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In both developed and developing countries, pediatric obesity and type 2 diabetes
are an increasing public health concern: globally 5.6% of girls and 7.8% of boys
aged ≥5 years have obesity.1 The worldwide incidence of child and adolescent
obesity is increasing with an estimated 158 million affected in 2020 and
254 million by 2030.2 Population-based epidemiological data for type 2 diabetes
in children and adolescents are limited, but largely indicate increasing incidence
rates in developed countries in recent decades.3,4 In the SEARCH for diabetes in
youth study, the US type 2 diabetes incidence increased from 9.0 per 100,000 in
2002–2003 to 13.8 in 2014–2015 in youth aged 10–19 years, which equates to an
annual percentage change of 4.8%.5 Incidence of type 2 diabetes is disproportio
nately higher in youth from certain at-risk groups, including ethnic/racial
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Abstract: In both developed and developing countries, pediatric obesity and type 2 diabetes
are an increasing public health concern: globally 5.6% of girls and 7.8% of boys aged ≥5
years have obesity. The incidence of type 2 diabetes has increased in youth in recent decades
and disproportionately affects those from ethnic/racial minority groups and disadvantaged
backgrounds. For the treatment of both conditions, conventional lifestyle intervention is
frequently ineffective, access to bariatric surgery is very limited and many young people are
unsuitable or unwilling to undergo surgery. A very-low-energy diet (VLED) provides
a viable alternative and may be effective for weight reduction and improved glycemic control
in youth, based on one systematic review. In particular, in the treatment of type 2 diabetes,
a chart review and a pilot study both demonstrated that a VLED can reduce the requirement
for medications, including insulin, and lead to the remission of diabetes. However, long-term
follow-up and safety data remain limited and therefore a VLED is inconsistently recom
mended by clinical practice guidelines for the treatment of pediatric obesity and type 2
diabetes. In clinical practice, VLED use in children and adolescents is uniquely challenging
due to intolerance of expected side effects, difficulty adhering to the highly restrictive diet
and difficulty with behaviour change within the current social context and environment.
Ultimately, more research, including larger, longer-term trials with comprehensive safety
monitoring are required to strengthen the evidence base. This would inform clinical practice
guidelines, which may facilitate more widespread utilization of VLED programs in the
management of obesity and type 2 diabetes in youth.
Keywords: pediatrics, obesity, type 2 diabetes, very-low-energy diet, youth
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minorities and those from disadvantaged backgrounds.6–9
Increasing rates of type 2 diabetes in young people is
especially concerning given the earlier onset of related
complications and mortality in those with younger com
pared with older onset of type 2 diabetes.9,10 The increas
ing prevalence of obesity and type 2 diabetes and the poor
prognosis of type 2 diabetes in young people pose signifi
cant clinical challenges that require effective treatment
strategies.
Clinical practice guidelines describe weight loss as
a primary goal in the treatment of pediatric obesity in the
presence of comorbidities, severe obesity and type 2
diabetes.11,12 It is recommended that weight loss be achieved
using a lifestyle modification program that incorporates nutri
tion and physical activity education, encouraging sustained
behavior change.11,13 In type 2 diabetes, once metabolic sta
bility is achieved, lifestyle intervention with metformin ther
apy is recommended as first-line treatment.12,14,15 Systematic
reviews of pediatric obesity treatment demonstrate that con
ventional lifestyle modification programs lead to modest
weight loss in the short-to-medium term.16–18 However,
many youth with obesity do not respond to conventional
treatment,19,20 and, similarly, many youth with type 2 diabetes
do not respond to traditional diabetes therapy. In the TODAY
study, the largest clinical trial conducted to date comparing
type 2 diabetes treatment options for 699 10–17 year olds in
the US, lifestyle modification with metformin led to mean
ingful weight loss for only one-third of adolescent
participants.21 Additionally, one half of participants experi
enced glycemic control failure after 12-months of treatment.
Hence, alternate interventions are required for those who do
not respond to conventional therapy.
Bariatric surgery is an effective alternate treatment for both
pediatric obesity and type 2 diabetes.9,22,23 However, surgery
will not be suitable for many young people who may not have
the maturity or required family support to comply with the
necessary postoperative behaviors.24,25 Access to surgery var
ies worldwide but is limited and expensive.26 An intermediate
step is needed to bridge the treatment option gap between
a conventional lifestyle modification program and bariatric
surgery. The emerging evidence base for novel dietary
approaches in adults has led to investigation of more intensive
dietary therapies for pediatric obesity and type 2 diabetes. One
such approach is a very-low-energy diet (VLED). However,
there has been little commentary on their role in the treatment
of obesity and type 2 diabetes in young people. Hence, the aim
of this review is to provide an overview of the current per
spectives and literature in this space.
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What is a VLED?
There is no standard definition for a VLED, however, it
typically involves an energy intake prescription of ≤ 800
kcal per day for the purpose of achieving rapid weight
loss.27,28 A VLED is usually low in carbohydrate (eg, <50
g/day) and high in quality protein (minimum of 0.8–1.5 g/
kg body weight per day) in order to preserve lean body
mass.29 Due to the low carbohydrate content, VLEDs can
induce a mild state of ketosis as evidenced by an increase
in circulating blood ketone concentration.30 This process
can aid lean mass preservation and facilitate appetite
suppression.30,31 A high calorie-free fluid intake (eg, 2
L per day) is also recommended. Typically, a VLED is
prescribed as a short-term approach (eg, 8–12 weeks),
under the guidance of a trained health professional.
VLEDs can be administered as either a meal replacement
or food-based diet. Meal replacements are more commonly
used whereby the individual replaces some or all foods with
commercially formulated products eg, shakes, soups, bars or
desserts.29,31 Many commercially available products exist and
there is wide variability between products in terms of nutri
tional content, nutritional adequacy and cost.32 Several are
nutritionally complete in line with adult requirements due to
supplementation with essential vitamins and minerals, giving
rise to their popularity.33 However, a multivitamin may be
required to meet nutritional adequacy in children and adoles
cents due to increased micronutrient requirements associated
with growth.
A food-based VLED is more commonly termed a “protein
sparing-modified fast” in the literature. Compared to the
advised minimum protein intake of 0.8–1.5 g/kg body weight
per day for a VLED, more protein is prescribed when using
a food-based VLED with pediatric obesity treatment studies
reporting protein prescription typically in the range of 1.5–2 g/
kg body weight/day, but as high as 3 g/kg body weight/day.27
Vitamin and mineral supplementation eg, potassium chloride,
calcium carbonate, vitamin K, magnesium, and sodium, are
also typically used in conjunction with the diet to enhance
nutritional adequacy.27

