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Summary	  
Severe	  dietary	  energy	  restriction	  is	  often	  used	  for	  overweight	  or	  obese	  individuals	  to	  achieve	  
rapid	  weight	  loss	  and	  related	  health	  improvements.	  However,	  the	  extent	  of	  putative	  adverse	  
effects	  on	  eating	  behaviour	  is	  unknown.	  We	  thus	  systematically	  searched	  seven	  databases	  for	  
studies	  that	  assessed	  binge	  eating	  before	  and	  after	  severe	  dietary	  energy	  restriction	  (low	  or	  very	  
low	  energy	  diets)	  in	  overweight	  or	  obese	  individuals.	  Fifteen	  clinically	  supervised	  interventions	  
from	  10	  publications	  (nine	  of	  which	  involved	  only	  women)	  were	  included.	  Among	  individuals	  
with	  clinically	  relevant	  pre-‐treatment	  binge	  eating	  disorder,	  severe	  dietary	  energy	  restriction	  
significantly	  decreased	  binge	  eating	  in	  all	  four	  interventions	  involving	  this	  population,	  at	  least	  
during	  the	  weight	  loss	  programme.	  In	  contrast,	  no	  consistent	  association	  between	  severe	  dietary	  
energy	  restriction	  and	  the	  onset	  of	  bingeing	  was	  found	  in	  11	  interventions	  involving	  individuals	  
without	  pre-‐treatment	  binge	  eating	  disorder,	  with	  four	  such	  interventions	  showing	  significant	  
increases,	  two	  showing	  no	  change,	  and	  five	  showing	  significant	  decreases	  in	  binge	  eating.	  We	  
conclude	  that	  clinically	  supervised	  severe	  dietary	  energy	  restriction	  appears	  safe	  and	  beneficial	  
for	  overweight	  or	  obese	  individuals	  with	  pre-‐treatment	  binge	  eating	  disorder,	  and	  does	  not	  
necessarily	  trigger	  binge	  eating	  in	  those	  without	  binge	  eating	  disorder.	  

Abbreviations: BMI, body mass index; CBT, cognitive behavioural therapy; LED, low energy diet; PRISMA, Preferred 
Reporting Items for Systematic Reviews and Meta-analyses; VLED, very low energy diet.  

 

Introduction	  
Obesity	  continues	  to	  be	  an	  epidemic	  problem	  around	  the	  world	  [1,	  2].	  In	  order	  to	  treat	  this	  
condition,	  health	  professionals	  are	  increasingly	  prescribing	  more	  radical	  treatments	  for	  their	  
patients.	  One	  of	  these	  treatments	  involves	  the	  prescription	  of	  severe	  dietary	  energy	  restriction	  in	  
the	  form	  of	  low	  energy	  diets	  (LEDs,	  3.3–5 MJ d−1)	  or	  very	  low	  energy	  diets	  (VLEDs, <3.3 MJ d−1),	  
typically	  achieved	  using	  meal	  replacement	  formulae	  with	  essential	  micronutrients	  [3,	  4].	  
	   The	  use	  of	  severe	  dietary	  energy	  restriction	  has	  advantages	  over	  weight-‐reducing	  diets	  
involving	  less	  severe	  energy	  restriction.	  These	  include	  reduced	  appetite	  during	  adherence	  to	  the	  
diet	  [5],	  rapid	  and	  motivating	  weight	  loss	  leading	  to	  reductions	  in	  cardiovascular	  risk,	  as	  well	  as	  
improvements	  in	  fertility	  and	  respiratory	  disorders	  [6,	  7].	  Fast	  weight	  loss	  via	  VLED	  predicts	  
significant	  long-‐term	  (3	  years)	  weight	  loss	  maintenance	  [8].	  In	  addition,	  meal	  replacement	  
formulae	  are	  widely	  available	  to	  consumers,	  and	  their	  simplicity	  of	  use	  aids	  adherence	  [9-‐11].	  
However,	  potential	  long-‐term	  side	  effects	  of	  this	  dietary	  intervention	  are	  not	  completely	  
understood	  [12],	  notably	  with	  respect	  to	  disordered	  eating	  behaviours	  such	  as	  binge	  eating.	  
	   There	  are	  several	  reasons	  why	  clinicians	  may	  be	  concerned	  about	  the	  effect	  of	  severe	  
dietary	  energy	  restriction	  on	  eating	  behaviour.	  Dieting	  often	  precedes	  binge	  eating	  [13-‐16].	  
Moreover,	  the	  cognitive	  behavioural	  formulation	  of	  eating	  disorders	  suggests	  that	  strict	  dieting	  
associated	  with	  changes	  in	  mood,	  combined	  with	  over-‐evaluation	  of	  the	  importance	  of	  shape	  and	  
weight,	  leads	  to	  binge	  eating	  [17].	  Because	  severe	  dietary	  energy	  restriction	  is	  a	  form	  of	  strict	  
dieting,	  this	  raises	  concerns	  that	  it	  may	  induce	  eating	  disorders	  or	  exacerbate	  existing	  eating	  
disorders.	  In	  light	  of	  these	  concerns,	  some	  current	  producers	  of	  commercially	  available	  meal	  
replacement	  formulae	  that	  are	  used	  as	  LEDs	  or	  VLEDs	  contraindicate	  their	  use	  for	  individuals	  
with	  eating	  disorders	  [18].	  
	   Very	  little	  is	  known	  about	  the	  effect	  of	  severe	  dietary	  energy	  restriction	  on	  eating	  
behaviour.	  A	  review	  published	  in	  2000	  concluded	  that	  moderate	  dietary	  energy	  restriction	  did	  
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not	  cause	  clinically	  significant	  binge	  eating	  in	  overweight	  individuals,	  and	  actually	  reduced	  binge	  
eating	  in	  those	  who	  exhibited	  binge	  eating	  prior	  to	  the	  dietary	  intervention	  [19].	  However,	  that	  
study	  was	  not	  a	  systematic	  review.	  It	  focused	  on	  diets	  in	  general	  and	  included	  only	  three	  studies	  
that	  directly	  assessed	  the	  effects	  of	  severe	  dietary	  energy	  restriction	  on	  binge	  eating	  [20-‐22].	  
Those	  three	  studies	  showed	  diverse	  changes	  in	  binge	  eating	  (increases	  and	  decreases)	  in	  
response	  to	  severe	  dietary	  energy	  restriction.	  A	  narrative	  review	  published	  in	  2001	  covered	  
diverse	  nutritional,	  medical	  and	  psychological	  effects	  of	  severe	  dietary	  energy	  restriction	  [23].	  
However,	  that	  review	  included	  only	  two	  empirical	  papers	  that	  assessed	  the	  effect	  of	  VLED	  on	  
binge	  eating,	  indicating	  improvements	  in	  eating	  behaviour	  [20,	  24].	  Therefore,	  considering	  the	  
lack	  of	  a	  more	  detailed	  examination	  of	  the	  effects	  of	  severe	  dietary	  energy	  restriction	  on	  binge	  
eating,	  we	  undertook	  a	  systematic	  review	  of	  studies	  that	  assessed	  binge	  eating	  before	  and	  after	  
weight	  loss	  treatment	  with	  severe	  dietary	  energy	  restriction	  in	  overweight	  and	  obese	  
individuals.	  
	  
Methods	  
This	  review	  was	  conducted	  according	  to	  PRISMA	  (Preferred	  Reporting	  Items	  for	  Systematic	  
Reviews	  and	  Meta-‐analyses)	  guidelines	  [25].	  
	  
Selection	  criteria	  
Included	  studies	  were	  published	  empirical	  trials	  –	  randomized	  or	  non-‐randomized	  –	  that	  
evaluated	  a	  regime	  involving	  severe	  dietary	  energy	  restriction	  (<5.0 MJ d−1	  for	  at	  least	  1	  week	  
with	  no	  interruption)	  in	  order	  to	  achieve	  weight	  loss	  in	  overweight	  or	  obese	  participants.	  To	  be	  
included	  in	  this	  review,	  studies	  had	  to	  assess	  binge	  eating	  before	  and	  after	  the	  dietary	  
intervention.	  For	  this	  systematic	  review,	  both	  LED	  and	  VLED	  interventions	  were	  considered	  as	  
forms	  of	  severe	  dietary	  energy	  restriction	  because	  they	  typically	  restrict	  energy	  intake	  to	  ∼30–
50%	  or	  less	  of	  the	  energy	  requirements	  of	  overweight	  or	  obese	  individuals.	  There	  were	  no	  
restrictions	  placed	  on	  the	  date	  of	  publication	  or	  the	  age	  of	  participants	  included	  in	  the	  studies.	  
Included	  publications	  could	  involve	  participants	  with	  and	  without	  eating	  disorders.	  
Studies	  with	  the	  following	  characteristics	  were	  excluded:	  unpublished	  studies,	  literature	  reviews,	  
studies	  on	  intermittent	  diets,	  studies	  that	  analysed	  binge	  eating	  only	  as	  a	  predictor	  of	  treatment	  
outcomes,	  studies	  that	  used	  a	  sample	  from	  a	  published	  study	  that	  was	  included	  in	  this	  review,	  
and	  studies	  not	  written	  in	  English.	  
	  
