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Abstract: Severely energy-restricted diets (SERDs) are an effective treatment for obesity, however,
adherence to such diets is often perceived as poor by healthcare professionals. This investigation
evaluated adherence to a 12-week SERD in participants with class II and III obesity. Reported food
consumption was compared against individualised SERD prescriptions. Body weight measures
were obtained at baseline, 12 and 52 weeks. The data were analysed in three groups (i) the entire
cohort (n = 26), (ii) completers (n = 13) and (iii) non-completers (n = 13). SERD prescription elements
included (i) the number of meal replacement products; (ii) total protein; (iii) total energy intake;
(iv) level of dietary energy restriction; (v) vegetable serves; (vi) water serves, and (vii) how much
physical activity was performed. A generalised repeated-measures mixed-effects model was used
to investigate if adherence to the program elements individually, or collectively, influenced weight
loss. Completers had an average (± SD) of 4549 ± 748 kJ energy intake per day, resulting in a mean
energy restriction of 62% compared to the 69% prescribed, indicating a degree of non-adherence. The
percent weight changes for completers and non-completers were −7.8 ± 4.7% and −1.6 ± 2.6% at
12 weeks, and −12.2 ± 12.1% and −1.8 ± 3.2% at 52 weeks, respectively. Complete dietary adherence
to a SERD may not be necessary to achieve a clinically relevant weight loss of 12% at 52 weeks, if
energy is restricted by at least 62% (~4600 kJ per day) relative to requirements.

Keywords: obesity; diet; reducing; management; low-energy liquid diet; very-low-energy diet

1. Introduction

Obesity is an epidemic that affects 2.1 billion people worldwide [1]. The prevalence
and severity of obesity continue to rise globally, increasing the burden of disease [2–4].
Obesity is a disease that is associated with other chronic health conditions, such as cardio-
vascular disease [5,6], type 2 diabetes [7,8], gall bladder disease [9], kidney disease [10],
obstructive sleep apnea [11], cancer [12], depression [13], infertility [14] and osteoarthri-
tis [15]. Intentional weight loss dose-dependently reduces the risk factors associated with
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the development and progression of all obesity-related chronic health conditions [16–20].
Energy restriction remains the only intervention paradigm that has been shown to increase
lifespan in mammals and delay age-related disease [21,22]. Effective weight loss treatments
that induce energy restriction are necessary to curb the burden of the disease.

The best available non-surgical, non-pharmacological treatment for obesity is a “severely
energy-restricted diet” (SERD) [23,24]. A SERD provides an estimated energy restriction of
at least 65% relative to the estimated total energy expenditure [25]. For people with class II
obesity (i.e., a body mass index [BMI] ≥ 35.0 kg/m2 and <40.0 kg/m2) and class III obesity
(i.e., a BMI ≥ 40.0 kg/m2), a SERD can encompass both very-low-energy diets (VLEDs),
delivering 2100 to 3400 kJ (500 to 800 kcal) per day, and low-energy diets, delivering 4200
and 5000 kJ (1000 to 1200 kcal) per day [26,27], because of the level of energy restriction
created. SERDs can be prescribed as a total meal replacement diet with the sole use of
meal replacement products, which may also include a prescribed amount of additional low
starch and low energy vegetables, and unlimited amounts of sugar-free and milk-free tea
and coffee [28]. SERDs can also be prescribed as a partial meal replacement diet, which
involves using one to three meal replacement products per day to replace food-based meals,
plus a prescribed food-based meal for any meal not replaced [29]. SERDs are typically
prescribed for a duration of 4 to 12 weeks [28].

While patients seeking weight management treatment can benefit from the prescrip-
tion of a SERD, a recent survey of Australian healthcare professionals revealed they are only
prescribed to a median of 7% of patients seeking weight management treatment [30]. Multi-
ple barriers were found to prescribing a SERD, including perceived poor dietary adherence
(i.e., the extent to which a person’s behaviour corresponds with the recommendations that
were made following discussion between the healthcare professional and the patient [30]).
Adherence to a SERD, to our knowledge, has not been quantified in participants with class
II and III obesity and obesity-related comorbidities.