Systematic Review of VLED in
Pediatrics
One systematic review in 2019 evaluated the use of VLEDs
in young people with obesity and type 2 diabetes.27 This
review identified 24 studies that used a VLED program
(≤800 kcal/day) for weight management in a total of 674
children and adolescents, aged five to 18 years. All study
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designs were included to allow for evaluation of the safety of
VLEDs in this population and have been summarized in
Table 1. Meta-analysis of 20/24 included studies indicated
that a VLED program of 3 to 20 weeks duration resulted in
a significant mean (SD) weight loss of 10.1 (0.7) kg suggest
ing the overall short-term effectiveness of a VLED program
for weight loss (Figure 1A). At latest follow-up (20 weeks to
14.5 months from baseline), weight loss was 5.3 (1.4) kg in
seven studies (Figure 1B). This is more weight loss compared
with the weight loss reported at latest follow-up in the 2017
Cochrane reviews of the impact of conventional pediatric
multidisciplinary weight management interventions.17,18 In
these reviews mean weight change was −1.45 kg (95% CI,
−1.88 to −1.02, P < 0.001) for children18 and −3.67 kg (95%
CI, −5.21 to −2.13, P < 0.001) for adolescents.17 However,
the Cochrane reviews included studies that recruited children
and adolescents with both overweight and obesity, compared
with obesity only in the VLED review. Additionally, the
Cochrane reviews included a follow-up period ranging
from 6-months up to 3-years, compared with 20-weeks to
14.5-months in the VLED review. Despite these differences,
the overall findings from the 2019 systematic review

highlight that a VLED program is an effective intervention
for weight loss and may be a feasible alternate treatment
option for young people (Table 2).