Search	  strategy	  
We	  searched	  seven	  electronic	  databases,	  namely	  PubMed,	  PsycInfo,	  Cinahl,	  Web	  of	  Science,	  
PreMedline,	  Scopus	  and	  Cochrane	  Data	  Base	  of	  Reviews,	  from	  inception	  of	  each	  database	  until	  
May	  2014.	  The	  search	  strategy	  combined	  two	  groups	  of	  keywords	  (Interventions	  and	  Outcomes)	  
as	  follows:	  
	  
Interventions	  
• Calori*	  restriction	  OR	  low	  calorie	  diet	  OR	  low	  energy	  diet	  OR	  very	  low	  calorie	  diet	  OR	  very	  low	  

energy	  diet	  OR	  weight	  loss	  OR	  weight	  control.	  
	  
Outcomes	  
• Binge	  eating	  disorder	  OR	  eating	  disorder*	  OR	  disordered	  eating	  OR	  purg*	  OR	  bulimi*	  OR	  binge	  

eating	  OR	  bulimia	  nervosa.	  
	  
These	  terms	  were	  mapped	  to	  subject	  headings	  specific	  to	  each	  database,	  and	  the	  subject	  
headings	  were	  also	  used	  to	  expand	  the	  search.	  As	  seen	  from	  the	  Outcomes	  listed	  above,	  search	  
terms	  related	  to	  bulimia	  nervosa	  (e.g.	  purg*,	  bulimi*	  and	  bulimia	  nervosa)	  were	  used,	  even	  
though	  assessment	  of	  compensatory	  behaviours	  was	  not	  the	  primary	  outcome	  of	  interest	  for	  this	  
review,	  because	  purging	  behaviour	  is	  frequently	  associated	  with	  binge	  eating.	  
	  
Screening	  
Titles	  and	  abstracts	  of	  the	  studies	  identified	  in	  the	  above	  search	  were	  independently	  screened	  by	  
two	  authors	  (FQL	  and	  AAG).	  The	  full	  texts	  of	  potentially	  eligible	  studies	  were	  obtained	  and	  were	  
independently	  screened	  by	  the	  same	  authors	  according	  to	  the	  inclusion	  and	  exclusion	  criteria.	  
Discrepancies	  over	  which	  studies	  to	  include	  in	  the	  review	  were	  resolved	  by	  consensus	  with	  a	  
third	  author	  (AS).	  Reference	  lists	  of	  the	  included	  papers	  were	  also	  screened	  for	  potential	  
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additional	  relevant	  papers.	  A	  detailed	  overview	  of	  each	  stage	  of	  the	  literature	  search	  and	  
screening	  is	  shown	  in	  Fig	  1.	  

 

Data	  extraction	  and	  synthesis	  
One	  author	  (FQL)	  extracted	  the	  following	  data	  from	  each	  study:	  design,	  intervention(s)	  (e.g.	  type	  
of	  diet,	  the	  use	  of	  exercise	  or	  additional	  therapies	  for	  weight	  loss,	  and	  a	  description	  of	  control	  
group(s)),	  baseline	  sample	  information	  (sample	  size,	  body	  mass	  index	  [BMI]	  and	  pre-‐treatment	  
symptoms	  of	  eating	  disorders),	  instrument(s)	  used	  to	  assess	  binge	  eating,	  and	  main	  changes	  in	  
eating	  behaviour	  (Table 1).	  Information	  about	  the	  dietary	  interventions	  was	  reviewed	  by	  an	  
author	  who	  is	  a	  dietitian	  (AAG).	  The	  focus	  of	  the	  data	  extraction	  was	  on	  the	  change	  in	  eating	  
behaviour	  in	  individuals	  in	  response	  to	  severe	  dietary	  energy	  restriction.	  Data	  on	  the	  eating	  
behaviour	  of	  individuals	  who	  underwent	  moderate	  dietary	  energy	  restriction	  or	  no	  dieting	  
(control	  groups)	  were	  also	  assessed	  in	  order	  to	  compare	  their	  outcomes	  with	  that	  of	  individuals	  
who	  underwent	  severe	  dietary	  energy	  restriction.	  
	   In	  order	  to	  maximize	  insights	  into	  the	  possible	  effect	  of	  severe	  dietary	  energy	  restriction	  
on	  binge	  eating,	  studies	  were	  classified	  according	  to	  the	  eating	  behaviour	  of	  research	  
participants	  prior	  to	  the	  dietary	  intervention,	  i.e.	  those	  without	  binge	  eating,	  those	  with	  
subclinical	  binge	  eating	  and	  those	  who	  met	  clinical	  criteria	  for	  binge	  eating	  disorder.	  Some	  
studies	  included	  mixed	  samples	  of	  individuals	  with	  and	  without	  subclinical	  binge	  eating.	  These	  
classifications	  are	  shown	  in	  Table 2.	  Note	  that	  some	  of	  the	  10	  publications	  included	  in	  this	  
systematic	  review	  imposed	  dietary	  interventions	  on	  more	  than	  one	  subgroup	  of	  participants.	  It	  is	  
for	  this	  reason	  that	  some	  publications	  are	  listed	  more	  than	  once	  in	  Table 2.	  
	  
Quality	  assessment	  
Quality	  of	  the	  publications	  included	  in	  this	  review	  was	  assessed	  by	  consensus	  between	  two	  
authors	  (FQL	  and	  PH)	  using	  criteria	  adapted	  from	  a	  previous	  publication	  [26].	  Publications	  were	  
assessed	  on	  the	  clarity	  of	  information	  provided	  about	  the	  hypothesis	  or	  aim,	  outcomes,	  

Screening

Titles and abstracts of the studies identified in the above
search were independently screened by two authors (FQL
and AAG). The full texts of potentially eligible studies were
obtained and were independently screened by the same
authors according to the inclusion and exclusion criteria.
Discrepancies over which studies to include in the review
were resolved by consensus with a third author (AS). Ref-
erence lists of the included papers were also screened for
potential additional relevant papers. A detailed overview of
each stage of the literature search and screening is shown in
Fig. 1.

Data extraction and synthesis

One author (FQL) extracted the following data from each
study: design, intervention(s) (e.g. type of diet, the use of
exercise or additional therapies for weight loss, and a
description of control group(s)), baseline sample informa-
tion (sample size, body mass index [BMI] and pre-
treatment symptoms of eating disorders), instrument(s)

used to assess binge eating, and main changes in eating
behaviour (Table 1). Information about the dietary inter-
ventions was reviewed by an author who is a dietitian
(AAG). The focus of the data extraction was on the
change in eating behaviour in individuals in response to
severe dietary energy restriction. Data on the eating
behaviour of individuals who underwent moderate dietary
energy restriction or no dieting (control groups) were also
assessed in order to compare their outcomes with that
of individuals who underwent severe dietary energy
restriction.

In order to maximize insights into the possible effect of
severe dietary energy restriction on binge eating, studies
were classified according to the eating behaviour of
research participants prior to the dietary intervention, i.e.
those without binge eating, those with subclinical binge
eating and those who met clinical criteria for binge eating
disorder. Some studies included mixed samples of individ-
uals with and without subclinical binge eating. These clas-
sifications are shown in Table 2. Note that some of the 10
publications included in this systematic review imposed
dietary interventions on more than one subgroup of

Figure 1 Flow chart of publication selection
for the systematic review.
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participant	  characteristics,	  main	  findings,	  attrition	  rates,	  method	  of	  randomization,	  allocation	  
concealment,	  validity	  and	  reliability	  of	  outcome	  measures,	  blinding	  of	  participants	  and	  assessors,	  
sample	  power	  calculation	  and	  selective	  outcome	  bias	  (i.e.	  whether	  or	  not	  researchers	  appeared	  
to	  selectively	  report	  their	  findings).	  Attrition ≤30%	  was	  considered	  acceptable.	  Bias	  was	  defined	  
as	  the	  practice	  of	  reporting	  completers	  only	  for	  interventions	  where	  attrition	  was >30%.	  Each	  
publication	  included	  in	  this	  review	  was	  classified	  under	  each	  of	  these	  criteria	  as	  ‘yes’,	  ‘no’,	  
‘unclear’	  or	  ‘not	  applicable’	  (e.g.	  measures	  that	  were	  applicable	  only	  to	  randomized	  controlled	  
trials),	  as	  shown	  in	  Table 3.	  
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Results	  
Study	  selection	  
Ten	  publications	  met	  the	  inclusion	  criteria	  of	  this	  systematic	  review,	  as	  shown	  in	  Fig. 1.	  It	  was	  not	  
possible	  to	  perform	  a	  meta-‐analysis	  of	  these	  publications	  because	  the	  designs	  of	  the	  studies	  were	  
highly	  diverse.	  Thus,	  the	  publications	  were	  reviewed	  qualitatively.	  
Characteristics	  of	  the	  studies	  
The	  studies	  used	  different	  terminologies	  to	  describe	  dietary	  energy	  restriction.	  The	  terms	  used	  
were	  caloric	  restriction,	  low	  calorie	  diet,	  very	  low	  calorie	  diet,	  meal	  replacement	  diet	  or	  balanced	  
deficit	  diet.	  In	  order	  to	  standardize	  terminology	  based	  on	  the	  International	  System	  of	  Units	  (SI	  
units),	  the	  term	  ‘energy’	  was	  adopted	  instead	  of	  ‘calorie’,	  and	  all	  data	  that	  were	  provided	  in	  
calories	  were	  converted	  to	  MJ	  (1 calorie = 0.00418 MJ).	  Energy	  intake	  prescriptions	  for	  the	  
severely	  energy-‐restricted	  diets	  (LED	  and	  VLED)	  ranged	  from	  1.8	  to	  5.0 MJ d−1,	  as	  shown	  in	  
Table 1.	  
	   The	  diversity	  of	  aims	  and	  methodological	  approaches	  of	  the	  studies	  are	  briefly	  described	  
below	  and	  detailed	  in	  Table 1.	  There	  were	  three	  studies	  that	  directly	  compared	  severe	  dietary	  
energy	  restriction	  with	  other	  weight	  loss	  interventions	  [20,	  27,	  28].	  In	  addition,	  two	  studies	  
prescribed	  severe	  dietary	  energy	  restriction	  to	  all	  participants	  for	  weight	  loss,	  and	  then	  
randomized	  participants	  to	  different	  weight	  maintenance	  strategies	  [29,	  30].	  Furthermore,	  two	  
studies	  investigated	  the	  effects	  of	  severe	  dietary	  energy	  restriction	  and	  cognitive	  behavioural	  
therapy	  (CBT)	  [31,	  32].	  The	  other	  three	  studies	  prescribed	  severe	  dietary	  energy	  restriction	  for	  
all	  participants	  [21,	  24,	  33].	  
	  
