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Comparison of low calorie high protein 
and low calorie standard protein diet on waist 
circumference of adults with visceral obesity 
and weight cycling
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Abstract 

Objectives:  Many individuals with visceral obesity who previously had succeeded in reducing body weight regain 
and this loss–gain cycle repeats several times which is called as weight cycling. We aimed to evaluate the effect of 
a low calorie high protein diet (HP) compared to a low calorie standard protein diet (SP) on waist circumference of 
visceral obese adults with history of weight cycling.

Results:  In this open-randomized clinical trial, participants were asked to follow dietary plan with reduction in daily 
caloric intake ranging from 500 to 1000 kcal from usual daily amount with minimum daily amount of 1000 kcal for 
8 weeks and were divided in two groups: HP group with protein as 22–30% total calorie intake; and SP group with 
protein as 12–20% total calorie intake. There was a statistically significant difference (P < 0.001) between waist circum-
ference before and after the dietary intervention among both groups. Meanwhile, there was no statistically significant 
difference in the mean reduction of waist circumference between HP and SP groups (P = 0.073). Taken together, the 
protein proportion does not significantly affected waist circumference.
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Keywords:  Visceral obesity, Weight cycling, Waist circumference, Low-calorie diet, High-protein diet

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Introduction
Obesity has become one of world’s biggest health prob-
lem. There were 1.9 billion (39%) overweight adults and 
600 million (13%) adults with obesity in 2014 [1]. In Indo-
nesia, the prevalence of overweight adult was 13.5% of 
the general population and the prevalence of obese adults 
were 15.4% of the general population [2].

Repeated cycles of body weight loss followed by sub-
sequent weight gain are termed as weight cycling. Obese 
individuals with weight cycling history have higher risk 
of developing chronic disease due to increased fat mass 
in every cycle and a tendency to become central obesity 

[3, 4]. The excess of fat in visceral adipose tissue is known 
as visceral or abdominal obesity [5]. Individuals with 
excess visceral fat have a greater risk of developing insu-
lin resistance, metabolic syndrome, arterial hypertension 
and cardiovascular diseases than individuals with excess 
subcutaneous fat [6, 7]. Visceral obesity is also associ-
ated with a longer hospital stay, increased infectious and 
non-infectious complications, and increased mortality in 
hospital [8]. Individuals with visceral obesity also have 
increased predisposition to cancers of colon [9], breast 
[10], and prostate [11].

A study in Europe showed that dietary programs with 
low glycemic index and low energy density may prevent 
visceral adiposity [12]. Another study in the United States 
showed the role of protein intake in weight loss program 
in which higher protein was associated with lower BMI, 
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lower waist circumferences, and higher high-density 
lipoprotein (HDL) cholesterol [13].

Anthropometric measurement such as BMI is com-
monly used to determine obesity [14]. However, BMI 
alone has a low sensitivity to measure adiposity. Waist 
circumference, alone or in combination with BMI, has 
shown to be an accurate predictor of visceral fat [15]. To 
determine cut-offs of waist circumference, it is impor-
tant to consider gender and races. Men store 20–30% of 
their body fat in visceral fat irrespective of obesity status 
[16], while women do not accumulate significant vis-
ceral fat until they reach moderate level of obesity [17]. 
As for races, evidence suggests that the cut-offs of waist 
circumference for Asian is 90 cm for men and 80 cm for 
women [18]. However, the implication of protein propor-
tion in the waist circumference remains to be elucidated. 
The objective of this study is to evaluate the effect of a 
low calorie high protein diet compared to a low calorie 
standard protein diet on waist circumference in adults 
with visceral obesity.

Main text
Methods
This open-randomized clinical trial evaluates the effect of 
a low calorie high protein diet compared to a low calo-
rie standard protein diet on anthropometric measure-
ment. The subjects were obese Jakarta Governmental 
Employee who suffers weight cycling and has a complete 
recorded health data in the Department of Nutrition 
Faculty of Medicine Universitas Indonesia. These sub-
jects were recruited by a consecutive sampling and were 
randomized to be enrolled in one of the two interven-
tion groups. There are two intervention groups: the high 
protein (HP) group, and; standard protein (SP) group. 
To determine which group the participants are in, ran-
dom number generation method was used to determine 
which number represented HP or SP group. Each partici-
pant took a numbered envelope filled with a group name 
which would determine the group they belong to. The 
study has been registered in clinicaltrials.gov with regis-
tration ID NCT03374150 and has been approved by the 
Ethical Committee of the Faculty of Medicine Universitas 
Indonesia (No. 237/UN2.F1/ETIK/2017).

