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Effect of consuming salad and yogurt as preload on body weight
management and cardiovascular risk factors: a randomized clinical trial

LEILA AZADBAKHT1,2, FAHIMEH HAGHIGHATDOOST1, GOLGIS KARIMI1,

& AHMAD ESMAILLZADEH1,2

1Food Security Research Center, Isfahan University of Medical Sciences, Isfahan, Iran, and 2Department of Nutrition, School of

Nutrition and Food Science, Isfahan University of Medical Sciences, Isfahan, Iran

Abstract
Few investigations reported the reductive effect of preload consuming on energy intake. The objective of the study was to
compare the effects of consuming a mix of low glycaemic index foods such as vegetable salad, yogurt and water before or with
meal on anthropometric measures and cardio vascular diseases (CVD) risks. In this randomized controlled clinical trial, 25 men
and 35 women were recruited to consume similar amounts of macronutrients within a hypocaloric diet for 3 months. Although
subjects in the preload group consumed preload 15 min before the main meal, subjects in the control group consumed them with
meal. The results showed that body weight, waist circumference, triglyceride, total cholesterol and systolic blood pressure
decreased in more amount in the preload group (27.8 ^ 0.5%, 22.7 ^ 0.2%, 25.7 ^ 1.1%, 23.1 ^ 0.53% and
24.4 ^ 0.4%, respectively; p , 0.05 for all). Fasting blood sugar and low density lipoprotein (LDL)-cholesterol decreased
significantly only in the preload group. Consuming vegetable salad, yogurt and water as preload leads to greater changes in
anthropometric measures and CVD risks.

Keywords: preload, anthropometric measures, cardiovascular risk factors, vegetable salad, yogurt

Introduction

Successful weight management strategy is frequently

suggested to control obesity and obesity-related

comorbidities (Sartorio et al. 2001; Maffiuletti et al.

2005; Look AHEAD Research Group (Pi-Sunyer

et al.) 2007). Effective weight management strategies

are usually focused on controlling the energy intake

via various dietary factors including the form of

consumed foods, i.e. solid or liquid (Flood-Obbagy

and Rolls 2009), dietary energy density (Mendoza

et al. 2007; Esmaillzadeh and Azadbakht 2011), the

eating rate (Andrade et al. 2008), the fibre and

calcium content of diet (Pereira and Ludwig 2001;

Kamycheva et al. 2003; Azadbakht et al. 2005;

Sartorelli et al. 2008; Vioque et al. 2008; Du et al.

2010; Rahmani et al. 2011; Huang et al. 2011) and

consuming some low-energy-dense foods at the start

of meal (Rolls et al. 1999, 2004; Van Walleghen et al.

2007; Spill et al. 2011).

The favourable effects of dietary fibre and calcium

consumption on body weight management have

largely been suggested (Pereira and Ludwig 2001;

Kamycheva et al. 2003; Azadbakht et al. 2005;

Sartorelli et al. 2008; Vioque et al. 2008; Du et al.

2010; Huang et al. 2011; Rahmani et al. 2011), but not

all studies are in line with together. Epidemiological

and longitudinal studies support the protective effects

of fibre against weight gain, whereas there is not a

conclusive finding for clinical trial studies (Pereira and

Ludwig 2001; Ye et al. 2012). While some studies have

acclaimed that fruit and vegetable fibre were inversely

associated with weight gain (Sartorelli et al. 2008;

Vioque et al. 2008), some of them have shown that

consumption of cereal fibre, but not fruit and vegetable

fibre, has a protective role against weight gain (Du et al.

2010). These discrepancies are also observed with

respect to calcium. Although longitudinal and cohort
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studies show a negative association between calcium

intake and body weight (Kamycheva et al. 2003;

Azadbakht et al. 2005), the meta-analysis of interven-

tional studies showed a significant weak association

(Onakpoya et al. 2011). Abargouei et al. (2012) in a

meta-analysis showed that dietary calcium intake is

inversely associated with body weight only in

hypocaloric diets, but not in isocaloric diets. Also,

there have been some interventional studies on the

energy intake within a meal after consuming vegetable

and yogurt before the main meal (Rolls et al. 2004;

Tsuchiya et al. 2006; Spill et al. 2011). Although the

reductive effect of consuming vegetable before the

main meal on energy intake has been shown by some

investigators (Rolls et al. 2004; Spill et al. 2011),

others have not approved these findings (Spill et al.