Participants	  
Sample	  sizes	  in	  the	  included	  studies	  ranged	  from	  38	  to	  154	  (Table 1).	  One	  publication	  included	  a	  
sample	  of	  men	  and	  women	  [27],	  and	  the	  other	  nine	  publications	  investigated	  only	  female	  
participants.	  Participants'	  ages	  ranged	  from	  18	  to	  62	  years.	  In	  all	  studies,	  participants	  were	  
overweight	  or	  obese	  (BMI ≥ 25 kg m−2),	  but	  showed	  different	  patterns	  of	  eating	  behaviour	  before	  
the	  treatment	  (i.e.	  participants	  without	  binge	  eating,	  with	  subclinical	  binge	  eating,	  with	  binge	  
eating	  disorder,	  or	  mixed	  samples)	  (Table 1).	  
	  

participants. It is for this reason that some publications are
listed more than once in Table 2.

Quality assessment

Quality of the publications included in this review was
assessed by consensus between two authors (FQL and PH)
using criteria adapted from a previous publication (26).
Publications were assessed on the clarity of information
provided about the hypothesis or aim, outcomes, partici-
pant characteristics, main findings, attrition rates, method
of randomization, allocation concealment, validity and reli-
ability of outcome measures, blinding of participants and
assessors, sample power calculation and selective outcome
bias (i.e. whether or not researchers appeared to selectively
report their findings). Attrition ≤30% was considered
acceptable. Bias was defined as the practice of reporting
completers only for interventions where attrition
was >30%. Each publication included in this review was
classified under each of these criteria as ‘yes’, ‘no’, ‘unclear’
or ‘not applicable’ (e.g. measures that were applicable only
to randomized controlled trials), as shown in Table 3.

Results

Study selection

Ten publications met the inclusion criteria of this system-
atic review, as shown in Fig. 1. It was not possible to

perform a meta-analysis of these publications because the
designs of the studies were highly diverse. Thus, the pub-
lications were reviewed qualitatively.

Characteristics of the studies

The studies used different terminologies to describe
dietary energy restriction. The terms used were caloric
restriction, low calorie diet, very low calorie diet, meal
replacement diet or balanced deficit diet. In order to
standardize terminology based on the International System
of Units (SI units), the term ‘energy’ was adopted instead
of ‘calorie’, and all data that were provided in calories
were converted to MJ (1 calorie = 0.00418 MJ). Energy
intake prescriptions for the severely energy-restricted diets
(LED and VLED) ranged from 1.8 to 5.0 MJ d−1, as
shown in Table 1.

The diversity of aims and methodological approaches of
the studies are briefly described below and detailed in
Table 1. There were three studies that directly compared
severe dietary energy restriction with other weight loss
interventions (20,27,28). In addition, two studies pre-
scribed severe dietary energy restriction to all participants
for weight loss, and then randomized participants to dif-
ferent weight maintenance strategies (29,30). Furthermore,
two studies investigated the effects of severe dietary energy
restriction and cognitive behavioural therapy (CBT)
(31,32). The other three studies prescribed severe dietary
energy restriction for all participants (21,24,33).

Table 2 Changes in binge eating in
response to severe dietary energy restriction
in participants with different pre-treatment
binge eating behaviours

Study samples categorized by pre-treatment eating
behaviour

Study Changes in frequency
or intensity of
binge eating

Individuals without binge eating Wadden, 2004* (28) ↑
Raymond, 2002 (31) ↑
Telch, 1993 (21) ↑
Yanovski, 1994 (33) ←→

Mixed samples: individuals without binge eating &
individuals with subclinical binge eating†

Williamson, 2008* (27) ↓
Wadden, 1994* (20) ↓
Annunziato, 2009 (29) ↓
Fogelholm, 1999 (30) ↓
Pekkarinen, 1996 (24) ↓

Individuals with subclinical binge eating† Yanovski, 1994 (33) ←→
Raymond, 2002 (31) ↑

Individuals with binge eating disorder De Zwaan, 2005 (32) ↓
Raymond, 2002 (31) ↓
Yanovski, 1994 (33) ↓
Telch, 1993 (21) ↓

*Direct comparison between severe dietary energy restriction with other weight management
intervention (control group).
†Frequency of binge eating episodes does not meet the clinical criteria for binge eating disorder, as
determined by the authors of the publication at the time of the study.
↑, increase; ↓, decrease; ←→, no change. Note that some of the 10 included publications
employed interventions with more than one subgroup; therefore, some publications are listed more
than once.
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Participants

Sample sizes in the included studies ranged from 38 to 154
(Table 1). One publication included a sample of men and
women (27), and the other nine publications investigated
only female participants. Participants’ ages ranged from 18
to 62 years. In all studies, participants were overweight or
obese (BMI ≥ 25 kg m−2), but showed different patterns of
eating behaviour before the treatment (i.e. participants
without binge eating, with subclinical binge eating, with
binge eating disorder, or mixed samples) (Table 1).

Binge eating assessment

The instruments used to assess binge eating are shown in
Table 1. Any reported and statistically significant changes
in binge eating were considered relevant.

Quality assessment outcomes

Despite some issues related to clarity of presentation, the
10 included publications met most quality requirements
(Table 3). These publications often presented unclear infor-
mation about methods of randomization, allocation con-
cealment, blinding of participants and assessors, and
sample power calculation. On the other hand, they gener-
ally presented clear information about hypotheses or aims,
participant characteristics and main findings, attrition
rates, the validity and reliability of the outcome measures,
and selective outcome bias.

Studies with samples of individuals without
pre-treatment binge eating

Of the four interventions that included samples of individ-
uals without pre-treatment binge eating, three showed
increases in binge eating to varying degrees (21,28,31), and
one (33) found no change in binge eating in response to
severe dietary energy restriction (Table 2). These studies are
described below.

A study in people without pre-treatment binge eating
(28) showed a small effect of severe dietary energy restric-
tion on the percentage of people who engaged in binge
eating at the end of the study. In that study, 5 individuals
from a total of 41 (12%) who used an LED followed by
moderate dietary energy restriction exhibited significantly
more binge eating episodes at the end of the intervention
than individuals who were submitted only to moderate
dietary energy restriction or no dietary energy restriction
(28). From these five individuals, four had one episode of
binge eating and one individual had two episodes of binge
eating, while in the other groups, none of the participants
had any binge eating episodes. These binge eating episodesTa
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Binge	  eating	  assessment	  
The	  instruments	  used	  to	  assess	  binge	  eating	  are	  shown	  in	  Table 1.	  Any	  reported	  and	  statistically	  
significant	  changes	  in	  binge	  eating	  were	  considered	  relevant.	  
	  
Quality	  assessment	  outcomes	  
Despite	  some	  issues	  related	  to	  clarity	  of	  presentation,	  the	  10	  included	  publications	  met	  most	  
quality	  requirements	  (Table 3).	  These	  publications	  often	  presented	  unclear	  information	  about	  
methods	  of	  randomization,	  allocation	  concealment,	  blinding	  of	  participants	  and	  assessors,	  and	  
sample	  power	  calculation.	  On	  the	  other	  hand,	  they	  generally	  presented	  clear	  information	  about	  
hypotheses	  or	  aims,	  participant	  characteristics	  and	  main	  findings,	  attrition	  rates,	  the	  validity	  and	  
reliability	  of	  the	  outcome	  measures,	  and	  selective	  outcome	  bias.	  
	  
