% CI −3.75 to −0.23; P=0.03). Failure to
regularly self weigh was associated with weight gain in
both the intervention group and the control group
(0.62 kg and 0.78 kg, respectively), with no difference
between groups (−0.16 kg, 95% CI −1.23 to 0.90).

DISCUSSION

This community based, cluster randomised trial sug-
gests that a low intensity self management intervention
may prevent excess weight gain in women. Partici-
pants in the intervention group experienced no weight
gain over 12months, unlike those in the control group,
who gained weight as anticipated. The difference in

Table 4 | Metabolic measures and the difference between the intervention group and the control group

Intervention group Control group Adjusted difference‡
(95% CI)

Multiple imputation analysis‡

n† Mean (SD) n† Mean (SD) n† Difference (95% CI)

Total cholesterol concentration (mmol/l)

Baseline — 4.76 (0.89) — 5.03 (0.95) — — —

Follow-up — 4.74 (0.77) — 5.23 (0.95) — — —

Change (mean (95% CI))§ 64 −0.02 (−0.20 to 0.16) 59 0.19 (0.04 to 0.34)* −0.30 (−0.62 to 0.02) 250 −0.35 (−0.70 to
−0.001)*

Triglyceride concentration (mmol/l)

Baseline — 1.04 (0.82) — 1.06 (0.6) — — —

Follow-up — 0.94 (0.44) — 1.03 (0.6) — — —

Change (mean (95% CI))§ 64 −0.10 (−0.27 to 0.07) 59 −0.03 (−0.11 to 0.06) −0.08 (−0.19 to 0.02) 250 −0.10 (−0.28 to 0.07)

Low density lipoprotein concentration (mmol/l)

Baseline — 2.60 (0.81) — 2.81 (0.78) — — —

Follow-up — 2.73 (0.70) — 3.13 (0.84) — — —

Change (mean (95% CI))§ 64 0.12 (−0.05 to 0.30) 59 0.32 (0.18 to 0.45)** −0.26 (−0.55 to 0.02 ) 250 −0.29 (−0.60 to 0.02)

High density lipoprotein concentration (mmol/l)

Baseline — 1.68 (0.37) — 1.72 (0.39) — — —

Follow-up — 1.59 (0.34) — 1.61 (0.36) — — —

Change (mean (95% CI))§ 64 −0.09 (−0.14 to −0.03)** 59 −0.10 (−0.16 to −0.03)** 0.004 (−0.10 to 0.11) 250 0.001 (−0.13 to 0.13)

Low density lipoprotein:high density lipoprotein ratio

Baseline — 1.65 (0.65) — 1.72 (0.66) — — —

Follow-up — 1.78 (0.54) — 2.07 (0.86) — — —

Change (mean (95% CI))§ 64 0.13 (0.003 to 0.26)* 59 0.35 (0.24 to 0.46)** −0.24(−0.43to−0.04)* 250 −0.22 (−0.49 to 0.05)

Glucose concentration (mmol/l)

Baseline — 4.59 (0.44) — 4.59 (0.37) — — —

Follow-up — 4.48 (0.57) — 4.59 (0.64) — — —

Change (mean (95% CI))§ 63 −0.11 (−0.25 to 0.02) 57 −0.003 (−0.14 to 0.13) −0.11 (−0.25 to 0.02) 250 −0.07 (−0.26 to 0.11)

*P<0.05; ** P<0.001.

†n indicates participants for whom a pair of correctly answered questionnaires was available (that is, both from at baseline and at study completion).

‡Linear regression was used to assess the difference between groups over the length of study. All data were adjusted for school cluster and baseline scores.

§Change within groups assessed using paired Student’s t tests.
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weight gain between the two groups remained signifi-
cant after we adjusted for possible confounding factors
and after we addressed the potential bias created from
missing values.

The single information session attended by the con-
trol group may have motivated some control partici-
pants to lose weight, in which case the weight
difference reported underestimates the true effect of
the intervention. Given this issue, it would seem that
information based on population guidelines alone is
not effective in preventing weight gain in women.

