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Abstract

Aim: Our objective was to assess alterations in metabolic risk
factors, body weight, fat mass and hormonal parameters fol-
lowing 6 weeks of lifestyle intervention with increased phys-
ical activity and either a meal-replacement regimen or a low
calorie diet. Research Methods and Procedures: 90 over-
weight or obese subjects (age 47 + 7.5 years, weight 90.6 *
11.3 kg, BMI 31.5 £ 2.3) were included in this randomized
controlled clinical trial. Subjects in the fat-restricted low-cal-
orie-diet group (LCD-G; n =30) received 2 dietary counseling
sessions and instructions on how to increase physical ac-
tivity. Subjects in the meal-replacement-diet group (MRD-G;
n = 60) received the same lifestyle education and were in-
structed to replace 2 daily meals by a low-calorie high soy-
protein drink. Results: Subjects in the MRD-G lost signifi-
cantly more weight (6.4 vs. 3.1 kg, p < 0.01) and fat mass (5.1
vs. 2.8 kg, p < 0.01) than the LCD-G. Most metabolic risk pa-
rameters were reduced in both the MRD-G and the LCD-G;
however, subjects in the MRD-G showed a higher reduction
in waist circumference (6.1 vs. 1.8 cm, p < 0.01) and a larger
decrease in triglycerides (-19.6 vs. +12.5 mg/dl, p < 0.01). The
prevalence of the metabolic syndrome was reduced in sub-
jects in the MRD-G only (-12%, p < 0.05) compared to an un-
changed risk score in the LCD-G. The reductions in leptin

(18.2 vs. 6.97 ng/ml) and insulin (4.92 vs. 0.58 pU/ml) were
only significant in the MRD-G (p < 0.01). Discussion: Our
data suggest that even over a short period of time, a meal-
replacement dietis more effective in reducing metabolic risk
factors, insulin, and leptin, and in improving anthropometric
measures than a fat-restricted low-calorie diet.

Copyright © 2008 S. Karger AG, Basel

Introduction

The results of NHANES III have shown that ap-
proximately 44% of the US population over 50 years of
age meet the National Cholesterol Education Program
(NCEP) criteria for the metabolic syndrome [1]. Visceral
obesity is part of the definition, but also a major risk fac-
tor for this metabolic disorder which includes insulin re-
sistance, alterations in glucose and lipid metabolism, and
increased blood pressure. In the presence of the meta-
bolic syndrome, the prevalence of cardiovascular disease
has been shown to be markedly increased.

Therefore, successful strategies for reducing over-
weight and improving metabolic risk factors are of ut-
most importance. There is widespread consensus that
long-term therapeutic lifestyle changes, such as improv-
ing in dietary habits and increasing daily physical activ-
ity, are the cornerstones in the prevention and therapy of
obesity and the metabolic syndrome.
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Recent studies have shown that meal-replacement reg-
imens are safe and are associated with greater weight loss
than individualized diet plans [2, 3]. Although there are
conflicting results [4], it has been suggested that diets
containing soy protein may further accelerate weight loss
[5, 6]. In addition, it has been reported that isoflavones in
soy protein could favorably influence metabolic risk fac-
tors and blood lipids [7-9].

In the present investigation, the effect of a very-low-
calorie meal-replacement diet (MRD), using soy protein
drinks, on changes in metabolic risk factors, body weight,
fat mass and hormonal parameters was investigated dur-
ing a 6-week intervention period. The effects of the MRD
were compared against a conventional fat-restricted low
calorie diet (LCD). The focus of interest was whether the
2 diets would bring about different results with respect to
an improvement in the components of the metabolic syn-
drome and a subsequent reduction in the prevalence of
the metabolic syndrome in a short period of time.

Methods

90 pre-obese and obese men and women (age 47 * 7.5 years,
weight 90.6 = 11.3kg, BMI31.5 * 2.3) wereincluded in the study.
All subjects completed a comprehensive medical examination
and routine blood tests. Subjects with type 2 diabetes, clinical ill-
nesses or those who took lipid-lowering drugs or medications that
affect body weight were excluded. Written informed consent was
provided by all subjects, and the study protocol was approved by
the ethical committee of the University of Freiburg. Subjects were
randomized into 3 equal groups as described previously [10]. Two
groups were designated to receive the same lifestyle education and
MRD and were therefore pooled for analysis (MRD-G, n = 60).
This was feasible, since the guided exercise program that was in-
tended for 1 of the dietary intervention groups was not started
before the end of the 6-week period. The LCD-G (n = 30) received
lifestyle education only.

Both groups were instructed in 2 counseling sessions and by
educational pamphlets on how to improve dietary behavior and
increase physical activity. The sessions were led by experienced
physicians and experts in nutritional counseling.

