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Intermittent fasting diets have grown in popularity in the 
past few years as they can produce clinically significant 
weight loss (>5% loss from baseline1) in many people 
and are often considered to be less complicated than tra-
ditional forms of dieting such as calorie restriction2–9. 
Intermittent fasting requires fasting for a period of time, 
typically a minimum of 12 h, followed by a period of ad 
libitum eating. One of the reasons for the sudden rise 
in popularity of intermittent fasting is its simplicity. 
Previous popular diets have generally required individ-
uals to vigilantly monitor energy intake or meticulously 
count carbohydrates. Intermittent fasting can often be 
a refreshing alternative for many individuals, in that 
it does not require people to track calories every day, 
nor does it forbid individuals from eating certain food 
groups. Moreover, some intermittent fasting regimens 
permit individuals to eat freely during certain periods 
of the day, which is another attractive feature of this diet. 
Simply stated, as long as they can accurately determine 
the date and time of day, most people can do intermittent 
fasting.

Although intermittent fasting is growing in popu-
larity, there are currently few studies that have investi-
gated the benefits and risks of these diets in humans. 
This Review discusses the currently available research 
on the efficacy of intermittent fasting as an intervention 
to reduce body weight and decrease the risk of cardio-
metabolic disease. The article also evaluates the safety 
of these regimens, and provides advice to clinicians and 

patients on how to undertake intermittent fasting in a 
safe and effective manner. Recommendations for studies 
to address current knowledge gaps are also discussed.

Types of intermittent fasting
Three types of intermittent fasting have received the 
most research attention: alternate day fasting (ADF), 
the 5:2 diet and time- restricted eating (TRE)4,10–12 (Fig. 1).

ADF involves a ‘fast day’ alternating with a ‘feast 
day’. On fast days, individuals can choose to consume 
only water, which is termed ‘zero- calorie alternate day 
fasting’13,14, or, alternatively, individuals can consume 
25% of their energy needs (approximately 500 kcal per 
day), which is called ‘modified alternate day fasting’15–17. 
The fast day meal can be consumed all at once or spread 
throughout the day, without affecting the degree of 
weight loss achieved18. The timing of the fast day meal is 
optional. However, participants generally prefer to con-
sume the meal at dinner time so they can engage in their 
habitual social eating patterns, such as eating dinner 
with their family or friends19. On feast days, individuals 
can eat freely, with no restrictions on types or quantities 
of foods consumed. The 5:2 diet is a modified version of 
ADF, which involves two fast days (500–1,000 kcal per  
day), and five feast days per week20–22. The fast days 
can occur on consecutive or non- consecutive days in 
the week.

TRE differs from ADF and the 5:2 diet in that it 
necessitates individuals to fast for a certain period of 
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time every day. TRE involves confining the eating win-
dow to a specified number of hours per day (typically  
4 to 8 h), and fasting with water or zero- calorie beverages 
for the remainder of the day23–27. TRE is a unique form of 
intermittent fasting in that it does not require individuals 
to monitor their energy intake or count calories during 
the eating window.

The effects of intermittent fasting
The effects of intermittent fasting on body weight. The 
effects of the three main forms of intermittent fasting on 
clinical outcome measures are reported in Table 1 (ADF 
and the 5:2 diet), Table 2 (TRE) and Fig. 2. Studies were 
included in the assessments in Tables 1 and 2 if they 
were randomized trials, conducted in adults, had a trial 
duration of 5 weeks or longer and implemented either 
a control group (no change in diet or physical activity 
throughout the study) or a daily calorie restriction group 
as a comparator in their design. Findings to date reveal 
that ADF14,16,28–31 and the 5:2 diet32,33 produce similar 
degrees of weight loss (4–8% loss from baseline) over 
short intervention periods (8–12 weeks) in men and 
women with obesity. Longer- term studies have found 
that ADF17 and the 5:2 diet20–22,34,35 (24–52 weeks) do not 
result in greater body weight reductions than found in 
short- term studies, suggesting that the weight loss effi-
cacy of these diets might peak at 12 weeks. The degree 
of weight loss achieved with TRE seems to be less pro-
nounced (3–4% loss from baseline) over 8–12 weeks23,26,36 
than with ADF and the 5:2 diet. Of note, no study to date 
has demonstrated clinically significant weight loss (>5% 
loss from baseline1) with TRE. The TRE literature is lim-
ited, however, in that no study longer than 12 weeks has 
been performed. It is possible that clinically significant 
weight loss would occur with longer durations of TRE. 
Moreover, no trial to date has directly compared the 
different forms of intermittent fasting with each other. 
Thus, it is difficult to draw meaningful conclusions 
regarding the superiority of one regimen over another.

Several different population groups were evaluated 
in these studies (Tables 1 and 2). ADF, the 5:2 diet and 
TRE were effective for weight loss in individuals with 
obesity14,17,21–23,26,28,29,32,34–36 and overweight16,17,20,33, and 
produced approximately 0.2–0.5 kg of weight loss per 
week, although findings were variable and only ADF and 
the 5:2 diet were able to produce clinically significant 

weight loss. Intermittent fasting also facilitated minor 
reductions in weight in individuals of normal weight 
(BMI 18.5–24.9 kg/m2), inducing approximately 0.2 kg of 
weight loss per week31. The efficacy of intermittent fast-
ing in reducing weight does not seem to vary according 
to an individual’s sex or menopausal status37. Individuals 
with insulin resistance or prediabetes also benefit from 
intermittent fasting interventions, and seem to lose sim-
ilar amounts of weight as those who do not have these 
conditions38. Only two trials have examined if fasting 
is effective for weight loss in patients with type 1 dia-
betes mellitus (T1DM) and type 2 diabetes mellitus 
(T2DM)22,35. After 52 weeks of the 5:2 diet, patients with 
T1DM and obesity lost 7% of their body weight from 
baseline35. Complementary to these findings, patients 
with T2DM and obesity showed 7% weight loss after 
52 weeks of fasting 2 days per week22. Taken together, 
these findings suggest that intermittent fasting might 
benefit several different populations, including those 
with obesity, overweight, insulin resistance, prediabetes, 
T1DM and T2DM. Whether these improvements are also 
noted in patient groups with other metabolic disorders,  
such as those with polycystic ovary syndrome or thyroid 
disorders, is not yet known.