Study implications

Clinical and public health importance

Theweight difference we showed is of a similar magni-
tude to more intensive and costly behavioural lifestyle
treatments.26 In a meta-analysis of psychological inter-
ventions for overweight and obesity, intensive

behavioural therapy resulted in an additional 2.5 kg
weight loss compared with no treatment.27

The difference in weight change between the inter-
vention group and the control group we report is of clin-
ical importance considering that theNursesHealthStudy
reported that the risk of coronary heart disease increases
by 3.1% for each kilogram inweight gained from the age
of 18 years28 and the risk of diabetes increases linearly
from a body mass index of 22 kg/m2.2930 Follow-up
from the Nurses Health Study found that 55% of deaths
were caused by the combination of smoking, being over-
weight, lackofphysical activity, and lowqualitydiet, con-
firming the effect of lifestyle changes on mortality in
women.31

The high observed weight gain in the younger con-
trol women is concerning.3 Longitudinal studies esti-
mate weight gain in young Australian women to be
650 g a year on average,9 yet women in the control

Table 5 | Behavioural measures and the difference between the intervention group and the control group

Intervention group Control group Adjusted difference‡
(95% CI)

Multiple imputation analysis‡

n† Mean (SD) n† Mean (SD) n† Difference (95% CI)

Energy (kJ/day)

Baseline — 6362 (2019) — 6813 (2289) — — —

Follow-up — 5802 (1800) — 6242 (2138) — — —

Change (mean (95% CI))§ 85 −559 (−940 to −178)** 87 −570 (−996 to −143)** −198 (−846 to 450) 250 −299 (−1146 to 549)

Total fat (g/day)

Baseline — 68.25 (36.20) — 67.37 (28.83) — — —

Follow-up — 60.03 (32.88) — 60.02 (25.06) — — —

Change (mean (95% CI))§ 89 −8.22(−13.39to−3.05)** 88 −7.34(−12.43to−2.26)** −0.54 (−8.37 to 7.27) 250 −0.51 (−10.89 to 9.88)

Saturated fat (g/day)

Baseline — 26.81 (14.6) — 27.18 (12.6) — — —

Follow-up — 23.51 (13.4) — 23.52 (10.7) — — —

Change (mean (95% CI))§ 89 −3.29 (−5.50 to −1.08)** 88 −3.66 (−5.88 to −1.44)** 0.21 (−3.20 to 3.64) 250 −0.10 (−4.31 to 4.10)

Walking (MET/min/week)

Baseline — 753.98 (945) — 919.87 (1059) — — —

Follow-up — 591.70 (795) — 834.80 (987) — — —

Change (mean (95% CI))§ 79 −162.28 (−355.51 to
30.95)

80 −84.97 (−356.58 to
186.63)

−186.05 (−523.47 to
151.37)

250 −176.79 (−513.12 to
159.69)

Moderate activity (MET/min/week)

Baseline — 277.97 (485) — 257.25 (348) — — —

Follow-up — 448.10 (954) — 253.00 (366) — — —

Change (mean (95% CI))§ 79 170.13 (−56.03 to
396.29)

80 −4.25 (−115.69 to
107.19)

190.19 (34.53 to
345.85)*

250 184.89 (−13.46 to
383.26)

Vigorous activity (MET/min/week)

Baseline — 436.45 (733) — 474.00 (792) — — —

Follow-up — 836.45 (1332) — 516.50 (865) — — —

Change (mean (95% CI))§ 79 400.00 (121.00 to
678.99)**

80 42.50 (−135.17 to
220.18)

344.12 (−19.24 to
707.50)

250 318.02 (−50.48 to
686.65)

Pedometer (steps/day)

Baseline — 9455 (3505) — 9310 (3357) — — —

Follow-up — 8832 (3470) — 9122 (4284) — — —

Change (mean (95% CI))§ 69 −623 (−1795 to 549) 60 −188 (−1569 to 1193) −294.45 (−1517 to 928) 250 −283.61 (−1683 to 1115)

Abbreviations: MET/min/week, metabolic equivalent level × minutes a day × days a week, where one metabolic equivalent is equal to resting energy expenditure (walking=3.3; moderate

activity=4.0; vigorous activity=8.0).
*P<0.05; **P<0.001.