VLED for Obesity
Of the 24 published studies identified by the 2019 sys
tematic review, 22 utilized a VLED program to treat
pediatric obesity specifically.27 Only two of these studies
were published after 2000 highlighting a lack of recent
data in this area. To the best of our knowledge, there have
been no relevant trials published since the 2019 systematic
review.

VLED for Type 2 Diabetes
The 2019 systematic review identified two published studies
that implemented a VLED in young people with type 2 dia
betes. One was a chart review34 and the other a pilot interven
tion study in eight participants.35 Both studies demonstrated
significant weight loss and improvements in multiple aspects
of diabetes, including improved glycemic control and reduced
medication use. In particular, both studies reported that all
except one participant receiving insulin therapy at

Table 1 Description of Published Very-Low-Energy Diet Intervention Trials for Young People with Obesity and/or Type 2 Diabetes
Food-Based VLED Interventions, n=17

Formula-Based VLED

VLED Type

Interventions, n=6

Not Stated,
n=1

Year of publication

1980s (n=2), 1990s (n=12), 2000s (n=2), 2010s
(n=1)

1980s (n=5), 2010s (n=1)

1997

Country of study

USA (n=12), Italy (n=3), Austria (n=2)

Austria (n=4), USA (n=1),
Australia (n=1)

Italy

Study type

Chart review (n=2); pre-post (n=12); nonrandomised comparison (n=2); RCT (n=1)

Pre-post (n=4); nonrandomised comparison (n=2)

RCT

Sample size (range of included studies)

6 to 87

8 to 16

103

Participant age (range of included studies)

5 to 18 years

7 to 16 years

mean ± SD:
15.4 ± 0.2 years

Inclusion criteria

Intervention duration; follow-up from
baseline (number of studies including

Obesity/severe obesity (n=16); obesity and

Obesity/severe obesity (n=5);

type 2 diabetes (n=1)

obesity and type 2 diabetes
(n=1)

Severe obesity

3 weeks to “up to” 26 weeks (until goal weight
achieved); 20 weeks to “up to” 5 years (n=10)

3 weeks to 5 months; 34 week
(n=1)

2 months; no
follow up

75–100%; 50–70%

63–100%; 63%

NR

follow-up)
Range of retention rates post intervention;
follow up
Note: Data from Andela et al.27
Abbreviation: NR, not reported.
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Study name

Statistics for each study

Difference in means and 95% CI

Difference Standard Lower Upper
in means error limit limit p-Value
Bakhach et al. 2016 6mo

Follow-up

-11.2

3.4

-17.8 -4.5

Figueroa-Colon et al. 1993 14.5mo Follow-up

-1.3

2.6

-6.5

3.9

0.62

Figueroa-Colon et al. 1996 6mo

Follow-up

-5.6

2.0

-9.6

-1.6

0.01

Gow et al. 2017 34wk

Follow-up

-7.9

12.2

-31.9 16.1

0.52

Sothern et al. 1999 1y

Follow-up

-8.4

2.3

-13.0 -3.8

0.00

Sothern et al. 2000 1y

Follow-up

-6.1

3.4

-12.9

0.7

0.08

Willi et al. 1998 20wk

Follow-up

-2.3

1.2

-4.6

0.0

0.05

-5.3

1.4

-8.0

-2.5

0.00

0.00

-20.00

-10.00

0.00

Weight loss (kg)

10.00

20.00

Weight gain (kg)

B
Study name

Time point

Statistics for each study

Difference in means and 95% CI

Difference Standard Lower Upper
in means error limit limit p-Value
Bakhach et al. 2016 6mo

