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The goal of this narrative review is to summarize the effects of prolonged fasting
on various metabolic health measures, including body weight, blood pressure,
plasma lipids, and glycemic control. Prolonged fasting is characterized by con-
sciously eating little to no food or caloric beverages for several days to weeks.
Results reveal that prolonged fasting for 5–20 days produces potent increases in cir-
culating ketones, and mild to moderate weight loss of 2–10%. Approximately two-
thirds of the weight lost is lean mass, and one-third is fat mass. The excessive lean
mass loss suggests that prolonged fasting may increase the breakdown of muscle
proteins, which is a concern. Systolic and diastolic blood pressure consistently
decreased with prolonged fasting. However, the impact of these protocols on
plasma lipids is less clear. While some trials demonstrate decreases in LDL choles-
terol and triglycerides, others show no benefit. With regard to glycemic control,
reductions in fasting glucose, fasting insulin, insulin resistance, and glycated hemo-
globin (HbA1c) were noted in adults with normoglycemia. In contrast, these glucor-
egulatory factors remained unchanged in patients with type 1 or type 2 diabetes.
The effects of refeeding were also examined in a few trials. It was shown that 3–
4 months after the fast was completed, all metabolic benefits were no longer
observed, even when weight loss was maintained. With regard to adverse events,
metabolic acidosis, headaches, insomnia, and hunger were observed in some stud-
ies. In summary, prolonged fasting appears to be a moderately safe diet therapy
that can produce clinically significant weight loss (>5%) over a few days or weeks.
However, the ability of these protocols to produce sustained improvements in meta-
bolic markers warrants further investigation.

Key words: body weight, blood pressure, Buchinger fasting, cholesterol, insulin sensitivity, ketones,
metabolic disease, prolonged fasting, safety, water fasting.

INTRODUCTION

In recent decades, there has been a tremendous interest

in the health benefits of fasting.1 Intermittent fasting,

which involves short periods of food abstention for 16

to 36 hours, is the most popular form of fasting used

today.2 However, more recently, “prolonged fasting”

has gained substantial interest.3 Prolonged fasting is

characterized by consciously eating little to no food or

caloric beverages for several days to several weeks. The

main types of prolonged fasting are water-only fasting

and Buchinger fasting (Figure 1). During water-only

fasting, participants consume only mineral water or dis-

tilled water daily (�2–3 L) without any food intake.

Buchinger fasting, on the other hand, is a medically

supervised program that is popular in central Europe.

The protocol was developed by Dr. Otto Buchinger in

the 1920s. During this fasting protocol, small amounts

of food are permitted daily. Specifically, participants

consume 250 mL of fruit or vegetable juice as a lunch
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and 250 mL of vegetable soup as a dinner, leading to an

average total calorie intake of 200–300 kcal and 25–35 g

of carbohydrates per day.3 Although the data are lim-

ited, accumulating evidence shows that water-only fast-

ing and Buchinger fasting produce several health

benefits, including weight loss, abdominal fat loss,

blood pressure reductions, and insulin sensitivity

improvements after 5 to 20 days.3–5

The mechanism responsible for these beneficial

effects most likely involves flipping the metabolic

switch.6,7 After 12 to 36 hours of fasting, the body switches

from utilizing glucose (from glycogen stores) to fatty

acids, and fatty-acid–derived ketones for energy.

Adipocytes liberate free fatty acids, which are then

transported to the liver and converted into ketones

(ie, beta-hydroxybutyrate and acetoacetate). Ketone levels

generally reach a plateau after 5 to 10 days of prolonged

fasting and serve as the primary energy source for the

body for up to 90 days. In addition to acting as a primary

energy source, ketones also have direct physiological bene-

fits. Augmented levels of circulating ketones can decrease

blood pressure and increase vascular function.8,9 High lev-

els of ketones can also reduce cardiac inflammation and

blunt the development of heart failure.10 Ketones may also

improve insulin sensitivity by increasing insulin receptor

activity through the action of activating AMP-activated

protein kinase (AMPK) and downregulating mammalian

target of rapamycin (mTOR).11 In addition, high levels of

ketones can potentially decrease appetite, which can fur-

ther promote weight loss.12

Figure 1 Types of prolonged fasting. Water-only fasting generally involves consuming 2–3 L of mineral water or distilled water per day,
with no food intake. The Buchinger fasting program involves consuming 250 mL of fruit or vegetable juice as a lunch and 250 mL of vegeta-
ble soup as a dinner, leading to an average total calorie intake of 200–300 kcal and 25–35 g of carbohydrates per day. These protocols can
last for several days to several weeks. Abbreviation: carbs, carbohydrates.
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Although several favorable effects of prolonged

