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Abstract
Background As formula diets have demonstrated to be effective in reducing weight, we hypothesised that in patients with
overweight or obesity and accompanied cardiovascular risk factors, combining a liquid formula diet with a lifestyle
intervention is superior in reducing weight and improving cardiovascular risk factors than lifestyle intervention alone.
Methods In this multicenter RCT 463 participants with overweight or obesity (BMI: 27–35 kg/m²; at least one additional co-
morbidity of the metabolic syndrome) were randomised (1:2) into either a control group with lifestyle intervention only
(CON, n= 155) or a lifestyle intervention group including a liquid meal replacement (INT, n= 308). Both groups used
telemonitoring devices (scales and pedometers), received information on healthy diet and were instructed to increase
physical activity. Telemonitoring devices automatically transferred data into a personalised online portal and acquired data
were discussed. INT obtained a liquid meal replacement substituting three meals/day (~1200 kcal) within the first week.
During weeks 2–4, participants replaced two meals/day and during weeks 5–26 only one meal/day was substituted
(1300–1500 kcal/day). Follow-up was conducted after 52 weeks. Intention-to-treat analyses were performed. Primary out-
come was weight change. Secondary outcomes comprised changes in cardiometabolic risk factors including body com-
position and laboratory parameters.
Results From the starting cohort 360 (78%, INT: n= 244; CON: n= 116) and 317 (68%, INT: n= 216; CON: n= 101)
participants completed the 26-weeks intervention phase and the 52-weeks follow-up. The estimated treatment difference
(ETD) between both groups was −3.2 kg [−4.0; −2.5] (P < 0.001) after 12 weeks and −1.8 kg [−2.8; −0.8] (P < 0.001)
after 52 weeks.
Conclusions A low-intensity lifestyle intervention combined with a liquid meal replacement is superior regarding weight
reduction and improvement of cardiovascular risk factors than lifestyle intervention alone.

Introduction

A high energy intake combined with low physical activity
are major determinants for overweight and obesity and
contribute to the overall increase of non-communicable
diseases [1].

Although lifestyle interventions have been shown to
induce clinically relevant effects, adherence to these
approaches remains low overall. Therefore, alternative
treatment strategies need to be considered [2, 3]. In this
context, liquid meal replacements have been shown to be an
useful treatment option to manage obesity and diseases such
as type 2 diabetes [4–6], leading to improvements in fat
mass, blood pressure, HbA1c or insulin [7, 8]. Furthermore,
there is a positive association between partial and complete
meal replacement with weight reduction which was shown
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in favour of complete meal replacement in patients with
type 2 diabetes [9]. Based on their positive effects in the
management of patients with type 2 diabetes, liquid meal
replacements have been included into current guidelines for
baseline treatment of type 2 diabetes [10–12], but not uni-
formly for the routine management of overweight and
obesity [3]. In this regard, there is still uncertainty about
weight maintenance and long-term effectivity of formula
diets [13, 14] and whether there is a beneficial effect of
adding a formula diet to an lifestyle intervention and/or
nutrition counselling alone in patients with overweight and
obesity [12].

Hence, an international and multicenter RCT, the
Almased Concept against Overweight and Obesity and
Related Health Risk (ACOORH)-study, was conducted to
examine the impact of a liquid meal replacement together
with a low-intensity lifestyle intervention compared to a
low-intensity lifestyle intervention alone on weight loss in
patients with overweight or obesity and accompanied car-
diovascular risk factors.

Materials/subjects and methods

Study design and population

Participating volunteers (n= 463) were randomly allocated
with a ratio of 1:2 into either a lifestyle intervention group
(CON, n= 155) or a meal replacement-based lifestyle
intervention group (INT, n= 308). The lifestyle interven-
tion was characterised by a 26-week intervention phase and
a follow-up phase until week 52 and the study design has
been described in detail previously in a predefined sub-
analysis of the ACOORH study focusing solely on patients
with prediabetes [15]. This multicenter RCT received ethi-
cal approval (registered at drks.de; ID: DRKS00006811) for
each participating centre and the study reporting adheres to
CONSORT guidelines. Informed consent was obtained
from all participating volunteers. Study participants were
recruited in all study centres either through direct contacting
based on existing patient files, (2) proactive study enquiry
by the participants via the study centre homepages, or (3)
advertisements in newspapers. Inclusion and exclusion cri-
teria have been described in detail previously [15].

