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1 | INTRODUCTION

Obesity is a chronic, complex disease characterized by excess adiposity,
and is associated with multiple complications that limit quality of life and
shorten lifespan.! The global prevalence of obesity has grown at an
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Abstract

Obesity is a complex chronic disease with increasing prevalence across the globe.
Medical nutrition therapy (MNT) is an important component of obesity treatment,
and low-calorie diets (LCDs) and very-low-calorie diets (VLCDs) are part of the MNT
toolbox. This narrative review focuses on the latest evidence and clinical guidelines
regarding the use and impact of meal replacements (MRs) as part of LCDs/VLCDs for
the treatment of obesity and some associated complications. MRs can be used in
conjunction with food as partial diet replacement (PDR) or can be used exclusively to
serve as the sole source of dietary energy (total diet replacement [TDR]). Use of MR
may be associated with better control of cravings and hunger typically observed dur-
ing reduced calorie intake through effects of ketosis or stimuli narrowing, although
the exact mechanisms for these effects remain unclear. Several clinical guidelines
have endorsed the use of MRs as a part of MNT for obesity, primarily based on evi-
dence that shows an average weight reduction of ~10 kg or more with TDR over at
least 12 months in large, randomized controlled trials. When compared to usual care
controls, these effects are 6-8 kg greater, and when compared to food-based diets,
the effects are nearly twice the effect of a food-based diet. MR-based diets have
been found to be safe and associated with improvements in quality of life. These
diets are also effective for improving key cardiometabolic health outcomes, including
dysglycaemia, blood pressure, lipids, and metabolic associated fatty liver. The effec-
tiveness, safety, and associated health improvement makes MRs use a valuable strat-

egy for several higher risk clinical scenarios where weight reduction is indicated.
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alarming rate, more than doubling in adults since 1990.2 There are signifi-

cant economic costs associated with obesity, including increased health-

care costs, reduced workforce productivity, and significant disability.>*
Because of the individual and collective burden of obesity, suc-

cessful prevention and treatment is critical. There are several medical
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nutrition therapy (MNT) approaches for the treatment of obesity,
including but not limited to caloric restriction, macronutrient modifica-
tions, intermittent fasting, and use of meal replacements (MRs). Find-
ings from the literature indicate that the best MNT is the one that the
individual can tolerate and maintain long term.>~ Thus, it is critical
that healthcare providers know the various MNT treatment options
and their associated benefits in order to recommend an individualized
plan that is sustainable. The purpose of this article is to provide the
reader with background on how MRs are used in MNT, and to review
potential biobehavioral mechanisms of action, and the efficacy and
safety of MRs as part of low-calorie diets (LCDs) and very-low-calorie
diets (VLCDs). The authors also review recent clinical guidelines/
position statements related to the use of MRs in LCDs and VLCDs
and consider how MRs can be utilized as part of obesity treatment in

the context of newer treatment options.

2 | MRs AND LCDs/VLCDs AS
INTERVENTIONS FOR THE TREATMENT OF
OBESITY

Meal replacements are commonly understood to be distinct, fixed-
energy, portion-controlled food products or drinks (often fortified
with essential vitamins and minerals) that are consumed in place of
traditional foods to reduce energy intake.® MRs can be products spe-
cifically marketed for weight loss, such as protein shakes or bars, or
can be portion-controlled conventional/frozen foods.” MR interven-
tions are often a key component of an LCD/VLCD. The threshold for
delineating VLCDs from LCDs has typically been 800 kcal/day, with
VLCDs having a prescribed energy intake of less than 800 kcals/day.
LCDs that use multiple servings of MRs, or partial diet replacement
(PDRs), typically include a minimum of two MRs per day in conjunc-
tion with one balanced, energy-limited, nutritious meal with an over-
all prescribed energy intake of 1000-1200 kcal/day.?"** Total diet
replacement (TDR) is a version of an LCD/VLCD that uses MRs to
replace all food intake and serves as the sole source of dietary
energy. While MRs can be used to replace a small portion of dietary
intake or as a supplement to usual intake, this review will focus on
the use of MRs as part of a weight-reducing LCD/VLCD, either as
TDR or PDR.