Follow-up

-11.2

3.4

-17.8 -4.5

Figueroa-Colon et al. 1993 14.5mo Follow-up

-1.3

2.6

-6.5

3.9

0.62

Figueroa-Colon et al. 1996 6mo

Follow-up

-5.6

2.0

-9.6

-1.6

0.01

Gow et al. 2017 34wk

Follow-up

-7.9

12.2

-31.9 16.1

0.52

Sothern et al. 1999 1y

Follow-up

-8.4

2.3

-13.0 -3.8

0.00

Sothern et al. 2000 1y

Follow-up

-6.1

3.4

-12.9

0.7

0.08

Willi et al. 1998 20wk

Follow-up

-2.3

1.2

-4.6

0.0

0.05

-5.3

1.4

-8.0

-2.5

0.00

0.00

-20.00

-10.00

Weight loss (kg)

0.00

10.00

20.00

Weight gain (kg)

Figure 1 (A) Meta-analysis of weight loss immediately following a very-low-energy diet intervention. (B) Meta-analysis of weight loss at latest follow-up following a very-low
-energy diet intervention. Reproduced with permission from Andela S, Burrows TL, Baur LA, Coyle DH, Collins CE, Gow ML. Efficacy of very low-energy diet programs for
weight loss: a systematic review with meta-analysis of intervention studies in children and adolescents with obesity. Obes Rev. 2019;20(6):871–882; © 2019 World Obesity
Federation.27

commencement of the VLED program ceased insulin and
remained insulin-free for the duration of the chart review
period/trial.35 Improvements in glycemia were also significant,
including reduction in glycated hemoglobin (HbA1c) from
8.8% (SD 0.6) to 7.4% (0.6) in the chart review34 and normal
isation of fasting glucose, 2-hour glucose and HbA1c in four
of five study completers in the pilot study.35 The one complet
ing participant in the pilot study that did not have remission of
their diabetes (defined14 as HbA1c <6.5%, (<48 mmol/mol),
fasting plasma glucose <7.0 mmol/l and 2 h post-glucose load
plasma glucose <11.1 mmol/l) had type 2 diabetes for the
longest duration (3.25 years). The authors of the pilot study
suggested that implementation of a VLED program early
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following diagnosis of type 2 diabetes may be an important
consideration when aiming for diabetes remission, recom
mending a window of within 6-months from diagnosis.35
While limited, the data from these two small studies
suggest that VLED programs may be particularly useful
for the treatment of type 2 diabetes in youth. However,
there is no long-term data in this area, and little is known
about whether remission of diabetes is maintained beyond
6-months post intervention. It is likely that some form of
continued intervention following the initial VLED pro
gram will be required to maintain benefits attained, includ
ing interventions focused on sustained nutrition and
physical activity behavior change.
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Table 2 Evidence and Knowledge Gaps for the Use of Very-Low-Energy Diets in Youth
What is known about VLED use in

● Leads to short-term weight loss
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obesity?
What is known about VLED use in
type 2 diabetes?
Areas for future research

● Improves glycemic control, including potential remission
● Can reduce the need for medication
●
●
●
●

Long-term studies
Larger studies
Studies that include a control group
Collection and reporting of safety data including side effects, growth, cardiac function, psycho-behavioral
outcomes and acceptability of the diet