Intervention and diet regime

Both groups were provided with guideline booklets about
healthy cooking, received advices regarding physical
activity and a healthy lifestyle including encouragement to
lose weight, and were equipped with telemetric scales
(smartLAB scale W; HMM Holding AG, Dossenheim,
Germany) and pedometers (smartLAB walk P+; HMM

Holding AG, Dossenheim, Germany). Probands were
recommended to note down a 4-day, unweighted diet record
at baseline and after 12, and 52 weeks of the study and all
records (including steps and body weight) were discussed
during the study visits (personal contact time ≈ 1–2 h per
visit). A detailed description of the study can be found
elsewhere [15] and is illustrated in Fig. 1.

In addition, the INT group was provided with the liquid
soy–yoghurt–honey-based meal replacement Almased-
Vitalkost® (protein content: 53.3% (83% soy-protein-iso-
late, and 17% milk protein), glycemic index: 27, energy per
100 g powder: 1507 kJ (360 kcal), Almased-Wellness-
GmbH, Bienenbüttel, Germany [16]) for the first 26 weeks
and received an accompanying booklet containing infor-
mation about preparing and applying the liquid formula diet
and general advices about low-carbohydrate, low-glycemic
and protein-rich meals. The management of the liquid for-
mula diet regime during the study is described in detail
elsewhere [15]. All booklet records were evaluated at each
visit by study nurses and used for nutritional and lifestyle
counselling.

Measurements

Measurements were performed at baseline as well as after 4,
12, 26 and after 52 weeks as described in detail elsewhere
[15]. Body composition (Seca medical Body Composition
Analyser® (seca-mBCA 115), Hamburg, Germany [17]) and
blood pressure (Mobil-O-Graph PWA; I.E.M. GmbH,
Stolberg, Germany) were determined by using validated
devices. Biochemical blood parameters were determined by
venous blood sampling. Adverse and serious adverse events
[18] were documented continuously (participant ques-
tionnaire) and were reviewed by an external monitor.

Statistics

Sample size calculation was based on the results of a pre-
vious study [19] and its assumptions, including randomi-
sation and number of dropouts, are described in detail
elsewhere [15]. Final sample size per group comprised at
least 19 participants for each study centre. However, based
on previous experiences in all participating centres with
dropout rates >50% for long-term adherence to weight
management programmes, at least a number of 40 partici-
pants per centre was targeted.

Primary outcome of the ACOORH study was body
weight in kg after 4, 12, 26 and 52 weeks of intervention.
Power calculation was performed for the difference of body
weight change after 12 weeks of intervention between INT
and CON. Secondary outcomes comprised changes in
anthropometric (fat mass (FM), fat free mass (FFM), and
waist circumference (WC)) and clinical parameters (fasting
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blood glucose (FBG), systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), total cholesterol, HDL cho-
lesterol (HDL-C), LDL cholesterol (LDL-C), TG) after 4,
12, 26 and 52 weeks of intervention.

An independent institute (ACOMED statistik®, Leipzig,
Germany) executed the statistical analysis and a detailed
description including statistical tests applied (for parametric
and non-parametric data) and software used can be found
elsewhere [15]. Completer (per-protocol (PP)) and intention-
to-treat (ITT) analyses were applied. All statistical tests were
two-sided and significance was assumed at α < 0.05. Partici-
pants who visited all follow-up assessments were integrated

into the PP analysis. Primary analysis focused on the ITT
approach as these values are of more clinical relevance. Last-
observation-carried-forward (LOCF) method was applied to
replace missing data for the ITT analysis.