2010; Roe et al. 2012). Roe et al. (2012) showed

that the timing of serving a low-energy-dense salad

(before or with meal) did not significantly affect the

energy intake within a meal. Furthermore, consuming

yogurt as preload increased only the satiety rating

among young men and women, but energy intake

at the following meal did not change (Tsuchiya et al.

2006). Also, the glycaemic index of foods might

be a prominent factor that affects on the satiety

and energy intake within a meal. However, it is not

assessed yet.

To our knowledge, all previous studies evaluated the

energy intake in a meal after consuming a low-energy-

dense preload (Rolls et al. 2004; Van Walleghen et al.

2007; Spill et al. 2010, 2011; Roe et al. 2012) while

none assessed the sustainability of lower amount of

energy intake and changes in body weight in a long

term. On the other hand, since considering a preload

in diet might increase the dietary diversity scores, it is

possible that consuming preload in long term leads to

weight gain instead of weight reduction. Notably,

increased diet variety is associated with higher overall

dietary energy intake and weight gain (Rolls 2000;

Brondel et al. 2009; Azadbakht and Esmaillzadeh

2011). Therefore, considering a proper replacement to

control the diet variety, fibre and water content and

energy density is a critical factor to clarify the exact

effects of preload on energy intake and body weight.

So far, no study has assessed the impacts of a preload

containing a mix of low-energy-dense foods, liquid

and also dairy on body weight with considering an

appropriate replacement in the control group to

provide the same amount of calcium and fibre for

both groups. Furthermore, although the beneficial

effects of fibre and calcium on biochemical variables

have previously been established (Azadbakht et al.

2005; Carlson et al. 2011; Crichton et al. 2011; Hong

et al. 2011; Stancliffe et al. 2011), there is no data

regarding the effects of consuming them as preload on

cardiovascular risks during a long term. Hence, this

study aimed to examine the synergistic effects of

consuming some effective factors on body weight,

including vegetable salad, yogurt and water, as preload

on body weight and cardiovascular risks within a

hypocaloric diet among overweight and obese subjects.

Subjects and methods

Subjects

A total of 68 participants were recruited from among

the patients attending to Nutrition Clinic of Alzahra

Hospital, Isfahan, Iran, who voluntarily refer for weight

reduction. Participants were included if (1) they were

overweight or obese (body mass index [BMI] $ 25)

and (2) they were more than 18 years old. The

exclusion criterion was poor dietary compliance or not

attending to the clinic for monthly visits. No

participant had a drug regimen. Each participant

provided a written informed consent. On the basis of

suggested formula for parallel trial n ¼ 2[(Z12a/2 þ

¼ 2[(Z12a/2 þ Z12b)2 £ S 2]/d 2, we determined the

sample size. To detect a 6.3 mg/dl change in serum

LDL-cholesterol, a sample size of 16 subjects in

each group (32 in total) would provide adequate

power (Azadbakht et al. 2003). Ultimately, we enrolled

68 patients and 60 patients completed the trial.

The current project was approved by the ethical

committee and research council of Food Security

Research Center of Isfahan University of Medical

Sciences, Isfahan, Iran and has also been registered

at the website for registering the clinical trials

(www.clinicaltrial.gov).

Study design

To test the effect of consuming preloads in this single-

blind randomized controlled parallel clinical trial,

subjects were randomly assigned to two dietary

groups. Randomization was done by random sequen-

cing generated in the SPSS. Subjects were matched by

BMI, sex, age and the history of various chronic

diseases in two groups. Participants were assigned to

receive either two servings of vegetable salad, 0.5–1

serving of yogurt and 1 glass of water before the main

course of both lunch and dinner (preload group) or

receive two servings of vegetable salad and 0.5–1

serving of yogurt (but not water; since water

consumption after a meal increases cholecystokinin

[CCK] secretion which inhibits gastric antral motility

and leads to functional dyspepsia, Kusano et al. 2011)

with the main course (control group) for 3 months.

