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Abstract

Background: Knee pain is common with obesity and weight gain being important risk factors. Previous clinical trials have
focused on overweight or obese adults with knee pain and osteoarthritis and demonstrated modest effects of intense
weight loss programs on reducing knee pain despite very significant weight loss. There has been no lifestyle intervention
that targets community-based adults to test its effect on prevention of knee pain. We aimed to determine the effect of a
simple low-intensity self-management lifestyle intervention (HeLP-her), proven in randomised controlled trials to improve
lifestyle and prevent weight gain, on knee pain in community-based young to middle-aged rural women.

Methods: A 1-year pragmatic, cluster randomised controlled trial was conducted in 649 community-based women (aged
18–50 years) to receive either the HeLP-her program (consisting of one group session, monthly SMS text messages, one
phone coaching session, and a program manual) or one general women’s health education session. Secondary analyses
were performed in 390 women who had knee pain measured using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) at baseline and 12-month follow-up. “Any knee pain” was defined as a WOMAC pain
score≥ 1. Knee pain worsening was defined as an increase in WOMAC pain score over 12 months.

Results: Thirty-five percent of women had “any knee pain” at baseline. The risk of knee pain worsening did
not differ between the intervention and control groups over 12 months. For women with any knee pain at
baseline, those in the intervention arm had a lower risk of knee pain worsening compared with those in the
control arm (OR 0.37, 95% CI 0.14–1.01, p = 0.05), with a stronger effect observed in women with body mass
index ≥ 25 kg/m2 (OR 0.28, 95% CI 0.09–0.87, p = 0.03).

Conclusions: In community-based young to middle-aged women, a simple low-intensity lifestyle program reduced
the risk of knee pain worsening in those with any knee pain at baseline, particularly in those overweight or obese.
Pragmatic lifestyle programs such as HeLP-her may represent a feasible lifestyle intervention to reduce the burden of
knee pain in the community.

Trial registration: ACTRN12612000115831, registered 24 January 2012.
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Background
Knee pain is a common problem which can be experi-
enced by people of all ages, leading to physical disability
and impaired quality of life [1, 2]. In the general popula-
tion approximately one in five people report knee pain
lasting at least 1 day during the past month [3]. In pri-
mary care, the knee is the second most common individ-
ual region of musculoskeletal pain, after the back,
accounting for 10% of all musculoskeletal consultations
[4]. Knee pain is more prevalent and severe in women
than men [2].
The causes of knee pain are complex and multifactor-

ial, with strong evidence suggesting that obesity is an
important risk factor with a large population-attributable
risk [3, 5]. We have shown in community-based adults
that moderate weight gain (5%) was associated with de-
velopment and worsening of knee pain [6]. Adults tend
to gain weight progressively through middle age, with
the modest accumulation of weight over time increasing
obesity in the community [7]. For example, the average
weight gain in the US population has been reported to
be 0.45–0.9 kg [8] or 0.5–1.0 kg [7] per year based on
data from different studies. In Australia, young and
middle-aged women gain an average of 0.57 kg and 0.
5 kg weight per year, respectively [9]. Given the steady
weight gain that is occurring in many countries and the
role of weight gain in the development and worsening of
knee pain, community interventions aimed at weight
loss or preventing weight gain may have a role in redu-
cing the prevalence and burden of knee pain. Moreover,
early intervention for the prevention and treatment of
knee pain is particularly important, as an episode of
knee pain predicts future recurrence [10].
Obesity is a well-established major modifiable risk fac-

tor for knee osteoarthritis [11]. The available evidence
for weight loss is based on previous randomized con-
trolled trials examining the effect of weight loss pro-
grams on knee pain and structural progression in
populations of obese adults with established symptom-
atic knee osteoarthritis. Despite achieving substantial
weight loss of 10% or approximately 10 kg, these trials
have demonstrated modest effects on knee pain [12, 13]
and no effect on structural progression of osteoarthritis
[14]. For example, less than 40% of individuals reported
no or little knee pain at the end of the trial, and only
14% of participants had a 50% reduction of their knee
pain [12]. By the time an individual has symptomatic
knee osteoarthritis, they are late in the trajectory from
health through to end-stage joint disease where costly
knee replacements are the only treatment option. Fur-
thermore, these programs involve very intensive and
complex interventions delivered by a multidisciplinary
team of professionals to achieve significant weight loss,
and therefore affordability and adherence are affected

and long-term outcomes are often poor [12, 15]. There
is an urgent and unmet need for a new approach aimed
at preventing knee pain at a very early stage since there
is evidence that any knee pain is a predictor of further
episodes of knee pain [10]. Such a disease cycle is con-
sistent with the causes of knee pain being multifactorial
[3, 5] so that knee pain per se is also associated with
weight gain and quadriceps muscle wasting [10, 16], with
each also a risk factor for knee pain [6, 17]. This disease
paradigm is also on the pathway to developing knee
osteoarthritis [11].
Given the role of weight gain in the development and

