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Abstract: The effects of an intermittent fasting diet (IFD) in the general population are still controversial.
In this study, we aimed to systematically evaluate the effectiveness of an IFD to reduce body mass index
and glucose metabolism in the general population without diabetes mellitus. Cochrane, PubMed,
and Embase databases were searched to identify randomized controlled trials and controlled clinical
trials that compared an IFD with a regular diet or a continuous calorie restriction diet. The effectiveness
of an IFD was estimated by the weighted mean difference (WMD) for several variables associated with
glucometabolic parameters including body mass index (BMI) and fasting glucose. The pooled mean
differences of outcomes were calculated using a random effects model. From 2814 studies identified
through a literature search, we finally selected 12 articles (545 participants). Compared with a control
diet, an IFD was associated with a significant decline in BMI (WMD, —0.75 kg/m2 ;95% CI, —1.44 to
—0.06), fasting glucose level (WMD, —4.16 mg/dL; 95% CI, —6.92 to —1.40), and homeostatic model
assessment of insulin resistance (WMD, —0.54; 95% CI, —1.05 to —0.03). Fat mass (WMD, —0.98 kg;
95% CI, —2.32 to 0.36) tended to decrease in the IFD group with a significant increase in adiponectin
(WMD, 1008.9 ng/mL; 95% CI, 140.5 to 1877.3) and a decrease in leptin (WMD, —0.51 ng/mL; 95% CI,
—0.77 to —0.24) levels. An IFD may provide a significant metabolic benefit by improving glycemic
control, insulin resistance, and adipokine concentration with a reduction of BMI in adults.
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1. Introduction

Calorie restriction (CR) is known not only to reduce body weight but also to improve various
cardiovascular risk factors [1]. Prolonged CR has been shown to reduce fat mass with significant
weight loss. An improvement of insulin resistance was also identified after CR [2]. Mechanisms
of CR-mediated improvement of glucose metabolism are not fully elucidated, but possibly involve
significant alterations in insulin sensitivity of skeletal muscle [3], along with the reduction of fat mass.

Nevertheless, there are many difficulties in sustaining daily CR [4]. As an alternative diet
intervention to CR, weight control through intermittent fasting (IF) has been proposed. A variety of
diets have been used to study the effects of IF [5], including alternate-day fasting (ADF, consuming no
calories on fasting days) [6], alternate-day modified fasting (ADMF, consuming less than 25% of baseline
energy needs on fasting days) [7,8], time-restricted fasting (TRF, restricting food intake to specific time
periods of the day) [9], and periodic fasting (PFE, fasting only one to two day per week) [10]. In addition
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to the effect on weight loss, many studies have shown that through IF we can expect a powerful effect
on improvement of glucose metabolism by lowering insulin resistance [11], improvement of systemic
inflammatory diseases [12—-15], protection against neurodegeneration, and even expansion of the life
span [16].

In a recent study, an IF diet (IFD) improved insulin sensitivity even when the supplied calories
were the same as those of the control group, without significant change in body weight [17]. This
shows that IF, itself, can be beneficial to glucose metabolism independent of body weight changes,
however, contrary to other results, in some controlled, randomized crossover trials, IF did not improve
glucose and lipid metabolism [18,19]. Likewise, there were also conflicting results in the effect of
weight reduction. Although some studies reported significant weight reduction in an IFD group [7,20],
several other trials did not report a clinically meaningful weight reduction [18,21].

As seen from the varied and inconsistent findings of previous studies, many hurdles based on
the characteristics of the diet intervention study, such as non-standardized dietary control of the
patient, low compliance, and the number of participants due to the difficulty of conducting a study
covering an entire period, and the difficulty of setting the control group, make it difficult to identify the
beneficial effects of an IFD. Furthermore, several previous meta-analysis studies on the glucometabolic
effect of an IFD have also shown conflicting results [22,23], which is important for establishing diet
recommendations for the general population including the population with obesity or prediabetes.
Thus, this study aimed to investigate the effectiveness of IF on weight loss and glucose metabolism by
analyzing the effect size of previous studies among the general population without diabetes mellitus
(DM).

2. Experimental Section

2.1. Data Sources and Search Strategies

We searched articles using Cochrane (from inception to Nov 2018), PubMed (from inception to Nov
2018), and Embase (from inception to Nov 2018) published before November 15, 2018. The terms used in
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the literature search were “intermittent fasting,” “Ramadan diet”, “Ramadan fasting”, “time-restricted

v v 7 V77 v

fasting”, “time-restricted feeding”, “alternate fasting”, “periodic fasting”, “periodic diet”, “reduced

i

meal frequency”, “alternate-day fasting” and “alternate-day modified fasting” for intervention terms.

Y7}

These search terms were combined with “OR”. In addition, “normal human”, “adult”, “patient”,
“human”, “obesity”, “diabetes mellitus”, “diabetes”, “metabolic syndrome” and “obese” were also
combined with “OR” as terms for the objects. The abovementioned two term groups were combined
with “AND”. Languages were limited to English. This study was registered before the data analysis
(Prospero CRD42019125120). This was a literature-based descriptive study, and therefore approval by

the institutional review board or informed consent was not required.

2.2. Eligibility Criteria

The inclusion criteria of the literature were as follows: studies on the general population without
chronic diseases that could affect glucose metabolism including diabetes mellitus (patients, P); those
that studied an IFD (intervention, I); those that compared the control groups, regular diet (RD) or
continuous CR diet control without fasting (>12 h) (comparison, C); and those that described fasting
glucose, homeostatic model assessment of insulin resistance (HOMA-IR), total body weight, body
mass index (BMI), lean mass, fat mass, leptin, and adiponectin (outcome, O) according to the research
question (PICO). Only controlled trials of supervised diet programs were eligible. Studies were limited
to interventions which were a minimum 4 weeks in duration. In addition, only studies that presented
the mean and standard deviation of the results were selected.