There has been an extensive history of using MRs in MNT for
obesity.121® MRs are documented to have first been utilized early in
the 20th century, as an alternative to the common practice of ‘fasting’
for weight loss. Fasting involved extreme caloric restriction via skip-
ping meals or avoiding all food intake for an extended period. While
this practice was effective in weight reduction, it resulted in signifi-
cant lean mass losses and compromised health due to significant
nutrient deficits.'* Thus, high-quality, high-protein (such as milk deriv-
atives containing essential amino acids or egg whites) drinks were for-
mulated as a protein-sparing modified approach to VLCDs (400-
600 kcal/day). This intervention proved successful, achieving rapid
weight loss with minimal adverse side effects.'**> However, in the

1970s, low-quality, nutrient-deficient formulations comprising milk-

based protein and hydrolysed collagen/gelatin began to be utilized in
VLCDs. These products were associated with the deaths of 60 people
in the United States due to cardiac complications associated with a
prolonged starvation response.*¢1”

Since the early 1980s MRs have evolved and returned to high-
quality, nutrient-fortified formulations that can adequately meet
recommended vitamin and mineral intakes for many adults consum-
ing reduced-calorie MRs.*®72° However, particularly with use of
TDR, nutritional needs may not be met in all cases and could require
mineral and vitamin supplementation during use.*® Overall, MR-
based MNT with appropriately fortified formulations is an approach
that can provide better nutrition than many self-selected, reduced-
calorie diets.'® Many popular dietary interventions, such as low-
carbohydrate or low-fat diets, involve avoidance of key food groups
(e.g., grains, fats/oils), increasing the risk of deficits in important
nutrients/micronutrients (e.g., fibre).2* Additionally, these diets
require the consumer to select from any number of energy sources,
placing increased burden on the consumer to understand and meet
their nutritional needs while trying to limit energy intake. Variability
in the food choices consumers make when trying to follow these
diets could not only result in variable weight loss outcomes, but have
important health consequences, such as increased risk for cardiovas-

cular disease.??

3 | BIOBEHAVIOURAL MECHANISMS
ASSOCIATED WITH USE OF MRIN LCD/VLCD
INTERVENTIONS

Weight reduction initiated via caloric restriction is subject to a com-
pensatory metabolic adaptation that works to limit the loss of mass,
and if possible, restore the lost mass.2® Difficulty achieving and main-
taining weight loss has been shown to be associated with reports of
increased hunger and reduced satiation during calorie-restricted inter-
ventions that are a result of the adaptive response.2*?> These symp-
toms appear to be associated with elevations in hormone levels
related to hunger (ghrelin) and satiety (peptide YY, leptin, amylin, and
cholecystokinin) that frequently occur as a result of calorie-restricted
weight loss interventions.24-2%

Despite the expected increase in hunger with reduced calorie
intake, several studies have shown that MR used as part of a VLCD
has been associated with reduced cravings, symptoms of hunger, and
improved satiety during treatment.2>27-28 One short-term randomized
controlled trial (RCT) of MR alone compared to MR plus phentermine
showed that all participants had significant reductions in cravings for
all foods groups, which was enhanced by the use of phentermine.
Weight reduction was moderately correlated with the reduction for all
food cravings and cravings for sweets.??

While the exact mechanisms responsible for reduced cravings,
hunger, and improved satiety in the use MR as part of an LCD/VLCD
are not known, it is possible that these findings are due to downregu-
lation of reward and homeostatic regions of the brain that are known

to drive food consumption.3®3? A recent study using functional
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magnetic resonance imaging showed unique differences in neural acti-
vation in response to TDR when compared to food-based, calorie-
restricted diets.®* These differences appear to be tied to the avoid-
ance of food-related stimuli that is inherent to the use of MR. More
specifically, the cognitive restraint required by MR interventions that
results in food avoidance appears to strengthen neural pathways
associated with executive functioning, improving individuals' ability to
practice dietary restraint in the future when compared to individuals
who participated in food-based plans.®*~32 Further, reduced exposure
to food-related stimuli appears to activate inhibitory signalling in plea-
sure and reward centres of the brain, reducing the positive valence of
food.3! Stimulus narrowing also likely reduces the gut/nutrient activa-
tion that occurs in response to food cues, reducing production of hun-
ger hormones, such as ghrelin.2> Depending on the formulation of the
MR, the induction of ketosis may also impact appetite control. When
using very-low-carbohydrate formulations, ketosis has been associ-
ated with improved appetite control and blunting of the expected rise
in ghrelin hormone levels with energy deficit.2®

4 | PRACTICAL IMPLICATIONS OF USE OF
MR FOR THE TREATMENT OF OBESITY

Stimulus narrowing is an intervention intended to control the number
of food-related stimuli in one's environment, typically by limiting one's
exposure to choices.>* MR can reduce the need for consumers to
make choices between other high-energy-dense, nutrient-poor foods.
Consistent, time-based intake of MR enables patients to be less reli-
ant on recognition of hunger signals as a cue for energy intake, as
such cues can be difficult to identify and easily confounded by psy-
chosocial (e.g., emotional or environmental) and hedonic drives for
energy consumption.®®

Participants using MR in LCD/VLCD for weight loss find this die-
tary intervention easier to implement than many other MNT strate-
gies.*® In addition to the rewarding feedback of rapid, early weight
loss, ease of adherence has also been tied to the convenience and
accessibility of MR.273? The stimulus narrowing and convenient
nature of MR appears to play a role in individuals® ability to modify
their food environment at home and in social situations, minimizing
triggers for non-adherence.®’ Participants have also reported that
MNT with MR facilitated increased awareness of their relationship
with food, prompting implementation of helpful skills such as planning
ahead, engaging in distracting activities, and requesting support from

others.3”%?

