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Intermittent fasting, whose proposed benefits include the improvement of lipid profile and the body
weight loss, has gained considerable scientific and popular repercussion. This review aimed to consol-
idate studies that analyzed the lipid profile in humans before and after intermittent fasting period
through a detailed review; and to propose the physiological mechanism, considering the diet and the
body weight loss. Normocaloric and hypocaloric intermittent fasting may be a dietary method to aid in
the improvement of the lipid profile in healthy, obese and dyslipidemic men and women by reducing
total cholesterol, LDL, triglycerides and increasing HDL levels. However, the majority of studies that
analyze the intermittent fasting impacts on the lipid profile and body weight loss are observational based
on Ramadan fasting, which lacks large sample and detailed information about diet. Randomized clinical
trials with a larger sample size are needed to evaluate the IF effects mainly in patients with dyslipidemia.

© 2018 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction regarding biochemical markers, such as the traditional lipid
Human fasting is considered as food abstinence and even bev-
erages between 4 h to three weeks [1,2]. Practical application of
human fasting encompasses the pre-analytical phase of several
laboratory testing, preoperative and postoperative which the dis-
continue intake is necessary, as gastrointestinal trauma [2e6].

Intermittent fasting (IF) is a restricted feeding period originates
in religious and spiritual traditions [7]. The most studied type of IF
occurs in the holy month of Ramadan, which is a period that mil-
lions of Muslims abstain from caloric and water intake from sunrise
to sunset. On average, the Ramadan day is divided in 12 h of fasting
and 12 h of non-fasting [7]. Other types of IF are also studied, such
as alternate day fastinge e.g., 1 day or more aweek fasting e and IF
with a longer fasting period during the day, for example, 16 h of
fasting for 8 h of non-fasting [1]. These types of IF do not require
restriction of water intake because they have no connection with
religion [8e10].

IF has gained considerable scientific and popular repercussion,
being introduced as a feeding method under certain conditions in
the clinical practice. Studies that elaborate pathways created on the
basis of the animal experiments may lead to overestimation of IF
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profile e including high-density lipoprotein (HDL), low-density li-
poprotein (LDL), total cholesterol and triglycerides [11,12].

IF can be considered an energy deficit protocol that leads to lipid
profile improve by energy deficit and/or body weight reduction
[13]. Hence, the caloric intake and weight loss evaluations are
important to investigate the biological effects of IF on lipid profile.
This review aimed to consolidate studies that analyzed the effects
of IF on lipid profile in humans, emphasizing the physiological
mechanisms.
2. Methods

A detailed literature research in English was carried with a view
to identify relevant studies and to describe and consolidate obser-
vational and intervention data that provided parameters of the
lipid profile through humans, such as HDL, VLDL, LDL, total
cholesterol and triglycerides. In parallel, body weight and dietary
information were also considered as data.

In order to improve the evidences regarding biological support,
studies that used more detailed markers than the traditional lipid
profile were also explored, thus suggesting physiological mecha-
nisms to clarify the improvement of the lipid profile through IF. For
this purpose, using the Pubmed, Cochrane and Web of Science
databases, the following keywords were used: “Intermittent fast-
ing”, “Ramadan”, “Alternate day fasting”, “lipid profile” and
y Elsevier Ltd. All rights reserved.
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“intermittent fasting and human metabolic health”. The search for
the data involved studies published until October 2, 2017.

3. To what extent can intermittent fasting affect the lipid
profile in humans?

Intermittent fasting (IF) is a restricted feeding period emerged
from religious and spiritual traditions [7]. The most studied type of
IF occurs in the holy month of Ramadan. In the meantime, millions
of Muslims cease foods and beverages consumption from sunrise to
sunset. Overall, Ramadan day consist in 12 h fasting and 12 h
feeding [7].

Besides Ramadan, other types of IF are also studied. Alternate
day fasting is a broad term so have several definitions. One day or
two intervals days a week fasting are most extended examples
[1,14,15]. The presence of caloric intake in the fasting day is
controversial. Some studies consider high calorie restriction as a
fasting day, for example, 25% ingestion of total caloric expenditure
in one day, and caloric overcompensation intake on another day e

i.e. non-fasting day [8,10]. An interest daily type of IF is 16 h fasting
for 8 h feeding [1], however, there can be daily types with more
fasting duration, as 16e20 h fasting for 4e8 h feeding. These types
of IF do not require restriction of water intake because they have no
connection with religion [8e10].

