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Abstract
Background Fasting-mimicking diet (FMD) has been recently promoted to achieve similar metabolic changes of fasting. The
purpose of our study was to compare the effect of FMD versus continuous energy restriction (CER) on anthropometric mea-
surements, body composition, glucose metabolism, and serum levels of leptin, neuropeptide Y (NPY), and total ghrelin.
Methods A randomized controlled trial (RCT) was conducted on 60 women with obesity aged 18–55 years. Subjects received
either a 5-day FMD (low in energy, sugars, and proteins, but high in unsaturated fats) or a CER (an average daily energy deficit of
500 kcal) for 2 months. Anthropometric and biochemical factors weremeasured at baseline and the end of the study. Serum levels
of leptin, total ghrelin, and NPY were tested with an ELISA kit. Physical activity and dietary intakes were also recorded.
Results There was no significant difference in weight loss between the two groups: mean weight change for CER was − 2.29
(standard deviation [SD], 1.95) kg compared to − 1.13 (2.27) kg for FMD (p = 0.06). There was more reduction in the basal
metabolic rate (BMR) in the CER group (p = 0.045). Favorable effects on fat mass and muscle mass were only seen in the FMD
group. Although insulin resistance was reduced in the FMD group compared to the CER group, results were not significant after
adjustment. After controlling for potential confounders, there was a significant increase in serum levels of total ghrelin (p =
0.048) and NPY (p = 0.041) following CER; however, results for circulating leptin were not statistically significant (p = 0.48).
Conclusions There was no significant difference in weight loss following FMD and CER. However, FMD was more effective at
reducing insulin resistance and regulating appetite-regulating hormones as well as preserving muscle mass and BMR.
Trial Registration This trial was registered at the Iranian Clinical Trial Registry (https://www.irct.ir/trial/40881) with the IRCT
identification number IRCT20190717044244N1.
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Introduction

Obesity is a growing public health problem that leads to long-
term health consequences, including cardiovascular disease,

type 2 diabetes mellitus, musculoskeletal disorders, and sev-
eral types of cancer [1–3]. The obesity epidemic has been
spreading globally and has reached pandemic status [4]. In
2015, obesity affected 603 million adults and 107 million
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children worldwide [5]. The treatment modality for obe-
sity is considered to be effective when obesity comorbid-
ities and related costs are reduced [6]. Most guidelines for
the treatment of obesity recommend a continuous moder-
ate energy restriction (i.e., 20–30% of energy needs).
Energy restriction has been reported to decrease serum
concentrations of anorectic gut hormones and increase
orexigenic gut hormones [7, 8]. Several issues, however,
including poor compliance, weight regain, loss of muscle
mass, and increased appetite, limit the potential benefits
of such weight loss diets [9–11]. In recent years, several
variations of intermittent fasting have been used as an
alternative strategy for weight management [12]. In these
dietary strategies, individuals may not need to restrict en-
ergy intake every day, instead using intermittent energy
restriction in which energy intake is completely (100%) or
partially (≥ 70%) restricted with fasting intervals ranging
between 20 and 36 h [13–15].

Almost all trials with intermittent fasting resulted in
some degree of weight loss, ranging from 2.5 to 9.9%,
and fat mass loss [16–18]. However, inconsistent findings
have been reported for glucose metabolism, insulin sensi-
tivity, and hypothalamic control of appetite [19–21].
Water-only fasting for 24–72 h may be difficult to adhere
to for the great majority of the population and can lead to
adverse effects such as vomiting, nausea, and exacerba-
tion of previous malnutrition, particularly in elderly sub-
jects [22]. Thus, a modified form of fasting, the fasting-
mimicking diet (FMD), has been recently developed in
which a low intake of energy, protein, and sugar is
attained to produce metabolic changes similar to fasting
while minimizing the harmful effects of a complete lack
of food intake. Mice fed 2 cycles of 4-day FMD, twice a
month, and an ad lib diet in the period between FMD
cycles experienced an improvement in metabolic changes
and body composition [22]. FMD was reported to be safe
and feasible when administered for 5 days in 3 monthly
cycles in 19 generally healthy adults [22]. In a recent trial
with healthy individuals, a 5-day FMD in 3 cycles result-
ed in moderate weight loss and reduction in total body fat
and trunk fat compared to adherence to a normal diet for
3 months [23].

