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Abstract
A preoperative weight loss of 8 % is a prerequisite to undergo bariatric surgery (BS) in Denmark. The aim of the present study was to evaluate the efficacy
of a 7- or an 11-week low-energy diet (LCD) for achieving preoperative target weight before BS. A total of thirty obese patients (BMI 46·0 (SD 4·4) kg/m2)
followed an LCD (Cambridge Weight Plan®, 4184 kJ/d (1000 kcal/d)) for 7 or 11 weeks as preparation for BS. Anthropometric measurements including
body composition (dual-energy X-ray absorptiometry), blood parameters and blood pressure were assessed at weeks 0, 7 and 11. At week 7, the majority of
patients (77 %) had reached their target weight, and this was achieved after 5·4 (SEM 0·3) weeks. Mean weight loss was 9·3 (SEM 0·5) % (P < 0·01) and
consisted of 41·6 % fat-free mass (FFM) and 58·4 % fat mass. The weight loss was accompanied by a decrease in systolic and diastolic blood pressure
(7·1 (SEM 2·3) and 7·3 (SEM 1·8) mmHg, respectively, all P< 0·01) as well as an improved metabolic profile (8·2 (SEM 1·8) % decrease in fasting glucose
(P< 0·01), 28·6 (SEM 6·4) % decrease in fasting insulin (P< 0·01), 23·1 (SEM 2·2) % decrease in LDL (P < 0·01), and 9·7 (SEM 4·7) % decrease in TAG (P<
0·05)). Weight, FFM and fat mass continued to decrease from week 7 to 11 (all P< 0·01), whereas no additional improvements was observed in the meta-
bolic parameters. Severely obese patients can safely achieve preoperative target weight on an LCD within 7 weeks as part of preparation for BS. However,
the considerable reduction in FFM in severely obese subjects needs further investigation.
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The only long-term effective treatment currently proven to
overcome severe obesity is bariatric surgery (BS)(1). Studies
have shown that the complexity of the surgical procedure
and the risk of perioperative and postoperative complications
are associated with the degree of obesity(2,3).
Benefits of preoperative weight loss include a reduction in

the risk of perioperative complications by reducing visceral
adipose tissue and intrahepatic fat content, thereby minimising
the risk of having to convert to open surgery(2,4–6), shortening
of the operating time(7–10), as well as duration of hospitalisa-
tion(10,11). In addition, a preoperative weight loss may even

be associated with improved postoperative weight loss(7,10,11),
potentially by reflecting patients’ motivation, but also by accus-
toming patients to a lifestyle of food restriction after surgery.
Therefore, in order to optimise the safety and efficacy of BS
in severely obese patients, preoperative weight loss is
preferable.
Most surgeons advise patients to lose weight prior to BS.

The Danish Ministry of Health requires an 8 % weight loss
for patients scheduled for BS(12); however, there is currently
no standard diet programme prescribed to obtain preoperative
target weight. A weight loss achieved with conventional diet
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and lifestyle changes can be very difficult for some patients to
obtain, especially in a pre-specified time. In such cases, a low-
energy formula diet (LCD) with high protein content may be
an effective option. These formulas typically limit energy
intake to 3347–6276 kJ/d (800–1500 kcal/d), but contain all
essential nutrients. Low-energy, high-protein formulas are
able to induce rapid weight loss, often provide relatively
adequate satiety after a few days, and attempt to minimise
loss of fat-free mass (FFM)(13,14). As more than 300 000 BS
procedures are performed annually worldwide(15), this intensi-
fies the necessity for research with focus on improving pre-
operative weight-loss strategies.
In this study we aimed to determine the efficacy of an LCD

to obtain an 8 % weight loss in severely obese patients prior to
BS. Secondarily, potential health benefits and side effects of
the LCD were evaluated.

Methods

This study was a part of a larger study; a detailed description
of the methods has recently been published elsewhere(16).