When reviewing the literature, we identified one study that explored dietary intake
during a partial meal replacement diet in comparison to an energy equivalent food-based
diet in a cohort of participants that had a BMI classified as overweight or obese (i.e., 27
to 40 kg/m2) and excluding those with chronic health conditions (i.e., uncomplicated
overweight or obesity) [31]. This provides little indication of the effects of such diets
for people with class II and III obesity with multiple comorbidities (i.e., complicated
obesity), which may pose additional challenges to dietary adherence. In the aforementioned
study [31], dietary adherence was quantified and reported concerning nutritional adequacy,
reporting quantities of macronutrients and micronutrients consumed compared to the food-
based control, rather than in comparison to the prescribed diet. Information on nutritional
adequacy is useful for determining the safety of such diets; however, it does not provide
any guidance on a minimum level of dietary adherence required to achieve weight loss
outcomes, nor does it permit the identification of dietary prescription elements that are the
key factors contributing to adherence and the reported weight loss outcomes.

In another investigation identified in the literature [32], adherence was quantified
concerning the length of time a participant with BMI ≥ 30 kg/m2 was able to sustain
a VLED, to a maximum of up to 26 weeks. Low, moderate, and high adherence were
defined as following the diet for 1 to 12 weeks, 13 to 20 weeks, and 21 to 26 weeks,
respectively. The greater the length of time adhering to a VLED, the greater the weight
loss and improvements in health profiles observed [32]. The high adherence group had a
greater number of participants achieving 15% weight loss. While this information is useful
to help determine the optimal length of time to follow a SERD, it does not indicate how
well participants adhere to the prescribed dietary program to achieve the associated weight
loss outcomes and health improvements.

In a qualitative study, participants in a cohort of 30 participants from the Counter-
balance study [33] were interviewed to determine dietary acceptably during a VLED, as
well as factors that were perceived to influence dietary adherence, for example, hunger, the
environment and social support [34]. This provided no indication as to whether the VLED
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was strictly adhered to, and if participants consumed any non-prescribed items during
the investigation.

In an earlier investigation, we qualitatively documented dietary adherence to a
SERD [35]. Factors that facilitate or create barriers to dietary adherence were thematically
identified, including the presence of product palatability issues, unrealistic weight-loss
expectations, socio-economic disadvantage, and experiences of weight-related stigma that
challenged healthful behaviours [35]. This study, however, did not quantify adherence
objectively. Weight loss can be used as a surrogate measure of adherence, however, through
these means it does not reveal the level of energy restriction needed to achieve the weight
loss observed among participants.

In our earlier investigation and in clinical practice, we have observed that adherence to
a SERD is highly variable, as are weight loss outcomes. This study measured and quantified
adherence during participation in a SERD group program for people with obesity-related
comorbidities and class II and III obesity (BMI ≥ 35 kg/m2) at a publicly-funded tertiary
obesity clinic.

2. Materials and Methods

This prospective observational study was conducted at a tertiary referral hospital,
at the outpatient Metabolism and Obesity Service. People with class II and III obesity
(i.e., BMI ≥ 35 kg/m2) and obesity-related comorbidities were prescribed an individualised
SERD for weight management and were invited to participate in the research project (see
File S1 in the Supplementary Materials). The inclusion criteria included any person who
was referred to the outpatient Metabolism and Obesity Service and triaged into the Complex
Obesity Service. To be triaged into the Complex Obesity Service, a person must live in a
rural or regional area outside of the Sydney City region, or must have a BMI ≥ 55 kg/m2, or
must have severe metabolic disease requiring accelerated medical attention. The exclusion
criteria for participation in this study were the presence of absolute contra-indications
to the use of a meal replacement VLED, which include pregnancy, presence of severe
or systemic organ disease (i.e., severe renal or hepatic disease, unstable angina pectoris,
recurrent cerebrovascular accident, or recent cardiac infarction), a clinically diagnosed
eating disorder, or major psychiatric disease [36].

All participants gave their informed consent to participate in the study. This study
was approved by the Ethics Review Committee Royal Prince Alfred Hospital of the Sydney
Local Health District on 7th September 2017 (LNR/18/CRGH/50).

