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Abstract

Purpose Obesity is a major public health burden. Outpa-
tient clinics are an essential resource for individuals with
obesity to access advice for weight loss management. The
aim of this study was to compare anthropometric and weight
loss outcomes between participants receiving general dietary
(GD) advice, and those on a very low energy diet (VLED)
under non-trial conditions.

Methods Data from 276 adults with obesity attending a
multidisciplinary weight management clinic were analysed.
Changes in anthropometry, body composition, and blood
pressure (BP) over 12 months were analysed using linear
mixed-effects models.

Results Males on the GD demonstrated statistically greater
reductions in body weight (BW), BMI, percent fat mass
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(FM), systolic BP, waist and hip circumference (p <0.01).
Changes in males on a VLED did not reach significance.
Females showed statistically significant reductions in BW,
BMI, waist and hip circumference regardless of dietary
intervention (p <0.01); those on the GD significantly
reduced percent FM (p <0.001). Females on a VLED had
statistically greater reductions in BW, BMI and systolic BP
compared to those on the GD. No effect of exercise physi-
ologist was observed in this study. Participants prescribed a
GD attended for significantly longer than those on a VLED
(p <0.05), irrespective of gender. At 12 months, 14.3 and
4.5% of males and females on a VLED were still attending,
compared to 10.6 and 4.5% on the GD.

Conclusions In this retrospective study, females in both
dietary intervention groups achieved significant changes
across multiple measures. Only men receiving GD advice
demonstrated significant changes.

Level of evidence Level 11-2.
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Introduction

Global rates of overweight and obesity have risen to epi-
demic proportions, with more than 1.9 billion people esti-
mated to be overweight, and 600 million people obese [1].
Data from the 2014-2015 National Health Survey con-
ducted by the Australian Bureau of Statistics reports 63.4%
of Australian adults were overweight, and 27.9% obese [2].
Prevalence of overweight and obesity was higher in men
(70.8%) than women (56.3%). In clinical settings, obese
patients require specialised care and equipment, have longer
lengths of stay, and higher costs and rates of re-admission

@ Springer


http://orcid.org/0000-0001-6493-7933
http://crossmark.crossref.org/dialog/?doi=10.1007/s40519-017-0443-4&domain=pdf

740

Eat Weight Disord (2019) 24:739-747

than normal weight patients (BMI 18.5-24.9 kg/m?) [3].
Individuals with obesity also have higher rates of comor-
bidities affecting quality of life and complicating medical
treatment [4, 5], costing in excess of $58.2 billion per annum
in reduced workplace productivity, government assistance,
and costs to the Australian health sector [6]. Non-surgical
weight management programs promote a multidiscipli-
nary approach, focusing on intensive dietary and exercise
interventions, with adjunctive behavioural modification
[4, 7-15]. Studies evaluating non-surgical weight manage-
ment in the clinical setting are scarce, often lack substantial
follow-up [7, 12, 16] or demonstrate long-term weight re-
gain [4, 8]. While surgical interventions achieve high rates
of long-term weight loss [20-32% of initial body weight
(BW)] [8] and high rates of co-morbidity resolution, sur-
gery is subject to strict inclusion criteria including BMI cut-
offs (BMI >40 kg/m?, or BMI > 35 kg/m? with significant
co-morbidities), and exclusion of patients with psychiatric
disorders and limited financial resources [8, 17]. In New
South Wales (NSW), Australia, bariatric surgery remains
unaffordable to most patients within the public health system
[18]. Therefore, there is a need for effective non-surgical
treatment for adults with obesity.

Changes in BW, anthropometry, and body composition
are frequently reported outcomes in weight management
studies [4, 7-15, 19, 20]. A loss of >5-10% of starting BW
[clinically significant weight loss (CSWL)] improves cardio-
vascular risk factors and reduces mortality, and is frequently
reported in studies [7, 9, 11, 13—15]. Published literature
shows variable proportions of patients achieve CSWL of
between 20% [7] and 81% [4]. Furthermore, fat mass (FM)
reduction from intentional weight loss, particularly follow-
ing a very low energy diet (VLED) [20], is associated with
improvement in overall health and comorbidities, and is also
frequently reported [19].

