
www.ijpm.in 

O
ri

gi
na

l A
rt

ic
le

www.ijpm.ir

447International Journal of Preventive Medicine, Vol 5, No 4, April, 2014
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ABSTRACT

Background: Finding new tolerable methods in weight loss has 
largely been an issue of  interest for specialists. Present study 
compared a novel method of  calorie shifting diet  (CSD) with 
classic calorie restriction  (CR) on weight loss in overweight and 
obese subjects.
Methods: Seventy‑four subjects (body mass index ≥25; 37) were 
randomized to 4 weeks control diet, 6 weeks CSD or CR diets, and 
4  weeks follow‑up period. CSD consisted of  three phases each 
lasts for 2 weeks, 11 days calorie restriction which included four 
meals every day, and 4 h fasting between meals follow with 3 days 
self‑selecting diet. CR subjects receive determined low calorie diet. 
Anthropometric and metabolic measures were assessed at different 
time points in the study.
Results: Four weeks after treatment, significant weight, and fat loss 
started (6.02 and 5.15 kg) and continued for 1 month of  follow‑up 
(5.24 and 4.3  kg), which was correlated to the restricted energy 
intake (P < 0.05). During three CSD phases, resting metabolic rate 
tended to remain unchanged. The decrease in plasma glucose, total 
cholesterol, and triacylglycerol were greater among subjects on the 
CSD diet (P < 0.05). Feeling of  hunger decreased and satisfaction 
increased among those on the CSD diet after 4 weeks (P < 0.05).
Conclusions: The CSD diet was associated with a greater 
improvement in some anthropometric measures, Adherence was 
better among CSD subjects. Longer and larger studies are required 
to determine the long‑term safety and efficacy of  CSD diet.
Keywords: Calorie shifting diet, calorie restriction diet, obesity, 
resting metabolic rate, weight loss

INTRODUCTION
One major medical problem for developed countries is the 

high incidence of  obesity that has grown rapidly during recent 
decades.[1] The current prevalence of  obesity is estimated 
in approximately 400 million people worldwide.[2] Recent 
descriptive studies suggest that Iran has geared in the nutrition and 
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epidemiological transition processes. Therefore, 
while the problems of  undernutrition (e.g., growth 
retardation and micronutrient deficiencies) 
still exist, the burden of  overweight/obesity 
and diet‑related chronic diseases is increasing. 
The prevalence of  overweight (body mass 
index ≥85th reference percentiles) among urban 
15‑39‑ and 40‑69‑year‑old is estimated at about 
22 and 40%, respectively.[3] Some of  major causes 
of  obesity include a low resting metabolic rate, 
environmental factors, family behavior patterns, 
and poorly developed satiety response;[4] while 
for obese individuals, successful weight loss and 
maintenance are often difficult.[5]

Increased daily energy expenditure is composed 
of  three major components: (1) Resting metabolic 
rate (RMR), (2) the thermic effect of  feeding (TEF), 
and (3) the thermic effect of  activity (TEA).[6] RMR 
constitutes 60‑75% of  daily energy expenditure 
and is the energy associated with the maintenance 
of  major body functions.[7,8] In fact the changes in 
body weight are the function of  energy balance; 
meaning that weight gain will happen if  energy 
expenditure is less than intake, and it will be lost 
if  energy expenditure would be more than intake.[9]

The results of  weight loss treatments not only 
help obese subjects to have fit body, but also they 
can decrease obesity related disorders, such as 
type 2 diabetes, hypertension, and cardiovascular 
disease.[10,11] Dietary interventions, especially low 
calorie diets, have been considered as the first line 
treatment for obesity and overweight, which lead 
to decrease energy metabolism through lowering 
resting metabolic rate, reduction of  thermic effect 
of  food and decreasing the energy cost.[12]

However, there are some important limitations 
for calorie restriction diets. The important 
restrictions among them include the modest weight 
loss (often less than 5‑10 kg after 52 weeks), their 
difficulty for obese patients to follow because 
of  limited food intake.[13‑15] Researchers at the 
Pennington Biomedical Research Center in 
Baton Rouge, LA, have shown that when people 
significantly reduce their calorie intake, they 
undergo a metabolic adaptation that results in 
a slower metabolic rate. The slower metabolic 
rate results in a behavioral adaptation in which 
individuals become less physically active.[12] In 
present study, we want to know how calorie intake 
in irregular amounts (different phases of  high 

and low calorie intake) can affect the RMR, body 
weight, and adaptation of  subjects compared to 
constant calorie restriction.