The study’s primary aim was to measure adherence to a 12-week meal replacement
SERD and the accompanying fortnightly group program, which included the prescription
of meal replacement products, supplemental and food-based protein, low starch and
low energy vegetables, a minimum target of water intake, and exercise. Adherence was
determined by quantifying the amount of food and beverage consumption, and exercise
performed, against the prescribed quantities. Data on food intake and exercise were
obtained using two self-reported food and exercise diaries that were to be completed daily
for 14 days during the first two weeks of the diet and between the third and 12th week of the
diet. The diaries were provided at the start of the program. The first food and exercise diary
from participants were collected at the second group appointment (i.e., after patients had
been on the diet for two weeks), and the second food and exercise diary from participants
were collected at the last group appointment, on the 12th week. The completion of the food
and exercise diary involved documenting all non-prescribed and prescribed foods and
beverages consumed, as well as the mode and amount of exercise performed. The diary
was considered complete if at least 11 of the 14 of the days were recorded in two weeks.
The secondary aim was to measure weight loss from baseline to the end of the 12-week
SERD program and to the 52-week follow-up time point.

When patients were triaged to the Complex Obesity Service, they were advised
that their initial treatment would be a SERD for which they would receive education
and support with a group program. The group program consisted of a one-hour group



Obesities 2022, 2 11

appointment undertaken every 2 weeks for 12-weeks. At the first group appointment,
participants were approached by the lead researcher (GM) and invited to participate in the
research project, at which time written consent was obtained. The groups were facilitated
by a trained healthcare professional (dietitian) and consisted of a minimum of two and
a maximum of seven participants. The group appointments were structured to include
nutrition and behavioural lifestyle coaching and made use of psychological techniques such
as motivational interviewing [37]. All participants were provided with recommendations
for exercise. The exercise recommendations included performing a regular movement of
any type for at least 30 min every day. Suggested suitable exercise modes were provided
during the group discussions and included walking, low impact body weighted exercise or
participating in aqua aerobics classes. After the 12-week group program, participants were
provided with a monthly appointment with a trained healthcare professional (dietitian or
nurse) for the remaining 52-weeks.

When participants did not attend their scheduled group or individual appointment,
the lead researcher (GM) attempted to re-engage the participant by a telephone call. During
this phone call, if the participants reported adhering to the SERD, another group appoint-
ment was offered. If the participant reported significant challenges with adherence to
the SERD, the participant was offered an individualised appointment for the subsequent
month instead of returning to the group program. Support was also provided during
the call on how to transition to a partial meal replacement SERD, or to begin a healthy
eating plan where necessary. Self-reported weight was also obtained, and participants were
encouraged to return their food and exercise diary at the following appointment.

All participants were initially prescribed a SERD with supplemental protein that
aimed to achieve a set protein target of 0.8 g per kilogram of an adjusted ideal body weight
at a BMI of 25 kg/m2. A target of 0.8 g per kilogram protein approximates the mean
recommended daily intake of protein for men (0.75 g per kilogram of ideal body weight)
and women (0.84 g per kilogram of ideal body weight) needed for health [38]. The equation
used to determine the appropriate protein intake for participants was calculated using the
following formula [39]:

Protein requirement (grams per day) = [(height2 × 25) + (0.25 × (current weight − (height2 × 25)))] × 0.8

The calculated protein requirement was used to determine the number of meal replace-
ment products and grams of supplemental protein to prescribe. Each meal replacement
contained approximately 20 g of protein, with three meal replacements prescribed as a
minimum to follow a common Western-style pattern of eating: breakfast, lunch, and dinner.
When protein requirements exceeded 60 g per day, participants were given a choice of
the number of meal replacement products they preferred to consume in combination with
supplemental protein or a pragmatic amount of food-based protein. A list of suitable
brands of meal replacement products and protein powder and suitable food-based protein
options was provided.

All participants were prescribed five serves of low starch and low energy vegetables
(one serve defined as 1 cup of salad vegetables, or half a cup of cooked vegetables [40]), 2 L
of water (8 cups of 250 mL serve) and 4 g of oil or fat equivalent per day.

The energy content of the diet was determined by the overall protein prescription. The
greater the amount of protein prescribed, the greater the prescribed energy content. The
energy content of the diet was calculated by summing the kilojoule content of the number
of prescribed meal replacements, supplemental protein, and added fat.