The efficacy of intermittent fasting in maintaining 
weight has only been tested in four trials in humans. 
The results of these trials revealed that both ADF14,17 
and the 5:2 diet22,34 are effective in preventing weight 
regain during 12–24 weeks of follow- up. The weight 
maintenance versions of these diets differ slightly from 
the original regimens. For instance, the ADF and the 
5:2 maintenance diets permit greater energy intake on 
fast days (1,000–1,200 kcal per day instead of approxi-
mately 500 kcal per day). These modifications could help 
to improve the long- term tolerability of these regimens 
by giving people the freedom to eat slightly more on fast 
days. As for TRE, no study to date has examined whether 
this form of fasting can facilitate weight maintenance. 
Evidently, much more data is required before any solid 
conclusions can be reached regarding the efficacy of 
these regimens in helping people to manage their weight 
long- term.

The effects of intermittent fasting compared with tra-
ditional dieting (daily calorie restriction) on body weight 
have been investigated in several trials14,17,20–22,28,32–35 and 
meta- analyses39–41. In a 2017 study17, ADF and calorie 
restriction (25% daily calorie restriction, approximately 
1,500 kcal per day) produced similar degrees of weight 
loss (5–6% loss from baseline) over 52 weeks in adults 
with overweight or obesity. Short- term studies (less than 
12 weeks duration) of ADF have also shown similar body 
weight reductions to calorie restriction14,28. As for the  
5:2 diet, similar degrees of weight loss have been reported 
when this diet is compared with calorie restriction in 
short- term32 and long- term trials20–22,33–35. In patients 
with T1DM or T2DM, the 5:2 diet and calorie restriction 
produced nearly equivalent degrees of weight loss (4–7% 
loss from baseline in both groups) over 52 weeks22,35. 
Whether TRE also results in similar weight reductions 
versus calorie restriction remains unknown, as no study 
to date has directly compared these two interventions. 
Although the data are limited, these preliminary findings 

Key points

•	The	three	main	forms	of	intermittent	fasting	(alternate	day	fasting,	the	5:2	diet	and	
time-	restricted	eating)	produce	mild	to	moderate	weight	loss	(3–8%	loss	from	
baseline)	over	short	durations	(8–12	weeks).

•	The	degree	of	weight	loss	achieved	with	intermittent	fasting	is	on	a	par	with	that	
achieved	with	traditional	dieting	approaches	(daily	calorie	restriction).

•	The	ability	of	these	intermittent	fasting	protocols	to	help	to	manage	weight	long-	term	
is	still	poorly	understood,	as	the	majority	of	studies	to	date	have	run	for	short	
durations.

•	Some	studies	demonstrate	that	intermittent	fasting	improves	cardiometabolic	risk	
factors	such	as	blood	pressure,	levels	of	LDL	cholesterol	and	triglycerides,	insulin	
resistance	and	HbA1c,	while	others	show	no	benefit	on	these	parameters.

•	Intermittent	fasting	is	generally	safe	and	produces	few	gastrointestinal,	neurological,	
hormonal	or	metabolic	adverse	effects.

www.nature.com/nrendo

R e v i e w s



0123456789();: 

indicate that intermittent fasting and traditional dieting 
produce similar reductions in body weight in individuals 
with overweight, obesity, T1DM and T2DM.

The effects of intermittent fasting on body composition. 
When body weight is reduced as a result of consuming a 
calorie- restricted diet, approximately 75% of the weight 
lost is fat mass, and 25% is lean mass42–45. Based on the 
evidence reviewed here, the majority of studies evalu-
ating ADF, the 5:2 diet and TRE found a similar ratio 
of fat mass to lean mass loss (75% to 25%) as calorie 
restriction. Thus, it is probable that intermittent fasting 
does not help individuals with obesity to lose more fat 
mass or retain more lean mass during weight loss than 
traditional dieting. The effects of intermittent fasting 
combined with exercise on body composition have also 
been evaluated. When endurance training was combined 
with ADF, changes in lean mass did not differ from that 
of ADF alone29. However, when TRE was combined with 
resistance training, some studies in lean individuals who 
exercised regularly (resistance training several times per 
week) before the start of the study found muscle mass 
maintenance or accretion, accompanied by statistically 
significant subcutaneous fat mass loss25,46. Whether 
resistance training can help individuals with obesity to 
preserve lean mass during periods of fasting is of interest 
but has yet to be tested.

Changes in visceral fat mass have also been exam-
ined. In the majority of trials evaluating ADF and the 
5:2 diet that found clinically significant weight loss, 
visceral fat mass decreased statistically significantly 
in those receiving the dietary interventions compared 
with no- intervention controls (no change in diet or 
physical activity during the study)14,17,20–22,28,34. By con-
trast, reductions in visceral fat mass were not generally 
observed with TRE, but this could have been due to the 
limited amount of weight loss (3–4% loss from baseline) 
achieved with this intervention in these short- term tri-
als (less than 12 weeks duration). When changes in vis-
ceral fat mass were directly compared between calorie 

restriction and ADF or the 5:2 diet, no statistically sig-
nificant differences were observed14,17,20–22,28,34. This 
finding would suggest that both daily energy restriction 
and intermittent fasting produce similar reductions in  
visceral fat mass when equivalent weight loss is achieved.

Energy intake and diet quality
Effects of intermittent fasting on energy intake. The 
main reason why individuals lose weight with intermit-
tent fasting is because these interventions help people 
to reduce energy intake17,31,47. Findings from trials in 
humans indicate that ADF, the 5:2 diet and TRE reduce 
overall energy intake by approximately 10–30% rela-
tive to baseline17,31,47. Clinicians are often worried that 
patients on ADF or the 5:2 diet will overeat on feast 
days. However, accumulating evidence suggests that 
this does not occur. Participants typically only con-
sume an extra 10–15% of their energy needs (approx-
imately 200–300 kcal) on feast days relative to their 
calculated energy needs17,31,47. Indeed, one study found 
reduced energy intake on feast days in individuals on the  
5:2 diet compared with energy intake before the start 
of the study48. As participants do not fully compensate  
for lack of food consumed on the fast day by eating more 
on the feast day, a net energy deficit is created, resulting 
in mild to moderate weight loss.