Although earlier reports have shown beneficial effects
of FMD on body composition, it has not yet been deter-
mined if it is effective on hormonal regulation of energy
balance. We hypothesized that a 5-day FMD in 2 monthly
cycles and a moderate daily energy restriction may have
comparable effects on body composition and appetite-
regulating hormones. Therefore, this study aimed to de-
termine changes in body weight, waist circumference,
body composition, glucose metabolism, and serum levels
of leptin, neuropeptide-Y, and total ghrelin in comparing
FMD and CER.

Materials and Methods

Participants

The study was performed fromAugust 24, 2019, andMarch 5,
2020. Participants were recruited via flyers posted around a
university as well as advertisements via SMS. Participants
were selected using a questionnaire that contained information
on body mass index (BMI), demographic factors, and medical
history. Inclusion criteria included metabolically healthy
women between 18 and 55 years of age with BMIs ranging
from 30 to 35 (ratio of height and weight, expressed as kg/m2).
Participants who had hyperandrogenism, polycystic ovary
syndrome, heart diseases, or considerable food allergy, or
demonstrated features of any kind of metabolic disorder that
could affect gluconeogenesis, were not included in the study.
We also excluded those who used cigarettes or any other to-
bacco products or had lost or gained more than 3 kg in weight
during the last 3 months.We did not include womenwhowere
pregnant or nursing. Participants were requested to prevent
pregnancy during the trial. This study was conducted accord-
ing to the guidelines stipulated in the Declaration of Helsinki.
The purpose, procedures, and risks of the study were ex-
plained to each participant prior to inclusion, and all partici-
pants were enrolled only after obtaining written informed con-
sent. Written informed consent covered publication of the
study. This trial was registered at the Iranian Clinical Trial
Registry (https://www.irct.ir/trial/40881) with the IRCT
identification number IRCT20190717044244N1.

Study Design

Participants were stratified based on age, then randomly
assigned using a computer-generated randomization process
with a 1:1 allocation ratio to two study groups: 2 months of
either a continuous energy restriction (CER) (n = 30) or a
FMD (n = 30) diet. To avoid bias, randomization was under-
taken by an independent investigator who had no contact with
participants before randomization and who was not involved
in implementation of dietary interventions. Regarding the na-
ture of the interventions, participants and study personnel
were not blinded to allocation. However, study personnel in-
volved in data collection and specimen analysis were blinded
to group assignments. To ensure that subjects maintained their
usual diet and physical activity levels throughout the interven-
tion, participants were requested to complete a 1-day physical
activity record and a 3-day food record for 3 separate noncon-
secutive days, including 1 weekend day, before enrollment,
and after completion of the trial. Telephone calls occurred
every 2 weeks to ensure diet compliance. Household measure-
ments were applied to convert patient-reported portion sizes to
grams per day. Quantities of nutrients consumed by study
participants were calculated using Nutritionist IV software
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(First Databank, San Bruno, CA, USA) modified for Iranian
foods. Physical activity records were processed manually. The
short form of the International Physical Activity
Questionnaire (IPAQ) was used to assess the level of physical
activity at the beginning and end of the study, reported as
metabolic equivalents (METs) in min/day [24].

Group 1 (CER)

Participants in the CER group received a diet plan formulated
to produce an average 500 kcal/day energy deficit based on
the U.S. National Institutes of Health clinical guidelines on
obesity [25], with approximately 30% of energy derived from
fat, 50% of energy derived from carbohydrate, and 20% of
energy derived from protein based on recommendations from
the Institute of Medicine [26]. Energy requirements of each
subject were estimated based on resting energy expenditure
using the Harris-Benedict equation and physical activity
levels.

Group 2 (FMD)

Participants in the FMD group received instructions on how to
consume the FMD for 5 continuous days and how to return to
their usual diet after completion until the next cycle that would
commence about 25 days later. Subjects were asked not to
alter their usual physical activity during the trial. FMD is a
diet based on plants comprising limited food options such as
vegetable soups, drinks, and snacks, with a supplement tablet
to cover micronutrients and essential fatty acid needs. The diet
is designed to achieve fasting-like effects on serum concentra-
tions of glucose and ketone bodies while providing both mac-
ronutrients and micronutrients to minimize the burden of
fasting and adverse effects [22]. Individuals in this diet plan
were required to consume 4600 kJ (1099 kcal) comprising
11% protein, 46% fat, and 43% carbohydrate on the first
day, and 3000 kJ (717 kcal) comprising 9% protein,
44% fat, and 47% carbohydrate during days 2 to 5. All
FMD meals were provided using half-ready soups. All
subjects were also given a multivitamin-mineral supple-
ment and an omega-3 capsule that provided 100% of daily
value to take over the 5 days of the FMD cycle. Subjects
were allowed to freely drink water and other calorie-free
beverages. Nutritional information of the FMD is provid-
ed in Supplementary Figure 1. After completion of the
first cycle, another package containing soups and supple-
ments was delivered to participants for the second cycle.
Participant compliance was monitored by asking them to
record all the ingested foods during the 5 days of FMD
and to return their empty soup and supplement packages
after the completion of each cycle.