Relatively few studies assess the effectiveness of outpa-
tient clinics under non-trial conditions, reducing the gener-
alisability of results to real clinical settings. Based on cur-
rent literature, we hypothesise that patients on an intensive
VLED will achieve greater weight loss compared to general
dietary (GD) advice, and that patients who consult with an
exercise physiologist will demonstrate greater weight loss
than those who do not. The aim of this study was to compare
weight loss outcomes between dietary intervention patient
groups in an outpatient obesity clinic.

Subjects and methods
Study design and setting

This retrospective observational study was conducted at a
tertiary hospital outpatient obesity clinic. Ethics approval
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was obtained from the Western Sydney Local Health District
(WSLHD) Human Research Ethics Committee and designed
in line with the Declaration of Helsinki [21]. Participants
were outpatients at Westmead Hospital (Western Sydney,
Australia), which services a large culturally and linguisti-
cally diverse population, estimated at 876,000 in 2013,
making it the second-largest local health district in NSW by
population served [22], and the fastest growing. WSLHD
reports a lower Socio-Economic Indexes for Areas (SEIFA)
of 994 compared to the national and Sydney averages of
1000 and 1011 respectively, reflecting lower socioeconomic
status (SES) and higher disadvantage. In 2013, 49.7% of the
population of WSLHD were estimated to be overweight or
obese, and 19.5% were obese [22].

Participant eligibility

Participants were eligible if they attended an initial appoint-
ment at the Westmead Hospital Multidisciplinary Obesity
Clinic between January 2011 and December 2012 inclu-
sive, were aged > 18 years at baseline, and had a starting
BMI > 30 kg/m?. Clinic admission was based upon refer-
ral from a health professional and subject to self-directed
attendance. A total of 276 of 522 screened patients were
eligible for analysis (Fig. 1).

Weight loss interventions

Participants were prescribed an energy-restricted diet plan
that required following a VLED or GD advice based upon
advice by an endocrinologist and dietitians, and personal
preference. Participants prescribed VLED were educated on
the ketogenic Optifast® meal replacement program (Opti-
fast; Nestle Nutrition, Frankfurt, Germany). The VLED was
intended to be at least two, preferably three meals per day,
however some participants would not accept this starting rate
due to concerns with hunger, cost or side effects; therefore,
participants consuming at least one meal replacement per
day were included in the VLED group. Efforts were made
to increase daily frequency of VLED meals to take benefit
of the ketogenic effect. Participants having one or two meal
replacements per day were required to keep carbohydrate
intake < 50-70 g per day and were provided with a proscrip-
tive low carbohydrate, 800 calorie (1744 kJ) meal plan. Par-
ticipants not prescribed a VLED were allocated to the GD
group, and prescribed an energy-restricted diet based on the
Australian Dietary Guidelines [23], consisting of 20-35%
total energy from fat, 45-65% energy from carbohydrate and
15-25% energy from protein. Exercise was recommended,
if medically safe, to augment caloric deficit. An exercise
physiologist prescribed tailored moderate intensity physi-
cal activity, an endocrinologist assessed comorbidities, and
dietitians monitored dietary adherence at each visit using
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Fig. 1 Flow diagram for inclu-
sion and grouping of partici-
pants in study
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self-completed food diaries, or failing that, a 24-h recall. It
was estimated that 3-5% of patients attending the clinic were
taking phentermine (Duromine®) at any time.

Data collection and management

Data were obtained from clinical databases and medi-
cal records, deidentified, and given a study code to blind
researchers. Comorbidities and dietary and exercise inter-
vention modality were recorded. Participants who attended
only one appointment over 12 months were defined as non-
attenders, and participants who attended >?2 appointments
were defined as attenders.