The amount of prescribed yogurt was chosen based on

body weight of subjects and the weight of preload was

380 or 510 g. Preload provided 117 or 184 kcal/meal of

energy intake for each subject. Subjects in the preload

group consumed the main course 15 min after the

preloads. The main course was a normal diet that

consisted of grains, meats, vegetables and legumes.

Anthropometric and blood pressure assessments were

done in each visit in each month and biochemical

assessments were done at the beginning and end of

Preload and weight management 393
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study. We carefully assessed the physical activity,

dietary adherence and medicine consuming of patients

in each visit.

Diets

All participants in two dietary groups were prescribed

a calorie-restricted diet (2200 to 2500 kcal/d).

Calorie requirements of each subject were estimated

based on resting energy expenditure by using Harris–

Benedict equation and also considering the physical

activity levels (Carol and Rachel 2008). The diets were

constructed to provide similar proportions of carbo-

hydrates (55% energy), protein (15% energy) and total

fat (30% energy), but differed only in the timing

of serving vegetable salad, yogurt and water. An

exchange list of food groups (Mahan and Escott

stump 2008) and a 7-day cycle menu were provided to

each participant who visited monthly during the study.

Because of dietary intervention in this study, the

dietitian and participants were not blinded, whereas

the laboratory staff was blinded.

Dietary intake assessment

In order to assess participant’s dietary compliance,

3-day food records were gathered each month from

every subject. All food items were recorded according

to standard serving sizes in exchange lists. Household

measures were converted to grams (Ghaffarpour et al.

1999) and analysed using the NUTRITIONIST IV

(N4) software, which was adapted for Iranian food

items. The compliance to the consuming and timing

of preload at lunch and dinner was done using self-

reported data.

Anthropometric assessment

Height was measured using a wall-fixed tape without

shoes while shoulders were in normal position and

recorded to the nearest 0.5 cm. Weight was assessed by

using digital scales while subjects were in light clothing

and without shoes and recorded to the nearest 100 g.

BMI was calculated as body weight (kg) divided by

height (m2). Waist circumference (WC) over wearing

minimal clothes was measured at the narrowest level

by using an unstretched tape without any pressure to

body surface. WC was recorded to the nearest 0.1 cm.

Physical activity level was evaluated using a 3-day

physical activity record and expressed as MET h/week.

Blood pressure assessment

In order to evaluate blood pressure, after an initial

resting for 15 min while the patients were in a seated

position and arms were at the same level of heart, a

professional clinic staff measured blood pressure twice

with at least 30 s interval. The average of two

Assessment for eligibility
(n= 73)

Excluded (n=5); due to
refusing to come to the clinic

every month or unable to
adhere to the diets

Enrollment
(n=68)

Randomization

Withdrawn due to
-not attending to the follow
up visits (n=3)
-poor compliance (n=2)

Withdrawn due to
- not attending to the follow
up visits (n=2)
-poor compliance (n=1)

Preload group (n=34; 20
women and 14 men)

Control group (n=34; 20
women and 14 men)

Completed the trial and were
considered in analyses (n=29;

18 women and 11 men)

Completed the trial and
were considered in analyses

(n=31; 17 women and 14 men)

3 months
follow up

Allocation

Analyses

Figure 1. Patient flow diagram. Among 73 patients attending the clinic, a total of 68 participants were enrolled in this study and they were

randomly assigned to two dietary groups. Finally, the study was completed by 60 subjects. Both prescribed diet were similar in the content of

macronutrients; 55% of total energy from carbohydrate, 15% from protein and 30% from fat. Subjects in the preload group consumed vegetable

salad, yogurt and water 15 min before main meal whereas subjects in the control group consumed vegetable salad and yogurt with meal.

L. Azadbakht et al.394
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measurements was considered as the blood pressure.

Systolic and diastolic blood pressures were, respect-

ively, defined as the onset of first phase of korotkoff

sound and the disappearance of sound (the fifth phase

of Korotkoff sound) (Pickering et al. 2005).