worsening of knee pain [6], a low-intensity intervention
aiming at preventing weight gain has the potential to be
of benefit in reducing knee pain. There is some evidence
that a healthy lifestyle (healthy diet and exercise) may
help prevent excess weight gain and maintain body
weight at healthy levels, potentially providing a feasible
approach to preventing and treating early knee pain be-
fore it becomes a major clinical problem [18]. However,
there has been no lifestyle intervention that targets
community-based adults to test its effect on prevention
of knee pain. There is an urgent and unmet need for a
simple low-intensity intervention for preventing weight
gain and reducing knee pain along with other comorbid-
ities, to be applied in community settings, with the aim
of reducing long-time pain and disability.
A low-intensity, self-management lifestyle intervention,

the Healthy Lifestyle Program for women (HeLP-her), was
designed to prevent weight gain based on the self-
determination and social cognitive behavioural theory,
with motivational interviewing the primary method of
interaction with participants [19, 20]. The HeLP-her has
been tested in two prior randomised controlled trials in
reproductive aged women both showing efficacy in pre-
vention of weight gain compared with controls who re-
ceived general health information only [20, 21]. Our
pragmatic, cluster randomised controlled trial showed that
HeLP-her again prevented weight gain and improved diet
quality and self-management behaviours over 1 year in
community-based young to middle-aged women in rural
settings (HeLP-her rural) [19]. The mean weight change
was − 0.48 kg in the intervention group and + 0.44 kg in
the control group, with a between group difference − 0.
92 kg [19]. The intervention group reported increased
self-management strategy use related to diet and physical
activity [19]. Therefore, the aim of the current knee pain
substudy was to examine whether HeLP-her rural had an
effect on reducing knee pain in community-based young
to middle-aged women. The hypothesis was that the
HeLP-her program would prevent knee pain in
community-based women who were selected without ref-
erence to knee symptoms, via its effect on preventing
weight gain. We tested this hypothesis by examining the
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effect of a sample, low-intensity intervention, which has
shown an effect on weight gain prevention [19], on pre-
vention of knee pain in community-based rural women.
We selected rural women as they have a high prevalence
of knee pain and reduced access to healthcare resources.

Methods
Study design, participants, and randomisation
A 1-year pragmatic, cluster randomised controlled trial
was performed in 41 Australian towns (clusters) which
were randomised using a computer-generated random-
isation list for intervention (n = 21) or control towns (n
= 20) [19]. Participants were recruited as clusters accord-
ing to the town of residence between September 2012
and April 2013 [19]. Eligibility criteria included females,
age 18–50 years, and residing in or near participating
towns. Exclusion criteria were minimal and included
pregnancy or serious medical conditions that would in-
hibit full participation in the program [19]. There was
no reference to musculoskeletal conditions, including
knee pain, in the inclusion or exclusion criteria. Further
details were described in the trial protocol [22] and the
Consolidated Standards of Reporting Trials (CONSORT)
flow diagram [19]. Due to the nature of the trial, re-
searchers were aware of group allocation at baseline.
Participants were not aware of group assignment, al-
though they were aware that they were participating in a
healthy lifestyle research program. At the 1-year data
collection point, both participants and new field re-
searchers were blinded to group allocation and previous
anthropometric measures, with statistical analysis com-
pleted by a blinded biostatistician [19]. The study was
approved by the Monash Health Human Research Ethics
Committee (Project No. 12034B). All participants gave
written informed consent. The trial was registered with
the Australian New Zealand Clinical Trials Registry
(ACTRN12612000115831, registered 24 January 2012)
prior to recruitment.

Intervention
The details of the 1-year self-management lifestyle inter-
vention (HeLP-her) have been published previously [19,
22]. Its key features included community integration, non-
prescriptive simple health messages, small changes to be-
haviour, low participant burden, goal setting, self-
monitoring including self-weighing, and delivery including
a mix of a single face-to-face group session, one session of
phone coaching, and mobile health with SMS text re-
minders [19]. The program content is nonprescriptive; it
provided general health messages and focused on small
achievable changes around physical activity and eating to
enhance self-efficacy and sustainability of behaviour change
[22]. There was no reference to knee pain in the interven-
tion. Briefly, the program consisted of (i) week 1: one