Clinicians have also expressed concern over patients 
overeating during the eating window of TRE. Contrary 
to what might be expected, most individuals are not 
able to consume the amount of food they previously ate 
within the prescribed 4- h to 8- h eating window. As such, 
TRE results in an unplanned reduction in daily energy 
intake, in the range of 10–30%23,24,36. TRE also has the 
added benefit of not requiring individuals to count cal-
ories in order to lose weight. One of the main reasons 
why people drop out of ADF and calorie restriction trials 
is because they grow tired of having to vigilantly mon-
itor their food intake on a regular basis17,49,50. TRE diets 
are able to avoid this requirement by allowing partici-
pants to simply ‘watch the clock’ instead of monitoring 

Fast day
Every other day

(0–500 kcal)

Feast day
Every other day

(ad libitum)

ADF

Intermittent fasting

Every day
Eating window (for example 8 hours)

Fasting window (for example 16 hours)

TRE

Fast day
2 days per week
(500–1,000 kcal)

Feast day
5 days per week

(ad libitum)

The 5:2 diet

Fig. 1 | Types of intermittent fasting. Timing of food intake during alternate day fasting (ADF), the 5:2 diet and time- 
restricted eating (TRE). Periods of food intake are depicted by the shaded portions of the clock icon. For TRE, in the 
majority of trials the suggested eating window is 8 h. For ADF and the 5:2 diet, the suggested food intake window is  
17:00 h to 19:00 h. However, the fast day meal can be consumed all at once or spread throughout the day, based on 
individual preference.
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Table 1 | Trials of AdF and the 5:2 diet in humans

Participants Trial 
weeks

intervention 
groups

Body 
weight

Blood 
pressure

Plasma lipids glucoregulatory factors ref.

SBP dBP ldl Hdl Trigly
cerides

Fasting 
glucose

Fasting 
insulin

insulin 
resistance

HbA1c

ADF

n = 26, men 
and women 
with obesity 
and without 
T1DM or 
T2DM

8 ADF (0-kcal  
fast day)

↓8%a NA NA ↓22%a ↓11%a ↓17%a ↑7%a NSD NA NA 14

Calorie restriction 
(1,500 kcal per day)

↓6%a NA NA ↓16%a ↓10%a NSD NSD NSD NA NA

n = 31, 
men and 
women with 
overweight 
and without 
T1DM or 
T2DM

8 ADF (500- kcal  
fast day)

↓5%b NA NA NSD NSD NSD NSD NSD NSD NA 16

Exercise 
(endurance)

NSD NA NA NSD NSD NSD ↓41%b NSD NSD NA

ADF with exercise ↓5%b NA NA NSD NSD NSD NSD NSD NSD NA

Control (ad 
libitum intake,  
no exercise)

NSD NA NA NSD NSD NSD NSD NSD NSD NA

n = 69, men 
and women 
with obesity 
and without 
T1DM or 
T2DM

8 ADF (500- kcal  
fast day)

↓5%a ↓11%b ↓10%a NSD NSD ↓26%a ↓6%b ↓15%a ↓22%a NA 28

Calorie restriction 
(1,500 kcal per day)

↓3%a NSD NSD NSD NSD ↓18%a NSD NSD ↓12%a NA

n = 83, men 
and women 
with obesity 
and without 
T1DM or 
T2DM

12 ADF with exercise ↓7%b NSD NSD NSD ↑18%b NSD NSD NSD NSD NSD 29

ADF ↓4%b NSD NSD NSD NSD NSD NSD NSD NSD NSD

Exercise only 
(endurance)

↓1%b NSD NSD NSD NSD NSD NSD NSD NSD NSD

Control  
(ad libitum,  
no exercise)

NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD

n = 32, men 
and women 
of normal 
weight and 
without T1DM 
or T2DM

12 ADF (500- kcal  
fast day)

↓7%b NSD NSD NSD NSD NSD NA NA NA NA 31

Control  
(ad libitum)

NSD NSD NSD NSD NSD NSD NA NA NA NA

n = 100, 
men and 
women with 
overweight 
and without 
T1DM or 
T2DM

52 ADF (500- kcal  
fast day)

↓6%b NSD NSD NSD NSD ↓24%b NSD ↓38%b NSD NSD 17

Calorie restriction 
(1,500 kcal per day)

↓5%b NSD NSD ↓9%b NSD NSD ↓10%b NSD NSD NSD

Control  
(ad libitum)

NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD

The 5:2 diet

n = 36, men 
and women 
with obesity 
and without 
T1DM or 
T2DM

8 5:2 (500- kcal  
fast day)

↓4%b NA NA NSD NSD NSD NSD NA NA NA 32

Calorie restriction 
(1,600 kcal per day)

↓4%b NA NA NSD NSD NSD NSD NA NA NA

Control  
(ad libitum)

NSD NA NA NSD NSD NSD NSD NA NA NA

n = 115, 
women 
only, with 
overweight 
and without 
T1DM or 
T2DM

12 5:2: fast day  
(600 kcal)

↓6%a NSD NSD NSD NSD NSD NSD ↓18%a ↓25%b NA 33

5:2: low 
carbohydrate

↓6%a NSD NSD NSD NSD NSD NSD ↓14%a ↓16%b NA

Calorie restriction 
(1,500 kcal 
per day)c

↓4%a NSD NSD NSD NSD NSD NSD NSD NSD NA
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food intake, while still producing mild weight loss. 
Unfortunately, no study to date has shown clinically sig-
nificant weight loss with TRE. It will be interesting to see 
if the observed reductions in energy intake during TRE 
persist during longer intervention periods (>24 weeks) 
and if these reductions in energy intake translate into 
clinically significant weight loss.

Effects of intermittent fasting on diet quality. As inter-
mittent fasting permits ad libitum food intake on cer-
tain days of the week, or during certain time windows 
in the day, dieticians and physicians have expressed 
concerns regarding the effects of these eating patterns 
on diet quality. These concerns include worries that 
individuals would lower their fruit and vegetable intake 
and eat more energy- dense and high- fat foods while 
on intermittent fasting diets. Changes in macronutri-
ent and beverage intake have been assessed in eight 
trials17,20,23,25,29,31,36,46. In these trials, the proportions of 
dietary fat, carbohydrates and protein intake did not 
change over the course of the trials in participants on 
ADF, the 5:2 diet and TRE compared with baseline 

levels17,20,23,25,29,31,36,46. Moreover, levels of sugar, saturated 
fat, monounsaturated fat, polyunsaturated fat, choles-
terol and sodium intake did not differ statistically sig-
nificantly in participants on these regimens compared 
from baseline intake17,20,23,25,29,31,36,46. Most trials found low 
levels of fibre intake (approximately 10–15 g per day) 
at the beginning of the study17,20,23. Fibre consumption 
generally does not change over the course of the study 
in people on intermittent fasting or calorie- restriction 
diets, even when dietary counselling to increase fruit, 
vegetable and whole grain intake is provided17,18,20,23,51. 
Intake of beverages, such as coffee, tea, diet sodas, 
energy drinks and alcohol, also remains unchanged 
during intermittent fasting23,52. The effect of intermit-
tent fasting diets on vitamin and mineral intake is not 
yet known, as no study has directly evaluated changes in 
micronutrient consumption during fasting. However, as 
it is currently unclear whether long- term fasting could 
result in lower intakes of key micronutrients, such as 
vitamin D, vitamin B12 and electrolytes, amongst oth-
ers, circulating levels of these vitamins and minerals 
should be routinely assessed to monitor for deficiencies. 