Data-collection instruments

Anthropometric and body composition data were taken as
single measurements recorded by nursing staff at each visit
according to standard protocol [24]. Height was measured
to the nearest 0.5 cm using a stadiometer. Waist and hip
circumference was measured to the nearest 0.5 cm using a
measuring tape. Body composition data [BW (kg), FM (kg,
%), and lean mass (LM) (kg, %)] were measured using a two-
compartment bioimpedance scale (Tanita Body Composition

Analyzer model BC-420MA), with participants wearing
light clothing and no shoes. Body mass was measured to
an accuracy of 0.1 kg, and composition percentages to an
accuracy of 0.1%. Blood pressure (BP) was taken in a seated
position using an automatic sphygmomanometer adjusted
for obese patients. BMI was calculated as body mass (kg)
divided by height (m?). Waist-to-height ratio (WHtR) was
taken as waist circumference (cm) divided by height (cm)
to obtain a ratio.

Outcomes and assessment

Primary outcomes were rate of change in BW per month up
to 12 months of intervention, and achievement of CSWL
(loss of >5% of starting BW over 12 months). Secondary
outcomes were rates of change per month of BMI, hip and
waist circumference, WHtR, BP, percentage and absolute
FM and LM. Rates of change per month were chosen as
times between consults were not always regular. Rates of
change for each outcome were compared by dietary (GD vs
VLED) and exercise physiologist intervention. Clinic reten-
tion (the proportion of patients from baseline who were still
attending clinic visits up to 12 months) was also recorded.
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Statistical analysis

Values are presented as mean (standard deviation), unless
stated otherwise. Median values with upper and lower quar-
tiles are used to summarise skewed data. Comorbidities are
reported in absolute numbers and proportions (%). Categori-
cal variables were compared between intervention groups
using Pearson’s Chi-squared or Fisher’s exact test, and two-
sample ¢ tests used to compare continuous variables between
intervention groups at baseline. Linear mixed-effects models
were used to investigate the effects of dietary intervention
and gender on rates of change of continuous outcomes in
the first 12 months. In these models, participant identifier
was the group variable, month was considered as both a
continuous random and fixed effect, and gender and dietary
intervention considered as categorical fixed effects. Since
there were statistically significant two-way interactions
between the effects of gender and dietary intervention on
the rates of change of the continuous outcomes, all dietary
intervention effects have been reported separately by gender.
Normal Q-Q plots were used to check that residuals from
fitted models showed no obvious departure from the under-
lying assumption of normality. Statistical significance was
taken at the 5% level (p <0.05). Analyses were performed
using SPSS version 21.0 (IBM, SPSS, Chicago, IL, USA)
and S-PLUS, version 8.0 (TIBCO, Software Inc., Palo Alto,
CA, USA).

Results
Sample characteristics

Two-hundred and seventy-six adult outpatients with obe-
sity, with an age range of 18—78 years, were included in this
study, 177 (64.1%) of which were female (Table 1). Thirty-
six participants (13.1%) followed a VLED; 22 were women
(8.0%) and 14 were men (5.1%). VLED participants had
significantly higher baseline BW, BMI, WC, HC, WHtR and
FM (%, kg) than those on the GD. Male VLED participants
had higher baseline LM (kg) and female GD participants
had significantly higher baseline %LM than female VLED
participants. Of the 276 participants, 185 (67.0%) attended
more than one appointment (attenders). Female attend-
ers were significantly older than non-attenders, and had a
lower median baseline weight; however, differences did not
reach significance and no other differences were observed.
Obstructive sleep apnoea was the most frequent comorbidity,
followed by hypertension, asthma, and diabetes. Significant
differences were found in prevalence of osteoarthritis and
hypothyroidism (p <0.05). Psychiatric conditions, includ-
ing anxiety, depression, bipolar disorder, schizophrenia and
intellectual/developmental delays were observed in 26.3%
of males and 23.3% of females. There were no significant
differences in any variables at baseline between those who
saw the exercise physiologist and those who did not.