We excluded studies on patients with diabetes mellitus, chronic liver disease, chronic renal disease,
and studies on pregnancy (P); those that involved a combination with specific nutrient restriction diet
intervention (I); those that compared with a different type of IFD (C); and those with results other
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than the parameter of glucose metabolism, such as psychological parameter (O). The literature was
independently selected by two researchers (Namki Hong and Yongin Cho), and cases of inconsistencies
were resolved via a thorough discussion. In consideration of the possibility that some articles could be
missed by the above search terms, we further searched the review papers of similar topics to see if
there were any papers corresponding to the same PICO. 2.3. Data Extraction

Fasting glucose, HOMA-IR, BM], fat mass, lean mass, leptin, adiponectin, and total body weight
were used as variables for the effect of an IFD and were calculated using the mean, standard deviation,
number of participants, as well as baseline and final values. The contents of the literature were
examined in detail, and the types of IFD and control diet were coded and presented. If there was a
numerical result due to the different control group in the contents of one document, the data were
extracted according to categories for the control group and errors resulting from the duplication of the
same documents were supplemented using statistical techniques.

2.3. Statistical Analysis

To supplement the systematic review, a meta-analysis was performed. STATA 15 (StataCorp
LLC, College Station, TX, USA) was used to synthesize the effect sizes of the 12 selected documents.
The weighted mean difference (WMD) between the baseline and final measurements of fasting glucose,
HOMA-IR, BM], fat mass, lean mass, leptin, adiponectin, and total body weight according to the
intervention were considered as the effect size, and the inverse variance method was used because
the values were continuous variables. The random effects model was chosen because of the diversity
and heterogeneity of the intervention. Heterogeneity was estimated using the I? statistic across the
studies [24]. I? values were interpreted as follows: 0% to 40%, no important heterogeneity; 30% to 60%,
moderate; 50% to 90%, substantial; and 75% to 100%, considerable heterogeneity. The heterogeneity of
pooled effects between subgroups was calculated using the Cochran Q statistic. A funnel plot method
was used to test potential publication bias.

3. Results

3.1. Search Results and Study Characteristics

A total of 2814 studies were selected according to the search method of our study. After eliminating
1216 duplicate documents, the titles and abstracts of 1598 studies were reviewed, and 1097 papers that
had no relevance with the original review according to the PICO were excluded. Among 501 studies
selected by reviewing the titles and abstracts, 12 studies were finally included in this study (Figure 1).
The total number of participants was 545 (261 in the intervention group and 284 in the control group;
210 or 38.5% men and 335 or 61.5% women). The general characteristics of the included studies are
summarized in Table 1.

| 2,814 References for screening | 1,216 Duplicates removed

!

| 1,598 Studies screened | 1,097 Studies excluded after
screening the titles and abstracts
* Not IF study : 683
BY

icle : 13
(adult) study : 78
. ot available : 91

+ Not English : 115

501 Studies assessed for full-text eligibility 491 Studies excluded after screening
the titles and abstracts
population : 77

2 Studies added while P
previous article review

| article with full text : 37

12 Studies included

Figure 1. Flowchart of the study selection.
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Table 1. Characteristics of the studies included in the meta-analysis.

Fasting Calorie Control Calorie
Author Year Design Duration Intervention Intervention Detail Time 0% Reduction (Without Conlr.o 1 Reduction
(wk) Intervention (From Fasting) Detail (From
Group (h) Baseline, %) 8 Baseline, %)
6f;nvzr(:n(:ene/dl3 alternating every 24 consumin:
Trepanowski etal 18—65g hbetween 100% of ®
P © 2018 Y 24 ADMF consuming 25% or 24 21.0 RD ° Not shown
1[8] overweight to 125% of ener needs every
obese, BMI needs 8y day
25-40 kg/m?)
66 women, 13 .
§ alternating every 24 .
Trepanowski etal mIQSn—éégEd hbetween CO;‘;;?}“%
P " 2018 > Y 24 ADMF consuming 25% or 24 21.0 CR ° 240
28] overweight to 125% of energy needs every
obese, BMI needs day
25-40 kg/m?) el
19 women, 6 400 kcal
Catenacdi et al. men (aged fast on alternate deficit from
1] © 2016 18-55y, obese, 8 ADF days, fasting day, at 24 47.0 CR estimated 28.0
BMI over libitum energy
30 kg/m?) requirements
41 women, 5 ad libitum feeding chal;\Otett(;leir
men (aged between 10 am to ea h%\ or
Gabel et al. [9] 2018  25-65Yy, obese, 12 TRF 6pm, fasting 16 20.3 RD h sigcal Not shown
BMI between 6pm to P;ci,ivity
2
30-45 kg/m*) 10am habits
322?161(3338‘1 1p.m, 4pm,8 Rp+  Sam.l
Moroetal. [25] 2016 § ©Y 8 TRF + Ex pm., 2 p.m., 16 32 pm.,8pm.  Notshown
weighted 84.6 p.m. feeding Ex feedin,
+62kg) e
25% of their
baseline energy
80 women, 3 needs on the fast R -
Bhutani et al. 1 men (aged day (24 h), ad Not shown maintain
: 2013 25-65Yy, obese, 12 ADMF I, . 22 (450 kcal/d RD regular food Not shown
[20] libitum on feed day, . .
BMI 12pm. to2pm reduction) habits
- 2 m. m.
30-399kg/m?) meals on fast day, 3
days/wk
25% of their
baseline energy
8&1\1\0;2;2(,13 needs on the fast Not shown maintain
Bhutanietal. 2. 5013 25 65y, obese, 12 ADMF +Ex , 2y (24, ad 2 @0keald  %2*  regularfood  Notshown
[20] libitum on feed day, . Ex .
BMI 12 pm. to2 pm reduction) habits + Ex
. 5 .m. .m.
30-39.9kg/m?) meals on fast day, 3
days/wk
reduction of
300-500 kcal/d from
articipants s
56 men (aged part maintain
Tengetal [26] 2013  50-70y, BMI 12 TRF baseline energy 13, 192 RD  regularfood  Notshown
23-20.0 1 g/mz) (periodic) intake combined approximately habits
. with two days of
Muslim Sunnah
fasting per weeks
maintain
Alsubheenetal. 5y, 16 men 4 TRF Muslim Ramadan 13 16.0 RD  regular food 7.8
1271 habits
Bouhlel et al. 20 men (aged Muslim maintain
ouve etal 2013 en fage 4 TRF Muslim Ramadan Sunnah 109 RD  regularfood  Notshown
28] 20) fasting habits
reduction of
300-500 kcal/d from
ticipants . R
. 31 men (aged par. Muslim maintain
Hussinetal. 513 5070y, BMI 12 TRE baseline energy Sunnah 103 RD  regularfood  Notshown
[29] 5 (periodic) intake combined . .
23-29.9 kg/m?) - fasting habits
with two days of
Muslim Sunnah
fasting per week
Harvie et al. 107 women VLCD for 2 days 25%
[10] 2011 (aged 3045 y) 2 PF per week unknown 27 CR restriction 204
On non-workout
days (four days per
week), consume all
. TRF calories in any four
T‘“S}?{f‘ A oy 18 men 8 (periodic) + hour window 20 138 REX * RT 203
Ex between 4 p.m. and
midnight /
unrestricted on RT
day
25% of their
baseline energy
Varady et al. 2rzr\:vno ‘('29‘;;{8 needs on the fast
I%] Co20 0 %MI 12 ADMF day (24 h), ad 2 38.0 RD Ad libitum  Not shown
- ¥ B libitum on feed day,
20-29.9kg/m?) 12 p.m. to 2 p.m.