The inclusion criteria for the participants were men or 
women aged more than 20  years old with BMI ranging 
from 25 to 35 kg/m2, with a history of weight cycling and 
signed the informed consent to participate. The exclu-
sion criteria were diabetes mellitus, a history of gastro-
intestinal tract resection, hormonal disorders such as 
abnormal thyroid function, hormonal contraception user, 
menopause, and abnormal kidney function. In this study, 
weight cycling is defined as a history of weight loss ≥ 2 kg 
and regaining weight or exceeding its initial body weight 

at least twice in the last 5  years. The history of weight 
cycling firstly was obtained from self-reports, which later 
would be confirmed by nutritionists.

Two weeks before dietary intervention, participants 
were interviewed for 24-h food recall to determine base-
line calorie intake based on food photo books issued by 
Individual Food Consumption Survey Team (Tim Survey 
Konsumsi Makanan Individu), the Ministry of Health, 
Indonesia. In addition, anthropometric measurement 
and 1.5 ml vein blood after 8 h of fasting were also taken. 
Waist circumference measurements were performed by 
two trained enumerators under direct supervision by the 
investigator. Based on the calorie intake from 24-h food 
recall, participants underwent reduction in the amount 
of daily calorie intake ranging from 500 to 1000 kcal from 
their usual daily intake with the lowest possible amount 
of daily caloric intake was set at 1000  kcal. Nutritional 
consultation regarding diet plan and were given about 
appropriate type and amount of food and the suitable 
cooking methods. Participants were advised to follow the 
dietary plan without any change in their daily physical 
activities.

Participants in HP group were given macronutrient 
source with a composition of 22–30% protein, 50–55% 
carbohydrate and 20–25% fat, while participants in SP 
group were given macronutrient source with a compo-
sition of 12–20% protein, 55–60% carbohydrates and 
20–30% fats. The diet program was conducted in 8 weeks, 
and each participant is given a log-book to be filled with 
the food they have eaten in a day. Follow-ups were done 
by daily phone calls and weekly counselling to ensure 
participants’ adherence. After the dietary program has 
been completed, anthropometric measurements, includ-
ing waist circumference, were conducted to evaluate the 
difference prior and after intervention.

Statistical analysis was performed using software SPSS 
version 20 (IBM Corporation, Chicago, IL, USA). After 
analyzing the distribution of the data, the mean differ-
ence of waist circumference before and after treatment 
was analyzed with paired t-test. Meanwhile, the mean 
difference of waist circumference reduction between HP 
and SP group was analyzed with independent t-test. P 
value < 0.05 is considered to be significant.

Results
Initially, there were 61 subjects who were randomized to 
the two arms and received interventions, 30 in SP group 
and 31 participants in HP group, yet only 54 of them 
completed the 8-weeks of diet program. Furthermore, 
4 subjects from HP group and 2 from SP group did not 
attend the measurement session after they had com-
pleted the program. Therefore, there were only 23 and 
25 subjects from HP and SP group, respectively, in which 
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the waist circumference data were available and were 
analysed. Characteristics of participants prior to dietary 
intervention are provided in Table  1, while the dietary 
profile of participants during the course of treatment is 
shown in Additional file  1: Table  S1. During the treat-
ment, some participants experienced lethargy and nau-
sea, but there were no significant adverse events.

Table 2 shows mean difference of waist circumference 
prior and after the treatment. Paired t-test resulted in 
P-value < 0.001, which shows there is a statistically sig-
nificant difference in the mean of waist circumference 
before and after the treatment. When separated by gen-
der, reduction of waist circumference after the treatment 
is also seen.

We further analyzed if there is a significant difference 
in waist circumference reduction between participants 

in HP and SP group. Independent t-test resulted in P 
value = 0.073 which shows that there is no statistically 
significant difference in waist circumference reduction 
between the two groups, although there was a tendency 
that there is more reduction in waist circumference with 
low-calorie standard protein diet (Table 3).

Discussion
Eight weeks of low-calorie diet intervention resulted in 
waist circumference reduction. This finding shows that 
the dietary intervention could reduce visceral fat and may 
be used in the treatment or prevention of visceral obesity. 
However, protein composition in the diet plan does not 
have significant effect in waist circumference reduction. 
This finding further proposes that calorie restriction is 
the determining factor in waist circumference reduction 
rather than the protein composition in the diet. Mean-
while, a slightly lower reduction of waist circumference 
in HP group compared to SP group, might be caused by 
the slightly higher mean daily calorie intake in HP group.