Studies	  with	  samples	  of	  individuals	  without	  pre-‐treatment	  binge	  eating	  
Of	  the	  four	  interventions	  that	  included	  samples	  of	  individuals	  without	  pre-‐treatment	  binge	  
eating,	  three	  showed	  increases	  in	  binge	  eating	  to	  varying	  degrees	  [21,	  28,	  31],	  and	  one	  [33]	  
found	  no	  change	  in	  binge	  eating	  in	  response	  to	  severe	  dietary	  energy	  restriction	  (Table 2).	  These	  
studies	  are	  described	  below.	  
	   A	  study	  in	  people	  without	  pre-‐treatment	  binge	  eating	  [28]	  showed	  a	  small	  effect	  of	  
severe	  dietary	  energy	  restriction	  on	  the	  percentage	  of	  people	  who	  engaged	  in	  binge	  eating	  at	  the	  
end	  of	  the	  study.	  In	  that	  study,	  5	  individuals	  from	  a	  total	  of	  41	  (12%)	  who	  used	  an	  LED	  followed	  
by	  moderate	  dietary	  energy	  restriction	  exhibited	  significantly	  more	  binge	  eating	  episodes	  at	  the	  
end	  of	  the	  intervention	  than	  individuals	  who	  were	  submitted	  only	  to	  moderate	  dietary	  energy	  
restriction	  or	  no	  dietary	  energy	  restriction	  [28].	  From	  these	  five	  individuals,	  four	  had	  one	  
episode	  of	  binge	  eating	  and	  one	  individual	  had	  two	  episodes	  of	  binge	  eating,	  while	  in	  the	  other	  
groups,	  none	  of	  the	  participants	  had	  any	  binge	  eating	  episodes.	  These	  binge	  eating	  episodes	  
occurred	  while	  the	  participants	  were	  following	  a	  diet	  involving	  moderate	  energy	  restriction	  after	  
they	  had	  used	  the	  LED.	  However,	  in	  two	  follow-‐up	  assessments	  made	  at	  40	  and	  65	  weeks	  after	  
the	  start	  of	  the	  dietary	  intervention,	  these	  binge	  eating	  episodes	  had	  spontaneously	  remitted	  and	  
there	  were	  no	  longer	  any	  apparent	  differences	  in	  binge	  eating	  between	  groups.	  This	  study	  was	  of	  
particularly	  high	  quality	  (see	  Tables 1	  and	  3)	  because	  it	  was	  the	  only	  study	  that	  directly	  
compared	  severe	  dietary	  energy	  restriction	  with	  other	  dietary	  regimes	  in	  individuals	  without	  
pre-‐treatment	  symptoms	  of	  eating	  disorders.	  In	  summary,	  this	  high-‐quality	  study	  showed	  a	  small	  
and	  transient	  increase	  in	  binge	  eating	  in	  a	  small	  number	  of	  participants	  in	  response	  to	  severe	  
dietary	  energy	  restriction.	  
	   In	  contrast	  to	  the	  above	  study,	  two	  other	  studies	  [21,	  31]	  showed	  more	  harmful	  effects	  
of	  severe	  dietary	  energy	  restriction	  on	  the	  eating	  behaviour	  of	  participants	  who	  did	  not	  exhibit	  
pre-‐treatment	  binge	  eating.	  In	  one	  study,	  3	  of	  29	  (∼10%)	  of	  the	  participants	  who	  did	  not	  present	  
any	  symptoms	  of	  eating	  disorders	  before	  the	  use	  of	  a	  12-‐week	  VLED	  met	  the	  clinical	  criteria	  for	  
binge	  eating	  disorder	  when	  assessed	  at	  52	  weeks	  [31].	  In	  the	  other	  intervention	  involving	  
participants	  who	  did	  not	  exhibit	  pre-‐treatment	  binge	  eating	  [21],	  30%	  of	  participants	  who	  
followed	  13	  weeks	  of	  severe	  dietary	  energy	  restriction	  reported	  the	  occurrence	  of	  binge	  eating	  
episodes	  when	  measured	  immediately	  after	  a	  VLED.	  This	  percentage	  rose	  to	  63%	  of	  participants	  
when	  measured	  at	  52	  weeks	  after	  the	  start	  of	  the	  intervention,	  albeit	  symptoms	  were	  not	  strong	  
enough	  to	  reach	  the	  criteria	  for	  binge	  eating	  disorder.	  In	  that	  study,	  15%	  of	  participants	  without	  
pre-‐treatment	  binge	  eating	  met	  full	  criteria	  for	  binge	  eating	  disorder	  when	  measured	  at	  65	  
weeks	  after	  the	  start	  of	  the	  intervention	  [21].	  
	   In	  summary,	  of	  the	  four	  studies	  that	  examined	  individuals	  without	  pre-‐treatment	  binge	  
eating,	  three	  interventions	  indicated	  the	  onset	  of	  binge	  eating	  ranging	  from	  1–2	  isolated	  binges	  
to	  ∼10–15%	  of	  individuals	  developing	  binge	  eating	  disorder	  in	  response	  to	  severe	  dietary	  energy	  
restriction,	  and	  one	  study	  showed	  no	  effect	  (Table 2).	  
	  
Studies	  with	  mixed	  samples:	  individuals	  without	  pre-‐treatment	  binge	  eating	  plus	  individuals	  with	  
pre-‐treatment	  subclinical	  binge	  eating	  
While	  the	  above-‐mentioned	  studies	  mostly	  suggest	  that	  severe	  dietary	  energy	  restriction	  was	  
associated	  with	  the	  onset	  of	  binge	  eating	  in	  people	  without	  binge	  eating	  at	  baseline,	  other	  studies	  
indicated	  the	  opposite.	  In	  all	  of	  the	  five	  studies	  involving	  ‘mixed	  samples’	  (i.e.	  studies	  in	  which	  
individuals	  without	  binge	  eating	  and	  individuals	  with	  subclinical	  binge	  eating	  at	  baseline	  were	  
analysed	  together),	  beneficial	  effects	  of	  severe	  dietary	  energy	  restriction	  to	  reduce	  binge	  eating	  
were	  ubiquitously	  found	  (Table 2).	  Brief	  descriptions	  of	  the	  most	  relevant	  findings	  in	  this	  regard	  
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are	  presented	  below.	  
	   Of	  these	  studies	  with	  ‘mixed	  samples’,	  two	  high-‐quality	  studies	  are	  particularly	  
noteworthy	  as	  they	  involve	  direct	  comparison	  of	  severe	  dietary	  energy	  restriction	  with	  other	  
weight	  loss	  interventions	  [20,	  27].	  In	  one	  such	  study	  [27],	  LED	  as	  well	  as	  three	  dietary	  
interventions	  of	  24	  weeks	  in	  duration	  that	  did	  not	  involve	  severe	  dietary	  energy	  restriction	  were	  
employed	  in	  order	  to	  test	  the	  hypothesis	  that	  dietary	  weight	  loss	  interventions	  increase	  
symptoms	  of	  binge	  eating	  disorder.	  However,	  average	  scores	  for	  binge	  eating	  were	  decreased	  in	  
all	  dietary	  intervention	  arms,	  including	  the	  LED,	  without	  significant	  differences	  between	  groups	  
when	  measured	  at	  13	  and	  24	  weeks.	  Moreover,	  these	  decreases	  in	  binge	  eating	  were	  maintained	  
in	  all	  dietary	  intervention	  groups	  when	  assessed	  at	  52	  weeks	  after	  the	  start	  of	  the	  interventions.	  
A	  small	  increase	  in	  subclinical	  purgative	  behaviour	  was	  found	  specifically	  in	  participants	  in	  the	  
LED	  group	  when	  measured	  at	  39	  weeks	  after	  the	  start	  of	  the	  intervention,	  but	  this	  had	  returned	  
to	  baseline	  levels	  when	  measured	  at	  52	  weeks.	  Another	  high-‐quality	  study	  [20]	  compared	  
individuals	  submitted	  to	  52	  weeks	  of	  severe	  or	  moderate	  dietary	  energy	  restriction,	  with	  
participants	  in	  both	  groups	  exhibiting	  reductions	  in	  average	  scores	  for	  binge	  eating	  when	  
measured	  at	  the	  end	  of	  the	  interventions,	  albeit	  the	  reduction	  was	  significantly	  less	  pronounced	  
in	  those	  on	  the	  severely	  energy-‐restricted	  diet.	  In	  conclusion,	  both	  of	  these	  high-‐quality	  studies	  
revealed	  significant	  reductions	  in	  average	  binge	  eating	  scores	  after	  severe	  dietary	  energy	  
restriction	  in	  groups	  of	  individuals	  with	  no	  or	  subclinical	  binge	  eating.	  
	   Among	  the	  five	  studies	  that	  examined	  mixed	  samples,	  severe	  dietary	  energy	  restriction	  
was	  always	  associated	  with	  reductions	  in	  binge	  eating	  (Table 2).	  There	  were	  two	  studies	  [29,	  30]	  
that	  compared	  different	  weight	  maintenance	  interventions	  instead	  of	  different	  weight	  loss	  
interventions.	  In	  one	  such	  study	  [29],	  all	  participants	  were	  treated	  with	  LED	  for	  8	  weeks	  and	  
were	  then	  randomized	  to	  one	  of	  two	  different	  weight	  maintenance	  interventions;	  one	  involving	  
normal	  food	  supplemented	  with	  meal	  replacement	  formulae,	  and	  the	  other	  involving	  normal	  
food.	  In	  that	  study,	  significant	  reductions	  in	  average	  group	  scores	  for	  binge	  eating	  were	  
measured	  during	  the	  severe	  dietary	  energy	  restriction,	  but	  the	  results	  at	  74	  weeks	  after	  the	  start	  
of	  treatment	  varied	  depending	  on	  whether	  participants	  were	  classified	  as	  low	  or	  high	  adherers	  to	  
the	  consumption	  of	  meal	  replacements	  during	  the	  weight	  maintenance	  phase.	  Those	  who	  were	  
low	  adherers,	  using	  meal	  replacements	  on	  9–55%	  of	  days	  during	  the	  weight	  maintenance	  phase,	  
exhibited	  a	  return	  to	  baseline	  levels	  of	  binge	  eating	  at	  74	  weeks.	  Similar	  results	  were	  observed	  in	  
those	  eating	  normal	  food	  during	  the	  weight	  maintenance	  phase;	  these	  participants	  exhibited	  a	  
tendency	  to	  resume	  binge	  eating.	  However,	  those	  participants	  who	  were	  high	  adherers	  to	  the	  
consumption	  of	  meal	  replacements,	  consuming	  them	  on	  74–80%	  of	  days	  during	  weight	  
maintenance,	  exhibited	  a	  sustained	  reduction	  in	  binge	  eating	  when	  measured	  at	  74	  weeks.	  In	  
another	  study	  [30],	  participants	  were	  submitted	  to	  12	  weeks	  of	  severe	  dietary	  energy	  restriction	  
before	  being	  randomized	  to	  one	  of	  three	  different	  weight	  maintenance	  interventions	  of	  28-‐week	  
durations.	  In	  that	  study,	  average	  scores	  for	  binge	  eating	  were	  significantly	  reduced	  in	  all	  groups	  
when	  measured	  during	  weight	  loss	  and	  weight	  maintenance,	  without	  any	  significant	  differences	  
between	  groups.	  Taken	  together,	  these	  studies	  support	  the	  hypothesis	  that	  severe	  dietary	  energy	  
restriction	  is	  associated	  with	  neutral	  or	  beneficial	  effects	  on	  binge	  eating	  behaviour	  in	  mixed	  
samples	  of	  people	  without	  binge	  eating	  or	  with	  subclinical	  binge	  eating	  at	  baseline,	  mainly	  during	  
the	  period	  when	  participants	  are	  on	  the	  severely	  energy-‐restricted	  diet.	  
	   In	  addition	  to	  benefits	  observed	  during	  the	  diet,	  there	  is	  also	  some	  evidence	  that	  severe	  
dietary	  energy	  restriction	  can	  lead	  to	  long-‐term	  improvements	  in	  binge	  eating,	  at	  least	  in	  those	  
who	  lose	  clinically	  significant	  amounts	  of	  weight	  on	  the	  diet.	  In	  the	  fifth	  study	  from	  this	  category	  
(see	  Table 2)	  [24],	  all	  participants	  were	  submitted	  to	  10	  weeks	  of	  severe	  dietary	  energy	  
restriction	  without	  any	  comparison	  intervention.	  In	  that	  study,	  significant	  reductions	  in	  average	  
binge	  eating	  scores	  relative	  to	  baseline	  were	  measured	  at	  17	  weeks	  after	  the	  start	  of	  treatment,	  
and	  these	  reduced	  average	  binge	  eating	  scores	  were	  maintained	  when	  measured	  at	  52	  and	  
between	  104	  and	  117	  weeks	  after	  the	  start	  of	  the	  treatment,	  but	  only	  in	  those	  participants	  who	  
lost	  greater	  than	  10%	  of	  their	  initial	  weight.	  In	  contrast,	  participants	  who	  lost	  10%	  or	  less	  of	  
their	  initial	  weight	  or	  who	  gained	  weight	  during	  the	  prescribed	  severe	  dietary	  energy	  restriction	  
also	  exhibited	  significant	  reductions	  in	  binge	  eating	  at	  week	  17,	  but	  binge	  eating	  had	  returned	  to	  
baseline	  levels	  when	  assessed	  between	  weeks	  104	  and	  117.	  
	   These	  ubiquitous	  findings	  of	  reductions	  in	  average	  binge	  eating	  scores	  seen	  in	  all	  of	  the	  
five	  studies	  in	  this	  category	  of	  mixed	  samples,	  especially	  the	  high-‐quality	  randomized	  controlled	  
clinical	  trials	  that	  directly	  compared	  LED	  or	  VLED	  with	  other	  interventions	  [20,	  27],	  indicate	  that	  
severe	  dietary	  energy	  restriction	  had	  beneficial	  effects	  for	  those	  with	  subclinical	  binge	  eating.	  
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While	  these	  five	  studies	  investigated	  the	  eating	  behaviour	  of	  mixed	  samples	  of	  participants	  
without	  pre-‐treatment	  binge	  eating	  and	  participants	  with	  pre-‐treatment	  subclinical	  binge	  eating,	  
the	  findings	  also	  imply	  that	  severe	  dietary	  energy	  restriction	  was	  not	  associated	  with	  the	  
development	  of	  binge	  eating	  for	  those	  without	  pre-‐treatment	  binge	  eating.	  This	  finding	  contrasts	  
with	  the	  outcomes	  from	  the	  studies	  mentioned	  in	  the	  previous	  section	  (studies	  with	  samples	  of	  
only	  individuals	  without	  pre-‐treatment	  binge	  eating).	  
	  
