o

British Journal of Nutrition

British Journal of Nutrition (2012), 108, 832-851 doi:10.1017/S0007114512001924

© The Authors 2012

Systematic Review

Very-low-energy diets and morbidity: a systematic review
of longer-term evidence

Y. Mulholland, E. Nicokavoura, J. Broom and C. Rolland*

Centre for Obesity Research and Epidemiology (CORE), Faculty of Heath and Social Care, Robert Gordon University,
Aberdeen AB251HG, Scotland, UK

(Submitted 21 July 2011 — Final revision received 13 April 2012 — Accepted 15 April 2012 — First published online 17 July 2012)

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?.
Modern VLED do not induce such deficiencies.

AVLED is defined as a diet of < 3347 kJ/d (<800 kcal/d)®. 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™®.

There is sufficient evidence in the literature to ensure the safe
use of VLED in the short term™®. 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”.

Abbreviations: AHI, apnoea—hypopnoea index; BED, binge eating disorder; BMC, bone mineral content; BMD, bone mineral density; BP, blood pressure;
CBT, cognitive behaviour therapy; CTX, C-terminal telopeptide of type I collagen; VLED, very-low-energy diet.
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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®. Studies from January 2000 to December
2010 were evaluated. Interventions where the participants
had a mean or median BMI of =28kg/m” 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.” (procedure of
allocation, withdrawals/dropouts, blinding of patients and out-
come assessment). The protocol used by Jadad et al” 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)

Duplicates excluded
(n67)

Excluded as language non-English
(n27)

A 4

Titles and abstracts
screening (n 800)

Excluded based on titles and abstracts
(n373)

A

Potential papers eligible
for inclusion (n 427)

Not in accordance with inclusion criteria
(n395)

5

NotVLED: 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/m?: 2

Commentaries: 2
Etter to the editor: 1 )

v
Total studies included
for review (n 32)

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 25d 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

(= 41718212930 wwith the excep-
(13,28)

generally scored the highest
tion of those that were not randomised controlled trials

Weight change

Of the studies included, thirteen reported significant weight
change at VLED end@11:1415.19202227.2930523559)  Of these,
twelve studies demonstrated significant reductions in weight
at VLED end and one study in the group combining cognitive
behaviour therapy (CBT) only®”. 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(/"lo’]5715’]9’20'22’25’27’28’51"?’3’55’56). 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'®?” behaviour
therapy(%’%)} medication””"®*Y and longer reintroduction
phase post-VLED®® 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‘®1°~?» 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 @ 10ILI31416-29) of e changes at VLED end, six showed
significant reductions from baseline® 1114161929 o of
which sustained significant systolic BP reductions at study
end ™92 Also, three more studies reported a significant
reduction in systolic BP at study end only'*'>%>,

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 #10:11:13,14,16,18-21,23) Only one study” 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™!'!131319.23:25 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
(10— 14,

papers

reported in eighteen
17225.27-30  Of the thirteen papers that reported
waist circumference data at VLED end11113:18-23.27-30)
seven studies 131920232729 showed significant reductions
at VLED end, five of which maintained significant reductions
from baseline at study end19:2023:27.29 (Taple 3). In total,
nine studies showed a significant reduction in waist circumfer-
ence at study end!319:20.23.25:27-30)

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
. L (4,10—14,16-25,28—32) i
intervention . 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!10~1417-2528-32)
Of all the nineteen studies, four reported significant improve-
ments in TAG at the VLED end"'*?**”  although in one
study this involved combined data from VLED and LED inter-
ventions'. At study end, nine studies, including the four
which had significant changes at VLED end, showed significant

reductions in TAG from baseline!13:19,20,25,28,29,51,52)
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Table 1. Summary of the studies included in the review

Author n (males)

Study

Inclusion criteria

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.®? 141 (70)
Dhindsa et al.” 40 (22)
Erondu et al.('® 502 (69)
Fogelholm et al."® 82 (0)
Gripeteg et al.®® 169 (60)
Jazet et al'? 18 (9)
Kukkonen-Harjula 90 (90)

etal"®

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

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

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

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

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

Cohort study where patients were
assigned to 30d VLED followed
by an 18-month follow-up

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

Men and women; 18—75 years
old; BMI =27 kg/m? with co-
morbidities or =30kg/m?; no
history or presence of signifi-
cant disease, endocrine dis-
order, psychiatric illness, and
alcohol or drug abuse; not
pregnant or lactating

Obese men and women with

hyperglycaemic symptoms and

poorly controlled T2DM

Non-diabetic men and women;
18-65 years old; BMI 30—

43kg/m?; no significant cardio-

vascular, pulmonary, renal,
neurological, psychiatric dis-
ease or weight-altering medi-
cation

Women; 30—45 years old; BMI

30-45 kg/mz; 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

Men and women; 18—60 years
old, BMI >30.0kg/m?

Obese men and women; T2DM,

part of another intervention. All

on insulin therapy

Males; 35—50 years old; BMI
30-40 kg/m?; waist circumfer-
ence >100cm; no regular
medications, no regular exer-
cise, non-smokers, no binge
eaters, BP <160/105 mmHg,
cholesterol <8 mmol/l, TAG
<4mmol/l, blood glucose
<6-7mmol/l

Duration

Duration of VLED of follow-up
3 months 12 months
8 weeks 1 year
6 weeks 52 weeks
12 weeks 3 years
12 weeks 52 weeks
30d 18 months
2 months 23 months

HC: 109-4 (sE 2:6)
HP: 114.0 (sE 3-0)

119 (sp 19)

100-0 (sp 14-6)

92.0 (sp 9-8)

Group 1: 122-9 (sp 23:0)
Group 6: 124-6 (sp 25-8)

111.7 (sE 4-0)
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HC: A —17-6 (sE 0-8)™*
HP: A —17-4 (sE 0.7)™

107 (sp 18)™*

906 (sD 13-3)

Control: 80-0 (sb 9-5)
Walk 1: 780 (s 8-8)
Walk 2: 782 (sp 11-6)

Group 1: 102-8 (sp 20-7)
Group 6: 104-0 (sp 23:0)

A —11.7 (sE 0.7

Combined: A —14.2
(sp 4-0)§

HC: A —13-8 (se 1-3)**
HP: A —14.3 (sE 1-1)*

109 (sp 18)™*

Placebo: 95-6 (sp 15-7)
MK-0557: 91-1 (sp 14-5)f

Control: 89-7 (sD 9-6)
Walk 1: 83-9 (sp 12.2)*
Walk 2: 87-4 (sp 15-3)

Group 1: A 82 (sD 8:3) %
Group 6: A 3:9 (sb 9-1) %t

A —13.9 (s 2.5)**

Combined: A —4-8
(sp 0-8)§
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Table 1. Continued