Assessment of Anthropometric Measurements and
Body Composition

Anthropometric measurements were taken by a trained dieti-
tian. Body composition, weight, height, and waist circumfer-
ence were measured at study baseline and at study completion
2 months after the intervention began. To measure height and
waist circumference, a non-stretch tape measure (Seca) was
used to the nearest 0.1 cm.Waist circumference was measured
in the slimmest area with no pressure on the body surface at
the end of a normal exhalation. For height measurement, par-
ticipants were asked to stand without shoes with both the
shoulder blades, buttocks, and heels touching the wall and
their heads situated in the Frankfurt position. Bodymass index
(kg/m2) was calculated as weight in kilograms divided by
height in meters squared. Bodyweight, fat mass, muscle mass,
and basal metabolic rate (BMR) were measured with partici-
pants wearing minimal clothing and no shoes standing on the
weighing platform without bending their knees on the morn-
ing following a night fasting using the TANITA BC-418 body
analyzer that measured to the nearest 0.1 kg [27]. All testing
was conducted in a quiet, mildly lit, heated room. Participants
were required to avoid caffeine intake for at least 10 h and to
abstain from engaging in strenuous activity for 24 h prior to
the test.

Assessment of Biochemical Measurements

Fasting venous blood was obtained from each participant at
the beginning and the end of the study tomeasure serum levels
of fasting plasma glucose (FPG), insulin, leptin, total ghrelin,
and neuropeptide-Y (NPY). FPG levels were measured on the
day of blood sampling. To separate serum, blood samples
were centrifuged immediately (Hettich D-78532, Tuttlingen,
Germany) at 1465g for 10 min and then the serum was frozen
at − 70 °C until further measurements. Commercially avail-
able kits were used to measure FPG (Pars Azmun, Tehran,
Iran). Intra- and inter-assay CVs for FPG were 1.5% and
2.7%, respectively. ELISA kits (Cobas Integra 800
Autoanalyzer, Roche Diagnostics, Germany) were used to
assay serum insulin levels. Intra- and inter-assay CVs for se-
rum insulin were 1.9% and 2.6%, respectively. Homeostatic
model assessment for insulin resistance (HOMA-IR) and
quantitative insulin sensitivity check index (QUICKI) were
calculated based on suggested formulas [28]. Serum levels
of leptin, total ghrelin, and NPY were quantified using
ELISA kits (EASTBIOPHARM, China, under license by the
USA) with intra- and inter-assay CVs of < 10% and < 12%,
respectively. QUICKI was calculated from FPG and insulin
levels according to Katz et al. [29] using the formula
QUICKI = 1/(log [insulin in mU/l] + log [FPG in mg/dl]).
HOMA-IR was calculated from FPG and serum according
to Matthews et al. [30] using the formula HOMA-IR = insulin
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in mU/l × FPG in mg/dl/405. 1/HOMA-IR was also
calculated.

Statistical Analysis

The sample size was estimated taking into consideration type
1 (α) and type 2 (β) errors of 0.05 and 0.10 (power = 90%),
respectively, and body weight as a key variable; the difference
of body weight was 3 [22]. Therefore, the sample size was
estimated to be 25 participants in each group using the sug-
gested formula for parallel clinical trials [31]. To account for
probable dropouts during the study, 30 participants were re-
cruited for each group. To determine if the distribution of
variables was normal, a Kolmogorov-Smirnov test was per-
formed, and the histograms of each variable were generated to
visually assess the distribution. The intention-to-treat (ITT)
approach was used for data analysis. ITT analysis includes
every participant who is randomized according to randomized
treatment assignment and ignores noncompliance, protocol
deviations, withdrawal, and anything that happens after ran-
domization [32]. Within-group comparisons were performed
using a paired-samples t test. ANOVA of mixed-model re-
peated measures was applied to examine effects of FMD and
CER on primary study outcomes. The Chi-square test was
used for categorical variables and 1-factor ANOVA for con-
tinuous variables. Concerning the assumption that missing
values are randomly missing, we did not impute these values
because the mixed-model analysis without ad hoc imputation
is the same power as analysis using mixed methods (http://
www.rti.org/rtipress). To avoid potential bias, all analyses
were adjusted for baseline levels of corresponding variables
and dietary intake of energy and macronutrients using
ANCOVA in order not to affect the magnitude of the
change in dependent variables. p values of less than 0.05
were considered significant. All statistical analyses were
done using SPSS 17.