METHODS

Ethics statement
This study was done in accordance to the 

Declaration of  Helsinki, and was approved by the 
ethics committee of  Shahid Beheshty University 
of  Medical Sciences, Tehran, Iran. All participants 
received required information about study and 
after signing written consent, were introduced into 
the study.

Design and participants
The study was conducted on female subjects 

who were selected from two clinics related to 
Weight Loss and Weight Gain Unit, Shohaday 
Tajrish Hospital and Private Clinic in Esfahan 
between April 2010 and September 2012. One 
hundred and six female subjects were screened for 
the study; 32 were excluded at the first step because 
of  being outside of  inclusion criteria, 74 patients 
were randomly allocated to each arm of  study using 
a random numbers table, so that the half  of  the 
patients of  each clinic was assigned and alternate 
diet [Figure 1]. Obese and overweight (BMI ≥ 25), 
nonsmoking adult (age 26‑50 years) subjects were 
entered to the study and required instructions were 

Figure 1: Flow diagram
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CR subjects [Table 1]. In all cases, if  the value of  
calculated calorie was less than 1,100; it rounded as 
1,100; then all subjects received at least 1,100 calorie 
per day during study. All subjects were instructed 
to consume their meals (containing determined 
calorie) in accordance to their group of  study: CR 
subjects were trained to review determined amount 
of  calorie per day and determined percent of  
carbohydrate, protein, or fats. CSD subjects were 
instructed to eat only at four set of  meals per day 
and avoid any other intake at 4 h intervals between 
these meals. The time for each of  these meals was 
optional and they let free to consume in any hour, 
but the time interval between meals should not 
been less than 4 h (e.g., 8‑12‑4‑8). This diet was 
ordered for 11 consecutive days after which 3 days 
of  self‑selecting calorie and diet was started. The 
11‑3 days phases were repeated for three times 
(for 42 days) and finally 1 month follow‑up period 
was started. During follow‑up period, subjects 
received weight maintenance calorie intake in 
accordance to their required energy intake at the 
end of  CSD or CR regimen.

Evaluations and tests
Anthropometric assays

Body weight (electronic weighing scale; Mettler 
Toledo IDL Plus, Eichfahig, Germany), and 
height (Stadiometer; Holtain Ltd., Crymych, UK) 

provided by a registered dietitian. The factors that 
considered as exclusion criteria were included; 
pregnancy, lactating or postmenopausal women, 
diabetes, cardiovascular disease, eating disorders, 
psychological disorders, substance abuse, or 
regularly used medications except contraceptives. 
Subjects who had participated in an exercise class 
or took weight loss program, lipid or glucose 
lowering medications for 3 months before study, 
and whose activity for 3 months prior to the study 
was more than lightly (i.e., >3 h/week of  light 
intensity exercise at 2.5‑4.0 metabolic equivalents 
were also excluded.

Interventions
Selected subjects were randomly entered to 

one of  the groups (CR or CSD) and reached 
determined diet (each group encompassed 
37 subjects). Subjects were asked by food frequency 
questionnaire for 1 month and recall questionnaire 
for last 5 days to give information about their diet 
patterns and routine daily calorie intake during last 
month. The basal calorie intake for every subject 
was calculated as the mean of  calorie intakes per 
day during last month and used as a start point to 
calculate their required calorie in accordance to 
the present study. The required calorie per day was 
calculated by subtracting 45% of  baseline intake 
for CSD group and 55% of  baseline value for 

Table 1: Composition of CSD and CR diets

CSD CR
Base line 11 days diet 3 days diet Follow‑up Baseline Diet Follow‑up

Energy
(kcal/d) 2460±264 1365±214* 1971±224 1611±237* 2432±239 1186±163** 1562±208*

Carbohydrate 55
% 54 55 55 55 53 55 214
(g/d) 332 187 271 221 322 163 859
(cal/day) 1329 751 1084 886 1289 652

Protein
% 17 25 20 20 19 25 20
(g/d) 104 85 98 80 115 74 78
(cal/day) 418 341 394 322 462 279 312

Fat
% 29 20 25 25 28 20 25
(g/d) 79 30 54 44 75 26 43
(cal/day) 713 273 493 403 681 237 391

Data is expressed as the mean of values obtained during specific stage of study. Data about CSD and 3 days intervals 
are the mean of three phases of CSD period. *P<0.05 and ** P<0.01 vs basal level (analyzed by: Two‑way analysis of 
variance (ANOVA and post hoc Tukey’s test). CSD: Calorie shifting diet, CR: Calorie restriction
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were measured and BMI was calculated as weight 
(kg)/height (m2).