fasting have been observed, these benefits must be

weighed against the risks. Most medically supervised
fasting programs have reported only minor adverse

events, including hunger, headaches, nausea, vomiting,

dry mouth, and fatigue.4,5 However, more severe events
have also been documented, including edema,13 abnor-

mal liver function tests,14 decreased bone density,14 and

metabolic acidosis.15 Thus, an in-depth examination

into the safety of these fasting protocols is warranted.
Accordingly, the goal of this narrative review is to

summarize the effects of prolonged fasting on various
metabolic health measures, including body weight,

blood pressure, plasma lipids, fatty liver index, and gly-

cemic control. The effects of refeeding, after the fast is

completed, will also be discussed. Pertinent safety con-
siderations will also be reviewed.

METHODS—HUMAN TRIAL SELECTION

A PubMed, Embase, and Cochrane Library search was
conducted using the following key words: “prolonged

fasting,” “water fasting,” “Buchinger fasting,” “weight

loss,” “body weight,” “body composition,” “visceral fat,”
“cholesterol,” “lipids,” “blood pressure,” “glucose,”

“insulin,” “glucoregulatory factors,” “insulin resistance,”

“insulin sensitivity,” “safety,” “fatty liver,” and “adverse

events.” Inclusion criteria for research articles were as
follows: (1) randomized trials or nonrandomized trials;

(2) adult participants with normal weight, overweight,

or obesity; and (3) endpoints that included changes in
body weight and at least 1 relevant metabolic disease

risk marker. The following exclusion criteria were

applied: (1) fasting performed as a religious practice

(Islam or Seventh-Day Adventist); (2) intermittent fast-
ing protocols, such as alternate-day fasting or time-

restricted eating; (3) periodic fasting protocols, such as

the fasting mimicking diet; and (4) trials that did not
standardize the duration of fasting. Our search retrieved

8 human trials16–23 of prolonged fasting, which are

summarized in Table 1.16–23 The trial by Wilhelmi de

Toledo23 tested the effects of various fasting durations
(5 d, 10 d, 15 d, and 20 d). To allow for easier compari-

son between fasting durations, the results of this study

have been separated by intervention arm in Table 1.

EFFECTS OF PROLONGED FASTING ON BODY WEIGHT
AND BODY COMPOSITION

Body weight: effects of fasting

Weight loss of 5–10% can improve several metabolic

measures, including blood pressure, plasma lipids, and

fasting insulin.24 Changes in body weight during 5 to

20 days of prolonged fasting are shown in Table 1.

Longer fasting durations generally produced more pro-
nounced weight loss than shorter fasts, but findings

were variable. For instance, 5 days of water fasting or

Buchinger fasting lowered weight by 4–6% from base-
line.18,23 Moderate durations of fasting (7–10 d) typi-

cally produced greater weight loss (2–10%),16,19–21

while very long durations of fasting (15–20 d) produced

the greatest weight loss (7–10%).17,22,23 Prolonged fast-
ing appears to be effective for weight reduction in a

variety of population groups, including individuals with

normal weight,18,21 overweight,16,17,23 obesity,19,20,22,23

type 1 diabetes,16 and type 2 diabetes.20 The degree of

weight loss did not appear to be age dependent, as

younger (40 y),17 middle-aged (55 y),16,18,19,21–23 and
older (65 y)20 participants achieved similar reductions

in body weight. However, since most studies16,18,19,21–23

enrolled middle-aged adults (50–60 y old), more
research will be needed to explore how these effects

vary in younger and older adults. Only 1 study23 exam-

ined if weight loss differed by sex. These findings show
that weight reductions were significantly higher in men,

compared with women, with various durations of fast-

ing (5 d, 10 d, 15 d, and 20 d).23 Interestingly, outpatient
interventions18–21 produced reductions in weight simi-

lar to inpatient programs.16,17,22,23 Thus, it is possible

that the weight-loss benefits of prolonged fasting can be
attained under free-living conditions.