The LCD was a fat-reduced diet with approximately 60% of
calories coming from carbohydrates, 25% from fat, and 15% from
protein (1,200-1,500 kcal/day for women and 1,500-1,800 kcal/
day for men). The subjects assigned to the MRD were instructed
to replace 2 daily meals by a commercially available soy-yoghurt-
honey preparation (Almased®), known to have a low glycemic
index [11] and a high content of bioactive genisteins [12]. This diet
contained about 1,000 kcal/day for women and 1,200 kcal/day for
men. Data collected at enrolment and after 6 weeks were body
weight, fat mass, waist circumference, blood pressure, and serum
levels of total cholesterol, LDL-cholesterol, HDL-cholesterol, tri-
glycerides, glucose, insulin and leptin. For the measurement of
body composition, air displacement plethysmography was used
(Bod Pod®).

Meal Replacement and Metabolic Risk
Factors

Table 1. Characteristics of subjects

Variable Baseline 6 weeks’
follow-up
LCD-G 30 29
Weight, kg 914%11.5 88.4*11%¢
BMI 32.1+23 31+2.40¢
Waist circumference, cm 104.4%9.3 102.7 £8.4>¢
Fat mass, kg 37.1%x6.1 34.3+6.6
Systolic blood pressure, mm Hg 148+18.3 138+ 14.9¢
Diastolic blood pressure, mm Hg ~ 91.7+11.5  86.7+8.89¢
MRD-G 60 59
Weight, kg 903+11.3  83.9+10.5%¢
BMI 31.6£2.5  29.2%2.4b¢
Waist circumference, cm 104.2£9.4 98.1£8.9*%¢
Fat mass, kg 36.2+64 31.1+6.9¢
Systolic blood pressure, mm Hg 143+16.8 137 £ 14.1¢
Diastolic blood pressure, mm Hg ~ 90.7%£9.54  85.5+8.54¢

All values expressed as mean * SD.
2p <0.05,° p <0.01 between groups; ¢ p < 0.01, 4 p < 0.05 with-
in groups.

Normality of all variables was tested before statistical analyses
using the Kolmogorov-Smirnov test procedure. Testing for chang-
es between examination at baseline and examination after 6
weeks was done by paired-sample t tests. Unpaired-sample t tests
were used to establish significant differences between the 2 groups
at both examinations. In addition, the change from baseline to 6
weeks was calculated in each subject and compared between the
2 groups using unpaired-sample t test analysis. All p values were
two-sided and p < 0.05 was considered to indicate statistical sig-
nificance. Analyses were conducted with SPSS software (version
13.0).

Results

A total of 88 subjects completed 6 weeks of study (29
subjects in the LCD-G and 59 subjects in the MRD-G).
The reasons why 2 subjects discontinued the study were
associated with personal motivation and unrelated to
side effects or adverse events. Table 1 shows the anthro-
pometric data and blood pressures at baseline and after 6
weeks. In both groups, the parameters improved signifi-
cantly; however, the reductions in weight, waist circum-
ference and fat mass were significantly higher (p < 0.01)
in the MRD-G (fig. 1). The reduction in waist circumfer-
ence per kilogram weight loss was 0.57 cm/kg in the
LCD-G and 0.96 cm/kg in the MRD-G.
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Fig. 1. Changes in weight, fat mass and waist reduction from
baseline to 6 weeks. ] = LCD-G (n = 30); Y = MRD-G (n = 60);
**p <0.01.

Table 2. Blood lipids, glucose, insulin and leptin

Variable Baseline 6 weeks’
follow-up
LCD-G 30 29
Total cholesterol, mg/dl 222%273 206 £26.1¢
Triglycerides, mg/dl 127 £ 68.3 139+74
HDL-cholesterol, mg/dl 58.1+19.3 51.1+16.1¢
LDL-cholesterol, mg/dl 129%25.7 120 £22.9¢
Glucose, mg/dl 95+14.1  91.2%10.9¢
Insulin, pwU/ml 8.81%£3.92 823*4.15
Leptin, ng/ml 3654292  295+227°
MRD-G 60 59
Total cholesterol, mg/dl 223%£322 194 £29.9¢
Triglycerides, mg/dl 142+65.1 123 £54.7¢
HDL-cholesterol, mg/dl 59.4+ 14 51.9+13.6°
LDL-cholesterol, mg/dl 128 £26.9 112£23.7¢
Glucose, mg/dl 95+12.2 91£11.5¢
Insulin, pU/ml 12.7£10.1  7.75%£5.37°¢
Leptin, ng/ml 36.5£254  183*x11.8*¢

All values expressed as mean * SD.
ap < 0.05 between groups; °p < 0.01, ¢p < 0.05 within
groups.

76 Ann Nutr Metab 2008;52:74-78

Fig. 2. Changes in leptin and insulin from baseline to 6 weeks.
B = LCD-G; [y = MRD-G; **p < 0.01.