Body composition
Body composition was measured after 20 min 

of  rest. Bioelectrical impedance analysis (BIA 
101, Akern Bioresearch, Florence, Italy) was used 
to calculate the fat mass and percentage in each 
subject. A current (800 mA) with 50 kHz frequency 
was applied through two electrodes which had 
been placed on the surface of  the right hand and 
right foot. Guidelines of  National Institutes of  
Health,[16] and method of  Lukaski used to perform 
measurements.[17] Fat free mass (FFM), FM, and 
FM percentage as (FM/body weight) × 100, all 
were calculated.

RMR
RMR measurements were carried out at baseline 

and the end of  each week during diet or follow‑up 
period in both groups. Indirect calorimetry using 
a Deltatrac II Metabolic cart (Datex‑Ohmeda, 
Helsinki, Finland) applied to calculate the value of  
RMR over a 60‑min for each subject. After 20 min 
of  resting in quiet conditions, plastic hood was 
placed over the head of  the subject. Constant air 
flow (40 L/min) generated by the metabolic system 
was conducted via afferent canola to the plastic 
hood. O

2
 and CO

2
 concentrations were measured 

at exhalation stream to calculate consumption of  
O

2
 and production of  CO

2
 by which the RMR was 

determined. Subjects were instructed to remain 
motionless and awake during the test, and RMR 
was calculated by 30 min of  the continuous 
measurement.

Subjects completed a validated visual analog 
scale (VAS) at the baseline and at the end of  each 
week through the study. In summary, the VAS 
consisted of  100 mm lines, and subjects were 
asked to make a vertical mark across the line 
corresponding to their feelings from 0 (not at all) to 
100 (extremely) for hunger, satisfaction with diet, 
or fullness.

Blood glucose and lipid profile assay
Blood samples were collected for the 

measurement of  lipids and glucose. Plasma was 
isolated by centrifugation at 2,000 × g for 10 min at 
5°C and frozen at –20°C. Biochemical analysis was 
performed at the end of  the study for all samples. 
Plasma glucose, total cholesterol, triacylglycerol, 

and high density lipoprotein ( HDL)‑cholesterol 
concentrations were measured with a Cobas 
Bio‑centrifugal‑analyzer (Roche).

Data analysis and statistics
All data were expressed as mean ± standard 

error of  the mean. The main variables tested 
included body weight, body fat, BMI, RMR, 
nutrient intake, hunger, satisfaction, and fullness. 
Two‑way analysis of  variance (ANOVA) and 
then post hoc Tukey’s test was performed to 
assess significance. Between groups comparisons 
were performed by independent sample t‑test for 
each time interval during study. A P ≤ 0.05 was 
considered significant. For each week of  study, 
the results have compared with baseline value. 
Analyses were run with Statistical Packages for 
Social Sciences 14.0 for Windows (SPSS Inc, 
Chicago, IL).

RESULTS
Seventy‑four subjects (BMI ≥ 25; 37) were 

randomized to 4 weeks control diet, 6 weeks CSD 
or CR diets, and 4 weeks follow‑up period. Subjects 
who completed the study were middle aged 
(37.1 ± 5.73 and 35.23 ± 4.84 years, 29‑54 years), 
obese (BMI = 33.53 ± 0.86 and 33.30 ± 0.8 kg/m2, 
30 ‑ 39.9 kg/m2) in groups with calorie shifting diet 
and calorie restricted diet, respectively. All subjects 
had sedentary life style [Table 2]. Fourteen subjects 
from CR group and six subjects from CSD.