Body weight: effects of refeeding

A few of these trials16,18,20,22 included follow-up periods

to investigate refeeding effects. In the study by Jiang et
al18 normal-weight adults lost 6% of their body weight

after 5 days of water-only fasting, but then gained it all

back after 3 months of eating regularly. In contrast, the
trials by Berger et al,16 Li et al,20 and Scharf et al22 dem-

onstrated only small weight regains (1–2%) 2–4 months

after the finishing the fast. However, these trials 16,20,22

advised participants to follow a calorie-restricted diet

during the refeeding period, which could explain why

weight regain was minimal.

Fat mass and lean mass: effects of fasting

Only 2 studies17,21 measured changes in fat mass and

lean mass during prolonged fasting (Table 1). In the

study by Ogłodek et al21 changes in body composition
were measured by bioelectrical impedance analysis

(BIA). After 8 days of water-only fasting, body weight

decreased by 6 kg, fat mass by 2 kg, and lean mass by
4 kg. 21 In the study by Dai et al17 changes in body com-

position were quantified by dual-energy X-ray absorpti-

ometry (DXA). Following a 10-day water fast, body
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Table 1 Effect of prolonged fasting on body weight and cardiometabolic risk markers
Reference Subjects Fast

duration,
d

Design and inter-
vention groups

Body
weight

Body composition BP Plasma lipids Glucoregulatory factors Ketones Adverse
events

FM FFM WC LDL HDL TG FBG Fasting
insulin

IR A1c

Wilhelmi de
Toledo, 201823

n¼ 656; M, F; age:
54 6 1 y; over-
weight; no
diabetes

5 Nonrandomized
trial; inpatient
clinic; Buchinger
fast; �250 kcal/d
intake

#4.0%* — — #* #S*, #D* #* #* #* #* — — #* "* AA
(Urine)

" Insomnia
" Fatigue
" Dry mouth
" Hunger
" Headache

Jiang, 202118 n¼ 45; M, F; age:
ND; normal
weight; no
diabetes

5 Nonrandomized
trial; outpatient;
water-only fast

#6.4%* — — #* #S*, #D* "* #* "* — #* — — "* AA
(Urine)

" Hunger
1 Liver

function
1 Electrolytes
1 Renal

function
# T3, TSH

Berger, 202116 n¼ 20; M, F; age:
56 6 6 y; over-
weight; T1DM

7 Nonrandomized
trial; inpatient
clinic; Buchinger
fast; �250 kcal/d
intake

#2.1%* — — — 1 S, 1 D 1 #* — 1 — — 1 "* BHB
(Blood)

No acidosis
" Insomnia
" Fatigue
" Dry mouth

Li, 201319 n¼ 30; F; age:
50 6 8 y; obese;
no diabetes

7 Nonrandomized
trial; outpatient;
Buchinger fast;
�250 kcal/d
intake

#6.7%* — — — #S*, #D* #* #* 1 — #* — — — —

Li, 201720 n¼ 32; M, F ; age:
65 6 2 y ; obese;
T2DM

7 RCT; outpatient; (1)
Buchinger fast,
�250 kcal/d
intake; (2)
Control—Med
diet

(1)
#3.9%*,**;
(2) #2.1%*

— — (1) #*,**;
(2) 1

(1) #S, #D;
(2) 1

(1) 1;
(2) 1

(1) 1;
(2) 1

(1) 1;
(2)1

(1) 1;
(2) #*

(1) 1;
(2) #*

(1) 1;
(2)1

(1) 1;
(2) 1

— " Dizziness
" Headache

Ogłodek, 202121 n¼ 12; M; age:
50 6 2 y; normal
weight; no
diabetes

8 Nonrandomized
trial; outpatient;
water-only fast

#7.4%* BIA#* BIA#* — — — — — — — — — "* BHB
(Blood)

1Renal
function
# Plasma Na

Dai, 202217 n¼ 13; M; age:
39 6 3 y; over-
weight; no
diabetes

10 Nonrandomized
trial; inpatient
clinic; water-only
fast

#9.8%* DXA#* DXA#* #* #S*, 1D "* 1 1 1 #* #* #* "* BHB
(Blood)