5 | CLINICAL GUIDELINES FOR THE
TREATMENT OF OBESITY WITH USE OF MR

Several recent position statements and clinical practice guideline
updates have reported evidence of the efficacy of use of MR in MNT.
The 2013 guidelines on the identification and management of obesity

in adults by the American Heart Association, American College of

Cardiology, and the Obesity Society found strong evidence for the
use of complete MR in a VLCD within the context of a comprehensive
interdisciplinary setting.*® An updated review of the literature and
clinical practice guidelines for MNT was released by Obesity Canada
and the Canadian Association of Bariatric Surgeons and Physicians in
2022. Evidence of reduced body weight, waist circumference, blood
pressure, glycaemic control, and lower rates of attrition in treatments
using MR when compared to traditional energy-restricted diets, was
demonstrated at the 6- and 12-month time points. Strong evidence of
longer-term benefits (3 years) of VLCDs with use of PDR in the con-
text of intensive multidisciplinary treatment was also cited.”*>** The
European Association for the Study of Obesity released a position
statement (2023) that expands on the Canadian Clinical Practice
Guidelines for MNT, citing additional evidence for improved health
outcomes, and possibly greater durability of outcomes, with use of
PDR compared to usual care. Reviewed studies also show the efficacy
of using a single MR, TDR, and the use of MRs for gestational weight
gain. This evidence provides stronger justification for the use of MRs
in the treatment of obesity than previously reported.®

6 | EFFICACY AND SAFETY OF TDR IN
LCDs/VLCDs

The use of PDR has generally been accepted as low risk and is broadly
accessible to any consumer, including through use of over-
the-counter MR options.2 However, TDR has been recommended pri-
marily for use in settings with medical supervision and direction by a
team of professionals with expertise in TDR to avoid adverse
events.*® Given this sense of increased risk, we have focused the
review of efficacy and safety on TDR to provide a contemporary per-
spective from RCTs in a variety of settings.

Contemporary clinical trials of TDR of more than 6 months dem-
onstrate consistent mean weight loss in a variety of clinical settings,
disease states, and patient populations. In the Doctor Referral of
Overweight People to Low Energy total diet replacement Treatment
(DROPLET) trial investigators aimed to determine if referral by a pri-
mary care provider to a commercial TDR diet would be more effec-
tive for weight loss than usual care (i.e., 12-week nurse counselling
programme).*? Participants (n = 278) were 18 years or older and
had a body mass index (BMI) 230 kg/m?. TDR of 810 kcal/day was
used for 8 weeks, followed by 4 weeks of food reintroduction. A
maintenance intervention, where participants met monthly with the
counsellor and used one MR daily, continued through 24 weeks.
There were 22% and 31% of participants lost to follow-up for the
TDR and control groups, respectively. The mean BMI ranged from
36.8 to 37.6 kg/m?; 14%-16% of participants had type 2 diabetes
mellitus (T2DM) at baseline. At 6 months, the TDR group lost 15.1
+ 8.7 kg, compared to 4.5 + 6.2 kg for the controls. By 12 months,
the TDR group maintained a weight loss of 10.7 + 9.6 kg, which was
7.2 kg (95% confidence interval [Cl] 4.9, 9.4) more than the control
group. A total of 45.1% of the TDR participants lost 210% of their
initial weight.
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The Diabetes Remission Clinical Trial (DiRECT) was conducted in
49 primary care centres in England to compare a TDR diet to best
practice care guidelines for achieving remission of T2DM.*® Partici-
pants from the practices were recruited if they were aged 20-
65 years, had a BMI 27-45 kg/m?, were not on insulin, and had diabe-
tes for 6 years or fewer. The TDR diet provided 825-853 kcal/day
and was used for 3-5 months before food reintroduction, followed by
a weight loss maintenance phase. Nurses or dietitians in the primary
care office received training for the TDR treatment programme and
were supervised by research dietitians. At 12 months, weight loss was
statistically greater for the TDR diet group, achieving a mean weight
loss of 10.0 kg, which was 8.8 kg (95% Cl 10.3, 7.3) more than the
control group. In all, 24% of the intervention group achieved at least
15-kg weight loss compared to 0% in the control group; similarly, 46%
of the intervention group achieved diabetes remission, defined as a
glycated haemoglobin 48 mmol/mol level <6.5% after at least
2 months without any antidiabetic medications, compared to 4% of
the control group.