The effects of two different diets on weight, 
fat mass and BMI
Weight loss

The mean value of  basal weight was 93.51 ± 2.01 
and 95.11 ± 1.73 kg for CSD and CR groups, 
respectively. At day 28 total weight loss of  3.66 kg 
was attained by CSD regimen (−3.91 ± 1.03%; 
P < 0.05) with reached to 6.28 kg at day 
42 (−6.72 ± 1.36%; P < 0.01) and remained 
significant to the end of  follow‑up period (−5.41 kg, 
P < 0.01). CR led to significant weight loss from day 
39 (−4.21 kg, 4.43 ± 1.28%; P < 0.05) that reached 
to −5.39 kg at day 42 (P < 0.01), and −3.21 kg at 
the end of  follow‑up period (P = 0.056). There 
was no significant difference in weight loss percent 
between groups CSD and CR during regimen days; 
however, at day 70 in which the study was finished, 
weight loss percent in group CSD was more than 
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CR (5.79 ± 1.17 and 3.38 ± 1.4%, respectively; 
P < 0.05).
Body fat

The significant decrease in body FM has been 
seen after day 39 (−4.7 and −3.44 kg in CSD and 
CR groups, respectively; P < 0.05) and reached 
to −4.91 and −4.06 at day 42 (P < 0.05), respectively. 
At the end of  follow‑up period reduction in body, 
FM was significant in CSD group (−4.78, P < 0.05) 
but not in CR subjects (−1.98, P = 0.08). Percent 
of  fat loss increased significantly from day 11 at 
both groups (P < 0.05) and remained significant 
to the end of  study (P < 0.01). Between group, 
comparisons did not show significant difference in 
fat loss percent at all stages except the follow‑up 
period in which CSD had more potent effect than 
CR (−17.21 ± 3.72 vs −7.03 ± 2.14, P < 0.01).
BMI

Although BMI decreased in both groups during 
the study, the significant decrease has been initiated 
from day 39 study (−2.18 in CSD and −1.48 in CR 
groups, P < 0.05), which remained significant to 

the end of  study in CSD group and to day 42, but 
not in follow‑up period, in CR subjects [Table 2]. 
There was no significant difference in BMI of  two 
groups all over the study.
Energy intake

Energy intake and energy restriction at 
baseline were determined from food record data 
in accordance to the FFQ, intake patterns of  each 
subjects during the past month before the study, 
and recalled diet for 5 days before study. There was 
no difference in baseline energy intakes of  CSD 
and CR subjects (2,460 ± 264 and 2,432 ± 239, 
respectively) [Table 1]. During study and at 
follow‑up period, energy intake was determined 
by estimating energy expenditure per day for 
each subject at sedentary life style and subtracting 
desired calorie from her intake in accordance to 
the group. In CSD subjects for 11 days of  energy 
restriction, calorie intake reduced 44% (P < 0.01) 
and for CR group it was deceased 51% (P < 0.01). 
The details for components of  diet in each stage of  
study were mentioned in Table 1.

Table 2: Physical properties and weight loss during different stages of study at two groups

Baseline 
Day 0

Diet Follow‑up 
Day 70Day 11 Day 14 Day 25 Day 28 Day 39 Day 42

CSD
Age (year) 37.1±5.73
Height (cm) 167.85±12.9
Weight (kg) 93.51±2.01 93.23±2.21 93.21±2.11 91.07±1.22 89.85±1.51* 87.42±2.09** 87.23±2.14** 88.1±2.45*
Weight loss (%) 0.30±0.25% 0.32±0.28 2.61±0.73* 3.91±1.03* 6.51±1.12** 6.72±1.36** 5.79±1.17**†

Body total 
fat (kg)

37.78±2.14 36.99±2.31 36.95±2.03 35.11±2.16 34.91±2.24 33.08±2.27* 32.87±2.18** 33±2.12*

Fat loss (%) 2.09±0.97* 2.19±1.08* 7.06±1.49** 7.59±2.56** 12.44±3.16** 12.99±3.49** 12.69±3.72**††

BMI (kg/m2) 33.53±0.86 33.43±0.92 33.42±0.97 32.65±0.91 32.22±0.84 31.35±0.73* 31.28±0.82* 31.59±0.75*
CR
Age (year) 35.23±4.84
Height (cm) 168.21±14.52
Weight (kg) 95.11±1.73 94.61±2.84 94.67±1.94 93.05±2.21 92.76±2.36 90.9±2.21* 89.72±2.52** 91.9±2.4
Weight loss (%) 0.53±0.3 0.46±0.39 2.17±0.63* 2.47±1.73 4.43±1.28* 5.49±1.52* 3.38±1.4
Body total 
fat (kg)

38.18±2.55 37.89±2.72 37.81±2.6 36.56±2.15 35.59±2.2 34.74±1.18* 34.12±1.36* 36.2±2.08