VLEDs in Adults
The adult literature on the use of VLEDs in the treatment
of obesity and type 2 diabetes is more extensive. The longterm effectiveness of a VLED for weight loss compared
with conventional approaches was reported in a 2016 sys
tematic review of the literature which reported that
a VLED program resulted in 3.9 kg more weight loss at
1 year, 1.4 kg more weight loss at 2 years, and 1.3 kg more
weight loss at 3 to 5 years.36 Additional benefits have been
described including a 2019 systematic review, which
reported that subjective depressive symptoms improved
following a VLED program that was at least 8 weeks
long and included behavioral therapy and low intensity
exercise.37 Furthermore, a systematic review of three trials
evaluating the experiences of people using a VLED pro
gram for weight loss found that a VLED program was well
accepted and positively viewed by participants.38
The Diabetes Remission Clinical Trial (DiReCT) in the
UK is a landmark study investigating the effectiveness of
a VLED program to treat type 2 diabetes in adults that has
received considerable media attention worldwide.
Following on from several smaller studies,39–41 the
DiReCT trial demonstrated remission of type 2 diabetes
(defined as HbA1c less than 6.5% (48 mmol/mol)) in
almost half of the participants following a VLED in
a primary care setting, with remission sustained up to 24months from baseline.42,43 The DiReCT study has also
published cost-effectiveness data demonstrating that, com
pared to standard care, a VLED intervention to treat type 2
diabetes is more cost effective, due to related cost savings
from achieving diabetes remission, even if only
temporary.44 Such cost saving benefits may be greater in
the adolescent population for whom the progression of
diabetes is more rapid with earlier onset of complications.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

The DiReCT study has also published work describing
the proposed mechanism for type 2 diabetes remission
related to weight loss achieved during a VLED.45 They
demonstrate that individuals who adhere to the VLED and
achieve rapid weight loss have reductions in triglyceride
production by the liver and reduced pancreatic fat that
leads to improved beta-cell function and remission of
diabetes.45 If weight loss is maintained, levels of triglycer
ide production and pancreatic fat stabilize at these lower
levels, and diabetes remission is sustained during the
2-year follow-up period. Re-emergence of type 2 diabetes
was associated with weight re-gain, increased production
of triglyceride by the liver, increased pancreatic fat and
deterioration of beta-cell function. The importance of
weight loss for diabetes remission was highlighted by
a 2020 study demonstrating that a VLED program is as
successful at achieving type 2 diabetes remission as bar
iatric surgery when similar weight loss is achieved.46
Similarly, a 2020 systematic review of 18 studies reported
that, compared to bariatric surgery, VLEDs offered com
parable effects on weight loss, glycemic control, triglycer
ides, and insulin resistance and suggested that a VLED
approach be used for individuals unsuitable or unwilling to
undergo surgery.47
The findings from the DiReCT study led to the rollout
of a VLED program in primary care in the UK, in what
was termed a “diabetes remission service”.48 Despite the
growing acceptance of the role of a VLED program for
weight loss and type 2 diabetes treatment in adults, there
remains significant hesitation in their use in youth (see
sections, VLEDs in Clinical Practice and Safety of
VLEDs in Youth). Although the available evidence
appears promising, it remains limited compared with
adult studies.
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Guidelines for Use of VLEDs in
Children and Adolescents
A 2020 review of guidelines for the dietary management
of pediatric obesity found that all 28 guidelines recom
mend a multicomponent family-based lifestyle interven
tion including education relating to dietary change,
physical activity and behavior change strategies as firstline therapy.11,49 If improvements in weight status and/or
cardiometabolic health are not attained using this
approach, progression to a more structured and intensive
intervention is recommended.
In six of the 28 guidelines identified in the 2020
review, a food-based or meal replacement VLED is pro
posed as one of the intensive dietary strategies recom
mended to induce weight loss in children and adolescents
with obesity and related comorbidity or severe obesity.11
Specific guidance on the use of a VLED in clinical
practice for pediatrics is provided in only one set of
guidelines published by the Academy of Nutrition and
Dietetics. These guidelines recommend a short-term
VLED prescription (10–12 weeks) that is 600–800 kcal/
day, high in lean protein (1.5 to 2.0 g/kg of ideal body
weight), 20–25 g/day of carbohydrate, with 2 L/day of
calorie-free fluid and a daily multivitamin, prescribed
under the supervision of a multidisciplinary team.28
A VLED may provide an intermediate step between con
ventional lifestyle intervention and bariatric surgery, par
ticularly for adolescents with severe obesity.11 However,
the paucity of recent trials and lack of long-term data has
limited the inclusion of this dietary approach into clinical
practice guidelines. A broader evidence base is required
to inform future guidelines for the management of pedia
tric obesity.
Guidelines for the management of type 2 diabetes in
youth are largely based upon obesity management guide
lines. A family-based multicomponent lifestyle interven
tion, delivered by a pediatric dietitian experienced in the
management of type 2 diabetes, is recommended along
side medical management of type 2 diabetes in youth,
often aiming for weight loss.12,14,15,50–52 The American
Diabetes Association14 recommends intensive weight
management as a component of the treatment plan for
youth with type 2 diabetes but does not recommend
a specific dietary approach. A carefully monitored and
individualized VLED-based dietary intervention is
recommended in some guidelines as a short-term (8–12
weeks) approach to achieve rapid weight loss and
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improve glycemic control in adolescents with obesity
and type 2 diabetes.50–52 Overall, guidelines highlight
a lack of evidence relating to specific dietary approaches
beneficial for the management of type 2 diabetes in youth,
representing
an
important
area
for
further
14,50–52
research.
Guidelines for the use of dietary interventions in the
management of pediatric obesity recommend screening for
eating disorders prior to initiating treatment.49 Similarly,
the Australian Paediatric Endocrine Group recommends
screening for disordered eating prior to the use of
a VLED in adolescents with type 2 diabetes.50 To the
best of our knowledge, self-report questionnaires designed
to screen for eating disorder pathology have not been well
validated in children or adolescents with obesity or those
seeking obesity treatment. A number of screening proce
dures have been suggested and are yet to be evaluated.53