When the 12-week meal replacement SERD period ended, or when the participant
expressed challenges with continuing to follow the prescribed diet, the prescription was
adjusted to a partial meal replacement SERD with a daily energy intake prescription
below a threshold of <5000 kJ (1200 kcal). This consisted of the removal of one meal
replacement product and all supplemental protein in exchange for a prescribed high-protein
low-carbohydrate meal. Participants could choose from a selection of protein-rich-food
sources in prescribed quantities (approximately 300 g white fish, 200 g chicken, 200 g pork,
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100 g of lean red meat, 100 g oily fish, or three eggs) and a mixture of low starch and
low energy vegetables from a list provided. The prescribed meal approximated an energy
content of 837 to 1050 kJ (200 to 250 kcal) and 20 to 30 g of protein. Participants remained on
this partial meal replacement diet until they expressed the desire to discontinue the use of
meal replacement products altogether. Participants were then encouraged by the healthcare
professional during the individual appointments to eat healthy meals and maintain a
regular exercise routine.

Data Analysis

All food records that were returned were analysed, including those that were incom-
plete. The food records were analysed using food nutrient data in the Australian Food
Composition Database (NUTTAB) [41]. When food quantities were not stated, a standard
serving size, as determined from the Database of NUTTAB, was used to quantify the meal’s
energy and protein composition.

The energy content of the non-prescribed and prescribed low starch and low energy
vegetables was not quantified. This approach was taken to minimise the burden placed on
participants in recording individual portions of singular vegetables within mixed meals.

All dietary elements of the SERD program prescription and additional food or drinks
consumed were quantified in serves and reported in kilojoules. The seven prescribed SERD
program elements were quantified by assessing how closely each participant adhered to the
following elements of the prescribed program per day: consumption of (i) meal replacement
products; (ii) total protein; (iii) total energy intake; (iv) level of dietary energy restriction;
(v) vegetable serves; (vi) water and (vii) how much physical activity was performed. An
average daily intake was calculated per individual per food record, to account for the
differences in food record entries among days in the food record.

The prescribed elements were compared against the reported intake of food and drink
and the reported amount of exercise performed by using a paired t-test. The data for each
of the program elements were then converted into a measure of adherence, calculated as a
percentage of what was prescribed, which was subsequently used in a linear mixed-effects
model. A mean total adherence score was also calculated for each participant by finding the
average of all seven-program element adherence scores. The mean total adherence score
was then reviewed separately within the model as an independent continuous variable.

The measurement of the mean percent energy restriction for each participant was
calculated via the use of the Harris–Benedict equation (activity factor of 1.3, indicating light
activity) for estimating individual energy requirements [42] and the reported prescribed
energy intake using the following formula:

Mean percent energy restriction = ((estimated daily energy requirement −
prescribed energy intake)/estimated daily energy requirement) × 100

A linear mixed model was then performed to determine if adherence to any of the
seven prescribed dietary elements individually or collectively influenced weight loss. To
do this a repeated measures mixed-effects model was used. In the model, the effect of
individual confounding factors such as age, sex, the number of comorbidities, and the
presence of type 2 diabetes was also reviewed.

Adherence to the SERD program was also measured by capturing weight loss data.
If the participant attended a group or individual appointment in person, a body weight
measurement was obtained. If the participant did not attend in-person but engaged in a
phone call, a self-reported weight was used. If there was no data available from in-person
or self-reported weight, then a last known bodyweight measured carried forward method
was used to calculate the total weight loss achieved at the 12-week and 52-week timepoint.
The data were then analysed in three ways, (i) as the entire group (n = 26), (ii) completers
(n = 13) and (iii) non-completers (n = 13). Completers were defined as participants who
returned at least one complete food and exercise record and reported following a SERD
(be it a total meal replacement diet or partial meal replacement diet) for the full 12-week
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duration. Non-completers were participants who did not meet the described criteria to be
classified as a completer.

The weight loss results from the entire cohort, completers, and non-completers, were
then compared at the end of the 12-week SERD program and 52-week follow up. A linear
mixed-effects model was used to determine if the weight losses of the two groups (com-
pleters and non-completers) were significantly different from each other. The dependant
variable for this analysis was percent loss in body weight, which was analysed as a contin-
uous variable. The model was fit by considering the effects of time (12 and 52 weeks) and
grouping (completers and non-completers).

All statistical analyses were conducted using R Statistical Software Core Team (2020).
(Version 4.0.0, R Foundation for Statistical Computing, Vienna, Austria, www.R-project.
org/; accessed on 24 February 2021).

3. Results

Of the 26 participants enrolled, 13 (50%), deemed completers, returned the initial
2-week daily food and exercise record. Only seven (54%) of the participant completers also
returned a second food and exercise record for the remaining 3 to 12 weeks of the program.