The OPTIWIN study compared TDR to a weight-reducing food-
based diet patterned after the Diabetes Prevention Program.** In this
RCT of 273 participants, the mean age was 47.1 + 11.2 years and the
average BMI was 38.8 kg/m?. Participants implemented TDR for 12-
16 weeks, with gradual food reintroduction up to Week 26; thereaf-
ter, the participants used 1-2 MRs daily for maintenance up to Week
52. The food-based diet prescribed a calorie reduction of 500-
750 kcal/day below estimated total energy expenditure. Both groups
had comprehensive behavioural counselling with weekly group ses-
sions and prescriptions for physical activity of 150-180 min per week
of moderate to vigorous exercise. Weight loss at 52 weeks was
10.5% + 0.6% for the TDR group compared to 5.5% + 0.6% for the
food-based diet group. The proportion of participants who achieved
>10% weight loss was 43.7% and 21.7% for TDR and the food-based
diet, respectively.

The TEMPO study was an RCT that compared moderate energy
restriction (25%-35% of estimated energy expenditure for
12 months) to TDR (65%-75% reduction in estimated energy expen-
diture for 4 months), followed by moderate energy restriction for
8 months in 101 postmenopausal women; both groups were pre-
scribed protein intake of 1 g/kg of body weight.*> Physical activity
was prescribed with a target of achieving 8000-12 000 steps/day,
including 30-60 min/day of moderate to vigorous intensity activity.
Participants were postmenopausal females with an average BMI of
344 +25 kg/mz. At 12 months, there was a —6.6 kg (95% confi-
dence interval [CI] —8.2 to —5.1 kg) difference between the moderate
(—8.4 kg) and severe (—15.3 kg) energy restriction groups. The pro-
portion of participants who achieved at least 10% weight loss was
82.0% in the severe group compared to 27.5% in the moderate group.

While the previous trials had extended periods of TDR, the inter-
national, multicentre ALMASED-Concept-against-Overweight-and-
Obesity-and-Related-Health-Risk (ACOORH) study was an RCT that
only had a brief period of TDR. The study compared an MR-based life-
style intervention to lifestyle intervention alone.*® In this trial,
463 individuals with BMI of 27-35 kg/m? with at least one risk factor

for metabolic syndrome were randomly assigned to lifestyle counsel-
ling on reduced calorie diets, increased physical activity, and provided
with telemonitoring devices or the lifestyle counselling programme
with the addition of a graduated MR diet (first week replacing all three
main meals, Weeks 2-4 replacing breakfast and dinner, and Weeks 5-
26 replacing dinner). After 12 weeks the difference between the MR-
augmented diet and the lifestyle alone intervention was —3.2 kg (95%
Cl —4.0 to —2.5 kg). This difference narrowed to —1.8 kg (95% ClI
—2.8to —0.8) by 52 weeks.

Adverse events in the trials of TDR generally include mild to mod-
erate severity adverse events that include symptoms such as consti-
pation, fatigue, headache and dizziness.** These type of symptoms
are primarily attributed to the intervention, resulting from acute
changes in nutrient intake (e.g., lower carbohydrate and sodium,
increased percent of calories from protein), reduced energy consump-
tion, diuresis and naturesis.*”*® The symptoms typically present dur-
ing the initiation of the VLCD.*’">! The management of such
symptoms is generally accomplished by altering the composition of
the diet to include more fluid, increase electrolytes such as sodium,
and adding fibre via supplementation.*’ The trials reviewed above did
not have any evidence of increased risk of serious adverse effects,
and such events were typically balanced across treatment groups.

Historically, concerns have been raised that abstinence or signifi-
cant limits on food intake and associated psychological symptoms
(i.e., negative affect associated with feelings of deprivation) could lead
to disordered eating behaviours, such as binging, purging, or anorexic
behaviour.”?> However, several studies have indicated no evidence of
causality or increased risk for the development of disordered eating
behaviours in individuals being treated for obesity via calorie-
restricted methods.*! Based on a systematic review, VLCD in medi-
cally supervised weight loss programmes did not activate disordered
eating behaviours; on the contrary, VLCD interventions were associ-
ated with decreased binge eating behaviours.>® In an RCT of women
with obesity, a VLCD using MR was compared to a calorie-restricted
food-based diet and a non-dieting approach that discouraged energy
restriction. There was no evidence of disordered eating behaviours or
binge eating disorder. Further, symptoms of depression decreased in
calorie-restricted groups compared to the group that was not calorie-

