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Abstract

Background: Rising levels of obesity coupled with the limited success of currently available weight
control methods highlight the need for investigation of novel approaches to obesity treatment. This
study aims to determine the effectiveness and cost-effectiveness of an Internet-based resource for
obesity management.

Methods: A randomised controlled trial conducted in a community setting, where obese
volunteers (n = 221) were randomly assigned to Internet group (n = | | 1) or usual care group (n =
I 10). Objective measures of weight and height were obtained. Questionnaires were used to collect
dietary, lifestyle, physical activity and quality of life data. Data were collected at baseline, six months
and 12 months.

Results: Data were collected on 54 (49%) participants in the Internet group and 77 (70%)
participants in the usual care group at 12 months. Based on analysis conducted on all available data,
the Internet group lost 1.3 kg, compared with 1.9 kg weight loss in the usual care group at 12
months, a non-significant difference (difference = 0.6 kg; 95% ClI: -1.4 to 2.5, p = 0.56). No significant
differences in change in secondary outcome measures between the two groups at six or |2 months
were revealed. Total costs per person per year were higher in the Internet group than the usual
care group (£992.40 compared to £276.12), primarily due to the fixed costs associated with setting
up the website, and QALYs were similar (0.78 and 0.77) for both groups.

Conclusion: This trial failed to show any additional benefit of this website in terms of weight loss
or secondary outcome measures compared with usual care. High attrition and low compliance
limits the results of this research. The results suggest that the Internet-based weight control
resource was not a cost-effective tool for weight loss in the obese sample studied.

Trail Registration: ISRCTN 58621669
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Background

With 22.7% of men and 23.8% of women in England clas-
sified as obese, obesity is now widely recognised as a
major public health issue [1]. Successful weight loss is
impeded by a multitude of factors, including limited
reach of currently available treatments [2], lack of social
support [3], poor compliance [4], changing environmen-
tal factors such as ready availability of cheap energy dense
foods and increased existence of labour-saving devices [5]
and, for many, dissatisfaction with the structured nature
of many treatments [6]. These shortcomings highlight the
need to investigate and evaluate new approaches to obes-
ity treatment. New approaches should also aim to reduce
the burden on those participating and delivering the inter-
vention, thereby promoting a more flexible approach to
weight management [7], factors that could be addressed
using new technologies such as the Internet.

In July 2003 it was estimated that 47% of households in
the UK had access to the Internet at home. In 2005 this fig-
ure had risen to 55% [8]. The rapid increase in access to
the Internet and use of the Internet as a health resource
has made it a viable tool for health care interventions [9],
offering anonymous, self-administered care that is availa-
ble 24 hours a day, seven days a week, with little time or
travel costs to the individual. A wide array of Internet-
based weight loss resources exist [10]. However, despite
the huge presence of such information on the Internet, lit-
tle is known about their use or effectiveness. A study by
Womble et al recently reported that a commercial Inter-
net-based weight loss program was less effective than a
standardised, structured behavioural weight loss manual
in terms of weight loss [11]. Other studies have demon-
strated successful weight loss and weight loss mainte-
nance via Internet and e-mail programmes [9,12,13].

The aim of this project was to develop an Internet-based
weight-control package, requiring minimal professional
input, and to test this package against usual care for obes-
ity treatment in a community setting, through a pragmatic
randomised controlled trial. We also sought to estimate
the cost-effectiveness of the alternative programs for
weight management. This trial represents the first attempt
to assess the effectiveness and cost-effectiveness of an
Internet-based weight control package against usual care
for the management of obesity.

Methods

Participants

Participants were recruited from GP practices in Leeds,
UK, following ethical approval from Leeds (West)
Research Ethics Committee in August 2002. Posters and
flyers were placed in patient waiting areas, advertising the
study and asking interested potential participants to call
the study centre or to inform their GP or practice nurse of
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their interest. Potential participants were screened by tele-
phone for eligibility. Eligibility criteria included: individ-
uals with a body mass index (BMI) of 30 or more, aged
18-65 years (due to body composition changes over the
age of 65 years), able to access the Internet at least once
per week and able to read and write in English (for the
purposes of accessing the website and completing ques-
tionnaires).