Duration Weight (kg) at the Weight (kg) at the end of the
Author Study Inclusion criteria Duration of VLED of follow-up Weight (kg) at baseline end of the VLED follow-up
Laaksonen et al. Longitudinal clinical intervention Men and women; BMI 9 weeks 1 year 102-5 (sp 12-8) 86-9 (sp 10-4) 88-2 (sp 12:4)**
where patients underwent a 30-45 kg/m?; metabolic
VLED for 9 weeks followed by syndrome. No poorly controlled
1-year weight maintenance. If diabetics, no IHD; no psychia-
patients lost at least 5 % of their tric history; no significant renal
initial weight at the end of the disease
VLED, they were randomised to
receive either orlistat or a pla-
cebo (results were combined)
Lantz et al.™ Randomised clinical trial where Men and women; BMI 16 weeks 2 years Intermittent: 114.2 Intermittent: A —20-6 Intermittent: A —7.0
patients undertook a 16-week >30-0kg/m?; 18—60 years old. (sp 18-9) (sb 18:3%)** (sb 11.0)*
VLED. Following this, subjects No significant serious dis- On-demand: On-demand: A —22.0 On-demand: A —9-1
followed either a 2-week VLED eases, previous obesity sur- 114.4 (sp 17-5) (sb 19-0%)** (sb 9-7)**
every 3 months (intermittent gery or drug abuse
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
Linna et al.®® Cohort study where patients Men; 35-50 years old; BMI 2 months 31 months 1056 (sp 10-3) 90-9 (sp 9-8)** 100:6 (sp 11-7)**
underwent 2 months of VLED 30-40 kg/mz; waist
followed by 6-month weight circumference >100 cm; not
maintenance during which regular exercisers, binge
patients were randomised into eaters, smokers or on regular
three groups: control, walking medication
or resistance training group.
They then followed an unsu-
pervised 2 year follow-up
Madsen et al.®® Randomised clinical trial where Men and women; 18-65 years 8 weeks 3 years Placebo: 109-9 (95% CI Placebo: 95-6 (95% ClI Placebo: 105 (95 % Cl 99-4,
patients underwent 8 weeks of old; BMI 30-45 kg/m?; meta- 105-1, 115) 91.3, 100-1)§ 110-9)
VLED and then randomised to bolic syndrome Orlistat: 109 (95 % CI Orlistat: 95-8 (95 % Cl Orlistat: 99-9 (95 % Cl 95,
either orlistat or a placebo 104-5, 113-8) 91.8, 100-1)§ 105-1)t
together with a lifestyle inter-
vention for further 3 years
Madsen et al.®” Randomised clinical trial where Men and women; 18—65 years 8 weeks 3-2 years Placebo: 113-1 (sp 16-1) Placebo: 98-1 (sp 12-8) Placebo: 106-2 (sb 14-6)
patients underwent 8 weeks of old; BMI 30-45 kg/m?; meta- Orlistat: 110-8 (sp 16-8) Orlistat: 97-5 (sp 15-0) Orlistat: 100-9 (sp 17-7)t
VLED and then randomised to bolic syndrome
either orlistat or a placebo
together with a lifestyle inter-
vention and a hypoenergetic
diet for further 3 years
Mathus-Vliegen Randomised clinical trial where Men and women; 18—65 years 3 months 18 months Placebo: 105-5 (spb 14-6) Placebo: 90-2 (sp 13-0) Placebo: A —8-5 (sp 8-1)

etal'”

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

old; BMI 30-45 kg/m? no
weight-loss medication in the
last 6 months; no surgical
treatment for weight reduction

Sibutramine: 103.7
(sp 13-1)
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Sibutramine:
88-6 (sp 11-4)

Sibutramine: A —10-7
(sp 7-5)%

o¢s

10 30 PUR[IOYNN "X


https://doi.org/10.1017/S0007114512001924

https://doi.org/10.1017/S0007114512001924 Published online by Cambridge University Press

837

Very-low-energy diets and morbidi

§-rna(6°04 GS)
£:6L AM + HM
a|qeoydde jou :jonuod

«(2€ 38) 228 :pauIquoy

$F...(€02 08) 086 111
(971 as) 1-60} :dHOT

t(e8-) v6— V HBISIIO
(€'9-) 22— Vv :0g008E|d

«2W/B (8-€ as)
£-2¢ g dnoib Ing
Jw/Bx (201 as)
1+9€ 1} dnoub INg

«(8'G1 as) 0- L0k

(91 38) 98— Vv iz dnory
«(p1 38) 8:9 - v 1} dnoug

(001 TS)
L6 TINM + HM
(911 as) 0-58 :lonu0D

(€L-) GvL— V 3BISINO
(2+—) e'vL — v :0g80EId

(2:€} as) 1-66

w(12:0 39)
00+ — V :g dnosn
(79-0 35)
€8 -V 1 dnoiy

(8'6 GS) 2:26 M + HM
(11 as) 8-98 :|onu0D

(£°€ 38) 2€6 :paUIqWOD

(0-e2 as) 9621 11
(2-2k as) "0k L :dHOT

(6°21 GS) L:0}} J@ISINO
(91 @s) 6:1L 1} :0qe2eld

Sw/B (v-G as)
6-g€ ‘g dnoib Ing
LW/ (6-6 as)
£:2€ 11 dnoib |ng

(9:G1 as) L:Gk1

(b 38) ¥€6 :g dnoun
(G 3s) 866 :1 dnoin

syuow 6

sieak g

sieah ¢

sieak g

stpuow i

sieak g

Syeem gL

SYEETINAN

(syuow 6—) syiuow 6-9

d3A sHeem g

syjuow €

Syoom 6

pse

sleak g 1xau ay}

Buunp jueubaid Buiwooaq jo
uonuaul ou pue jueubaid jou
‘Bujows-uou ‘asioexe Jenfal
3| ‘ewolpuAs Bunes abuiq

e Jo subis ou ‘ajyoid pidi| jew
-Jou ‘a|qels wbrem ‘Bujuresy bul
-3{[EM O} SUOIJEDIPUIEIIUOD JBYIO
10 [E19]9YSO|NOSNW OU 1158}
wpeaJ) [ewixew e ul sebueyo
53 dlWaeYDS] OU {(SBAN
-daoe.ljuoo 1daoxa) uonesipaw
JeinBas ou *w/Bx 62 < ING

‘uswom [esnedousu-ald

Jeak ysed ay} ur Juswieas}
@VO @AISeAul Jo suonoseul
leipsecoAw ‘euibue a|geisun
ou ‘eseasip ploJAy} Jo oneday
‘Ayyedoibueoiolw onagelp ou
‘ulnsul uo jou {w/Bx 0E < IING
‘(s1eak z>) seleqelp g adA} jo

sisouBelp Jusoal {USWOM PUE US|

Japlosip
Bunes ou ‘suoneoipaw Aysaqo
-uUe ‘sjuessaidapiue uo jou
‘Bunyejoe Jo yueubaid jou ‘ases
-sIp [eual Jo olfeday ‘19oued Jo
sisouBelp ou :,w/B3 5e = ING

‘pl0 S1BSA 8| < {USWIOM pUE UB\

awoJpuAs oljoqelauw

10 Sonagelp PajjoAuod-1aIp

‘os|y "(uswom) wo g = Jo

(usw) WO go L = @ouaIaJWINOIID

istem ‘w/Bx Sy—0€ INg ‘PIO
sleak G9—g| ‘UsWom pue uspy

sajaqelp g adAy
LW/B% 0€ < IINgG ‘uswom pue uspy

aWo.IpuAs
dljogelaw 10 snyjljjsw sejeq
-elp /B Sy—0€ INg ‘Solei

(87—62) ;W/B% GE NG ‘PIO
sIeak 09—pg {UBWOM pue US|\

sjulod awi} Je sjuswaINseaw

1O JUBWISSaSSE UBY} Jaylo

uonuanaul Aue i eyedioned

10U PIP OYM INg SYIUOW € pue

0 Je passasse os|e sem dnoib

|01u09 Y “(swyBlem Apoq ui 8ous

-Ja}jip OU SEM 18y} SE paulq

-woo a1em sdnoib WM + HM)