Fat loss (%) 0.7±0.31 0.96±0.54* 6.24±2.36** 6.78±3.56** 9.00±3.37** 10.63±3.9** 5.18±2.14**
BMI (kg/m2) 33.30±0.8 33.13±0.75 33.15±0.61 32.58±0.85 32.48±1.03 31.83±0.94* 31.47±0.86* 32.18±0.63

All data expressed as mean±standard error of the mean. Data for basal value calculated from food frequency questionnaire for 
1 month prior and recall questionnaire. Specific diet for each group was carried out for 42 days of 6 weeks and measurements 
were done at days that have been mentioned in table. Mean values of follow‑up period were calculated from data which was 
collected during 4 weeks of maintenance diet. The percent of weight loss and fat loss calculated from the amount of loss 
regarded to the baseline value. *P<0.05 and **P<0.01 vs baseline value (two‑way analysis of variance (ANOVA) with post 
hoc Tukey’s test). †P<0.05 and ††P<0.01 show the significance between groups at specific time point of study (independent 
sample’s t test). CSD: Calorie shifting diet, CR: Calorie restriction, BMI: Body mass index
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in CR group RMR decreased significantly after 
week 3 (1,459 ± 18, P < 0.05), reached to its lowest 
levels at week 6 (1,397 ± 16, P < 0.01), and then 
started to increase in follow‑up period, but yet was 
significantly lower than baseline value to the end 
of  study (P < 0.05 at weeks 8‑10). At baseline and 
in first 5 weeks of  study, there was no significant 
differences in amount of  RMR between CR 
and CSD groups; however, RMR of  CSD group 
remained in significantly higher levels than CR 
subjects for the rest of  study (P < 0.05) except 
week 8 (P = 0.06) [Figure 2].

Changes in biochemical factors in response to 
CSD

Table 3 summarizes the values for fasting 
plasma glucose, total‑cholesterol, HDL‑cholesterol, 
and triacylglycerol concentrations in CSD and CR 
groups. These evaluations showed that CSD or 
CR regimens after 39 days significantly decreased 
plasma glucose, total‑cholesterol, and triacylglycerol 
levels (P < 0.05 vs baseline values). Similar decrease 
was seen after 3 days of  self‑selecting diet at day 
42 (P < 0.05). After 4 weeks of  maintenance regimen 
during follow‑up period, the levels of  plasma glucose 
and total‑cholesterol remained at significantly low 
levels compared to baseline value (P < 0.05), while 
triacylglycerol levels returned to levels near the 
baseline values in CSD and CR groups (P = 0.1), 
but the difference remains significant in CSD 
group (P < 0.05 vs baseline values). There was 
no significant difference in levels of  plasma 
HDL‑cholesterol between different stages of  study 
[Table 3].

Figure 2: Changes in resting metabolic rate due to calorie 
shifting diet and calorie restriction regimen. In CR group, 
RMR decreased significantly after week 3 and it was lower 
than baseline value to the end of study. RMR of CSD group 
remained in significantly higher levels than CR subjects in 6, 
7, 9, and 10 weeks. *P < 0.05, CR vs baseline and †P < 0.05, 
CR vs CSD (two‑way analysis of variance (ANOVA) with 
post hoc Tukey’s test)

Changes in RMR followed by CSD or CR 
regimens

Baseline RMR was 1479 ± 21 and 
1506 ± 22 kcal/day for CSD and CR groups 
[Figure 2]. In CSD treated subjects, RMR tended 
to decrease during each 11 days of  energy 
restriction and then increased by 3 days of  
self‑selecting diet. As shown in Figure 2, although 
RMR showed different changes in CSD subjects 
during study; however, the rate of  decrease was 
low and not significant even at weeks 5 and 6 
(1,437 ± 23 and 1,442 ± 15), respectively. While 

Table 3: Biochemical factors before and after treatment in plasma

Baseline day 0 CSD day 39 Day 42 Follow‑up day 70
CR (mmol/L)

Glucose 6.01±0.33 4.35±0.29* 4.63±0.30* 4.77±0.32*
Total cholesterol 5.52±0.39 5.01±0.41* 4.65±0.41* 4.75±0.33*
HDL‑cholesterol 0.89±0.12 0.91±0.14 0.98±0.14 1.03±0.19
Triacylglycerol 2.52±0.33 1.47±0.42* 1.67±0.31* 2.41±0.44