Participants Trial 
weeks

intervention 
groups

Body 
weight

Blood 
pressure

Plasma lipids glucoregulatory factors ref.

SBP dBP ldl Hdl Trigly
cerides

Fasting 
glucose

Fasting 
insulin

insulin 
resistance

HbA1c

The 5:2 diet (cont.)

n = 89, women 
only, with 
overweight 
and without 
T1DM or 
T2DM

24 5:2: fast day 
(500 kcal)

↓7%a ↓4%a ↓7%a ↓10%a NSD ↓16%a ↓2%a ↓29%a ↓27%b NA 20

Calorie restriction 
(1,500 kcal per 
day)c

↓5%a ↓6%a ↓7%a ↓10%a ↓6%a ↓23%a NSD ↓15%a ↓18%a NA

n = 150, men 
and women 
with obesity 
and without 
T1DM or 
T2DM

24 5:2: fast day 
(500 kcal)

↓7%b NSD NSD NSD NSD NSD NSD NSD NSD NA 21

Calorie restriction 
(1,600 kcal per day)

↓5%b NSD NSD NSD NSD NSD NSD NSD NSD NA

Control  
(ad libitum)

NSD NSD NSD NSD NSD NSD NSD NSD NSD NA

n = 112, men 
and women 
with obesity 
and without 
T1DM or 
T2DM

48 5:2: fast day 
(500 kcal)

↓7%a ↓3%a ↓3%a NSD ↓10%a ↓16%a NSD NA NA ↓0.3a 34

Calorie restriction 
(1,500 kcal per day)

↓7%a ↓3%a ↓3%a NSD ↓11%a ↓6%a NSD NA NA ↓0.2a

n = 10, men 
and women 
with obesity 
and with 
T1DM

52 5:2: fast day 
(500 kcal)

↓7%a NSD NSD NSD NSD NSD NA NA NA NSD 35

Calorie restriction 
(1,500 kcal per day)

↓4%a NSD NSD NSD NSD NSD NA NA NA NSD

n = 97 , men 
and women 
with obesity 
and T2DM

52 5:2: fast day 
(500 kcal)

↓7%a NA NA ↓NDa ↓NDa ↓NDa ↓NDa ↓NDa NA ↓0.5a 22

Calorie restriction 
(1,500 kcal per day)

↓5%a NA NA ↓NDa ↓NDa ↓NDa ↓NDa ↓NDa NA ↓0.3a

ADF, alternate day fasting; DBP, diastolic blood pressure; NA, not applicable (parameter not measured); ND, data not disclosed; NSD, non- significant difference 
(P > 0.05); SBP, systolic blood pressure; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; ↓, decrease in the indicated parameter; ↑, increase in the 
indicated parameter. aP < 0.05, significantly different from baseline (within- group effect). bP < 0.05, significantly different from the control or calorie- restricted group 
(between- group effect). cIsocaloric: overall energy consumed by the intermittent fasting group was matched to this control group.

Table 1 (cont.) | Trials of AdF and the 5:2 diet in humans
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Table 2 | Trials of TrE in humans

Participants Trial 
weeks

intervention 
groups

Body 
weight

Blood pressure Plasma lipids glucoregulatory factors ref.

SBP dBP ldl Hdl Trigly
cerides

Fasting 
glucose

Fasting 
insulin

insulin 
resistance

HbA1c

4- h TRE

n = 15, men 
and women of 
normal weight 
without T1DM 
or T2DM

8 4- h TRE 
(16:00–20:00 h)

NSD NA NA NA NA NA ↑NDa NSD NSD NA 103

Control  
(no meal timing 
restrictions)

NSD NA NA NA NA NA NSD NSD NSD NA

n = 18, men 
and women of 
normal weight 
without T1DM 
or T2DM

8 4- h TRE 
(16:00–20:00 h) 
with resistance 
training

NSD NA NA NA NA NA NA NA NA NA 24

Control  
(no meal timing 
restrictions) 
with resistance 
training

NSD NA NA NA NA NA NA NA NA NA

6- h TRE

n = 8, men 
only with 
obesity and 
prediabetes

5 6- h TRE (~08:00 
to 14:00 h)

NSD ↓8%a ↓13%a NSD NSD ↑47%a NSD ↓14%a ↓NDa NA 53

Control (12- h 
eating window)b

NSD NSD NSD NSD NSD NSD NSD NSD NSD NA

n = 58, men and 
women with 
obesity and 
without T1DM 
or T2DM

8 6- h TRE 
(13:00–19:00 h)

↓3%a NSD NSD NSD NSD NSD NSD ↓11%a ↓12%a NSD 23

Control  
(no meal timing 
restrictions)

NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD

8- h TRE

n = 34, men 
only of normal 
weight without 
T1DM or T2DM

8 8- h TRE 
(12:00–20:00 h) 
with resistance 
training

NSD NA NA NSD NSD ↓36%a NSD NSD NA NA 46

Control  
(no meal timing 
restrictions) 
with resistance 
trainingb

NSD NA NA NSD NSD NSD NSD NSD NA NA

n = 40, women 
only of normal 
weight without 
T1DM or T2DM

8 8- h TRE 
(12:00–20:00 h) 
with resistance 
training

↑2%a NSD NSD NSD NSD NSD NSD NSD NA NA 25

Control  
(no meal timing 
restrictions) 
with resistance 
trainingb

NSD NSD NSD NSD NSD NSD NSD NSD NA NA

n = 46, men and 
women with 
obesity and 
without T1DM 
or T2DM

12 8- h TRE 
(10:00–18:00 h)

↓3%a ↓6%a NSD NSD NSD NSD NSD NSD NSD NA 36

Control  
(no meal timing 
restrictions)

NSD NSD NSD NSD NSD NSD NSD NSD NSD NA

n = 20, men and 
women with 
obesity and 
without T1DM 
or T2DM

12 8- h TRE 
(self- selected)

↓4%a NSD NSD NSD NSD NSD NSD NSD NSD NSD 26

Control  
(no meal timing 
restrictions)

NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD

n = 116, men 
and women 
with obesity 
and without 
T1DM or T2DM

12 8- h TRE 
(12:00–20:00 h)

NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD 54

Control  
(no meal timing 
restrictions)

NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD

DBP, diastolic blood pressure; NA, not applicable (parameter not measured); ND, data not disclosed; SBP, systolic blood pressure; TRE, time- restricted eating (prescribed 
eating window shown in parentheses); ↓, decrease in the indicated parameter; ↑, increase in the indicated parameter. aP < 0.05, significantly different from the control or 
calorie restriction group (between group effect). bIsocaloric: overall energy consumed by the intermittent fasting group was matched to this control group.
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Taking these findings together, fasting does not seem to 
have any beneficial or detrimental effects on diet quality. 
However, it should be noted that many of these studies 
advised participants to be mindful of their eating habits 
during periods of ad libitum intake, which might have 
confounded the dietary intake data.