Buljlesunoo Arejeip ‘asiolexa

Mmoj ‘as1o19xa ybly :paubisse

Alwopues aiom sdnoib

a1y} aseym pouad A Yuow

-6 & Aq pamoj(o} (HM) a1

10 S)8Mm Z| Juamiapun sjuaied
I9yM [} [0J}U0D pasiwopuey

dn-mojjoy
Jeaf-z B yum syjuow g
10} 03740 A3 1A e 0} paubisse
Ajwopuel a1om sjuaied
8I9YM [Bl} [EDIUIID pasIwopuey
syjuow g Buimojjoy ayy
10} dHOT B 10 1A B J8yie o}
POSIWOPUES BI9M % G DABIYOR
10U PIP OYM 8SOY L "SYIUOW
€ 10} JaIp JusIOlBP-31I0[B2 009
e 0} paubisse alam syuaned
8I9UM [Bl} [EDIUI]O pasIwopuey
0gaoe|d 10 Je}sI|I0 YN Yim
s1eak g 1o} Buljlasunod ajfisay|
JBY}S 0} PasIWOpUEl a1am (60€)
Wbiem Apog Jisus Jo % G = 1s0|
oym 8soy| ‘q3TA J0 Seem g
panieoal syuaied ||y "Apnis
Paj|011u02-0gaoE|d pasiwopuey
awweid
-o1d Jayye moj|o} 0} pajie} — €
dnoub :asio19xa pue JaIp [euol
-UBAUOD BAIsudUI — g dnoib
‘d31A — | dnosb :sdnoib
934U} JO BUO 0) pasiwopue)
alam sjualyed a1aym [eu} pajjoi}
-u02 aAladsoid pasiwopuey
syjuow g| Joj ogaoeld
10 JE}SI|I0 O} PasIWOopuUel aiam
wbrem Apoq % G < 150] oUM
asoy} ‘siy) Buimojjo4 “syeam
640} Q3TA € Juemiapun
sjuaned asaym Apnis Loyod
yuow paiyy Aiane
sbunesw pauueld pey dnoib
puo2as ay} ‘Jeak puooas auy} ul
sBuiieaw xis pue Jeak isiy ayy
Buunp 1ybiunioy A1ane Adesayy
anisus)ul paaeoas dnoib
auo :sdnoif om} ojul papIAIP
a1am sjualied ‘181p anab
-1ousodAy e Aq pamojjo} g31A
JO p Gz e yoouapun sjusned

(eV) 9t

(k1) o2t

(92e) €8¢

(81) S

(85) 85

(11yTe 18 uesjueseA

(1g)1® 18 UBUOWIS

(c2) 8 18 PUElIoH

(1z)1e 18 uesjayaIy

(@8 1o Resred

(g2) B 10 UBUBYSIN

dn-mojjoj
ay) Jo pua ays 1e (By) Wblom

@3\ ey Jo pue
aus 1e (6) wbom

auljeseq 1e (6y) blom

dn-mojjo} jo

uoeing

Q37A jo uopeing

BLI9}ID UOISNjoU|

Joyny

panuiuoD *| alqeL

uoniINN jo Jeudno[ ysniug Mz


https://doi.org/10.1017/S0007114512001924

Nf British Journal of Nutrition

Table 1. Continued

Author

n (males)

Study

Inclusion criteria

Weight (kg) at baseline

Weight (kg) at the
end of the VLED

Weight (kg) at the end of the
follow-up

Wikstrand et al.®

Willi et al.®>

Liver and kidney
function
Melin et al.("®
Rolland et al.®®
Fertility
Niskanen et al.®®
Bone health

Dixon et al.®%

Fogelholm et al.®”
also in CVD risks

Hinton et al.®%)

91 (26)

20

61 (15)

85 (0)

37 (13)

Cohort study where patients
underwent 3 months of VLED
and lifestyle advice group
meetings. Those who attained
=8kg reduction weight were
randomised to two groups, cor-
set wearing and no corset, for
9 months and followed up at
24 months

Cohort study of children who
undertook VLED as part of dia-
betic treatment. All had varying
lengths of VLED (mean 60 (sb
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

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

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

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; 30—60 years
old; BMI =30 < 45kg/m?;
not pregnant or breast-feeding;
not diabetic (IDDM); no serious
dermatology problems; no Gl,
kidney, liver, lung, cardiovascu-
lar, psychiatric disease, cancer,
drug abuse, nor eating dis-
orders

Children with type 2 diabetes; BMI
>30kg/m?

Men and women; 20—50 years
old; BMI 3035 kg/m?; 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

Women; BMI 30-46 kg/m?;
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

Men and women; 19-70 years
old; sedentary; BMI
>27 kg/m?; weight stable;
healthy as determined from a
health history questionnaire
and medical examination

Duration
Duration of VLED of follow-up
12 weeks 24 months
60 (sp 8)d 24 months
See CVD section
See CVD section
See CVD section
12 weeks 24 months
3 months 3 years
3 months 12 months

BMI (kg/m?): 44-2 (sE 2.3)

LAGB: 95-8 (sp 11-3)
VLED: 93-3 (s 9-9)

92.0 (sp 9-8)

1116 (sp 17-8)

ssaud Ausianiun abprquied Aq auljuo paysiignd +26100Z LG L L£000S/£L0L°0L/Bio10p//:sdny

A —13-2 (sp 3-3)*

90-1 (sp 14-5)*

Group A: A —6-1 (sp 7-0)§
Group B: A —4-4 (sp 7-3)§

BMI (kg/m?): 41-2 (sE 2:1)

LAGB: 74-9 (sp 11-5)4%
VLED: 87-4 (sp 11-2)

A —4.9 (sp 7-1)*

93-4 (sp 18-3)*
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Table 1. Continued

Weight (kg) at the end of the

follow-up

Weight (kg) at the
end of the VLED

Duration
of follow-up

Weight (kg) at baseline

Duration of VLED

Inclusion criteria

Study

n (males)

Author

Percentage of weight regain:

BED: 70% (sD 86-2)
Sub-BED: 71.7%

BED: A —17-5 (5D 8-4)

Sub-BED: A —19-1

12 weeks 12 months

Women; 18—-50 years; at least

Clinical intervention including

128 (0)

Raymond et al.®®

22.7 kg above-average body

weight for their height

patients with BED, sub-

(sp 8:3)
No-BED: A —13-8

threshold BED, no BED who

(sb 36-7)
No-BED: 686 %

underwent a 24-week interven-
tion with 12 weeks of VLED,

(sp 7-9)

(sD 54-5)

6 weeks of food reintroduction,
6 weeks of weight mainten-

ance. After the first 2 weeks of

refeeding, half of the BED

participants, were randomly
assigned to an additional

10-week CBT component

ist; BED, binge eating disorder; BP, blood pressure; LCHP, low-carbohydrate, high-protein diet; LL, lighter Life; CAD, coronary artery disease; WR, weight reduction; WM, weight maintenance; ECG, electrocardiogram; IDDM,
insulin-dependent diabetes; Gl, gastrointestinal; LAGB, laparoscopic gastric band; LF, low fat; LCHO, low carbohydrate; CPAP, continuous airway positive pressure; ODl4, oxygen desaturation index; N/A, not available; AHI,

VLED, very-low-energy diet; HC, high-carbohydrate diet; HP, high-protein diet; A, change; LED, low-energy diet; T2DM, type 2 diabetes mellitus; MK-0557, highly selective, orally administered neuropeptide Y Y5 receptor antagon-
apnoea—hypopnoea index; CBT, cognitive behaviour therapy; SWM, successful weight maintainers;

USWM, unsuccessful weight maintainers; BS, bariatric paper.

Mean values were significantly different from baseline: * P<0.-05, ** P<0-001, *** P<0-0001.

Mean values were significantly different from VLED end: + P<0-05.

Mean values were significantly different between groups:  P<0-05, £} P<0-001.

§ No P value provided in original paper.