Weight loss methods are important for lipid profile improve-
ment. There is an important link between obesity and dyslipidemia
over pro-inflammatory gradient from adipose tissue. The patho-
physiology of the typical dyslipidemia observed in obesity is
multifactorial, in which overconsumption of calories is crucial [13].
Low-calorie diets can enhance the lipid profile [16]; likewise, IF can
leads to lipid profile improve by energy deficit and/or body weight
reduction [13].

Lipid profile improvement through IF can occur with or without
changes in weight loss (Table 1). Observational studies based on
Ramadan are the majority, undoubtedly exhibiting many limita-
tions, such as the lack of food recall from calories tomacronutrients
(Table 1).

Comparing the pre and post IF period, HDL levels can increase
between 1 and 14mg/dL, LDL levels decrease between 1 and 47mg/
dL, total cholesterol levels decrease between 5 and 88 mg/dL and
triglycerides levels decrease between 3 and 64 mg/dL (Table 1).

Although observational studies are the majority of IF research,
there are randomized clinical trials showing enhanced lipid profile
associationwith weight loss by virtue of IF program [8,10]. Klempel
et al. tested two types of alternate day fasting: 1) High-fat, Low-
Carb diet; 2) Low-fat, High-Carb diet. They showed decreased
cholesterol, LDL triglycerides and cholesterol, levels and body
weight in both groups [8]. Recent study by Trepanowski et al. also
tested High-fat, Low-Carb diet and Low-fat, High-Carb diet over
alternate day fasting with greater follow-up, corresponding to six
months. In contrast to Klempel et al., authors found just improves
in HDL levels, while did not decrease LDL, triglycerides and
cholesterol levels [10]. Moro et al. found lipid profile improvement
in healthy resistance-trained males during two months of normo-
caloric IF. There was increased HDL and decreased LDL levels in the
IF group, whereas normal diet group did not change [9].

4. Proposed mechanisms

The increase of tumor necrosis factor alpha (TNF-a) and several
proinflammatory cytokines are associated with worsening of the
lipid profile [17]. In the study byUnalacak et al. interleukin (IL)-2 and
IL-8 and TNF-a levels were decreased after the period of Ramadan in
eutrophic and obese, however, IL-1 and IL-6 levels weren't
decreased. Although there was a decrease in the serum triglycerides
of both groups, the other markers of lipid profile did not change,
therefore, being inaccurate to affirm that thedecreaseof TNF-a levels
by IF is impacts the improve of the lipid profile [18]. It is known that
the antioxidant system is substantial in the lipid profile, thus
modulating the lipoproteins [19e21]. However, glutathione, gluta-
thioneperoxidase andcatalase analyzed in the redblood cells didnot
improve after Ramadan, according to a study by Ibrahim et al. [22]

IF may increase hepatic production of apolipoprotein A (apo A)
and apolipoprotein B (apo B) [23,24]. By means of the apo A pro-
duction, the serumHDL increases, since apo A is a precursor of HDL.
The increase of the PPARa expression is also responsible for the
increase in the serum HDL. Through reducing apo B production the
serum levels of VLDL, LDL and small and dense LDL (sdLDL) are
decreased [25,26] (Fig. 1). In 1993, Maislos et al. analyzed the apo A
e a percussive molecule of HDL, which increased after Ramadan
and could be one of the mechanisms that supports the increase of
HDL by IF [27]. Five years later, Maislos et al. analyzed the lipo-
protein (a) e a harmful lipoprotein to the organism [28], which in
turn did not change after Ramadan fasting [29]. In this way, Ham-
mouda et al. also did not find alteration of lipoprotein (a) after
Ramadan; in addition, they also did not find alterations of the
C-reactive protein [24]. Adlouni et al. and Hammouda et al. found
an increase of the Apo AI and a decrease of the apo B after Ramadan,
reflecting the HDL increase and LDL reduction [23,24]. Akanji et al.
also found an increase of the apo AI after Ramadan, however, it
wasn't observed neither increase in HDL nor decrease in apo B in
patients with dyslipidemia [30].