CSD (mmol/L)
Glucose 5.88±0.33 4.01±0.37* 4.16±0.39* 4.03±0.32*
Total cholesterol 5.38±0.38 4. 80±0.31* 4.50±0.30* 4.46±0.32*
HDL‑cholesterol 0.86±0.11 0.91±0.14 0.97±0.16 1.02±0.22
Triacylglycerol 2.57±0.29 1.79±0.31* 1.60±0.28* 1.83±0.34*

*Data were expressed as mean±standard error of the mean (SEM). *P<0.05 vs baseline value (two‑way analysis of 
variance (ANOVA) with post hoc Tukey’s test). CSD: Calorie shifting diet, CR: Calorie restriction, HDL: High density 
lipoprotein
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VAS evaluations of the effects of CSD on 
subjects hunger, satisfaction, and fullness

The effects of  each regimen on subjects feeling 
of  hunger, satisfaction, and fullness were evaluated 
every day during the diet and at follow‑up period. 
The mean value for each week was calculated 
and showed in Figures 3‑5. The baseline value for 
each of  VAS variables was not significant between 
groups. There was no significant difference 
between groups in all VAS variables during study. 
The mean value of  hunger feeling nonsignificantly 
increased during first 2 weeks at both groups, but it 
decreased during rest weeks of  diet and remained 
unchanged at follow‑up period [Figure 3]. 
However, in comparison with first 2 weeks of  
each diet, the feeling of  hunger was significantly 
less at weeks 3 and 4 in both groups (P < 0.05) 
and weeks 5 and 6 in CSD subjects (P < 0.05). 
At both groups, subjects’ satisfaction increased 
during study and reached significant point in week 
4 in CSD group and week 5 in CR group which 
remained significant to the rest of  study, except 
week 5 in CSD subjects [Figure 4]. During study in 
CSD and CR groups, fullness remained unchanged 
compared to baseline value [Figure 5].

DISCUSSION
In the present study, we applied the new method 

of  calorie restriction (CSD) to weight loss and 
compared its efficacy with routine format of  CR. 

Figure 3: The visual analogue scale (VAS) for hunger 
during each stage of study at CSD and CR regimen. The 
graph shows the mean values which was obtained at the end 
of each week of study. From week 0 to 6 belongs to the 
CSD and from week 7 to 10 belongs to follow‑up periods. 
*P < 0.05 (two‑way ANOVA with post hoc Tukey’s test)

The main theory of  CSD is to change intake from 
high to low calories (e.g., to 11 days) to decrease 
weight, and then change it from low to high 
calories (e.g., to 3 consecutive days) to keep the 
RMR at higher levels. In spite of  different shifts in 
RMR through the study in CSD group, it remained 
approximately unchanged without significant 
difference between different time points of  study, 
however in CR group a continuous and significant 
decrease in RMR was observed. The effect of  CSD 
on RMR was reflected in sustained weight and fat 
loss and BMI reduction over the follow‑up period, 
something which was not seen in CR treated 
subjects. Four weeks of  CSD caused weight loss 
in obese subjects by limiting the energy intake to 
1,365 calorie per day. CSD helped them approach 
a significant energy restriction (44.5%) and weight 
loss (5.4 kg in 6 weeks) with increased satisfaction 
rate in subjects during study [Figures 2‑4].

The routine calorie restriction regimens always 
induce a quick weight loss at beginning and 
reach the maximum effect after 6 months, from 
which moreover weight loss or establishing the 
current weight is difficult[18,19] and approximately, 
30‑35% of  lost weight is regained during the 1st 
year after treatment.[20] Calorie restriction diet 
in present study was successful in weight and fat 
decrease after 6 weeks of  treatment; however, the 
weight regained after 4 weeks of  follow‑up period 
(−2.18 kg compared to week 6 of  CR). Weight 
maintenance after weight loss is always a difficult 

Figure 4: The VAS for satisfaction during each stage of 
study at CSD and CR regimen. The graph shows the mean 
values which was obtained at the end of each week of study. 
*P < 0.05 vs baseline value (two‑way ANOVA with post hoc 
Tukey’s test)
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stage for obese subjects and clinicians to cope with 
and requires new strategies.

Alternate day modified fasting diet was one of  
these ways, in which all subjects had to consume 
25% of  their baseline energy needs on the fast day 
(24 h), and then they were let to eat freely on the 
next day.[21] Weight loss (5.6 kg) was resulted from 
4 weeks of  alternate day modified fasting; and 
adherence to the alternate day fasting protocol was 
similar between the controlled food intake phase 
and the self‑selected food intake phase. CSD is 
similar to the alternate day modified fasting diet 
in applying the courses of  high and low calorie 
intake, but the advantage of  CSD to alternate day 
modified fasting is that subjects were not required 
to endure intervals of  fasting days.