Studies	  with	  samples	  of	  individuals	  with	  pre-‐treatment	  subclinical	  binge	  eating	  
Broadly	  consistent	  with	  the	  above	  conclusions	  from	  studies	  with	  mixed	  samples,	  a	  study	  
involving	  only	  individuals	  with	  subclinical	  binge	  eating	  prior	  to	  intervention	  [33]	  showed	  no	  
effect	  of	  26	  weeks	  on	  a	  VLED	  programme	  (including	  a	  12-‐week	  re-‐feeding	  phase)	  on	  binge	  eating	  
when	  measured	  at	  13	  weeks	  after	  completion	  of	  the	  whole	  programme.	  In	  that	  study,	  other	  
eating	  disorder	  symptoms	  such	  as	  purging,	  frequent	  fasting	  and	  compensatory	  exercise	  were	  
also	  assessed;	  however,	  no	  onset	  of	  any	  of	  these	  symptoms	  was	  found.	  In	  contrast,	  another	  study	  
with	  a	  pure	  sample	  of	  individuals	  with	  subclinical	  binge	  eating	  at	  baseline	  [31]	  showed	  that	  
severe	  dietary	  energy	  restriction	  was	  associated	  with	  worsening	  of	  binge	  eating.	  In	  that	  study,	  
participants	  were	  submitted	  to	  12	  weeks	  on	  a	  VLED,	  followed	  by	  a	  6-‐week	  re-‐feeding	  phase	  and	  a	  
6-‐week	  weight	  stabilization	  phase.	  The	  authors	  found	  that	  25%	  of	  participants	  met	  full	  clinical	  
criteria	  for	  binge	  eating	  disorder	  at	  the	  76-‐week	  time	  point	  (52	  weeks	  after	  completion	  of	  the	  
weight	  stabilization	  phase)	  [31].	  Although	  this	  outcome	  is	  consistent	  with	  the	  finding	  that	  severe	  
dietary	  energy	  restriction	  appears	  to	  increase	  binge	  eating	  in	  those	  without	  pre-‐treatment	  binge	  
eating	  (Table 2,	  top	  4	  rows),	  it	  contrasts	  with	  the	  six	  other	  studies	  showing	  beneficial	  or	  neutral	  
effects	  of	  severe	  dietary	  energy	  restriction	  on	  binge	  eating	  in	  mixed	  or	  pure	  samples	  of	  
individuals	  with	  subclinical	  binge	  eating	  at	  baseline	  (Table 2,	  middle	  6	  rows).	  In	  addition,	  the	  lack	  
of	  a	  control	  group	  in	  that	  study	  [31]	  compromises	  its	  capacity	  to	  determine	  any	  causality	  
between	  severe	  dietary	  energy	  restriction	  and	  worsening	  of	  binge	  eating.	  
	  
Studies	  with	  samples	  of	  individuals	  with	  pre-‐treatment	  binge	  eating	  disorder	  
There	  were	  four	  studies	  that	  examined	  the	  effects	  of	  severe	  dietary	  energy	  restriction	  on	  the	  
eating	  behaviour	  of	  individuals	  who	  met	  the	  clinical	  criteria	  for	  binge	  eating	  disorder	  at	  the	  
baseline	  assessment	  (Table 2).	  In	  all	  of	  these	  studies,	  significant	  reductions	  in	  average	  binge	  
eating	  scores	  were	  observed	  during	  and	  after	  the	  dietary	  intervention.	  In	  one	  such	  study	  [32],	  all	  
participants	  were	  subjected	  to	  severe	  dietary	  energy	  restriction	  and	  were	  then	  randomized	  to	  
receive	  either	  additional	  CBT	  for	  binge	  eating	  disorder	  or	  no	  additional	  treatment.	  In	  that	  study,	  
significant	  reductions	  (by	  56%)	  in	  average	  group	  binge	  eating	  scores	  were	  observed,	  and	  
abstinence	  from	  binge	  eating	  occurred	  in	  33%	  of	  participants,	  regardless	  of	  whether	  or	  not	  they	  
received	  CBT.	  In	  another	  study	  [31],	  63	  individuals	  with	  binge	  eating	  disorder	  were	  submitted	  to	  
severe	  dietary	  energy	  restriction	  for	  12	  weeks,	  followed	  by	  a	  6-‐week	  food	  reintroduction	  phase	  
then	  a	  6-‐week	  weight	  stabilization	  phase.	  At	  the	  76-‐week	  time	  point	  (52	  weeks	  after	  completion	  
of	  the	  entire	  programme),	  36	  of	  the	  63	  participants	  (57%)	  no	  longer	  met	  the	  clinical	  criteria	  for	  
binge	  eating	  disorder.	  Thus,	  both	  of	  these	  studies	  indicated	  associations	  between	  severe	  dietary	  
energy	  restriction	  and	  reductions	  in	  binge	  eating	  in	  individuals	  who	  meet	  criteria	  for	  binge	  
eating	  disorder	  prior	  to	  treatment.	  
	   Findings	  from	  another	  study	  [21]	  provide	  important	  insights	  regarding	  improvements	  
and	  relapses	  in	  binge	  eating.	  In	  that	  study,	  participants	  with	  binge	  eating	  disorder	  exhibited	  
significant	  group	  average	  reductions	  in	  binge	  eating	  when	  measured	  after	  4	  and	  13	  weeks	  on	  a	  
13-‐week	  VLED,	  but	  group	  average	  binge	  eating	  scores	  were	  similar	  to	  baseline	  levels	  at	  all	  
subsequent	  time	  points	  (i.e.	  at	  26,	  39,	  52	  and	  65	  weeks	  after	  the	  start	  of	  the	  intervention),	  at	  
which	  times	  normal	  foods	  had	  been	  reintroduced	  into	  the	  diet.	  Therefore,	  it	  is	  possible	  that	  for	  
some	  individuals	  with	  binge	  eating	  disorder,	  reductions	  in	  binge	  eating	  can	  be	  temporary,	  
occurring	  only	  while	  under	  severe	  dietary	  energy	  restriction.	  On	  the	  other	  hand,	  in	  that	  study,	  
39%	  of	  participants	  who	  were	  classified	  as	  having	  binge	  eating	  disorder	  at	  baseline	  no	  longer	  
met	  the	  criteria	  for	  this	  categorization	  when	  measured	  at	  65	  weeks	  after	  the	  start	  of	  the	  
treatment.	  
	   Besides	  reductions	  in	  the	  overall	  level	  of	  binge	  eating,	  severe	  dietary	  energy	  restriction	  
in	  participants	  with	  binge	  eating	  disorder	  appears	  to	  reduce	  the	  amount	  eaten	  at	  each	  binge	  
eating	  episode	  [33].	  
	   Taken	  together,	  the	  four	  interventions	  mentioned	  above	  showed	  an	  association	  between	  
severe	  dietary	  energy	  restriction	  and	  significant	  reductions	  in	  binge	  eating	  for	  individuals	  with	  
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pre-‐treatment	  binge	  eating	  disorder.	  These	  benefits	  have	  been	  measured	  both	  during	  as	  well	  as	  
up	  to	  65	  weeks	  after	  commencement	  of	  the	  severe	  dietary	  energy	  restriction,	  but	  there	  is	  some	  
evidence	  that	  relapses	  in	  binge	  eating	  occurred	  for	  some	  individuals	  when	  food	  was	  
reintroduced.	  
	  
