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Abstract

Evidence from the literature supports the safe use of very-low-energy diets (VLED) for up to 3 months in supervised conditions for patients

who fail to meet a target weight loss using a standard low-fat, reduced-energy approach. There is, however, a need for longer-term out-

comes on obesity and associated morbidities following a VLED. The present systematic review aims to investigate longer-term outcomes

from studies using VLED, with a minimum duration of 12 months, published between January 2000 and December 2010. Studies conducted

in both children and adults, with a mean/median BMI of $28 kg/m2 were included. PubMed, MEDLINE, Web of Science and Science Direct

were searched. Reference lists of studies and reviews were manually searched. Weight loss or prevention of weight gain and morbidities

were the main outcomes assessed. A total of thirty-two out of 894 articles met the inclusion criteria. The duration of the studies ranged from

12 months to 5 years. Periods of VLED ranged from 25 d to 9 months. Several studies incorporated aspects of behaviour therapy, exercise,

low-fat diets, low-carbohydrate diets or medication. Current evidence demonstrates significant weight loss and improvements in blood

pressure, waist circumference and lipid profile in the longer term following a VLED. Interpretation of the results, however, was restricted

and conclusions with which to guide best practice are limited due to heterogeneity between the studies. The present review clearly ident-

ifies the need for more evidence and standardised studies to assess the longer-term benefits from weight loss achieved using VLED.
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The use of very-low-energy diets (VLED) has been severely

criticised in the past. Current VLED, however, should not be

confused with those from the 1970s which resulted in a

number of deaths due to vitamin and mineral deficiencies

and poor quality or inadequate amounts of protein(1,2).

Modern VLED do not induce such deficiencies.

AVLED is defined as a diet of , 3347 kJ/d (,800 kcal/d)(3). A

variety of synthetic and food-based formula diets are available,

which give energy intakes of 1255–1673 kJ/d (300–400 kcal/d)

designed to achieve weight loss while minimising the loss of

lean body mass by providing high levels of protein sup-

plemented with vitamins, minerals, electrolytes and fatty acids(4).

There is sufficient evidence in the literature to ensure the safe

use of VLED in the short term(5,6). Based on this evidence, insti-

tutions such as the National Institute for Health and Clinical

Excellence and the National Obesity Forum support the use

of this approach for up to 3 months in supervised conditions

for patients who fail to meet a target weight loss with a standard

low-fat, reduced-energy approach. Despite this, there are still

concerns about weight regain following these diets as well as

detrimental health effects due to the rapid weight loss they

induce. There is a need to review the evidence of longer-term

outcomes with the use of VLED on obesity and associated

morbidity. We aim to carry out a systematic review of the

literature for studies using a VLED, with a minimum follow-

up of 12 months, published between January 2000 and Decem-

ber 2010.

Methods

The protocol used for the present systematic review follows

the methods recommended by the Cochrane Collaboration(7).
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Inclusion criteria

The present review is intended to assess the current literature

in this field and update the National Health Service R&D

Health Technology Assessment systematic review of diet and

lifestyle on weight loss and cardiovascular risk published by

Avenell et al.(8). Studies from January 2000 to December

2010 were evaluated. Interventions where the participants

had a mean or median BMI of $28 kg/m2 were included.

Interventions evaluated in the present review had to be of at

least 12 months duration, including the period of active inter-

vention and follow-up. Studies in children and adults were

included. Randomised controlled trials, non-randomised con-

trolled trials and retrospective studies were evaluated. The

variation of time on diet using active intervention, follow-up

and different follow-up treatments was recorded and

accounted for where possible.

Types of intervention

The focus of the present review was to examine the effect of

VLED on obesity and associated co-morbidities. The types of

dietary interventions evaluated were VLED, also known as

VLED defined as a dietary intake of 3347 kJ/d (800 kcal/d) or

less. Case studies, however, were omitted.

Outcome measures

Weight loss or prevention of weight gain were the main out-

comes assessed from the studies included in the present

review. With regard to morbidity, the following outcomes

were also included:

(1) Cardiovascular risk (serum lipids, including total choles-

terol, LDL-cholesterol, HDL-cholesterol and TAG, systolic

and diastolic blood pressure (BP) and glycaemic control)

(2) Liver and kidney function

(3) Fertility

(4) Bone health

(5) Respiratory disorders

(6) Eating disorders

Information about dropouts and adverse events was also

gathered.

Outcome measures were considered in relation to the time

of active intervention as well as the time and nature of the

follow-up period, as these varied widely between studies

(i.e. 25d to 9 months of active intervention and 12 months to

5 years for follow-up).

Search strategy for the identification of included studies

The present systematic review was restricted to studies where

the full study report was available. A wide search strategy was

applied to identify as many studies evaluating dietary interven-

tions using VLED as possible and which were relevant to the

management of obesity and morbidity. For this purpose,

four electronic databases were searched including PubMed,

MEDLINE, Web of Science and Science Direct. The search

strategy incorporated very-low-calorie/energy diet-related

terms and text terms, specific to each database. Reference

lists of the included studies and reviews were searched and

authors contacted for further details of their trials.

Quality assessment of studies

Full copies of studies were assessed by three researchers for

methodological quality. The researchers were not blinded to

author, journal or institution. Differences of opinion were

resolved by discussion. Trial quality and risk of bias were

assessed using items known to be associated with the magnitude

of results using the criteria list from Jadad et al.(9) (procedure of

allocation, withdrawals/dropouts, blinding of patients and out-

come assessment). The protocol used by Jadad et al.(9) was

slightly modified where in the ‘withdrawals and dropouts’ sec-

tion, one point was given if numbers of withdrawals were men-

tioned and an extra point was given if the reasons for

withdrawals were also described. Where no dropouts occurred,

the study was attributed two points. However, for retrospective

or ancillary studies, where essentially a completers analysis

was carried out, the studies were attributed no points.

Identified studies

A total of thirty-two out of 894 articles met the inclusion cri-

teria and were included in the systematic review. Reasons

for the exclusion of these studies are summarised in Fig. 1.

Total number of
references (n 894)

Excluded based on titles and abstracts
(n 373)

Duplicates excluded
(n 67)

Excluded as language non-English
(n 27)

Titles and abstracts
screening (n 800)

Potential papers eligible
for inclusion (n 427)

Total studies included
for review (n 32)

Not in accordance with inclusion criteria
(n 395)

Not VLED: 183
<12 months: 125
Reviews: 52
No long-term data on weight or
   morbidity: 17
Case studies: 8
Reports: 5
Mean/median BMI <28 kg/m2: 2
Commentaries: 2
Letter to the editor: 1

Fig. 1. Summary of the literature search. VLED, very-low-energy diets.
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Results

Study characteristics

There was a large amount of heterogeneity in study design for

the papers meeting the inclusion criteria. The studies included

ranged from 12 months to 5 years in duration. The periods of

VLED ranged from 25 d to 9 months. Several studies incorpor-

ated aspects of behaviour therapy, exercise programmes,

low-fat diets, low-carbohydrate diets, medication (orlistat

and sibutramine) or corset treatment (soft corsets were fitted to

cover the torso from the xiphoid to the pubic region; the corset

was to be used 12–16h/d, 7 d/week for 9 months) (Table 1).

All of the studies were designed to reduce or prevent weight

gain and also examined morbidity. The results for all the

studies are summarised in Table 1.

Quality assessment

Table 2 displays the quality assessment of the reported studies,

separated by co-morbidity and ranked from highest to lowest.

The studies in which drugs were used for weight maintenance

generally scored the highest ($4)(17,18,21,29,30) with the excep-

tion of those that were not randomised controlled trials(13,28).

Weight change

Of the studies included, thirteen reported significant weight

change at VLED end(4,11,14,15,19,20,22,27,29,30,32,35,39). Of these,

twelve studies demonstrated significant reductions in weight

at VLED end and one study in the group combining cognitive

behaviour therapy (CBT) only(39). At study end, of those

studies that had varying periods of follow-up from 1 to 5

years, fifteen reported significant changes from baseline in

the VLED groups(4,10,13–15,19,20,22,23,27,28,31,33,35,36). There was

no clear pattern observed for the period of follow-up or for

the means of the weight-maintenance method utilised in that

period (exercise therapy, counselling, orlistat, intermittent/

on-demand VLED, etc.). However, exercise(10,27), behaviour

therapy(24,36), medication(17,18,21) and longer reintroduction

phase post-VLED(25) appear to help maintain the weight loss

achieved by VLED (Table 2).

Cardiovascular risk

There were twenty-four papers identified that reported the

effects of weight loss, at least partially, achieved with a

VLED on cardiovascular risk. We reviewed data from each

study to determine whether cardiovascular parameters at base-

line changed significantly following dietary intervention with

VLED (VLED end) or at the final follow-up period (study end).

Blood pressure

Of the identified papers, seventeen(4,10–25) detailed BP in par-

ticipants at either VLED end or study end. After the interven-

tion, there were a number of different approaches to

follow-up, although most generally included a support or

review process.

Overall systolic pressure trends were reported in thirteen

of the seventeen studies following the VLED

end(4,10,11,13,14,16–23). Of the changes at VLED end, six showed

significant reductions from baseline(4,11,14,16,19,23), four of

which sustained significant systolic BP reductions at study

end(4,11,19,23). Also, three more studies reported a significant

reduction in systolic BP at study end only(13,15,25).

Study design varied substantially in all those which showed

significant systolic pressure reductions, and thus it is difficult

to determine which particular variables have the most signifi-

cant impact on BP.

Diastolic BP information was also available from these seven-

teen studies. At VLED end, eleven of the studies showed dias-

tolic reductions which were more pronounced than at study

end(4,10,11,13,14,16,18–21,23). Only one study(19) showed a signifi-

cant change from baseline which improved further between

the VLED end and the study end. At VLED end, similar trends

to those for systolic pressure were observed for diastolic press-

ure in seven of the seventeen studies(4,11,13,15,19,23,25) which

demonstrated a significant improvement at study endpoint.