facilitator-led 60-min interactive group session held with
8–15 women at community locations. The group session
aimed to generate a shared understanding and knowledge
of health, healthy eating behaviours and physical activity be-
haviours. Simple messages regarding eating and physical ac-
tivity behaviours provided an achievable context in which
to begin to formulate their own priorities, rather than when
or how to perform these behaviours. Facilitators using an
interactive model and supported by the program manual,
worked through examples of behavioural self-management
skills including setting health priorities, problem solving,
and self-monitoring, focusing on small changes to behav-
iour. (ii) Week 2–4: women continue with program manual
at home at own pace. The interactive program manual con-
tained assessments, health information, personal stories, ac-
tivities to challenge personal beliefs and behaviours and
opportunities to develop self-management skills such as
problem solving and action planning, and tools to self-
monitor and assess progress that aimed to develop and im-
prove skills in self-management. (iii) Weeks 2–52: monthly
SMS text messages consistent with program messages to
remind participants of key behaviours. (iv) Week 12: one
20-min phone coaching session based on motivation inter-
viewing delivered by trained coaches and aimed to assist
completion of manual activities and inforce intervention
messages and generate action plans [19, 22]. All program
activities focused on increasing awareness through personal
stories, identifying personal barriers and enablers and de-
veloping goals through activities and self-assessments de-
signed to enhance intrinsic motivation and increase self-
confidence [22]. Facilitators delivered the intervention in-
cluding phone coaching after they had completed program-
specific training. They were required to have a tertiary
qualification in health sciences and undergo 1-day training
[22]. The control group received one general women’s
health education session based on national healthy diet and
activity recommendations, held with 8–15 women at com-
munity locations [19, 22].

Anthropometric data
At baseline and 1-year, weight was measured using cali-
brated digital scales with participants in light clothing,
with an empty bladder, and without shoes, and height
was measured using a portable stadiometer. Body mass
index (BMI, weight/height2, kg/m2) was calculated.

Knee pain
At baseline and 1-year follow-up, knee pain was assessed
with the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) [23], using a Likert
scale (0–4) for each of the five knee pain questions with
the WOMAC knee pain score ranging from 0 to 20.
Knee pain worsening was defined as any increase in
WOMAC pain score from baseline to follow-up. In
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women without knee pain at baseline (WOMAC pain
score = 0), incidence of knee pain was defined if they de-
veloped any knee pain at follow-up (WOMAC pain
score ≥ 1). In those with any knee pain at baseline
(WOMAC pain score ≥ 1), knee pain increasing was de-
fined if their follow-up knee pain score was greater than
the baseline measure, while knee pain improvement was
defined if their follow-up knee pain score was less than
the baseline measure.

Statistical analysis
With 390 women who provided knee pain data at both
baseline and 1-year follow-up, this study had 80% power
to detect an absolute risk reduction of 10% in worsening
of knee pain between intervention and control groups
(10% vs. 20%) with 5% significance level. Baseline char-
acteristics were compared using independent samples t
test or Mann-Whitney U test for continuous variables
where appropriate, and chi-squared test for categorical
variables between the intervention and control groups.
The effect of intervention on knee pain change out-
comes (all dichotomous variables) was examined using
chi-squared test and binary logistic regression adjusted
for age, BMI, town cluster, and baseline knee pain. The
interaction of intervention and the presence of baseline
knee pain, and interaction of intervention and the base-
line overweight status, for their association with knee
pain worsening were examined. Subgroup analysis of
women who were overweight or obese (BMI ≥ 25 kg/m2)
at baseline was performed. The number needed to treat,
i.e. the estimated number of people who need to be
treated in order for one additional person to benefit, was
calculated. P values of less than 0.05 (two-tailed) were
considered statistically significant. All statistical analyses
were performed using Stata (Intercooled Stata 12,
StataCorp LP., College Station, TX, USA).

Results
The flowchart for the knee pain substudy is presented in
Fig. 1. A total of 649 women were recruited for the original
study, of whom 525 (81%) women had complete data for
age, BMI, and WOMAC and were included in the current
knee pain substudy. There were no significant differences
in baseline characteristics between the intervention and
control groups (Table 1). There were no significant differ-
ences in baseline characteristics between those who were
included in the current study and those who were not, ex-
cept for a difference in BMI (Additional file 1: Table S1).
There were 390 (74%) women who had knee pain data col-
lected at 1 year. Of these 390, there were no significant dif-
ferences in baseline characteristics between the
intervention and control groups except for that women in
the intervention group were older (p = 0.04) (Table 1).
Those who did not provide 1-year knee pain data were

younger and had greater BMI and lower education level
compared with those who provided the data, with no differ-
ences observed for employment status and baseline knee
pain between the two groups (Additional file 2: Table S2).
The effect of HeLP-her on knee pain change over 1 year