1Renal
function
# Plasma Na
# Plasma Cl
1 Liver

function

(continued)
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Table 1 Continued
Reference Subjects Fast

duration,
d

Design and inter-
vention groups

Body
weight

Body composition BP Plasma lipids Glucoregulatory factors Ketones Adverse
events

FM FFM WC LDL HDL TG FBG Fasting
insulin

IR A1c

Wilhelmi de
Toledo, 201823

n¼ 530; M, F; age:
56 6 1 y; over-
weight; no
diabetes

10 Nonrandomized
trial; inpatient
clinic; Buchinger
fast; �250 kcal/d
intake

#5.3%* — — #* #S*, #D* #* #* #* #* — — #* "* AA
(Urine)

" Insomnia
" Fatigue
" Dry mouth
" Hunger
" Headache

Wilhelmi de
Toledo, 201823

n¼ 196; M, F; age:
54 6 1 y; over-
weight; no
diabetes

15 Nonrandomized
trial; inpatient
clinic; Buchinger
fast; �250 kcal/d
intake

#7.0%* — — #* #S*, #D* #* #* #* #* — — #* "* AA
(Urine)

" Insomnia
" Fatigue
" Dry mouth
" Hunger
" Headache

Scharf, 202222 n¼ 54; M, F; age:
57 6 3 y; obese;
no diabetes

17 Nonrandomized
trial; inpatient
clinic; water-only
fast

#10.2%* — — #* #S*, #D* #* 1 "* #* #* #* — — —

Wilhelmi de
Toledo, 201823

n¼ 37; M, F; age:
54 6 2 y; obese;
no diabetes

20 Nonrandomized
trial; inpatient
clinic; Buchinger
fast; �250 kcal/d
intake

#7.3%* — — #* #S*, #D* #* #* #* #* — — #* "* AA
(Urine)

" Insomnia
" Fatigue
" Dry mouth
" Hunger
" Headache

*P< .05, significantly different from baseline (within-group effect). **P< .05, significantly different from the control group (between-group effect).
Abbreviations: A1c, glycated hemoglobin; AA, acetoacetic acid; BHB, beta-hydroxybutyrate; BIA, bioelectrical impedance analysis; BP, blood pressure; D, diastolic blood pressure; DXA, dual-energy X-
ray absorptiometry; F, female; FBG, fasting blood glucose; FFM, fat-free mass; FM, fat mass; HDL, high-density lipoprotein cholesterol; IR, insulin resistance; LDL, low-density lipoprotein cholesterol; M,
male; Med diet, Mediterranean diet; ND, not disclosed; RCT, randomized controlled trial; S, systolic blood pressure; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; T3, triiodothyronine;
TG, triglycerides; TSH, thyroid-stimulating hormone; WC, waist circumference; –, not measured; 1, no statistically significant change.
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weight decreased by 7 kg, fat mass by 3 kg, and lean

mass by 4 kg.17 Thus, these data suggest that approxi-
mately two-thirds of the weight loss may be lean mass.

This finding is concerning as lean mass is a key predic-

tor of resting metabolic rate.25 Reductions in lean mass

can translate into lower resting metabolic rate after fast-
ing, which can put individuals at risk for future weight

regain.25 Moreover, the reductions in lean mass suggest

that prolonged fasting may increase the breakdown of
muscle proteins. This makes sense from a mechanistic

standpoint, as degraded proteins provide the carbon

chains necessary for the synthesis of newly formed glu-
cose. However, these data are limited in that BIA was

used in 1 of the studies21 to assess body composition. It

is well known that BIA measurements are greatly influ-
enced by hydration status.26 Specifically, higher water

intake results in marked overestimations of fat mass,

and underestimations of lean mass.26 This methodolog-
ical limitation should be considered when interpreting

these findings.

Fat mass and lean mass: effects of refeeding

The 2 studies17,21 that assessed changes in fat mass and
lean mass during prolonged fasting did not involve a

follow-up period. Thus, the effects of refeeding on these

body composition parameters remain unknown. Since
prolonged fasting may have deleterious effects on lean

mass, future trials in this area should prioritize measur-

ing changes in body composition using robust techni-
ques, such as magnetic resonance imaging (MRI) or

DXA. This will help inform whether these marked

reductions in lean mass are maintained weeks or
months after the fast is completed.