Overall, the time of VLED duration, the time of follow-up

and the nature of follow-up (hypoenergetic diet, exercise,

medication, counselling, etc.) did not predict BP outcomes

in the long term.

Waist circumference

Waist circumference data were reported in eighteen

papers(10–14,17–25,27–30). Of the thirteen papers that reported

waist circumference data at VLED end(10,11,13,18–23,27–30),

seven studies(11,13,19,20,23,27,29) showed significant reductions

at VLED end, five of which maintained significant reductions

from baseline at study end(19,20,23,27,29) (Table 3). In total,

nine studies showed a significant reduction in waist circumfer-

ence at study end(13,19,20,23,25,27–30).

Similarly to BP, the time of VLED duration, the time of

follow-up and the nature of follow-up did not predict waist

circumference outcomes in the long term.

Lipid profile

Of the identified studies, twenty-one included cholesterol as

primary or secondary outcomes following weight loss and

intervention(4,10–14,16–25,28–32). The results for the different

studies are presented in Table 4.

TAG

There were nineteen studies identified that examined for

changes in TAG throughout the study periods(10–14,17–25,28–32).

Of all the nineteen studies, four reported significant improve-

ments in TAG at the VLED end(11,19,20,29), although in one

study this involved combined data from VLED and LED inter-

ventions(11). At study end, nine studies, including the four

which had significant changes at VLED end, showed significant

reductions in TAG from baseline(11,13,19,20,25,28,29,31,32).

Y. Mulholland et al.834
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Table 1. Summary of the studies included in the review

Author n (males) Study Inclusion criteria Duration of VLED

Duration

of follow-up Weight (kg) at baseline

Weight (kg) at the

end of the VLED

Weight (kg) at the end of the

follow-up

Cardiovascular risk

Delbridge et al.(22) 141 (70) Randomised parallel trial where

patients underwent 3 months

of VLED. Those who achieved

$10 % were then randomised

to either a HC or a HP for 12

months

Men and women; 18–75 years

old; BMI $27 kg/m2 with co-

morbidities or $30 kg/m2; no

history or presence of signifi-

cant disease, endocrine dis-

order, psychiatric illness, and

alcohol or drug abuse; not

pregnant or lactating

3 months 12 months HC: 109·4 (SE 2·6)

HP: 114·0 (SE 3·0)

HC: D 217·6 (SE 0·8)**

HP: D 217·4 (SE 0·7)**

HC: D 213·8 (SE 1·3)**

HP: D 214·3 (SE 1·1)**

Dhindsa et al.(4) 40 (22) Clinical trial where patients under-

went 8 weeks of VLED with fol-

low-up until 1 year. During the

follow-up, participants followed

a standard LED and received

bi-monthly exercise advice

Obese men and women with

hyperglycaemic symptoms and

poorly controlled T2DM

8 weeks 1 year 119 (SD 19) 107 (SD 18)** 109 (SD 18)**

Erondu et al.(18) 502 (69) Multicentre, double-blind, random-

ised, placebo-controlled clinical

trial where patients were given

VLED for 6 weeks. Patients

who lost $6 % body weight

were randomised to 52 weeks

of MK-0557 or placebo with a

hypoenergetic diet

Non-diabetic men and women;

18–65 years old; BMI 30–

43 kg/m2; no significant cardio-

vascular, pulmonary, renal,

neurological, psychiatric dis-

ease or weight-altering medi-

cation

6 weeks 52 weeks 100·0 (SD 14·6) 90·6 (SD 13·3) Placebo: 95·6 (SD 15·7)

MK-0557: 91·1 (SD 14·5)‡

Fogelholm et al.(10) 82 (0) Randomised controlled trial where

patients followed a 3-month

VLED following which they

were randomised to a 9-month

maintenance programme con-

sisting of a control group who

received diet counselling but

no increase in habitual exer-

cise; and two exercise groups

targeted to expend 4184 kJ

(1000 kcal) week with diet

counselling (Walk 1) and

8368 kJ (2000 kcal) week with

counselling (Walk 2). Patients

were then followed up

24 months later

Women; 30–45 years old; BMI

30–45 kg/m2; pre-menopausal;

clinically healthy; not regularly

taking medications other than

hormonal contraceptives;

weight stable; not physically

active, pregnant, lactating or

smokers. Not BED or bulimic

12 weeks 3 years 92·0 (SD 9·8) Control: 80·0 (SD 9·5)

Walk 1: 78·0 (SD 8·8)

Walk 2: 78·2 (SD 11·6)

Control: 89·7 (SD 9·6)

Walk 1: 83·9 (SD 12·2)*

Walk 2: 87·4 (SD 15·3)

Gripeteg et al.(25) 169 (60) Non-blind, randomised clinical trial

with parallel groups where all

patients were initially assigned

to 12-week VLED. Those who

lost .10 % weight were ran-

domised to a 1- or 6-week

refeeding programme where

they returned to energy-

reduced diets for 40 weeks

Men and women; 18–60 years

old, BMI .30·0 kg/m2

12 weeks 52 weeks Group 1: 122·9 (SD 23·0)

Group 6: 124·6 (SD 25·8)

Group 1: 102·8 (SD 20·7)

Group 6: 104·0 (SD 23·0)

Group 1: D 8·2 (SD 8·3) %

Group 6: D 3·9 (SD 9·1) %‡

Jazet et al.(19) 18 (9) Cohort study where patients were

assigned to 30 d VLED followed

by an 18-month follow-up

Obese men and women; T2DM,

part of another intervention. All

on insulin therapy

30 d 18 months 111·7 (SE 4·0) D 211·7 (SE 0·7)*** D 213·9 (SE 2·5)***

Kukkonen-Harjula

et al.(16)

90 (90) A randomised trial where patients

followed a VLED for 2 months

and then were randomised to a

walking, resistance training or

control group for 6 months. All

groups received similar dietary

advice

Males; 35–50 years old; BMI

30–40 kg/m2; waist circumfer-

ence .100 cm; no regular

medications, no regular exer-

cise, non-smokers, no binge

eaters, BP ,160/105 mmHg,

cholesterol ,8 mmol/l, TAG

,4 mmol/l, blood glucose

,6·7 mmol/l

2 months 23 months – Combined: D 214·2

(SD 4·0)§

Combined: D 24·8

(SD 0·8)§
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Table 1. Continued

Author n (males) Study Inclusion criteria Duration of VLED

Duration

of follow-up Weight (kg) at baseline

Weight (kg) at the

end of the VLED

Weight (kg) at the end of the

follow-up

Laaksonen et al.(13) 27 (13) Longitudinal clinical intervention

where patients underwent a

VLED for 9 weeks followed by

1-year weight maintenance. If

patients lost at least 5 % of their

initial weight at the end of the

VLED, they were randomised to

receive either orlistat or a pla-

cebo (results were combined)

Men and women; BMI

30–45 kg/m2; metabolic

syndrome. No poorly controlled

diabetics, no IHD; no psychia-

tric history; no significant renal

disease

9 weeks 1 year 102·5 (SD 12·8) 86·9 (SD 10·4) 88·2 (SD 12·4)**

Lantz et al.(14) 334 (86) Randomised clinical trial where

patients undertook a 16-week

VLED. Following this, subjects

followed either a 2-week VLED

every 3 months (intermittent

VLED) or VLED whenever their

body weight passed an indivi-

dualised cut-off level (on-

demand). All subjects followed

hypoenergetic diet during

VLED-free periods

Men and women; BMI

.30·0 kg/m2; 18–60 years old.

No significant serious dis-

eases, previous obesity sur-

gery or drug abuse

16 weeks 2 years Intermittent: 114·2

(SD 18·9)

On-demand:

114·4 (SD 17·5)

Intermittent: D 220·6

(SD 18·3 %)**

On-demand: D 222·0

(SD 19·0 %)**

Intermittent: D 27·0

(SD 11·0)**

On-demand: D 29·1

(SD 9·7)**

Linna et al.(20) 90 (90) Cohort study where patients

underwent 2 months of VLED

followed by 6-month weight

maintenance during which

patients were randomised into

three groups: control, walking

or resistance training group.

They then followed an unsu-

pervised 2 year follow-up

Men; 35–50 years old; BMI

30–40 kg/m2; waist

circumference .100 cm; not

regular exercisers, binge

eaters, smokers or on regular

medication

2 months 31 months 105·6 (SD 10·3) 90·9 (SD 9·8)** 100·6 (SD 11·7)**

Madsen et al.(29) 93 (51) Randomised clinical trial where

patients underwent 8 weeks of

VLED and then randomised to

either orlistat or a placebo

together with a lifestyle inter-

vention for further 3 years

Men and women; 18–65 years

old; BMI 30–45 kg/m2; meta-

bolic syndrome

8 weeks 3 years Placebo: 109·9 (95 % CI

105·1, 115)

Orlistat: 109 (95 % CI

104·5, 113·8)

Placebo: 95·6 (95 % CI

91·3, 100·1)§

Orlistat: 95·8 (95 % CI

91·8, 100·1)§

Placebo: 105 (95 % CI 99·4,

110·9)

Orlistat: 99·9 (95 % CI 95,

105·1)†

Madsen et al.(30) 68 (37) Randomised clinical trial where

patients underwent 8 weeks of

VLED and then randomised to

either orlistat or a placebo

together with a lifestyle inter-

vention and a hypoenergetic

diet for further 3 years

Men and women; 18–65 years

old; BMI 30–45 kg/m2; meta-

bolic syndrome

8 weeks 3·2 years Placebo: 113·1 (SD 16·1)

Orlistat: 110·8 (SD 16·8)

Placebo: 98·1 (SD 12·8)

Orlistat: 97·5 (SD 15·0)

Placebo: 106·2 (SD 14·6)

Orlistat: 100·9 (SD 17·7)†

Mathus-Vliegen

et al.(17)