Biochemical assessment

In order to assess the biochemical variables, after

an overnight fast of 12 h, fasting blood samples were

drawn. Blood glucose and lipid profiles were measured

using commercially available enzymatic reagents

(Pars Azmoon, Tehran, Iran) adapted to a Selectra-2

autoanalyser (Vital Scientific, Spankeren, the

Netherlands). Fasting plasma glucose, total- and

high density lipoprotein (HDL)-cholesterol and

triglyceride concentrations were measured via the

enzymatic colorimetric method by using each marker’s

oxidase. Serum LDL-C levels was quantified directly

after precipitating of HDL- and very low density

lipoprotein (VLDL)-C and chylomicrons via an

enzymatic colorimetric method. Both inter- and

intra-assay coefficients of variability for all the above-

mentioned markers were less than 5%.

Statistical analysis

All statistical analyses were done using the SPSS

software (version 16.0; SPSS Inc, Chicago, IL). We

used paired t-test to compare the baseline and end-of-

trial values of anthropometric measures, biochemical

markers and food intakes within a group. The mean

values of percent changes in anthropometric measures,

biochemical markers and food intakes were compared

using t-test between two dietary groups. To adjust

the effect of weight reduction on CVD risks, we used

analysis of covariance. In all statistical analyses,

p , 0.05 was considered significant.

Results

Eight of the 68 participants dropped out within the

study due to not attending to clinic for follow-up visits

(n ¼ 5) and poor compliance (n ¼ 3). Ultimately,

the study was completed by 60 individuals (n ¼ 29

subjects in preload group, n ¼ 31 in control group)

(Figure 1). The mean ^ SD of age among participants

in the preload group and control group was 55.2 ^ 1.2

and 54.6 ^ 1.3 years, respectively ( p ¼ 0.7). The

baseline BMI values were 28.9 ^ 3.1 kg/m2 in the

control group and 29.1 ^ 3.0 kg/m2 in the preload

group ( p ¼ 0.21). Based on the physical activity

records, there were no significant differences in

the physical activity level between the two groups

(19.1 ^ 4.1 MET h/week vs. 17.9 ^ 3.5 MET h/week,

p ¼ 0.19).

The mean ^ SD of dietary energy and macro-

nutrient intakes of subjects have been reported in

Table I as well as consumed dietary servings of

different food groups. Findings from dietary records

showed that the mean intake of energy and carbo-

hydrate was significantly different between two

groups. The mean intake of energy was 2342 kcal/d

in the control group and 2023 kcal/d in the preload

group (0.03). Corresponding values for carbohydrate

were 61.5% and 53% ( p ¼ 0.04) in the control

group and the preload group, respectively. However,

the participants consumed the same amount of fat

and protein in the two groups. Dietary fibre content of

two prescribed diets did not differ significantly

( p ¼ 0.10). Subjects in the preload group consumed

nine servings/d of fruits and vegetables whereas

subjects in the control group consumed 8.5 servings/d.

Furthermore, the mean intake of dairy products was

similar between the two groups (3.0 vs. 2.5 servings/d;

p ¼ 0.17) as well as whole grains (4.1 vs. 3.2

servings/d; p ¼ 0.14). Refined grains were consumed

in higher amount by the control group than the

preload group (9.2 vs. 4.9 servings/d; p ¼ 0.02,

respectively) whereas legumes intake was higher

among the preload group than the control group (0.4

vs. 0.2 servings/d; p ¼ 0.05, respectively).

Table II shows the dietary intake of the participants

during lunch and supper. Participants in the control

group compared with those in the preload group had

more total dietary energy and carbohydrate intake

during lunch and supper. No significant differences

in dietary protein, fat and fibre intake were found

between the two intervention groups.

The baseline and end-of-trial values of anthropo-

metric and biochemical variables are presented in

Table III. Although most of variables changed

significantly within both groups, neither baseline

nor end-of-trial values differed significantly between

the two treatment groups. The baseline mean ^ SDs

Table I. Mean ^ SD of total energy and dietary intakes of the

participants during the study.