Waist circumference: effects of fasting

Visceral fat mass is highly metabolically active and

constantly releases free fatty acids into the portal circu-
lation.27 In consequence, visceral fat acts as a key

contributor to many metabolic abnormalities,

including hyperinsulinemia, dyslipidemia, and athero-
sclerosis.27–29 Reductions in visceral fat mass, via diet-

ary restriction and weight loss, can help reverse these

metabolic disorders.30,31 MRI is the gold standard for

assessing changes in visceral fat mass.32 However, this
technique is expensive and not always available in the

clinic or at research centers. Measuring waist circumfer-

ence serves as a less expensive and more accessible tool
for measuring visceral fat mass. This technique is con-

sidered an accurate and reproducible measure of

abdominal fat, when compared with MRI.33

Many trials17,18,20,22,23 included in this review

measured waist circumference as an indirect marker of

visceral obesity (Table 1). Waist circumference signifi-

cantly decreased in all studies by 3 to 9 cm when com-

pared with baseline.17,18,20,22,23 Greater decreases in
waist circumference were observed in the trials that

produced higher weight loss (>5%)17,18,22,23 versus the

trials that produced only mild weight loss (<5%).20,23

Men are more likely to accumulate fat in the

abdominal region, whereas women have a higher ten-

dency to deposit fat subcutaneously on their lower

extremities.34 In view of this, we were interested in see-
ing if changes in waist circumference varied by biologi-

cal sex. The only study to examine sex-based differences

was conducted by Wilhelmi de Toledo et al.23 Results

from this trial23 showed that waist circumference reduc-
tions were more pronounced in men, compared with

women, after 5 days, 10 days, 15 days, and 20 days of

Buchinger fasting.23

Waist circumference: effects of refeeding

None of the studies that included a refeeding period
assessed changes in waist circumference, so we are

unable to comment on how this parameter changes

after the fast is over.

EFFECTS OF PROLONGED FASTING ON BLOOD
PRESSURE AND PLASMA LIPIDS

Blood pressure: effects of fasting

Body-weight reductions greater than 5% are associated

with decreases in systolic and diastolic blood pressure

in individuals with obesity.24 Changes in blood pressure

with prolonged fasting are reported in Table 1.
Consistent reductions in systolic (ranging from 9 to

14 mm Hg) and diastolic (ranging from 6 to 13 mm Hg)

blood pressure were observed in the trials that achieved

greater than 4% weight loss.17–20,22,23 Only the trial by
Berger et al16 showed no change in blood pressure with

prolonged fasting. However, the degree of weight loss in

this study16 was minimal (2%), which may explain why

blood pressure remained unaffected. It was also noted

that longer fasting durations produced more pro-
nounced reductions in both systolic and diastolic blood

pressure.23 Participants with higher blood pressure val-

ues at baseline experienced greater decreases in blood

pressure.23 However, reductions in blood pressure did
not vary according to sex.23

The mechanism by which prolonged fasting

improves blood pressure most likely involves decreased
dietary sodium intake, enhanced production of natriu-

retic peptides, and the activation of the parasympathetic

nervous system after 2–3 days of fasting.4 In addition,

increased circulating levels of ketones may play a role.
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In preclinical studies, beta-hydroxybutyrate, and its pre-

cursor 1,3 butanediol, have been shown to produce
potent vasodilation via their ability to activate potas-

sium channels and nitric oxide synthase.35,36 In addi-

tion, exogenous ketone supplementation (resulting in

plasma ketone levels of 1–3 mmol/L) has been shown to
decrease blood pressure and increase vascular function

in small clinical studies.8,9 Thus, the increased levels of

circulating ketones, and their precursors, may have con-
tributed to the blood pressure improvements noted

here.

Blood pressure: effects of refeeding

A few studies16,18,20,22 examined whether the improve-
ments in blood pressure were sustained 3–4 months

after the fasting intervention was discontinued. Results

reveal that blood pressure returned to baseline levels
upon refeeding, even when weight loss was maintained.