Klempel et al. measured LDL subtypes. At the end of twomonths
of alternate day fasting, the diameter of the LDL subtypes increased,
whereas there was decrease of the serum levels of sdLDL [8], which
is beneficial in the cardiovascular scope, because the lower the LDL,
the more susceptible to arterial penetration [21,31].

All things considered, the mechanisms that justify the
improvement of the lipid profile through IF are not surprising.
Probably the mechanism of IF for the improvement of lipoproteins,
cholesterol and serum triglycerides are similar to the classics that
occur through fat mass loss (Figs. 1 and 2). Above all, dietary quality
should be considered. The type of normocaloric or hypocaloric IF
improves lipoproteins by greater efficacy of fatty acid oxidation and
modulation of apolipoproteins [8,23,24]. In the liver, the oxidation
of fatty acids is increased through higher expression of peroxisome
proliferator-activated receptor alpha (PPARa) and peroxisome
proliferator-activated receptor-gamma coactivator 1-alpha (PGC-
1a) in the fasting state [26]. Through increase of fatty acid oxidation
in the liver, the accumulation of triglycerides in the hepatocytes
decreases, thus decreasing the production of very low density li-
poprotein (VLDL). By means of decreasing the VLDL production
thus reducing levels of VLDL and TG in the bloodstream, Since apo B
composes VLDL, serum apo B levels are also reduced [13,32].
Through reducing these factors that involve VLDL, consequently the
LDL and sdLDL are also reduced. In parallel, serum apo B levels are
also reduced, for apo B is part of LDL as well as sdLDL and VLDL [21]
(Fig. 1).

IF may also decrease the expression of cholesteryl ester transfer
protein (CETP) when associated with fat mass loss [33]. The CETP is
a protein responsible for transferring cholesterol esters fromHDL to
VLDL, being responsible for lowering HDL levels and increasing
VLDL levels. Therefore, the decrease in CETP through fasting can be
another fact that can increase HDL [34,35] (Fig. 1).

Inherent in the improvement of serum cholesterol, the probable
mechanism of fasting and cholesterol reduction occurs by means of
enzymatic action. Fasting decreases the expression of sterol regu-
latory element-binding protein 2 (SREPB-2) [36], diminishing the
action of several enzymes responsible for cholesterol synthesis
[37,38] (Fig. 2).



Table 1
Impact on lipid profile and body weight in comparison to pre and post intermittent fasting.

Study Participants (n) Duration
(month)

Type of
intermittent fasting

Diet composition
(CHO:FAT:PROT)

Outcomes Type of study

Adlouni et al., 1997 [39] 32 health men 1 12 h fasting/12 h
feeding

52:33:15 HDL: [ 14% (5 mg/dL) Observational
LDL: Y 12% (14 mg/dL)
TC: Y 25% (38 mg/dL)
TG: Y 30% (27 mg/dL)
BW: Y 2.4% (1.7 kg)

Afrasiabi et al., 2003 [40] 22 men 1 12 h fasting/12 h
feeding. Low fat
and hypocaloric
diet

62:24:14 HDL: [ 12% (5 mg/dL) Non-randomized
controlled trialLD: 4

TC: 4
TG: Y 13% (34 mg/dL)
BW: Y 1.6% (1.4 kg)

Afrasiabi et al., 2003 [40] 16 men 1 12 h fasting/12 h
feeding. Without
any special diet
interference