Preload

group1

Control

group2 P3

Total energy intake (kcal/d) 2023 ^ 239 2342 ^ 244 0.03

Carbohydrate (% total

energy intake)

53.3 ^ 11.6 61.5 ^ 17.9 0.04

Protein (% total energy intake) 15.2 ^ 2.7 12.2 ^ 2.1 0.17

Total fat (% total energy intake) 31.4 ^ 10.1 26.3 ^ 8.7 0.07

Fibre (g/d) 15.4 ^ 3.1 14.2 ^ 2.7 0.10

Dietary food groups (servings/d)

Grains 9.0 ^ 2.2 12.4 ^ 3.4 0.02

Whole grains 4.1 ^ 1.1 3.2 ^ 1.0 0.14

Refined grains 4.9 ^ 1.3 9.2 ^ 2.8 0.02

Vegetables 5.1 ^ 1.2 4.7 ^ 0.9 0.12

Fruits 3.9 ^ 1.1 3.7 ^ 1.2 0.39

Meats 2.0 ^ 0.5 1.9 ^ 0.5 0.31

Dairy products 3.0 ^ 0.7 2.5 ^ 0.4 0.17

Oils 5.1 ^ 2.1 5.1 ^ 1.6 0.47

Legumes 0.4 ^ 0.09 0.2 ^ 0.05 0.05

1 Subjects in the preload group consumed salad, yogurt and water

before the main meal; 2 Subjects in the control group consumed

salad and yogurt with the main meal; 3P values resulted from t-test.
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of weight was 64.0 ^ 1.4 and 65.6 ^ 1.2 kg in the

preload group and control group, respectively

( p ¼ 0.38). After 3 months of intervention, no

significant changes were observed in HDL-c levels in

both groups ( p in preload group and control group;

0.72 and 0.36, respectively). However, LDL-C and

fasting blood sugare (FBS) changed significantly only

in the preload group [LDL-C: 24.5 ^ 0.2 mg/dl

( p ¼ 0.001) and FBS: 28.8 ^ 0.1 mg/dl

( p ¼ 0.0001)] as compared with the control

group [LDL-C: 21.56 ^ 0.3 mg/dl ( p ¼ 0.14) and

FBS: 20.7 ^ 0.1 mg/dl ( p ¼ 0.49)].

Table IV indicates the percent changes of anthro-

pometric and biochemical variables. The percent

changes of body weight, WC, triglyceride, fasting

blood sugar, total cholesterol, LDL-C and systolic

blood pressure were significantly greater in the

preload group than in the control group. The most

favourable effect of preload consuming was observed

on anthropometric measures. While mean percentage

of body weight and WC was 7.8 ^ 0.5% and

22.7 ^ 0.2%, respectively, in the preload group,

corresponding values in the control group were

24.6 ^ 0.59% and 21.6 ^ 0.1%, respectively

( p ¼ 0.001). After adjusting the effect of weight loss

on biochemical variables, p values of percent changes

attenuated but remained significant.

Discussion

Our findings among the overweight and obese subjects

suggest that besides providing the hypocaloric diets,

the timing of salad, yogurt and water consumption

could be considered as a prominent factor which

may result in better weight management. In this study,

we found that consuming some low-energy-dense

preloads such as vegetable salad, besides low-fat

yogurt and water had more beneficial effects on

anthropometric measurements and cardiovascular

risks than consuming salad and yogurt with meals.

Previous studies showed that consuming some low-

energy-dense foods as preload reduced energy intake

within a meal (Rolls et al. 2004; Van Walleghen et al.

2007; Spill et al. 2011). Furthermore, numerous

studies have demonstrated the favourable effects of

dairy and vegetable fibre consumption on body weight

(Pereira and Ludwig 2001; Kamycheva et al. 2003;

Sartorelli et al. 2008; Vioque et al. 2008; Huang et al.