LDL- and HDL-cholesterol decreased significantly in
both groups (table 2). Triglycerides increased in the LCD-
G and decreased significantly in the MRD-G.

Glucose, insulin and leptin were reduced in both
groups (table 2) and once again the changes were far more
pronounced In the MRD-G (fig. 2). The reductions in in-
sulin and leptin/fat mass loss were 0.21 pU/mg in the
LCD-G vs. 0.97 pU/mg in the MRD-G for insulin (p <
0.01) and 2.5 ng/ml versus 3.57 ng/ml for leptin (p <
0.01).

The prevalence of the metabolic syndrome (calculated
according to the NCEP definition [13]) at baseline was
27% in the LCD-G (n = 8) and 36% in the MRD-G (n =
22). After 6 weeks, there was no change in the LCD-G. In
the MRD-G the prevalence of the metabolic syndrome
was reduced by 12% (n =7, p < 0.05).

Discussion

The main result of the present study was that when
following the MRD, subjects showed a stronger improve-
ment in metabolic risk factors and thus a 12% reduction
in the prevalence of the metabolic syndrome. In addition,
the changes in weight and body composition were mark-
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edly higher than those found in the LCD-G following an
energy-restricted diet.

These findings are in keeping with the results of a re-
cent meta-analysis of weight-loss trials, showing that soy-
based very-low-calorie diets promote rapid weight loss in
a short period of time [6].

Though the LCD-G had a mean daily caloric intake
1.5 times that of the MRD-G, the weight reduction in the
MRD-G was 1.8 times higher. This may be due to more
effective compliance to the dietary restrictions using
meal-replacement strategies or a specific effect of the
chosen dietary regimen.

Within metabolic risk factors, the reductions in waist
circumference and triglycerides in particular were far
more pronounced in the MRD-G than in the LCD-G.
Most likely, the decrease in the prevalence of the meta-
bolic syndrome after 6 weeks can be largely attributed to
the improvements in waist circumference and triglycer-
ide concentration. The finding that HDL-cholesterol lev-
els decreased in both groups was expected. The reduction
of HDL-cholesterol in the initial phase of fat-reduced en-
ergy-restricted diets is well known [14]. Improvements in
HDL-cholesterol have commonly been observed in stud-
ies lasting more than 12 weeks [8].

In a recent study, Ross et al. [15] showed that a reduc-
tion in waist circumference by 1 cm is equivalent to a loss
in abdominal fat of 0.33 kg. If applied to our study, the
subjects in the MRD-G would have lost 1.8 kg of abdom-
inal fat vs. 0.5 kg in the LCD-G. Given the importance of
abdominal fat in the pathogenesis of the metabolic syn-
drome [16], it could be speculated that the observed re-
duction in abdominal fat is an important factor in ex-
plaining the reduced prevalence of the metabolic syn-
drome, even in this relatively short time period.

References

—

Therefore, the difference in fat mass and metabolic
risk factors may simply be explained by the different en-
ergy content of the diets investigated. However, although
the effects were relatively small, a recent meta-analysis on
the effects of soy protein on the lipid profile concluded
that soy protein significantly improves blood lipid levels
[8]. It has been suggested that this beneficial effect is me-
diated by the high content of isoflavones in intact soy
protein. These isoflavones may alter lipoprotein metabo-
lism by their biological similarities to estrogen and estro-
gen-receptor-dependent gene expression [17]. In addi-
tion, soy isoflavones have been shown to be involved in
the regulation of enzymes and proteins important in lip-
id metabolism [18, 19]. The effect of soy protein on gene
expression or the regulation of nuclear transcription fac-
tors might also, at least in part, be accounted for by the
alterations in insulin and leptin. The reduction in insulin
and leptin per kilogram fat mass loss was significantly
higher in the MRD-G than in the LCD-G. However, the
study design was not suitable for detecting a possible soy-
specific effect since the 2 diets were not comparable in
their energy content.

Nevertheless, our data suggest that even in a short pe-
riod of time, a MRD is more effective in reducing meta-
bolic risk factors, insulin and leptin than a fat-restricted
LCD. If these results are confirmed by forthcoming stud-
ies, a meal-replacement regimen may be of particular
benefit for overweight or obese subjects with a need to
reduce metabolic risk factors. In particular, future inves-
tigations should address the question of whetheran MRD
could avoid the initiation of drug therapy according to
the ATP III treatment guidelines or reduce the use of spe-
cific medications as shown in the study by Li et al. [20].

Alexander CM, Landsman PB, Teutsch SM,
Haffner SM: NCEP-defined metabolic syn-
drome, diabetes, and prevalence of coronary
heart disease among NHANES III partici-
pants age 50 years and older. Diabetes 2003;
52:1210-1214.