Study population

A total of thirty Caucasians, aged 18–65 years, with BMI ≥ 40
or BMI ≥ 35 kg/m2 combined with obstructive sleep apnoea
or hypertension approved for Roux-en-Y gastric bypass were
recruited from November 2009 to August 2011. Exclusion cri-
teria were either related to endpoints in the main study and
included diabetes mellitus, thyroid dysfunction, hypothalamic
or genetic aetiology of obesity(16), or contraindications related
to the use of the LCD: previous case of diverticulitis, past his-
tory of ventricular arrhythmias, renal dysfunction (creatinine
clearance <60 ml/min), elevated liver enzymes (alanine trans-
aminase and aspartate transaminase >3× upper normal limit),
milk protein allergy or lactose intolerance, porphyria or phenyl-
ketonuria, history of gout, breast feeding, concomitant use of
monoamine oxidase inhibitors or non-potassium-sparing
diuretics, or inability or unwillingness to comply with the LCD.
This study was conducted according to the guidelines laid

down in the Declaration of Helsinki and all procedures involv-
ing human subjects were approved by the Municipal Ethical
Committee of Copenhagen/Scientific Ethics Committee of
the Metropolitan regions of Denmark (journal no.
H-2-2009-091), the Danish Data Protection Agency (journal
no. 2007-54-0296) and was registered at clinicaltrials.gov
(ClinicalTrials.gov ID NCT00939679). Written informed con-
sent was obtained from all of the subjects.
The study included a baseline visit (week 0) and two follow-

up visits at weeks 7 and 11. In order to investigate effects on
the primary endpoint of the main study (energy expend-
iture)(16), subjects were randomised to one of two groups:
group 1 scheduled for Roux-en-Y gastric bypass surgery at
week 8 (n 15), or group 2 scheduled for Roux-en-Y gastric
bypass surgery at week 12 (n 15). All participants received
an LCD for 11 weeks. In the present paper only the pre-
surgical periods will be examined: i.e. the period from week
0 to 7 (including both groups 1 and 2, n 30) and the period

from week 7 to 11 (group 2 only, n 15) (Fig. 1). Subjects
received weekly nutritional counselling from a dietitian.

Screening

Patients eligible for the study were identified by endocrinolo-
gists at Hvidovre Hospital, Copenhagen, Denmark and
referred to a screening visit at the Department of Nutrition,
Exercise and Sports, University of Copenhagen, where proto-
col details were explained and a baseline visit was scheduled
for eligible subjects.

Baseline (week 0) and follow-up visits (weeks 7 and 11)

At the baseline visit demographic data and medical history were
obtained, and patients were randomised to surgery at either
week 8 or 12. Anthropometric data were collected, a fasting
blood sample was drawn, and heart rate and blood pressure
were measured with subjects rested and in the supine position.
The LCD was initiated with their first visit with the dietitian.
The baseline visit and the two follow-up visits were

identical.

Low-energy diet

The LCD consisted of four powder-based meals (Cambridge
Weight Plan®), 1 litre skimmed milk, 295 g vegetables and
100 g low-fat yoghurt per d, providing 4310 kJ/d (1030 kcal/d)
(48 % energy (E%) from carbohydrates, 39 E% from protein,
13 E% from fat, and ≥100 % recommended daily allowances
of all vitamins and minerals). Self-evaluated side effects and com-
pliance with the LCD was recorded at the weekly meeting with
the dietitian. Compliance was rated on a scale from 1 to 5,
with 5 indicating ‘very good compliance’.

Anthropometric measurements

Subjects were informed to wear lightweight clothing, no shoes,
have an emptied bladder and to be fasted for their anthropo-
metric assessment. Body weight was measured to the nearest
0·1 kg. Waist and hip circumferences were measured twice
to the nearest 0·5 cm and the average was used. Height was
measured to the nearest 0·5 cm using a wall-mounted digital
stadiometer. Body composition was determined by dual-energy
X-ray absorptiometry (DXA). DXA measurements were made
using half-body scans(17). The same DXA scanner (Lunar
Prodigy, Encore software version 12.3) was used throughout
the study to avoid variations in the analysis of the scan results.
However, due to weight limitations, three subjects were scanned
in a DXA scanner with larger table size and weight capacity
(Lunar iDXA, Encore software version 12.3).