restricted.>*

7 | IMPACT OF MR ON KEY HEALTH
OUTCOMES
7.1 | Glycaemia

One of the most acute and direct impacts of MR on energy metabo-
lism is on glycaemia. Blood glucose and insulin resistance can be chan-
ged in a matter of days when an energy deficit is established using a
VLCD with MR.>® With sustained weight loss, the longer-term effects
on glycaemia are driven by reductions in fat deposition in the liver
and pancreas, along with improvements in pancreatic beta-cell func-

tion.>® As a result of the reduction in organ fat and improvements in
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insulin resistance, there are a cascade of improvements in several key
health outcomes that will be discussed later, such as cardiovascular
disease risk and metabolic dysfunction-associated fatty liver disease
(MAFLD). Understanding the impact of MR-based VLCD on insulin
resistance and glycaemia thus becomes central to understanding the
pluripotent effect of this strategy for cardiometabolic health
improvement.

Excess calories are converted to fat during positive energy bal-
ance, and deposition of that fat is primarily targeted to subcutaneous
adipose depots. Once filled, the deposition of excess fat moves to
ectopic fat depots that includes internal organs such as the liver.>” As
liver fat content increases, the liver becomes less sensitive to insulin
signalling, leading to abnormal gluconeogenesis and a compensatory
increase in insulin secretion to overcome insulin resistance. At the
same time, very-low-density lipoprotein (VLDL) triglyceride produc-
tion by the liver increases, promoting delivery to other tissues, includ-
ing the pancreas. The uptake and accumulation of excess triglycerides
by islet cells blunts the cells responsiveness to ingested glucose. This
causes a reduction in first-phase insulin response and postprandial
glucose elevation.>® Ultimately, persistent elevations in serum glucose
levels stimulate increased insulin secretion, driving lipogenesis, further
liver fat deposition, and ongoing insulin resistance. This phenomenon
of hepatic insulin resistance with resulting increased triglyceride pro-
duction and pancreatic dysfunction caused by hepatic triglyceride
excess, all driven by insulin resistance, is known as the twin cycle
hypothesis and offers an explanation for the progression from
obesity-associated hyperglycaemia to the eventual development of
T2DM.>?

The main benefit of MR on glycaemia is a result of sustained
reduction in calorie intake with a large energy deficit created while
providing sufficient protein to limit catabolism of skeletal muscle.
The sustained energy deficit creates a significant improvement in
insulin resistance that is a key feature of metabolic dysfunction
driven by excess adiposity and intra-organ fat accumulation.®®
Hepatic fat content decreases quickly in the early phases of a
VLCD.>> As insulin resistance improves, glucose disposal in the
periphery increases while abnormal gluconeogenesis at the liver
decreases. There is also a decrease in VLDL triglyceride production
and serum levels.’® With ongoing weight reduction and the contin-
ued use of MR there is a gradual return of first-phase insulin respon-
siveness, but this typically lags behind the improvements in liver fat
and insulin resistance.>>>¢

The effectiveness of MR on improving glycaemic outcomes and
body weight in people with T2DM was recently assessed in a meta-
analysis of 17 RCTs, which included 2112 participants with T2DM.
The included trials compared MR interventions (replacing 1-3 meals
per day) to conventional diabetic diets for at least 2 weeks’ dura-
tion.®* MR was associated with greater reductions in HbA1c, fasting
blood glucose, and body weight. Five of the 17 studies used TDR,
and when compared to PDR, subgroup analyses showed greater
weight loss (—6.6 kg vs. —1.6kg), HbAlc reduction (—0.72%
vs. —0.32%) and decrease in fasting blood glucose (—1.45 mmol/L
vs. —0.56 mmol/L).6*

The effects of MR on glycaemic endpoints, such as incidence of
achieving diabetes remission or normoglycaemia, have been primarily
studied in the context of weight reduction interventions that use PDR
or TDR. In the Look AHEAD trial, the use of MR was associated with
greater weight loss, and greater weight loss was associated
with higher probability of diabetes remission.®?% As noted above,
DiRECT is the pivotal demonstration of the impact of TDR-induced
weight loss on diabetes remission. Superior diabetes remission was
achieved with a reduced number of prescribed antidiabetes medica-
tions decreased relative to the control group—by an average of 0.97
(95% Cl 1.1, 0.8). TDR was associated with a lower mean HbA1c level
(6.8% for intervention vs. 7.6% for control; p < 0.0001).*® The Diabe-
tes Intervention Accentuating Diet and Enhancing Metabolism
(DIADEM-I) trial was the first RCT to test TDR in individuals from the
Middle East and North Africa region.®* A total of 158 participants
were randomly assigned to usual care or intensive lifestyle interven-
tion with a 12-week TDR phase (800-820 kcal/d) followed by
12 weeks of gradual food reintroduction and a maintenance strategy
for the final 6 months. At 12 months, the intervention group had a
weight loss of 11.98 kg (95% Cl 9.72-14.23) compared with 3.98 kg
(95% Cl 2.78-5.18) in the control group (adjusted mean difference
—6.08 kg [95% Cl —8.37 to —3.79]; p < 0.0001). A higher proportion
of intervention participants achieved 15% weight loss compared to
control (21% vs. 1%), and diabetes remission was noted in 61% of
intervention group participants compared to 12% remission in the
control group. One-third of the intervention group achieved normo-