Noakes M, Foster PR, Keogh JB, Clifton PM:
Meal replacements are as effective as struc-
tured weight-loss diets for treating obesity in
adults with features of metabolic syndrome.
J Nutr 2004;134:1894-1899.

Meal Replacement and Metabolic Risk
Factors

3 Heymsfield SB, van Mierlo CA, van der
Knaap HC, Heo M, Frier HI: Weight man-
agement using a meal replacement strategy:
meta and pooling analysis from six studies.
Int J Obes Relat Metab Disord 2003;27:537—
549.

4 St-Onge MP, Claps N, Wolper C, Heymsfield
SB: Supplementation with soy-protein-rich
foods does not enhance weight loss. ] Am
Diet Assoc 2007;107:500-505.

5 Padwal R, Li SK, Lau DC: Long-term phar-
macotherapy for obesity and overweight.
Cochrane Database Syst Rev 2004;
CD004094.

6 Anderson JW, Hoie LH: Weight loss and lip-
id changes with low-energy diets: compara-
tor study of milk-based versus soy-based
liquid meal replacement interventions. ] Am
Coll Nutr 2005;24:210-216.

7 Deedwania PC, Volkova N: Current treat-
ment options for the metabolic syndrome.
Curr Treat Options Cardiovasc Med 2005;7:
61-74.

8 Zhan S, Ho SC: Meta-analysis of the effects
of soy protein containing isoflavones on the
lipid profile. Am J Clin Nutr 2005;81:397-
408.

Ann Nutr Metab 2008;52:74-78 77



10

11

12

Yang G, Shu XO, Jin F, et al: Longitudinal
study of soy food intake and blood pressure
among middle-aged and elderly Chinese
women. Am J Clin Nutr 2005;81:1012-1017.
Deibert P, Konig D, Schmidt-Trucksaess A,
etal: Weight loss without losing muscle mass
in pre-obese and obese subjects induced by a
high-soy-protein diet. Int ] Obes Relat Metab
Disord 2004;28:1349-1352.

Berg A, Frey I, Landmann U, et al: Weight
reduction by lifestyle intervention: 1-year re-
sults of a randomized controlled study in
overweight or adipose subjects. Erndhrungs
Umschau 2005;52:310-314.

Zaenker KS, Daftary GV, Gottschalk G,
Adlercreutz H: Genistein and daidzein:
mode of action and bioavailability as chemo-
preventive agents in soy-enriched diet. Ger J
Ophthalmol 2001;33:37-44.

13

14

15

16

Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in
Adults: Executive Summary of the Third Re-
port of the National Cholesterol Education
Program (NCEP) Expert Panel on Detec-
tion, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treat-
ment Panel III). JAMA 2001;285:2486-
2497.

Lichtenstein AH: Dietary fat and cardiovas-
cular disease risk: quantity or quality? ] Wo-
mens Health (Larchmt) 2003;12:109-114.
Ross R, Dagnone D, Jones PJ, etal: Reduction
in obesity and related comorbid conditions
after diet-induced weight loss or exercise-in-
duced weight loss in men: a randomized,
controlled trial. Ann Intern Med 2000;133:
92-103.

Wajchenberg BL: Subcutaneous and visceral
adipose tissue: their relation to the metabol-
ic syndrome. Endocr Rev 2000;21:697-738.

78

Ann Nutr Metab 2008;52:74-78

17 Clarkson TB, Anthony MS: Phytoestrogens
and coronary heart disease. Baillieres Clin

Endocrinol Metab 1998;12:589-604.

18 Wang, Jones PJ, Ausman LM, Lichtenstein
AH: Soy protein reduces triglyceride levels

and triglyceride fatty acid fractional synthe-
sis rate in hypercholesterolemic subjects.
Atherosclerosis 2004;173:269-275.

19 Demonty I, Lamarche B, Deshaies Y, Jacques

H: Role of soy isoflavones in the hypotriglyc-
eridemic effect of soy protein in the rat. J
Nutr Biochem 2002;13:671-677.

20 Li Z, Hong K, Saltsman P, et al: Long-term
efficacy of soy-based meal replacements ver-
sus an individualized diet plan in obese type
II DM patients: relative effects on weight
loss, metabolic parameters, and C-reactive

protein. Eur J Clin Nutr 2005;59:411-418.

Konig/Deibert/Frey/Landmann/Berg



Copyright: 5. Karger AG, Basel 2008. Reproduced with the permission of 5. Karger AG, Basel.
Further reproduction or distribution (electronic or otherwise) is prohibited without permission
from the copyright holder.



Copyright: 5. Karger AG, Basel 2008. Reproduced with the permission of 5. Karger AG, Basel.
Further reproduction or distribution (electronic or otherwise) is prohibited without permission
from the copyright holder.