Results

Four hundred thirty-nine (95%, INT: n= 299; CON: n= 140)
from the starting cohort finished the first 4 weeks of the
intervention phase. Follow-up data after 12, 26 and 52 weeks
were available from 396 (86%, INT: n= 270; CON: n= 126),

Fig. 1 Study flow diagram.
Participant allocation, follow-up
visits and analysis approach.
ITT, intention-to-treat analysis;
PP, per-protocol analysis.

Meal replacement by formula diet reduces weight more than a lifestyle intervention alone in patients. . .



360 (78%, INT: n= 244; CON: n= 116) and 317 participants
(68%, INT: n= 216; CON: n= 101). Anthropometric and
clinical parameters of INT and CON at baseline are illustrated
in Table 1. Dropouts demonstrated no statistical difference in
comparison to the non-dropout group (Supplementary Table
S1). Participants dropped out because of (1) health issues, (2)
work-related issues, (3) personal issues and (4) other reasons.
No acute cardiac event, hospitalisation for cardiovascular
disease, or other serious adverse events related to the study
participation occurred.

Compared to CON, INT significantly lost more weight
after 4 weeks (−4.0 kg with 95% CI [−4.3;−3.8] vs.
−1.4 kg [−1.8;−1.1]; P < 0.001), 12 weeks (−5.8 kg with
95% CI [−6.3;−5.3] vs. −2.7 kg [−3.3;−2.1]; P < 0.001),
26 weeks (−5.9 kg with 95% CI [−6.5;−5.4] vs. −3.0 kg
[−3.8;−2.2]; P < 0.001) and 52 weeks (−4.4 kg [−5.0;
−3.8] vs. −2.7 kg [−3.0;−2.0]; P < 0.001) in the ITT
analysis. The estimated treatment difference (ETD) between
both groups was -2.6 kg [−3.5; −1.8] (P < 0.001) after
4 weeks, −3.2 kg [−4.0; −2.5] (P < 0.001) after 12 weeks,
−2.9 kg [−3.7; −2.1] (P < 0.001) after 26 weeks and
−1.8 kg [−2.8; −0.8] (P < 0.001) after 52 weeks. These
differences were even stronger in the PP analysis after
4 weeks (−4.5 kg with 95% CI [−4.8;−4.2] vs. −1.6 kg
[−2.0;−1.2] P < 0.001), 12 weeks (−6.3 kg with 95% CI

[−6.8;−5.8] vs. −3.2 kg [−3.9;−2.6] P < 0.001), 26 weeks
(−6.8 kg with 95% CI [−7.5;−6.2] vs. −3.6 kg [−4.6;
−2.7] P < 0.001) and 52 weeks (−5.0 kg [−5.7;−4.2] vs.
−3.5 kg [−4.5;−2.5] P= 0.021).

Weight reduction was accompanied with changes in WC,
FM, FBG, SBP, DBP, total cholesterol, TG and LDL-C in
both groups following the intervention, with a particularly
pronounced effect within the first 12 weeks (Fig. 2) (ITT
analysis). These effects were already evident after 4 weeks
of intervention in all parameters in the INT group (all P <
0.001) (ITT analysis), but not in the CON group. Only FM,
WC and SBP (all P < 0.001) as well as DBP and total
cholesterol (both P < 0.01) significantly changed after
4 weeks in CON (ITT analysis). The aforementioned 12-
week changes remained significantly altered after 26 weeks
of intervention in the INT group in all parameters (P <
0.001) (ITT analysis). In contrast, only FM, WC, and SBP
remained significantly changed after 26 weeks in the CON
group (all P < 0.01) (ITT analysis).

Compared to CON, INT significantly reduced more WC,
FM, FFM, total cholesterol, and LDL-C after 12 weeks of
intervention (Table 2). These differences remained sig-
nificant after 52 weeks in FM, FFM and INT reduced FM
by −3.3 kg with 95% CI [−3.9; −2.7] vs. −2.4 kg [−3.2;
−1.5] P= 0.020) and) compared to CON after 52 weeks.
INT showed a pronounced loss in FFM compared to CON
after 52 weeks (−0.9 kg [−1.3; −0.6] vs. −0.3 kg [−0.9;
0.2] P < 0.001).