VLEDs in Clinical Practice
The hesitation in the use of VLED programs for the treat
ment of obesity and type 2 diabetes in young people likely,
at least in part, stems from the unique clinical challenges
that this age presents to health care professionals.

Motivation
Behaviour change within the current social context and
environment is difficult. Yet on top of this, the adolescent
brain may also lack the maturity to comprehend the future
health benefits of weight loss and focus instead on
immediate gratification.54 This is supported by a 2018
review examining the viewpoints of adolescents with obe
sity who attended a weight management intervention
which found that the motivation to lose weight was more
often related to wanting to be “normal” and socially desir
able as opposed to preventing health sequelae.55 Goals and
motivators for weight loss thus should be meaningful to
the adolescent in the short-term. These may include the
reduction in medication usage, even if temporary, or moti
vators such as increased clothing choices to attend social
gatherings, reduced bullying, fewer unwelcome comments
by family members, and material rewards for weight loss
such as jewellery, games, or outings. Clinicians need to
harness such motivating factors, utilizing motivational
interviewing techniques, to assist the adolescent with
acceptance of and adherence to this challenging energy
restriction.
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Side Effects
The low carbohydrate content of a VLED, and associated
mild ketosis, can result in the manifestation of several
expected but unpleasant side effects including constipa
tion, fatigue, nausea, headaches or dizziness56 and halito
sis. Adolescents should be pre-warned of these, usually
transient, side effects and encouraged to persevere with the
VLED. Indeed, a high prevalence of similar side effects
including fatigue, headaches and muscle cramps have been
observed in adolescents presenting with obesity.57
Therefore, it is unclear whether all side effects reported
when following a VLED are solely related to the diet. The
addition of a stool-bulking dietary fibre such as psyllium
husk at commencement of a VLED may alleviate
constipation.58 Ensuring adequate fluid intake of an addi
tional 2 litres in addition to the water added to the VLED
products also aids in preventing constipation and
headaches.