is presented in Table 2. Worsening of knee pain was ob-
served in 28 (13.6%) women in the intervention group and
33 (17.9%) women in the control group (p = 0.24). After
adjusted for age, BMI, town cluster, and baseline knee
pain, the risk of worsening knee pain did not differ be-
tween the intervention and control groups (odds ratio
[OR] 0.67, 95% CI 0.38–1.17, p = 0.16). There was evi-
dence for a potential interaction between intervention and
the presence of baseline knee pain for the association with
worsening of knee pain (p = 0.12). For women with no
knee pain at baseline, incident knee pain was observed in
20 (14.4%) women in the intervention group and 18 (15.
0%) women in the control group (p = 0.89); the risk of in-
cident knee pain did not differ between the two groups
after adjusted for age, BMI, and town cluster (OR 0.92,
95% CI 0.45–1.84, p = 0.81). For women with knee pain at
baseline, knee pain increasing was observed in 8 (11.9%)
women in the intervention group and 15 (23.4%)
women in the control group (p = 0.08), while knee
pain improvement was observed in 43 (64.4%) women
in the intervention group and 41 (64.1%) women in
the control group (p = 0.99). After adjusted for age,
BMI, town cluster, and baseline knee pain, women in
the intervention group had a lower risk of knee pain
increasing compared with those in the control group
(OR 0.37, 95% CI 0.14–1.01, p = 0.05; number needed
to treat nine), while the likelihood of knee pain im-
provement did not differ between the two groups
(OR 1.13, 95% CI 0.53–2.43, p = 0.75). When the data
for the intervention and control arms were pooled
and analysed, 38.7% of women had weight gain and
59.9% had weight loss. Weight gain was non-
significantly associated with an increased risk of knee
pain increasing (OR 1.15 for every 1 kg weight gain,
95% CI 0.99–1.34, p = 0.07), and weight loss was non-
significantly associated with a reduced risk of knee
pain increasing (OR 0.87 for every 1 kg weight loss,
95% CI 0.75–1.01, p = 0.07), adjusted for baseline age,
height, weight, knee pain, and town cluster.
There was evidence for a potential interaction between

intervention and the overweight/obese status for the as-
sociation with worsening of knee pain (p = 0.03). The ef-
fect of HeLP-her on knee pain change over 1 year was
further examined in the subgroup of women who were
overweight or obese at baseline (n = 242) (Table 3). After
adjustment for age, BMI, town cluster, and baseline knee
pain, women in the intervention arm had a significantly
lower risk of knee pain worsening (OR 0.45, 95% CI 0.
23–0.87, p = 0.02; number needed to treat eight) and
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Fig. 1 Flowchart of the knee pain substudy

Table 1 Characteristics of study participants

Baseline characteristics Interventiona

(n = 277)
Controla

(n = 248)
P valuec Interventionb

(n = 206)
Controlb

(n = 184)
P valuec

Age, years 40.0 (6.1) 39.0 (7.1) 0.11 40.7 (5.7) 39.4 (6.8) 0.04

Body mass index, kg/m2 28.5 (6.1) 28.1 (6.7) 0.50 28.4 (6.3) 27.2 (5.8) 0.06

Employment, n (%) 0.64 0.49

Full-time paid work 52 (19.0) 41 (16.7) 38 (18.5) 27 (14.8)

Part time/casual work 144 (52.6) 139 (56.5) 110 (53.7) 108 (59.0)

No paid work 78 (28.5) 66 (26.8) 57 (27.8) 48 (26.2)

Education, n (%) 0.20 0.05

No post school qualification 42 (15.3) 50 (20.3) 29 (14.2) 38 (20.8)

Certificate/diploma/apprenticeship 127 (46.2) 116 (47.2) 80 (39.2) 81 (44.3)

Bachelor degree or higher 106 (38.6) 80 (32.5) 95 (46.6) 64 (35.0)

WOMAC pain, median (range) 0 (0–20) 0 (0–15) 0.77 0 (0–20) 0 (0–15) 0.76

Any self-reported knee paind, n (%) 98 (35.4) 85 (34.3) 0.79 67 (32.5) 64 (34.8) 0.64

Data presented as mean (standard deviation), median (range), or n (%)
aWomen with complete data at baseline for age, body mass index, town cluster, and WOMAC
bWomen with complete data for age, body mass index, town cluster, and WOMAC at baseline, and WOMAC at 1 year
cDifferences between intervention and control groups using independent samples t-test, chi squared test, or Mann-Whitney U test where appropriate
dDefined as baseline WOMAC pain score (range 0–20) ≥ 1
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knee pain increasing (OR 0.28, 95% CI 0.09–0.87, p = 0.
03; number needed to treat five) compared with those in
the control arm, while the incidence (OR 0.68, 95% CI 0.
29–1.62, p = 0.39) or improvement (OR 2.16, 95% CI 0.
87–5.32, p = 0.10) of knee pain did not differ between
the two groups. We found similar results for women
who were overweight and those who were obese, but the
results were less significant due to reduced sample size.
For example of the effect of intervention on knee pain
worsening with the same adjustment, the OR was 0.45
(95% CI 0.17–1.16, p = 0.10) for overweight women and
0.46 (95% CI 0.18–1.20, p = 0.11) for obese women.