61:26:13 HDL: 4 Non-randomized
controlled trialLDL: 4

TC: 4
TG: Y 27% (64 mg/dL)
BW: 4

Aksungar et al., 2005 [55] 12 health men 1 12 h fasting/12 h
feeding

z HDL: [ 14% (7 mg/dL) Observational
LDL: 4
TC: 4
TG: 4
BW: 4

Aksungar et al., 2005 [55] 12 health women 1 12 h fasting/12 h
feeding

z HDL: [ 16% (9 mg/dL) Observational
LDL: 4
TC 4

TG: 4
BW: 4

Akanji et al., 2000 [30] 31 dyslipidemic women 1 12 h fasting/12 h
feeding

z HDL: 4 Observational
LDL: 4
TC: 4
TG: 4
BW: 4

Akanji et al., 2000 [30] 33 dyslipidemic men 1 12 h fasting/12 h
feeding

z HDL: 4 Observational
LDL: 4
TC: 4
TG: 4
BW: 4

Akaberi et al., 2014 [56] 43 (22 men and 21 women) 1 12 h fasting/12 h
feeding

z HDL: [ 27% (9 mg/dL) Observational
LDL: 4
TC: 4
TG: 4

Ara et al., 2016 [41] 61 health men 1 12 h fasting/12 h
feeding

z LDL: Y 7% (7 mg/dL) Observational
TC: Y 5% (8 mg/dL)
BW: Y 4.1% (2.5 kg)

Bilto, 1998 [57] 43 (34 men and 9 women)
health

1 12 h fasting/12 h
feeding

z HDL: Y 18% (9 mg/dL) Observational
LDL: Y 16% (19 mg/dL)
TC: Y 14% (27 mg/dL)
TG: 4
BW: 4

Fakhrzadeh et al., 2003 [58] 41 health women 1 12 h fasting/12 h
feeding

z HDL: [ 29% (14 mg/dL) Observational
LDL: Y 37% (47 mg/dL)
TC: Y 29% (59 mg/dL)
TG: Y 19% (25 mg/dL)
BW: 4

Fakhrzadeh et al., 2003 [58] 50 health men 1 12 h fasting/12 h
feeding

z HDL: [ 23% (9 mg/dL) Observational
LDL: Y 36% (43 mg/dL)
TC: Y 24% (43 mg/dL)
TG: Y 37% (44 mg/dL)
BW: 4

Gur et al., 2015 [59] 78 health pregnant 1 12 h fasting/12 h
feeding

57:25:18 HDL: [ 9% (6 mg/dL) Observational
LDL: 4
TC: 4
TG: 4
BW: 4

Hammouda et al., 2013 [24] 15 athletes men 1 12 h fasting/12 h
feeding

55:32:13 HDL: [ 3% (1 mg/dL) Observational
LDL: Y 2% (1 mg/dL)
TC: 4
TG: Y 3% (3 mg/dL)
BW: Y 4% (2.4 kg)

Attarzadeh Hosseini and Hejazi,
2013 [60]

13 physically active health men 1 12 h fasting/12 h
feeding

z HDL: [ 5% (2 mg/dL) Observational
LDL: Y 4% (4 mg/dL)
TC: Y 3% (5 mg/dL)
TG: 4
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Table 1 (continued )

Study Participants (n) Duration
(month)

Type of
intermittent fasting

Diet composition
(CHO:FAT:PROT)

Outcomes Type of study

Attarzadeh Hosseini and Hejazi,
2013 [60]

13 sedentary men 1 12 h fasting/12 h
feeding

z HDL: [ 3% (1 mg/dL) Observational
LDL: Y 9% (11 mg/dL)
TC: Y 5% (10 mg/dL)
TG: 4

Ibrahim et al., 2008 [22] 14 (9 men and 4 women) health 1 12 h fasting/12 h
feeding

56:30:14 TC: 4 Observational
TG: Y 11% (13 mg/dL)
BW: 4

Kassab et al., 2003 [46] 6 eutrophic women 1 12 h fasting/12 h
feeding

z TC: 4 Observational
TG: 4
BW: 4

Kassab et al., 2003 [46] 18 obese women 1 12 h fasting/12 h
feeding

z TC: 4 Observational
TG: 4
BW: 4

Klempel et al., 2013 [8] 17 obese women 2 Alternate days of
high fat
intermittent fasting

40:45:15 HDL: 4 Randomized
clinical trialLDL: 4

TC: Y 13% (26 mg/dL)
TG: Y 15% (15 mg/dL)
BW: Y 5% (4.3 kg)

Klempel et al., 2013 [8] 18 obese women 2 Alternate days of
low fat intermittent
fasting