Barriers and Challenges to VLED
Adherence
Adherence to VLEDs in adults is high59 and easier than
anticipated.58 However, despite the previously described
treatment advantages for young people, there are several
barriers to their use in clinical practice (Table 3) and adher
ence may be more challenging compared to adults. In our
clinical experience with youth with confirmed type 2 dia
betes (aged 13–16 years at VLED commencement), com
mon challenges with adherence to a VLED include taste or
textural issues, limited variety of products, missing “real
food”, and feeling isolated whilst family members or friends
consume whole foods around them. Similar to adult
studies,38 adolescents also report difficulty attending social
events while following a VLED. Ensuring adequate water is
added to shakes or soups for a thinner consistency, or cooler
water, may increase palatability. Additionally, a variety of

Gow et al

shakes, bars, soups, and puddings are available on the mar
ket and trialling different brands may reduce taste fatigue.38
Some families may be faced with financial con
straints, therefore the perceived added cost of purchas
ing VLED products in addition to the usual grocery bill
may be a barrier to commencing or adhering to a VLED
program. However, replacing all meals and snacks with
meal replacement products available in Australia costs
less than “real food”, based on average per capita food
expenditure.32

Facilitators to VLED Adherence
There are also several strategies that healthcare profes
sionals and families can utilize to facilitate the young
person’s ability to adhere to a VLED (Table 3). The
provision of VLED products by the treating team and
frequent contact with a healthcare professional facilitate
low attrition rates.58 Similar to what is reported in adult
studies, in our clinical practice we have observed success
ful maintenance of the VLED when family members and
friends are supportive of the adolescent by undertaking the
diet with them, providing encouragement and/or not offer
ing any additional foods.38 Adolescents enjoy using tech
nology as part of weight management interventions,
therefore the use of calorie counting phone applications
may assist adherence to the 800kcal per day limit.55
Additionally, a combination of meal replacements and
a food-based meal that is high in protein and non-starch
vegetables adds variety and may increase palatability and
acceptability. Similar to what has been described in
a review synthesizing qualitative research on the experi
ences of adults with overweight or obesity using VLEDs
for weight loss,38 adherence may also be facilitated by
meal planning, pre-preparing vegetables, drinking lots of
water, navigating the practicalities of social outings,
including looking at menu items in advance, and

Table 3 Potential Barriers to and Facilitators of the Use in Clinical Practice of Very-Low-Energy Diets to Treat Youth with Obesity
and/or Type 2 Diabetes
Barriers

Facilitators

● Difficult to adhere to calorie restriction
● Frequent contact with health professional
● Potential safety concerns not adequately addressed in research to ● Provision of VLED products
● Support from family and peers
date
● Diet acceptability, ie limited food options and taste of meal ● Technology, ie calorie counting phone applications
● Well thought out meal plans
replacements
● Perceived unaffordability of meal replacement products
● High water consumption
● Difficulty attending social events
● Planning for social outings
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incorporating options such as no sugar soft drinks or
flavored waters.