Results

The process of assessing and selecting participants is pre-
sented in Fig. 1. The age range of participants was 21 to
48 years old. A total of 10 participants dropped out during
the study, of whom 60% (n = 6) were from the FMD
group and 40% (n = 4) were from the CER group. The
main reasons for dropout from FMD were abdominal dis-
comforts, gastrointestinal reflux, pregnancy, problems ad-
hering to the diet, and traveling. The four participants in
the CER group did not complete the intervention due to
personal issues and adherence problems. The baseline
characteristics of participants did not differ significantly
between the two groups (Table 1). However, there were
statistically significant differences in participants’ age

(FMD: 34.03 ± 1.29 years, CER: 31.17 ± 1.35 years; p =
0.04) and marital status (FMD: 76% married, CER: 50%
married; p = 0.04).

The dietary intake of the study population during the inter-
vention is shown in Table 2. There were no significant differ-
ences in mean dietary intake of energy, total protein, total fat,
cholesterol, saturated fatty acids (SFAs), polyunsaturated fatty
acids (PUFAs), monounsaturated fatty acids (MUFA), or vi-
tamins A and E between the two groups. However, differences
in dietary intake of carbohydrate, fiber, and vitamin C were
approaching significance between the two groups.

A comparison of anthropometric measurements, body
composition, and glucose metabolism as well as serum levels
of leptin, neuropeptide-Y, and total ghrelin between the FMD
and CER groups is shown in Table 3. Looking at mean (SD),
body weight was significantly reduced from 82.43 (10.29) kg
to 81.29 (10.19) kg in the FMD group (p = 0.023), as well as
from 79.27 (10.41) kg to 76.98 (9.23) kg in the CER group
(p = 0.069). Both FMD and CER were associated with signif-
icant within-group reductions in body weight, BMI, and waist
circumference (p < 0.05), but the difference was not statisti-
cally significant between the two groups (p > 0.05). A com-
parison of baseline versus post-trial measurements showed a
significant reduction in fat mass for the FMD group (mean
difference (SD) − 0.63 (2.99) kg, p < 0.001), while a signifi-
cant loss of muscle mass was observed for the CER group
(mean difference (SD) − 0.78 (1.25) kg, p = 0.04). Between-
group comparisons were significant for fat mass (p = 0.042)
but not for muscle mass (p = 0.89). BMR was significantly
reduced in both FMD and CER groups (p < 0.05), but the
comparison of change values between the study groups was
not statistically significant (p = 0.56).

Compared to the FMD group, a significant reduction in
serum levels of FPG was observed in subjects in the CER
group (p < 0.001). Between-group comparisons revealed a
significant reduction in serum insulin (p = 0.03) and HOMA-
IR (p = 0.048), as well as a significant increase in QUICKI
(p = 0.044) in the FMD group compared to the CER group.
However, within-group changes in serum levels of insulin,
HOMA-IR, and QUICKI were not statistically significant in
either the FMD or CER group. A comparison of change
values between and within the study groups revealed no sig-
nificant alterations in serum levels of leptin and NPY.
Considering the change values of serum total ghrelin, a statis-
tically significant difference was found between FMD and
CER groups (p = 0.01).

When the analyses were controlled for baseline levels of
corresponding variables and dietary intake of macronutrients,
more reduction was observed in muscle mass (p = 0.048) and
BMR (p = 0.045) following CER compared to those who re-
ceived FMD (Table 4). However, change values for fat mass
were not statistically significant between the two groups.
There was also a significant increase in serum levels of total
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ghrelin (p = 0.048) and NPY (p = 0.041) among participants
in the CER group when compared to the FMD group.

Discussion

There was no statistically significant difference between
groups in terms of weight loss. Although a greater loss of body
weight, BMI, and waist circumference was observed in the
group following CER compared to the group following the
5-day FMD, the amount was not clinically relevant. While the
CER group exhibited a higher reduction in BMR, favorable
effects on fat mass and muscle mass were only seen in the
FMD group. Insulin resistance was reduced in participants
who followed FMD compared to those in the CER group.
When analyses were controlled for potential confounders
(age, marital status, baseline levels of variable, energy intake,
dietary fat, dietary carbohydrate, dietary fiber, and vitamin C),
significant increases in serum levels of total ghrelin and NPY
were seen in the CER group; however, results for serum leptin
were not statistically significant.