Discussion
In community-based young to middle-aged rural women
who were selected without reference to knee symptoms,
a simple low-intensity lifestyle intervention (HeLP-her)
reduced the risk of knee pain getting worse in those who
had any knee pain, particularly in those who were over-
weight or obese, although no effect of the HeLP-her life-
style intervention was demonstrated on the overall knee
pain change for the whole study sample.
We found the HeLP-her lifestyle intervention reduced

the risk of knee pain increasing in women who had any
knee pain regardless of their BMI, with a stronger effect
shown in overweight or obese women. This equated to

nine women with any knee pain needing to engage in
the HeLP-her program to prevent one additional woman
having an increase in knee pain, and only five over-
weight/obese women with any knee pain need to engage
in the HeLP-her program to prevent one additional
woman having an increase in knee pain. The HeLP-her
has been established with the aim to prevent weight
gain, and tested in community-based young to middle-
aged urban (community and antenatal populations and
settings) and in rural women [19–21]. The HeLP-her
program prevented weight gain with a mild effect on
weight loss over 1 year where women in the control
group gained weight, resulting in a between-group dif-
ference in weight change of approximately 1 kg at
12 months [19, 20]. Obesity and weight gain are estab-
lished risk factors for knee pain [3, 5, 6]. However the
evidence for weight loss and reduced knee pain is lim-
ited and largely in populations with established osteo-
arthritis [12, 13, 18] or co-morbidities such as diabetes
[24]. Two randomised controlled trials of overweight or
obese participants with osteoarthritis and knee pain
demonstrated modest improvement in knee pain after
very intensive weight loss programs resulting in 10% or
approximately10 kg weight loss over 12–18 months [12,
13]. In overweight or obese adults with diabetes, an
intensive lifestyle intervention which resulted in a

Table 2 Effect of intervention on change in knee pain over 1 year

Intervention,
n (%)

Control,
n (%)

P valuea Odds ratio
(95% CI)b

P valueb

Whole population, n = 390 n = 206 n = 184

Knee pain worsening 28 (13.6) 33 (17.9) 0.24 0.67 (0.38, 1.17) 0.16

Subgroup with no knee pain at baseline, n = 259 n = 139 n = 120

Incidence of knee pain 20 (14.4) 18 (15.0) 0.89 0.92 (0.45, 1.84) 0.81

Subgroup with knee pain at baseline, n = 131 n = 67 n = 64

Knee pain increasing 8 (11.9) 15 (23.4) 0.08 0.37 (0.14, 1.01) 0.05

Knee pain improvement 43 (64.2) 41 (64.1) 0.99 1.13 (0.53, 2.43) 0.75
aDifferences between intervention and control groups using chi squared test
bLogistic regression, intervention vs control group, adjusted for age, body mass index, town cluster, and baseline WOMAC pain score

Table 3 Effect of intervention on change in knee pain over 1 year in women with baseline BMI ≥ 25 kg/m2

Intervention,
n (%)

Control,
n (%)

P valuea Odds ratio
(95% CI)b

P valueb

Women who were overweight or obese, n = 242 n = 137 n = 105

Knee pain worsening 19 (13.9) 27 (25.7) 0.02 0.45 (0.23, 0.87) 0.02

Subgroup with no knee pain at baseline, n = 147 n = 85 n = 62

Incidence of knee pain 13 (15.3) 13 (21.0) 0.37 0.68 (0.29, 1.62) 0.39

Subgroup with knee pain at baseline, n = 95 n = 52 n = 43

Knee pain increasing 6 (11.5) 14 (32.6) 0.01 0.28 (0.09, 0.87) 0.03

Knee pain improvement 36 (69.2) 23 (53.5) 0.12 2.16 (0.87, 5.32) 0.10
aDifferences between intervention and control groups using chi squared test
bLogistic regression, intervention vs control group, adjusted for age, body mass index, town cluster, and baseline WOMAC pain score
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reduction of 3.1 kg/m2 in BMI on average over
12 months, reduced the risk of developing knee pain by
15% at 1 year compared with diabetes support and
education, which led to an average of 0.2 kg/m2

reduction in BMI which attenuated at 4 years [24]. Such
significant weight loss requires intensive, prolonged
contact, supervised exercise and dietary modification
delivered by a multidisciplinary team [12, 15]. As a
result, the adherence to intervention activities is often
poor (approximately 50% for adherence to exercise and
approximately 60% for adherence to diet intervention
over 18 months) and long-term outcomes are disap-
pointing [12, 15, 24]. In contrast, the simple low-
intensity HeLP-her program targeted community-based
women with the aim of preventing weight gain. While
successfully preventing weight gain over 1 year, it was
highly acceptable to participants and achievable with low
participation burden and good retention at approxi-
mately 80% [19, 25]. By performing a substudy with sec-
ondary analysis on the original randomised controlled
trial [19] with knee pain data prospectively collected
using a validated tool, we found a favourable effect of
the HeLP-her program on reducing the risk of knee pain
worsening over 1 year in community-based young to
middle-aged women selected without reference to knee
pain, supporting its potential for knee pain prevention.
The study has limitations. Women who provided base-

line knee pain data and were included in the current
knee pain study had lower BMI than those who were
not included; women who completed the 1-year follow-
up of current knee study were older, higher educated,
and had lower BMI than those who did not complete
follow-up. The potential selection bias resulted in those
of lower BMI tending to take part in this study so may
have underestimated the effect of the interventions on
knee pain. Data were not collected regarding work ab-
sence or other metrics to illustrate the effect of the
Help-her program on function and quality of life. The
intervention was over 12 months. While the HeLP-her
program showed a beneficial effect on reducing the risk
of knee pain worsening at 1 year, its longer term effect
will need to be determined. The loss to follow-up of the
current knee pain study was 26%, which was within the
anticipated range and less than other lifestyle interven-
tions [26]. The strengths of the trial include a
community-based rural population which was selected
without reference to the presence of knee symptoms, the
pragmatic design with few exclusion criteria and high
external validity, the large scale of the trial enabling valid
subgroup analysis which identified a subgroup of women
mostly likely to benefit from the HeLP-her program.
The HeLP-her program targets multiple behaviours