meals on fast day

3.2. Effectiveness of Intermittent Fasting on BMI and Body Weight

A total of eight studies reported on the effects of an IFD on BMI. Seven studies assessed diet
intervention only, and one of the studies assessed diet intervention with exercise, which was equally
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assessed in the control group. No difference was observed between the two groups for BMI at baseline
(WMD, 0.10 kg/m2 ;95% CI, —0.59 to 0.78; p = 0.783). After the diet intervention, BMI was significantly
lower in the IFD group by 0.75 kg/m? (95% CI, —1.44 to —0.06; p = 0.033; Figure 2). The IFD was also
associated with a trend towards reducing body weight. A total of 10 studies reported on the effects of
an IFD on body weight. All details of the changes in body weight were presented in kilograms (kg).
No difference in body weight at baseline was observed between the two groups (WMD, 0.24 kg; 95%
CI, —3.18 to 3.66; p = 0.889). The weight of the participants was lower in the IFD group by 1.94 kg (95%
CI, -5.20 to 1.31; p = 0.241), without statistical significance (Supplementary Figure S1).

%
Author n Year Intervention  Control WMD (95% Cl) Weight
Pre
Catenacci 25 2016 ADF CR —— -3.70 (-7.58, 0.18) 3.09
Bhutani 1 41 2013 ADMF Regular diet _*I_ 0.00 (-2.77,2.77) 6.05
Bhutani 2 42 2013 ADMF +Ex  Regular diet + Ex —— 0.00 (-2.77,2.77) 6.05
Gabel 46 2018 TRF Regular diet —_— 1.00 (-1.77,3.77) 6.05
Alsubheen SA 16 2017 TRF Regular diet -0.90 (-5.61, 3.81) 2.10
Bouhlel 20 2013 TRF Regular diet ——— 1.00 (-0.80, 2.80) 14.32
Teng 56 2013 TREF (periodic) Regular diet —_— 0.10(-0.93, 1.13) 43.83
Hussin 31 2013 TREF (periodic) Regular diet —— -0.10 (-1.68, 1.48) 18.52
Subtotal (I-squared = 0.0%, p = 0.624) <> 0.10 (-0.59, 0.78) 100.00
Post
Catenacci 25 2016 ADF CR _— -4.50 (-8.52, -0.48) 2.94
Bhutani 1 41 2013 ADMF Regular diet —_—— -1.00 (-3.77,1.77) 6.19
Bhutani 2 42 2013 ADMF +Ex  Regular diet + Ex —_—— -1.00 (-3.77,1.77) 6.19
Gabel 46 2018 TRF Regular diet —_— 0.00 (-2.77,2.77) 6.19
Alsubheen SA 16 2017 TRF Regular diet l -1.60 (-6.26, 3.06) 2.19
Bouhlel 20 2013 TRF Regular diet —_—— 0.20 (-1.56, 1.96) 15.32
Teng 56 2013 TREF (periodic) Regular diet L 4 -0.80 (-1.88,0.28) 41.01
Hussin 31 2013 TRF (periodic) Regular diet —_— -0.80 (-2.34, 0.74) 19.99
Subtotal (I-squared = 0.0%, p = 0.667) 0 -0.75 (-1.44, -0.06) 100.00
NOTE: Weights are from random effects analysis

852 0 852
Favor intervention Favor control

Figure 2. Effect of intermittent fasting (IF) versus a non-fasting control on body mass index (changes

from baseline) in adults without chronic metabolic disease. The squares indicate the study-specific

outcome estimates, and the size of the squares corresponds to the study’s weight in the meta-analysis.

Horizontal lines denote the range of the 95% confidence interval. The diamonds indicate pooled

estimates. Weights are from random effects analysis.

3.3. Effectiveness of Intermittent Fasting on Glycemic Control

A total of eight studies reported on the effectiveness of an IFD to reduce fasting glucose levels. Six
studies assessed an IFD only, and two other studies assessed an IFD with exercise. No difference was
observed between the two groups in fasting glucose at baseline (WMD, —0.64 mg/dL; 95% CI, —3.57 to
2.28; p = 0.666). After intervention, a significant decrease in fasting glucose level (WMD, —4.16 mg/dL;
95% CI, —6.92 to —1.40; p = 0.003) was confirmed (Figure 3).

An IFD was also associated with lowered HOMA-IR. A total of six studies reported on the
effectiveness of an IFD to reduce HOMA-IR levels. The HOMA-IR levels of the participants were lower
in the IFD group by 0.54 (95% CI, —1.05 to —0.03; p = 0.038) after diet intervention (Figure 4).
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Author

Pre

Bhutani 1
Bhutani 2
Harvie
Gabel
Teng
Moro

Post

Bhutani 1
Bhutani 2
Harvie
Gabel
Teng

Moro

n

Trepanowski 79

Trepanowski 79

41
42
107
46
56
34

Trepanowski 79

Trepanowski 79

41
42
107
46
56
34

Year

2018
2018
2013
2013
2011
2018
2013
2016

2018
2018
2013
2013
2011
2018
2013
2016

Intervention

ADMF

ADMF

ADMF

ADMF + Ex
PF

TRF

TRF (periodic)
TRF + Ex

Subtotal (I-squared = 7.4%, p = 0.373)