Table 1 Baseline
characteristics of study subjects

Males (n=99) Females (n=177)

GD (n=85) VLED (n=14) GD (n=155) VLED (n=22)
Age (years) 46.3 (12.5) 45.1 (12.1) 46.1 (14.3) 48.5 (15.5)
Body weight (kg) 145.9 (33.3) 182.7*%(49.2)  120.5(28.7) 133.3* (18.4)
Height (cm) 175.1 (8.1) 172.8 (8.5) 161.2 (8.1) 161.9 (5.4)
BMI (kg/m?) 474 (9.1) 60.8%* (14.2) 46.2 (9.5) 51.0% (7.5)
Waist circumference (cm) 1399 (16.1)  158.1*** (18.6)  123.2 (16.6) 129.4%* (10.5)
Hip circumference (cm) 140.4 (18.7) 160.1* (25.5)  139.4(17.3) 149.6** (14.1)
Wait-to-hip ratio 0.80 (0.09) 0.91#%* (0.09) 0.76 (0.10) 0.80* (0.07)
Fat mass (%) 43.8 (8.9) 459 (9.7) 50.7 (4.8) 53.6* (3.9)
Fat mass (kg) 63.9 (23.2) 79.8* (26.7) 62.2 (20.7) 73.2% (13.5)
Lean mass (%) 56.2 (8.9) 54.1 (9.7) 49.3* (4.8) 46.4 (3.9)
Lean mass (kg) 79.5 (18.9) 92.6% (26.3) 58.3(9.8) 62.7 (7.6)
Systolic blood pressure (mmHg) 145.6 (21.1) 151.6 (12.1) 137.7 (19.5) 143.9 (20.2)
Diastolic blood pressure (mmHg) 86.1 (13.0) 87.5(9.1) 83.3 (10.5) 84.1 (8.6)

Values are given as mean (standard deviation)

Significant differences between dietary intervention groups within gender denoted by (*p<0.05,

*#p <0.01, ¥*p <0.001)

GD general diet, VLED very low energy diet, BMI body mass index
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Clinic attendance and retention

Median (IQR) length of attendance did not differ by gender
[1.8 months (0, 9.2) and 1.4 months (0, 6.2) for males and
females, respectively (p=0.132) over 12 months]. How-
ever, median length of attendance was influenced by dietary
intervention; participants prescribed the VLED interven-
tion attended for significantly less time [males 1.8 months
(0, 9.0); females 1.1 months (0, 6.0)] than those who were
prescribed the GD [males 4.5 months (0.5, 10.3); females
4.4 months (1.1, 7.8)], irrespective of gender (p <0.05).
Retention (the proportion of participants from baseline still
attending clinic visits at 12 months) was higher in males in
both dietary interventions. Twelve-month retention rates in
the VLED group were 14.3 and 4.5% for males and females
respectively, and GD participants had 10.6 and 4.5% reten-
tion for males and females, respectively (Fig. 2).

10

&

Effectiveness of dietary interventions
Males

Males on the GD had statistically significant reductions in
anthropometric measurements of BW (— 0.93 kg/month),
BMI (- 0.30 kg/m*/month), WC (- 0.53 cm/month) and
HC (- 0.63 cm/month), as well as SBP and DBP (Table 2).
While males on the VLED showed decreases in these
measurements, none reached statistical significance. Males
on the GD also had statistically significant reductions in
%FM and total FM of — 0.51%/month and — 1.1 kg/month,
respectively (p < 0.05), though those on a VLED has non-
significant increases in %FM and total FM, and concomi-
tant reductions in %LM and total LM. Maximum weight
loss among males on the VLED was — 8.0% at 11 months

Fig. 2 Weight change trajecto-
ries over time and mean percent
weight loss up to six visits for

a general diet (GD) interven-
tion and b very low energy diet
(VLED) intervention

Weight Change from Baseline (%)

GD ==#==GD Mean

Participants remaining 240
Months Since Baseline
Visit (Median [IQR])

2 3 4 5 6
Follow Up Visit Number

157 106 76 60 39 30
1[1,2]