Discussion	  
The	  aim	  of	  this	  systematic	  review	  was	  to	  determine	  the	  effects	  of	  severe	  dietary	  energy	  
restriction	  on	  binge	  eating	  in	  overweight	  or	  obese	  individuals	  seeking	  weight	  loss.	  Inconsistent	  
associations	  between	  severe	  dietary	  energy	  restriction	  and	  the	  onset	  of	  binge	  eating	  were	  found	  
in	  individuals	  without	  pre-‐treatment	  binge	  eating.	  Of	  nine	  studies	  involving	  this	  population,	  
three	  showed	  increases	  in	  binge	  eating	  [21,	  28,	  31],	  one	  found	  no	  effect	  [33],	  and	  five	  involving	  
mixed	  samples	  including	  individuals	  without	  previous	  binge	  eating	  showed	  reductions	  in	  binge	  
eating	  [20,	  24,	  27,	  29,	  30].	  Therefore,	  it	  is	  not	  possible	  to	  assert	  that	  the	  use	  of	  LEDs	  or	  VLEDs	  
triggers	  binge	  eating	  among	  all	  overweight	  or	  obese	  patients	  who	  do	  not	  exhibit	  pre-‐treatment	  
binge	  eating.	  In	  contrast,	  for	  participants	  who	  exhibited	  subclinical	  binge	  eating	  or	  binge	  eating	  
disorder	  prior	  to	  the	  dietary	  intervention,	  the	  majority	  of	  interventions	  involving	  this	  population	  
(9	  of	  11)	  showed	  that	  the	  use	  of	  LED	  or	  VLED	  reduced	  binge	  eating,	  at	  least	  during	  the	  severe	  
dietary	  energy	  restriction	  [20,	  21,	  24,	  27,	  29-‐33],	  with	  the	  other	  two	  studies	  showing	  no	  change	  
[33]	  or	  an	  increase	  [31].	  It	  is	  noteworthy,	  however,	  that	  those	  improvements	  in	  eating	  behaviour	  
may	  be	  temporary,	  as	  relapses	  in	  binge	  eating	  were	  reported	  in	  three	  studies	  [21,	  24,	  29].	  Thus,	  
while	  severe	  dietary	  energy	  restriction	  seems	  safe	  and	  beneficial	  for	  those	  with	  pre-‐treatment	  
subclinical	  binge	  eating	  or	  binge	  eating	  disorder,	  it	  may	  induce	  binge	  eating	  in	  some	  (but	  not	  all)	  
individuals	  without	  any	  pre-‐treatment	  binge	  eating.	  
	   The	  findings	  from	  this	  review	  support	  the	  safety	  and	  benefits	  of	  severe	  dietary	  energy	  
restriction,	  achieved	  via	  clinically	  supervised	  LED	  or	  VLED,	  in	  overweight	  or	  obese	  people	  with	  
subclinical	  binge	  eating	  or	  binge	  eating	  disorder,	  at	  least	  in	  the	  time	  frame	  investigated	  in	  the	  
studies	  included	  in	  this	  systematic	  review	  (maximum	  of	  104–117	  weeks	  after	  commencement	  of	  
the	  intervention).	  These	  findings	  extend	  previous	  research	  showing	  that	  people	  with	  binge	  eating	  
can	  achieve	  similar	  weight	  loss	  via	  severe	  dietary	  energy	  restriction	  in	  comparison	  to	  people	  
without	  binge	  eating	  [34,	  35].	  Other	  studies	  have	  also	  found	  that	  the	  presence	  of	  eating	  disorders	  
does	  not	  influence	  short-‐	  or	  long-‐term	  weight	  loss	  achieved	  via	  VLED	  meal	  replacement	  
programmes	  [36].	  Thus,	  clinically	  supervised	  LEDs	  and	  VLEDs	  can	  be	  used	  as	  an	  effective	  weight	  
loss	  treatment	  for	  overweight	  or	  obese	  individuals	  with	  subclinical	  binge	  eating	  or	  binge	  eating	  
disorder,	  and	  may	  have	  the	  additional	  benefit	  of	  reducing	  binge	  eating.	  
	   There	  are	  several	  reasons	  why	  severe	  dietary	  energy	  restriction	  via	  LED	  or	  VLED	  
programmes	  may	  have	  reduced	  binge	  eating	  in	  those	  with	  pre-‐treatment	  binge	  eating.	  One	  
possibility	  is	  that	  individuals	  submitted	  to	  this	  treatment	  have	  been	  shown	  to	  exhibit	  mood	  
improvements	  in	  association	  with	  weight	  loss	  [28],	  and	  this	  may	  enable	  participants	  to	  stop	  
using	  food	  as	  a	  mood	  regulator,	  as	  is	  known	  to	  occur	  during	  binge	  eating	  episodes	  [17].	  A	  second	  
possible	  explanation	  is	  that	  appetite	  is	  known	  to	  be	  significantly	  suppressed	  during	  VLED	  [5],	  
and	  this	  may	  reduce	  the	  drive	  to	  eat.	  A	  third	  potential	  explanation	  is	  that	  the	  highly	  structured	  
and	  clinically	  supervised	  programmes	  through	  which	  the	  diets	  were	  administered	  may	  have	  
contributed	  to	  improved	  eating	  behaviour.	  
	   Our	  finding	  that	  severe	  dietary	  energy	  restriction	  does	  not	  exacerbate	  –	  and	  may	  even	  
reduce	  –	  pre-‐existing	  binge	  eating	  is	  opposite	  to	  the	  hypothesis	  that	  dieting	  causes	  binge	  eating.	  
However,	  it	  is	  important	  to	  be	  specific	  about	  what	  is	  meant	  by	  the	  term	  ‘dieting’.	  In	  this	  review,	  
the	  specific	  type	  of	  dieting	  under	  investigation	  was	  severe	  dietary	  energy	  restriction	  achieved	  via	  
LED	  or	  VLED	  meal	  replacement	  programmes,	  conducted	  in	  overweight	  or	  obese	  individuals	  
under	  medical	  supervision,	  within	  the	  context	  of	  a	  clinical	  trial.	  This	  is	  very	  different	  from	  the	  
unsupervised,	  self-‐imposed	  dietary	  restriction	  or	  starvation	  typically	  seen	  in	  patients	  with	  eating	  
disorders	  that	  is	  frequently	  a	  trigger	  for	  binge	  eating	  episodes	  [17].	  It	  is	  also	  different	  from	  the	  
semi-‐starvation	  state	  that	  was	  induced	  in	  normal	  weight	  individuals	  and	  shown	  to	  lead	  to	  
psychological	  and	  social	  effects	  closely	  related	  to	  eating	  disorders,	  as	  in	  the	  landmark	  study	  by	  
Keys	  and	  colleagues	  [37].	  Thus,	  it	  is	  important	  to	  be	  clear	  about	  the	  form	  of	  the	  dietary	  
restriction	  that	  is	  being	  used	  when	  investigating	  potential	  effects	  of	  ‘dieting’	  on	  the	  symptoms	  of	  
eating	  disorders	  [14].	  
	   While	  this	  review	  showed	  that	  clinically	  supervised	  severe	  dietary	  energy	  restriction	  
had	  overall	  neutral	  or	  beneficial	  effects	  on	  binge	  eating	  behaviour	  in	  those	  with	  pre-‐existing	  
binge	  eating,	  the	  safety	  of	  such	  dietary	  interventions	  for	  individuals	  who	  did	  not	  have	  pre-‐
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existing	  symptoms	  of	  eating	  disorders	  is	  less	  clear.	  In	  the	  four	  studies	  involving	  only	  participants	  
who	  had	  no	  pre-‐treatment	  binge	  eating	  symptoms,	  three	  [21,	  28,	  31]	  showed	  that	  severe	  dietary	  
energy	  restriction	  was	  associated	  with	  increases	  in	  binge	  eating,	  while	  one	  [22]	  showed	  no	  
effect.	  The	  most	  critical	  period	  for	  the	  onset	  of	  binge	  eating	  episodes	  appeared	  to	  be	  after	  the	  