ADMF
ADMF
ADMF
ADMF + Ex
PF

TRF

TRF (periodic)
TRF + Ex

Subtotal (I-squared = 0.0%, p = 0.564)

WMD (95% Cl)

2.80 (-3.08, 8.68)
-0.30 (-7.24, 6.64)
-14.00 (-30.86, 2.86)
2.00 (-3.54, 7.54)

0.00 (-25.38, 25.38)
-8.00 (-16.77, 0.77)
-2.00 (-7.74, 3.74)

1.43 (-21.41, 24.27)
-0.64 (-3.57, 2.28)

-2.40 (-7.95, 3.15)
-5.50 (-11.21, 0.21)
-16.00 (-31.31, -0.69)
1.00 (-6.07, 8.07)

Control

Regular diet ——
CR ——
Regular diet ———
Regular diet + Ex ——
CR

Regular diet ——o—l
Regular diet —_——
Regular diet + Ex ?
Regular diet —_——
CR —_——
Regular diet ———— e —
Regular diet + Ex —_——
CR

Regular diet —_——
Regular diet ———

0.00 (-40.02, 40.02)
-5.00 (-10.54, 0.54)
-8.12 (-18.28, 2.04)

Regular diet + E£

NOTE: Weights are from random effects analysis

-10.10 (-41.34, 21.14)
-4.16 (-6.92, -1.40)

%
Weight

21.48
16.03
2.95
23.77
1.32
10.42
22.41
1.62
100.00

24.75
23.32
3.25
15.25
0.48
24.78
7.39
0.78
100.00

-41.3

Favor intervention

413

Favor control
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Figure 3. Effect of IF versus non-fasting control on fasting blood glucose (changes from baseline) in

adults without chronic metabolic disease.

Author

Pre
Trepanowski
Trepanowski
Bhutani 1
Bhutani 2
Harvie

Gabel

Post
Trepanowski
Trepanowski
Bhutani 1
Bhutani 2
Harvie

Gabel

79
79
41
42
107
46

79
79
41
42
107
46

Year

2018
2018
2013
2013
2011
2018

2018
2018
2013
2013
2011
2018

Intervention

ADMF
ADMF
ADMF
ADMF + Ex
PF

TRF

Subtotal (I-squared =0.0%, p =0.924)

ADMF
ADMF
ADMF
ADMF + Ex
PF

TRF

Subtotal (I-squared = 69.4%, p = 0.006)

Control WMD (95% Cl)
Regular diet —~— 0.72 (-1.14, 2.58)
CR — -0.23 (-2.45, 1.99)
Regular diet 0.00 (-7.07, 7.07)
Regular diet + Ex —_—— 0.00 (-1.96, 1.96)
CR - -0.10 (-0.54, 0.34)
Regular diet —e -0.40 (-1.11, 0.31)
<:> -0.15 (-0.50, 0.21)
Regular diet —_—— -1.66 (-3.25, -0.07)
CR — -1.32(-2.59, -0.05)
Regular diet 0.00 (-7.07, 7.07)
Regular diet + Ex . 0.00 (-0.00, 0.00)
CR —— -0.20 (-0.64, 0.24)
Regular diet —— -1.20 (-2.08, -0.32)

NOTE: Weights are from random effects analysis

-0.54 (-1.05, -0.03)

%
Weight

3.63
2.54
0.25
3.25
65.30
25.02
100.00

7.95
11.07
0.52
35.16
28.02
17.28
100.00

-7.07

Favor intervention

7.07

Favor control

Figure 4. Effect of IF versus non-fasting control on homeostatic model assessment of insulin resistance

(HOMA-IR) (changes from baseline) in adults without chronic metabolic disease
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3.4. Effect of Intermittent Fasting on Lean and Fat Mass and Circulating Leptin and Adiponectin

Lean mass did not show significant differences between the two groups, both in the baseline
(WMD, —-1.11 kg; 95% CI, —=2.62 to 0.41; p = 0.153) and after diet intervention (WMD, —1.26 kg; 95% CI,
—2.78 to 0.26; p = 0.105; Supplementary Figure S2). Although without statistical significance, an IFD
was associated with a trend towards reducing fat mass. The fat mass was higher in the IFD group at
baseline (WMD, 0.37 kg; 95% CI, —0.99 to 1.72; p = 0.596), however, it was lower after intervention
(WMD, —0.98; 95% CI, —2.32 to 0.36; p = 0.151; Supplementary Figure S3).

Although there was no significant change in fat mass after an IFD, an IFD was associated
with an increase in adiponectin level (WMD, 1008.87 ng/mL; 95% CI, 140.45 to 1877.29; p = 0.023;
Supplementary Figure S4) and a decrease in leptin level (WMD, —0.51 ng/mL; 95% CI, —0.77 to —0.24;
p < 0.001; Supplementary Figure S5) without the difference in the baseline.

4. Discussion

The gold standard management of obesity or overweight is 20% to 30% CR along with a
comprehensive lifestyle modification [31], however, rebound weight gain is a real problem of weight
reduction management in clinical situations. Recently, an IFD has been gaining popularity as an
alternative strategy for achieving and maintaining weight reduction. Considering the discrepancy of
IFD effectiveness on glucose metabolism and the lack of evidence in meta-analyses, we conducted
a systematic search and selected 12 studies. On the basis of this meta-analysis, we confirmed
an improvement of fasting blood glucose and insulin resistance through IFD as compared with a
non-fasting control group. This seems to be related to a decrease in the BMI and a leptin level reduction,
as well as an increase in adiponectin level. Lean mass was relatively conserved in the IFD group,
however, no significant weight reduction was identified. In previous studies, the overall weight
reduction of both an IFD and a daily CR (by 15% to 60% of the usual caloric intake every day) were
similar between two groups [32]. In this study, the analysis of total body weight included an additional
paper with higher degree of continuous CR diet as a control group, which explains why there was a
statistically different discrepancy between total body weight and BMI in this study.