Metabolic disease risk factors
Effects of intermittent fasting on blood pressure. The 
effects of ADF, the 5:2 diet and TRE on blood pressure 
are highly variable. While several studies have demon-
strated reductions in systolic blood pressure (3–11% 
decrease from baseline) and diastolic blood pressure 
(3–13% decrease from baseline)20,28,34,36,53, several others  
have shown no effect17,21,23–25,29,31,33,35,53,54. However, it would  
seem that many of the trials that showed improvements 
involved participants with elevated blood pressure at 
baseline28,34,36. Thus, it is possible that intermittent fasting 
might only help to lower blood pressure in people with 
hypertension or borderline hypertension at the start of 
treatment. Based on findings to date, the three forms 
of intermittent fasting seem to produce similar reduc-
tions in blood pressure, with no apparent deviations  
between diets.

Greater degrees of weight loss did not seem to pro-
duce more pronounced reductions in blood pressure 
than lower levels of weight loss for all three forms of 
intermittent fasting. It was also noted that with early 
TRE (eating all food before 15:00 h), blood pressure 
was reduced in the absence of body weight reductions53. 
These findings suggest that the improvements in blood 
pressure could be partially due to the fasting itself (that 
is, due to long periods of food intake abstention), and 
not just due to the weight loss. The physiological expla-
nation as to why fasting might improve blood pressure 
in the absence of weight loss is still unclear, but might 
involve mild increases in efferent sympathetic nerve 
activity and venous plasma levels of noradrenaline55.  
It is also possible that early TRE might promote natri-
uresis (that is, salt excretion in the urine) by shifting salt 
intake to earlier in the day, when sodium excretion is 
upregulated by the circadian system56.

Effects of intermittent fasting on plasma levels of lipids. 
Changes in plasma concentrations of lipids are routinely 
assessed in trials evaluating intermittent fasting. Levels 
of LDL cholesterol decreased by 10–22% from baseline 
in three trials of intermittent fasting14,20,22, but showed 
no change in the majority of studies. Triglyceride con-
centrations also decreased by 16–36%14,17,20,22,28,34,46 
from baseline, but this decrease was not consistent 
between  studies. When direct comparisons were 
made between intermittent fasting and calorie restric-
tion, similar decreases in levels of LDL cholesterol and 
triglycerides were noted, suggesting that these two 
interventions have equivalent effects on these lipid 
parameters20,22,34. Due to the limited number of studies 
to date, it is difficult to determine whether the degree of 
lipid reduction varies by the patient’s BMI category, the 
intervention duration, the patient’s baseline lipid levels 
or the amount of weight loss the patient achieves. It is 
also difficult to ascertain whether one form of intermit-
tent fasting produces greater reductions in LDL cho-
lesterol or triglyceride levels compared with another. 
A study that directly compares the effects of ADF, the 
5:2 diet and TRE on metabolic variables would be instru-
mental in helping to clarify whether one diet is superior 
to another in altering these risk factors.

Levels of HDL cholesterol, by contrast, generally 
remain unchanged or slightly decrease with intermit-
tent fasting14,22,34. This finding is somewhat surprising 
as levels of HDL cholesterol typically reduce during 
periods of acute weight loss due to reductions in lecithin 
cholesterol ester transfer protein57. Consequently, dur-
ing periods of weight maintenance, HDL cholesterol 
tends to rebound to baseline levels57. The reason why 
this pattern was not noted in trials evaluating intermit-
tent fasting is unclear, but could be related to the low 
amount of weight loss achieved during the acute weight 
loss phase in these trials. The only study that demon-
strated distinct increases in HDL cholesterol was a 2013 
study29 that combined ADF with endurance exercise. 
As endurance training has been shown to augment  
levels of HDL cholesterol58,59, this effect was most prob-
ably due to the exercise component, rather than the  
fasting intervention.

Diet quality
↔

 
Macronutrient intake

? Micronutrient intake
↔ Beverage intake

Body weight
ADF: ↓ 4–8%
5:2: ↓ 4–8%
TRE: ↓ 3–4%

Body composition
↓ Subcutaneous fat mass
↓ Lean mass
↔ ↓ Visceral fat mass

Energy intake
↓ 10–30% kcal per day

Inflammation
↔ TNF, IL-6
↔ C-reactive protein
↔ Homocysteine 

Cardiovascular
↔ ↓ Blood pressure
↔ ↓ LDL cholesterol
↔ ↓ HDL cholesterol
↔ ↓ Triglycerides

Glucoregulatory
↔

 
Fasting glucose

↔ ↓ Fasting insulin
↔ ↓ Insulin resistance
↔ ↓ HbA

1c

Oxidative stress
↓ 8-isoprostane
↓ Nitrotyrosine
↓ Protein carbonyls

Fig. 2 | Effects of intermittent fasting on cardiometabolic risk factors. Alternate  
day fasting (ADF), the 5:2 diet (5:2) and time- restricted eating (TRE) produce mild to 
moderate weight loss (3–8% loss from baseline) and reductions in energy intake in the 
range of 10–30% of total kilocalories consumed per day. The majority of weight is lost 
through reductions in subcutaneous fat mass, with minor reductions in lean mass and 
visceral fat mass. Diet quality and beverage intake generally remain unchanged with 
intermittent fasting. The effect of intermittent fasting protocols on cardiometabolic risk 
parameters is still unclear. Although some trials have demonstrated improvements in 
blood pressure, LDL cholesterol, triglycerides, fasting insulin, insulin resistance, HbA1c 
and markers of oxidative stress, others have shown no benefit. These conflicting findings 
highlight the need for more rigorous long- term studies in this area. Downwards arrows 
indicate parameters that decrease over the trial duration, sideways arrows indicate 
parameters that remain unchanged and question marks indicate that no studies have 
examined this parameter.
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A major limitation to the evidence discussed in this 
Review is the lack of clarity regarding the timing of the 
blood samples taken throughout the intermittent fast-
ing studies. In the majority of studies, whether the blood 
draws were performed on fast days or feast days was not 
specified. The duration of fasting before blood was taken 
for testing would have considerable effects on plasma lev-
els of lipids. For instance, longer acute fasting durations 
(>18 h) can lead to elevated circulating concentrations 
of triglycerides and free fatty acids through augmented 
lipolysis19,60–62, as noted in one study of early TRE53. It will 
therefore be important for future research to clarify how 
changes in the levels of lipids and other metabolic risk 
factors vary according to these two distinct phases of the 
diet, namely, fasting versus feasting.