glycaemia compared to only 4% of the control group.®*

7.2 | Cardiovascular disease risk

Weight reduction is a well-established means to reduce risk factors
for cardiovascular disease beyond dysglycaemia, including blood pres-
sure, lipids, and markers of inflammation.®® Because many of these
risk factors have a continuous relationship with body weight, greater
reductions in body weight are typically associated with greater reduc-
tions in the risk marker.®® Additionally, the dietary intake and nutrient
composition can have direct effects on the risk marker, independent
of the weight reduction effect.®” In this regard, MR can be doubly
effective because the use of MR as part of a weight reduction inter-
vention leads to greater weight loss, and the nutritional composition
of the MR diet can be effectively controlled to deliver high-quality
nutrition in a way that optimizes CVD risk markers.

A post hoc analysis of the OPTIWIN trial is one example of the
impact of TDR on atherosclerotic cardiovascular disease (ASCVD)
risk.%® Ten-year ASCVD risk was assessed based on the American Col-
lege of Cardiology/American Heart Association pooled cohort equa-
tions including age, total cholesterol, high-density lipoprotein (HDL)
cholesterol, treated/untreated systolic blood pressure, smoking status,
and diabetes. At baseline, the ASCVD risk scores were generally low
(<5%) for the majority of study participants, with an average of 2.6
+ 3.4% for the TDR group and 3.6 + 5.1% for the food-based group.
Blood pressure was 3.5/2.6 mmHg lower for the TDR group at Week
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26; by Week 52, the difference had narrowed to 1.4/0.7 mmHg in
favour of the TDR group but was no longer statistically significant.
Lipids were significantly improved at Weeks 26 and 52 for the TDR
group compared to the food-based diet. This included reductions of
0.14 mmol/L in low-density lipoprotein cholesterol and 0.28 mmol/L
in triglycerides, along with an increase in HDL cholesterol of
0.11 mmol/L at 52 weeks. Even though the baseline ASCVD risk was
low, there was a significant reduction in the ASCVD score for those
on MR. Overall, the improvement in ASCVD risk score for the TDR
group was significantly better at both 26 (—0.65%, 95% Cl = —1.07,
—0.23) and 52 weeks (—0.64%, 95% Cl = —1.08, —0.20).®

The results of greater improvement in ASCVD risk and cardiovas-
cular risk factors from the OPTIWIN trial could certainly be attributed
to the larger amount of weight loss achieved with the TDR interven-
tion, as analyses that matched for weight loss were not completed.
However, other studies that have compared matched weight loss
using MRs or food-based diets have demonstrated similar beneficial
effects on cardiovascular risk factors and shown higher quality nutri-
ent intake for MRs relative to a food-based diet.'®° Regardless, the
impact of a larger amount of weight loss on CVD risk may be the ulti-
mate driver of the risk-lowering effect; if this is the case, achieving
weight loss of 210% may be key to demonstrating a reduction in CVD
events with behavioural weight management.®® Even though a reduc-
tion in CVD events was not achieved in the total Look AHEAD study
population, a secondary ad hoc analysis showed that those who
achieved at least 10% weight loss in the first year of the trial had a
21% lower risk of a major adverse cardiovascular event compared to
those who did not lose weight.”® As previously noted, higher average
use of MR (servings/day) in the Look AHEAD trial was associated with
greater weight loss.