Y. Mulholland et al.

Total cholesterol

There were twelve studies that reported changes in total
cholesterol at VLED end®!10111418-23.2930) " of thege  three
studies™11 reported significant improvements in choles-
terol at VLED end, two of which presented a sustained signifi-
cant improvement at study end™!V Of fifteen studies, only
five studies reported a significant reduction in total cholesterol
at study end in at least one arm 1112142

HDL-cholesterol

HDL changes were examined in twenty studies 10~ 1#16-25.28-32)

Of these studies, fourteen reported VLED end data, two of which
interestingly reported a significant reduction in HDL'™'?. Of
these, nine, however, showed significantly increased HDL
levels in the VLED arm at study end1131419.2025.283132) ")y

2 showed an overall significant reduction in HDL.
l.( 12)

one study
In contrast, although Paisey et a
HDL, this was only in the group who had to undertake regular
exercise and standard dietary intervention and not in the
VLED arm.

showed an increase in

LDL-cholesterol

Changes in LDL were reported in  fourteen
studies 10121416-1820-23.29-32) ¢ the nine studies reporting
data at VLED end 0141018202329 e showed a significant
reduction in LDL?”. From the information on the fourteen
studies reported at follow-up, significant LDL reduction was
observed in two studies**%”

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 end11:16:20.23)
Fasting plasma glucose data were reported at study end in
sixteen studies(lof1("18’19'21’2372&28’31’52), four of which showed
a significant reduction in fasting glucose at study end 3202329,

Of the nine studies!* 11 14710.1821243D) 1) ¢ reported insulin
levels at study end, three showed significant improve-
ments' V141 while five101416.18.2D reported VLED end data
which showed no significant change.

HbA,. also represented by fructosamine was reported in
seven studies 121921232933 Of these, three studies showed
significant improvements in the VLED groups at study
end@?>2_ Interestingly, Jazet et al. ' reported a significant
improvement in HbA,. in six patients who regained more
than 5kg weight by the study end™®.

We identified four studies where the number of patients
taking daily actual doses
reported®12193% In the three studies that reported insulin
doses at study end, reduced daily doses of insulin were

insulin or insulin were

ssaud Ans1anun abpruquie) Ag auljuo paystiand 7261002 LSt L LL000S/£L0L0L/BIo10p//:sd1y
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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.{'"
Richelsen et al.®"

Erondu et al.('®

Madsen et al.?®

Madsen et al.®®
Delbridge et al.??

Melin et al.(®

Rolland et al.®®

Simonen et al.®"
Tuomilehto et al.®¥
Dhindsa et al.¥
Fogelholm et al.('®
Fogelholm et al.®”
Gripeteg et al.®®

Jazet et al.'®
Kukkonen-Harjula et al.('®
Laaksonen et al.('®

Lantz et al.('¥
Linna et al.?®
Niskanen et al.
Paisey et al.('?
Wikstrand et al.®?
Vasankari et al.(""
Willi et al.®®

Liver and kidney
Melin et al.("®
Rolland et al.®®

Fertility
Niskanen et al.®®

Bone health
Dixon et al.®¥ 1
Fogelholm et al.?”

Hinton et al.®® 1

Respiratory disorders
Stenius-Aarniala et al.®”

Kajaste et al.®® 1
Tuomilehto et al.®¥

Eating disorders
de Zwaan et al.®®
Legenbauer et al.“4?
Legenbauer et al.4"
Raymond et al.®®

(28)

O 4 2 O 4 2 O 4O =42 O = dededdaa NN

2 00 =

OCO0OO0OO0O—-00000DO0ODO0OO0OO0OO0OO0OOOCONMN=NMN
CO—=-NO=2=N=-N===2PDPDPONMNODNON==NDNN
O =MNMNMNMMNMDNPMNDNONNMNNONNONNONNWWWWWRARDOOo O

See CVD section
See CVD section

See CVD section

0 1 2
See CVD section

0 0 1

0 2 4

0 2 3

See CVD section

oOooo
S NN =
NN NDN

noted although statistical significance was not reported 3>,
Only one study reported an increase in insulin users in the
VLED arm at study end®. 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™.

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>?*. The paper by Melin et al. ">
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®®, on the other hand, reported
significant improvements in alanine aminotransferase (30-0
(sp 17:8) v. 232 (sp 8:9) U/l; P<0:05); alkaline phosphatase