60:25:15 HDL: 4 Randomized
clinical trialLDL: Y 25% (28 mg/dL)

TC: Y 16% (31 mg/dL)
TG: Y 14% (14 mg/dL)
BW: Y 4% (3.7 kg)

Maislos et al., 1993 [27] 24 (16 men and 8 women)
health

1 12 h fasting/12 h
feeding

z HDL: [ 32 (9 mg/dL) Observational
LDL: 4
TC: 4
TG: 4
BW: 4

Maislos et al., 1998 [29] 22 (14 men and 8 women)
health

1 12 h fasting/12 h
feeding

65:14:21 HDL: [ 26% (9 mg/dL) Observational
LDL: 4
TC: 4
TG: 4
BW: 4

Mirzaei et al., 2012 [42] 14 athletes men 1 12 h fasting/12 h
feeding

z HDL: [ 4% (2 mg/dL) Observational
LDL: Y 20% (20 mg/dL)
TC: Y 9% (15 mg/dL)
TG: 4
BW: Y 2% (1.65 kg)

Moro et al., 2016 [9] 17 resistance-trained men 2 16 h fasting/8 h
feeding

51:25:24 HDL: c 7% (4 mg/dL) Randomized
clinical trialLDL: 4

TC: 4
TG: Y 7% (8 mg/dL)
BW: 4

Nematy et al., 2012 [61] 82 (34 men and 44 women)
metabolic syndrome

1 12 h fasting/12 h
feeding

52:34:14 HDL: [ 12% (5 mg/dL) Observational
LDL: Y 12% (13 mg/dL)
TC: Y 5% (9 mg/dL)
TG: Y 19% (42 mg/dL)
BW: 4

Ramadan et al., 1999 [62] 7 health men 1 12 h fasting/12 h
feeding

z TC: 4 Observational
TG: 4
BW: 4

Ramadan et al., 1999 [62] 6 physically active health men 1 12 h fasting/12 h
feeding

z TC: 4 Observational
TG: 4
BW: 4

Sadiya et al., 2011 [43] 19 (14 women and 5 men)
metabolic syndrome

1 12 h fasting/12 h
feeding

45:42:13 HDL: 4 Observational
LDL: 4
TC: 4
TG: 4
BW: Y 2% (1.8 kg)

Salehi and Neghab, 2007 [44] 28 overweight men 1 12 h fasting/12 h
feeding

70:16:14 TC: Y 38% (88 mg/dL) Observational
TG: 4
BW: Y 6% (5.1 kg)

Temizhan et al., 2000 [63] 25 health men 1 12 h fasting/12 h
feeding

z HDL: 4 Observational
LDL: 4
TC: Y 8% (15 mg/dL)
TG: 4

Temizhan et al., 2000 [63] 27 health women 1 12 h fasting/12 h
feeding

z HDL: 4 Observational
LDL: Y 12% (15 mg/dL)
TC: Y 10% (20 mg/dL)
TG: Y 28% (26 mg/dL)

Trepanowski et al., 2017 [10] 25y obese 6 Alternate days
fasting

55:30:15 HDL: 11% (6 mg/dL) Randomized
clinical trialLDL: 4

TC: 4
TG: 4
BW: Y 7% (6.5 kg)

(continued on next page)
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Table 1 (continued )

Study Participants (n) Duration
(month)

Type of
intermittent fasting

Diet composition
(CHO:FAT:PROT)

Outcomes Type of study

Unalacak et al., 2011 [18] 10 obese men 1 12 h fasting/12 h
feeding

z HDL: 4 Observational
LDL: 4
TC: 4
TG: Y 15% (22 mg/dL)
BW: Y 3% (2.9 kg)

Unalacak et al., 2011 [18] 10 eutrophics men 1 12 h fasting/12 h
feeding

z HDL: 4 Observational
LDL: 4
TC: 4
TG: 4
BW: 4

Ziaee et al., 2006 [45] 41 health men 1 12 h fasting/12 h
feeding

z HDL: Y 11% (4 mg/dL) Observational
LDL: 4
TC: 4
TG: 4
BW: Y 2% (1.2 kg)

Ziaee et al., 2006 [45] 39 health women 1 12 h fasting/12 h
feeding

z HDL: 4 Observational
LDL: 4
TC: 4
TG: 4
BW: Y 2% (1.1 kg)

BW, body weight; CHO, carbohydrates; HDL, high density lipoprotein; LDL, low density lipoprotein; PROT, protein; TC, Total cholesterol; TG, triglycerides; y, gender not
specified after final sample; z, not analyzed data by the study; [, statistical significance of increased levels; Y, statistical significance of decreased levels; 4, not statistical
significance.