severe	  dietary	  energy	  restriction,	  when	  individuals	  had	  transferred	  to	  a	  diet	  involving	  moderate	  
or	  no	  energy	  restriction	  and	  had	  been	  reintroduced	  to	  conventional	  food.	  In	  contrast,	  in	  all	  of	  the	  
five	  studies	  involving	  mixed	  samples	  of	  participants	  with	  and	  without	  symptoms	  of	  subclinical	  
binge	  eating	  at	  baseline,	  severe	  dietary	  energy	  restriction	  was	  associated	  with	  decreases	  in	  binge	  
eating.	  As	  those	  studies	  involved	  mixed	  samples,	  however,	  it	  is	  not	  possible	  to	  know	  what	  effect	  
severe	  dietary	  energy	  restriction	  was	  having	  specifically	  on	  those	  individuals	  who	  did	  not	  have	  
any	  binge	  eating	  behaviour	  at	  baseline.	  Thus,	  the	  evidence	  shows	  that	  strict	  dieting	  is	  not	  always	  
a	  trigger	  for	  binge	  eating,	  as	  some	  clinicians	  have	  interpreted	  from	  the	  cognitive	  behavioural	  
formulation	  of	  eating	  disorders	  [17].	  
	   This	  systematic	  review	  has	  several	  strengths	  and	  limitations.	  It	  was	  conducted	  according	  
to	  the	  PRISMA	  guidelines	  [25].	  As	  such,	  it	  included	  a	  systematic	  search	  of	  seven	  databases	  with	  
no	  limit	  on	  the	  earliest	  publication	  date,	  clearly	  defined	  inclusion	  and	  exclusion	  criteria,	  at	  least	  
two	  authors	  were	  involved	  in	  screening	  against	  the	  inclusion	  and	  exclusion	  criteria	  and	  data	  
extraction	  (FQL,	  AAG,	  AS),	  as	  well	  as	  in	  critical	  quality	  appraisal	  of	  publications	  (FQL,	  PH),	  and	  
presented	  a	  flow	  chart	  of	  the	  process	  of	  publication	  selection.	  The	  review	  was	  limited,	  however,	  
in	  that	  it	  did	  not	  seek	  ‘grey’	  or	  unpublished	  literature.	  Additionally,	  the	  included	  studies	  had	  
diverse	  experimental	  designs,	  wherein	  7	  of	  the	  10	  included	  publications	  did	  not	  directly	  compare	  
the	  effect	  of	  severe	  dietary	  energy	  restriction	  with	  that	  of	  other	  dietary	  interventions	  or	  no	  
intervention	  (control	  groups).	  In	  addition,	  different	  instruments	  were	  used	  to	  assess	  eating	  
behaviour,	  and	  the	  longest	  follow-‐up	  assessment	  was	  104–117	  weeks	  after	  the	  start	  of	  the	  
treatment	  in	  only	  one	  study	  [24],	  with	  all	  other	  studies	  using	  a	  follow-‐up	  period	  of	  78	  weeks	  or	  
less	  [20,	  21,	  27-‐33].	  Finally,	  all	  but	  one	  [24]	  of	  the	  studies	  in	  this	  systematic	  review	  investigated	  
only	  female	  participants,	  so	  the	  findings	  may	  not	  apply	  to	  men.	  Despite	  these	  limitations,	  this	  
systematic	  review	  has	  revealed	  the	  influence	  of	  severe	  dietary	  energy	  restriction	  on	  binge	  eating	  
among	  overweight	  or	  obese	  participants	  according	  to	  their	  pre-‐treatment	  eating	  behaviour.	  
Indeed,	  this	  review	  revealed	  reductions	  in	  binge	  eating	  for	  those	  with	  pre-‐treatment	  subclinical	  
binge	  eating	  or	  binge	  eating	  disorder,	  and	  revealed	  increases	  in	  binge	  eating	  in	  some	  but	  not	  all	  
individuals	  without	  binge	  eating	  prior	  to	  treatment.	  
	   Our	  current	  findings	  enable	  us	  to	  make	  recommendations	  for	  future	  research.	  Firstly,	  
this	  field	  would	  benefit	  from	  randomized	  controlled	  trials	  with	  extended	  follow-‐up	  assessments	  
directly	  comparing	  the	  effect	  of	  severe	  dietary	  energy	  restriction	  with	  moderate	  or	  no	  dietary	  
energy	  restriction.	  Secondly,	  such	  trials	  would	  benefit	  from	  regular	  assessments	  of	  binge	  eating	  
during	  and	  after	  the	  dietary	  interventions	  in	  order	  to	  identify	  critical	  periods	  when	  binges	  are	  
more	  likely	  to	  occur.	  Thirdly,	  studies	  in	  this	  field	  need	  to	  characterize	  the	  eating	  behaviour	  of	  
participants	  prior	  to	  intervention	  (i.e.	  those	  with	  no	  binge	  eating,	  subclinical	  binge	  eating	  or	  
binge	  eating	  disorder),	  and	  present	  the	  results	  separately	  for	  each	  subcategory	  of	  participants,	  
because	  the	  effects	  of	  energy	  restriction	  on	  eating	  behaviour	  are	  likely	  to	  depend	  upon	  whether	  
or	  not	  an	  individual	  engages	  in	  binge	  eating	  at	  baseline.	  Fourthly,	  future	  studies	  involving	  male	  
participants	  are	  needed	  because	  binge	  eating	  disorder	  affects	  significant	  numbers	  of	  men	  [38],	  
and	  because	  VLED	  programmes	  may	  be	  particularly	  beneficial	  for	  men	  [39].	  Finally,	  this	  field	  
would	  benefit	  from	  a	  standardized	  assessment	  of	  eating	  disorders	  to	  provide	  more	  comparable	  
data.	  To	  this	  end,	  we	  recommend	  the	  Eating	  Disorders	  Examination	  [17],	  or	  the	  self-‐reported	  
version	  of	  this	  instrument,	  the	  Eating	  Disorders	  Examination	  Questionnaire	  [40]:	  in	  addition	  to	  
information	  about	  the	  frequency	  of	  binges,	  these	  instruments	  assess	  cognitive	  aspects	  related	  to	  
eating	  disorders	  (e.g.	  eating,	  shape	  and	  weight	  concerns).	  We	  are	  addressing	  some	  of	  these	  
limitations	  in	  a	  current	  clinical	  trial	  [41].	  
	   Obesity	  is	  a	  major	  health	  concern	  that	  requires	  treatment	  to	  prevent	  or	  attenuate	  
associated	  health	  issues	  and	  diseases.	  Severe	  dietary	  energy	  restriction	  via	  supervised	  meal	  
replacement	  programmes	  is	  the	  single	  most	  effective	  non-‐pharmaceutical,	  non-‐surgical	  obesity	  
treatment	  [42],	  but	  many	  clinicians	  are	  hesitant	  to	  prescribe	  such	  programmes	  for	  fear	  of	  
inducing	  or	  exacerbating	  eating	  disorders.	  This	  review	  shows	  that	  clinically	  supervised	  severe	  
dietary	  energy	  restriction	  can	  be	  used	  for	  the	  treatment	  of	  obesity	  without	  exacerbating	  existing	  
binge	  eating	  (subclinical	  or	  clinical).	  Such	  diets	  can	  also	  be	  used	  in	  obese	  people	  who	  do	  not	  have	  
pre-‐existing	  binge	  eating,	  but	  clinicians	  should	  note	  that	  some	  susceptible	  individuals	  may	  
develop	  binge	  eating	  behaviour,	  particularly	  upon	  completion	  of	  the	  diet.	  Thus,	  eating	  behaviour	  
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should	  be	  monitored	  during	  and	  after	  the	  diet,	  and	  referral	  to	  psychological	  services	  for	  
additional	  therapy	  may	  be	  necessary	  in	  some	  cases.	  
	  