On confirmation of informed written participant and GP
consent, a baseline appointment was scheduled for each
eligible participant, where height and weight were meas-
ured by the researcher and a baseline questionnaire com-
pleted, before each participant was randomly allocated
into either the Internet group (n = 111) or the usual care
group (n = 110). Weight (in light clothing) was measured
to the nearest 0.1 kg using Marsden portable weighing
scales. Height (without shoes) was measured using a port-
able height measure to the nearest 0.1 cm. Recruitment
into the trial took place from May to November 2003. Par-
ticipants were followed-up six months and 12 months
after randomisation, when height and weight measure-
ments were repeated by the researcher, along with a fol-
low-up questionnaire administered by post. Baseline and
follow-up appointments were conducted at the partici-
pants' GP practice.

All non-responders were followed up following a strict
protocol by post and telephone. Three attempts were
made to contact each participant not responding to the
initial mailing at follow-up by telephone, following this a
second questionnaire was mailed to participants asking
them to complete the questionnaire even if they did not
wish to attend a follow up visit.

The intervention

Current research evidence supports a lifestyle approach to
treating obesity, offering a combination of dietary advice,
physical activity advice and behaviour therapy [14-17].
Based on these guidelines and clinical evidence, the inter-
vention website was developed to reflect these factors. The
website provided advice, tools and information to sup-
port behaviour change in terms of dietary and physical
activity patterns. It was designed to enable patients to
manage their own care and to vary the frequency of use
according to their own needs. The website also offered
personalised advice to participants, which, in the context
of this trial, involved targeting the information provided
to an individual, based on their responses to a series of
online questions regarding eating and activity habits and
current weight status. This enabled specific motivational
statements to be generated to participants whenever they
visited the website. Motivational statements were gener-
ated based on participants self report of progress in terms
of reaching their personal behaviour change goals. In
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addition, details of progress in terms of self-reported
weight loss were stored on the website, accessible only to
the individual concerned. Automatic generic e-mails were
generated if participants did not visit the website regularly
to encourage them to visit more often. The website and
questionnaires were piloted in a sample of overweight
University staff. The results of this pilot were used to
inform the final version of the website.

The trial aimed to compare the additional effect of the
website against usual care available within the UK. Partic-
ipants randomised into the Internet group were given a
demonstration of the website and its services, along with
a username and password to access the website and were
asked to log on to the website at least once a week over the
trial period. Participants randomised to the usual care
group were advised to continue with their usual approach
to weight loss and were given a small amount of printed
information at baseline, reflecting the type of information
available within primary care.

Outcomes

The primary outcome was the ability of the Internet pack-
age to promote change in weight and BMI over six and 12
months compared with usual care. Secondary outcomes
were the ability of the Internet package to promote change
in reported lifestyle behaviours compared with usual care,
along with differences in quality of life. Lifestyle and die-
tary habits were assessed with a questionnaire previously
used in the UK Women's Cohort Study [18]. This ques-
tionnaire obtained information on methods of cooking,
portion size and frequency of consumption of various
foods and participants' 'dieting' practices. Physical activity
level was assessed using the Baecke physical activity ques-
tionnaire which measures work, leisure and sports activity
providing a comprehensive evaluation of habitual physi-
cal activity [19]. Quality of life was assessed using the
EuroQol questionnaire, a short, self administered ques-
tionnaire which was also used in the cost effectiveness
analysis [20]. A brief series of questions were used to
assess participants' confidence in their ability to make
positive lifestyle changes on a scale of one to seven (where
one indicates not at all confident and seven indicates very
confident). These measures were combined in one ques-
tionnaire, which participants completed at baseline, six
months and 12 months. Additional questions were added
at six and 12 months for the purpose of the cost-effective-
ness analysis of the programme. Participants in the Inter-
net group also completed an additional section on their
use and views of the website at six and 12 months.

Sample size

A sample size of 180 participants was required to detect a
difference of 5 kg weight loss (approximately 5% of body
weight) or less than 2.5 kg/m2 in BMI between the two

http://www.biomedcentral.com/1472-6963/7/206

groups with 80% power, assuming a two-sample t-test,
5% significance levels, a standard deviation for weight of
12 kg and for BMI of 5.5 kg/m?2. An additional 22% of par-
ticipants were recruited to take account of any loss to fol-
low-up, giving a recruitment target figure of 220.