Biochemical measures

Blood sampleswere collected after an overnight fast (10–12 h) and
were analysed for glucose, insulin, C-peptide, TAG, total choles-
terol, HDL, LDL and high-sensitive C-reactive protein.
Preparation and analysis of the blood samples have been described
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in detail elsewhere(16). Within- and between-assay CV were below
3·5 and 6·5 %, respectively, for all biochemical measures.

Statistical analysis

All statistical analyses were made in R version 2.14.0 (www.
r-project.org).
Descriptive data summaries (age, body weight, BMI) are pre-

sented as mean values and standard deviations. The efficacy of
the LCD on all endpoints was modelled in a mixed linear model
with week as fixed effect and subject as random effect. All ana-
lyses were based on intention-to-treat with baseline observations
carried forward for missing data (n 2), except for body weight
where the last observation (measured at the weekly meeting
with the dietitian) was carried forward for missing data.
Subanalyses were modelled in a mixed linear model including
a week × group interaction and with subject as random effect.
Data are presented as mean values with their standard errors.
P values correspond to likelihood ratio tests and P values

<0·05 were considered significant. Figures and parameters
were based on raw data, whereas conclusions (P values)
were based on model estimations.
Power calculations estimating the number of subjects to be

included were based on the primary endpoint of the main

study(16). However, a sample size calculation, based on data
from a previous study using a 3347–4184 kJ (800–1000 kcal)
LCD for 8 weeks(18), showed that with our sample size we
were powered to detect an 8 % weight loss in obese subjects
(corresponding to a mean weight loss of 11·1 kg, an SD of
3·3 kg and a minimal relevant difference of 8 kg (8 % weight
loss); α = 0·05, β = 0·8).

Results

Descriptive data

In all, eight males and twenty-two females were included in the
study. Average age was 38·8 (SD 10·4) years, with a mean body
weight at baseline of 135·1 (SD 19·2) kg and BMI of 46·0
(SD 4·4) kg/m2. Two subjects dropped out before the first
follow-up visit (week 7), due to personal problems and an
inability to comply with the LCD.

Weight loss

The mean weight loss at week 7 was 9·3 (SEM 0·5) %, corre-
sponding to a weight loss of 12·7 (SEM 0·8) kg (Fig. 2).
Of the included patients, 77 % reached their preoperative

target weight, and this was on average achieved at week 5·4

Fig. 1. Overview of the study design. Since the design of the main study was a controlled trial, the participants were randomised to Roux-en-Y gastric bypass (RYGB)

surgery in week 8 (group 1) or week 12 (group 2). Participants followed a low-energy formula diet from week 0 to week 11.

Fig. 2. Weekly weight loss (%) measured from week 0 to 7 (n 30; groups 1 and 2; ○) and from week 0 to 11 in group 2 only (n 15; X). Group 1 were operated in week

8; group 2 was operated in week 12. Values are means, with standard errors represented by vertical bars.
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(SEM 0·3). Weight loss in the group that reached their target
weight before week 7 (n 23) was 10·2 (SEM 0·3) %, correspond-
ing to a weight reduction of 14·1 (SEM 0·7) kg, whereas mean
weight loss for the remaining subjects in week 7 (n 7) was 6·1
(SEM 0·9) %, corresponding to a weight reduction of 7·9 (SEM
1·2) kg. Percentage weight loss at week 7 did not predict
percentage excess weight loss 18 months postoperatively
(r −0·40; P = 0·07).
A further 3·9 (SEM 0·5) % reduction in body weight was

observed from week 7 to 11 in the fifteen patients scheduled
for BS in week 12 (P < 0·01). All of the twenty-eight subjects
who completed the follow-up visits reached their target weight
prior to surgery in weeks 8 and 12, respectively. Mean dietary
compliance was 4·3 (SEM 0·1) from week 0 to 7, and remained
unchanged until week 11 (4·1 (SEM 0·2); P= 0·16). Compliance
was positively associated with percentage weight loss from
week 0 to 7 (r 0·59; P < 0·001).
FFM and fat mass comprised 41·6 and 58·4 % of the weight

loss from week 0 to 7, respectively. A further reduction in both
fat mass and FFM (5·0 (SEM 0·8) and 2·3 (SEM 0·7) %, respect-
ively) was observed from week 7 to 11 (both P < 0·01).
A post hoc analysis comparing patients with higher initial body