With respect to IFD effectiveness on glucose metabolism, many challenges remain. In some
previous studies, the effect of IFD on blood glucose was not significant [33], and there were different
findings according to the characteristics of participants. A 3% to 6% decrease in fasting glucose
was observed in patients with prediabetes [30,34], whereas no significant effect on fasting glucose
concentration was observed in healthy individuals [7]. In this study, we included all studies of
participants with or without prediabetes, because the definition of prediabetes was often unclear in
previous studies. As a result, we found an improvement in blood glucose (fasting glucose level; WMD,
—4.16 mg/dL; 95% CI, —6.92 to —1.40; p = 0.003) and insulin resistance (HOMA-IR; WMD, —0.54; 95% CI,
—1.05 to —0.03; p = 0.038) in the general population with the inclusion of some obese with prediabetes
population groups. Insulin resistance is associated with DM development [35]. Therefore, IFD might
be more beneficial to patients with high insulin resistance who are likely to progress to DM.

The beneficial effects of an IFD including effects on glucose metabolism are often regarded to be
driven by reductions in body weight and/or body fat [5]. Previous IFD studies that adopted ADMF or
ADEF diet intervention with a relatively high degree of CR resulted in clinically meaningful reductions
in body weight [6,7], whereas a relatively small (<5.0 kg) weight reduction was achieved in IFD studies
adopting a TRF diet with small degree of CR [21,25]. In addition, no significant weight loss was
observed in studies that adjusted the fasting time while maintaining the total calorie intake [17]. Thus,
the main pathophysiologic mechanism of weight loss through an IFD is likely to be a reduction in the
total calories consumed. In this study, no significant weight loss was observed in the IFD group as
compared to the non-fasting control group. The main explanation for this result might be the mixed
characteristics of the control group including both continuous CR and RD groups. Nevertheless,
a tendency toward weight reduction was observed in the IFD group (WMD, —1.94 kg; 95% CI —5.20 to
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1.31; p = 0.241), and a significant decrease was observed in the analysis with BMI (WMD, —0.75 kg/m?;
95% CI, —1.44 to —0.06; p = 0.033).

Approximately one-fourth to one-third of weight reduction is known to be of lean tissue during
continuous CR, however, lean mass has been preserved in most previous studies under an IF diet
intervention [25]. Similarly, in this study, lean mass did not show a significant difference before
(WMD, -1.11 kg; 95% CI, —2.62 to 0.41; p = 0.153) and after (WMD, —1.26 kg; 95% CI, —2.78 to 0.26;
p = 0.105) the diet intervention. Balancing maximizing loss of body fat and minimizing loss of lean
mass is one of the important pathophysiologic approaches to maintaining physical function and
reducing insulin resistance. The conservation of lean mass may have contributed to the maximization
of HOMA-IR reduction.

Although fat mass reduction during an IFD was not statistically significant (at baseline WMD,
0.37 kg; 95% CI, —0.99 to 1.72; p = 0.596, after intervention WMD, —0.98; 95% CI, —-2.32 to 0.36;
p = 0.151), a significant increase in adiponectin level (WMD, 1008.87 ng/mL; 95% CI, 140.45 to 1877.29;
p = 0.023) and a decrease in leptin level (WMD, —0.51 ng/mL; 95% CI, —0.77 to —0.24; p < 0.001)
were observed. Leptin and adiponectin are adipose tissue derived hormones and are associated with
glucose metabolism. Lower leptin concentrations are generally accompanied by a reduction of fat
mass [36]. Adiponectin levels are negatively correlated with insulin resistance, fat mass, and central fat
distribution [37], and based on this analysis, we suggest that an IFD seems to be associated with an
improved distribution of central fat.

Considering the merits of an IFD and its mechanism of different results as compared to continuous
CR, attention has been given to the importance of the fasting time duration in previous studies. After
12 hours of fasting, lipolysis starts in fat tissue and then shifts metabolism from fat storage and lipid
synthesis to mobilization of fat as a form of fatty acid-derived ketones [5]. This can be expected
to reduce fat mass and improve insulin resistance. With similar calorie intake reductions during
continuous CR, this difference in fasting time affects the mass and distribution of fat tissue, finally
making a difference in glucose metabolism, as well as adipokine level changes. In addition, as an
expected advantage of IFD in comparison to continuous CR, an IFD can be sustained with higher
compliance and could have a more significant effect on fat mass reduction and insulin resistance
throughout the fasting period.

The association of circadian rhythm with an IFD is an important issue. In a recent study, increased
risk of cardiovascular disease was reported in a population without or with only a simple breakfast [38].
Skipping breakfast is associated with an increase in the release of stress hormones [39]. In addition, there
was a study showing that significantly improved weight loss and improved insulin resistance were
observed in a group that consumed more calories in the morning and less in the evening, in conditions
with the similar calorie restriction [40]. The type of interventions in the studies included in this analysis
were quite diverse, and there was a limitation to further analysis. Randomized controlled trials under
refined conditions could be helpful to clarify the association with circadian rhythm.

This study had some other limitations. First, only studies that presented the mean and standard
deviation of the baseline and final results with a control group were selected. For this reason,
the number of participants included in the analysis was small. Second, we only included the general
population without chronic metabolic disease, and therefore we could not determine through this
analysis whether an IFD is effective in patients with chronic metabolic disease such as diabetes mellitus.
The intervention group included various types of IF, and the degree of calorie restriction varied
accordingly. The non-fasting control groups also ranged from RD to continuous CR. Despite this
diversity, the subgroup analysis was limited due to the insufficient number of studies. With respect
to the geometric features of participants, including ethnicity, several studies showed heterogeneous
characteristics and others did not provided sufficient information, and therefore we could not conduct
further analysis. Third, since the selected studies all had interventions of short-term (four to 24 weeks)
duration, it is limited to expect long-term effects of IFD.
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In some respects, these limitations may serve as strengths. This study was conducted to analyze
only refined studies with a control group. The participants of this study represent the general population
with a wide range of BMI, and therefore confirm the IF effectiveness on general population without
chronic metabolic disease. Through this study, we found that IF improves glucose metabolism through
lipolysis by confirming the difference in BMI, HOMA-IR, leptin level, and adiponectin concentration
among the participants. Through the results of this analysis, we can expect an improvement of fat
distribution during an IFD, however, further studies are required to clarify this benefit of IFD.

In conclusion, IF significantly improves glycemic control and insulin resistance with a reduction in
BMI, a decrease in leptin level, and an increase in adiponectin concentration in the general population
without chronic metabolic disease.
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control on adiponectin level (changes from baseline) in adults without chronic metabolic disease; and Figure S5:
Effect of IF versus non-fasting control on leptin concentration (changes from baseline) in adults without chronic
metabolic disease.