Randomisation

A computer-generated randomisation procedure was
employed, using the software package 'minim' [21]. Par-
ticipants were allocated to groups by the programme
according to the minimisation criteria, i.e. balanced for
gender (male/female), age group (18-34, 35-49, 50+)
and BMI category (30-33.9, 34-37.9, 38+). Due to the
pragmatic nature of the trial and the intervention being
evaluated, it was not possible to blind either the partici-
pants or researchers to the group assignment.

Statistical analysis

Analyses were performed using Statistical Package for the
Social Sciences (SPSS for Windows, version 11.5; SPSS,
Chicago, IL). Independent sample t-tests (or non-para-
metric tests where appropriate) and chi-squared tests were
used to investigate differences in baseline characteristics
and response rates between the two groups. Analysis of
covariance (ANCOVA) on weight at 12 months was used
to investigate the difference between the two groups. This
adjusted for any imbalance in age, sex, baseline weight,
baseline physical activity score or baseline confidence
score introduced by losses to follow-up. Changes in sec-
ondary measures were investigated using ANCOVA
adjusting for possible baseline imbalances as before. Pri-
mary analyses were conducted based on all available data.
Analyses using LOCF and BOCF were performed to assess
the robustness of the primary analysis for the effect of
losses to follow up and missing data.

Cost-effectiveness analysis

The cost-effectiveness analysis was undertaken in Stata SE
8.2. Quality adjusted life years (QALYs), calculated using
utilities collected by the EuroQoL (EQ-5D), were com-
pared with total costs estimated using a societal perspec-
tive. Costs were estimated from a variety of sources,
including the Personal Social Services Research Unit
(PSSRU) for visits to the GP and practice nurse [22].
Adjusted (for characteristics of patients that differed
between the group) estimates of mean cost and QALYs
were obtained by a multi-level difference-in-difference
econometric model [23]. The incremental cost-effective-
ness of the two alternative methods of weight loss support
based on mean differential costs and QALYs was then
established. Finally the probability that Internet-based
support is cost-effective according to a range of alternative
threshold values, which the health care system may be
willing to pay for an additional QALY, was calculated
[24]. This is then plotted as a cost-effectiveness acceptabil-
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ity curves (CEAC) [24]. The CEAC shows the proportion
of simulations (produced by the econometric model) in
which web-based support (and conversely traditional
weight loss) is the more cost-effective across a range of
alternative threshold values, which the health care system
may be willing to pay for an additional QALY.

Results

Baseline characteristics

The sample was predominantly white (95%), female
(77%), with a mean (sd) age of 45.8 (10.6). The mean
(sd) weight of the sample was 98.4 kg (17.4) with a
median (IQR) BMI of 34.4 (31.9-38.7). Preliminary anal-
ysis showed no significant differences between the two
groups at baseline (Table 1).

Response rates

Measurements were obtained for 69% (n = 152) of the
sample at 6 months and for 59% (n = 131) at 12 months,
equating to an attrition rate of 31% at six months and
41% at 12 months. Response rate in the group Internet
was significantly lower than the usual care group at 12
months (49% versus 70%; p = 0.001). Participant flow
through the trial is given in Figure 1.

Table 2 presents the baseline characteristics for responders
only by treatment group. No differences in baseline char-
acteristics of responders by treatment group were revealed
except for age. Responders in the usual care group were
significantly younger than responders in the Internet
group (p = 0.003).

Baseline characteristics of participants with a complete
data set (responders) and non-responders are presented in
Table 3. Responders at 12 months were significantly older
(difference = 6.2 years; CI = -9.5 to -3, p < 0.001) and
more confident (difference = 0.48; CI = 0.14 to 0.82, p =
0.006) than non-responders. The mean baseline weight
for responders was 96.4 kg compared with a mean weight
of 101.5 kg for non-responders. This difference was bor-
derline significant (difference = 5.1 kg, CI =-0.3 to 10.3, p
= 0.06). No gender differences in response were identi-
fied.

Table I: Subject characteristics at baseline

Internet group Usual Care
(n=111) group (n = 110)
Weight, mean (sd), kg 98.9 (17.7) 97.9 (17.1)

Body Mass Index (BMI),
median (IQR), kg/m?