Discussion

The results of the ACOORH trial show that a low-intensity
lifestyle intervention accompanied with a liquid formula
diet contributes to larger reductions in body weight in
patients with overweight or obesity and accompanied car-
diovascular risk factors compared to a low-intensity lifestyle
intervention alone and these findings remain significantly
superior even after 52 weeks.

The weight reduction after 1 year (−5.8 kg [−6.3; −5.3]
(ITT analysis)) is comparable to other lifestyle intervention
programmes with smaller cohorts (n= 19–167), which have
also shown a significant weight loss ranging from −1.43 kg
to −12.1 kg [20]. In particular, very intense lifestyle pro-
grammes with rigorous meal replacement regimen [21] or
intensive support [22] led to mean weight losses >10 kg.
Furthermore, study effects and weight loss show a dose-
response pattern in relation to programme duration [23] and
intensity of support [20]. The longer the intensive inter-
vention phase and the greater the level of support, the
greater the weight loss.

A recently published systematic review and meta-
analysis demonstrated larger weight reductions following

Table 1 Baseline characteristics.

INT-group
(n= 308)

CON-group
(n= 155)

Sex (% male) 32.8 41.3

Age (years) 51 ± 10 50 ± 10

Weight (kg) 92 ± 14 94 ± 12

BMI (kg/m²) 31.7 ± 2.4 31.5 ± 2.4

WC (cm) 106 ± 10 107 ± 8

HC (cm) 113 ± 8 112 ± 7

WHR 0.94 ± 0.08 0.95 ± 0.08

FM (kg) 37.0 ± 6.7 37.0 ± 6.6

FFM (kg) 54.9 ± 11.7 56.7 ± 11.5

FBG (mg/dl) 94 ± 12 94 ± 11

SBP (mmHg) 134 ± 15 134 ± 13

DBP (mmHg) 89 ± 12 89 ± 10

Total cholesterol (mg/dl) 221 ± 39 220 ± 45

HDL-C (mg/dl) 56 ± 15 56 ± 15

LDL-C (mg/dl) 141 ± 34 139 ± 39

Triglycerides (mg/dl) 145 ± 83 147 ± 68

Data are presented as means ± standard deviations, or percentages.

BMI body mass index, DBP diastolic blood pressure, FBG fasting
blood glucose, FM fat mass, FFM fat free mass, HC hip
circumference, HDL-C HDL cholesterol, LDL-C LDL cholesterol,
SBP systolic blood pressure, WC waist circumference, WHR waist-to-
hip ratio

M. Halle et al.



either very low (<800 kcal/day) or low-calorie (>800 kcal/
day) liquid meal replacements (ranging from 8.9 to 15.0 kg)
in patients with obesity (BMI: 36–43 kg/m²) [24]. Com-
pared to the present study can be assumed that the weight

reduction difference to the studies in the meta-analysis is
resulted by a higher calorie intake per day (1300–1500 kcal/
day). In addition, we chose a more moderate daily energy
intake target to increase study compliance and adherence as

Fig. 2 Mean changes in secondary outcomes. A weight, B systolic
blood pressure C diastolic blood pressure, D LDL-C, E total choles-
terol, F fasting blood glucose, G waist circumference, H triglycerides,
and I fat mass after 4, 12, 26 and 52 weeks. Within-group changes

were analysed using ANOVA with repeated measures. ***p < 0.001
vs. baseline; **p < 0.01 vs. baseline; *p < 0.05 vs. baseline; ITT,
intention-to-treat analysis.

Meal replacement by formula diet reduces weight more than a lifestyle intervention alone in patients. . .