Finding an effective therapy for weight loss, dietary ap-
proaches with chronic energy restriction can lead to adverse
effects that make it difficult to be adopted by the great major-
ity of the population [22]. In recent years, a periodic diet very
low in energy and protein has been developed that produces
metabolic effects similar to traditional fasting while minimiz-
ing the negative impacts of fasting. Therefore, we decided to
compare the effect of FMD versus CER on anthropometric
values, body composition, and appetite-regulatory hormones
in metabolically healthy women with obesity.

In this randomized trial, we found that FMD did not pro-
duce superior weight loss or decreased waist circumference
compared to CER. Although a significant loss of fat mass was

seen in the FMD group, the results were not significant after
adjusting the analysis for confounding factors. These results
are similar in part to previous animal and human studies. In
mice, 4 days of FMD induced a gradual weight loss following
a temporary weight fluctuation immediately after the FMD, a
reduction trend for total adipose tissue, and an unchanged lean
body mass when compared to a normal diet [22]. A 7-day
FMD administered in diabetic mice showed a fluctuation in
body weight [33]. Three cycles of a 5-day FMD for 3 months
reduced body weight by 3% and showed a reducing trend for
trunk fat relative to a normal diet; however, lean body mass
remained similar in both groups [22]. In the only crossover
RCT performed in generally healthy individuals, compared to
a normal diet group, body weight, BMI, waist circumference,
and total body fat were significantly reduced and lean body
mass was increased in those who completed three FMD cycles
[23]. These previous studies compared FMD to a control
group in which participants were instructed to maintain their
regular eating habits, whereas in the current study FMD was
compared against a comparison group who received CER.
Moreover, to our knowledge, the effects of FMD on circulat-
ing concentrations of hormones known to be involved in body
weight regulation have not been previously identified.

Insulin resistance is regarded as an underlying mechanism
in resistance to weight reduction [34]. Therefore, increasing
insulin sensitivity and glycemic control might be effective
approaches in the management of obesity. More reduction of
FPG in the CER group may have contributed to the greater
weight loss that occurred in this group; however, FMD re-
duced serum insulin concentrations and insulin resistance sig-
nificantly compared to CER. Notably, these changes became
non-significant when the analysis was adjusted for potential
confounders. Similar effects of FMD on glycemic control
have been previously reported. A 10-fold decline in serum

Table 1 Baseline characteristics
of women with obesity who
received either CER or FMD

FMD group (n=30) CER group (n=30) p value

Age (years) 34.03±1.29 31.17±1.35 0.04

Height (cm) 157.97±1.10 160.48±1.29 0.28

Body weight (kg) 82.43±10.29 79.27±10.41 0.83

BMI (kg/m2) 33.26±5.49 30.88±3.16 0.45

Waist circumference (cm) 97.58±10.88 97.98±6.28 0.06

Fat mass (kg) 35.34±7.24 31.81±5.97 0.46

Muscle mass (kg) 42.26±5.52 49.79±6.84 0.31

Married (%) 76% 50% 0.03

Employed (%) 60% 50% 0.73

Physical activity (number (%)) 0.98

Low 18 (60%) 17 (56.7%)

Moderate 12 (40%) 13 (43.3%)

High 0 (0%) 0 (0%)

Values are means ± SDs. BMI, body mass index; CER, continuous energy restriction; FMD, fasting-mimicking
diet
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insulin concentrations was observed in mice after 4 days of
FMD, but levels returned to baseline after re-feeding [22].
Moreover, FMD reduced glucose tolerance and insulin resis-
tance as well as restored beta-cell function in diabetic mice
[33]. In an RCT on generally healthy individuals following 3
cycles of FMD, serum levels of insulin and FPGwere reduced
only in subjects with elevated risk factors [23].

It was surprising that the reduction of leptin during the
intervention was not statistically significant, since many trials
with dietary weight loss report a decrease over time with dif-
ferent types of fasting interventions [35–37]. This is, however,
expected in the absence of a significant reduction in fat mass
since the exclusive source of leptin expression and secretion is
the adipocytes of white adipose tissue; and therefore, the cir-
culating levels of leptin are proportional to fat mass [38].
Although not significant, leptin increased following FMD,
but decreased after CER. Decreased levels of plasma leptin
after weight loss may represent a strong tendency for weight
regain [39]. Moreover, we found that muscle mass and BMR,
a major component of total daily energy expenditure, were
less decreased after FMD compared with CER. Thus, with