Fig. 1. Proposed mechanisms for the increase of HDL and decrease of the lipoproteins directly related to LDL through intermittent fasting. Lipid profile improvement over inter-
mittent fasting is caused by molecules modulation in the liver. Nuclear expression of PPARa and PGC-1a primarily occurs, which leads to increased fatty acid oxidation and apoA
production, whereas apoB decreases. Boosted fatty acid oxidation leads to the decreased hepatic triglycerides, hence decreasing VLDL production and serum levels of VLDL, LDL and
sdLDL. Increased HDL levels are due to raised apoA production. As a result of decreased VLDL, LDL and sdLDL levels, there is loss of transported cholesterol and triglycerides within
them, which reflects in reduction of serum cholesterol and triglycerides through intermittent fasting. ApoA, apolipoprotein A; apoB, apolipoprotein B; CE, cholesteryl ester; CETP,
cholesteryl ester transfer protein; HDL, high density lipoprotein; LDL, low density lipoprotein; PGC-1a, Peroxisome proliferator-activated receptor-gamma coactivator 1-alpha;
PPARa, Peroxisome proliferator-activated receptor alpha; TG, triglycerides; VLDL, very low density lipoprotein. Dotted express transport and metabolic actions; solid arrows indicate
changes in the lipoprotein levels.
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5. Weight loss analysis

Regarding the dietary intake and weight loss, when comparing
the pre and post IF periods showed in Table 1, eleven studies had a
significant decrease in the body weight, which changed between
1.1 and 6.5 kg [8,10,18,24,39e45]. Interventions resulted in a greater
decrease of body weight, as the Klempel et al. and Trepanowski
et al. studies, both occurring during 2 and 6 months, respectively
[8,10].

Within the groups that analyzed the changes of the fat mass
after the IF (Table 2), six of them showed statistical significance in
the decrease when compared to the baseline [8e10,42,46]. Two



Fig. 2. Proposed mechanisms for the decrease of the cholesterol through intermittent fasting. Adapted from Shibata et al. [37]. SREPB-2, Sterol regulatory element-binding protein 2.

Table 2
Changes of body weight and body fat pre and post intermittent fasting.

Study Participants (n) Duration
(month)

Body fat pre
and post
intermittent
fasting (kg)

Body fat
change between
pre and
post intermittent
fasting

Used method for
analyzing body fat

Trepanowski et al., 2017 [10] 25y obese 6 38 / 33.8* Y4.8 DXA
Moro et al., 2016 [9] 17 resistance-trained men 2 10.9 / 9.3* Y1.62 DXA
Klempel et al., 2013 [8] 17 obese women 2 44.4 / 39.0* Y5.4 DXA
Klempel et al., 2013 [8] 18 obese women 2 44.7 / 39.5* Y4.2 DXA
Kassab et al., 2003 [46] 6 eutrophic women 1 34.9 / 31.3* Y3.6 Bioelectrical impedance
Kassab et al., 2003 [46] 18 obese women 1 17.7 / 17.5 Y0.2 Bioelectrical impedance
Ibrahim et al., 2008 [22] 14 (9 men e 4 women) health 1 21.7 / 22.1 [0.4 Bioelectrical impedance
Mirzaei et al., 2012 [42] 14 athletes men 1 10.3 / 9.3* Y1.0 Bioelectrical impedance
Sadiya et al., 2011 [43] 19 (14 women e 5 men)

metabolic syndrome
1 50.0 / 49.5 Y0.5 Bioelectrical impedance

Hammouda et al., 2013 [24] 15 athletes men 1 10.8 / 10.1 Y0.7 Bioelectrical impedance

*, statistical significance considered for p < 0.05 before and after intermittent fasting as used in the original study; y, gender not specified after final sample; DXA, Dual-energy
X-ray absorptiometry; [, increased levels; Y, decreased levels.