Figure 1 provides a breakdown of the group of participant completers and non-
completers and the points at which participants dropped out of the SERD program. Eleven
of the 13 completers attended the SERD group program in person for 12 weeks. The
remaining two participants did not attend in-person SERD group sessions at week six and
were re-engaged via telephone (during which self-reported body weight measures were
obtained). These two participants followed a partial meal replacement SERD to complete
the 12-week program.
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Of the 13 non-completers, five did not attend the weight loss service after their initial
SERD group program session and were not contactable via telephone, so no further data
were collected. Eight non-completers dropped out before 10 weeks. All of the eight non-
completers discontinued the use of meal replacement products before program dropout.
One non-completer attended the weight loss service at week 12 for a body weight measure.
One non-completer attended the weight loss service in person for a body weight measure at
week 52, and one non-completer was contactable via a phone call to obtain a self-reported
weight measure. Seven non-completers attended at least one, and a maximum of three,
individual in-person appointments with a healthcare professional at the weight loss service
(when actual weight measures were obtained) between 24 and 52 weeks of the follow up
period. The actual weight measures taken outside of the 12- and 52-week time points were
used in the data analysis when a last known bodyweight carried forward method was used.

Participant characteristics for the entire cohort of 26 participants, 13 completers and
13 non-completers can be seen in Table 1. The 13 completers included those who switched
to a partial meal replacement at 6 weeks. The attendance rate for the entire cohort of
26 participants was 47%, which is an average ± SD of 3.3 ± 1.8 in-person SERD group
sessions out of a possible 7 in the 12 weeks. The attendance rate for completers was 63%,
with participants attending on average ± SD 4.4 ± 1.6 group sessions, and for the group of
non-completers, the attendance rate was 28% (2.0 ± 1.2 group sessions).

Table 1. Participant characteristics at baseline and weight loss outcomes at 12 and 52 weeks displayed
as the entire group, completers, and non-completers.

Entire Group
(n = 26)

Mean ± SD

Completers
(n = 13)

Mean ± SD

Non-Completers (n = 13)
Mean ± SD

p-Value for the Mean Difference between Completers and
Non-completers

(p < 0.05)

Age (years) 44.5 ± 10.8 42.5 ± 10.9 46.4 ± 10.9 0.377

No. of obesity related comorbidities a 4.7 ± 2.2 3.7 ± 2.2 5.6 ± 1.8 0.023 *

Mean BMI (kg/m2) 53.8 ±11.1 55.0 ± 10.5 52.6 ±11.5 0.586

Baseline body weight (kg) 151.3 ± 33.2 150 ± 35.1 152.6 ± 32.5 0.841

Mean weight change at 12 weeks (%) −4.7 ± 4.9 −7.8 ± 4.7 −1.6 ± 2.6 0.001 *

Mean weight change at 12 weeks (95% CI) (−6.6, −2.7) (−10.6, −4.9) (−3.1, 0.0) -

Percentage of participants with self-reported data at 12 weeks (n) 34.6 (9) 15.4 (2) 53.9 (7) -

Percentage of participants with bodyweight carried forward data at 12 weeks (n) 19.2 (5) 0.0 (0) 38.5 (5) -

Mean weight change at 52 weeks (%) −7.0 ± 10.2 −12.2 ± 12.1 −1.8 ± 3.2 0.006 *

Mean weight change at 52 weeks (95% CI) (−11.1, −2.9) (−19.5, −4.9) (−3.7, 0.2) -

Percentage of participants with self-reported data at 52 weeks (n) 15.4 (4) 23.0 (7) 7.7 (1) -

Percentage of participants with bodyweight carried forward data at 52 weeks (n) 53.8 (14) 23.0 (3) 42.3 (11) -

Table legend: No., number; SD, standard deviation; CI, 95% confidence interval; * p-value of <0.05 denoting
statistical significance; a comorbidities, including type 2 diabetes, cardiovascular disease, hypertension, hyperc-
holesterolemia, depression, osteoarthritis, asthma, obstructive sleep apnoea, reflux, and asthma.