189 (27) Randomised clinical trial where

patients underwent 3 months

of VLED and then randomised

to sibutramine or placebo for

the following 12 months. Each

group combined with exercise

and diet to maintain weight

loss

Men and women; 18–65 years

old; BMI 30–45 kg/m2; no

weight-loss medication in the

last 6 months; no surgical

treatment for weight reduction

3 months 18 months Placebo: 105·5 (SD 14·6)

Sibutramine: 103·7

(SD 13·1)

Placebo: 90·2 (SD 13·0)

Sibutramine:

88·6 (SD 11·4)

Placebo: D 28·5 (SD 8·1)

Sibutramine: D 210·7

(SD 7·5)‡
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Table 1. Continued

Author n (males) Study Inclusion criteria Duration of VLED

Duration

of follow-up Weight (kg) at baseline

Weight (kg) at the

end of the VLED

Weight (kg) at the end of the

follow-up

Wikstrand et al.(32) 91 (26) Cohort study where patients

underwent 3 months of VLED

and lifestyle advice group

meetings. Those who attained

$8 kg reduction weight were

randomised to two groups, cor-

set wearing and no corset, for

9 months and followed up at

24 months

Men and women; 30–60 years

old; BMI $30– , 45 kg/m2;

not pregnant or breast-feeding;

not diabetic (IDDM); no serious

dermatology problems; no GI,

kidney, liver, lung, cardiovascu-

lar, psychiatric disease, cancer,

drug abuse, nor eating dis-

orders

12 weeks 24 months – – Group A: D 26·1 (SD 7·0)§

Group B: D 24·4 (SD 7·3)§

Willi et al.(33) 20 Cohort study of children who

undertook VLED as part of dia-

betic treatment. All had varying

lengths of VLED (mean 60 (SD

8) d) as they continued until

predefined treatment goals, i.e.

a 10 % reduction in BMI, were

reached. They were followed

up for 24 months

Children with type 2 diabetes; BMI

.30 kg/m2

60 (SD 8) d 24 months BMI (kg/m2): 44·2 (SE 2·3) BMI (kg/m2): 41·2 (SE 2·1)

Liver and kidney

function

Melin et al.(15) See CVD section

Rolland et al.(23) See CVD section

Fertility

Niskanen et al.(28) See CVD section

Bone health

Dixon et al.(34) 61 (15) Randomised clinical trial where

patients were either assigned

to a LAGB or to a dietary

weight-loss programme where

patients followed a VLED for

12 weeks followed by a tran-

sition phase over 4 weeks

combining VLED with normal

meals and orlistat until the

completion of the intensive 6-

month phase. This 6-month

phase was then followed by

continual behaviour, dietary

and exercise advice

Men and women; 20–50 years

old; BMI 30–35 kg/m2; identifi-

able problems associated with

their obesity; history of

attempts of weight reduction;

able to understand options

offered and the randomisation

process; willing to comply with

the requirements of each pro-

gramme

12 weeks 24 months LAGB: 95·8 (SD 11·3)

VLED: 93·3 (SD 9·9)

LAGB: 74·9 (SD 11·5)‡‡

VLED: 87·4 (SD 11·2)

Fogelholm et al.(27)

also in CVD risks

85 (0) Randomised clinical trial where

patients underwent 3 months

of VLED followed by 9 months

where they were randomised

to one of three groups: a con-

trol group with no increase in

habitual exercise; and two

exercise groups with walking

training targeted to expend

4184 kJ (1000 kcal) or 8368 kJ

(2000 kcal) weekly. Patients

were then followed up 24

months later

Women; BMI 30–46 kg/m2;

30–45 years old; pre-meno-

pausal; weight stable; no medi-

cations, (except hormonal

contraceptives); sedentary,

not pregnant or lactating;

non-smokers; no BED or

bulimia

3 months 3 years 92·0 (SD 9·8) D 213·2 (SD 3·3)* D 24·9 (SD 7·1)*

Hinton et al.(35) 37 (13) Randomised cohort control study

where patients were assigned

to 3 months of VLED. If 10 %

initial weight was lost, then

patients were randomised

either to a LF or LCHO for

9 months

Men and women; 19–70 years

old; sedentary; BMI

.27 kg/m2; weight stable;

healthy as determined from a

health history questionnaire

and medical examination

3 months 12 months 111·6 (SD 17·8) 90·1 (SD 14·5)* 93·4 (SD 18·3)*
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Total cholesterol

There were twelve studies that reported changes in total

cholesterol at VLED end(4,10,11,14,18–23,29,30). Of these, three

studies(4,11,19) reported significant improvements in choles-

terol at VLED end, two of which presented a sustained signifi-

cant improvement at study end(4,11). Of fifteen studies, only

five studies reported a significant reduction in total cholesterol

at study end in at least one arm(4,11,12,14,29).

HDL-cholesterol

HDL changes were examined in twenty studies(10–14,16–25,28–32).

Of these studies, fourteen reported VLED end data, two of which

interestingly reported a significant reduction in HDL(11,19). Of

these, nine, however, showed significantly increased HDL

levels in the VLED arm at study end(11,13,14,19,20,25,28,31,32). Only

one study(29) showed an overall significant reduction in HDL.

In contrast, although Paisey et al.(12) showed an increase in

HDL, this was only in the group who had to undertake regular

exercise and standard dietary intervention and not in the

VLED arm.

LDL-cholesterol

Changes in LDL were reported in fourteen

studies(10,12,14,16–18,20–23,29–32). Of the nine studies reporting

data at VLED end(10,14,16,18,20–23,29), one showed a significant

reduction in LDL(20). From the information on the fourteen

studies reported at follow-up, significant LDL reduction was

observed in two studies(14,29).

As observed for BP and waist circumference, the time of

VLED duration, the time of follow-up and the nature of

follow-up did not predict lipid profile outcomes in the long

term.

Insulin and glucose control

Fewer studies examined the effects of VLED on diabetic con-

trol and insulin resistance. Only four studies reported a signifi-

cant improvement in fasting glucose at VLED end(11,16,20,23).

Fasting plasma glucose data were reported at study end in

sixteen studies(10–16,18,19,21,23–25,28,31,32), four of which showed

a significant reduction in fasting glucose at study end(13,20,23,25).

Of the nine studies(10,11,14–16,18,21,24,31) that reported insulin

levels at study end, three showed significant improve-

ments(11,14,15) while five(10,14,16,18,21) reported VLED end data

which showed no significant change.

HbA1c also represented by fructosamine was reported in

seven studies(4,12,19,21,23,29,33). Of these, three studies showed

significant improvements in the VLED groups at study

end(4,23,29). Interestingly, Jazet et al.(19) reported a significant

improvement in HbA1c in six patients who regained more

than 5 kg weight by the study end(19).

We identified four studies where the number of patients

taking daily insulin or actual insulin doses were

reported(4,12,19,33). In the three studies that reported insulin

doses at study end, reduced daily doses of insulin wereT
a
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noted although statistical significance was not reported(4,19,33).

Only one study reported an increase in insulin users in the

VLED arm at study end(4). A large reduction in the actual

number of insulin users at study end was reported in one

other study, although, again, statistical significance was not

reported(19).

Again, the time of VLED duration, the time of follow-up and

the nature of follow-up did not predict glycaemic outcomes in

the long term.

Liver and kidney function

Of the thirty-two papers identified, only two commented on

liver and kidney function(15,23). The paper by Melin et al.(15)

stated that at 2 years follow-up, there were no significant

changes in liver transaminases and plasma urate but data were

not provided. Rolland et al.(23), on the other hand, reported

significant improvements in alanine aminotransferase (30·0

(SD 17·8) v. 23·2 (SD 8·9) U/l; P,0·05); alkaline phosphatase

(81·6 (SD 19·6) v. 78·0 (SD 22·1) U/l; P,0·05); g-glutamyl

transferase (33·8 (SD 33·7) v. 24·1 (SD 17·7) U/l; P,0·05) and

estimated glomerular filtration rate (1·29 (SD 11·6) v. 1·33

(SD 0·19)ml/s; P,0·05) from post-screening to 9 months.

Fertility

In one study, the impact of VLED-induced weight loss on fer-

tility and sexual function was examined(28). Sex hormone-

binding globulin rose significantly from 27·6 (SD 11·9) to 48·1

(SD 23·5) nmol/l at VLED end (P,0·0001) and remained signifi-

cant despite declining by study end (32·6 (SD 12·9) nmol/l;

P,0·001). Free testosterone levels also increased significantly

by VLED end and remained elevated at 212 (SD 84) pmol/l at

1 year (P¼0·002), compared with baseline (185 (SD 66) pmol/l).

The number of men presenting with biochemical hypoandro-

genism (total testosterone ,11nmol/l) decreased significantly

during the VLED (P,0·001) and at the 1-year follow-up

(P¼0·002).