with the aim to prevent weight gain through its focus on
achievable changes in healthy eating and physical activity

behaviours. No component of the program targeted joint
health or pain management. The effect of HeLP-her pro-
gram on reducing knee pain is most likely via its benefi-
cial effect on weight. There is no clear evidence
suggesting an effect of leisure time physical activity on
knee pain [27, 28]. Although the HeLP-her program
showed a modest non-significant effect on leisure time
activity and sitting time [19], any effect of the HeLP-her
program on reducing knee pain by preventing inactivity
is likely to be very small.
Knee pain is a common musculoskeletal complaint,

particularly in women [2] with no effective preventive
treatments. Obesity is a major public health problem
with its rate increasing globally and evidence of a link
between excess weight and knee pain [18]. Given adults
progressively gain weight, increasing the risk of knee
pain and osteoarthritis and that knee pain episode pre-
dicts future knee pain [6, 10], early interventions pre-
venting weight gain and knee pain in the community are
very important in order to reduce the burden of knee
pain and disability. There is an unmet need for a simple
intervention that targets prevention of both weight gain
and knee pain in the community settings. Rural-dwelling
women are disadvantaged with higher rates of weight
gain and joint pain [29, 30]. The social inequality is
reflected by their poorer health outcomes and limited
access to health care. In our study of community-based
young to middle-aged rural women, 35% reported any
knee pain. The HeLP-her program is a simple low-
intensity lifestyle intervention that is feasible to deliver,
highly acceptable to participants, and requires few re-
sources and health practitioner time, thus it is highly
feasible to be implemented in the community settings.
In a series of randomised controlled trials HeLP-her has
been shown to prevent weight gain in young to middle-
aged women [19–21], with extension out to 2 years and
a health economic analysis of HeLP-her rural still under-
way. Our study showed a favourable effect of this life-
style program in the HeLP-her rural study on reducing
the risk of knee pain worsening in community-based
young to middle-aged women who were selected with-
out reference to knee pain or disease. There is an urgent
and unmet need for a new approach aimed at preventing
knee pain since knee pain is a fluctuating condition and
episodes of knee pain predict future knee pain both in
terms of number of episodes and increasing severity
[10]. Knee osteoarthritis is a major cause of pain, disabil-
ity and healthcare costs, with no treatments that slow
the disease progression. Knee pain is part of a disease
cycle such that knee pain is associated with weight gain
and quadriceps muscle weakness [10, 16], each in turn
risk factors for knee pain [6, 17], structural knee damage,
onset and progression of knee osteoarthritis [11], and so
further pain and disability. Furthermore, once knee
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osteoarthritis is established, even major weight loss of
over 10% did not slow the structural disease progression
[14]. Thus intervening at an early stage of this cycle is
important and likely to have a major effect on reducing
long-term pain and disability as knee pain and each of
the above consequences are associated with the develop-
ment and progression of knee osteoarthritis [11]. It is
well-established that increased weight is a risk factor for
knee osteoarthritis [11] and that over midlife women
tend to steadily gain weight [7]. In this study we showed
that the HeLP-her had an effect on preventing knee pain
in community-based women with low numbers needed
to treat (from five to nine) in order to prevent one
woman from having an increase in her knee pain, as de-
scribed above. As there have been no previous lifestyle
intervention programs that are effective in reducing knee
pain in community-based population of individuals, the
HeLP-her program integrated with a whole population
approach may provide a novel, simple feasible strategy
of early intervention for reducing the burden of knee
pain in the community, especially where resources are
limited in rural communities.

Conclusions
Our results showed that a simple low-intensity lifestyle
program was able to reduce the risk of knee pain wors-
ening in a general population of young to middle-aged
rural women who had any knee pain, particularly in
those overweight or obese. While the favourable effect of
the program will need to be confirmed in other popula-
tions and to be tested over a longer time period, prag-
matic lifestyle programs such as HeLP-her may
represent a novel, feasible lifestyle intervention to reduce
the burden of knee pain in the community.

Additional files

Additional file 1: Characteristics of study participants, according to
whether or not they had baseline knee pain data. (DOCX 18 kb)

Additional file 2: Characteristics of study participants with baseline
knee data, according to whether or not they had knee pain data at
1 year follow-up. (DOCX 18 kb)

Abbreviations
BMI: Body mass index; CI: Confidence interval; CONSORT: Consolidated
Standards of Reporting Trials; HeLP-her: Healthy Lifestyle Program for
women; OR: Odds ratio; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index

Acknowledgements
We sincerely thank the HeLP-her participants and communities who took
part in this trial. Nicole Ng for her support in trial delivery, Linda Downes for
project management and field staff who conscientiously delivered and col-
lected data in this complex trial.