2011) and CVD risks (Azadbakht et al. 2005; Carlson

et al. 2011; Crichton et al. 2011; Hong et al. 2011;

Stancliffe et al. 2011). However, few studies were

undertaken to assess the effects of consuming

vegetable and yogurt as preload (Rolls et al. 2004;

Tsuchiya et al. 2006; Spill et al. 2011). The findings of

Table III. Baseline and end-of-trial values of cardiovascular risk

factors in the preload group and control group.1

Variables Preload group2 Control group3 P 4

Weight (kg)

Baseline 64.0 ^ 1.4 65.6 ^ 1.2 0.38

End 59.0 ^ 1.3 62.6 ^ 1.2 0.05

P5 0.001 0.001 –

Waist (cm)

Baseline 103.9 ^ 1.9 101.3 ^ 1.6 0.31

End 101.1 ^ 1.9 99.7 ^ 1.6 0.57

P 0.001 0.001 –

Triglyceride (mg/dl)

Baseline 182.5 ^ 7.1 179.9 ^ 7.1 0.8

End 172.3 ^ 7.3 176.5 ^ 7.5 0.96

P 0.001 0.04 –

Fasting blood sugar (mg/dl)

Baseline 113.2 ^ 3.8 108.4 ^ 3.8 0.38

End 104.4 ^ 3.9 107.7 ^ 3.7 0.54

P 0.0001 0.49 –

Total cholesterol (mg/dl)

Baseline 218.7 ^ 5.6 211.0 ^ 5.3 0.80

End 211.7 ^ 5.5 208.3 ^ 5.4 0.69

P 0.001 0.03 –

LDL-C (mg/dl)

Baseline 114.3 ^ 3.5 114.1 ^ 3.6 0.95

End 109.8 ^ 3.7 112.5 ^ 3.3 0.59

P 0.001 0.14 –

HDL cholesterol (mg/dl)

Baseline 42.3 ^ 1.2 42.2 ^ 1.5 0.95

End 42.1 ^ 1.09 42.6 ^ 1.4 0.78

P 0.72 0.36 –

Systolic blood pressure (mmHg)

Baseline 137.6 ^ 3.1 127.7 ^ 2.2 0.32

End 131.5 ^ 3.1 124.4 ^ 2.3 0.66

P 0.001 0.001 –

Diastolic blood pressure (mmHg)

Baseline 81.8 ^ 2.3 81.5 ^ 1.8 0.91

End 77.7 ^ 2.5 79.3 ^ 1.9 0.63

P 0.001 0.003 –

1 Values are mean ^ SEM; 2 Subjects in the preload group consumed

salad, yogurt and water before the main meal; 3 Subjects in the

control group consumed salad and yogurt with the main meal;
4 These p-values resulted from the t-test between the baseline and

also between the end values separately; p , 0.05 was considered as

significant; 5 These p-values resulted from paired t-test between

baseline and end-of-trial values in each group individually; p , 0.05

was considered as significant.

Table II. Mean ^ SD of total energy and dietary intakes of the

participants during the lunch and supper.

Preload

group1

Control

group2 P3

Lunch

Total energy intake (kcal/d) 609 ^ 59 739 ^ 67 0.02

Carbohydrate (% total

energy intake)

51.1 ^ 10.5 60.5 ^ 14.6 0.03

Protein (% total energy intake) 16.0 ^ 2.5 13.2 ^ 2.0 0.13

Total fat (% total energy intake) 32.9 ^ 10.1 26.3 ^ 8.9 0.06

Fibre (g/d) 5.3 ^ 1.1 4.9 ^ 1.0 0.08

Supper

Total energy intake (kcal/d) 531 ^ 37 663 ^ 52 0.03

Carbohydrate (% total

energy intake)

54.9 ^ 10.4 62.5 ^ 13.2 0.03

Protein (% total energy intake) 14.3 ^ 2.3 11.2 ^ 2.1 0.11

Total fat (% total energy intake) 30.8 ^ 9.3 26.3 ^ 7.4 0.10

Fibre (g/d) 5.0 ^ 1.2 4.7 ^ 1.1 0.12

1 Subjects in the preload group consumed salad, yogurt and water

before the main meal; 2 Subjects in the control group consumed salad

and yogurt with the main meal; 3P values are resulted from t test.
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these studies are limited to energy intake within a meal

after consuming preload and no study assessed the

long-term effects of preload on anthropometric

measures and biochemical variables. In addition,

there is only one study the assessed the effects of the

timing of salad serving on energy intake within a meal,

but not weight or CVD risks. Roe et al. (2012) showed

that the timing of salad serving (before or with meal)

did not significantly affect energy intake, whereas

higher amounts of consumed salad either before or

with meal significantly reduced energy intake.