weight (HIBW) (above the 50th percentile, corresponding to
body weight≥135 kg) and patients with lower initial body weight
(LIBW) (below the 50th percentile, corresponding to body
weight <135 kg) was carried out. This analysis revealed that the
HIBW group experienced a greater relative weight loss (9·8
(SEM 0·5) v. 8·7 (SEM 0·7) %; P< 0·01) and that FFM accounted
for a larger part of the weight loss compared with patients in the
LIBW group (46 v. 36 %, respectively, P= 0·02, corresponding
to 6·3 (SEM 1·0) and 3·5 (SEM 0·7) kg, respectively, Fig. 3).

Blood parameters

Fromweek 0 to 7 fasting glucose, insulin andC-peptidedecreased
by 8·2 (SEM 1·8), 28·6 (SEM 6·4) and 15·4 (SEM 4·5) %,

respectively (all P< 0·01). TAG, total cholesterol, HDL
and LDL decreased by 9·7 (SEM 4·7), 21·7 (SEM 2·0), 23·5
(SEM 2·5) and 23·1 (SEM 2·2) %, respectively (Table 1; all
P< 0·05). No further decrease in any of these parameters was
observed from week 7 to 11.

Heart rate and blood pressure

Heart rate, systolic and diastolic blood pressure decreased by 4·9
(SEM 1·3) beats/min, 7·1 (SEM 2·3) and 7·3 (SEM 1·8) mmHg,
respectively (all P< 0·01), with no further decrease observed
from week 7 to 11. At baseline, six patients had blood pressure
above the normal range (>140/90 mmHg), and only one of
these patients was pharmacologically treated for this. Blood
pressure normalised in five of these six patients at week 7. An
additional five patients were on antihypertensive medication
with blood pressure within the normal range at baseline.
Medication was withdrawn in one of these patients at week 7.

Side effects

The most commonly reported side effects were headache,
fatigue, constipation, dizziness and upper respiratory infections
(reported by 57, 50, 43, 33 and 30 %, respectively). Other less-
reported side effects included cold intolerance, hunger,
abdominal pain, irritability, dry skin, diarrhoea, flatulence
and bad breath. No severe adverse events were reported.

Discussion

In the present study, we demonstrated that for the vast major-
ity of patients, it is possible to rapidly achieve an 8 % preopera-
tive weight loss by implementation of a 7-week LCD in
combination with dietary counselling. The mean weight loss
of 9·3 (SEM 0·5) % is comparable with that found by
Papadaki et al. reporting a weight loss of 11·1 % in overweight
and obese adults who followed an LCD for 8·2 weeks(18). Our
patients generally reported good compliance with the LCD
during the 7 weeks. Although compliance relies on self-
evaluated measures with inherent limitations in terms of valid-
ity, we found that reported compliance explained 35 % of the
variation in weight loss at week 7. With a dropout rate of only
7 %, an LCD management approach seems to be a viable
option for severely obese patients to obtain preoperative target
weight. Compliance with LCD has been shown to decrease
over time(2); however, reported compliance was unchanged
from week 7 to 11 and weight loss continued, indicating that
an LCD programme for 11 weeks is still reasonable from a
compliance perspective. The baseline characteristics and
reported compliance of the seven subjects who failed to
achieve preoperative target weight at week 7 were not different
from the rest of the study group (data not shown).
Although loss of FFM is unavoidable in a weight-loss pro-

cess based on dietary changes in patients with obesity(19), a
relative preservation of FFM is beneficial due to its higher
metabolic activity compared with fat(19,20). It has been sug-
gested that the acceptable amount of FFM loss in obese sub-
jects (mean BMI = 35 kg/m2) is within the range of 22–30 %