(81:6 (sp 19:6) v. 780 (sp 22-DU/l; P<0-05); vy-glutamyl
transferase (33:8 (sp 33-7) v. 24-1 (sp 17:7) U/l; P<0:05) and
estimated glomerular filtration rate (129 (sp 11:6) v. 133
(sp 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®®. Sex hormone-
binding globulin rose significantly from 27:6 (sp 11-9) to 481
(sp 23-5) nmol/l at VLED end (P<0-0001) and remained signifi-
cant despite declining by study end (32:6 (sp 12-9)nmol/l;
P<0-00D). Free testosterone levels also increased significantly
by VLED end and remained elevated at 212 (sp 84) pmol/l at
1 year (P=0-002), compared with baseline (185 (sp 66) pmol/D).
The number of men presenting with biochemical hypoandro-
genism (total testosterone <11nmol/l) decreased significantly
during the VLED (P<0-001) and at the I1-year follow-up
(P=0-002).
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Table 3. Summary of the results for blood pressure and waist circumference ®
o
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 All - A —13.2 (SE 1-4)** A—1141 = A —85 (sE A —5.2 (sE 1-3)* - A —14.2 (sE A —16-0 (SE 1-1)**
et al.®? (sE 1.7)* 1.1)** 0-5)**
HC - A —12:3 (sE 21) A —5.0 (SE 1-6) - A-74(se1-4) A —31(sE1-4) - A —14.3 (sE 0-8) A —14-1 (sE 1-1)
HP - A —14.9 (sE 2-1) A-117 - A —9.8 (SE 1-8) A —6:3 (sE 1-5) - A —15-2 (sE 07) A —14.5 (s 1-1)
(se 1-8)F
Dhindsa et al. All 152 (sb —17) A —-10* No value* 82 (sp —9) A —6a No value* - - -
Erondu et al.('® Placebo 125-3 (sb —14-2) 116 (sb —12-2) 121-4 (sb —14-1) 806 (sb —7-9) 75-7 (sb —8-1) 77-9 (sb —8-8) 109-8 (sb 102-2 (sb —10-7) 103-7 (sb —11-4)
-11.3)
MK-0557 124 (sp —13-9) 1151 (sp —12.8) 1214 (sp —14-9) 79-6 (SD —8.4) 74.7 (sD —8.9) 76-3 (SD —9-2) 108-5 (sD 99-9 (sp —11-2) 100 (sp 12-0)%
-11.7)
Fogelholm Control 119 (sp —10) 115 (sb —12) 125 (sb —13) 78 (sb —7) 77 (sb —8) 81 (sb —7) 102 (sb —9) 911 (sb —8-2) 981 (sb —9)
et al1® Walk 1 119 (sb —10) 116 (sp —11) 127 (s —12) 78 (sb —7) 80 (sb —8) 81 (sp —8) 102 (sp —9) 90-1 (s —7-1) 93-4 (sp —11-3)
Walk 2 + 119 (sp —10) 114 (sp —8) 123 (sb —13) 78 (sb —7) 78 (sb —6) 79 (sb —9) 102 (sp —9) 898 (sb —9-6) 95.3 (sb —10-8)
counselling
Fogelholm All - - - - - - 102 (sp —9) A —12 (sp 4)* A —7(sD 8)*
et al.®)
Gripeteg et al.®®  1-week - 128.8 (sD — 16-4) No value§ - 84 (sb —10-3) - - 124.8 (sD — 14-8) No value§
refeeding
6-week - 130-8 (sb —16-5) No value§ - 85-7 (sb —12.7) No value§ - 125-5 (sp —15-9) No value§
refeeding
Jazet et al.'? All 169 (sb —8) A —27 (SE 6)* A —27 (SE 7)* 96 (sb —4) A —14 (sE 4)* A —17 (SE 4)* 122 (sb 2-2) A —86 (SE A —5.8 (SE 2-1)* -
0-9)** -
Kukkonen-Har- Al 131 (sp —13) A—6(95% A2(95% Cl —1, 84 (sp —11) A —8(95% Cl A2(95% - - - =z
jula et al.1® Cl -8, -4) 5) —-10, —6) Cl -0, 4) e
Control 129 (sp —13) - 132 (sb —15) 82 (sp —21) - 84 (sp —10) - - - g
Walk 130 (sp 14) - 131 (sp —19) 82 (sp —12) - 84 (sp —10) - - - =
Resistance 132 (sb —13) - 136 (sb —15) 85 (sb —9) - 87 (sb —10) - - - =]
Laaksonen Al 1294 (sp — 8-6) 1199 (sp — 8-4) 1265 (SD 8-5)** 79-4 (sb — 5-9) 74.4 (sD — 5-6) 77-8 (sD 6-8)*** 115 (sb — 8) 103 (sb — 8) 103 (sp 10)** g
et al™® =
Lantz et al.'® All 134 (sp —19) A-6(95%Cl-9, A0(95%CI -3, 80 (sp —11) A —4(95% Cl A0 (95%Cl —2, 120-6 (sD - A —6.7 (95% Cl S
-3) 3) -6, -2) 2) —11.4) -84, 5.1)
Linna et al.?® All 131.0 (D —12-6) 124.8 (sD 14-2)** 133.3 (sD 16-0)** 83.6 (s — 10-9) 76-1 (sb 9-3)** 85-1 (sD 9-9)** 1121 (sb —7) 97.5 (sD 8-1)** 106-7 (sp 10-1)**
Subgroup 1 131-2 (sb —13:9) 128-4 (sp —15.7) 132-6 (sp 17-5)* 83:5(sb —12-2) 76-3 (sb 9-8)* 82-4 (sp 10-3)* 111.7 (sp —5-1) 95.7 (sp 7-1)** 98-3 (sp 8:1)*
Subgroup 2 130.9 (sp —12:3) 123.3 (sD 13-5)** 133.7 (sp 15.7)** 84 (sp —10-2) 76-2 (SD 9-2)** 866 (SD 9-3)** 112.7 (sp —8-1) 983 (SD 8-4)** 110-3 (sD 8:7)*" 1t
Madsen et al.®® Orlistat - - - - - - 117-4 (95% ClI 106-5 (95% ClI 108-7 (95% ClI
114,121) 103-3, 109-9 104.7, 112:8)t
Placebo - - - - - - 117-4 (95% CI 105-9 (95% CI 112.2 (95% ClI
114, 121-6) 102-4, 109-4 107-7, 116-8)
Madsen et al.®®  Orlistat - - - - - - 118-4 (sD 107-4 (D —9.7) 109-7 (sp 12-6)%
—11.6)
Placebo - - - - - - 119:5 (sb —11) 107-8 (sb —9-8) 1141 (sb —12)
Mathus-Vliegen Sibutramine 137 (sb —14-8) A —-14.9 - 841 (sb —7-2) A —7-0(sp - - - A —3-4 (No sp)t
etal" (sp —14-2) -7-3)
Placebo 136-2 (sb —13) A —146 - 84.2 (sb —6-6) A —5.9 (sp - - - A —5-4 (No sp)
(sb —14-2) -7.7)
Melin et al.'® Intensive 129 (sE 3-6) - A —9.8 (SE 4-2)* 83.2 (st 1-6) - A —6-6 (SE 2:3)* - - -
therapy
Normal therapy 1274 (s 2.7) - A 22 (se 3:9) 84.3 (se 1.7) - A 1.3 (sE22) - - -
Niskanen All 154 (sp —19) - - 97 (sp —11) - - 121 (sp —10) 108 (sb —9) 108 (sb 12)**
et al.®®
Paisey et al.('? VLED 139 (sp —17) - 143 (sp —13) 76 (sp —10) - 77 (sp —11) 117 (sD —24) - 114 (sp —20)
Diet and 142 (sp —22) - 130 (sp —20) 85 (sp —13) 74 (sp 13)* 113 (sp —13) - 108 (sp —4)
exercise
Richelsen et al.®" Orlistat 144 (sp —19-3) A-13 A-78 90-8 (sb —11-6) A-72 A-37 119 (sp —12-1) A-12 A —-54
Placebo 144 (sp —17-3) A—-12 A-82 907 (sp —11-6) A-76 A—47 119 (sp —10.9) A-12 A-77e
Rolland et al.®® LCHP 136.7 (SD —22) 132 (sp —18-6) 133.1 (sD — 16-6) 89 (sb —9-6) 87.7 (sb —8-2) 866 (SD —8-4) 122.6 (sb —9:9) 119-1 (sp 10-0)§ 119 (sp 10-8)§
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Study end

6-6)H

114.5 (sb 16-0)t§
90-1 (sD —9-2)

A —30(sb —6)
A —11-6 (s

Post-VLED
1191 (sp 16-4)§

Waist circumference (cm)
90-3 (sb 8-3)***

Pre-VLED
126-3 (sD 14-9)
105-3 (sb —8-3)
112:5 (sb —8-7)
102 (sb —8-5)

Study end
83.2 (sb 12.4)§
A —0-4 (sp —12-6)
A —1-9 (sp —10-6)
79 (sp 7)***

Post-VLED
10-8)$1§
71 (sp 10)***

Diastolic blood pressure (mmHg)
81-8 (sb

Pre-VLED
87.7 (sb —13)
80-7 (sb —7-8)
81-8 (sb —8-9)
78 (sb —7)

79 (sb —14)
79 (sb —10)

British Journal of Nutrition

Study end
A —1-1(sp —19-6)

128-2 (s 8-0)§
A =17 (sD —14.7)
121 (sp 10)**

o

Post-VLED
1278 (sp 15-2)§

Systolic blood pressure (mmHg)
113 (sp 16)***

Pre-VLED

134.8 (s —18-4)
130 (sb —12-8)
131-2 (sp —10-2)
119 (sp —10)
136 (sb —20)
134 (sb —18)

Patient groups
VLED

Control
Intervention

All

Corset

No corset

et al.®¥
etal(M

Wikstrand etal.®?

VLED, very-low energy diet; A, change; HC, high-carbohydrate diet; HP, high-protein diet; MK-0557, highly selective, orally administered neuropeptide Y Y5 receptor antagonist; LCHP, low-carbohydrate, high-protein diet.

Mean values were significantly different from baseline: * P<0-05, ** P<0-001, *** P<0-0001.

Mean values were significantly different from VLED end: 1+ P<0-05.
Mean values were significantly different between groups:  P<0-05, +1 P<0-001.

§ Statistical significant difference from baseline stated but no P value given.

Table 3. Continued

Tuomilehto
Vasankari

Study

Very-low-energy diets and morbidity 843

Bone health

In three papers, changes in bone mass following a VLED inter-
vention were examined®” >3 The study design is described
in Table 1.

Hinton et al.’> 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.*” 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®® total body BMC had
decreased significantly in the laparoscopic gastric band
(—0:087 (sp 0:12); P=0:002) as well as the intensive dietary
weight-loss group (—0:061 (sp 0-9); P=0-002) at 24 months.
The changes were not significant between the two groups.

Respiratory disorders

Sleep apnoea. 1In two studies, the effect of VLED on the alle-
viation of symptoms associated with the obstructive sleep
apnoea syndrome was investigated(y’%) and in one study the
effects of weight reduction in obese patients with asthma
were examined®” .