345 (31.8-385)  34.4 (31.9-389)

Quality of Life score, 70 (55-80) 65 (50-80)
median (IQR)

Physical activity score, 6.8 (0.98) 6.7 (1.3)
mean (sd)
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Change in weight and BMI

Change in BMI between the two groups at 12 months was
non-significant, with a mean difference of 0.3 kg/m2 (CI =
-0.5 to 1, p = 0.4), ranging from -5.9 kg/m2 to +3.8 kg/m?
for the Internet group and -8.1 kg/m2to +3.5 kg/m?2 for the
usual care group at 12 months. Both groups lost a signifi-
cant amount of weight over time, but the difference in
change between the groups at 12 months was non-signif-
icant. ANCOVA using weight at 12 months as the depend-
ent variable, adjusting for age, sex, baseline weight,
baseline physical activity score and baseline confidence
score revealed that the Internet group were 0.6 kg heavier
(95% CI: -1.4 to 2.5, p = 0.56) than the usual care group
after 12 months (Figure 2). Similar results were produced
from BOCF data (Internet group 0.8 kg heavier (95% CI:
-0.4 to 1.9, p = 0.2)) and LOCF data (Internet group 0.5
kg heavier (95% CI: -0.8 to 1.8, p = 0.4)), demonstrating
the robustness of the results to alternative assumptions.
We were also interested in the loss of 5% body weight, as
this is associated with significant improvements in health
[25]. Investigating weight loss as a percentage of the base-
line weight, 22% of Internet responders lost 5% or more
of their baseline weight by 12 months, with 18% of the
usual care group losing at least this amount.

Secondary measures

A significant reduction in self-rated physical activity score
over the intervention period was identified (p < 0.005)
with a mean reduction of 0.34 in the sample, the differ-
ence in change between the two groups over the 12
months was non-significant (p = 0.6). Quality of life was
shown to increase significantly over the trial (p = 0.03),
however no between group differences were established
(p = 0.8). No significant changes in dietary habits or con-
fidence scores were detected over the 12 months.

Use of the website by Internet group participants

Fifty-nine participants (53%) reported using the website
at six months with 32 (29%) of these still using the web-
site at 12 months and 52 participants (47%) indicating
that they never used the website. The mean (sd) number
of logons over the trial was 15.8 (15.2), this ranged from
aminimum of one logon to a maximum of 77 logons. The
data failed to reveal any correlation between the number
of logons and weight loss (p = 0.16). Only 26% of the
Internet group respondents at six months reported using
the Internet daily for general use and no relationship
between Internet use and number of logons to the website
over the 12 months was established (CI =-10.1to 12.9, p
= 0.82). Despite high attrition and low utilisation, of
those who had reported use of the website at six months
39 (63%) rated it easy or very easy to use at six months,
and 49 (78%) rated it as clear or very clear. With 28 (85%)
and 25 (76%) of those respondents reporting use of the
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| Assessed for eligibility (n= 265) |

| Eligible participants

n=235

Excluded:
~|—p Not meeting inclusion criteria
(n=14)

Y

Randomised

particinants n=221

/\

Allocated to intervention group

A

Lost to follow-up at 6 months (n=42)
Reasons:

(n=111) Allocation (n=110)
Received allocated intervention Received allocated intervention
(n=111) (n=110)

Allocated to usual care group

Y

Lost to follow-up at 6 months (n=27)
Reasons:

23 Couldn’t contact
15 Withdrawn

[ 6 month Follow-Up

11 Couldn’t contact
10 Withdrawn

3 Did not attend visit
1 Moved house

y

Lost to follow-up at 12 months (n= 15)
Give reasons:

3 did not attend visit
2 Pregnant
1 Moved house

Y

Lost to follow-up at 12 months (n=6)

7 Couldn’t contact
3 Withdrawn

[ 12 month Follow-Up

Give reasons:
5 Couldn’t contact

3 Did not attend visit
2 Pregnant

12 month follow up (n= 54)

Figure |

1 Withdrawn

12 month follow up (n=77)

Participant Flow. This chart provides a graphical illustration of the flow of participants through the trial over the trial period.

Table 2: Comparison of baseline characteristics of responders by
treatment group

Internet  Usual Care  Confidence
(n=54) (n=77) Interval, p value.
Weight, kg, mean 97.5 94.9 (-8.3,3.1)
p=024
BMI, median 34.35 344 p=06
Confidence score, 42 4.1 (-0.37,0.5),
mean p =0.07
Physical activity 6.8 6.7 (-0.3,0.4)
score, mean p=0.23
Quality of Life score, 70 61.5 p=0.2
median
Age, years, mean 48.1 474 (-2.6,4)
p = 0.003*
*p < 0.05

website in the second six months of the trial rating it as
easy or very easy and clear or very clear at 12 months.