Fig. 3. Fat-free mass (▒) and fat mass (░) loss in patients with higher initial

body weight (HIBW; above the 50th percentile corresponding to body weight

≥135 kg) and patients with lower initial body weight (LIBW; below the 50th per-

centile corresponding to body weight <135 kg). Values are means, with stand-

ard errors represented by vertical bars. A mixed linear model was used to test

for differences between the groups. There was a significant difference

between the LIBW and HIBW groups.
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of total weight loss(21), and studies evaluating the effect of
energy-deficient diets (2092–5021 kJ (500–1200 kcal)) in
obese subjects typically report loss of FFM to account for
19–36 % of total weight loss(18,22–26). Thus, the weight loss
induced by the LCD in the present study resulted in a consid-
erable reduction of FFM (41·6 % of total weight loss). The
reduction in FFM is high, especially considering the relatively
high protein content (39 E%) of the LCD. However, it is ques-
tionable whether the LCD can be defined as a high-protein
LCD, when applied in severely obese patients. A daily protein
intake of 0·83 g/kg per d is recommended in healthy adults in
energy balance(27), but there are no formal recommendations
for protein requirement during weight loss in the severely
obese. As the mean protein intake in the present study was
0·75 (SEM 0·10) g/kg per d at baseline, it can be argued that
the protein intake during the LCD cannot be considered
high in this population. In addition, the large negative energy
balance in these severely obese patients might be an underlying
cause of the excessive loss of FFM. In a systematic review,
Chaston et al.(19) reported that the loss of FFM following diet-
ary interventions increased with the degree of energy deficit
and consequently the rate of weight loss. This is supported
by our subanalysis, which revealed that patients with HIBW
experienced a greater loss of FFM compared with patients
with LIBW (46 v. 36 %). Comparing the protein intake/kg
body weight per d at baseline in the HIBW and the LIBW,
we found a lower intake in the HIBW (0·66 (SEM 0·06) v.
0·84 (SEM 0·05) g/kg per d; P < 0·01). These results indicate
that a 4184 kJ (1000 kcal) LCD with a protein content of 39
E% is not sufficient for preservation of FFM in obese patients
in negative energy balance, especially not in severely obese
patients with an initial body weight >135 kg.
No severe adverse effects of the LCD were reported. The

most commonly reported side effects were headache, fatigue,
constipation and dizziness, which are well-known side effects

following an LCD(28–30). Levels of fasting glucose, insulin,
C-peptide, cholesterol, TAG, HDL and LDL decreased
from week 0 to 7, as previously demonstrated(31,32).
Interestingly, the period from week 7 to 11 did not induce
any additional beneficial effects, suggesting that energy restric-
tion has an immediate effect on these blood parameters. In
agreement with previous findings(28), the LCD was also asso-
ciated with a reduction in systolic and diastolic blood pressure,
and four out of five subjects falling into the hypertensive range
at baseline were normotensive at week 7. We found no asso-
ciation between preoperative weight loss and weight loss 18
months postoperatively. The evidence is inconclusive on
whether or not a relationship exists. Consistent with our find-
ings, some studies report no association(9,33,34), whereas others
have found a beneficial effect of preoperative weight loss on
postoperative weight loss(7,10,11). Taken together, these results
suggest that a 7-week preoperative LCD treatment optimises
the health of patients prior to surgery, but has no effect on
long-term weight outcome.
As nutritional counselling is an important aspect in the treat-

ment of obesity(35,36), a limitation of the present study is that
the results may not be directly applicable to candidates for
BS who do not receive weekly nutritional counselling and
encouragement from an experienced health professional.
Furthermore, the exclusion of diabetic patients and subjects
who were unwilling to comply with the LCD could have
affected our results, as this group may be less prone to weight
loss(37). Another limitation is the DXA, which has not been
fully evaluated as an assessment tool for body composition
in severely obese patients, and has been reported not to pro-
vide valid data under dynamic weight loss due to inaccurate
assumptions of a constant FFM hydration(38).
In conclusion, our results suggest that it is possible to obtain

preoperative weight loss of 8 % with an LCD within 7 weeks.
The weight loss at week 7 was accompanied with an improved

Table 1. Changes in anthropometric and biochemical parameters after a 7-week low-energy formula diet treatment in thirty obese patients

(Mean values with their standard errors)