Regarding weight reduction in this study, we

prescribed a mix of some effective dietary components

in weight-loss programme, since they may have some

synergistic effects on body weight. We asked partici-

pants to consume (1) vegetable salad, because of its

low-energy-density and induction of the satiety

perception (Pereira and Ludwig 2001), (2) low-fat

yogurt, because of its calcium content which prevents

lipogenesis by regulating serum levels of vitamin D

(Zemel et al. 2000) and which decreases the intestinal

absorption of dietary fat (Jacobsen et al. 2005) and (3)

water as a non-calorie liquid, because of inducing

fullness perception, whereas a specific food item has

been as a sole focus of previous studies. However, the

results of epidemiological and interventional studies

regarding the effects of fibre and calcium on body

weight are not consistent. Although epidemiological

studies reported an inverse association between dietary

fibre, calcium and body weight, some interventional

studies did not confirm these findings (Pereira and

Ludwig 2001; Kamycheva et al. 2003; Azadbakht et al.

2005; Onakpoya et al. 2011; Ye et al. 2012) and more

studies are needed to provide a conclusive finding.

The sole and clear difference between two inter-

vention groups is the whether they consumed water or

not. Popkin et al. (2005) showed that consuming

higher amount of water is related to healthier life style

and dietary pattern and lower energy intake. In this

study, we asked participants to consume preload at

both lunch and dinner, which led to better control of

food intake during a day. Our findings confirmed this

hypothesis since we observed that participants in

preload groups had lower intake of carbohydrate

(mainly refined grain) and also energy intake during

lunch and supper.

Higher rating of satiety after consuming preload in

previous studies (Rolls et al. 2004; Van Walleghen et al.

2007; Spill et al. 2011) has been linked up with various

mechanisms such as higher fibre content, more filling

perception, lower palatability of foods and required

higher amounts of chewing for solid preloads.

However, in this study, we controlled the amounts of

consumed fibre and the palatability of foods by

prescribing similar diets. Hence, two above-mentioned

mechanisms could not be considered as responsible for

the greater changes among preload consumers

consistently with some investigations (Spitzer and

Rodin 1987; Poppitt et al. 1996). It seems that the

principle mechanism is the more perception of fullness

by consuming salad, yogurt and water as the first

course. Besides, another mechanism that may lead

to lower energy intake in preload consumers is the

higher plasma levels of anorexigenic hormones such as

CCK at the beginning of serving main course since

gastrointestinal hormones secretion occurs 10–30 min

after meal initiation (Liddle et al. 1985; Moran and

Kinzig 2004; Stengel and Taché 2011). Furthermore,

postprandial decrease of acyl ghrelin, the peripheral

orexigenic hormone, participates in feedback signal-

ling between nutrient intake, gastric motor function

and the central nervous system (Chen et al. 2010;

Lee et al. 2011). However, we did not assess orexigenic

and anorexigenic peptides in this study. The glycaemic

index of foods might be additional mechanisms that

affect the secretion of several hormones such as

insulin which might affect the satiety rating. However,

it has not been assessed yet.

Our data also indicate that both prescribed diets

improved serum levels of total cholesterol, triglyceride,

systolic and diastolic blood pressure which were

expected based on weight reduction and calorie

restriction. Moreover, serving salad, yogurt and

water before the meal in the preload group contributes

to significant changes in serum concentrations of

LDL-C and FBS compared with those of the control

group. Although HDL-C and diastolic blood pressure

did not show any significant difference between the

two groups, it is not unexpected since these factors are

not affected by dietary factors.