Conflict	  of	  interest	  statement	  
AS	  has	  received	  payment	  from	  Eli	  Lilly,	  the	  Pharmacy	  Guild	  of	  Australia,	  Novo	  Nordisk	  and	  the	  
Dietitians	  Association	  of	  Australia	  for	  seminar	  presentation	  at	  conferences.	  She	  is	  also	  the	  author	  
of	  The	  Don't	  Go	  Hungry	  Diet	  (Bantam,	  Australia	  and	  New	  Zealand,	  2007)	  and	  Don't	  Go	  Hungry	  For	  
Life	  (Bantam,	  Australia	  and	  New	  Zealand,	  2011).	  SWT	  receives	  royalties	  from	  Hogrefe	  and	  Huber	  
and	  McGraw-‐Hill	  Publishers,	  and	  has	  also	  been	  the	  recipient	  of	  an	  honorarium	  from	  Shire	  
Pharmaceuticals.	  PH	  receives	  royalties	  from	  Hogrefe	  and	  Huber	  and	  McGraw-‐Hill	  Publishers.	  
	  
Acknowledgements	  
This	  work	  was	  supported	  by	  the	  CAPES	  Foundation,	  Ministry	  of	  Education	  of	  Brazil,	  via	  a	  
postgraduate	  scholarship	  to	  FQL,	  and	  via	  the	  National	  Health	  and	  Medical	  Research	  Council	  
(NHMRC)	  of	  Australia	  via	  a	  Project	  Grant	  and	  Senior	  Research	  Fellowship	  to	  AS.	  We	  are	  also	  
grateful	  to	  the	  Australian	  Research	  Council	  for	  an	  Australian	  Postgraduate	  Award	  to	  AAG.	  
	  
References	  
1. Kitzinger HB, Karle B. The epidemiology of obesity. Eur Surg 2013; 45: 80–82. ��� 

2. Ng M, Fleming T, Robinson M et al. Global, regional, and national prevalence of overweight and 
obesity in children and adults during 1980–2013: a systematic analysis for the Global Burden of 
Disease Study 2013. Lancet 2014; 384: 766–781.  

3. Delbridge E, Proietto J. State of the science: VLED (very low energy diet) for obesity. Asia Pac J 
Clin Nutr 2006; 15: 49–54.  

4. Christensen P, Bliddal H, Riecke BF, Leeds AR, Astrup A, Christensen R. Comparison of a low-
energy diet and a very low- energy diet in sedentary obese individuals: a pragmatic randomized 
controlled trial. Clin Obes 2011; 1: 31–40.  

5. Gibson AA, Seimon RV, Lee CM et al. Do ketogenic diets really suppress appetite? A systematic 
review and meta-analysis. Obes Rev 2015; 16: 64–76. ��� 

6. Mulholland Y, Nicokavoura E, Broom J, Rolland C. Very-low- energy diets and morbidity: a 
systematic review of longer-term evidence. Br J Nutr 2012; 108: 832–851.  

7. Sim KA, Partridge SR, Sainsbury A. Does weight loss in over- weight or obese women improve 
fertility treatment outcomes? A systematic review. Obes Rev 2014; 15: 839–850. ��� 

8. Rolland C, Johnston KL, Lula S, Macdonald I, Broom J. Long- term weight loss maintenance and 
management following a VLCD: a 3-year outcome. Int J Clin Pract 2014; 68: 379–387.  

9. Wadden TA, Berkowitz RI. Very-low-calorie-diets. In: Fairburn CG, Brownell KD (eds). Eating 
Disorders and Obesity: A Com- prehensive Handbook. Guilford Press: New York, 2002, pp. 534– 538.  

10. Heymsfield SB. Meal replacements and energy balance. Physiol Behav 2010; 100: 90–94. ��� 

11. Metz JA, Kris-Etherton PM, Morris CD et al. Dietary compli- ance and cardiovascular risk 
reduction with a prepared meal plan compared with a self-selected diet. Am J Clin Nutr 1997; 66: 373–
385.  

12. Asher RCZ, Burrows TL, Collins CE. Very low-energy diets for weight loss in adults: a review. 
Nutr Dietetics 2013; 70: 101– 112. ��� 

13. Polivy J, Herman CP. Dieting and binging. A causal analysis. Am Psychol 1985; 40: 193–201.  

14. Howard CE. Porzelius LK. The role of dieting in binge eating disorder: etiology and treatment 
implications. Clin Psychol Rev 1999; 19: 25–44. ��� 



Luz	  et	  al.:	  Severe	  diets	  and	  binge	  eating	  in	  obesity	  
Obesity	  Reviews,	  16(8):	  652-‐665,	  2015	  

15. Hsu LK. Can dieting cause an eating disorder? Psychol Med 1997; 27: 509–513.  

16. Polivy J. Psychological consequences of food restriction. J Am Diet Assoc 1996; 96: 589–592, quiz 
93-4. ��� 

17. Fairburn C. Cognitive Behavior Therapy and Eating Disor- ders. Guilford: New York, 2008.  

18. http://www.cambridgeweightplan.com/faqs/medical (accessed 21/05/2015). ��� 

19. National Task Force on the Prevention and Treatment of Obesity. Dieting and the development of 
eating disorders in over- weight and obese adults. Arch Intern Med 2000; 160: 2581–2589.  

20. Wadden TA, Foster GD, Letizia KA. One-year behavioral treatment of obesity: comparison of 
moderate and severe caloric restriction and the effects of weight maintenance therapy. J Consult Clin 
Psychol 1994; 62: 165–171.  

21. Telch CF, Agras W. The effects of a very low calorie diet on binge eating. Behav Ther 1993; 24: 
177–193. ��� 

22. Yanovski SZ, Gormally JF, Leser MS, Gwirtsman HE, Yanovski JA. Binge eating disorder affects 
outcome of comprehen- sive very-low-calorie diet treatment. Obes Res 1994; 2: 205–212.  

23. Mustajoki P, Pekkarinen T. Very low energy diets in the treatment of obesity. Obes Rev 2001; 2: 
61–72.  

24. Pekkarinen T, Takala I, Mustajoki P. Two year maintenance of weight loss after a VLCD and 
behavioural therapy for obesity: correlation to the scores of questionnaires measuring eating behav- 
iour. Int J Obes Relat Metab Disord 1996; 20: 332–337.  

25. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred report- ing items for systematic reviews and 
meta-analyses: the PRISMA statement. Br Med J 2009; 339: 332–336. ��� 

26. Downs SH, Black N. The feasibility of creating a checklist for the assessment of the 
methodological quality both of randomised and non-randomised studies of health care interventions. J 
Epidemiol Community Health 1998; 52: 377–384.  

27. Williamson DA, Martin CK, Anton SD et al. Is caloric restric- tion associated with development of 
eating-disorder symptoms? Results from the CALERIE trial. Health Psychol 2008; 27: S32– S42.  

28. Wadden TA, Foster GD, Sarwer DB et al. Dieting and the development of eating disorders in obese 
women: results of a randomized controlled trial. Am J Clin Nutr 2004; 80: 560–568.  

29. Annunziato RA, Timko C, Crerand CE et al. A randomized trial examining differential meal 
replacement adherence in a weight loss maintenance program after one-year follow-up. Eat Behav 
2009; 10: 176–183.  

30. Fogelholm M, Kukkonen-Harjula K, Oja P. Eating control and physical activity as determinants of 
short-term weight maintenance after a very-low-calorie diet among obese women. Int J Obes Relat 
Metab Disord 1999; 23: 203–210. ��� 

31. Raymond NC, de Zwaan M, Mithcell JE, Ackard D, Thuras P. Effect of a very low calorie diet on 
the diagnostic category of individuals with binge eating disorder. Int J Eat Disord 2002; 31: 49–56.  

32. De Zwaan M, Mitchell JE, Crosby RD et al. Short-term cog- nitive behavioral treatment does not 
improve outcome of a com- prehensive very-low-calorie diet program in obese women with binge 
eating disorder. Behav Ther 2005; 36: 89–99.  

33. Yanovski SZ, Sebring NG. Recorded food intake of obese women with binge eating disorder before 
and after weight loss. Int J Eat Disord 1994; 15: 135–150. ��� 



Luz	  et	  al.:	  Severe	  diets	  and	  binge	  eating	  in	  obesity	  
Obesity	  Reviews,	  16(8):	  652-‐665,	  2015	  

	  
34. Wadden TA, Foster GD, Letizia KA. Response of obese binge eaters to treatment by behavior 
therapy combined with very low calorie diet. J Consult Clin Psychol 1992; 60: 808–811.  

35. LaPorte DJ. Treatment response in obese binge eaters: prelimi- nary results using a very low calorie 
diet (VLCD) and behavior therapy. Addict Behav 1992; 17: 247–257. ��� 

36. Legenbauer T, Petrak F, de Zwaan M, Herpertz S. Influence of depressive and eating disorders on 
short- and long-term course of weight after surgical and nonsurgical weight loss treatment. Compr 
Psychiatry 2011; 52: 301–311.  

37. Keys A, Brozek J, Henschel A. The Biology of Human Starvation, Vol. 2. University of Minnesota 
Press: Oxford (England), 1950.  

38. Brownley K, Peat C, La Via M, Bulik C. Pharmacological approaches to the management of binge 
eating disorder. Drugs 2015; 75: 9–32. ��� 

39. Pekkarinen T, Mustajoki P. Comparison of behavior therapy with and without very-low-energy diet 
in the treatment of morbid obesity: a 5-year outcome. Arch Intern Med 1997; 157: 1581– 1585.  

40. Mond JM, Hay PJ, Rodgers B, Owen C, Beumont PJ. Validity of the eating disorder examination 
questionnaire (EDE-Q) in screening for eating disorders in community samples. Behav Res Ther 2004; 
42: 551–567.  

41. Australian and New Zealand Clinical Trials Registry [Inter- net]: Sydney (NSW): National Health 
and Medical Research Council (Australia); 2005 – . Identifier ACTRN12612000651886. Long-term 
effects of very low energy diet versus conventional diet on adiposity, lean body mass, muscle strength 
and bone density in obese adults (postmenopausal women), and mechanisms promoting changes; 2012 
June 19 [cited 2015 May 23]; [1 page]. Available from https://www.anzctr.org.au/Trial/Registration/ 
TrialReview.aspx?id=362428.  

42. Anderson JW, Konz EC, Frederich RC, Wood CL. Long-term weight-loss maintenance: a meta-
analysis of US studies. Am J Clin Nutr 2001; 74: 579–584.  

 

	  