Safety of VLEDs in Youth
Weight loss in children and adolescents is contentious due
to concerns regarding possible impacts on psychosocial
health. Indeed, children and adolescents with obesity and/
or type 2 diabetes present with a range of psychosocial
comorbidities including reduced quality of life and selfesteem and increased binge eating and depressive
symptoms.57,60 However, a series of systematic reviews
conducted by our team suggests improvements in psycho
social outcomes following health professional-led pediatric
obesity treatment.61–63 Furthermore, the 2017 pilot study
investigating the feasibility of using a VLED in the treat
ment of adolescents with type 2 diabetes also demonstrated
improved quality of life following the intervention.35 In
adults, the DiReCT study showed that behavioral strategies
are an important aspect of administering a VLED.42
Together, these findings highlight the need for an adult or
young person to engage with a health professional when
undertaking a VLED. Many adolescents with severe obesity
have a weight that is beyond a healthy adult weight, empha
sizing the need for weight loss in this group. In particular,
weight loss is indicated in the presence of type 2 diabetes
and may facilitate remission of diabetes.
The application specifically of a VLED for weight loss
has additional concerns due to the restrictive nature of the
diet. In addition to common expected side effects of
a VLED, of major concern was the sudden deaths that
were reported in adult studies published in the 1970s and
1980s following VLED use.64–66 It is likely that these
deaths were related to severe nutritional inadequacies
that are avoidable now due to the availability of nutrition
ally complete meal replacements. The 2019 systematic
review evaluating studies implementing a VLED program
for weight loss in children and adolescents found that
safety was poorly described by included studies and sug
gested that future studies should ensure comprehensive
safety data is collected and reported.27 Despite the paucity
of safety data, available data does not suggest that there
are safety issues associated with the use of VLED pro
grams to treat obesity and/or type 2 diabetes in youth.27
However, long-term data are not available.
Nutritional inadequacies are common in restrictive
diets, especially in children and adolescents who have
increased requirements for several nutrients.67 Although
a VLED represents a severe energy restriction, VLEDs
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are more commonly administered as meal replacements
that are nutritionally complete. This is extremely advanta
geous, especially in children and adolescents who typically
have a more narrow range of preferred food options.
However, there are not any commercially available meal
replacement products that have been developed based on
the increased nutrient requirements of children and ado
lescents. Protein content in particular can vary between
meal replacement products and should be calculated based
on individual requirements.32 This should be considered
when administering a VLED in a young person, with extra
care taken to ensure that the prescribed diet is nutritionally
complete, and consideration of the use of a multivitamin if
the consumption of non-starchy vegetables is low. This
emphasizes the need for dietitian input in VLED delivery
in a young person with obesity and/or type 2 diabetes.
The Fast Track to Health study, currently underway in
Sydney and Melbourne is conducting a 4-week VLED as
a kickstart for weight loss in their trial comparing the
effectiveness of an intermittent energy restricted diet and
a standard hypocaloric diet approach.68 This trial is col
lecting VLED safety data, including multiple psychobehavioral parameters, so will assist in addressing the
literature gap on the safety of a VLED in adolescents.

Future Research
Although the data reported to date appear promising, the
two trials in type 2 diabetes participants (one pilot study of
n=8 and a chart review) and paucity of obesity treatment
trials since 2000 (only two) do not provide sufficient
evidence to support recommending a VLED program as
a primary treatment strategy in clinical practice guidelines.
Further investigation into the effectiveness of a VLED
program to treat pediatric obesity and type 2 diabetes is
needed in the form of larger, more robust clinical trials
with an appropriate non-VLED treatment control group.
Future trials should collect data on expected side-effects,
growth, cardiac function, psychological wellbeing and
acceptability of the diet to confirm the safety and feasi
bility of VLEDs in youth. Data collection should also
continue beyond the intervention period to assess longterm safety and efficacy of VLED programs.

Recommendations for Clinical
Practice
VLEDs appear to be a safe and effective method of short-term
weight reduction when conducted under health professional
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supervision. In the absence of usual carbohydrate intake, parti
cular caution should be taken for youth with type 2 diabetes
treated with insulin or other hypoglycemic agents. Input from
a diabetes team is required to titrate medications and monitor
for adverse outcomes including hypoglycemia. Involvement of
a dietitian is highly recommended to ensure nutritional ade
quacy of the diet in the context of a very low calorie intake.
An important consideration for pediatric obesity
treatment is that, if conventional treatment has been
unsuccessful, a VLED may serve as an intermediate
step between conventional lifestyle therapy and bariatric
surgery. However, in pediatric type 2 diabetes treatment,
a VLED program appears most effective if administered
as close as possible to diagnosis, preferably within
6-months, with the potential to reverse the pathology
of type 2 diabetes, at least in the short-term.
Incorporation of the available evidence base for the
use of VLED programs into clinical practice guidelines
would be helpful to support the appropriate use in these
populations. Details of diet composition, as well as
suggestions for health professional monitoring should
also be included in guidelines to direct clinicians on
how to safely administer a VLED.

Conclusions
Available data suggest that, for the treatment of youth with
obesity, VLEDs are effective for weight loss and have addi
tional benefits for the treatment of type 2 diabetes including
improved glycemic control and reduced medication require
ments. However, lack of sufficiently powered, long-term trials
and limited recent data, including comprehensive safety mon
itoring, contributes to hesitation of their use in clinical practice.
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