Kajaste et al.®® 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 e al.*?

assessed changes in sleep apnoea by
measuring the apnoea—hypopnoea index (AHID). At VLED
end, the mean total AHI was statistically improved in the
VLED v. control group (P=0:036). Based on the AHI values,

twenty-two of the thirty-six patients (61%) in the intervention
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Table 4. Summary of the blood lipid results ®
BN
TAG (mmol/l) Total cholesterol (mmol/l) HDL (mmol/l) LDL (mmol/l)
Patient
Study 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
Delbridge et al.®® All - A —0-90 A —0.74 (SE 0-13)** - A —0-65 A -0-39 - A —0-00 A 0-20 - A0-14 A —0:30
(s 0-19)* (sE 0-08)** (sE 0-09)** (sE 0-02) (sE 0-02)* (sE 0-05) (sE 0-09)*
HC - A -087 A —0-62 (se 0-13) - A —0:65 A —-0-22 - A —-0.02 A 011 - A 059 A -0-16
(sE 0:16) (se 0-11) (s 0-10) (se 0-02) (se 0-03) (sE 0:92) (se 0-09)
HP - A —0-62 A —0:56 (se 0-12) - A -0-59 A-028 - A -0-00 A0-14 - A -0-33 A -017
(se 0:13) (se 0-09) (se 0-09) (sE 0-03) (se 0-03) (sE 0-09) (se 0-09)
Dhindsa et al.) T2DM, obese 3.4 (sp 1-7) - - 60 (sp 1-2) No value* No value* - - - - - -
Erondu et al."® Placebo 3:26 (sD 1-8) 2-40 (sD 1-06) 2-87 (sp 1-35) 531 (sD 4-32 (sp 0-83) 5-11 (sp 0-95) 1-45 (sp 0-34) 1-26 (sp 0-25) 1-48 (sp 0-37) 314 (sp 252 (sp 0-73) 3-00 (sD 0-82)
0-84) 074)
MK-0557 1.34 (sp 0-8) 1.08 (sD 0-5) 1.14 (sD 0-6) 523 (sD 4.31 (sp 0-8) 5.04 (sD 0-9) 1.41 (sb 0-36) 1.22 (sp 0-29) 1.48 (sD 0-40) 312 (sp 2.56 (sD 0-72) 2.97 (sp 0-73)
0-9) 077)
Fogelholm et al."® Control 1-30 (sb 0-50) 0-96 (sp 0-26) 1.31 (sp 0-72) 5.0 (sp 0-9) 4-6 (sp 0-8) 5-4 (sp 0-8) 1-22 (sp 0-24) 1-12 (sp 0-18) 1-34 (sp 0-28) 5.0 (sp 0-9) 4.6 (sp 0-8) 5-4 (sp 0-8)
Walk 1 1-30 (sb 0-50) 1-02 (sb 0-36) 1-17 (sb 0-45) 5.0 (sp 0-9) 4.2 (sp 0:7) 5-1(sp 0-8) 1-22 (sb 0-24) 112 (sp 0-27) 1-41 (sp 0-31) 5.0 (sp 0-9) 4.2 (sp 07) 5-1(sp 0-8)
Walk 2 + 1-30 (sp 0-50) 0-96 (sp 0-34) 1-20 (sp 0-45) 5-0 (sp 0-9) 4-1 (sp 07) 5-0 (sp 0:9) 1-22 (sp 0-24) 1-13 (sp 0-19) 1-36 (sp 0-23) 5.0 (sp 0-9) 4-1(sp 07) 5-0 (sp 0:9)
counsel-
ling
Gripeteg et al.®® 1-week 1.6 (sp 0-8) - No value§ - - - 1.3 (sp 0-2) - No value§ - - -
refeeding
6-week 1:5 (sp 0-7) - No value§ - - - 1-3 (sp 0-3) - No value§ - - -
refeeding
Jazet et al.1? All 3.5 (se 0-8) A —1.7 (s 0-7)" A —0-9 (se 0-5)" 56 (s A —09 (se A —0-03 (s 1-1 (se 0-06) A —0-1 (s 0-04)" A 0-2 (se 0-06)" - - -
0.04) 03)* 03)
Kukkonen-Harjula Al - - - - - - 1-18 (sp 0-25) A0-01(95% CI A 0-01(95% CI - - -
et al'® —0-00, 0-04) 0.05, 0-11)
Control - - - - - - 1-18 (sp 0-23) - 1-27 (sp 0-27) - - - o
Walk - - - - - - 1-19 (sp 0-23) - 1-25 (sp 0-20) - - - R
Resistance - - - - - - 1-15 (sp 0-27) - 1-24 (sp 0-31) - - - Z
Laaksonen et al.'® Orlistat + Median 2-2 (IR Median 1-0 (IR Median 1-4 - - - 1.09 (sp 0-18) 117 (sp 0-22) 122 (sD 0-26)** - - - =3
placebo 1.6,28) 0.8, 1.4) (IR 12, 1.8) g
combined =
Lantz et al." Al 1.7 (sp 0-9) A —04(95% Cl A —01(95% 5.6 (sp 1-1) A -05(95% A —0-1(95% 1-2 (sp 0-3) A0:0(95% Cl A02(95% ClI 3-6 (sp 0-9) A —0-3(95% A —-02(95% %
—05, —0-2) Cl -0-3,0-2) Cl -0, Cl —0-3, 0-07) —0-04, 0-05) 0-1,0-2)§ Cl -05, Cl —0-4, [aN
-03) -02) ~0.08)§ Q
Linna et al.?® All - A —28% (95% CI A —~5% (95% - A —21% (95% No A - No A A8% (95% - A-23% No A Q
22.9, 33.8)** Cl —6:3, 16.7)"t Cl 17.9, 23.2)** Cl 4.6, 11.0)*$1 (95% ClI ~
19.9,
26.1)*
Subgroup 1 - - A -23% - - No Af - A16% (95% CI A12% - A-17% No A
(95% CI 13-3 — 9.7, 23.4)* (95% Cl — 66, (95% ClI
32.8)% 17.7)*% -33,
12.1)
Subgroup 2 - - No A - - No A - A15% A 6% (95% Cl - A—-25% No A
(95% Cl —2.1,91)* (95% Cl
10-0, 19-4)** 17.9, 31-2)
Madsen et al.®® All - - A —12% (95% - - A-75% - - A-16%(95% - - A-10-5%
Cl —1.3, 21.5)" (95% Cl -6-1,27) (95% ClI
Cl —-29, —41,
—11.8)" 16.4)"
Orlistat 2(95% Cl 1.7, 1.5 (95% Cl 1-2, 1-8 (95% Cl 15, 2-1) 6(95% Cl 4.9 (95% CI 56 (95% ClI 1:15(95% Cl 1-09 (95 % CI 1-14 (95% 3-8 (95% Cl 3(95% ClI 34 (95% Cl
2.3) 1.7) 5.5, 64) 4.5,53) 52, 5.9) 1.07, 1.23) 1.01,1.17) Cl1.05, 1-24) 3.4, 41) 2.8, 34) 3.1,38)
Placebo 22 (95% Cl 1-8, 1.5 (95% CI 13, 1.9 (95% Cl 1-6, 2:3) 5.8 (95% CI 4.5 (95% CI 5-4 (95% ClI 116 (95% CI 1.08 (95% Cl 117 (95% 3-5(95% Cl 2.7 (95% CI 32 (95% Cl
2.6) 1.8) 5.4, 6.3) 4.2, 4.9) 5.1, 58) 1.08, 1.25) 1,117) Cl 1.06, 1:28) 3.2, 3.9) 2.4,3) 2.9, 3.5)
Madsen et al.®” Orlistat 2:2(sp 0-8) 1-6 (sp 0-7) 2:0 (sp 0-9) 6:0 (sp 1-2) 5.0 (sp 1-1) 55 (sp 1-0) 1-16 (sp 0-28) 1-1 (sp 0-3) 1-2 (sp 0-3) 39 (sp 1-1) 32 (sp 0-9) 35 (sp 0-9)
Placebo 2:5(sp 1-4) 1.7 (sp 0-8) 2:2(sp 1-1) 5.9 (sp 1-2) 4.7 (sp 1-0) 5-4 (sp 0-9) 1-16 (sp 0-22) 1-1 (sp 0-2) 1-2 (sp 0-3) 36 (sp 1-0) 2.8 (sp 0-8) 32 (sp 0-9)
Mathus-Vliegen Sibutramine - - Median % A 2:6 - - Median % - - Median % A 20-5 - - Median %
etal" A 131 A7
Placebo - - Median % A 5-9 - - Median % - - Median % A 19-9 - - Median %
A127 A97
Niskanen et al.®® Al Median 2-0 (IR Median 1-1 (IR Median 1-7 (IR 1-3, 2-4)** - - - 1-08 (sp 0-23) 1-16 (sb 0-26) 1-16 (sp 0-27)* - - -
1.7,27) 0.9, 1-8)
Paisey et al.1?) VLED 39 (sp 3-4) - 2-9 (sb 2-3) 6-8 (sp 1-2) - 5-7 (sb 1-3)* 1-20 (sp 0-39) - 1-26 (sp 0-47) 3-85 (sb 1-57) - 3-42 (sp 1-38)
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Table 4. Continued