Table 2. Quality assessment of the reported studies, separated by co-morbidity and ranked from highest to lowest

Randomisation Double blinded Withdrawals and dropouts Total

Cardiovascular risk
Mathus-Vliegen et al.(17) 2 2 2 6
Richelsen et al.(21) 2 2 2 6
Erondu et al.(18) 2 1 2 5
Madsen et al.(29) 1 2 1 4
Madsen et al.(30) 1 2 1 4
Delbridge et al.(22) 1 0 2 3
Melin et al.(15) 1 0 2 3
Rolland et al.(23) 1 0 2 3
Simonen et al.(31) 1 0 2 3
Tuomilehto et al.(24) 1 0 2 3
Dhindsa et al.(4) 0 0 2 2
Fogelholm et al.(10) 1 0 1 2
Fogelholm et al.(27) 1 0 1 2
Gripeteg et al.(25) 1 0 1 2
Jazet et al.(19) 0 0 2 2
Kukkonen-Harjula et al.(16) 1 0 1 2
Laaksonen et al.(13) 0 0 2 2
Lantz et al.(14) 1 0 1 2
Linna et al.(20) 1 0 1 2
Niskanen et al.(28) 1 1 0 2
Paisey et al.(12) 0 0 2 2
Wikstrand et al.(32) 1 0 1 2
Vasankari et al.(11) 1 0 0 1
Willi et al.(33) 0 0 0 0

Liver and kidney
Melin et al.(15) See CVD section
Rolland et al.(23) See CVD section

Fertility
Niskanen et al.(28) See CVD section

Bone health
Dixon et al.(34) 1 0 1 2
Fogelholm et al.(27) See CVD section
Hinton et al.(35) 1 0 0 1

Respiratory disorders
Stenius-Aarniala et al.(37) 2 0 2 4
Kajaste et al.(36) 1 0 2 3
Tuomilehto et al.(24) See CVD section

Eating disorders
de Zwaan et al.(39) 1 0 1 2
Legenbauer et al.(40) 0 0 2 2
Legenbauer et al.(41) 0 0 2 2
Raymond et al.(38) 1 0 1 2

Very-low-energy diets and morbidity 841

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114512001924  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114512001924


Table 3. Summary of the results for blood pressure and waist circumference

Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg) Waist circumference (cm)

Study Patient groups Pre-VLED Post-VLED Study end Pre-VLED Post-VLED Study end Pre-VLED Post-VLED Study end

Delbridge

et al.(22)

All – D 213·2 (SE 1·4)** D 211·1

(SE 1·7)**

– D 28·5 (SE

1·1)**

D 25·2 (SE 1·3)** – D 214·2 (SE

0·5)**

D 216·0 (SE 1·1)**

HC – D 212·3 (SE 2·1) D 25·0 (SE 1·6) – D 27·4 (SE 1·4) D 23·1 (SE 1·4) – D 214·3 (SE 0·8) D 214·1 (SE 1·1)

HP – D 214·9 (SE 2·1) D 211·7

(SE 1·8)‡

– D 29·8 (SE 1·8) D 26·3 (SE 1·5) – D 215·2 (SE 0·7) D 214·5 (SE 1·1)

Dhindsa et al.(4) All 152 (SD 217) D 210* No value* 82 (SD 29) D 26a No value* – – –

Erondu et al.(18) Placebo 125·3 (SD 214·2) 116 (SD 212·2) 121·4 (SD 214·1) 80·6 (SD 27·9) 75·7 (SD 28·1) 77·9 (SD 28·8) 109·8 (SD

211·3)

102·2 (SD 210·7) 103·7 (SD 211·4)

MK-0557 124 (SD 213·9) 115·1 (SD 212·8) 121·4 (SD 214·9) 79·6 (SD 28·4) 74·7 (SD 28·9) 76·3 (SD 29·2) 108·5 (SD

211·7)

99·9 (SD 211·2) 100 (SD 12·0)‡

Fogelholm Control 119 (SD 210) 115 (SD 212) 125 (SD 213) 78 (SD 27) 77 (SD 28) 81 (SD 27) 102 (SD 29) 91·1 (SD 28·2) 98·1 (SD 29)

et al.(10) Walk 1 119 (SD 210) 116 (SD 211) 127 (SD 212) 78 (SD 27) 80 (SD 28) 81 (SD 28) 102 (SD 29) 90·1 (SD 27·1) 93·4 (SD 211·3)

Walk 2 þ

counselling

119 (SD 210) 114 (SD 28) 123 (SD 213) 78 (SD 27) 78 (SD 26) 79 (SD 29) 102 (SD 29) 89·8 (SD 29·6) 95·3 (SD 210·8)

Fogelholm

et al.(27)

All – – – – – – 102 (SD 29) D 212 (SD 4)* D 27 (SD 8)*

Gripeteg et al.(25) 1-week

refeeding

– 128·8 (SD 216·4) No value§ – 84 (SD 210·3) – – 124·8 (SD 214·8) No value§

6-week

refeeding

– 130·8 (SD 216·5) No value§ – 85·7 (SD 212·7) No value§ – 125·5 (SD 215·9) No value§

Jazet et al.(19) All 169 (SD 28) D 227 (SE 6)* D 227 (SE 7)* 96 (SD 24) D 214 (SE 4)* D 217 (SE 4)* 122 (SD 2·2) D 28·6 (SE

0·9)***

D 25·8 (SE 2·1)*

Kukkonen-Har-

jula et al.(16)

All 131 (SD 213) D 26 (95 %

CI 28, 24)

D 2 (95 % CI 21,

5)

84 (SD 211) D 28 (95 % CI

210, 26)

D 2 (95 %

CI 20, 4)

– – –

Control 129 (SD 213) – 132 (SD 215) 82 (SD 221) – 84 (SD 210) – – –

Walk 130 (SD 14) – 131 (SD 219) 82 (SD 212) – 84 (SD 210) – – –

Resistance 132 (SD 213) – 136 (SD 215) 85 (SD 29) – 87 (SD 210) – – –

Laaksonen

et al.(13)

All 129·4 (SD 2 8·6) 119·9 (SD 2 8·4) 126·5 (SD 8·5)** 79·4 (SD 2 5·9) 74·4 (SD 2 5·6) 77·8 (SD 6·8)*** 115 (SD 2 8) 103 (SD 2 8) 103 (SD 10)**

Lantz et al.(14) All 134 (SD 219) D 26 (95 % CI 29,

23)

D 0 (95 % CI 23,

3)

80 (SD 211) D 24 (95 % CI

26, 22)

D 0 (95 % CI 22,

2)

120·6 (SD

211·4)

– D 26·7 (95 % CI

28·4, 5·1)

Linna et al.(20) All 131·0 (SD 212·6) 124·8 (SD 14·2)** 133·3 (SD 16·0)** 83·6 (SD 210·9) 76·1 (SD 9·3)** 85·1 (SD 9·9)** 112·1 (SD 27) 97·5 (SD 8·1)** 106·7 (SD 10·1)**

Subgroup 1 131·2 (SD 213·9) 128·4 (SD 215·7) 132·6 (SD 17·5)* 83·5 (SD 212·2) 76·3 (SD 9·8)* 82·4 (SD 10·3)* 111·7 (SD 25·1) 95·7 (SD 7·1)** 98·3 (SD 8·1)*

Subgroup 2 130·9 (SD 212·3) 123·3 (SD 13·5)** 133·7 (SD 15·7)** 84 (SD 210·2) 76·2 (SD 9·2)** 86·6 (SD 9·3)** 112·7 (SD 28·1) 98·3 (SD 8·4)** 110·3 (SD 8·7)**,‡‡

Madsen et al.(29) Orlistat – – – – – – 117·4 (95 % CI

114, 121)

106·5 (95 % CI

103·3, 109·9

108·7 (95 % CI

104·7, 112·8)†

Placebo – – – – – – 117·4 (95 % CI

114, 121·6)

105·9 (95 % CI

102·4, 109·4

112·2 (95 % CI

107·7, 116·8)

Madsen et al.(30) Orlistat – – – – – – 118·4 (SD

211·6)

107·4 (SD 29·7) 109·7 (SD 12·6)‡

Placebo – – – – – – 119·5 (SD 211) 107·8 (SD 29·8) 114·1 (SD 212)

Mathus-Vliegen

et al.(17)

Sibutramine 137 (SD 214·8) D 214·9

(SD 214·2)

– 84·1 (SD 27·2) D 27·0 (SD

27·3)

– – – D 23·4 (No SD)‡

Placebo 136·2 (SD 213) D 214·6

(SD 214·2)

– 84·2 (SD 26·6) D 25·9 (SD

27·7)

– – – D 25·4 (No SD)

Melin et al.(15) Intensive

therapy

129 (SE 3·6) – D 29·8 (SE 4·2)* 83·2 (SE 1·6) – D 26·6 (SE 2·3)* – – –

Normal therapy 127·4 (SE 2·7) – D 2·2 (SE 3·9) 84·3 (SE 1·7) – D 1·3 (SE 2·2) – – –

Niskanen

et al.(28)

All 154 (SD 219) – – 97 (SD 211) – – 121 (SD 210) 108 (SD 29) 108 (SD 12)**

Paisey et al.(12) VLED 139 (SD 217) – 143 (SD 213) 76 (SD 210) – 77 (SD 211) 117 (SD 224) – 114 (SD 220)

Diet and

exercise

142 (SD 222) – 130 (SD 220) 85 (SD 213) 74 (SD 13)** 113 (SD 213) – 108 (SD 24)

Richelsenet al.(21) Orlistat 144 (SD 219·3) D 213 D 27·8 90·8 (SD 211·6) D 27·2 D 23·7 119 (SD 212·1) D 212 D 25·4

Placebo 144 (SD 217·3) D 212 D 28·2 90·7 (SD 211·6) D 27·6 D 24·7 119 (SD 210·9) D 212 D 27·7e

Rolland et al.(23) LCHP 136·7 (SD 222) 132 (SD 218·6) 133·1 (SD 216·6) 89 (SD 29·6) 87·7 (SD 28·2) 86·6 (SD 28·4) 122·6 (SD 29·9) 119·1 (SD 10·0)§ 119 (SD 10·8)§
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Bone health

In three papers, changes in bone mass following a VLED inter-

vention were examined(27,34,35). The study design is described

in Table 1.

Hinton et al.(35) examined the effects of both weight loss

and weight maintenance on serum bone turnover by measur-

ing osteocalcin and C-terminal telopeptide of type I collagen

(CTX) as markers of bone formation and resorption,

respectively.

Both osteocalcin and CTX showed a significant increase at

VLED end, but these were not significantly correlated,

suggesting an imbalance in bone resorption and formation

during weight loss. At study end, osteocalcin and CTX

became significantly correlated, suggesting that bone formation

and resorption were balanced during weight maintenance.

Changes in body weight were significantly and negatively cor-

related with changes in CTX only at VLED end and study end.