The number of obesity-related co-morbidities differed between the groups of com-
pleters and non-completers. The group of non-completers versus completers had a higher
percentage of participants with hypertension (53.8% vs. 38.5%), depression (61.5% vs.
46.2%), arthritis (53.8% vs. 30.8%), reflux (53.8% vs. 15.4%) and hypercholesterolemia
(38.5% vs. 15.4%). Both groups had 46.2% of participants with type 2 diabetes. The group
of completers versus non-completers had a higher percentage of participants with asthma
(38.5% vs. 23.1%) and obstructive sleep apnoea (61.5% vs. 53.8%).

The seven quantified SERD program elements can be viewed in Table 2. The repeated
measures linear mixed-effects model results demonstrated that among the seven program
elements, all but one had a significant effect on weight loss. The program element that did
not reach significance was total energy intake F-value = 0.065 (p = 0.800). The six remaining
individual program elements demonstrated that the greater the degree of adherence, the
greater the weight loss observed as a continuous variable (number of meal replacements
F-value = 58.8 (p < 0.001); energy restriction F-value 117.6 (p < 0.001); protein F-value
= 6.8 (p = 0.015), vegetable consumption F-value = 12.5 (p = 0.002), water consumption
F-value = 20.8 (p < 0.001) and exercise performed F-value = 185.8 (p < 0.001)).
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Table 2. The comparison of the reported amount of food and drink consumed, and exercise performed,
in comparison to the prescribed SERD as a determinant of adherence.

Prescription for
the Entire Group

(n = 26)
Mean ± SD

Prescription for
Non-Completers

(n = 13)
Mean ± SD

Prescription
for Completers

(n = 13)
Mean ± SD

Reported Food and
Exercise Amounts for

Completers (n = 13)
Mean ± SD

Difference between
Prescribed and

Reported Amounts for
Completers
Mean ± SD

p-Value for the Mean Difference between
Prescribed and Reported Food and
Exercise Quantities for Completers

(p < 0.05)

Mean Percent
Adherence for

Completers (%)

Mean no. of MR 4.0 ± 4.3 4.1 ± 1.0 3.8 ± 0.6 3.1 ± 0.5 −0.8 ± 0.2 0.001 * 82.6 ± 21.2

Protein (g) 96.4 ± 15.6 97.1 ± 17.4 95.7 ± 14.3 76.7 ± 16.8 −19.0 ± 6.1 0.005 * 81.1 ± 17.4

Energy intake (kJ)
[kcal]

3774.8 ± 581.6
[903.1 ± 139.1]

4639.4 ± 1761.9
[1108.8 ±421.1]

3700.2 ± 444.3
[884.4 ± 106.2]

4549.3 ± 747.7
[1087.3 ± 178.7]

849.1 ± 241.2
[202.9 ± 57.6] 0.002 * 125.0 ± 27.5

Mean percent energy
restriction (%) 69.2 ± 6.3 68.9 ± 8.6 69.2 ± 6.5 62.2 ± 7.7 −7.3 ± 6.9 0.007 * 62.2 ± 7.7

Mean serves of
vegetables (Salad and

cooked vegetables)
5.0 ± 0.0 5.0 ± 0.0 5.0 ± 0.0 3.3 ± 1.9 −1.7 + 0.5 0.004 * 66.1 ± 38.5

Mean litres of water 2.0 ± 0.0 2.0 ± 0.0 2.0 ± 0.0 1.6 ± 1.0 −0.4 + 1.0 0.160 79.8 ± 50.2

Mean duration of
exercise (minutes) 30.0 ± 0.0 30.0 ± 0.0 30.0 ± 0.0 22.9 ± 22.4 −7.1 + 6.2 0.263 76.2 ± 74.8

Table legend: SD; standard deviation, MR; meal replacement, * p-value of <0.005 denoting significance.

When analysing the data using the mean total adherence score, it was found that
the greater the overall adherence to the entire prescribed diet program (seven program
elements), the more successful the participant was in losing weight, with F-value = 12.1
(p < 0.001). In this analysis, having the comorbidity of type 2 diabetes was found to be a
significant confounding factor, with F-value = 27.3 (p < 0.001), indicating that participants
with type 2 diabetes lost more weight than those without.

Table 1 contains the weight loss results of the entire group, group of completers and
non-completers. The weight loss for the group of completers and non-completers was
compared at 12 and 52 weeks. A significant difference was found at the 12-week and
52-week time point for weight loss between the two groups.