HDL (mmol/l) LDL (mmol/ly

Total cholesterol (mmol/l)

TAG (mmol/l)

Patient

Post-VLED Study end

Pre-VLED Post-VLED Study end Pre-VLED

Post-VLED Study end

Pre-VLED Post-VLED Study end Pre-VLED

groups

Study

3.25 (sD 0-65)

3-83 (sp 0-73)

1.78 (sb 0-26)*

1-10 (sp 0-32)

5.3 (s0 1:5)

5.9 (sp 1-3)

2:5(sp 1-5)

2.4 (s 1.3)

Diet and

exercise

Orlistat

A-034

A-075

3.71 (sp 1-04)

A 0-04

A -0:05

113 (sp 0-26)

A-046

A-12

5.91 (sp

A -089 A -038

2.36 (sD 1-24)

Richelsen et al.®"

—1-26)

6:02 (s

A-038

A-08

377 (D 0-94)

A 0-06

A -0.07

1-15 (sp 0-26)

A -046

A-12

A -0.94 A -043

2.5 (sp 1-41)

Placebo

~1.08)

55 (sp 1-0)

3:3(sp 0-8) 32 (sp 0-8)
29 (sp 0-9)§

3:3 (sp 0-8)
3:1(sp 0-8)

1-44 (sD 0-35)

1.44 (sD 0-32)

1.45 (sD 0-32)
1.31 (sp 0-22)
0-85 (SE 0-05)

5-3 (sD 1-0)
4-8 (sp 1-0)§

606 (sE 0-17)

5-4 (sp 0-9)

1-5 (sp 0-9)
1-1 (sp 0-7)§

1-5 (sp 0-8)
1-2 (sp 0-7)

1.7 (sp 1-1)

LCHP
VLED

All

Rolland et al.®%

2:9 (sp 0-9)+§

1.38 (sD 0-25)§
0-94 (sE 006)

1.25 (s 0-22)4§

4-6 (sp 1-1)1§

5-1(sp 0-9)
5:94 (s

1-3 (sp 0-7)

3.33 (sE 0-19)

320 (sE 0-20)

2.64 (sE 0-36)"

3.79 (sE 0-56)

Simonen et al.®"

0-18)

A 005 (sD 0-22)
A 014 (sD 0-22)
1.36 (sD 0-26)™*

111 (sp 0-37)

1.02 (sp 0-23)
1.22 (sD 0-25)

A —0-06 (sD 0-65)
A —048 (sp 1-13)

122 (sp 0-67)

1.59 (sD 0-92)
1.74 (s 1-17)

Control

Tuomilehto et al.?¥

Intervention

All

113 (s 0-21)™

4-72 (sb

4-33 (sb

4-98 (sb

1.00 (sD 0-34)™

1.29 (sD 0-46)

Vasankari et al.'"

0-88)"*
5-2 (sb 0-91)
5.6 (sb 0-9)

0.77)™

0-83)
5.4 (sp 0-9)
5.6 (sD 0-9)

3-02 (sp 0-89)

3-14 (sp 0-85)
3-25 (sp 0-63)

1-64 (sp 0-30)*
1.57 (sp 0-24)

1-45 (sp 0-30)
1.61 (sp 0:77)

1.02 (sD 0-49)™
1.26 (s 0-77)"

1.60 (sD 0-77)
1.58 (sD 0-74)

Corset

Wikstrand et al.®?

3-31 (sp 0-83)

No corset

VLED, very-low energy diet; A, change; HC, high-carbohydrate diet; HP, high-protein diet; T2DM, type 2 diabetes mellitus; MK-0557, highly selective, orally administered neuropeptide Y Y5 receptor antagonist; IR, interquartile

range; LCHP, low-carbohydrate, high-protein diet.
Mean values were significantly different from baseline: * P<0-05, ** P<0-001.

Very-low-energy diets and morbidity 845

Mean values were significantly different between groups: £ P<0-05, £} P<0-001.

§ Statistical significant difference from baseline stated but no P value given.

group, and in twelve of the thirty-eight patients (32%) in the
control group, were objectively cured (P=0:019) 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
(P=0:043). 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®” 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
1s were collected. Forced expiratory volume in 1s (percen-
tage of predicted) improved significantly more in the treat-
ment group at VLED end, and was maintained even after
1 year (P=0-02). There was also a significantly greater
median reduction of dyspnoea in the treatment group when
compared with the control group (13 v. 1mm 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

In two studies, the effect of VLED on
43839

Binge eating disorder.
binge eating disorder (BED) was reporte

In de Zwaan et al.®”, 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 + 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 + CBT group v. 80-4% in the
BED — CBT group; P=0:98). At study end, forty-seven partici-
pants were binge free and 563 % did not meet the criteria for
BED, again with no significant difference between the groups.

A study by Raymond et al®® 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 (P=0-0087).