Table 2 Dietary intakes of subjects with obesity who received either
FMD or CER

FMD (n=30) CER (n=30) p value

Energy (kcal/day) 1578.05 ± 530.55 1672.75 ± 401.17 0.28

Carbohydrates (g/day) 206.94 ± 141.36 198.74 ± 142.45 0.06

Protein (g/day) 67.61 ± 18.83 61.21 ± 11.61 0.07

Fat (g/day) 62.49 ± 14.57 69.55 ± 19.65 0.12

SFAs (g/day) 12.82 ± 4.41 15.67 ± 6.34 0.07

PUFAs (g/day) 18.6 ± 9.5 20.0 ± 11.6 0.51

MUFAs (g/day) 25.79 ± 6.80 29.78 ± 8.32 0.51

Cholesterol (mg/day) 226.94 ± 161.36 205.74 ± 142.45 0.12

TDF (g/day) 28.06 ± 15.87 32.39 ± 18.69 0.05

Vitamin A (mg/day) 188.87 ± 123.35 171.72 ± 114.22 0.63

Vitamin C (mg/day) 68.31 ± 60.97 57.79 ± 42.16 0.052

Vitamin E (mg/day) 24.92 ± 8.71 28.86 ± 11.48 0.54

Values are means ± SDs. TDF, total dietary fiber; SFA, saturated fatty
acid; PUFA, polyunsaturated fatty acid; MUFA, monounsaturated fatty
acid

Inquired about study

(n = 192)

Did not complete eligibility:

Not eligible (n = 120)

Eligible but did not schedule 

baseline visits (n = 12)

Fasting-mimicking diet

(n = 30)

Randomized

(n = 60)

Continuous energy restriction

(n = 30)

Lost to follow-up (n = 3)

Adverse effects (n = 3)

Lost to follow-up (n = 3)

Adverse effects (n = 1)

Analyzed based on ITT 

approach (n = 30)

Analyzed based on ITT 

approach (n = 30)

Fig. 1 The process of assessing
and selecting the participants

2035OBES SURG  (2021) 31:2030–2039



Ta
bl
e
3

A
nt
hr
op
om

et
ri
c
m
ea
su
re
m
en
ts
,b
od
y
co
m
po
si
tio

n,
gl
uc
os
e
m
et
ab
ol
is
m
,a
nd

se
ru
m

le
ve
ls
of

le
pt
in
,n
eu
ro
pe
pt
id
e
Y
,a
nd

gh
re
lin

at
ba
se
lin

e
an
d
af
te
r
2
m
on
th
s
of

in
te
rv
en
tio

n
in

pa
tie
nt
s
w
ith

ob
es
ity

w
ho

re
ce
iv
ed

ei
th
er

F
M
D
or

C
E
R

FM
D
gr
ou
p
(n
=
30
)

C
E
R
gr
ou
p
(n
=
30
)

p
va
lu
e2

B
as
el
in
e

Fi
na
l

C
ha
ng
e

p
w
ith

in
1

B
as
el
in
e

Fi
na
l

C
ha
ng
e

p
w
ith

in
1

B
od
y
w
ei
gh
t(
kg
)

82
.4
3
±
10
.2
9

81
.2
9
±
10
.1
9

−
1.
13

±
2.
27

0.
02
3

79
.2
7
±
10
.4
1

76
.9
8
±
9.
23

−
2.
29

±
1.
95

<
0.
00
1

0.
06
9

B
M
I
(k
g/
m

2
)

33
.2
6
±
5.
49

32
.8
2
±
5.
49

−
0.
44

±
0.
96

0.
03
5

30
.8
8
±
3.
16

30
.0
1
±
2.
93

−
0.
87

±
0.
72

<
0.
00
1

0.
08
3

W
ai
st
ci
rc
um

fe
re
nc
e
(c
m
)

97
.5
8
±
10
.8
8

95
.4
6
±
11
.0
9

−
2.
13

±
1.
59

<
0.
00
1

97
.9
8
±
6.
28

94
.9
7
±
5.
13

−
3.
01

±
4.
02

0.
01

0.
32

Fa
tm

as
s
(k
g)

35
.3
4
±
7.
24

34
.7
2
±
6.
84

−
0.
63

±
2.
99

<
0.
00
1

31
.8
1
±
5.
97

31
.1
1
±
5.
44

−
0.
70

±
3.
81

0.
35

0.
04
2

M
us
cl
e
m
as
s
(k
g)

42
.2
6
±
5.
52

42
.7
3
±
6.
15

0.
47

±
3.
23

0.
06

49
.7
9
±
6.
84

49
.0
1
±
6.
32

−
0.
78

±
1.
25

0.
04

0.
89

B
M
R
(k
ca
l)