4. Discussion

Healthcare professionals report perceived poor dietary adherence to SERDs by people
with obesity as a barrier to prescription [30]; however, adherence to individual elements of
a SERD program amongst people with class II and III obesity has, to our knowledge, never
been quantified. In this investigation, we measured adherence to a SERD in a small group
of participants with class II and III obesity by comparing the prescribed SERD program
elements against reported amounts of food and beverages consumed and the reported
amount of exercise performed according to contemporaneous food and exercise records.
These findings may guide clinicians on how to adapt SERD programs to facilitate adherence,
by demonstrating a pragmatic level of adherence that may be required to achieve clinically
significant weight loss, and thus improve health outcomes.

While participants deemed completers were not adherent to all seven SERD program
elements, we have demonstrated that the greater the adherence to the prescribed SERD
program, the greater the weight loss achieved. In our study completers who had followed
a SERD for a duration of 12 weeks had a 12.2% loss in body weight when measure at
52 weeks. This demonstrates that complete adherence may not be necessary to achieve a
clinically relevant weight loss of 10% or more of initial body weight at one year. Guidelines
from Australia, the United States of America and other countries recommend that a 10% re-
duction in body weight is an appropriate weight loss target for people with class III obesity,
as this is associated with decreased health risk and improved metabolic health [43–46].

The number of meal replacement products prescribed was significantly different from
the amounts that were reportedly consumed, with participants under-consuming in this
dietary element. We suspect that the under-consumption of meal replacement products
is due to the consumption of other non-prescribed food items. For example, participants
recorded consuming food with a high energy value such as cheese, olives, nuts, and
crackers during the diet, which tended to displace the consumption of some of the meal
replacements and protein prescribed.
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There was a significantly higher energy intake consumed in comparison to that pre-
scribed. It was also found that ‘energy intake’ as an individual program element was not
associated with weight loss in the linear mixed-effect model. We suspect that the single
program element of ‘energy intake’ was not associated with weight loss because it did not
reach a high enough threshold to impact weight loss. It has been previously demonstrated
that 13,498 ± 4753 kJ/day (3326 ± 1131 kcal/day) for men and 11,489 ± 4962 kJ/day
(2746 ± 1186 kcal/day) for women with class II and III obesity is the average energy intake
during weight stabilisation [47]. Thus, it is likely that a group mean energy intake of
4549 kJ (1088 kcal) per day would still be low enough to be below a threshold to observe
weight loss.

The group of completers consumed a mean of 4549 kJ (1088 kcal) per day during the
12-week program, which was higher than the prescribed diet, yet resulted in a mean weight
loss of approximately 12% at 52 weeks, which is considered clinically relevant for reducing
the health risk factors leading to obesity-related comorbidities [17,48,49]. It seems that a
mean energy restriction of approximately 62%, as opposed to 69%, may allow a prescription
of a slightly higher energy intake of ~4600 kJ (1100 kcal) during a SERD. This higher energy
intake prescription and hence lower energy restriction may be an upper threshold and a
more useful pragmatic target to set for this group to achieve clinically relevant weight loss.
Although this appears to be a small 7% difference, it can allow some flexibility in dietary
intake assisting with adherence without compromising results. This knowledge could
prove valuable to healthcare professionals who may want to adapt SERD prescriptions
to higher energy thresholds to improve adherence amongst their patients from the outset.
This may provide a strategy for retaining more people on a SERD program for the entire
12-week program duration and achieving clinically relevant weight loss.

Most participant completers did not meet adherence to the prescribed vegetable intake.
The prescription of vegetables during a meal replacement SERD is not routinely practised
in clinical trials [28]. Our results demonstrated that the greater the adherence to the
prescription of the consumption of vegetables, the greater the weight loss, which suggest
that weight loss may be aided by the addition of vegetables. The prescription of vegetables
is useful because there is not a single total meal replacement product on the Australian
market that provides all of the nutrients required for complete nutrition [39]. The addition
of vegetables to the SERD prescription assists in overcoming this nutrient gap. Notably,
vegetables provide a source of fibre, which can alleviate or prevent constipation, which is a
common adverse effect of such diets [50]. Prescribing vegetables as part of a SERD may
also assist with the social aspects of eating, allowing the person to partake in a low-energy
meal containing various vegetables that allow them to feel like they are participating in
eating with others. It may also improve the quality of a person’s diet and provide a learning
experience on how to cook and prepare vegetables in a palatable way, at least in theory.