7.3 | Metabolic-associated fatty liver disease

Historically, MAFLD has been treated with lifestyle interventions as
the primary treatment strategy. Prior to the development of the highly
effective glucagon-like peptide-1-based incretin mimetics that appear
to have efficacy in the treatment of steatohepatitis and hepatic
steatosis,”* weight reduction of 7%-10% of body weight was consid-
ered the most effective non-pharmacological strategy to reduce liver
fat content and prevent or regress fibrosis.”2 Despite the effective-
ness of MR diets to achieve the target of 7%-10% weight reduction
that has been associated with improvements in liver health, there are
few prospective, randomized trials comparing MR to other treatments
to assess effects on liver histology. One RCT of 60 patients preparing
for bariatric surgery showed that 2-week VLCD use was effective for
reducing liver fat content and improving liver histology. There were
no differences in terms of fat content, histopathology, or other out-
comes when comparing the VLCD as a food-based diet or as MR.”®
There are, however, a number of reports that describe reductions in
liver volume and fat by imaging, improvements in fatty liver index,

liver enzymes and stiffness, with the use of MR diets, with strong

associations between the volume of weight loss and the changes in

liver size and fat.”*~””

7.4 | Body composition and physical function

As one of the benefits of using an MR-based MNT for obesity treat-
ment is the larger volume of weight loss achieved, the resulting con-
cern is that this degree of energy restriction leads to a significant
proportion of the weight loss from lean compartments such as skeletal
muscle and bone.”® However, MR diets can be an efficient way to
achieve protein and optimal micronutrient intakes that help to miti-
gate loss of lean mass despite reduced energy consumption. The
TEMPO study compared severe energy restriction achieved with TDR
to moderate energy restriction assessed changes in body composi-
tion.*> Results showed that, despite a 6.6-kg greater weight loss at
12 months for the VLCD, the loss of lean mass was proportionally
similar to total weight loss for each group. Of the total 15.3-kg weight
loss for the VLCD group, 3.2 (95% Cl —4.1 to —2.3) kg was lean mass
compared to a weight change of —8.4 kg with 2.1 (95% Cl —3.1 to
—1.2) kg as lean mass for the moderated restriction group. The VLCD
group had greater decreases in bone mineral density at the total hip
site at 12 months after adjusting for total weight loss.

The other consideration related to change in body composition is
the impact on physical function: Does a larger loss of lean mass lead
to detrimental effects on physical function? There has been some evi-
dence to suggest that, despite loss of lean mass, the quality of lean
mass remaining is improved and there are no detrimental effects to
physical function. The TEMPO study also provided an assessment of
physical function using handgrip strength measurements. There were
no significant differences between the treatment groups at the
12-month outcome assessment. The severe restriction group had no

significant changes from baseline in handgrip strength.

7.5 | Quality of life

Obesity has a significant impact on health-related quality of
life (HRQOL), negatively affecting both physical and mental function-
ing.”? Weight reduction via a number of methods has consistently
been shown to improve quality of life in all domains. However, clinical
concerns, such as adverse events and side effects, along with practical
issues related to ease of implementation and burden of the interven-
tion, can all influence the potential improvements of a weight reduc-
tion intervention on quality of life. An intervention that causes
gastrointestinal distress or pain due to exercises that are overly stren-
uous or difficult to implement could decrease the perceived improve-
ments in quality of life directly, or indirectly via early discontinuation
or incomplete implementation of the intervention. An MR interven-
tion could provide some potential advantages over food-based diets
for improving HRQOL above and beyond the larger amount of weight
loss achieved.
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The ACOORH study provides a comparative assessment of
HRQOL in an RCT comparing an MR-based lifestyle intervention for
overweight and obesity to lifestyle intervention alone.8® HRQOL was
assessed at 1, 3 and 12 months using the 36-Item Short-Form Health
Survey (SF-36)8%; data were reported for 263 participants. There were
early improvements in the physical component scores favouring the
MR group (treatment difference = 2.7 [1.2; 4.2]; p <0.0001) at
3 months that were sustained at 12 months (1.9 [0.3; 3.8];
p = 0.021]). While weight changes were associated with greater
improvement in mental component scores, there were no statistically
significant differences between the treatment groups. Another non-
randomized controlled trial similarly compared the effects on HRQOL
using the SF-36 for a lifestyle programme with or without MR.82
There were 380 female participants (190/group) who were age- and
weight-matched (means 51.4 + 7.0 years, 35.5 + 3.03 kg/m?). HRQOL
was assessed at baseline and 12 months. Weight reduction was simi-
lar in the two groups but favoured those who used MR (—6.6 + 6.6
vs. —7.6 £ 7.9 kg; p = 0.1). Four of eight subcomponents of the SF-36
improved significantly in the lifestyle-only group, whereas seven of
eight subcomponents improved significantly in the group using
MR. The mental component summary score showed significantly
greater improvement at 12 months in favour of the MR group (1.6
+ 5.68) versus the lifestyle-only group (0.5 + 1.59).