15
59
.8
8
±
13
5.
44

15
55
.0

±
12
1.
91

−
4.
04

±
31
.1
0

0.
00
9

15
71
.8
6
±
23
3.
56

15
42
.5
8
±
19
0.
09

−
29
.2
8
±
52
.1
8

0.
02

0.
56

FP
G
(m

g/
dl
)

86
.6
9
±
10
.0
0

84
.6
1
±
10
.6
2

−
2.
09

±
3.
76

0.
15

80
.7
1
±
7.
05

75
.1
2
±
9.
01

−
5.
19

±
6.
27

<
0.
00
1

0.
04
4

In
su
lin

(μ
IU

/m
l)

12
.4
3
±
4.
11

11
.5
8
±
4.
49

−
0.
85

±
2.
49

0.
12

11
.4
2
±
5.
29

10
.6
5
±
4.
81

−
0.
77

±
4.
02

0.
34

0.
03

H
O
M
A
-I
R

2.
68

±
1.
01

2.
45

±
1.
10

−
0.
23

±
0.
60

0.
08

2.
27

±
1.
10

2.
02

±
1.
05

−
0.
25

±
0.
85

0.
15

0.
04
8

Q
U
IC
K
I

0.
33

±
0.
02

0.
34

±
0.
03

0.
00
7
±
0.
01

0.
07

0.
35

±
0.
03

0.
35

±
0.
03

0.
00
6
±
0.
02

0.
22

0.
04
4

L
ep
tin

(n
g/
m
l)

6.
94

±
7.
48

7.
03

±
7.
37

0.
09

±
0.
87

0.
64

6.
30

±
1.
99

6.
26

±
1.
69

−
0.
04

±
1.
45

0.
99

0.
79

T
ot
al
gh
re
lin

(n
g/
m
l)

3.
27

±
0.
98

2.
45

±
0.
73

−
0.
81

±
1.
01

0.
06

2.
2
±
1.
04

2.
42

±
0.
93

0.
21

±
0.
56

0.
61

0.
01

N
eu
ro
pe
pt
id
e
Y
(n
g/
l)

53
2.
17

±
14
4.
47

53
5.
83

±
15
9.
66

3.
66

±
63
.3
9

0.
78

55
8.
72

±
18
0.
08

56
2.
88

±
16
5.
36

4.
16

±
62
.1
9

0.
74

0.
98

V
al
ue
s
ar
e
m
ea
ns

±
S
D
s.
B
M
R
,b

as
al
m
et
ab
ol
ic
ra
te
;F

P
G
,f
as
tin

g
pl
as
m
a
gl
uc
os
e;
H
O
M
A
-I
R
,h

om
eo
st
as
is
m
od
el
as
se
ss
m
en
ta
s
an

in
de
x
of

in
su
lin

re
si
st
an
ce
;Q

U
IC
K
I,
qu
an
tit
at
iv
e
in
su
lin

se
ns
iti
vi
ty

ch
ec
k
in
de
x

1
p
va
lu
es

ob
ta
in
ed

fr
om

pa
ir
ed

tt
es
t

2
p
va
lu
es

re
pr
es
en
tt
he

tim
e
×
gr
ou
p
in
te
ra
ct
io
n
(c
om

pu
te
d
by

m
ix
ed
-m

od
el
re
pe
at
ed
-m

ea
su
re

A
N
O
V
A
)

2036 OBES SURG  (2021) 31:2030–2039



the use of the FMD approach, diet-induced thermogenesis
appeared to be maintained better than CER. Future studies
with objective measurements of diet-induced thermogenesis
are indicated to confirm this finding.

There was also a significant increase in circulating total
ghrelin and NPY in the CER group compared to the FMD
group. It has been demonstrated that ghrelin stimulates food
intake in both laboratory animals [40] and humans [41]. In
addition to increasing food intake, exogenous ghrelin decreases
both the metabolic rate [42] and the catabolism of fat [43].
Several lines of evidence propose that the appetite-stimulating
effect of ghrelin is mediated through neuropeptide-Y (NPY)
neurons in the arcuate nucleus [44–46]. NPY has been impli-
cated in the promotion of responses to eating as daily food
intake was increased in NPY-injected rats [47] and the secretion
of NPY increased during food deprivation [48]. The ablation of
NPY led to a greater weight loss during fasting and slower
weight recovery during refeeding [49]. Moreover, serum levels
of NPY increased both during and 2 weeks after Ramadan
fasting in pregnant women [50]. Our finding suggests that
ghrelin and NPYmay play a part in increased satiety and main-
tenance of weight loss during FMD.