Effects of intermittent fasting on glucoregulatory factors. 
The ability of intermittent fasting to modulate glycae-
mic parameters is also routinely assessed in studies of 
intermittent fasting. Fasting concentrations of glucose 
generally remain unchanged during ADF16,17,29, the  
5:2 diet21,32–34 and TRE23,25,26,36,46,53,54. However, the major-
ity of these studies involved individuals who did not have 
T1DM or T2DM at baseline. Fasting levels of glucose 
are typically well controlled in participants who do not 
have diabetes mellitus63, so this finding is not surprising. 
Fasting levels of insulin, on the other hand, were reduced 
by 11–38% from baseline in several trials17,20,22,23,28,33,53. 
Furthermore, this effect was observed more frequently 
in individuals with elevated levels of insulin at baseline 
(>13 μIU/ml) compared with individuals with base-
line levels of insulin in the normal range17,22,23,28. The 
effects of intermittent fasting diets on insulin resistance 
and insulin sensitivity are highly variable, with some 
studies showing improvements20,23,28,53, but most showing 
no effect. Regarding HbA1c, the majority of studies show  
no change in this parameter in individuals who do not 
have either T1DM or T2DM17,23,26,29,54.

Very few studies have examined how fasting affects 
glycaemic control in individuals with diabetes mellitus. 
In patients with T2DM, the 5:2 diet produced notable 
reductions in body weight (7%) and HbA1c (0.5%) after 
52 weeks of treatment22. These beneficial changes were 
similar to those of calorie restriction, which produced 
5% weight loss and a 0.3% reduction in HbA1c

22. The use 
of oral hypoglycaemic agents and insulin decreased sig-
nificantly over time in both the 5:2 diet group and the 
calorie restriction group, and was correlated with weight 
change22. By contrast, in patients with T1DM and obesity,  
the 5:2 diet resulted in a 7% weight loss, but had no effect 
on HbA1c levels after 52 weeks35. Both of these trials 
demonstrated that fasting 2 days per week is safe in patients 
with T1DM and T2DM and is associated with few hypo-
glycaemic events22,35. Nonetheless, much more research 
in people with diabetes mellitus is needed to clarify the  
safety and efficacy of these diets in this population group.

Effects of intermittent fasting on inflammation and oxi-
dative stress. Inflammation and oxidative stress have 
an integral role in the development and progression 
of cardio vascular disease and T2DM64–69. The effects of 
fasting on key markers of inflammation, such as TNF, 

IL-6, homocysteine and C- reactive protein, have been 
examined in seven trials in humans. The results of 
these studies indicate that ADF17,29, the 5:2 diet21 and 
TRE23,36,46,53 generally have no effect on these circulating 
inflammatory markers. By contrast, intermittent fasting 
has been routinely demonstrated to reduce markers of 
oxidative stress. For instance, levels of 8- isoprostane  
(a marker of oxidative degradation of lipids), fast- acting 
advanced oxidation protein products, nitrotyrosine and 
protein carbonyls have been shown to decrease fairly 
consistently after 8–24 weeks of following an intermittent 
fasting diet15,20,23,53. It is possible that these decreases in 
markers of oxidative stress are associated with improve-
ments in insulin sensitivity due to fasting70,71. Insulin 
signalling is impaired under oxidative conditions, 
which leads to cellular insulin resistance70,71. Moreover, 
insulin sensitivity is improved in individuals with over-
weight following administration of antioxidants, such 
as vitamin E, compared with insulin sensitivity in those 
receiving placebo72,73. Therefore, one of the mechanisms 
by which intermittent fasting might improve insulin  
sensitivity is by decreasing oxidative stress.

Safety implications
Evidence from clinical trials suggests that ADF and TRE 
do not result in an increased frequency of constipation, 
diarrhoea, nausea, dry mouth, halitosis, irritability, 
fatigue or dizziness23,74,75. Headaches are occasionally 
reported during the first 2 weeks of fasting23,74 due to 
dehydration, but these can be corrected with sufficient 
water intake76,77.

It has been speculated that intermittent fasting could 
increase the risk of developing an eating disorder. Data 
from a 2015 trial evaluating ADF and a 2019 trial evalu-
ating TRE show that fasting does not increase the rates of  
binge eating, purgative behaviour, depression or fear  
of becoming overweight74,75. However, participants with 
a history of an eating disorder were excluded from these 
trials74,75. Thus, it remains unknown whether fasting is 
safe in those with a diagnosed eating disorder. Moreover, 
whether these regimens are safe in individuals at risk of 
developing an eating disorder, such as those with low 
self-esteem, poor body image, negative affect (a per-
sonality variable that involves the experience of nega-
tive emotions and poor self- concept), disordered eating 
behaviours or internalized weight bias is still uncertain. 
In view of the lack of safety data in this area, clinicians 
should exercise caution when recommending fast-
ing approaches to individuals who might be at risk of  
developing an eating disorder.

Changes in reproductive hormone levels during 
fasting have only been assessed in two trials to date20,46. 
In premenopausal women, circulating concentrations 
of androstenedione, testosterone, dehydroepiandros-
terone sulfate, sex hormone- binding globulin and 
prolactin remained unchanged after 24 weeks on the  
5:2 diet20. In young, lean men, 8 weeks of TRE decreased 
free and total testosterone concentrations, but these 
reductions were not related to deleterious changes in 
lean mass or muscle strength46. The effects of fasting 
on fertility remains unknown, as no trial has been per-
formed to date. As for thyroid hormone levels, circulating 
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levels of free tetraiodothyronine, triiodothyronine 
and thyroid-stimulating hormone remain unchanged 
in healthy individuals46 and in those with subclinical 
hypothyroidism78.

It has also been postulated that intermittent fasting 
could have deleterious effects on resting metabolic rate. 
Despite this widely held belief amongst the general pub-
lic, evidence shows that fasting either has no effect on 
resting metabolic rate when weight is maintained25,46,79, 
or results in minor reductions (100–200 kcal per day) 
when weight is reduced by 5–7% from baseline17,34. 
Moreover, these decreases in resting metabolic rate 
caused by intermittent fasting during weight loss are 
similar to those caused by daily calorie restriction17,34.

Taken together, these preliminary findings suggest 
that intermittent fasting produces few gastrointestinal, 
neurological, hormonal or metabolic adverse outcomes. 
However, as adverse events are seldom assessed in trials 
in humans of fasting, definitive conclusions regarding 
the safety of these diets are difficult to draw at present.