Week 0 (n 30) Week 7 (n 30) Change week 0–7

Outcome Mean SEM Mean SEM Mean SEM

Body weight (kg) 135·1 3·5 122·4 3·0 −12·7** 0·8
BMI (kg/m2) 46·0 0·8 41·8 0·7 −4·2** 0·2
Hip circumference (cm) 143·4 2·3 134·2 2·2 −9·2** 1·3
Waist circumference (cm) 129·9 2·5 119·8 2·4 −10·1** 0·9
FFM (kg) 66·2 2·0 61·3 1·7 −4·9** 0·6
FM (kg) 67·4 2·2 60·6 2·0 −6·9** 0·7
Glucose (mmol/l) 5·9 0·2 5·4 0·1 −0·5** 0·1
Insulin (pmol/l) 131·9 16·5 80·5 7·2 −51·4** 13·9
C-peptide (pmol/l) 1192·6 84·5 934·2 36·9 −258·4** 76·6
hs-CRP (mg/l) 11·8 1·5 8·5 2·0 −3·3** 1·1
TAG (mmol/l) 1·6 0·2 1·3 0·1 −0·3* 0·1
Total cholesterol (mmol/l) 5·4 0·2 4·2 0·1 −1·2** 0·1
HDL (mmol/l) 1·2 0·1 0·9 0·1 −0·3** 0·1
LDL (mmol/l) 3·4 0·1 2·6 0·1 −0·8** 0·1
Systolic BP (mmHg) 126·3 2·7 119·1 2·0 −7·1** 2·3
Diastolic BP (mmHg) 87·4 2·0 80·1 1·7 −7·3** 1·8
HR (beats/min) 67·8 1·7 62·9 1·3 −4·9** 1·3
FFM, fat-free mass; FM, fat mass; hs-CRP, high-sensitive C-reactive protein; BP, blood pressure; HR, heart rate.

Mean value of change from week 0 to 7 was significant: *P < 0·05, **P < 0·01.
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metabolic profile and a reduction in blood pressure, with no fur-
ther improvements after an additional 3·9 % weight loss at week
11. The mechanisms behind the excessive reduction in FFM in
highly obese subjects following LCD needs further investiga-
tion, including the potential for optimisation of LCD formulas
used in order to limit loss of metabolically active tissue.

Acknowledgements

The authors thank Luise Gunvald MSc, John Gargul Lind
BSc, Lene Stevner MSc, Jane Jørgensen BSc, Søren
Andresen BSc, Marianne Juul BSc, Ulla Skovbæch Pedersen
BSc, Department of Nutrition, Exercise and Sports, Denmark.
The study was carried out as a part of UNIK: Food, Fitness

and Pharma for Health and Disease at the University of
Copenhagen. The UNIK project was funded by the Danish
Ministry of Science, Technology and Innovation, grant number
09-065308. The low-energy products were provided by
Cambridge Weight Plan® (Corby, Northants, UK). UNIK
and Cambridge Weight Plan® had no role in the design, ana-
lysis or writing of this article.
Designed research: A. S. and S. D. P.; coordinated data col-

lection: J. B. S., L. V. N. and M. S. N.; analysed data: L. V. N.
and M. S. N.; discussed the analysis and interpretation of the
data: L. V. N., M. S. N., J. B. S., S. D. P. and A. S.; wrote the
paper: L. V. N. and M. S. N.; had primary responsibility for
the final content: A. S.; all authors reviewed the manuscript
critically and approved the final manuscript.
J. B. S., M. S. N. and L. V. N. have received travel grants

from Cambridge Weight Plan®. The low-energy products
were provided by Cambridge Weight Plan®. UNIK and
Cambridge Weight Plan® had no role in the design, analysis
or writing of this article.

References

1. Sjostrom L, Narbro K, Sjostrom CD, et al. (2007) Effects of baria-
tric surgery on mortality in Swedish obese subjects. N Engl J Med
357, 741–752.

2. Edholm D, Kullberg J, Haenni A, et al. (2011) Preoperative 4-week
low-calorie diet reduces liver volume and intrahepatic fat, and facil-
itates laparoscopic gastric bypass in morbidly obese. Obes Surg 21,
345–350.

3. Van Nieuwenhove Y, Dambrauskas Z, Campillo-Soto A, et al.
(2011) Preoperative very low-calorie diet and operative outcome
after laparoscopic gastric bypass: a randomized multicenter study.
Arch Surg 146, 1300–1305.