Mental health. The effects of VLED on mental health were
investigated in two studies. In one study, depression was
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Table 5. Summary of the glycaemia results o
Fasting glucose (mmol/l) Fasting insulin (mU/1)$¢ HBA1c (%) Fructosamine (um)
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.?? T2DM, obese - - - - - - - - - 387 (sp 71) 346 (sD 49)™* 371 (sD 41)*
Erondu et al.('® Placebo 5.2 (sp 0-6) 5.0 (sp 0-6) 5.2 (sp 07) 12.7 (sp 7-0) 7.7 (sp 5-2) 11-3 (sp 12:6) - - - - - -
MK-0557 5.2 (sD 0-6) 5.1 (sp 0-6) 5.3 (sD 07) 130 (sD 12-1) 7-0 (sp 5:0) 112 (sp 12-1)
Fogelholm et al.(" Control 5-1 (sD 0-5) 5.0 (sp 0-4)§ 5.5 (sp 1-1)§ 10-9 (sD 4-5) 68 (sD 2:3)§ 104 (5-3)§ - - - - - -
Walk 1 51 (sp 0-5) 4.8 (sp 0-3)§ 5.3 (s 0-4)§ 10-9 (sp 4-5) 6:5 (s 2:2)§ 84 (sp 3:5)§ - - - - - -
Walk 2 + counselling 5-1 (sp 0-5) 4.9 (sp 0-3)§ 5-4 (sp 0-5)§ 10-9 (sp 4-5) 6:5 (sp 2:0)§ 111 (sp 10:9)§ - - - - - -
Gripteg et al.®® 1-week refeeding - 5.5 (sp 1-3) No valuel| - 21.7 (sD 14-3) - - - - - - -
6-week refeeding - 5-4 (sp 1-3) No value|| - 25-2 (sD 25-4) - - - - - - -
Jazet et al." All 11-9 (sp 1-0) A —15(sp 1-3) A —07 (sp 1-4) - - - 8-0 (sp 0-3) A —0-3(sp 0-2) A-0-3 (sp 0-2) - - -
Kukkonen-Harjular Al 510 (s 0-49) A-032 A —0:05 (95% Cl 14-4 (sD 5-6) A-55(95%Cl A —34(95% Cl - - - - - -
et al"® (95% CI —0-44, —0-15, 0-04) 6.7, —4-4) —4.8, —2.0)
-0-21)
Control 5-1 (sp 0-6) - 5-1(sp 0-5)§ 14 (sD 4-0) - 10-5 (sp 5:7)§ - - - - - -
Walk 51 (sp 0-3) - 5.0 (s 0-5)§ 14.3 (sD 6:8) - 105 (sp 57)§ - - - - - -
Resistance 51 (sp 0-5) - 5.0 (sp 0-4)§ 14-3 (sp 6-4) - 10-1 (sp 7-2)§ - - - - - -
Laaksonen et al.('® Orlistat + Placebo 62 (s 1-8) 5.5 (sp 0-6) 5.3 (sp 0-8)** - - - - - - - - -
Lantz et al"¥ Al 4.8 (sD 2:0) A —04(95% Cl A0:0 (95% Cl 206 (sp 12-3) A -9.0(95% Cl A —4.9(95% Cl - - - - - -
-0-6, —0-2) -03,02) -10.9, —7:0) -7.0, —2:8)|
Linna et al.®% All 5-1 (sp 0-5) 4.7 (sD 0-4)* 5.0 (sD 0-5)** - - - - - - - - -
Subgroup 1 52 (sp 0-7) 4.7 (sp 0-4)* 5.0 (sp 0-6)* - - - - - - - - - <
Subgroup 2 5-1 (sp 0-4) 4.7 (sp 0-4)** 5-1 (sp 0-4)** - - - - - - - - - .
Madsen et al.?¥ Orlistat + placebo - - - - - - - A-131% - - - §
(95% Cl =
—11.3, - 14.9) <}
Mathus-Viiegen et al.'"”) Sibutramine - - Median % A 8.0 - - - - - - - - - =
Placebo - - Median % A 2.2 - - - - - - - - - a
Melin et al."® Intensive counselling 4.7 (sD 0-2) - A 0-08 (sp 0-24) 211 (sD 4-6) - A —9(sp 1-23)* - - - - - - Q
Normal counselling 52 (sp 0-4) - A —0-5 (sp 0-26) 10-2 (sp 1-2) - A —5.0 (sp 1-37)" - - - - - - Q
Niskanen et al.®® All 6-2 (sp 1-7) 5.4 (sp 0-6) 5-4 (sp 0-7)** - - - - - - - - - =
Paisey et al.'? VLED 12 (sp 5) - 13 (sp 5) - - - - - - 352 (sp 84) - 348 (sp 59)
Diet and exercise 13 (sp 5) - 14 (sp 4) - - - - - - 385 (sb 98) - 357 (sb 88)
Richelsen et al.?" Orlistat 6-4 (sD 1-8) A-11 A-0-49 167 (SD 9-4) A —691 A-374 6-3 (sp 0-9) A-05 A-07 - - -
Placebo 6:3 (sD 1-5) A -095 A-0-32 16-4 (sD 8-4) A -648 A-173 6:3 (sD 0-6) A-05 A-05 - - -
Rolland et al.®® LCHP 54 (sD 0-8) 54 (sp 0-8) 53 (sp 0-8)ll - - - 57 (sp 0-5) 5.6 (sD 0-4) 5:6 (sD 0-4) - - -
VLED 52 (sD 0-6) 4.8 (sp 0-5)%l 4.9 (s 0-4)t]| - - - 56 (sD 0-4) 5.5 (sD 0-3)|| 5.4 (s 0-4)tll - - -
Simonen et al.®" All 8-4 (sD 0-6) - 7-2 (sD 0-5)* 17.0 (sp 1-0) - 13-1 (sp 1-5) - - - - - -
Toumhileto et al.?¥ Control 6-1 (sp 1-6) - A —0-4 (sp 1-4) 109 (sp 4-7) - A —1-2 (sp 3-4) - - - - - -
Intervention 6-3 (sp 2:5) - A —0-6 (sp 2-3) 135 (sp 7-0) - A —5.9 (sp 7-0)3f - - - - - -
Vasankari et al.!" All 5-1 (sp 0-5) 4.9 (sD 0-4)* 4.9 (sp 0-4)** 112 (SD 4-4) 68 (sD 2-8)** 7-8 (sD 2-6)** - - - - - -
Wikstrand et al.®? Corset 5.2 (sp 09) - 4.8 (sp 0-5)* - - - - - - - - -
No corset 5-3 (sD 2-2) - 4-7 (sp 0-6) - - - - - - - - -
Willi et al.®® All - - - - - - 8.8 (sp 0-6) 7-4 (sp 0-6)* 8.9 (sp 0-8)* - - -

HBA;c, glycated Hb; VLED, very-low-energy diet, T2DM, type 2 diabetes mellitus; MK-0557, highly selective orally administered neuropeptide Y Y5 receptor antagonist; A, 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, $3 P<0-001.

§ No P value provided for baseline, VLED end, study end or between groups.

|| Statistically significant difference from baseline provided but no P value given.

§§ The conversion factor for fasting insulin is: 1 mU/I=6-00 pmol/I.
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examined™” and in another study the effect of mental dis-
orders on the maintenance of weight loss was investigated .

Legenbauer ef al.“"” 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 a
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.

14D assessed the effect of mental disorders

Dropouts and adverse events

Of the thirty-two studies included in the present review,
dropout information was available for twenty-eight
studies10:12-25,27,29-323436-4D 1 five of these studies, no
dropouts were reported 1319223137 " 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*'#??_ For the studies that reported
dropouts during the VLED phase, this appears to be in the first
few weeks®**?. 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' 1224253230 " 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®®. In one study where 237%
of the patients dropped out in the VLED phase, only 0-1%,
however, were due to adverse effects™®.

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®* while those receiving behaviour
therapy were more likely to be retained®” .

Of the thirty-two studies, fourteen monitored for adverse
(412,15,16,18,19.24,2531-3336404D  Of (hese studies, two

stated that no adverse effects were reported®?®  Of the

events

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-
Jiness 12182432

A total of seven studies commented on major adverse
events throughout the study period(12’19’2/“25’56’40'/’1) . 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®® and one from heart failure at 35 weeks
post-VLED®® . 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'® 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'® and a case of prostate cancer was also diag-
nosed®. In another study, five patients were lost to follow-
up due to illness but the type of illness was not specified“®.
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®®. In accordance with the meta-anal-
ysis by Anderson et al.“*®| 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*%2%,

Cardiovascular risk

Jazet et al."” suggested that cardiovascular risk factors may be

reduced, irrespective of weight loss or regain, in the long term
following a VLED"'”. In the present review, however, signifi-
cant reductions in systolic and diastolic BP were generally
associated with significant weight loss 1215:19:23,25,26)
were improvements in waist circumference

Lipid data appear to conflict and study design is significantly
varied. Rolland e al.“*® recently reported the effects of VLED
on HDL where an improvement is often seen during weight

as
(19,20,23,25,26,28)
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maintenance, although not necessarily at VLED end“*. This is
in keeping with our findings on the review of long-term
evidence.

Although changes in plasma glucose were associated with 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® 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“®”_ 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™=>%_ 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®, or may reflect
a delay in osteoblast formation relative to osteoclastic resorp-
tion®. 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™®” or if the weight loss is achieved through surgical
or dietary means®®. 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®® 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®”. Previous studies have argued that VLED are associ-
ated with high cost and high attrition rates®®. 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®. 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

.
(21343537 and two commented

on nutritional completeness
on the use of a supplement(l(’”%“. 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™® .

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

4o, However, several studies

has previously been criticise
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 BP0,

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(é/') . 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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