†n indicates participants for whom a pair of correctly answered questionnaires was available (that is, both from at baseline and at study completion).

‡Linear regression was used to assess the difference between groups over the length of study. All data were adjusted for school cluster and baseline scores.

§Change within groups assessed using paired Student’s t tests.
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group of our study gained an average of 830 g a year.
Women with children are a group at particularly high
risk, reporting major barriers to obesity protective
behaviours such as regular physical activity. This fac-
tor might explain the slightly higher weight gain in the
control group relative to the general population. These
findings highlight a high risk group that presents a sig-
nificant public health challenge.
The unfavourable changes to lipid profiles in the

control group are notable in the context of the small
weight gain and reflect our poor understanding of the
true risk of cardiovascular disease in young women.
Lipid levels increased in the control group despite a
self reported decrease in total fat and saturated fat
intake over the past 12 months, but this finding may
reflect a lack of sensitivity of the dietary measurement
tool to detect small changes. The need for awareness of
both the short and the long term risk of cardiovascular
disease in young adults was highlighted in a recent
review, where even one elevated traditional risk factor
carried a lifetime cardiovascular disease risk of 39-
70%.32 The results from our study suggest that
women with young children would benefit from tar-
geted health messages specific to the prevention of
cardiovascular disease.
There was an observed increase in moderate and

vigorous activity in the intervention group, but this
increase appeared to be at the expense of walking.
Womenmight incorrectly believe they need to partici-
pate in vigorous activity to control their weight, which
for many is not sustainable long term. In addition, the
higher than expected baseline daily pedometer steps
combined with the continued weight gain in the con-
trol group suggest that the intensity of physical activity
in this sample was low but the activity was performed
for long periods, possibly associated with caring for
children and household chores. As such, the levels of
physical activity in our sample might not meet

population recommendations. This caveat might
have implications for development of physical activity
guidance in this population.

Intervention components and uptake
Established cognitive behavioural strategies were
selected for this intervention. The improvements in
selfmanagement behaviours frombaseline in the inter-
vention group suggest that there was uptake of the
behavioural skills taught during group sessions. The
time allocated to teaching these skills was less than
that described in intensive behavioural inter
ventions.33However, the adjustment to behaviour and
energy balance necessary to prevent weight gain is
small comparedwith that needed to treat obesity,34 jus-
tifying the use of a low intensity intervention. This is
encouraging for future community programmes with
limited resources.
It is useful to speculate on success factors of the

HeLP-her intervention to aid the future implementa-
tion of community interventions. Success in our
studywas possibly strengthened through personal con-
tact, although relatively minimal in this intervention.
The face to face contact and interactive group format
supported personalisation of the behaviour change
strategies and health messages. Personal contact is
associated with improved behavioural parameters
and less weight regain compared with non-contact
internet based programmes.35

In addition, reminding participants to engage in
healthy behaviours consistently throughout the year
through text messages was simple and low cost. Con-
tinued patient-practitioner contact, on site or by email,
has been associated with weight loss,36 but to our
knowledge text messaging has not been tested pre-
viously in this context. We also used the observed
social connections between mothers often found in
the school setting to provide social support for

Table 6 | Behavioural self management measures and the difference between the intervention group and the control group

Intervention group Control group Adjusted difference‡
(95% CI)

Multiple imputation analysis‡

n† Mean (SD) n† Mean (SD) n† Difference (95% CI)

Confidence in managing weight (mean score on a Likert scale of 1-5)¶¶

Baseline — 3.06 (1.10) — 3.02 (1.32) — — —

Follow-up — 3.22 (1.03) — 2.77 (0.91) — — —

Change (mean (95% CI))§ 92 0.16 (−0.08 to 0.40) 93 −0.25 (−0.55 to 0.05) 0.44 (0.20 to 0.69)** 250 0.40 (0.11 to 0.69)*