Partial adherence to the prescribed vegetable intake may have been due to the in-
convenience of cooking and preparing vegetables, especially when no other food item is
prepared to complement the vegetables as a meal. A low vegetable intake may also reflect
poor habitual eating patterns, whereby vegetables are not normally eaten. A previously
published paper has demonstrated that consumption of vegetables is generally extremely
low, approximately one serving of vegetables per week, amongst people with class II and
class III obesity [51,52]. Suboptimal vegetable intake is a global issue. A meta-analysis of
data from 187 countries’ national nutrition surveys found that the mean global intake of
vegetables for all adults is 208 g per day [53], which equates to approximately 2.5 serves of
vegetables per day. A high vegetable intake seems to protect people from weight gain and
obesity; therefore, it is perhaps unsurprising that vegetable intake is low in the participants
investigated in the current study [54,55].

Non-completers had a greater number of obesity-related comorbidities present com-
pared to completers and had a greater percentage of participants who had depression
(61.5% vs. 46.2%). It is possible that the greater number of medical conditions imposed
additional challenges. Due to this, other aspects of healthcare may have been prioritized
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over participation in the dietary program. Medical conditions can impose attention, time
and financial costs that may interfere with program participation. Among the group of
completers (with fewer medical conditions), the presence of type 2 diabetes could have
been a motivating factor for dietary adherence to improve their medical condition and
achieve remission [17].

The findings from this study show that participant completers, although not com-
pletely adherent to the dietary recommendations, continued to lose weight throughout
the 52-week follow up period to achieve clinically relevant weight loss at 52-weeks. We
suspect that weight loss continued after the 12-week program due to the ongoing and
regular individual appointments with the healthcare professional.

In contrast, at 52 weeks the group of non-completers achieved a weight loss of ap-
proximately 2%, which is not at a threshold considered clinically relevant. This indicates
that although data on dietary intake for non-completers was not captured, it is likely
they were non-adherent to the SERD. This is a group of participants that may require
more support and further investigation of factors that may have contributed to the SERD
program dropout.

There are limitations to this investigation that may constrain the generalisability of the
results. Primarily, the number of study participants is small; conducting a more extensive
study with a randomised design and a larger number of study participants is needed to
confirm our results. The small sample size and the use of the last bodyweight measured
carried forward method may not be the true bodyweight of the participant at 52 weeks
with weight regain a common occurrence after weight loss interventions [56]. We suspect
that participants with missing data are those who did not experience weight loss at the
outset of the dietary intervention, had medical conditions that interfered with participation
in the program, or experienced other significant barriers to program participation.

Similarly, self-reported body weights were also used in the data analysis, and this may
also affect results, as it is well-known people with overweight and obesity under-report
body weight [57,58]. Under-reporting may also exist in the dietary intake data captured
within the food and exercise records. It is also well established that people under-report
dietary intake [59]. Similarly, not all food entries in the food and exercise records contained
the serving sizes of food and drink consumed, and thus a standard serving size was used
within the analysis. This estimation may not provide a true reflection of the actual volumes
of food consumed.

An observational study design also has an inherent bias, notably because participants
in this study self-selected to join the study and the dietary treatment intervention was
known to participants. Participants enrolled in the study may have had a higher level of
motivation for weight loss because they had been referred to a tertiary weight loss service
by their treating physician. On the other hand, there was a lack of data obtained from the
group of non-completers, introducing reporting bias.

5. Conclusions

Among those who completed the 12-week SERD, we have demonstrated that absolute
adherence does not appear to be necessary to achieve clinically relevant weight loss at 1 year.
Suboptimal adherence to a SERD program was experienced by participants with class II
and III obesity. Half of the participants studied did not complete the 12-week program and
the remaining participants, who completed the program, were not completely adherent to
the program prescription. A mean upper energy intake threshold of 62% energy restriction
with an energy intake of ~4600 kJ (1100 kcal) per day appears to still allow participants with
class II and III obesity (BMI ≥ 35 kg/m2) to achieve an average of 12% loss of body weight
at 1 year, within the context of a publicly funded tertiary obesity clinic. Moreover, the
greater the adherence to the seven program elements of the SERD, the greater the weight
loss achieved. If patients are apprised of this finding, they may be more motivated to follow
the dietary prescription more closely, which may result in better program retention and
ultimately better weight loss results for people with class II and III obesity following a
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SERD. A more extensive study with a randomised design and a larger number of study
participants is needed to confirm our results.
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