3[2,4] 43, 6] 65,71 97, 10] 11109, 13]
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Weight Change from Baseline (%)

VLED e=fe==VLED Mean

Participants remaining 36
Months Since Baseline

Visit (Median [IQR])

1 2 3 4 5 6
Follow Up Visit Number
28 25 17 14 10 5
1[1.2] 2[23] 5[3,6] 714.8] 81[6,9] 9[7.9]
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Table 2 Estimated rate of change per month from baseline and associated standard error for outcome measures in the GD and VLED groups by

gender over 12 months

Males Females

GD VLED pvalue GD VLED p value
Body weight (kg) —0.93 (0.21)*** —0.69 (0.44) 0.620 —0.71 (0.13)*** — 1.72 (0.29)***  0.002*
BMI (kg/m?) —0.30 (0.06)***  —0.20 (0.14) 0.529 — 0.28 (0.05)*** —0.66 (0.11)***  0.002*
Waist circumference (cm) —0.53 (0.16)***  —0.62 (0.33) 0.813 —0.52 (0.14)*** —0.98 (0.31)** 0.177
Hip circumference (cm) —0.63 (0.20)** —0.17 (0.41) 0.306 —0.63 (0.15)*** — 1.3 (0.33)***  0.091
Waist-to-hip ratio —0.0019 (0.0012) —0.003 (0.002) 0.687 —0.0031 (0.0010)**  —0.0058 (0.0025)* 0.315
Fat mass (%) —0.51 (0.13)*** 0.30 (0.31) 0.018%* —0.23 (0.07)*** —0.28 (0.15) 0.758
Fat mass (kg) — 1.1 (0.25)*** 0.27 (0.59) 0.036%* —0.60 (0.13)*** — 1.2 (0.28)***  (0.060
Lean mass (%) 0.51 (0.13)***  —0.30 (0.31) 0.018%* 0.23 (0.07)*** 0.28 (0.15) 0.758
Lean mass (kg) 0.13 (0.20) —0.81(0.47) 0.069 —0.10 (0.07) —0.35(0.17)* 0.167
Systolic blood pressure (mmHg) —0.91 (0.29)** — 1.0 (0.58) 0.880 —0.16 (0.23) - 1.5 (0.57)* 0.033*
Diastolic blood pressure (mmHg) —0.42 (0.18)* 0.018 (0.36) 0.964 —0.074 (0.13) —0.41(0.32) 0.337

Significant differences denoted by *(p <0.05), **(p <0.01), ***(p <0.001). p value columns refer to interaction test for rate in GD vs VLED

GD general diet, VLED very low energy diet, BMI body mass index

after initial visit, and —28.6% among males on the GD,
achieved at 16 months after initial visit (Fig. 2).

Females

Both GD and VLED groups had statistically significant
reductions in BW, BMI, WC, HC and WHtR from baseline.
Reductions in BW and BMI were significantly greater in
females on the VLED (p <0.01), however, differences in
rate of change of WC and HC between dietary interventions
did not reach significance (Table 2). Females on the GD
showed statistically significant reductions from baseline in
%FM (— 0.23%/month), total FM (— 0.60 kg/month) and
concomitant increases in %LM (0.23%/month), however,
the absolute decrease in LM did not reach significance.
Females on the VLED had statistically significant reduc-
tions in both FM and LM (- 1.2 and —0.35 kg/month),
however, changes in %FM and %LM were not significant.
None of the observed decreases in BP were significant for
females in either dietary intervention, with the exception of
the reduction of SBP in VLED participants (— 1.5 mmHg/
month), a significantly greater reduction than that observed
in the GD group (p <0.05). The highest weight loss among
women on the VLED was —21.4% (11 months after initial
visit), and maximum weight loss among women on the GD
was —39.8%, at 12 months after initial visit (Fig. 2).