H.O. Santos, R.C.O. Macedo / Clinical Nutrition ESPEN 24 (2018) 14e21 19
studies that showed a decrease in the fat mass after Ramadan found
a reduction of 1 kg and 3.6 kg [42,46], whereas the largest decrease
of fat mass was evidenced in the group of the Klempel et al. [8].

6. Cardiovascular outcome

Analysis of cardiovascular disease outcomes is paramount for a
better assessment of the lipid profile through IF. To this end, from a
total 448 patients in a study that evaluated the cardiovascular risk
potential, 122 patients periodically practiced religious fasting, and
there was a 54% reduction in the risk of coronary artery disease in
subjects who followed the periodic fasting, a value obtained after
multivariate adjustment for age, sex, body mass index, dyslipide-
mia, diabetes, smoking, and family history [47].

On the other hand, in a recent cross-sectional study with a large
sample (n ¼ 4052), the non-breakfast individuals had a higher risk
of atherosclerosis compared to those who ingested high-calorie for
breakfast (>20% of daily calorie intake). However, non-breakfast
patients, when compared to the high caloric intake group of
this meal, exhibited unfavorable parameters, such as: higher per-
centage of central obesity, body weight, body mass index, waist
circumference, dyslipidemia and glycemia; they were older, with a
higher percentage of women and smokers; ingested more daily
calories, animal protein, total fat, cholesterol, processed foods and
alcoholic beverage; and, they ate less dietary fiber, vegetables and
whole grains [48]. In the sight of this, it is hasty to say that food
deprivation at breakfast leads to cardiovascular events.

7. Clinical practice: strong points and limitations

Reviews that highlight IF as an effective method for lipid profile
control have notmade explicit the value of lipid profile markers and
dietary data [7,49]. To avoid incomprehension and improve the
interpretation of this review: we standardized all units of the lipid
profile in mg/dL through classical equations [50], analyzed the loss
of body weight and feeding before and soon after the IF period;
since it is a consensus that weight loss, calorie deficit and dietary
quality interfere in the variation of the lipid profile [17,51,52].
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Furthermore, it is a consensus that women exhibit a more favorable
profile than men e mainly the HDL e [53,54], and this review
provide the assessment of the lipid profile of both genders through
Table 1.

IF can improve the lipid profile in humans but is necessary to
consider the duration, gender and weight loss. Taken together, this
review included these considerations (Tables 1 and 2) in order to
provide better consciousness of physiological variations.

Importantly, one fact to be considered is the use of medicines,
especially lipid-lowering drugs. The majority of studies selected in
this review did not use drugs and most subjects were healthy. Only
the study by Akanji et al. analyzed IF in patients whowere using the
lipid-lowering drug, such as statins and fibrates, since the patients
were dyslipidemic [30]. Akanji et al. did not find improvement in
the lipid profile in both men and women [30] (Table 1), therefore it
is hasty to consider IF as the main method for the dyslipidemia
control e this should not be considered a treatment to substitute
the use of lipid-lowering drugs.

Analyzing the lipid profile after IF follow-up is essential to un-
derstand the repercussion of this dietary method in the lipid pro-
file. Of the few studies that verified the lipid profile after 1 month of
the IF period (Table 1), increased HDL levels remained the same
after 1 month of the Ramadan fasting by Aksungar et al. and
Adlouni et al. studies [39,55].

A limitation of this review is not to have amplified a specific
systematization for the inclusion of scientific articles.

8. Conclusion

IF may be a dietary method to aid in the improvement of the
lipid profile in healthy, obese and dyslipidemic men and women,
reducing total cholesterol, LDL, triglycerides and increasing HDL
levels. However, the majority of studies that analyze the IF impacts
on the lipid profile and body weight loss are observational and lack
detailed information about diet. Randomized clinical trials with a
larger sample size are needed to evaluate the IF effects mainly in
patients with dyslipidemia.
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