Ta
bl
e
2
In
tr
a
an
d
in
te
rg
ro
up

ch
an
ge
s
in

th
e
IN

T
an
d
C
O
N
-g
ro
up

af
te
r
12

an
d
52

w
ee
ks

co
m
pa
re
d
to

ba
se
lin

e.

IT
T
(I
N
T
,
n
=
30
7;

C
O
N
,
n
=
15
4)

P
P
(I
N
T
,
n
=
26
6;

C
O
N
,
n
=
12
6)

12
w

P
P
(I
N
T
,

n
=
21
4;

C
O
N
,
n
=
10
1)

52
w

12
w
ee
ks

52
w
ee
ks

IN
T

C
O
N

P
(I
N
T
vs
.
C
O
N
)

IN
T

C
O
N

P
(I
N
T
vs
.
C
O
N
)

W
ei
gh
t
(k
g)

IT
T

−
5.
8
[−

6.
3;

−
5.
3]
**
*

−
2.
7
[−

3.
3;

−
2.
1]
**
*

<
0.
00
1

−
4.
4
[−

5.
0;

−
3.
8]
**
*

−
2.
7
[−

3.
4;

−
2.
0]
**
*

<
0.
00
1

P
P

−
6.
3
[−

6.
8;

−
5.
8]
**
*

−
3.
2
[−

3.
9;

−
2.
6]
**
*

<0
.0
01

−
5.
0
[−

5.
7;

−
4.
2]
**
*

−
3.
5
[−

4.
5;

−
2.
5]
**
*

0.
02
1

W
C

(c
m
)

IT
T

−
5.
9
[−

6.
5;

−
5.
2]
**
*

−
3.
1
[−

3.
9;

−
2.
4]
**
*

<
0.
00
1

−
4.
4
[−

5.
2;

−
3.
7]
**
*

−
3.
6
[−

4.
7;

−
2.
6]
**
*

0.
17
5

P
P

−
6.
3
[−

7.
1;

−
5.
6]
**
*

−
3.
6
[−

4.
5;

−
2.
7]
**
*

<0
.0
01

−
4.
8
[−

5.
7;

−
3.
8]
**
*

−
4.
6
[−

5.
9;

−
3.
3]
**
*

0.
72
5

F
M

(k
g)

IT
T

−
4.
6
[−

5.
1;

−
4.
1]
**
*

−
2.
5
[−

3.
1;

−
1.
8]
**
*

<
0.
00
1

−
3.
3
[−

3.
9;

−
2.
7]
**
*

−
2.
4
[−

3.
2;

−
1.
5]
**
*

0.
02
0

P
P

−
5.
1
[−

5.
5;

−
4.
7]
**
*

−
2.
9
[−

3.
5;

−
2.
3]
**
*

<0
.0
01

−
3.
7
[−

4.
5;

−
3.
0]
**
*

−
3.
1
[−

4.
2;

−
2.
0]
**
*

0.
24
8

F
F
M

(k
g)

IT
T

−
1.
0
[−

1.
4;

−
0.
6]
**
*

−
0.
2
[−

0.
8;

0.
3]

<
0.
00
1

−
0.
9
[−

1.
3;

−
0.
6]
**
*

−
0.
3
[−

0.
9;

0.
2]

<
0.
00
1

P
P

−
1.
0
[−

1.
4;

−
0.
7]
**
*

−
0.
3
[−

0.
8;

0.
2]

<0
.0
01

−
1.
0
[−

1.
6;

−
0.
5]
**
*

−
0.
4
[−

1.
2;

0.
3]

<0
.0
01

F
B
G

(m
g/
dl
)

IT
T

−
2.
2
[−

3.
5;

−
0.
9]
**
*

−
1.
5
[−

3.
0;

0.
0]
*

0.
57
7

−
0.
3
[−

1.
7;

1.
1]

−
1.
5
[−

2.
9;

−
0.
1]
*

0.
16
9

P
P

−
2.
5
[−

3.
8;

−
1.
1]
**
*

−
1.
7
[−

3.
5;