Plasma lipids: effects of fasting

Changes in low-density lipoprotein (LDL)–cholesterol

levels with prolonged fasting were highly variable
(Table 1). For instance, 3 studies reported

decreases,19,22,23 2 studies observed increases,17,18 and 2

others showed no change.16,20 In the studies reporting
reductions (ranging from 10% to 25%), it was shown

that longer durations of fasting produced more potent

reductions in this lipid marker.19,22,23 However, no sex-
based differences were noted for this improvement.23

High-density lipoprotein (HDL)–cholesterol levels

either decreased by 7–18%,16,18,19,23 or remained
unchanged17,20,22 (Table 1). Reductions in HDL choles-

terol were related to the duration of fasting, with longer

fasts (15–20 d) producing greater decreases and shorter
fasts (5–10 d) producing smaller decreases.23 Gender-

based differences were also noted. At baseline, women

tended to have higher HDL-cholesterol levels than men.
Consequently, decreases in HDL cholesterol were

higher in females than in males.23

The effects of fasting on triglyceride concentrations
were mixed (Table 1). For example, 1 study23 reported

decreases, 2 trials18,22 demonstrated increases, and 3

studies17,19,20 observed no change. The study by
Wilhelmi de Toledo et al23 compared the effects of vari-

ous fasting durations on triglycerides. They found that

longer periods of Buchinger fasting (15–20 d) did not
produce greater reductions in triglycerides versus

shorter periods (5–10 d), suggesting a floor effect.23 It is

unclear why the changes in triglycerides varied so much
between trials. From a physiological standpoint, it

would be assumed that triglycerides would decrease

with prolonged fasting. After a few days of prolonged

fasting, circulating levels of insulin decrease, leading to

lipolysis in adipose tissue and the release of free fatty

acids into plasma.37 The free fatty acids are then picked

up by the liver and used to produce ketone bodies. This

results in less very-low-density lipoprotein (VLDL)

being synthesized, and consequently, lower triglyceride

levels in the circulation (as VLDL serves as 1 of the

main carriers for triglycerides).37 The reason why this

did not occur in some of the studies reviewed

here17,19,20 remains unknown. However, these equivocal

findings highlight the need for more studies to examine

how water fasting impacts lipid metabolism.

Plasma lipids: effects of refeeding

A handful of trials 16,18,20,22 investigated the effect of

refeeding on plasma lipids. Results from these studies

suggest that LDL cholesterol, HDL cholesterol, and tri-

glycerides return to baseline levels upon refeeding, even

when body-weight reductions are maintained.

EFFECTS OF PROLONGED FASTING ON
GLUCOREGULATORY FACTORS

Fasting glucose: effects of fasting

Moderate weight loss of 3–10% from baseline is associ-

ated with improvements in several glycemic measures,

including fasting glucose, fasting insulin, and insulin

resistance.24 In patients with obesity, but without diabe-

tes, fasting glucose levels decreased with prolonged fast-

ing 22,23 (Table 1). In these individuals, blood glucose at

baseline was approximately 90–100 mg/dL and

decreased to approximately 85 mg/dL after 5 days of

fasting.22,23 Interestingly, longer fasts (10–20 d) did not

produce greater reductions in fasting glucose.23

In patients with type 1 diabetes,16 glucose levels

remained constant throughout the trial. However, this

most likely occurred because mean daily insulin dosage

decreased from 24 IU (on the last day before fasting) to

8 IU (on day 7, the last day of fasting), which helped to

maintain target glucose control values.16 In patients

with type 2 diabetes,20 mean fasting glucose levels did

not change significantly after 7 days of outpatient

Buchinger fasting. The lack of change in fasting glucose

levels in patients with diabetes is somewhat surprising.

However, it should be noted that glucose levels were

measured at only 1 point in the day, instead of continu-

ously throughout the day (using a continuous glucose

monitor). Continuous glucose monitor data provides a

more accurate reflection of glycemic control by report-

ing overall time in euglycemic range and mean glucose

levels over 24 hours. It will be important for future trials
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of prolonged fasting to implement continuous glucose

monitoring for these assessments.

Fasting insulin and insulin resistance: effects of
fasting

In patients with obesity, fasting insulin decreased in all

studies that measured this parameter17–19,22 (Table 1).

Specifically, insulin levels were reduced by 65–80% after

5 to 17 days of prolonged fasting.17–19 Insulin reached a

nadir in all studies by day 3–5, and these low levels of

insulin were maintained throughout the duration of the

study.17–19 Two trials17,22 that assessed insulin also

measured insulin resistance using the homeostatic

model assessment for insulin resistance (HOMA-IR).