As was the nature of this pragmatic trial participants were
free to engage in the use of other weight loss resources.
Participants' use of other weight control resources was
recorded and no differences in use between the two
groups were evident at six or 12 months.

Cost-effectiveness results

The cost-effectiveness analysis showed that total costs
were higher in the Internet group than the usual care
group (£992.40 compared to £276.12). This difference
was almost entirely due to the fixed cost of developing the
website package. When this fixed cost was excluded total
costs were actually lower in the Internet group. QALYs
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Table 3: Comparison of baseline characteristics of responders versus non-responders

Responders Non-responders Confidence Interval, p value
Weight, kg, mean 96.4 101.5 (-0.25, 10.3), p = 0.06
BMI, median 344 37.2 p=0.15
Confidence score, mean 4.1 4.6 (0.14, 0.82), p = 0.006*
Physical activity score, mean 6.75 6.58 (-0.5,0.2) p=0.34
Quality of Life score, median 63 63.67 p=0.96
Age, years, mean 47.7 41.5 (-9.5, -3.0), p =< 0.001**
Gender, Male/Female % 21%/79% 22%178% p=0.95

#p < 0.05, **p < 0.001

were similar (0.79 compared to 0.77). Results are shown
in Table 4.

In terms of incremental cost effectiveness [26] the incre-
mental ratio is £39,248 (£716.28/0.01825). Thus a deci-
sion maker would have to be willing to pay £39,248 per
QALY to choose the Internet program over the usual care
approach. AS shown in the cost-effectiveness acceptability
curve (Figure 3) the decision about which is the most cost-
effective strategy is uncertain. At willingness to pay values
of £20,000-£30,000 per QALY, it is unlikely that Internet-
based support would be regarded as cost-effective (proba-
bility it is cost-effective is less than 0.5). As the service
becomes more widely available, fixed costs will be spread
over a greater number of individuals, thus total costs will
reduce. This is likely to produce a much more favourable
cost per QALY.

Discussion

This trial aimed to test the effectiveness of a website
designed for weight control, based on a self-help
approach, in comparison to the standard weight control

98 §

97
S l\
=
£ 96
=
g —&— Intervention (n=51)
e —m— Usual Care (n=66)
2 95
c
©
>
=

94 \

93

Baseline 6months 12months
Figure 2

Change in body weight by trial group (based on |17 partici-
pants who completed all three assessments). Differences
between the groups at six and 12 months were non signifi-
cant.

options available in a 'real life' setting and consequently
to assess the feasibility of the resource as an adjunct for
weight management. Although a significant weight loss
was detected over the trial period, no difference in weight
change between the two groups was detected. Weight
losses reported in previous research studies using the
Internet have not been as good as that reported for stand-
ard behavioural face to face therapy [27]. In a recent study
by Womble et al comparing a commercially available
online weight loss resource with a structured weight loss
manual, the Internet group lost only 1.1% (sd = 4.0%) of
their baseline weight by 12 months compared with a
mean (sd) weight loss of 4.0 (5.1%) in the manual group
[11]. The lack of intervention effect over and above what
happened over time in both groups may be explained by
the poor engagement with the intervention tool. With just
over half the participants using the website at six months,
only one third were using it at 12 months. Womble et al
also reported minimal use of the intervention website
[11]. Recent research has shown that participants are more
likely to attend group sessions than use Internet chat
rooms in a weight control trial [28]. However, despite
high attrition and low utilisation, data collected as part of
this research indicated that the majority of respondents
(>60%) felt the website was clear/very clear and easy/very
easy to use both at six and 12 months. Although the rea-
sons for the decline in use of the resource are not known
it is likely that the lack of traffic on the website led to a
reduction in the activity on the website and thus reduced
the ability of the resource to engage participants. It is
expected that a larger sample size would have increased
the 'traffic' on the website and consequently increased the