Fogelholm et al.(27) similarly examined changes in bone

mineral density (BMD) or bone mineral content (BMC) in

three groups of postmenopausal women (Table 1). At VLED

end, total BMC remained unchanged; however, there was a

significant reduction noted in lumbar trochanteric and radial

BMD (P,0·05). A reduction in total body BMC and signifi-

cantly lower lumbar and femoral neck BMD were reported

at study end, with the recovery of distal radius BMD. Group

exercise allocation had no statistically different effect on

BMD at the various sites.

In the study by Dixon et al.(34), total body BMC had

decreased significantly in the laparoscopic gastric band

(20·087 (SD 0·12); P¼0·002) as well as the intensive dietary

weight-loss group (20·061 (SD 0·9); P¼0·002) at 24 months.

The changes were not significant between the two groups.

Respiratory disorders

Sleep apnoea. In two studies, the effect of VLED on the alle-

viation of symptoms associated with the obstructive sleep

apnoea syndrome was investigated(24,36) and in one study the

effects of weight reduction in obese patients with asthma

were examined(37).

Kajaste et al.(36) did not provide VLED end data, although

other time periods of 6, 12, 24 months and study end were

reported. No significant differences were observed for weight

loss at any point of the study. Changes in sleep apnoea were

assessed by measuring the oxygen desaturation index, the aver-

age number of oxygen desaturation events per h of sleep

exceeding 4 % from baseline. Improvements in oxygen desa-

turation index from baseline were significant at 24 months. Sig-

nificant correlations were observed between oxygen

desaturation index improvements and weight change at 6 and

24 months (P,0·001). At the 3-year follow-up, five patients

reported no obstructive sleep apnoea syndrome symptoms.

Tuomilehto et al.(24) assessed changes in sleep apnoea by

measuring the apnoea–hypopnoea index (AHI). At VLED

end, the mean total AHI was statistically improved in the

VLED v. control group (P¼0·036). Based on the AHI values,

twenty-two of the thirty-six patients (61 %) in the interventionT
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Table 4. Summary of the blood lipid results

Patient

groups

TAG (mmol/l) Total cholesterol (mmol/l) HDL (mmol/l) LDL (mmol/l)

Study Pre-VLED Post-VLED Study end Pre-VLED Post-VLED Study end Pre-VLED Post-VLED Study end Pre-VLED Post-VLED Study end

Delbridge et al.(22) All – D 20·90

(SE 0·19)**

D 20·74 (SE 0·13)** – D 20·65

(SE 0·08)**

D 20·39

(SE 0·09)**

– D 20·00

(SE 0·02)

D 0·20

(SE 0·02)**

– D 0·14

(SE 0·05)

D 20·30

(SE 0·09)**

HC – D 20·87

(SE 0·16)

D 20·62 (SE 0·13) – D 20·65

(SE 0·11)

D 20·22

(SE 0·10)

– D 20·02

(SE 0·02)

D 0·11

(SE 0·03)

– D 0·59

(SE 0·92)

D 20·16

(SE 0·09)

HP – D 20·62

(SE 0·13)

D 20·56 (SE 0·12) – D 20·59

(SE 0·09)

D 20·28

(SE 0·09)

– D 20·00

(SE 0·03)

D 0·14

(SE 0·03)

– D 20·33

(SE 0·09)

D 20·17

(SE 0·09)

Dhindsa et al.(4) T2DM, obese 3·4 (SD 1·7) – – 6·0 (SD 1·2) No value* No value* – – – – – –

Erondu et al.(18) Placebo 3·26 (SD 1·8) 2·40 (SD 1·06) 2·87 (SD 1·35) 5·31 (SD

0·84)

4·32 (SD 0·83) 5·11 (SD 0·95) 1·45 (SD 0·34) 1·26 (SD 0·25) 1·48 (SD 0·37) 3·14 (SD

0·74)

2·52 (SD 0·73) 3·00 (SD 0·82)

MK-0557 1·34 (SD 0·8) 1·08 (SD 0·5) 1·14 (SD 0·6) 5·23 (SD

0·9)

4·31 (SD 0·8) 5·04 (SD 0·9) 1·41 (SD 0·36) 1·22 (SD 0·29) 1·48 (SD 0·40) 3·12 (SD

0·77)

2·56 (SD 0·72) 2·97 (SD 0·73)

Fogelholm et al.(10) Control 1·30 (SD 0·50) 0·96 (SD 0·26) 1·31 (SD 0·72) 5·0 (SD 0·9) 4·6 (SD 0·8) 5·4 (SD 0·8) 1·22 (SD 0·24) 1·12 (SD 0·18) 1·34 (SD 0·28) 5·0 (SD 0·9) 4·6 (SD 0·8) 5·4 (SD 0·8)

Walk 1 1·30 (SD 0·50) 1·02 (SD 0·36) 1·17 (SD 0·45) 5·0 (SD 0·9) 4·2 (SD 0·7) 5·1 (SD 0·8) 1·22 (SD 0·24) 1·12 (SD 0·27) 1·41 (SD 0·31) 5·0 (SD 0·9) 4·2 (SD 0·7) 5·1 (SD 0·8)

Walk 2 þ

counsel-

ling

1·30 (SD 0·50) 0·96 (SD 0·34) 1·20 (SD 0·45) 5·0 (SD 0·9) 4·1 (SD 0·7) 5·0 (SD 0·9) 1·22 (SD 0·24) 1·13 (SD 0·19) 1·36 (SD 0·23) 5·0 (SD 0·9) 4·1 (SD 0·7) 5·0 (SD 0·9)

Gripeteg et al.(25) 1-week

refeeding

1·6 (SD 0·8) – No value§ – – – 1·3 (SD 0·2) – No value§ – – –

6-week

refeeding

1·5 (SD 0·7) – No value§ – – – 1·3 (SD 0·3) – No value§ – – –

Jazet et al.(19) All 3·5 (SE 0·8) D 21·7 (SE 0·7)* D 20·9 (SE 0·5)* 5·6 (SE

0·04)

D 20·9 (SE

0·3)*

D 20·03 (SE

0·3)

1·1 (SE 0·06) D 20·1 (SE 0·04)* D 0·2 (SE 0·06)* – – –

Kukkonen-Harjula

et al.(16)

All – – – – – – 1·18 (SD 0·25) D 0·01 (95 % CI

20·00, 0·04)

D 0·01 (95 % CI

0·05, 0·11)

– – –

Control – – – – – – 1·18 (SD 0·23) – 1·27 (SD 0·27) – – –

Walk – – – – – – 1·19 (SD 0·23) – 1·25 (SD 0·20) – – –

Resistance – – – – – – 1·15 (SD 0·27) – 1·24 (SD 0·31) – – –

Laaksonen et al.(13) Orlistat þ

placebo

combined

Median 2·2 (IR

1·6, 2·8)

Median 1·0 (IR

0·8, 1·4)

Median 1·4

(IR 1·2, 1·8)**

– – – 1·09 (SD 0·18) 1·17 (SD 0·22) 1·22 (SD 0·26)** – – –

Lantz et al.(14) All 1·7 (SD 0·9) D 20·4 (95 % CI

20·5, 20·2)

D 20·1 (95 %

CI 20·3, 0·2)

5·6 (SD 1·1) D 20·5 (95 %

CI 20·6,

20·3)

D 20·1 (95 %

CI 20·3, 0·07)

1·2 (SD 0·3) D 0·0 (95 % CI

20·04, 0·05)

D 0·2 (95 % CI

0·1, 0·2)§

3·6 (SD 0·9) D 20·3 (95 %

CI 20·5,

20·2)

D 20·2 (95 %

CI 20·4,

20·08)§

Linna et al.(20) All – D 228 % (95 % CI

22·9, 33·8)**

D 25 % (95 %

CI 26·3, 16·7)*‡‡

– D 221 % (95 %

CI 17·9, 23·2)**

No D – No D D 8 % (95 %

CI 4·6, 11·0)**‡‡

– D 223 %

(95 % CI

19·9,

26·1)**

No D

Subgroup 1 – – D 223 %

(95 % CI 13·3 2

32·8)**,‡

– – No D‡ – D 16 % (95 % CI

9·7, 23·4)**

D 12 %

(95 % CI 26·6,

17·7)**‡

– D 217 %

(95 % CI

23·3,

12·1)

No D

Subgroup 2 – – No D – – No D – D 15 %

(95 % CI

10·0, 19·4)**

D 6 % (95 % CI

2 2·1, 9·1)*

– D 225 %

(95 % CI

17·9, 31·2)

No D

Madsen et al.(29) All – – D 212 % (95 %

CI 21·3, 21·5)*

– – D 27·5 %

(95 %

CI 22·9,

211·8)*

– – D 21·6 % (95 %

CI 26·1, 2·7)

– – D 210·5 %

(95 % CI

24·1,

16·4)*

Orlistat 2 (95 % CI 1·7,

2·3)

1·5 (95 % CI 1·2,

1·7)

1·8 (95 % CI 1·5, 2·1) 6 (95 % CI

5·5, 6·4)

4·9 (95 % CI

4·5, 5·3)

5·6 (95 % CI

5·2, 5·9)

1·15 (95 % CI

1·07, 1·23)

1·09 (95 % CI

1·01, 1·17)

1·14 (95 %

CI 1·05, 1·24)

3·8 (95 % CI

3·4, 4·1)

3 (95 % CI

2·8, 3·4)

3·4 (95 % CI

3·1, 3·8)

Placebo 2·2 (95 % CI 1·8,

2·6)

1·5 (95 % CI 1·3,

1·8)

1·9 (95 % CI 1·6, 2·3) 5·8 (95 % CI

5·4, 6·3)

4·5 (95 % CI

4·2, 4·9)

5·4 (95 % CI

5·1, 5·8)

1·16 (95 % CI

1·08, 1·25)

1·08 (95 % CI

1, 1·17)