Practical considerations
Indications and contraindications. Intermittent fasting 
should not be prescribed to children under the age of 
12 years, or women who are pregnant or lactating, as no 
study to date has evaluated the safety of these diets in 
these population groups (box 1). Fasting is not recom-
mended in people with a history of an eating disorder or 
a BMI of less than 18.5 kg/m2. Elderly individuals over the 
age of 70 years should also be cautioned against the use 
of these diets, as the effects of fasting on ageing- induced 
sarcopenia remains uncertain. Moreover, patients who 
need to take medications with meals at certain times 
of the day might find it difficult to follow certain TRE 
regimens. These patients should work with their clini-
cians to find a fasting protocol that works best with their 
medication regimen. Healthy adults with overweight or 
obesity, who do not have T1DM, T2DM or other comor-
bidities, can safely undertake these diets without medical 
supervision.

Findings from the past few years suggest that fast-
ing might be effective for weight control in adolescents 
with obesity80–82. However, fasting in this group should 
only be recommended when weight loss is clinically 
indicated and should only be undertaken under medi-
cal super vision. Opinions of clinicians and researchers 
vary regarding the safety of fasting in adolescents with 
obesity. Some feel that fasting might be too extreme in 
this population, as adolescence is the peak life stage for 
eating disorder development83–85. By contrast, others 
point to evidence suggesting that medically supervised 
weight loss diets do not increase the risk of an eating 
disorder in adolescents with obesity86. More research is 
undoubtedly needed to further elucidate the safety of 
these diets in this group.

Advice when starting, following and stopping intermit-
tent fasting. Contrary to what would be expected, inter-
mittent fasting is generally not difficult to incorporate 
into day- to- day life4,11,14,26,29,87–89. Clinicians should be 
aware, however, that there is an adjustment period of  
1 to 2 weeks with any of these diets (box 2). Headaches are 

commonly reported during this initial period23, but these 
tend to subside when water intake is increased to 1.5 l per 
day76,77. Once patients have adapted to their fasting pro-
tocol, they can engage in their normal exercise routine, 
even during periods of fasting. Trials from the past few 
years show that participants are able to do moderate- 
intensity to high- intensity endurance or resistance 
exercise during 12- h to 36- h periods of food abstention 
without any adverse effects16,24,25,29,46.

As for the types of foods consumed during intermit-
tent fasting, patients should be encouraged to consume 
plenty of fruits, vegetables and whole grains to boost 
their fibre and micronutrient intake. It is also advisable 
to consume at least 50 g of lean protein on the fast day of 
ADF and the 5:2 diet to help to control hunger90–92 and 
prevent excessive lean mass loss93,94. Alcohol is permit-
ted, but it is not recommended on the fast day of ADF 
or the 5:2 diet, as energy intake is already limited on 
these days to approximately 500 kcal. Caffeinated bever-
ages (such as energy drinks or coffee and tea without 
sugar, milk or cream) and diet sodas are allowed during 
the fasting window. However, diet soda intake should be 
limited to two servings per day as these beverages can 
increase sugar craving95.

Behavioural change strategies should be encouraged 
as an adjunct therapy to fasting to help promote weight 
management. Structured behavioural change pro-
grammes help patients achieve their weight loss goals by 
teaching them how to regularly self- monitor their food 
intake, activity levels and body weight96–98. Behavioural 
therapy can be provided by a trained interventionist in a 
group or one- on- one setting. Alternatively, behavioural 
change programmes are also available online and as 
mobile health apps99.

Considerations for diabetes mellitus
Although the evidence is still very limited, preliminary 
findings suggest that intermittent fasting might be 
safe in patients with T1DM and T2DM22,35. However, 
patients with diabetes mellitus need to be monitored 
closely by their physician during periods of intermittent 
fasting. Studies show that occurrences of hypoglycae-
mia and hyperglycaemia are rare in these patients when 
appropriate medical management is in place22,35.

Box 1 | indications and contraindications

Who should not do intermittent fasting?
•	Children	under	the	age	of	12	years

•	Adolescents	who	are	normal	weight

•	Women	who	are	pregnant	or	lactating

•	Individuals	with	a	history	of	an	eating	disorder

•	Individuals	with	a	BMI	below	18.5	kg/m2

•	Individuals	over	the	age	of	70	years

Who can do intermittent fasting?
•	Adolescents	with	severe	obesity	(>95th	BMI	percentile)
•	Adults	with	normal	weight,	overweight	or	obesity

•	Adults	with	hypertension	and/or	dyslipidaemia

•	Patients	with	insulin	resistance	or	prediabetes

•	Patients	with	type	1	diabetes	mellitus	or	type	2	diabetes	
mellitus

Nature reviews | Endocrinology

R e v i e w s



0123456789();: 

Blood glucose monitoring. It is recommended that 
patients with T1DM or T2DM test and record their 
fasting blood levels of glucose regularly throughout the 
day during intermittent fasting (for example, immedi-
ately before and 2 h after each meal, and before sleeping). 
Patients should be in weekly contact with their physician 
during the active weight loss period (typically the first  
3 months of the diet) to monitor adverse effects and adjust 
medications. If their blood levels of glucose are less than 
70 mg/dl on two consecutive occasions, patients should 
contact their physician for medication changes22,100.  
If blood levels of glucose are higher than 180 mg/dl, 
dietary compliance with the fasting protocol should be 
checked and changes to medications should be made if 
necessary22,100.

Medication management in patients with T1DM. Based 
on the available literature35,101, patients with T1DM who 
are on ADF or the 5:2 diet might be advised to reduce 
their basal insulin dose by 50% on fast days and by 
10% on non- fast days. Insulin doses should be adjusted 
weekly during active weight loss, based on the lowest 
pre- meal blood level of glucose measured in the preced-
ing 7 days. A medication management protocol during 
TRE is still unknown, as no study has been performed 
in patients with T1DM.

Medication management in patients with T2DM. Based 
on the available literature, patients with T2DM with 
an HbA1c level of <7% might be advised to discon-
tinue sulfonylureas and insulin during ADF and the 

5:2 diet22,100,101. However, if the patient’s HbA1c level is 
between 7% and 10% at the start of the diet, sulfony-
lureas and insulin could be discontinued on the fast day 
only, and long- acting insulin could be discontinued the 
night before a fast day22,100. If the HbA1c level is >10% 
when starting ADF or 5:2, sulfonylurea medications 
could remain unchanged, but long- acting insulin could 
be decreased by approximately 10 units on fast days 
only22,100. An endocrinologist should work with each 
patient individually to ensure the best care; note that 
patients should be advised not to adjust their medication 
without medical advice. A medication protocol during 
TRE in patients with T2DM has yet to be clarified as no 
data are available. Moreover, there is currently no clear 
protocol for managing newer agents, such as SGLT2 
inhibitors and GLP1 receptor agonists, as there are  
no published safety or efficacy data available for these 
medications during fasting at present.