Effectiveness of exercise physiology intervention
Independent sample ¢ tests were performed to determine if
anthropometric, body composition, or BP changes differed

significantly between those who saw the exercise physiolo-
gist and those who did not. No significant differences were
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noted in the primary outcome of percent weight loss between
those who saw the exercise physiologist after three and six
visits [mean (sd) of — 3.4% (3.7%) and — 6.0% (6.6%)]
and those who did not [—3.4% (4.6%) and —7.4% (6.2%)];
p>0.05. No significant between-group differences were
detected in any secondary outcomes (p > 0.05).

Clinically significant weight loss

The number of participants who achieved CSWL within a
12-month period was assessed. Ninety-one (33.0%) par-
ticipants did not attend a second appointment, and were
excluded from this analysis. Of the 185 attenders, 145
(78.4%) demonstrated a loss of weight from their first to
final clinic visit. Fifty-seven participants achieved CSWL,
accounting for 30.8% of attenders and 39.8% of participants
who lost weight.

Discussion

This study demonstrates barriers faced by patients and
clinicians in outpatient weight management, particularly
low attendance and retention rates. Regular attenders were
older, a finding observed in similar studies [25], attributed
to greater motivation and compliance [26]. At baseline,
VLED participants were significantly larger in a number of
anthropometric and body composition measures than their
GD counterparts, consistent with guidelines for prescription
of VLED:s to class III obese patients [BMI >40 kg/m?, as
per National Institute for Health and Care Excellent (NICE)
guidelines [27]], or those with a clinically assessed need to
rapidly lose weight. This necessitated the division of groups
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by gender and dietary intervention, resulting in uneven dis-
tribution of dietary intervention within both genders that
had implications for statistical analysis. Results showed that
men had greater weight loss success on the GD than on the
VLED, contradicting our initial hypothesis. Interestingly,
males on the VLED gained %FM, in contrast to previous
research performed under controlled conditions [19, 20].
These differences may be explained by poorer compliance on
the VLED, or by uneven groups and larger baseline values
preventing changes from reaching statistical significance. In
women, both dietary interventions demonstrated statistically
significant reductions in weight loss indices; those on the
VLED demonstrated significantly greater reductions in BW,
BMI and SBP than those on the GD, in line with previous
research [28] and in agreement with the hypothesis of this
study. Compliance may have been better in female VLED
participants, as weight loss was greater compared to males;
however, a larger study population would be needed to deter-
mine causes of this effect. The hypothesis that patients who
consulted with an exercise physiologist would exhibit greater
weight loss than those who did not was not confirmed in
this study, necessitating further investigation. No significant
differences with respect to exercise were observed between
groups for any anthropometric or body composition param-
eters, however, due to the small study population, the range
of statistical analyses that could be performed was limited.

Higher rates of weight loss were observed in this study
compared to the previous literature [25, 26], likely attribut-
able to larger baseline values of study participants, as those
with higher baseline weights typically lose weight at a faster
rate than those with lower starting weights [29]. In the cur-
rent study, CSWL observed in attenders was 30.8%, a rate
higher than initially expected and consistent with controlled
trials [11, 15]. CSWL has been shown to produce significant
improvements in clinical parameters and comorbidities in a
growing body of the literature [13, 16], supporting recom-
mendations to encourage assessment of successful weight
loss interventions by such measures, in addition to tradi-
tional anthropometric and body composition changes. The
only clinical parameter measured in our study was BP; SBP
was significantly reduced in males on the GD and in females
on the VLED, a finding well documented in the weight loss
literature [30].

This study is not without limitations. The study was
designed to evaluate an outpatient obesity clinic without
restrictions of a controlled trial, and control and randomly
allocated groups were not viable due to significant differ-
ences between gender and dietary intervention groups at
baseline, resulting in an uneven yet representative distribu-
tion of patients across intervention groups. The non-trial
nature of this study limited the statistical analyses that could
be performed and high attrition rates, a result of self-directed
attendance, prevented long-term follow-up. Though weight