Table 4: Expected yearly outcomes from the econometric
model

Internet Usual care Incremental
difference
QALY 0.79 0.77 +0.02
Cost (excluding 221.09 276.13 -£55.04
fixed cost)
Total cost 992.41 276.13 +£716.28
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Figure 3
Cost-effectiveness acceptability curve for web-based sup-
port.

social support element of the intervention. It is also possi-
ble that participant expectations were not met, thus lead-
ing to a decline in use of the intervention. It has been
suggested that unmet goals and expectations can result in
individuals abandoning their attempts to achieve weight
loss [29]. An association between personalised feedback
and success in weight loss has been established previously
[30]. Increased personalised feedback could be one of the
keys to increasing compliance and success of the Internet-
based weight control resources. To increase compliance in
web-based interventions, further investigation of the role
of mechanisms known to increase compliance in tradi-
tional face-to-face interventions such as tailored feedback
and professional and peer support of varying degrees
should be investigated.

Attrition in randomised trials of weight loss is recognised
as a major issue in evaluating the effectiveness of weight
control treatments [31]. An average attrition rate of 21%
is typical in lifestyle interventions for weight loss [27], in
a recent review of long term weight loss studies in obese
adults losses to follow-up typically between 30-60% were
reported [32]. An overall attrition rate of 40% in this trial
was higher than anticipated. Attrition rates as high as 34%
have been reported in weight loss trials using the Internet
[11]. One possible reason such high attrition may be lim-
ited weight loss. Other Internet intervention studies
achieving greater weight losses have demonstrated much
lower attrition rates [9,12]. High attrition rates in obesity
research limit the ability of trials to effectively evaluate
treatments and present a major barrier in weight loss
research. The implications of the high attrition rate on the
results of this trial are difficult to predict, however the
analyses demonstrate that the results are not sensitive to
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the different assumptions for missing data providing con-
fidence in the data. As recommended by Womble et al
future research should aim to evaluate such Internet-
based weight control websites in the manner in which the
public uses them, with much larger sample sizes in collab-
oration with industry as this is likely to make the interven-
tion more engaging and thus induce compliance [11].

In previous studies the 'self care' approach has been
shown to offer promising strategies for weight loss [33].
This resource offered participants the freedom to access
the website at their convenience, according to their per-
ceived need. Womble et al suggested lack of structure lim-
ited the potential benefits of eDiets.com [11] and this may
be true for this resource also. The website aimed to offer a
low maintenance weight loss tool with limited profes-
sional support. It is hypothesised that this lack of regular
professional support may have reduced the potential suc-
cess of this website and that, in keeping with other studies,
a balance between Internet and personal contact may
offer a more optimal approach for weight management.
Also it has been suggested that such a self help approach
may be more useful as an adjunct to more intensive treat-
ment [33]. A recent study by Wing et al suggested the use
of the Internet for prevention of weight regain but that
more intensive face-to-face intervention may be required
if weight is regained [34].

One potential barrier to the use of this resource was that
the majority of this population did not use the Internet on
a daily basis. With only a quarter of responders at six
months reporting use of the Internet on a daily basis, tar-
geting this resource to individuals who use the Internet
more regularly and who have greater confidence in their
ability to use it may be more appropriate. In addition
future research should aim to investigate the potential
role of such resources in different at risk sub-groups of the
population including low-income groups and ethnic
minorities.

In terms of cost-effectiveness, the Internet-based support
in this trial does not seem to fall within accepted stand-
ards for the incremental cost-effectiveness ratio. This is
mainly due to the high fixed cost of setting up and run-
ning the program (£771 per participant in the Internet
group), which made it substantially more costly than the
usual care group to set up. However, as the intervention is
Internet-based, its use by a larger pool of participants
could improve cost-effectiveness.

Conclusion

In conclusion, this trial failed to demonstrate any addi-
tional benefits in terms of weight management from the
Internet-based tool. Limited use of the Internet in general
in this population may have reduced the ability of this
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website to produce a significant weight loss. The high
attrition rate and limited use of the website limits how
representative these findings are. Although lack of engage-
ment in Internet-based resources for weight loss presents
a major obstacle in this field of research, use of the Inter-
net as a tool in obesity management should not be dis-
missed as it still has the potential to offer wide reach for
public health interventions. Consumer preferences and
views of 'online weight control' should be considered in
future research investigating effectiveness of Internet-
based tools for the management of obesity in an effort to
improve compliance with such interventions.
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