4. Liu RC, Sabnis AA, Forsyth C, et al. (2005) The effects of acute pre-
operative weight loss on laparoscopic Roux-en-Y gastric bypass.
Obes Surg 15, 1396–1402.

5. Lewis MC, Phillips ML, Slavotinek JP, et al. (2006) Change in liver
size and fat content after treatment with Optifast very low calorie
diet. Obes Surg 16, 697–701.

6. Colles SL, Dixon JB, Marks P, et al. (2006) Preoperative weight loss
with a very-low-energy diet: quantitation of changes in liver and
abdominal fat by serial imaging. Am J Clin Nutr 84, 304–311.

7. Alvarado R, Alami RS, Hsu G, et al. (2005) The impact of preopera-
tive weight loss in patients undergoing laparoscopic Roux-en-Y gas-
tric bypass. Obes Surg 15, 1282–1286.

8. Alami RS, Morton JM, Schuster R, et al. (2007) Is there a benefit to
preoperative weight loss in gastric bypass patients? A prospective

randomized trial. Surg Obes Relat Dis 3, 141–145; discussion
145–146.

9. Huerta S, Dredar S, Hayden E, et al. (2008) Preoperative weight loss
decreases the operative time of gastric bypass at a Veterans
Administration hospital. Obes Surg 18, 508–512.

10. Giordano S & Victorzon M (2014) The impact of preoperative
weight loss before laparoscopic gastric bypass. Obes Surg 24, 669–674.

11. Still CD, Benotti P, Wood GC, et al. (2007) Outcomes of preopera-
tive weight loss in high-risk patients undergoing gastric bypass sur-
gery. Arch Surg 142, 994–998; discussion 999.

12. Indenrigs- og Sundhedsministeriet, Danske Regioner (2010)
Retningslinjer for visitation og henvisning på fedmeområdet –
udsendes til relevante parter (Guidelines for referral and referral
regarding obesity – distributed to relevant parties). http://www.
kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retning
slinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf (accessed
April 2016).

13. Piatti PM, Monti F, Fermo I, et al. (1994) Hypocaloric high-protein
diet improves glucose oxidation and spares lean body mass: com-
parison to hypocaloric high-carbohydrate diet. Metabolism 43,
1481–1487.

14. Harder H, Dinesen B & Astrup A (2004) The effect of a rapid
weight loss on lipid profile and glycemic control in obese type 2 dia-
betic patients. Int J Obes Relat Metab Disord 28, 180–182.

15. Buchwald H & Oien DM (2013) Metabolic/bariatric surgery world-
wide 2011. Obes Surg 23, 427–436.

16. Schmidt JB, Pedersen SD, Gregersen NT, et al. (2016) Effects of
RYGB on energy expenditure, appetite and glycaemic control: a
randomized controlled clinical trial. Int J Obes (Lond) 40, 281–290.

17. Levitt DG, Beckman LM, Mager JR, et al. (2010) Comparison of
DXA and water measurements of body fat following gastric bypass
surgery and a physiological model of body water, fat, and muscle
composition. J Appl Physiol (1985) 109, 786–795.

18. Papadaki A, Linardakis M, Plada M, et al. (2013) A multicentre
weight loss study using a low-calorie diet over 8 weeks: regional dif-
ferences in efficacy across eight European cities. Swiss Med Wkly
143, w13721.

19. Chaston TB, Dixon JB, O’Brien PE (2007) Changes in fat-free
mass during significant weight loss: a systematic review. Int J Obes
(Lond) 31, 743–750.

20. Marks BL & Rippe JM (1996) The importance of fat free mass
maintenance in weight loss programmes. Sports Med 22, 273–281.

21. Webster JD, Hesp R & Garrow JS (1984) The composition of
excess weight in obese women estimated by body density, total
body water and total body potassium. Hum Nutr Clin Nutr 38,
299–306.

22. Brown MR, Klish WJ, Hollander J, et al. (1983) A high protein, low
calorie liquid diet in the treatment of very obese adolescents: long-
term effect on lean body mass. Am J Clin Nutr 38, 20–31.

23. Tchernof A, Nolan A, Sites CK, et al. (2002) Weight loss reduces
C-reactive protein levels in obese postmenopausal women.
Circulation 105, 564–569.