Diet self management (mean score on a Likert scale of 1-5)††††

Baseline — 2.59 (0.50) — 2.61 (0.52) — — —

Follow-up — 2.84 (0.56) — 2.68 (0.54) — — —

Change (mean (95% CI))§ 96 0.25 (0.17 to 0.33)** 96 0.06 (−0.02 to 0.14) 0.18 (0.07 to 0.30)** 250 0.18 (0.03 to 0.33)*

Activity self management (mean score on a Likert scale of 1-5)‡‡‡‡

Baseline — 2.51 (0.71) — 2.56 (0.79) — — —

Follow-up — 2.88 (0.70) — 2.66 (0.68) — — —

Change (mean (95% CI))§ 96 0.37 (0.26 to 0.49)** 95 0.10 (−0.04 to 0.25) 0.25 (0.11 to 0.39)** 250 0.24 (0.05 to 0.43)*

*P<0.05; ** P<0.001.

†n indicates participants for whom a pair of correctly answered questionnaires was available (that is, both from at baseline and at study completion).

‡Linear regression was used to assess the difference between groups over the length of study. All data were adjusted for school cluster and baseline scores.

§Change within groups assessed using paired Student’s t tests.

¶Mean score on a Likert scale of 1-5, where 1=not confident.
††Mean score of 16 items on a Likert scale of 1-5, where 1=never uses self management strategies.

‡‡Mean score of 12 items on a Likert scale of 1-5, where 1=never uses self management strategies.
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behaviour change; this strategy could have enhanced
participation and adherence through peer persuasion.
Finally, we adapted the intervention delivery to local

contexts by engaging school leaders and personalised
the content by allowing participants to have input into
the delivery. For example, participants assessed their
own needs, developed personal goals, and prioritised
the relevant health behaviours.We addressed possible
barriers to participation by delivering sessions in
schools, a convenient local setting, and we avoided
the prescriptive energy intake and expenditure goals,
and the extensive weekly attendance, frequently used
in weight loss interventions.
Self weighing is emerging as a potentially important

strategy in weight management. We showed that fre-
quent self weighing was associated with weight loss in
the intervention group but not in the control group. A
review of self weighing has indicated an overall positive
effect of self weighing on the preventionofweight regain
followingweight loss.37 In prospective cohort and obser-
vational studies, regular self weighing has been asso-
ciated with greater weight loss than not undertaking
regular weighing.38 However, few trials have compared
weighing frequency in the context of a randomised con-
trolled trial. Our findings support a previous report of
the effectiveness of self weighing in conjunction with
an intervention to prevent weight regain.35

Self weighing is simple and provides instant feed-
back on small weight changes, which can then be coun-
tered by relatively small adjustments to behaviour. It is
possible that the women in our study applied the inter-
vention skills more effectively or more consistently
when they self weighed. How self weighing reinforces
behaviour change is yet to be determined. There is a
general concern that a focus onweight via repeated self
weighing might result in a disproportionate negative
reaction among people trying to avoid weight gain,
which is counterproductive. However, Jeffrey and
French found no increase in unhealthy eating beha-
viours with regular self weighing.39 The interaction of
various forms of self monitoring with intervention
components in different populations needs further
investigation.

Comparison with other studies

Despite the observed need, there are few other reports
of interventions designed specifically to prevent
weight gain in the general community.5 40 Previous
reports describe mixed success using low intensity
mail based programmes or more intensive clinic
based programmes. The Minnesota Heart Health pro-
grammewas a long term community project where the
population trend towards weight gain exceeded the
effectiveness of the education strategies in the inter
vention.41 The project addressed multiple risk factors
concurrently using screening, awareness, and educa-
tion, unlike the HeLP-her programme, which
addressed weight gain prevention and focused on self
management, skill development, and support rather
than education.