0.
1]
*

0.
43
3

−
0.
3
[−

2.
0;

1.
4]

−
1.
4
[−

3.
4;

0.
5]

0.
30
5

S
B
P
(m

m
H
g)

IT
T

−
5.
9
[−

8.
0;

−
3.
3]
**
*

−
4.
5
[−

7.
5;

−
1.
5]
**

0.
19
1

−
3.
8
[−

5.
9;

−
1.
7]
**
*

−
2.
4
[−

5.
4;

0.
5]

0.
21
8

P
P

−
6.
4
[−

8.
3;

−
4.
5]
**
*

−
5.
1
[−

7.
9;

−
2.
3]
**
*

0.
20
7

−
4.
1
[−

6.
8;

−
1.
4]
**

−
1.
7
[−

5.
6;

2.
2]

0.
09
3

D
B
P
(m

m
H
g)

IT
T

−
3.
8
[−

5.
3;

−
2.
3]
**
*

−
1.
9
[−

4.
1;

0.
2]

0.
02
2

−
2.
1
[−

3.
5;

−
0.
7]
**
*

−
1.
1
[−

3.
1;

0.
9]

0.
17
2

P
P

−
4.
0
[−

5.
4;

−
2.
7]
**
*

−
2.
4
[−

4.
3;

−
0.
4]
*

0.
06
9

−
2.
0
[−

3.
8;

−
0.
2]
*

−
0.
9
[−

3.
5;

1.
7]

0.
22
1

T
ot
al

ch
ol
es
te
ro
l
(m

g/
dl
)

IT
T

−
16

[−
19
;
−
13
]*
**

−
2
[−

6;
2]

<
0.
00
1

−
6
[−

9;
−
2]
**

−
0
[−

5;
4]

0.
07
6

P
P

−
15
[−

18
;
−
12
]*
**

−
2
[−

7;
3]

<0
.0
01

−
1
[−

5;
3]

2
[−

8;
4]

0.
63
9

H
D
L
-C

(m
g/
dl
)

IT
T

−
1
[−

2;
0]

0
[−

1;
2]

0.
00
2

2
[1
;
3]
**

2
[0
;
3]
*

0.
85
8

P
P

−
0
[−

1;
1]

1
[−

1;
2]

0.
00
4

3
[1
;
4]
**
*

2
[1
;
4]
**

0.
90
7

L
D
L
-C

(m
g/
dl
)

IT
T

−
12

[−
15
;
−
10
]*
**

−
1
[−

4;
2]

<
0.
00
1

−
7
[−

10
;
−
4]
**
*

−
2
[−

6;
1]

0.
06
7

P
P

−
12

[−
15
;
−
9]
**
*

−
0
[−

4;
3]

<0
.0
01

−
4
[−

7;
−
1]
*

−
4
[−

8;
1]

0.
73
6

T
ri
gl
yc
er
id
es

(m
g/
dl
)

IT
T

−
19

[−
27
;
−
11
]*
**

−
10

[−
25
;
5]
**
*

0.
16
1

−
11

[−
20
;
−
3]
**
*

−
9
[−

20
;
3]
*

0.
61
8

P
P

−
22

[−
30
;
−
14
]*
**

−
11

[−
29
;
8]
**
*

0.
13
2

−
12

[−
21
;
−
4]
**

−
15

[−
30
;
−
1]
*

0.
84
0

D
at
a
ar
e
sh
ow

n
as

m
ea
n
[9
5%

C
I]
.
**

*p
<
0.
00

1
vs
.
ba
se
lin

e;
**

p
<
0.
01

vs
.
ba
se
lin

e;
*p

<
0.
05

vs
.
ba
se
lin

e.
D
if
fe
re
nc
es

in
ch
an
ge
s
af
te
r
12

as
w
el
l
as

52
w
ee
ks

be
tw
ee
n
bo

th
gr
ou

ps
w
er
e

an
al
ys
ed

us
in
g
A
N
C
O
V
A
s
ad
ju
st
in
g
fo
r
ba
se
lin

e
va
lu
es
.