24. Purnell JQ, Kahn SE, Albers JJ, et al. (2000) Effect of weight loss
with reduction of intra-abdominal fat on lipid metabolism in older
men. J Clin Endocrinol Metab 85, 977–982.

25. Wien MA, Sabate JM, Ikle DN, et al. (2003) Almonds vs complex
carbohydrates in a weight reduction program. Int J Obes Relat Metab
Disord 27, 1365–1372.

26. Edholm D, Kullberg J, Karlsson FA, et al. (2015) Changes in liver
volume and body composition during 4 weeks of low calorie diet
before laparoscopic gastric bypass. Surg Obes Relat Dis 11, 602–606.

27. EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition
and Allergies) (2012) Scientific Opinion on Dietary Reference
Values for protein. EFSA J 10, 2557.

28. Moreno O, Meoro A, Martinez A, et al. (2006) Comparison of two
low-calorie diets: a prospective study of effectiveness and safety.
J Endocrinol Invest 29, 633–640.

29. Rossner S & Flaten H (1997) VLCD versus LCD in long-term treat-
ment of obesity. Int J Obes Relat Metab Disord 21, 22–26.

6

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
16

.1
3 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
http://www.kcks-vest.dk/siteassets/de-kliniske-databaser/fedmekirurgi/retningslinjer-for-visitation-og-henvisning-til-fedmekirurgi_pdf.pdf
https://doi.org/10.1017/jns.2016.13


30. Carbajo MA, Castro MJ, Kleinfinger S, et al. (2010) Effects of a
balanced energy and high protein formula diet (Vegestart complet®)
vs. low-calorie regular diet in morbid obese patients prior to baria-
tric surgery (laparoscopic single anastomosis gastric bypass): a pro-
spective, double-blind randomized study. Nutr Hosp 25, 939–948.

31. Salas-Salvado J, Bullo M, Garcia-Lorda P, et al. (2006)
Subcutaneous adipose tissue cytokine production is not responsible
for the restoration of systemic inflammation markers during weight
loss. Int J Obes (Lond) 30, 1714–1720.

32. Wong MH, Holst C, Astrup A, et al. (2012) Caloric restriction
induces changes in insulin and body weight measurements that
are inversely associated with subsequent weight regain. PLOS
ONE 7, e42858.

33. Carlin AM, O’Connor EA, Genaw JA, et al. (2008) Preoperative
weight loss is not a predictor of postoperative weight loss after lap-
aroscopic Roux-en-Y gastric bypass. Surg Obes Relat Dis 4, 481–485.

34. Jantz EJ, Larson CJ, Mathiason MA, et al. (2009) Number of weight
loss attempts and maximum weight loss before Roux-en-Y laparo-
scopic gastric bypass surgery are not predictive of postoperative
weight loss. Surg Obes Relat Dis 5, 208–211.

35. Digenio AG, Mancuso JP, Gerber RA, et al. (2009) Comparison of
methods for delivering a lifestyle modification program for obese
patients: a randomized trial. Ann Intern Med 150, 255–262.

36. Torres MR, Ferreira Tda S, Nogueira Lde P, et al. (2011) Dietary
counseling on long-term weight loss in overweight hypertensive
patients. Clinics (Sao Paulo) 66, 1779–1785.

37. Khan MA, St Peter JV, Breen GA, et al. (2000) Diabetes disease
stage predicts weight loss outcomes with long-term appetite sup-
pressants. Obes Res 8, 43–48.

38. Muller MJ, Bosy-Westphal A, Lagerpusch M, et al. (2012) Use of
balance methods for assessment of short-term changes in body
composition. Obesity (Silver Spring) 20, 701–707.

7

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
16

.1
3 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2016.13

	Efficacy of a liquid low-energy formula diet in achieving preoperative target weight loss before bariatric surgery
	Methods
	Study population
	Screening
	Baseline (week 0) and follow-up visits (weeks 7 and 11)
	Low-energy diet
	Anthropometric measurements
	Biochemical measures
	Statistical analysis

	Results
	Descriptive data
	Weight loss
	Blood parameters
	Heart rate and blood pressure
	Side effects

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