1·17 (95 %

CI 1·06, 1·28)

3·5 (95 % CI

3·2, 3·9)

2·7 (95 % CI

2·4, 3)

3·2 (95 % CI

2·9, 3·5)

Madsen et al.(30) Orlistat 2·2 (SD 0·8) 1·6 (SD 0·7) 2·0 (SD 0·9) 6·0 (SD 1·2) 5·0 (SD 1·1) 5·5 (SD 1·0) 1·16 (SD 0·28) 1·1 (SD 0·3) 1·2 (SD 0·3) 3·9 (SD 1·1) 3·2 (SD 0·9) 3·5 (SD 0·9)

Placebo 2·5 (SD 1·4) 1·7 (SD 0·8) 2·2 (SD 1·1) 5·9 (SD 1·2) 4·7 (SD 1·0) 5·4 (SD 0·9) 1·16 (SD 0·22) 1·1 (SD 0·2) 1·2 (SD 0·3) 3·6 (SD 1·0) 2·8 (SD 0·8) 3·2 (SD 0·9)

Mathus-Vliegen

et al.(17)

Sibutramine – – Median % D 2·6 – – Median %

D 13·1

– – Median % D 20·5 – – Median %

D 7·1

Placebo – – Median % D 5·9 – – Median %

D 12·7

– – Median % D 19·9 – – Median %

D 9·7

Niskanen et al.(28) All Median 2·0 (IR

1·7, 2·7)

Median 1·1 (IR

0·9, 1·8)

Median 1·7 (IR 1·3, 2·4)** – – – 1·08 (SD 0·23) 1·16 (SD 0·26) 1·16 (SD 0·27)* – – –

Paisey et al.(12) VLED 3·9 (SD 3·4) – 2·9 (SD 2·3) 6·8 (SD 1·2) – 5·7 (SD 1·3)* 1·20 (SD 0·39) – 1·26 (SD 0·47) 3·85 (SD 1·57) – 3·42 (SD 1·38)
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group, and in twelve of the thirty-eight patients (32 %) in the

control group, were objectively cured (P¼0·019) at VLED

end. This change was maintained at the 1-year follow-up,

where the mean total AHI in the intervention group was 6·0

events/h and that in the control group was 9·6 events/h

(P¼0·043). Changes in AHI during the 12-month follow-up

were strongly associated with changes in weight and waist cir-

cumference which was independent of baseline BMI. More-

over, significant improvements in mean arterial oxygen

saturation were observed in the intervention group when

compared with the control group after 1 year.

Asthma. Stenius-Aarniala et al.(37) was the only study

which investigated the effects of VLED on obese patients

with asthma. The details of the study design are given in

Table 1.

Data for flow vital capacity and forced expiratory volume in

1 s were collected. Forced expiratory volume in 1 s (percen-

tage of predicted) improved significantly more in the treat-

ment group at VLED end, and was maintained even after

1 year (P¼0·02). There was also a significantly greater

median reduction of dyspnoea in the treatment group when

compared with the control group (13 v. 1 mm on the visual

analogue scale; P,0·05). The daily use of rescue sympathomi-

metics decreased significantly more in the treatment group

(1·2 v. 0·1 doses; P,0·05).

Eating disorders

Binge eating disorder. In two studies, the effect of VLED on

binge eating disorder (BED) was reported(38,39).

In de Zwaan et al.(39), patients with BED participated in a

6-month intervention. The change in binge eating was not

different between the BED-only group when compared with

the BED þ CBT group at any time point. However, during

the fasting period of VLED, an improvement in the absence

of binge eating was observed in both groups (80·6 % were

binge free in the BED þ CBT group v. 80·4 % in the

BED 2 CBT group; P¼0·98). At study end, forty-seven partici-

pants were binge free and 56·3 % did not meet the criteria for

BED, again with no significant difference between the groups.

A study by Raymond et al.(38) investigated the influence

of several factors on the diagnostic criteria of obese individ-

uals with and without BED, 1 year after following a VLED

programme. The details of the study are given in Table 1.

At baseline, sixty-three participants were diagnosed with

BED, thirty-six with sub-threshold BED and twenty-nine

with no binge eating symptoms (no BED). Of the sixty-three

individuals with BED, thirty-six (57 %) no longer met the

criteria at 12 months. Conversely, at 12 months, sixteen

(13 %) of the BED patients moved to a more severe category.

At 12-month follow-up, nine of the patients (25 %) with sub-

threshold BED and three (10 %) with no BED at baseline

also met the full BED criteria. A significant association

was found between BED diagnosis and weight gained at

12-month follow-up (P¼0·0087).

Mental health. The effects of VLED on mental health were

investigated in two studies. In one study, depression wasT
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Table 5. Summary of the glycaemia results

Fasting glucose (mmol/l) Fasting insulin (mU/l)§§ HBA1c (%) Fructosamine (mM)

Study Patient groups Pre-VLED Post-VLED Study end Pre-VLED Post-VLED Study end Pre-VLED Post-VLED Study end Pre-VLED Post-VLED Study end

Dhindsa et al.(22) T2DM, obese – – – – – – – – – 387 (SD 71) 346 (SD 49)** 371 (SD 41)**

Erondu et al.(18) Placebo 5·2 (SD 0·6) 5·0 (SD 0·6) 5·2 (SD 0·7) 12·7 (SD 7·0) 7·7 (SD 5·2) 11·3 (SD 12·6) – – – – – –

MK-0557 5·2 (SD 0·6) 5·1 (SD 0·6) 5·3 (SD 0·7) 13·0 (SD 12·1) 7·0 (SD 5·0) 11·2 (SD 12·1)

Fogelholm et al.(10) Control 5·1 (SD 0·5) 5·0 (SD 0·4)§ 5·5 (SD 1·1)§ 10·9 (SD 4·5) 6·8 (SD 2·3)§ 10·4 (5·3)§ – – – – – –

Walk 1 5·1 (SD 0·5) 4·8 (SD 0·3)§ 5·3 (SD 0·4)§ 10·9 (SD 4·5) 6·5 (SD 2·2)§ 8·4 (SD 3·5)§ – – – – – –

Walk 2 þ counselling 5·1 (SD 0·5) 4·9 (SD 0·3)§ 5·4 (SD 0·5)§ 10·9 (SD 4·5) 6·5 (SD 2·0)§ 11·1 (SD 10·9)§ – – – – – –

Gripteg et al.(25) 1-week refeeding – 5·5 (SD 1·3) No valuek – 21·7 (SD 14·3) – – – – – – –

6-week refeeding – 5·4 (SD 1·3) No valuek – 25·2 (SD 25·4) – – – – – – –

Jazet et al.(19) All 11·9 (SD 1·0) D 21·5 (SD 1·3) D 20·7 (SD 1·4) – – – 8·0 (SD 0·3) D 20·3 (SD 0·2) D–0·3 (SD 0·2) – – –

Kukkonen-Harjular

et al.(16)

All 5·10 (SD 0·49) D 20·32

(95 % CI 20·44,

20·21)

D 20·05 (95 % CI

20·15, 0·04)

14·4 (SD 5·6) D 25·5 (95 % CI

26·7, 24·4)

D 23·4 (95 % CI

24·8, 22·0)

– – – – – –

Control 5·1 (SD 0·6) – 5·1 (SD 0·5)§ 14 (SD 4·0) – 10·5 (SD 5·7)§ – – – – – –

Walk 5·1 (SD 0·3) – 5·0 (SD 0·5)§ 14·3 (SD 6·8) – 10·5 (SD 5·7)§ – – – – – –

Resistance 5·1 (SD 0·5) – 5·0 (SD 0·4)§ 14·3 (SD 6·4) – 10·1 (SD 7·2)§ – – – – – –

Laaksonen et al.(13) Orlistat þ Placebo 6·2 (SD 1·8) 5·5 (SD 0·6) 5·3 (SD 0·8)** – – – – – – – – –

Lantz et al.(14) All 4·8 (SD 2·0) D 20·4 (95 % CI

20·6, 20·2)

D 0·0 (95 % CI

20·3, 0·2)

20·6 (SD 12·3) D 29·0 (95 % CI

210·9, 27·0)

D 24·9 (95 % CI

27·0, 22·8)k

– – – – – –

Linna et al.(20) All 5·1 (SD 0·5) 4·7 (SD 0·4)** 5·0 (SD 0·5)** – – – – – – – – –

Subgroup 1 5·2 (SD 0·7) 4·7 (SD 0·4)* 5·0 (SD 0·6)* – – – – – – – – –

Subgroup 2 5·1 (SD 0·4) 4·7 (SD 0·4)** 5·1 (SD 0·4)** – – – – – – – – –

Madsen et al.(29) Orlistat þ placebo – – – – – – – D 213·1 %

(95 % CI

211·3, 214·9)**

– – –

Mathus-Vliegen et al.(17) Sibutramine – – Median % D 8·0 – – – – – – – – –

Placebo – – Median % D 2·2 – – – – – – – – –

Melin et al.(15) Intensive counselling 4·7 (SD 0·2) – D 0·08 (SD 0·24) 21·1 (SD 4·6) – D 29 (SD 1·23)* – – – – – –

Normal counselling 5·2 (SD 0·4) – D 20·5 (SD 0·26) 10·2 (SD 1·2) – D 25·0 (SD 1·37)* – – – – – –

Niskanen et al.(28) All 6·2 (SD 1·7) 5·4 (SD 0·6) 5·4 (SD 0·7)** – – – – – – – – –

Paisey et al.(12) VLED 12 (SD 5) – 13 (SD 5) – – – – – – 352 (SD 84) – 348 (SD 59)

Diet and exercise 13 (SD 5) – 14 (SD 4) – – – – – – 385 (SD 98) – 357 (SD 88)

Richelsen et al.(21) Orlistat 6·4 (SD 1·8) D 21·1 D–0·49 16·7 (SD 9·4) D 26·91 D 23·74 6·3 (SD 0·9) D 20·5 D 20·7 – – –