Author Contributions: Conceptualization, Y.C., N.H., and B.-W.L.; Methodology, Y.-h.C. and N.H.; Validation,
YC,N.H,ML,Y-hL,Y-hL,ESK,B.-S.C., and B.-W.L.; Formal analysis, N.H.; Investigation, Y.C., N.H., K.-w.K.,
and S,j.C.; Data curation, Y.C. and N.H.; Writing—Original draft preparation, Y.C. and B.-W.L.; Writing—Review
and editing, Y.C. and B.-W.L.

Funding: This work was supported by a INHA UNIVERSITY HOSPITAL research grant.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Redman, L.M.; Ravussin, E. Caloric restriction in humans: Impact on physiological, psychological,
and behavioral outcomes. Antioxid. Redox Signal. 2011, 14, 275-287. [CrossRef] [PubMed]

2. Redman, L.M.; Martin, C.K.; Williamson, D.A.; Ravussin, E. Effect of caloric restriction in non-obese humans
on physiological, psychological and behavioral outcomes. Physiol. Behav. 2008, 94, 643—-648. [CrossRef]
[PubMed]

3. Johnson, M.L.; Distelmaier, K.; Lanza, I.R; Irving, B.A.; Robinson, M.M.; Konopka, A.R.; Shulman, G.I;
Nair, K.S. Mechanism by which caloric restriction improves insulin sensitivity in sedentary obese adults.
Diabetes 2016, 65, 74-84. [CrossRef] [PubMed]

4. Scheen, AJ. The future of obesity: New drugs versus lifestyle interventions. Expert Opin. Investig. Drugs
2008, 17, 263-267. [CrossRef] [PubMed]

5. Anton, S.D.; Moehl, K.; Donahoo, W.T.; Marosi, K.; Lee, S.A.; Mainous, A.G., III; Leeuwenburgh, C.;
Mattson, M.P. Flipping the metabolic switch: Understanding and applying the health benefits of fasting.
Obesity 2018, 26, 254-268. [CrossRef] [PubMed]

6. Catenacci, V.A ; Pan, Z.; Ostendorf, D.; Brannon, S.; Gozansky, W.S.; Mattson, M.P,; Martin, B.; MacLean, PS.;
Melanson, E.L.; Troy Donahoo, W. A randomized pilot study comparing zero-calorie alternate-day fasting to
daily caloric restriction in adults with obesity. Obesity 2016, 24, 1874-1883. [CrossRef]

7.  Eshghinia, S.; Mohammadzadeh, F. The effects of modified alternate-day fasting diet on weight loss and cad
risk factors in overweight and obese women. J. Diabetes Metab. Disord. 2013, 12, 4. [CrossRef]

8. Trepanowski, J.E; Kroeger, C.M.; Barnosky, A.; Klempel, M.; Bhutani, S.; Hoddy, KK.; Rood, J.; Ravussin, E,;
Varady, KA. Effects of alternate-day fasting or daily calorie restriction on body composition, fat distribution,
and circulating adipokines: Secondary analysis of a randomized controlled trial. Clin. Nutr. 2018, 37, 1871-1878.
[CrossRef]

9. Gabel, K.; Hoddy, K.K.; Haggerty, N.; Song, J.; Kroeger, C.M.; Trepanowski, J.F,; Panda, S.; Varady, K.A.
Effects of 8-hour time restricted feeding on body weight and metabolic disease risk factors in obese adults:
A pilot study. Nutr. Healthy Aging 2018, 4, 345-353. [CrossRef]


http://www.mdpi.com/2077-0383/8/10/1645/s1
http://dx.doi.org/10.1089/ars.2010.3253
http://www.ncbi.nlm.nih.gov/pubmed/20518700
http://dx.doi.org/10.1016/j.physbeh.2008.04.017
http://www.ncbi.nlm.nih.gov/pubmed/18502453
http://dx.doi.org/10.2337/db15-0675
http://www.ncbi.nlm.nih.gov/pubmed/26324180
http://dx.doi.org/10.1517/13543784.17.3.263
http://www.ncbi.nlm.nih.gov/pubmed/18321226
http://dx.doi.org/10.1002/oby.22065
http://www.ncbi.nlm.nih.gov/pubmed/29086496
http://dx.doi.org/10.1002/oby.21581
http://dx.doi.org/10.1186/2251-6581-12-4
http://dx.doi.org/10.1016/j.clnu.2017.11.018
http://dx.doi.org/10.3233/NHA-170036

J. Clin. Med. 2019, 8, 1645 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Harvie, M.N.; Pegington, M.; Mattson, M.P,; Frystyk, J.; Dillon, B.; Evans, G.; Cuzick, J.; Jebb, S.A.; Martin, B.;
Cutler, R.G.; et al. The effects of intermittent or continuous energy restriction on weight loss and metabolic
disease risk markers: A randomized trial in young overweight women. Int. |. Obes. 2011, 35, 714-727.
[CrossRef]

Barnosky, A.R.; Hoddy, K.K.; Unterman, T.G.; Varady, K.A. Intermittent fasting vs daily calorie restriction for
type 2 diabetes prevention: A review of human findings. Transl. Res. J. Lab. Clin. Med. 2014, 164, 302-311.
[CrossRef] [PubMed]

Adawi, M.; Damiani, G.; Bragazzi, N.L.; Bridgewood, C.; Pacifico, A.; Conic, R.R.; Morrone, A.; Malagoli, P;
Pigatto, P.D.M.; Amital, H. The impact of intermittent fasting (ramadan fasting) on psoriatic arthritis disease
activity, enthesitis, and dactylitis: A multicentre study. Nutrients 2019, 11, 601. [CrossRef] [PubMed]
Damiani, G.; Mahroum, N.; Pigatto, P.D.M.; Pacifico, A.; Malagoli, P,; Tiodorovic, D.; Conic, R.R.; Amital, H.;
Bragazzi, N.L.; Watad, A. The safety and impact of a model of intermittent, time-restricted circadian fasting
(“ramadan fasting”) on hidradenitis suppurativa: Insights from a multicenter, observational, cross-over,
pilot, exploratory study. Nutrients 2019, 11, 1781. [CrossRef] [PubMed]