8 | ROLE OF MRIN CURRENT TREATMENT
LANDSCAPE

The role of MR in the current obesity treatment landscape includes
some traditional indications and uses, along with new adjunctive roles
as new treatment options have emerged. TDR continues to be an
effective strategy for providing complete nutrition, structure, and
stimulus control for individuals with obesity seeking an efficient life-
style intervention as a part of their weight management treatment
strategy. The emergence of third-generation antiobesity medications
(AOMs) that are incretin-based, long-acting, and tend to achieve aver-

%238 or more means that MR combined with

age weight losses of 15
these treatments can be used with a greater sense of self-efficacy and
ease of implementation. Studies that have combined MR-based diets
with the third-generation AOMs have not demonstrated greater
weight loss than would be expected with use of the AOM alone, but
properly designed clinical trials to test additivity have not been per-
formed.®> In this context, the use of MR may provide individuals on
third-generation AOMs with more consistent nutrition and may sup-
port better quality weight loss by promoting greater retention of lean
mass. More research is needed in this arena to determine how weight
loss quality may be impacted with this combination of therapies.

Meal replacement has also been used with metabolic and bariatric
surgery as a way to prepare patients for surgery as well as a way to
support optimal nutrition postoperatively. There have been a variety
of studies of preoperative weight loss using MR-based interventions

that show benefits for reduced liver size, operative time, and total

weight loss.2¢ However, there have been a number of studies that
have failed to demonstrate those same findings.2” Ultimately, the use
of MR in the pre- or post-bariatric surgery patients may depend more
on taking a patient-centric approach to identifying the best dietary
approach for the patient that optimizes nutritional intake.

Meal replacement may be also considered as part of a weight loss
maintenance strategy for those who have to discontinue AOM ther-
apy for any reason. While continued treatment with AOM is the gen-
eral expectation given the chronicity of the disease, there are some
individuals who might wish to try discontinuation or who lose access
to the AOM. In these instances, use of MR could assist with maintain-
ing an appropriate caloric intake for the weight-reduced state.

9 | SPECIFIC-USE CASES/CLINICAL
SCENARIOS WHERE MR CAN BE HIGHLY
EFFECTIVE

There are a number of clinical scenarios where MR may be highly
effective, particularly for inducing weight reduction in a predictable
and efficient manner while maintaining adequate nutrition in high-risk
individuals. For example, MR has been used to address obesity in
older adults at risk of sarcopenia. Effective delivery of higher protein
intake in older adults who may have comorbidities that limit intake of
food-based protein foods such as meat, can be accomplished with the
use of MR. The higher protein intake in the setting of energy restric-
tion is critical to limiting loss of lean mass and may be associated with
improvements in physical function.*>#%8 Pre-procedural weight loss
is another area where use of MR can be highly effective, including for
bariatric surgery and orthopaedic surgery. As previously noted, use of
MR prior to bariatric surgery can result in reduced liver size and pre-
operative weight loss. For orthopaedic surgery, joint replacement is
not routinely carried out for those with a BMI of 40 kg/m? or higher
due to increased risk of complications and higher cost.8? These
patients are often at the additional disadvantage of having limited
mobility with little ability to contribute to the energy deficit with
physical activity or exercise. Given the volume of weight loss seen on
average, MR can be effective for helping patients get to a
BMI < 40 kg/m? to proceed with joint replacement. Research is still
needed to demonstrate if indeed there is longer-term benefit for the
patient for non-surgical weight loss after arthroplasty.”® Another
patient group that may experience significant benefit with the use of
MR for weight loss is women with difficulty conceiving due to poly-
cystic ovarian syndrome (PCOS). Due to contraindications for a num-
ber of weight loss strategies with pregnancy, the use of MR can be
safe and effective for reducing metabolic syndrome-associated risks
of PCOS.”* Women with overweight or obesity may benefit from life-
style interventions that include use of PDR during pregnancy to limit
excess gestational weight gain.?? Lastly, many of the same benefits
for weight reduction and improvement in obesity-related complica-
tions seen in adults treated with MR are also observed in adolescents

with obesity.”>
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10 | CONCLUSION

As global rates of obesity continue to rise, with costly consequences,
there has been increased focus in the literature in understanding the
complexity of obesity as a disease and pathways for successful treatment.
There is strong evidence that MRs in VLCDs/LCDs are an effective, safe,
and well-tolerated treatment for obesity. MRs can be effectively used as
TDR, to induce weight loss, or as PDR to induce or sustain weight loss in
a wide array of patients with obesity and associated complications. Use
of MR is associated with improved glycaemic control, cardiovascular risk
factors, MAFLD, mitigation of loss of lean muscle mass, physical function-
ing, and quality of life. As the options for obesity treatment continue to
expand, additional research is needed to identify how to tailor available
treatment options, including MR, in various settings and combinations to

achieve the best outcomes most efficiently.
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