Funding
This work was funded by the National Health and Medical Research Council
(NHMRC) Australia (Project Grant 1022951). The funder had no role in study

design, collection, analysis and interpretation of data, preparation of the
manuscript, or decision to submit the manuscript for publication. YW is the
recipient of NHMRC Career Development Fellowship (Clinical level 1,
APP1065464). SMH is the recipient of NHMRC Early Career Fellowship
(APP1142198). CH is the recipient of a National Heart Foundation Fellowship.
SREB is the recipient of an NHMRC Clinical Postgraduate Research
Scholarship (APP1074979). HT is the recipient of an NHMRC Practitioner
Fellowship.

Availability of data and materials
All data generated or analysed during this study are included in this
published article (and its Additional files).

Authors’ contributions
CL and HT designed the study. CL, CH, and SK conducted the study. CL
trained the facilitators to deliver the program. FMC and SREB contributed to
knee pain data collection. YW and FMC analysed and interpreted the data
and drafted the manuscript. CL, SMH, CH, SK, SREB, and HT contributed to
the interpretation of results. All authors reviewed the manuscript for
important intellectual content and approved the final manuscript. HT and
FMC had equal contributions as senior authors.

Ethics approval and consent to participate
Ethics approval was obtained from the Monash Health Human Research
Ethics Committee (Project No. 12034B). All participants gave written
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Epidemiology and Preventive Medicine, School of Public
Health and Preventive Medicine, Monash University, 553 St Kilda Road,
Melbourne, VIC 3004, Australia. 2Monash Centre for Health Research and
Implementation, Monash University, Melbourne, Australia. 3Department of
Nutrition and Dietetics, Monash University, Melbourne, Australia. 4Diabetes
and Vascular Medicine Unit, Monash Health, Melbourne, Australia.

Received: 30 March 2017 Accepted: 19 March 2018

References
1. Ayis S, Dieppe P. The natural history of disability and its determinants in

adults with lower limb musculoskeletal pain. J Rheumatol. 2009;36:583–91.
2. Urwin M, Symmons D, Allison T, Brammah T, Busby H, Roxby M, Simmons A,

Williams G. Estimating the burden of musculoskeletal disorders in the
community: the comparative prevalence of symptoms at different
anatomical sites, and the relation to social deprivation. Ann Rheum Dis.
1998;57:649–55.

3. Webb R, Brammah T, Lunt M, Urwin M, Allison T, Symmons D. Opportunities
for prevention of ‘clinically significant’ knee pain: results from a population-
based cross sectional survey. J Public Health (Oxf). 2004;26:277–84.

4. Jordan KP, Kadam UT, Hayward R, Porcheret M, Young C, Croft P. Annual
consultation prevalence of regional musculoskeletal problems in primary
care: an observational study. BMC Musculoskelet Disord. 2010;11:144.

5. Jinks C, Jordan K, Croft P. Disabling knee pain–another consequence of
obesity: results from a prospective cohort study. BMC Public Health.
2006;6:258.

6. Tanamas SK, Wluka AE, Davies-Tuck M, Wang Y, Strauss BJ, Proietto J, Dixon
JB, Jones G, Forbes A, Cicuttini FM. Association of weight gain with incident
knee pain, stiffness, and functional difficulties: A longitudinal study. Arthritis
Care Res (Hoboken). 2013;65:34–43.

7. Williamson DF. Descriptive epidemiology of body weight and weight
change in U.S. adults. Ann Intern Med. 1993;119:646–9.

Wang et al. Arthritis Research & Therapy  (2018) 20:74 Page 8 of 9

https://doi.org/10.1186/s13075-018-1572-5
https://doi.org/10.1186/s13075-018-1572-5


8. Hill JO, Wyatt HR, Reed GW, Peters JC. Obesity and the environment: where
do we go from here? Science. 2003;299:853–5.

9. Women's Health Australia. Women's weight: Findings from the Australian
Longitudinal Study on Women’s Health. Report prepared for the Australian
Government Department of health and Ageing June 2007. http://www.
alswh.org.au/images/content/pdf/major_reports/2007_major_report_b.pdf.
Accessed 3 Apr 2018.

10. Soni A, Kiran A, Hart DJ, Leyland KM, Goulston L, Cooper C, Javaid MK,
Spector TD, Arden NK. Prevalence of reported knee pain over twelve years
in a community-based cohort. Arthritis Rheum. 2012;64:1145–52.

11. Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM,
Kington RS, Lane NE, Nevitt MC, Zhang Y, et al. Osteoarthritis: new insights.
Part 1: the disease and its risk factors. Ann Intern Med. 2000;133:635–46.

12. Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, DeVita P, Beavers
DP, Hunter DJ, Lyles MF, Eckstein F, et al. Effects of intensive diet and
exercise on knee joint loads, inflammation, and clinical outcomes among
overweight and obese adults with knee osteoarthritis: the IDEA randomized
clinical trial. JAMA. 2013;310:1263–73.

13. Bliddal H, Leeds AR, Stigsgaard L, Astrup A, Christensen R. Weight loss as
treatment for knee osteoarthritis symptoms in obese patients: 1-year results
from a randomised controlled trial. Ann Rheum Dis. 2011;70:1798–803.

14. Hunter DJ, Beavers DP, Eckstein F, Guermazi A, Loeser RF, Nicklas BJ,
Mihalko SL, Miller GD, Lyles M, DeVita P, et al. The Intensive Diet and
Exercise for Arthritis (IDEA) trial: 18-month radiographic and MRI outcomes.
Osteoarthr Cartil. 2015;23:1090–8.

15. Diabetes Prevention Program (DPP) Research Group. The Diabetes
Prevention Program (DPP): description of lifestyle intervention. Diabetes
Care. 2002;25:2165–71.

16. Hall MC, Mockett SP, Doherty M. Relative impact of radiographic
osteoarthritis and pain on quadriceps strength, proprioception, static
postural sway and lower limb function. Ann Rheum Dis. 2006;65:865–70.

17. Glass NA, Torner JC, Frey Law LA, Wang K, Yang T, Nevitt MC, Felson DT,
Lewis CE, Segal NA. The relationship between quadriceps muscle weakness
and worsening of knee pain in the MOST cohort: a 5-year longitudinal
study. Osteoarthr Cartil. 2013;21:1154–9.

18. Zdziarski LA, Wasser JG, Vincent HK. Chronic pain management in the obese
patient: a focused review of key challenges and potential exercise solutions.
J Pain Res. 2015;8:63–77.

19. Lombard C, Harrison C, Kozica S, Zoungas S, Ranasinha S, Teede H.
Preventing weight gain in women in rural communities: a cluster
randomised controlled trial. PLoS Med. 2016;13:e1001941.

20. Lombard C, Deeks A, Jolley D, Ball K, Teede H. A low intensity, community
based lifestyle programme to prevent weight gain in women with young
children: cluster randomised controlled trial. BMJ. 2010;341:c3215.

21. Harrison CL, Lombard CB, Strauss BJ, Teede HJ. Optimizing healthy
gestational weight gain in women at high risk of gestational diabetes: a
randomized controlled trial. Obesity (Silver Spring). 2013;21:904–9.

22. Lombard CB, Harrison CL, Kozica SL, Zoungas S, Keating C, Teede HJ.
Effectiveness and implementation of an obesity prevention intervention: the
HeLP-her Rural cluster randomised controlled trial. BMC Public Health.
2014;14:608.

23. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation
study of WOMAC: a health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug therapy in
patients with osteoarthritis of the hip or knee. J Rheumatol.
1988;15:1833–40.

24. White DK, Neogi T, Rejeski WJ, Walkup MP, Lewis CE, Nevitt MC, Foy CG,
Felson DT. Can an intensive diet and exercise program prevent knee pain
among overweight adults at high risk? Arthritis Care Res (Hoboken). 2015;
67:965–71.

25. Kozica SL, Lombard CB, Ilic D, Ng S, Harrison CL, Teede HJ. Acceptability of
delivery modes for lifestyle advice in a large scale randomised controlled
obesity prevention trial. BMC Public Health. 2015;15:699.

26. Colombo O, Ferretti VV, Ferraris C, Trentani C, Vinai P, Villani S, Tagliabue A.
Is drop-out from obesity treatment a predictable and preventable event?
Nutr J. 2014;13:13.

27. Mansournia MA, Danaei G, Forouzanfar MH, Mahmoodi M, Jamali M,
Mansournia N, Mohammad K. Effect of physical activity on functional
performance and knee pain in patients with osteoarthritis : analysis with
marginal structural models. Epidemiology. 2012;23:631–40.

28. Miranda H, Viikari-Juntura E, Martikainen R, Riihimaki H. A prospective study
on knee pain and its risk factors. Osteoarthr Cartil. 2002;10:623–30.

29. Befort CA, Nazir N, Perri MG. Prevalence of obesity among adults from rural
and urban areas of the United States: findings from NHANES (2005-2008). J
Rural Health. 2012;28:392–7.

30. Aoyagi K, Ross PD, Huang C, Wasnich RD, Hayashi T, Takemoto T. Prevalence
of joint pain is higher among women in rural Japan than urban Japanese-
American women in Hawaii. Ann Rheum Dis. 1999;58:315–9.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Wang et al. Arthritis Research & Therapy  (2018) 20:74 Page 9 of 9

http://www.alswh.org.au/images/content/pdf/major_reports/2007_major_report_b.pdf
http://www.alswh.org.au/images/content/pdf/major_reports/2007_major_report_b.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design, participants, and randomisation
	Intervention
	Anthropometric data
	Knee pain
	Statistical analysis

	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