To our knowledge, the current study is the first RCT com-
paring the effect of FMD and CER on serum levels of
appetite-regulating hormones and anthropometric measure-
ments. We examined diets among women with obesity in

free-living situations since this group seems to beneficially
respond to energy restriction. However, some limitations
should be considered when interpreting our findings. First,
we considered premenopausal women only due to the poten-
tial impacts of menopausal status on metabolic factors. The
benefits of FMD in women with obesity cannot be extrapolat-
ed to men due to lower levels of adiposity, low expression of
the ob gene, and dissimilar secretion of sex hormones
[51–53]. Other forms of fasting have shown greater accept-
ability among men than women [54, 55]. In addition, self-
reported estimations of physical activity may have low agree-
ment with objectively measured levels. However, the validity
of the IPAQ has been confirmed in previous studies [56, 57],
and the difference between self-reported and accelerometer-
measured physical activity has been reported to increase ac-
tivity and intensity levels [58]. Future studies may benefit
from including accelerometer-based measures of physical ac-
tivity as a complementary method. Despite the relatively high
validity reported for a 3-day food diary, there may be some
underreporting in women with obesity [59, 60]. To overcome
underreporting, dietary intake was also evaluated by 24-h di-
etary recalls biweekly through telephone calls. Although the
measurement condition was tightly controlled, using estimat-
ed BMR is another limitation of the study as estimated rather
than measured. It is also noted that the length of the menstrual
cycle may affect the results of this trial. Some studies have
shown that estradiol may play a role in the secretion of insulin,
leptin, ghrelin, and NPY [61–64], although there are contra-
dictory findings from other studies [65, 66].

In summary, 2 cycles of FMD did not produce superior
weight loss compared with a CER approach. Our findings
showed an increase in total ghrelin and NPY levels after
CER compared to FMD. Although FMD was not easier to
follow than CER, particularly over the long term, FMD may
be more feasible than previously studied fasting regimens.
FMD regimens may be proposed in clinical practice for some
individuals who are interested in energy reduction for less
than a week, rather than every day. Future research could
assess quantitative 24-h leptin data to fully reveal the associ-
ation of FMD with leptin concentration dynamics. Long-term
follow-up of trial participants may be indicated to find the
comparing effect of these methods on the maintenance of
weight loss. In addition, psychological studies may be useful
to elucidate behavioral factors affecting compliance with reg-
imens and subjective appetite (e.g., hunger and fullness).
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Table 4 Adjusted changes in anthropometric measurements, body
composition, glucose metabolism, and serum levels of leptin,
neuropeptide Y, and total ghrelin of patients with obesity who received
either FMD or CER

FMD (n=30) CER (n=30) P value1

Body weight (kg) − 1.11 ± 2.12 − 2.62 ± 1.98 0.06

BMI (kg/m2) − 0.59 ± 0.99 − 0.93 ± 0.73 0.63

Waist circumference
(cm)

− 2.44 ± 1.63 − 3.54 ± 4.36 0.17

Fat mass (kg) − 0.69 ± 2.26 − 0.70 ± 3.12 0.99

Muscle mass (kg) − 0.70 ± 2.90 − 0.82 ± 1.31 0.048

BMR (kcal) − 6.10 ± 33.31 − 31.38 ± 49.33 0.045

FPG (mg/dl) − 2.06 ± 3.77 − 5.02 ± 6.35 0.89

Insulin (μIU/ml) − 0.83 ± 2.01 − 0.78 ± 4.40 0.46

HOMA-IR 0.19 ± 1.37 − 0.22 ± 0.95 0.49

QUICKI − 0.006 ± 0.01 0.006 ± 0.20 0.61

Leptin (ng/ml) 0.10 ± 0.88 − 0.06 ± 1.49 0.48

Total ghrelin (ng/ml) − 0.26 ± 1.42 0.11 ± 1.10 0.048

Neuropeptide Y (ng/l) 3.60 ± 60.23 5.10 ± 65.92 0.041

Values are means ± SDs. Values are adjusted for age, marital status,
baseline levels of variable, energy intake, dietary fat, dietary carbohy-
drate, dietary fiber, vitamin C. FPG, fasting plasma glucose; BMR, basal
metabolic rate; HOMA-IR, homeostasis model assessment as an index of
insulin resistance; QUICKI, quantitative insulin sensitivity check index
1Obtained from ANCOVA
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