Calorie restriction diets decreased energy 
intake (44.5% in CSD subjects and 51.2% in CR 
group) which tended to decrease RMR at both 
groups. However, the 3 days interval of  higher 
calorie intake in CSD group reversed the effect 
of  energy restriction on RMR reduction (weeks 
4 and 6) [Figure 1]. While the trend of  reduction 
in RMR of  CR treated subjects increased to week 
6 (P < 0.01). The effect of  energy restriction on 
RMR reduction has been demonstrated in previous 
studies, which showed that slight or moderate 
energy restriction for 4 days could decrease basal 
metabolic rate.[22] From week 6 of  study (beginning 
of  follow‑up), RMR tended to increase, but the 
higher RMR of  CSD compared to CR group 

existed through the follow‑up period in which 
there was no significant difference in energy intake 
of  two groups [Table 1 and Figure 2]. Weight 
regain during 4 weeks of  follow‑up period for CSD 
subjects (+0.87 kg) was significantly less than CR 
group (+2.18 kg), which suggested the key role of  
RMR in maintenance of  weight during follow‑up 
period.

Total cholesterol concentrations decreased by 
17.39% after 6 weeks of  CSD diet and 16.86% 
after follow‑up period with self‑selected diet. 
Triacylglycerol concentration was also decreased by 
32.44% after 42 days of  CSD regimen and 20.22% 
at the end of  follow‑up period [Table 3]. These 
modulations in total‑cholesterol and triacylglycerol 
concentrations have been shown previously in 
a study by Johnson et al., in which they studied 
the effects of  alternate day calorie restriction on 
clinical findings in overweight adults.[23] Weight 
loss due to CSD regimen after 6 weeks were 
correlated to decreased levels of  serum cholesterol 
and triacylglycerol which suggested that the degree 
of  weight loss achieved by this CSD regimen 
may have contributed to the extent to which 
these plasma lipids were altered.[24] Although the 
mean level of  HDL‑cholesterol concentrations 
increased after 6 weeks of  CSD regimen, however 
the difference was not significant. This result is 
in accordance with the findings from the calorie 
restriction trials which had no effect on HDL 
cholesterol concentrations after short durations of  
treatment.[25]

The subjects of  two groups showed similar 
responses to VAS questions by decreased hunger 
and increased satisfaction during study [Figures 3 
and 4]. Although the feeling of  hunger increased at 
first 2 weeks of  treatment with CSD regimen like 
the CR group, but it tended to decrease through 
the study and showed that subjects could habituate 
within short time of  treatment. Concomitant 
decrease of  hunger and increase of  satisfaction 
with diet within the short period of  study (6 weeks) 
suggested that treatment was well‑tolerated and 
obese subjects could effectively follow such diet for 
longer periods.[26‑28]

The percent of  subjects who discontinued the 
study was high in CR group (36.8%) compared 
to CSD group (15.7%) that confirmed the 
tolerability of  treatment and adherence of  subjects 
to shifting diet. It might be resulted from the 

Figure 5: The VAS for fullness during each stage of study at 
CSD and CR regimen. The graph shows the mean of values 
which obtained at the end of each week of study. Fullness 
remained unchanged compared to baseline value (two‑way 
ANOVA with post hoc Tukey’s test)
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slight reduction in calorie intake of  CSD subjects 
(1,365 kcal/day) instead of  low calorie intake in 
CR subjects (1186 kcal/day). However, the results 
obtained from each of  treatments might also be 
another factor to continue or reject it. The certain 
results about the adherence of  subjects to each 
treatment may require another study with large 
number of  patients and monitoring for long time 
period.

CONCLUSIONS
All features of  CSD on decreasing weight and 

FM during treatment were similar to the effects 
of  CR, except RMR which remained unchanged 
during study in CSD subjects. The effect of  CSD 
on weight loss was more persistent than CR diet, 
while both group had a 1 month follow‑up period 
with approximately same amounts of  calorie 
intake. Further analysis suggested the involvement 
of  reduced RMR in weight regain of  CR subjects 
during follow‑up period, which remained in levels 
near to the baseline for CSD subjects. Finally, 
increased satisfaction and low percent of  subjects 
who rejected the study, demonstrated CSD’s 
clinical potentials.
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