Damiani, G.; Watad, A.; Bridgewood, C.; Pigatto, P.D.M.; Pacifico, A.; Malagoli, P.; Bragazzi, N.L.; Adawi, M.
The impact of ramadan fasting on the reduction of pasi score, in moderate-to-severe psoriatic patients: A
real-life multicenter study. Nutrients 2019, 11, 277. [CrossRef] [PubMed]

Bragazzi, N.L.; Sellami, M.; Salem, I.; Conic, R.; Kimak, M.; Pigatto, PD.M.; Damiani, G. Fasting and its impact
on skin anatomy, physiology, and physiopathology: A comprehensive review of the literature. Nutrients
2019, 11, 249. [CrossRef] [PubMed]

Longo, V.D.; Mattson, M.P. Fasting: Molecular mechanisms and clinical applications. Cell Metab. 2014, 19, 181-192.
[CrossRef] [PubMed]

Sutton, E.E; Beyl, R.; Early, K.S.; Cefalu, W.T.; Ravussin, E.; Peterson, C.M. Early time-restricted feeding
improves insulin sensitivity, blood pressure, and oxidative stress even without weight loss in men with
prediabetes. Cell Metab. 2018, 27, 1212-1221. [CrossRef] [PubMed]

Carlson, O.; Martin, B.; Stote, K.S.; Golden, E.; Maudsley, S.; Najjar, S.S.; Ferrucci, L.; Ingram, D.K.; Longo, D.L.;
Rumpler, W.V,; et al. Impact of reduced meal frequency without caloric restriction on glucose regulation in
healthy, normal-weight middle-aged men and women. Metab. Clin. Exp. 2007, 56, 1729-1734. [CrossRef]
[PubMed]

Soeters, M.R.; Lammers, N.M.; Dubbelhuis, PF.; Ackermans, M.; Jonkers-Schuitema, C.F.; Fliers, E.;
Sauerwein, H.P; Aerts, ].M.; Serlie, M.]. Intermittent fasting does not affect whole-body glucose, lipid, or
protein metabolism. Am. J. Clin. Nutr. 2009, 90, 1244-1251. [CrossRef] [PubMed]

Bhutani, S.; Klempel, M.C.; Kroeger, C.M.; Trepanowski, J.F.; Varady, K.A. Alternate day fasting and
endurance exercise combine to reduce body weight and favorably alter plasma lipids in obese humans.
Obesity 2013, 21, 1370-1379. [CrossRef] [PubMed]

Tinsley, G.M.; Forsse, ].S.; Butler, N.K ; Paoli, A.; Bane, A.A.; La Bounty, PM.; Morgan, G.B.; Grandjean, P.W.
Time-restricted feeding in young men performing resistance training: A randomized controlled trial. Eur. J.
Sport Sci. 2017, 17, 200-207. [CrossRef] [PubMed]

Headland, M; Clifton, P; Carter, S.; Keogh, J. Weight-loss outcomes: A systematic review and meta-analysis
of intermittent energy restriction trials lasting a minimum of 6 months. Nutrients 2016, 8, 354. [CrossRef]
[PubMed]

Harris, L.; Hamilton, S.; Azevedo, L.B.; Olajide, J.; De Bran, C.; Waller, G.; Whittaker, V.; Sharp, T.; Lean, M.;
Hankey, C. Intermittent fasting interventions for treatment of overweight and obesity in adults: A systematic
review and meta-analysis. JBI Database Syst. Rev. Implement. Rep. 2018, 16, 507-547. [CrossRef] [PubMed]
Higgins, J.P.; Thompson, S.G.; Deeks, J.].; Altman, D.G. Measuring inconsistency in meta-analyses. BM] 2003,
327,557-560. [CrossRef]

Moro, T.; Tinsley, G.; Bianco, A.; Marcolin, G.; Pacelli, Q.F,; Battaglia, G.; Palma, A.; Gentil, P.; Neri, M.;
Paoli, A. Effects of eight weeks of time-restricted feeding (16/8) on basal metabolism, maximal strength, body
composition, inflammation, and cardiovascular risk factors in resistance-trained males. J. Transl. Med. 2016,
14, 290. [CrossRef] [PubMed]

Teng, N.I; Shahar, S.; Rajab, N.F; Manaf, Z.A.; Johari, M.H.; Ngah, W.Z. Improvement of metabolic
parameters in healthy older adult men following a fasting calorie restriction intervention. Aging Male Off. ].
Int. Soc. Study Aging Male 2013, 16, 177-183. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/ijo.2010.171
http://dx.doi.org/10.1016/j.trsl.2014.05.013
http://www.ncbi.nlm.nih.gov/pubmed/24993615
http://dx.doi.org/10.3390/nu11030601
http://www.ncbi.nlm.nih.gov/pubmed/30871045
http://dx.doi.org/10.3390/nu11081781
http://www.ncbi.nlm.nih.gov/pubmed/31374976
http://dx.doi.org/10.3390/nu11020277
http://www.ncbi.nlm.nih.gov/pubmed/30691245
http://dx.doi.org/10.3390/nu11020249
http://www.ncbi.nlm.nih.gov/pubmed/30678053
http://dx.doi.org/10.1016/j.cmet.2013.12.008
http://www.ncbi.nlm.nih.gov/pubmed/24440038
http://dx.doi.org/10.1016/j.cmet.2018.04.010
http://www.ncbi.nlm.nih.gov/pubmed/29754952
http://dx.doi.org/10.1016/j.metabol.2007.07.018
http://www.ncbi.nlm.nih.gov/pubmed/17998028
http://dx.doi.org/10.3945/ajcn.2008.27327
http://www.ncbi.nlm.nih.gov/pubmed/19776143
http://dx.doi.org/10.1002/oby.20353
http://www.ncbi.nlm.nih.gov/pubmed/23408502
http://dx.doi.org/10.1080/17461391.2016.1223173
http://www.ncbi.nlm.nih.gov/pubmed/27550719
http://dx.doi.org/10.3390/nu8060354
http://www.ncbi.nlm.nih.gov/pubmed/27338458
http://dx.doi.org/10.11124/JBISRIR-2016-003248
http://www.ncbi.nlm.nih.gov/pubmed/29419624
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.1186/s12967-016-1044-0
http://www.ncbi.nlm.nih.gov/pubmed/27737674
http://dx.doi.org/10.3109/13685538.2013.832191
http://www.ncbi.nlm.nih.gov/pubmed/24044618