Despite of the similarity in terms of energy

restriction and the content of macronutrients between

two prescribed diets, the intake of energy and

carbohydrate was significantly higher in the control

group. Consequently, the average of changes in

anthropometric measures and biochemical variables

Table IV. Percent changes of cardiovascular risk factors in the

preload group and control group after adjustment for weight loss.1

Variables

Preload group

(n ¼ 29)2

Control group

(n ¼ 31)3 P 4

Weight 27.8 ^ 0.5 24.6 ^ 0.59 0.001

Waist 22.7 ^ 0.2 21.6 ^ 0.1 0.001

Triglyceride 25.7 ^ 1.1 22.2 ^ 0.9 0.02

Adjusted5 24.3 ^ 1.0 22.9 ^ 0.8 0.04

Fasting blood sugar 27.1 ^ 1.9 21.0 ^ 0.2 0.001

Adjusted5 28.0 ^ 2.1 21.3 ^ 0.3 0.01

Total cholesterol 23.1 ^ 0.5 21.2 ^ 0.5 0.02

Adjusted5 22.9 ^ 0.5 21.4 ^ 0.4 0.03

LDL-C 24.03 ^ 0.8 21.06 ^ 0.8 0.01

Adjusted5 24.1 ^ 0.8 21.3 ^ 0.9 0.03

HDL cholesterol 20.02 ^ 1.02 1.3 ^ 1.3 0.4

Systolic blood pressure 24.4 ^ 0.4 22.6 ^ 0.3 0.004

Adjusted5 24.1 ^ 0.3 22.9 ^ 0.4 0.006

Diastolic blood pressure 25.2 ^ 1.1 22.7 ^ 0.8 0.08

1 Values are mean ^ SEM; 2 Subjects in the preload group consumed

salad, yogurt and water before the main meal; 3 Subjects in the

control group consumed salad and yogurt with the main meal;
4 These p-values resulted from t-test; p , 0.05 was considered as

significant; 5 Adjusted for energy intake and weight loss.
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were also significantly greater in the preload

group. The mechanisms underlying these effects

have not been assessed yet. We assumed that greater

weight loss in the preload group might be the main

reason of greater changes. This suggestion is largely

approved by interventional studies (Sartorio et al.

2001; Maffiuletti et al. 2005; Look AHEAD Research

Group (Pi-Sunyer et al.) 2007). However, after

adjusting the effects of weight reduction and energy

intake regarding the effects of preload on CVD risks,

p values attenuated but remained significant. Further

research is required to clarify exact mechanisms

underlying these differences.

An important limitation of this study was that

participants prepared their meals by themselves and

their dietary intakes were not directly supervised.

Although this was not a feeding trial, dietary

adherence seems to be well based on the results of

the analysis of dietary food records. Moreover, we

were not capable to blind dietitians and patients

because of dietary intervention. Another limitation of

this study was the assessment of the compliance to the

consuming and timing of preload at lunch and dinner,

which was done using self-reported data and we do not

have any biochemical markers to assess it directly.

However, several strengths in this study should be

taken into account. The randomized controlled design

has the most significant power. We controlled some

important variables, such as the dietary fibre content

and dairy products, which may affect body weight by

prescribing similar diets which differed only at the time

of serving salad and yogurt. Moreover, this is the first

study that assessed the long-term effects of consuming

various preload on body weight. Until recently, all of

the studies have been limited to the energy intake

within a meal after serving preload and no study

assessed the sustainability of lower total energy intake

over time. In addition, in contrast to earlier studies, in

our study subjects were provided free-living conditions

that let them consume home-prepared foods. In this

study, we also used some household measures to make

an intellectual image of foods for participants which

cause more and easier compliance of prescribed diet.

Conclusion

In conclusion, both prescribed diets due to energy

restriction had beneficial effects in body weight, waist,

triglyceride, total cholesterol and blood pressure, but

these effects were significantly greater in the group who

consumed salad, yogurt and water as preload. These

findings may support the higher satiety rating by

consuming preload. However, this is the first study that

compared the effects of the timing of salad, yogurt and

water on anthropometric and biochemical variables

during a long term, within a low-caloric diet. Further

studies are warranted to validate our findings and clarify

the exact mechanisms that may affect anthropometric

and biochemical variables through consuming preload.
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