Future directions
As of 2010, only four single- arm trials15,79,102,103 had been 
performed to evaluate the effects of intermittent fast-
ing on health- related outcomes in human participants. 
Over the past 10 years, interest in these diets has grown 
tremendously, and more data on the effects of intermit-
tent fasting diets are beginning to emerge every month. 
Despite the influx of data in the past few years, much 
more needs to be done to increase our understanding of 
the field (box 3). Specifically, long- term (>1 year) clini-
cal trials are critically needed. To date, the vast majority 
of studies in this field have been very short (between  
4 and 12 weeks), with only three studies testing long- 
term effects (52 weeks)17,22,35. Randomized controlled tri-
als and qualitative studies running for multiple years will 
offer important insights into the safety, feasibility and 
long- term weight and cardiometabolic benefits of these 
protocols. Future studies should also prioritize testing 
the health benefits of these diets in patients with T1DM 
and T2DM, polycystic ovary syndrome and thyroid 
disorders. Trials in humans that directly compare the 
effects of ADF, the 5:2 diet and TRE are also needed to  
help to ascertain whether one regimen is superior  
to the others. Moreover, studies that aim to tease apart 
the effects of weight loss versus fasting on metabolic 
parameters are also warranted. Findings generated 
from such studies could help elucidate the mechanisms 
that underlie the metabolic improvements observed  
with fasting.

Limitations to the current evidence
While these studies offer promise for the use of intermit-
tent fasting in improving metabolic health, the quality 
of available evidence to date is limited. For instance, the 
majority of these trials had small sample sizes, includ-
ing 10–150 participants. This limitation puts into ques-
tion whether these studies were adequately powered to 
detect statistically significant differences in primary and 
secondary outcome measures. Moreover, the majority 
of studies were conducted in one geographical region, 
namely the USA. Additional research in other areas  
of the world is needed to tailor recommendations for 
fasting to other populations and food cultures.

Box 2 | Advice when starting, following and stopping intermittent fasting

Starting intermittent fasting
•	Adjustment	period:	Typically	1–2	weeks	of	adjustment	to	intermittent	fasting	is	
needed.	Headaches	are	common	but	usually	subside	when	water	intake	is	increased.

•	Exercise:	Fasting	will	typically	not	alter	daily	exercise	routines.

•	Fibre:	Fruits,	vegetables	and	whole	grains	can	boost	fibre	and	micronutrient	intake.

•	Protein:	At	least	50	g	of	lean	protein	on	the	fast	day	of	alternate	day	fasting	(ADF)		
and	the	5:2	diet	can	control	hunger	and	prevent	excessive	lean	mass	loss.

•	Beverages:	Alcohol	in	moderation	is	permitted	on	feast	days	of	ADF	and	the	5:2		
diet,	and	during	the	eating	window	of	time-	restricted	eating	(TRE).	Caffeinated	
beverages	and	calorie-	free	drinks	are	allowed	during	the	fasting	window	in	moderation.

What should be monitored during intermittent fasting?
•	Adverse	effects:	Clinicians	should	regularly	assess	the	frequency	of	adverse	effects	
during	the	first	3	months.

•	Nutrient	deficiencies:	Clinicians	should	monitor	for	deficiencies	in	circulating	levels	
of	vitamins	and	minerals	(such	as	vitamin	D,	vitamin	B12	and	electrolytes).

•	Medications:	Medications	to	control	blood	pressure	and	circulating	levels	of	lipids	
and	glucose	should	be	monitored	and	might	need	to	be	reduced	if	the	patient	loses	
weight.

•	Therapy:	Patients	should	participate	in	structured	behavioural	change	programmes,	
either	in	person	or	online,	to	help	them	achieve	long-	term	weight	management.

Stopping intermittent fasting
•	It	is	important	that	patients	who	wish	to	stop	intermittent	fasting	upon	reaching	their	
weight	loss	goal	transition	to	a	weight	maintenance	regimen	involving	regular	calorie	
intake	monitoring,	daily	self-	weighing	and	increased	physical	activity.

•	Alternatively,	patients	can	continue	following	a	modified	version	of	the	fasting	
regimen,	for	example,	by	increasing	energy	intake	on	the	fast	day	to	1,000–1,200	kcal	
per	day	of	ADF	and	the	5:2	diet,	or	widening	the	eating	window	to	12	h	for	TRE.
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We also performed a risk of bias assessment using 
the Cochrane Collaboration tool104. Random sequence 
generation, allocation concealment, blinding and incom-
plete outcome data were graded as having a high, low or 
unclear risk of bias (Supplementary Fig. 1). We found 
that 15 of the 22 trials we assessed were at high risk of 
bias, mostly as a result of missing participant outcome 
data. Moreover, none of the studies blinded study per-
sonnel or participants as this was not possible owing to 
the nature of the dietary interventions. These findings 
highlight the need for more well- powered, high- quality, 
randomized controlled trials that clearly and accurately 
report outcome data.

Conclusions
The health benefits of intermittent fasting are slowly 
being clarified as new evidence continues to emerge. 
Findings to date suggest that ADF, the 5:2 diet and TRE 
produce mild to moderate weight loss (3–8% loss from 
baseline) over 8–12 weeks. This degree of weight loss 
is on a par with that achieved with traditional dieting 
approaches (daily calorie restriction). The ability of these 
intermittent fasting protocols to help to manage weight 
long- term is still poorly understood, as the majority 
of studies to date have run for short durations. The 
impact of intermittent fasting on cardiometabolic risk 
parameters is still uncertain. While some studies have 
demonstrated improvements in blood pressure, LDL 
cholesterol, triglycerides, insulin resistance and HbA1c, 
others have shown no benefit on these parameters. 
Regarding safety, preliminary data indicate that fasting 
produces few gastrointestinal, neurological, hormonal 
or metabolic adverse effects. However, as adverse out-
comes are not regularly assessed in human trials of fast-
ing, definitive conclusions regarding the safety of these 
diets are difficult to draw at present. Taken together, 
these initial findings suggest that fasting might be effec-
tive for weight loss, but the effects of these diets in the 
prevention and management of metabolic disorders 
needs further clarification. Although some progress has 
been made in this field over the past 10 years, data from 
well- powered, long- term randomized controlled trials 
is needed to further elucidate the safety and efficacy of 
these popular diets in various population groups.
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