J. Clin. Med. 2019, 8, 1645 11 0f 11

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Alsubheen, S.A.; Ismail, M.; Baker, A.; Blair, J.; Adebayo, A.; Kelly, L.; Chandurkar, V.; Cheema, S.;
Joanisse, D.R.; Basset, F.A. The effects of diurnal ramadan fasting on energy expenditure and substrate
oxidation in healthy men. Br. |. Nutr. 2017, 118, 1023-1030. [CrossRef]

Bouhlel, H.; Shephard, R.J.; Gmada, N.; Aouichaoui, C.; Peres, G.; Tabka, Z.; Bouhlel, E. Effect of ramadan
observance on maximal muscular performance of trained men. Clin. J. Sport Med. Off. J. Can. Acad. Sport Med.
2013, 23, 222-227. [CrossRef]

Hussin, N.M.; Shahar, S.; Teng, N.I.; Ngah, W.Z.; Das, S.K. Efficacy of fasting and calorie restriction (fcr) on
mood and depression among ageing men. J. Nutr. Health Aging 2013, 17, 674-680. [CrossRef]

Varady, K.A.; Bhutani, S.; Klempel, M.C.; Kroeger, C.M.; Trepanowski, ].F.; Haus, ].M.; Hoddy, K.K.; Calvo, Y.
Alternate day fasting for weight loss in normal weight and overweight subjects: A randomized controlled
trial. Nutr. J. 2013, 12, 146. [CrossRef]

Jensen, M.D.; Ryan, D.H.; Apovian, C.M.; Ard, ].D.; Comuzzie, A.G.; Donato, K.A.; Hu, EB.; Hubbard, V.S,;
Jakicic, ].M.; Kushner, R.E; et al. 2013 aha/acc/tos guideline for the management of overweight and obesity
in adults: A report of the american college of cardiology/american heart association task force on practice
guidelines and the obesity society. Circulation 2014, 129, S102-S138. [CrossRef] [PubMed]

Varady, K.A. Intermittent versus daily calorie restriction: Which diet regimen is more effective for weight
loss? Obes. Rev. Off. |. Int. Assoc. Study Obes. 2011, 12, e593-e601. [CrossRef] [PubMed]

St-Onge, M.P;; Ard, ].; Baskin, M.L.; Chiuve, S.E.; Johnson, H.M.; Kris-Etherton, P.; Varady, K. Meal timing
and frequency: Implications for cardiovascular disease prevention: A scientific statement from the american
heart association. Circulation 2017, 135, e96—e121. [CrossRef] [PubMed]

Klempel, M.C.; Kroeger, C.M.; Bhutani, S.; Trepanowski, J.F,; Varady, K.A. Intermittent fasting combined
with calorie restriction is effective for weight loss and cardio-protection in obese women. Nutr. J. 2012, 11, 98.
[CrossRef] [PubMed]

Gastaldelli, A.; Kozakova, M.; Hojlund, K,; Flyvbjerg, A.; Favuzzi, A.; Mitrakou, A.; Balkau, B. Fatty liver is
associated with insulin resistance, risk of coronary heart disease, and early atherosclerosis in a large european
population. Hepatology 2009, 49, 1537-1544. [CrossRef]

Bouassida, A.; Chamari, K.; Zaouali, M.; Feki, Y.; Zbidi, A.; Tabka, Z. Review on leptin and adiponectin
responses and adaptations to acute and chronic exercise. Br. J. Sports Med. 2010, 44, 620-630. [CrossRef]
Goldstein, B.J.; Scalia, R. Adiponectin: A novel adipokine linking adipocytes and vascular function. J. Clin.
Endocrinol. Metab. 2004, 89, 2563-2568. [CrossRef]

Rong, S.; Snetselaar, L.G.; Xu, G.; Sun, Y.; Liu, B.; Wallace, R.B.; Bao, W. Association of skipping breakfast
with cardiovascular and all-cause mortality. . Am. Coll. Cardiol. 2019, 73, 2025-2032. [CrossRef]
Witbracht, M.; Keim, N.L.; Forester, S.; Widaman, A.; Laugero, K. Female breakfast skippers display a
disrupted cortisol rhythm and elevated blood pressure. Physiol. Behav. 2015, 140, 215-221. [CrossRef]
Jakubowicz, D.; Barnea, M.; Wainstein, J.; Froy, O. High caloric intake at breakfast vs. Dinner differentially
influences weight loss of overweight and obese women. Obesity 2013, 21, 2504-2512. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1017/S0007114517003221
http://dx.doi.org/10.1097/JSM.0b013e318275d213
http://dx.doi.org/10.1007/s12603-013-0344-9
http://dx.doi.org/10.1186/1475-2891-12-146
http://dx.doi.org/10.1161/01.cir.0000437739.71477.ee
http://www.ncbi.nlm.nih.gov/pubmed/24222017
http://dx.doi.org/10.1111/j.1467-789X.2011.00873.x
http://www.ncbi.nlm.nih.gov/pubmed/21410865
http://dx.doi.org/10.1161/CIR.0000000000000476
http://www.ncbi.nlm.nih.gov/pubmed/28137935
http://dx.doi.org/10.1186/1475-2891-11-98
http://www.ncbi.nlm.nih.gov/pubmed/23171320
http://dx.doi.org/10.1002/hep.22845
http://dx.doi.org/10.1136/bjsm.2008.046151
http://dx.doi.org/10.1210/jc.2004-0518
http://dx.doi.org/10.1016/j.jacc.2019.01.065
http://dx.doi.org/10.1016/j.physbeh.2014.12.044
http://dx.doi.org/10.1002/oby.20460
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Experimental Section 
	Data Sources and Search Strategies 
	Eligibility Criteria 
	Statistical Analysis 

	Results 
	Search Results and Study Characteristics 
	Effectiveness of Intermittent Fasting on BMI and Body Weight 
	Effectiveness of Intermittent Fasting on Glycemic Control 
	Effect of Intermittent Fasting on Lean and Fat Mass and Circulating Leptin and Adiponectin 

	Discussion 
	References