Placebo 6·3 (SD 1·5) D 20·95 D–0·32 16·4 (SD 8·4) D 26·48 D 21·73 6·3 (SD 0·6) D 20·5 D 20·5 – – –

Rolland et al.(23) LCHP 5·4 (SD 0·8) 5·4 (SD 0·8) 5·3 (SD 0·8)k – – – 5·7 (SD 0·5) 5·6 (SD 0·4) 5·6 (SD 0·4) – – –

VLED 5·2 (SD 0·6) 4·8 (SD 0·5)‡k 4·9 (SD 0·4)‡k – – – 5·6 (SD 0·4) 5·5 (SD 0·3)k 5·4 (SD 0·4)‡k – – –

Simonen et al.(31) All 8·4 (SD 0·6) – 7·2 (SD 0·5)* 17·0 (SD 1·0) – 13·1 (SD 1·5) – – – – – –

Toumhileto et al.(24) Control 6·1 (SD 1·6) – D 20·4 (SD 1·4) 10·9 (SD 4·7) – D 21·2 (SD 3·4) – – – – – –

Intervention 6·3 (SD 2·5) – D 20·6 (SD 2·3) 13·5 (SD 7·0) – D 25·9 (SD 7·0)‡‡ – – – – – –

Vasankari et al.(11) All 5·1 (SD 0·5) 4·9 (SD 0·4)** 4·9 (SD 0·4)** 11·2 (SD 4·4) 6·8 (SD 2·8)** 7·8 (SD 2·6)** – – – – – –

Wikstrand et al.(32) Corset 5·2 (SD 0·9) – 4·8 (SD 0·5)* – – – – – – – – –

No corset 5·3 (SD 2·2) – 4·7 (SD 0·6) – – – – – – – – –

Willi et al.(33) All – – – – – – 8·8 (SD 0·6) 7·4 (SD 0·6)* 8·9 (SD 0·8)* – – –

HBA1C, glycated Hb; VLED, very-low-energy diet, T2DM, type 2 diabetes mellitus; MK-0557, highly selective orally administered neuropeptide Y Y5 receptor antagonist; D, change; LCHP, low-carbohydrate, high-protein diet.
Mean values were significantly different from baseline: *P,0·05, **P,0·001.
Mean values were significantly different between groups: ‡P,0·05, ‡‡P,0·001.
§ No P value provided for baseline, VLED end, study end or between groups.
kStatistically significant difference from baseline provided but no P value given.
§§ The conversion factor for fasting insulin is: 1 mU/l¼6·00 pmol/l.

Y
.
M

u
lh

o
llan

d
et

a
l.

8
4
6

British Journal of Nutrition
https://doi.org/10.1017/S0007114512001924 Published online by Cambridge University Press

https://doi.org/10.1017/S0007114512001924


examined(40) and in another study the effect of mental dis-

orders on the maintenance of weight loss was investigated(41).

Legenbauer et al.(40) investigated the effect of eating and

depressive disorders on weight loss after VLED treatments

and after surgical weight reduction treatment. A greater

number of participants in the VLED group met the criteria

for diagnosis of depressive disorder at baseline, when com-

pared with bariatric surgery patients. Although a lifetime his-

tory of depression did not differ between the groups, history

of depressive disorder (both current and lifetime) had a sig-

nificant negative predictive value on longer-term weight loss

in the bariatric surgery group but not in the VLED group at

4 years. Conversely, in the bariatric surgery group, a positive

association was demonstrated in patients who had a history

of eating disorder, with greater weight losses achieved at

study end. The authors suggested that this observation may

be due to a number of limitations in their study, including

the lack of randomisation, high attrition rate and the lack of

evaluation of recurrence or severity of depression on long-

term outcomes.

Legenbauer et al.(41) assessed the effect of mental disorders

on the maintenance of weight loss among the patients who

had previously successfully participated in a VLED pro-

gramme. Of the 166 participants, 28·3 % maintained a weight

loss of at least 5 % of their initial weight for 3 years. In

71·7 % of the participants who maintained a loss of less than

5% of their pretreatment weight, lower levels of cognitive con-

trol, higher levels of disinhibition and higher levels of per-

ceived hunger were reported at the 3-year follow-up

compared with those with .5 % loss.

Dropouts and adverse events

Of the thirty-two studies included in the present review,

dropout information was available for twenty-eight

studies(4,10,12–25,27,29–32,34,36–41). In five of these studies, no

dropouts were reported(13,19,29,31,37). Dropouts were more

notable during the follow-up as opposed to the VLED

period. In only three of the remaining studies did they specify

higher dropout rates during the VLED phase when compared

with the follow-up period(4,12,24). For the studies that reported

dropouts during the VLED phase, this appears to be in the first

few weeks(24,32). The main reasons for discontinuing the VLED

appeared to be withdrawal from the study before starting

the diet, distaste of products, poor compliance and work

schedules(4,12,24,25,32,36). There was one death recorded in

the first 5 weeks of a VLED but this was not linked to the

VLED diet by the authors(24). In one study where 23·7 %

of the patients dropped out in the VLED phase, only 0·1 %,

however, were due to adverse effects(18).

Few reasons were given for dropout during the follow-up

phase; however, it was observed that younger patients and

patients with higher baseline BMI were significantly more

likely to drop out(32,40) while those receiving behaviour

therapy were more likely to be retained(39).

Of the thirty-two studies, fourteen monitored for adverse

events(4,12,15,16,18,19,24,25,31–33,36,40,41). Of these studies, two

stated that no adverse effects were reported(31,33). Of the

remaining studies, five reported minor transient adverse

events including nausea, vomiting, diarrhoea, biliary colic,

elevation of liver function enzymes, dry skin, hair loss and diz-

ziness(4,12,18,24,32).

A total of seven studies commented on major adverse

events throughout the study period(12,19,24,25,36,40,41). In three

studies, significant cardiac events were noted, none of

which was reported as being directly related to the VLED

intervention. In summary, one death was attributable to myo-

cardial infarctions(36) and one from heart failure at 35 weeks

post-VLED(25). Paisey et al. reported one non-fatal myocardial

infarction in the VLED group but also a non-fatal myocardial

infarction in the conventional diet group. In this study, how-

ever, one patient was able to have a coronary bypass as a

result of weight loss achieved through the VLED. Finally,

one case of acute coronary syndrome(19) was also reported

in the VLED arm. In another three studies, seven other

deaths were reported(24,40,41), although the cause of death

was not reported. In two of the studies which included type

2 diabetic patients, one other death occurred from primary

biliary cirrhosis(12) and a case of prostate cancer was also diag-

nosed(19). In another study, five patients were lost to follow-

up due to illness but the type of illness was not specified(40).

Overall, none of the major adverse effects noted in any of

these studies was reported to be related to the VLED itself.

Discussion

The present review suggests that long-term weight loss and

improvements in co-morbidities ranging from cardiovascular

risk to respiratory disorders can be advised in the longer

term using VLED. These improvements, however, are more

likely to be associated with the weight loss induced, rather

than the way in which the weight loss is achieved.

Previous studies have argued that despite greater initial

reductions in weight loss with VLED, weight regain is similar

to a conventional diet(33). In accordance with the meta-anal-

ysis by Anderson et al.(42), the present review suggests that

significant weight loss appears to be sustained in the longer-

term following a VLED for obese and overweight individuals

with co-morbidities. The present systematic review also

demonstrates that in the longer term, and in agreement with

previously reported evidence, significant weight-loss mainten-

ance following a VLED was demonstrated mainly in the

groups who used a conventional diet with exercise or adjuncts

such as orlistat(12,21).

Cardiovascular risk

Jazet et al.(19) suggested that cardiovascular risk factors may be

reduced, irrespective of weight loss or regain, in the long term

following a VLED(19). In the present review, however, signifi-

cant reductions in systolic and diastolic BP were generally

associated with significant weight loss(4,12,15,19,23,25,26) as

were improvements in waist circumference(19,20,23,25,26,28).

Lipid data appear to conflict and study design is significantly

varied. Rolland et al.(43) recently reported the effects of VLED

on HDL where an improvement is often seen during weight

Very-low-energy diets and morbidity 847
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maintenance, although not necessarily at VLED end(44). This is

in keeping with our findings on the review of long-term

evidence.

Although changes in plasma glucosewere associatedwith sig-

nificant weight reduction, insulin levels also improved regard-

less of significant weight losses, but, again, may be influenced

by additional factors in the study design. Few studies reported

insulin requirements, but the results suggested reduced doses

at study end.

Fertility

The limited long-term evidence that we currently have for the

use of VLED for improving fertility does not allow us to make

any concrete conclusions. An interesting case study of an

obese type 2 diabetic and hypertensive patient(45) who fol-

lowed a VLED to improve her likelihood of conceiving

demonstrated the usefulness of VLED for pregnant control of

glucose metabolism and BP. In addition, short-term evidence

does suggest that weight loss improves fertility in obese

women with polycystic ovary syndrome(46,47). This warrants

the need for further investigation into the use of VLED for

improving fertility in the longer term.

Bone health

There has been concern expressed about the effect of weight

loss on bone health(48–54). Very little is currently known of the

long-term effects of weight loss on bone turnover. The limited

evidence for VLED suggests an imbalanced turnover during

the VLED phase, which resumes balance during weight main-

tenance. The imbalance observed during the VLED phase may

simply be due to the reduced energy intake(55), or may reflect

a delay in osteoblast formation relative to osteoclastic resorp-

tion(35). The evidence also suggests that, in long-term weight

loss, the total body BMC is significantly decreased regardless

of whether exercise is included in the weight-maintenance

phase(27) or if the weight loss is achieved through surgical

or dietary means(34). Nevertheless, more evidence is required

to fully understand the effects of VLED on bone health, per-

haps by looking at BMD directly as well as serum markers

of bone formation and breakdown.