The Pound of Prevention study was unable to
demonstrate a weight difference between groups over
3 years using a monthly newsletter and optional sup-
port activities.39 The messages delivered were general,
similar to HeLP-her, but unlike our study there was no
personal contact and less specific or personalised beha-
viour change information.
The Weigh-to-Be weight loss study was also unable

to induce weight loss using low intensitymail or phone
interventions.8 Behavioural change strategies were
included in the interventions, but there was no face to
face contact with facilitators or interaction between
participants.
In contrast, an intensive behavioural programme in

perimenopausal women was successful in preventing
weight gain,42 but this approach used 15 sessions in the
first 20 weeks, ongoing refresher courses, individual
diet and exercise advice,mail follow-up, and telephone
follow-up. This level of intensity is not deemed feasible
to prevent weight gain in the general population.
Hence the current study shows that a combination of
personal contact and remote follow-up might achieve
the desired intensity, population reach, and cost effec-
tiveness required for successful outcomes in a commu-
nity setting.

Strengths and limitations

The strengths of the study were the robust design and
analysis, the high retention rates, the use of objective
measures, and the recruitment of a sample large
enough to detect a weight difference in groups.
Follow-up of participants over a number of years
would strengthen our results.
In the context of population reach, we targeted

women unselected in terms of health risks who were
representative of Australian women. The reach of the
intervention is extended when we consider the impor-
tant influence mothers have on family health
behaviours.43 We intentionally kept the inclusion cri-
teria broad, recruited and implemented the pro-
gramme in a real life setting, and selected a
community of moderate socioeconomic disadvantage
to strengthen the generalisability of our study.The pro-
gramme could be translated to other communities and
settings providing there is appropriate attention to
implementation issues, such as a focus on community
and stakeholder needs, maximising intervention
acceptance by the community, and adapting delivery
to the local context.
The potentially confounding influence of mis-

matches in socioeconomic status across schools was
addressed by choosing a single community and rando-
mising by school. Baseline data indicate that the possi-
bility of bias was largely addressed through
randomisation, with only a small difference noted
between recruited groups. Adjusting for income and
education did not change the results. It is possible
that other subtle socioeconomic differences within
and between schools may have influenced the out-
comes. In particular, the influence of school social
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cohesion—that is, the connections between the parents
and the school—might need to be investigated further.
A limitation of the study was the 12% response rate

and the 10% participation rate of mothers, which
affects external validity. The recruitment rate is com-
parable to that of other community programmes that
target the general population and use similar broad
inclusion criteria. The Minnesota community studies,
for example, enrolled 16% of invited employees in a
work based intervention and 4% of invited households
into a mail based weight loss programme.44 In the
Weigh-to-Be weight loss programme, only 10% of the
invited clinic members showed interest in joining the
programme after direct mail out to all households.8

Many community interventions do not report the
total population exposed to recruiting materials, parti-
cularly when using broad reaching recruitment meth-
ods such as newspapers. We deliberately kept the
recruitment strategy simple to reflect a realistic and
repeatable approach for recruitment of young women
into studies of health interventions. The response to
recruitment of the schools and individuals was positive
overall considering the simple recruiting methods
used. More vigorous recruiting may have increased
participation.
Women volunteered for this study and, therefore,

might have beenmoremotivated than those in the gen-
eral population. The fact that the control group gained
weight at a similar rate to the population, however,
mitigates the suggestion of recruitment bias. Finally,
the study was not powered to detect differences in bio-
chemical parameters; therefore, the biochemical
results should be interpreted with care.

Conclusions and policy implications

Our findings suggest that excess weight gain in women
may be prevented by using a low intensity community
based programme that promotes self management and
includes personal contact with ongoing remote sup-
port. In contrast, a single information session based
on generic population guidelines for eating and physi-
cal activity is not effective for preventingweight gain in
this population.
The HeLP-her intervention potentially bridges the

gap between intensive treatment programmes and

broad population health strategies. In future, the inter-
vention could be adapted to local needs, settings, and
populations, particularly those with a social connec-
tion, such as work places and community groups.
Given that this programme targeted mothers, it could
be integrated with childhood obesity programmes,
community programmes, or environmental change
programmes to provide a multi-level approach to obe-
sity prevention.
The programme contributes much needed evidence

for the successful prevention of weight gain and has
important population health implications in a setting
where there is a strong need to prevent the rising epi-
demic of obesity.
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