re-gain is common [4, 17], assessment of this was limited
by the attrition rate (Fig. 2). Further, the use of BIA for
body composition analysis, although previously validated
in obese populations [31] has been shown to be less valid in
certain ethnic populations, necessitating specific calibration
equations [32] that were not able to be used in our clinic,
which serves an ethnically diverse population; therefore,
results of BIA should be interpreted with caution. Women
were overrepresented in our population, an issue common
in weight loss studies. Australian data from the National
Health Survey 2014-2015 [2] reported that 70.8% of men
were overweight or obese, compared with 56.3% of women,
and attributed to lower referral rates of males, or reluctance
to attend weight loss clinics [25]. Finally, VLEDs work by
defined and marked limitation of energy intake, and have the
benefit of anorectic effect of ketosis when energy restriction
is significant [33]. Failure of participants on the VLED to
maintain full meal replacements may be a reason for rela-
tively poor response in men, and less so in women.
Behavioural modifications, in addition to diet and exer-
cise changes, are essential in addressing weight manage-
ment, producing an average weight loss between 4.8-5.1%
[8, 10, 12] and achievement of CSWL in 20-61% of par-
ticipants [7, 13, 15]. While our study did not specifically
address behavioural modification, all clinicians included
some aspect of behavioural modification within their dis-
cipline. In the future, multidisciplinary clinics should con-
sider providing direct psychological support for patients that
require more intensive behavioural intervention to support
weight loss efforts. Considering the benefit of achieving
CSWL, other clinics may consider this a measure of weight
loss success, particularly in light of high rates of comorbidi-
ties seen in morbidly obese individuals. In our study, VLED
participants had a shorter median length of attendance than
GD participants, likely reflective of the difficulty of adjust-
ing to a VLED and cost associated with meal replacements.
However, participants on a VLED had higher retention
(attendance at 12 months after initial visit). These patients
were likely more motivated, perhaps after observing larger
initial weight loss. While low retention rates likely impacted
upon study findings, this issue highlights one of the greatest
barriers to effective management of obesity in free clinics
and should be monitored to ensure patients are receiving
adequate and appropriate treatment. Figure 2 illustrates the
variability of individual weight loss trajectories and patterns
of weight re-gain over time. Failure to achieve or maintain
weight loss likely plays a major role in participants’ deci-
sions to maintain changes in their behaviour, reflected in
the high attrition rates in our study. Results from our study
support previous suggestions to consider screening patients
prior to attending weight management clinics, to assess
readiness to change and prioritise patients who may ben-
efit more from intervention, potentially leading to improved
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cost-effectiveness [26]. Low SES and ethnicity have been
shown to correlate with overweight and obesity in Austral-
ian adults [34]. Although information pertaining to SES and
ethnicity were not collected in our study, WSLHD serves an
ethnically diverse population with higher rates of socioeco-
nomic disadvantage compared to national and state aver-
ages [22], placing this population at increased risk of obe-
sity, reflected in high rates of overweight and obesity from
recent statistical data [35]. A number of socioeconomic and
behavioural factors act as barriers to successful weight loss
and maintenance, particularly for those on a VLED. Costs
of purchasing VLED meal replacements can be prohibitive
and participants can miss out on the social aspects of eat-
ing, affecting adherence to VLEDs. Other factors that may
influence adherence to weight loss programs include basic
nutrition and cooking skills, lack of accountability [36], and
time and cost of attending self-directed clinic visits, par-
ticularly for those with limited access to transport. Finally,
this clinic imposes little exclusion for attendance, contrary
to most controlled trials. Inclusion of non-English speaking
individuals and those with comorbid conditions may also
account for low retention and attendance rates and ultimately
weight loss, although to what degree is unknown. Address-
ing obesity in these vulnerable populations is essential, as
these populations face the greatest barriers to weight man-
agement and are at greatest risk of obesity [17]. Rather than
excluding such patients, clinics should adapt interventions to
be inclusive and specific for successful weight management,
or refer such patients to programs where weight management
can be addressed appropriately.

This study adds to the growing literature assessing the
effectiveness of outpatient obesity clinics not under tradi-
tional study conditions, and findings from this study should
help to direct future research and development for resources
for this burgeoning area.
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