D
B
P
di
as
to
lic

bl
oo

d
pr
es
su
re
,F

B
G
fa
st
in
g
bl
oo

d
gl
uc
os
e,
F
M

fa
tm

as
s,
F
F
M

fa
tf
re
e
m
as
s,
H
D
L
-C

H
D
L
ch
ol
es
te
ro
l,
L
D
L
-C

L
D
L
ch
ol
es
te
ro
l,
n.
a.
no

ta
va
ila
bl
e,
SB

P
sy
st
ol
ic
bl
oo

d
pr
es
su
re
,W

C
w
ai
st
ci
rc
um

fe
re
nc
e

B
ol
d
va
lu
es

in
di
ca
te
s
st
at
is
tic
al

si
gn

ifi
ca
nt

P
va
lu
es

(P
<
0.
05

).

M. Halle et al.



well as to minimise dropout rates. In support of this
approach, it has been shown that a moderate and continuous
weight loss reduces the risk for adverse outcomes in the
long-term compared to a fast and severe weight loss [25].

In the present study, weight reduction was accom-
panied with further improvements, (predominantly
achieved in the INT-group) during the 12-week inter-
vention phase in cardiometabolic parameters, including
FM, WC, DBP and LDL-C and TC. Furthermore, after
52 weeks of follow-up there was still a significant dif-
ference in FM loss between both groups. These findings
are in line with other lifestyle intervention trials with low-
calorie diets in patients with prediabetes [7] or type 2
diabetes [26, 27] or lifestyle interventions with physical
activity in patients with obesity [28].

The ACCORH trial and its strengths are characterised by
(1) a comparably large sample size in an (2) international
and multicenter design with (3) a randomised controlled
trial approach. Moreover, (4) two intervention groups were
followed up over a period of 52 weeks and this trial was
conducted in a (5) real-world setting in which a low-
intensity lifestyle intervention was combined with liquid
meal replacement. The intention was to design a practical
lifestyle-based intervention programme which could be
easily implemented into present health care programmes.
Moreover, the (6) inclusion of only high-risk participants
with at least one additional co-morbidity of the metabolic
syndrome indicates a further strength of the study.

There are also limitations in the present trial that have to
be considered. We did not constantly (i) controlled the
participants for decreased energy intake or for false food
compositions (e.g., amount of carbohydrates or proteins) by
monitoring diet diaries. As it is well-known that dietary
records of patients with obesity are characterised by sys-
tematic errors, we, therefore, had purposely chosen not to
constantly monitor these records [29]. However, the pre-
pared 4-day diet diaries of the probands were used in each
study visit as a resource of information for the lifestyle
counselling. Moreover, volunteers of the INT group should
record the number of containers and amount of meal
replacement consumed. Thus, we were able, at least, to
evaluate the intake of liquid meal replacement within the
first 12 weeks. A second limitation was the imputation of
missing values by the LOCF approach. More sophisticated
imputation methods like multiple imputation could have
been performed as this imputation technique takes the
uncertainty of the imputed values more realistic into
account. However, the LOCF procedure was consciously
chosen as it is a conservative statistical approach to estimate
treatment effects, which might have even underestimated
the results. Concomitantly, the ITT analysis method per-
formed prevents the overestimation of data and takes the
number of dropouts into account.

In sum, a low-intensity lifestyle intervention accompanied
with a liquid meal replacement contributes to a long-term and
clinically relevant weight reduction in patients with over-
weight and obesity and further cardiovascular risk factors.
Furthermore, this weight reduction was characterised with
improvements in cardiovascular and cardiometabolic risk
factors. The present findings underline the efficacy of the
liquid formula diet tested in individuals with overweight or
obesity and accompanied cardiovascular risk factors when
included in a lifestyle intervention programme. This therapy
approach should be considered as a valid option for man-
agement of overweight and obesity in clinical, community
and health care settings.
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