Dietary plans with low energy density (ED) have been 
found to reduce visceral adiposity [3]. Coherent with our 
study, past studies have also found that reduced-calorie 
diet results in significant weight loss [19] and visceral 
fat loss [20], regardless of the macronutrients-carbo-
hydrates, fats, or protein-composition. Another study 
done in type 2 diabetes mellitus patients also shows that 
energy-restricted diet resulted in significant weight loss, 
but there is no significant enhancement of weight loss 
in energy-restricted diet with either low or high protein 
composition [21].

However, this finding differs in daily dietary plan with 
no caloric restriction. Consumption of high protein 
diets in daily dietary plan may have several benefits. In 
non-calorie-restricted diets, higher-protein intake is 
associated with lower BMI and waist circumference 

Table 1  The characteristics of  subjects at  prior to  dietary 
intervention

* Significant value was set at P < 0.05
m  Mann–Whitney U test
f  Fisher’s Exact Test
t  Independent samples t-test

Variable High protein (n: 23) Standard 
protein (n: 
25)

P-value*

Age (year) 36.09 ± 9.13 31 (20–47) 0.04m

Gender (%)

 Male 4 (17%) 3 (12%) 0.69f

 Female 19 (83%) 22 (88%)

 Body mass index (kg/
m2)

29.75 ± 3.51 29.74 ± 2.62 0.99t

 Waist circumference 
(cm)

96.00 ± 9.54 96.24 ± 6.92 0.93t

Number of weight cycling history (%)

 2–3 times 20 (87%) 18 (72%) 0.29f

 4–5 times 3 (13%) 7 (28%)

Table 2  Waist circumference before  and  after completing 
the dietary intervention

* Significant value was set at P < 0.05
LR  Linear regression
m  Mann–Whitney U test

Variable Mean of waist circumference 
(cm)

P-value*

Before 
intervention

After 
intervention

Female participants 
(N:41)

95.19 ±8.21 89.42 ±8.82 < 0.001LR

Male participants (N:7) 100 (97–114) 94.03 ±6.49 < 0.001LR

Total participants (N:48) 96.13 ± 8.19 90.09 ± 8.62 < 0.001LR

Table 3  Reduction of  waist circumference in  high-protein 
and standard-protein low calorie-diet groups

* Significant value was set at P < 0.05
LR  Linear regression
p  Paired samples t-test

Variable Waist circumference (cm) P-value*

HP group (N: 23) SP group (N: 25)

Before intervention 96.01 ± 9.54 96.24 ± 6.92 0.925LR

After intervention 90.79 ± 9.78 89.45 ± 7.55 0.596LR

Pre- and post-interven-
tion mean difference 
significance

P < 0.001p P < 0.001p

Waist circumference 
reduction (cm)

5.22 ± 3.29 6.78 ± 2.50 0.069LR
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[4]. High protein diets with protein intake 1.2–1.6  g/kg 
body weight/day with 26–30 g protein/meal also provide 
improvements in appetite and cardiovascular and meta-
bolic features [22].

The presence of weight cycling history in both groups 
probably can be the cause of indifferent outcome among 
them. HP diet is said to reduce fat mass since it stimu-
late satiety. Weight cycling bearers tend to lack of control 
in hunger-satiety and tend to be binge eaters [23]. This 
may be correlated with the activity of adipocytes respon-
sible for leptin generation which influence hunger-satiety, 
although further studies are needed in this field [24].

Conclusively, differences in protein proportion does 
not significantly affected waist circumference in adults 
with visceral obesity, regardless of the protein composi-
tion in the dietary plan. Future study is needed to reveal 
the best proportion between carbohydrate, fat and pro-
tein in order to obtain sufficient reduction in waist cir-
cumference. Therefore, calorie restricted diet could be 
suggested in the treatment of visceral obesity. Protein 
and other macronutrients composition could be adjusted 
on patient’s individual needs or habit.

Limitations
The limitation of this study is the low compliance of its 
participants. Potential selection bias may occur because 
a significant amount of participants missing during the 
primary outcomes measurement. Moreover, there is 
also potential recall bias because some participants did 
not fill their log-book everyday. The participants of this 
study were predominantly female with moderate-to-high 
socioeconomic status, which may have better diet per-
formance than the general population. Other limitation 
is the nature of open-randomized clinical trial in which 
researcher and subjects knew the intervention.

Additional file

Additional file 1: Table S1. The dietary profile of the subjects during the 
course of the treatment. Comparison of mean daily caloric intake, mean 
protein proportion of total daily caloric intake, mean carbohydrate propor-
tion of total daily caloric intake, mean fat proportion of total daily caloric 
intake and number of days with diet programme compliance in the high 
protein (HP) group and in the standard protein (SP) group.
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