Respiratory disorders

The long-term use of VLED in the treatment of sleep apnoea

demonstrates an improvement in the disease where greater

weight loss is associated with greater improvements. These

benefits may be further improved through the administration

of behaviour therapy. More research is required to determine

the optimal duration of VLED or the extent of weight loss

which is required for the resolution of apnoeic events in

obese individuals.

Eating disorders

VLED have been criticised in the past for increasing the occur-

rence of BED. The long-term evidence remains unclear, as one

study demonstrated improvements in BED, while the other

study reported varied outcomes with some patients improving

and others worsening. The role of CBT in the treatment of

BED in conjunction with VLED also remains unclear. A study

by Svendsen et al.(56) was not included in the present

review as long-term weight loss was not described in the

paper. Nevertheless, they showed that 36 months after

having followed a VLED for 8 weeks, decreased binge

eating was a predictor of sustained weight maintenance

while weight loss was associated with decreases in binge

eating. More research and evidence are required to elucidate

the effects of VLED on BED.

Dropouts and adverse events

Recent reviews have concluded that, in the long term, VLED

have no worse outcomes or adverse effects than standard

diets(57). Previous studies have argued that VLED are associ-

ated with high cost and high attrition rates(58). Our findings

suggest that dropouts are higher during the follow-up phase

and are rarely due to the VLED itself. Few studies suggested

reasons for this and future studies may provide more infor-

mation on reasons for high attrition in the follow-up period.

In the present review, we found that few papers reported

significant adverse events. The minor adverse events outlined

were as expected when following a ketotic diet(59). Few

deaths and major adverse events such as myocardial infarc-

tions were reported. There appears, however, to be a lack

of rigour in the reporting of adverse events. Standardisation

of adverse events reporting would be beneficial in providing

further evidence of short- and long-term safety outcomes.

Strengths and limitations

The present review represents a detailed systematic review of

an important area of controversy. Despite the complexity of

the present review, due to the high variation in the study

design of the reviewed papers, we have attempted to separate

the effects attributable to VLED and other interventions. The

heterogeneity in study design, particularly in terms of the

VLED period, length of follow-up and additional interven-

tions, however, makes the interpretation of the results difficult

and conclusions with which to guide best practice limited. A

meta-analysis was planned but not able to be completed

because of the inconsistent protocols. In addition, study qual-

ity was variable where 62·5 % of the studies had a score of 2 or

less. However, this may simply reflect the way in which the

quality was assessed, as studies were scored for double blind-

ing, which is not possible to achieve in behavioural studies.

Perhaps a different method of assessment investigating

sample size, conduct of study, details of follow-up analysis

and interpretation would have been more suitable for the

assessment of these papers.

There remains limited evidence on the effects of VLED on

specific disease groups, which is partially due to the strict

safety protocols which accompany this dietary approach.

Although evidence is mounting for use in some groups at

higher cardiovascular risk, such as type 2 diabetics, there is
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little evidence of outcomes in other obesity-related secondary

diseases, such as non-alcoholic fatty liver disease. Future areas

of research may provide more information on the outcomes of

VLED dependent on age, sex, ethnicity and specific disease.

There is need, however, for clarification of nutritional comple-

teness of different VLED used in research. With the exception

of energy intake, current VLED should either be nutritionally

complete or include supplements to avoid any deficiencies.

Of the thirty-two studies investigated, only four commented

on nutritional completeness(21,34,35,37) and two commented

on the use of a supplement(16,31). When we looked for the

manufacturer’s information about the different VLED used,

these were all stated to be nutritionally complete. Only one

paper made no comment of the VLED that was used or its

nutritional completeness(13).

The data presented in the present review are often conflict-

ing. There is a great need for consistency in the design of

studies to allow accurate data extrapolation, and long-term

studies to show sustained outcomes. Long-term information

on the use of intermittent or on-demand VLED is an area

which has not been explored in many studies. The ‘yo-yo’

effect of rapid weight loss and regain associated with VLED

has previously been criticised(60). However, several studies

have demonstrated that intermittent VLED use does not have

any detrimental effect on metabolic parameters such as RMR,

fasting insulin, insulin resistance, leptin, inflammatory mar-

kers, lipids or BP(60–63).

The role of VLED combined with varying intensity of exer-

cise, and also behaviour modification through counselling,

needs to be explored in more depth. This is consistent with

the findings of a recent systematic review which stated that

VLED were more efficacious if combined with behaviour

modification and active follow-up(64). In the long term,

weight regain may occur, but the VLED may instigate beha-

viours which facilitate longer-term changes for the prevention

of weight regain and overall health and well-being. The use of

behaviour therapy may be particularly useful for those individ-

uals with a history of eating and mental health disorders who

appear to have more difficulty in maintaining long-term

weight loss.

Conclusion

Overall, the present review suggests that long-term weight loss

and improvements in cardiovascular risk, fertility and respirat-

ory disorders are achievable with the use of VLED, particularly

in conjunction with behaviour therapy and exercise. There is

currently little evidence to suggest any detriment to bone

health, liver or kidney function, but data assessing these fac-

tors remain limited. We clearly identify that there is a need

for further standardised research of VLED use in healthy and

at-risk groups, the results of which could better inform best

practice.
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21. Richelsen B, Tonstad S, Rössner S, et al. (2007) Effect of orli-
stat on weight regain and cardiovascular risk factors follow-
ing a very-low-energy diet in abdominally obese patients: a
3-year randomized, placebo-controlled study. Diabetes Care
30, 27–32.

22. Delbridge EA, Prendergast LA, Pritchard JE, et al. (2009)
One-year weight maintenance after significant weight loss
in healthy overweight and obese subjects: does diet compo-
sition matter? Am J Clin Nutr 90, 1203–1214.

23. Rolland C, Hession M, Murray S, et al. (2009) Randomized
clinical trial of standard dietary treatment versus a low-carbo-
hydrate/high-protein diet or the LighterLife programme in
the management of obesity. J Diabetes 1, 207–217.

24. Tuomilehto HP, Seppa JM, Partinen MM, et al. (2009) Life-
style intervention with weight reduction: first-line treatment
in mild obstructive sleep apnea. Am J Respir Crit Care Med
179, 320–327.

25. Gripeteg L, Karlsson J, Torgerson J, et al. (2010) Predictors of
very-low-energy diet outcome in obese women and men.
Obes Facts 3, 159–165.

26. Laaksonen DE, Kainulainen S, Rissanen A, et al. (2003)
Relationships between changes in abdominal fat distribution
and insulin sensitivity during a very low calorie diet in
abdominally obese men and women. Nutr Metab Cardiovasc
Dis 13, 349–356.

27. Fogelholm GM, Sievanen HT, Kukkonen-Harjula TK, et al.
(2001) Bone mineral density during reduction, maintenance
and regain of body weight in premenopausal, obese women.
Osteoporos Int 12, 199–206.

28. Niskanen L, Laaksonen DE, Punnonen K, et al. (2004)
Changes in sex hormone-binding globulin and testosterone
during weight loss and weight maintenance in abdominally
obese men with the metabolic syndrome. Diabetes Obes
Metab 6, 208–215.

29. Madsen EL, Rissanen A, Bruun JM, et al. (2008) Weight loss
larger than 10 % is needed for general improvement of
levels of circulating adiponectin and markers of inflam-
mation in obese subjects: a 3-year weight loss study. Eur
J Endocrinol 158, 179–187.

30. Madsen EL, Bruun JM, Skogstrand K, et al. (2009) Long-term
weight loss decreases the nontraditional cardiovascular risk
factors interleukin-18 and matrix metalloproteinase-9 in
obese subjects. Metabolism 58, 946–953.

31. Simonen P, Gylling H, Howard AN, et al. (2000) Introducing
a new component of the metabolic syndrome: low choles-
terol absorption. Am J Clin Nutr 72, 82–88.

32. Wikstrand I, Torgerson J & Bostrom KB (2010) Very low cal-
orie diet (VLCD) followed by a randomized trial of corset
treatment for obesity in primary care. Scand J Prim Health
Care 28, 89–94.

33. Willi SM, Martin K, Datko FM, et al. (2004) Treatment of type
2 diabetes in childhood using a very-low-calorie diet.
Diabetes Care 27, 348–353.

34. Dixon JB, Strauss BJG, Laurie C, et al. (2007) Changes in

body composition with weight loss: obese subjects

randomized to surgical and medical programs. Obesity

(Silver Spring) 15, 1187–1198.
35. Hinton PS, LeCheminant JD, Smith BK, et al. (2009) Weight

loss-induced alterations in serum markers of bone turnover

persist during weight maintenance in obese men and

women. J Am Coll Nutr 28, 565–573.
36. Kajaste S, Brander PE, Telakivi T, et al. (2004) A cognitive-

behavioral weight reduction program in the treatment of

obstructive sleep apnea syndrome with or without initial

nasal CPAP: a randomized study. Sleep Med 5, 125–131.
37. Stenius-Aarniala B, Poussa T, Kvarnström J, et al. (2000)

Immediate and long term effects of weight reduction in

obese people with asthma: randomised controlled study.

BMJ 320, 827–832.
38. Raymond NC, de Zwaan M, Mitchell JE, et al. (2002) Effect of

a very low calorie diet on the diagnostic category of individ-

uals with binge eating disorder. Int J Eat Disord 31, 49–56.
39. de Zwaan M, Mitchell JE, Crosby RD, et al. (2005) Short-term

cognitive behavioral treatment does not improve outcome of

a comprehensive very-low-calorie diet program in obese

women with binge eating disorder. Behav Ther 36, 89–99.
40. Legenbauer T, Petrak F, de Zwaan M, et al. (2010) Influence

of depressive and eating disorders on short- and long-term

course of weight after surgical and nonsurgical weight loss

treatment. Compr Psychiatry 52, 301–311.
41. Legenbauer TM, de Zwaan M, Mühlhans B, et al. (2010) Do
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