Complementary to the findings for insulin, HOMA-IR

decreased from approximately 1.5 to 1.0 (33% decrease)

after 10 to 17 days of prolonged fasting.17,22 Like insu-

lin, HOMA-IR reached its lowest values after 3–5 days

of fasting, and these low levels were maintained until

the fast was completed.17,22 The reductions in insulin

resistance may have been partly mediated by increased

circulating ketones. Ketones increase insulin receptor

activity by activating AMPK and downregulating

mTOR.11 In obese diabetic mice, ketogenic diets

improve glucose tolerance, even in the absence of

weight loss.38,39 In humans with diabetes, ketogenic

diets may produce greater improvements in glycemic

control compared with calorie-restricted diets.40

However, it is difficult to tease apart the effects of

weight loss versus ketones, as weight reduction is almost

always noted with ketogenic diets.41

In individuals with type 2 diabetes, fasting insulin

and insulin resistance (measured by HOMA-IR)

remained unchanged after 7 days of Buchinger fasting.20

However, the authors noted that the small sample size

of the study (n¼ 32) may have limited their ability to

detect significant changes in these glycemic control var-

iables.20 Moreover, fasting insulin and insulin resistance

are more likely to decrease with more than 5% weight

loss.42 Since the average weight reduction in this study

was only 3.9%, this may also explain why these markers

of glucoregulation did not change.

Fasting glucose, fasting insulin, and insulin resistance:
effects of refeeding

The impact of refeeding on fasting glucose, fasting insu-

lin, and insulin resistance was only evaluated in the

study by Scharf et al.22 In this study,22 subjects partici-

pated in a 17-day water fast, and then followed a plant-

based refeeding diet for 2 months. By the end of the

refeeding period, fasting glucose, fasting insulin, and

insulin resistance returned to baseline levels, even

though participants maintained the majority of their

weight loss.

Glycated hemoglobin: effects of fasting

In patients with obesity, but without diabetes,17,23 gly-

cated hemoglobin (HbA1c) levels consistently decreased

with 5 to 20 days of prolonged fasting (Table 1). In the

study by Wilhelmi de Toledo et al23 it was shown that

longer fasting durations (15–20 d) produced greater

decreases in HbA1c, compared with shorter fasts (5–
10 d). Overall, HbA1c was reduced by approximately

0.2–0.5% with prolonged fasting (in participants with-

out diabetes).17,23 This finding is somewhat surprising

as HbA1c is generally only ameliorated after 3 months

of intervention.43,44 The reason why prolonged fasting
produced these improvements within such a short

period of time remains unclear.

The effect of prolonged fasting on HbA1c levels

was also examined in patients with type 1 or type 2 dia-
betes.16,20 After 7 days of water-only fasting or

Buchinger fasting, HbA1c levels did not change from

baseline in adults with diabetes.16,20

HbA1c: effects of refeeding

The effect of refeeding on HbA1c levels was evaluated
in the trials by Dai et al17 and Wilhelmi de Toledo

et al.23 Results showed that HbA1c rebounded back to

pretreatment levels during the refeeding period, even

when weight loss was maintained.17,23

Fatty liver index: effects of fasting

Nonalcoholic fatty liver disease (NAFLD) is defined as

the presence of 5% or more fat in the liver.45 The global

prevalence of NAFLD is approximately 30% of adults.46

Individuals with NAFLD are at greater risk of develop-

ing insulin resistance and type 2 diabetes, compared
with people who do not have the disorder.47 Weight

loss of 5–10% can help reverse fatty liver disease.45 The

gold standard for measuring the amount of fat in the

liver is biopsy or MRI.48 However, since these proce-

dures are expensive and invasive, the fatty liver index49

was created to quickly assess one’s risk of having
NAFLD. The fatty liver index is calculated based on

body mass index (BMI), waist circumference, triglycer-

ides, and gamma-glutamyl-transferase levels. Scores

range from 0 to 100. Scores below 30 suggest that the

patient does not have NAFLD, whereas scores above 60

are highly suggestive of NAFLD diagnosis.49

In the study by Wilhelmi de Toledo et al23 a suba-

nalysis was performed to see how fatty liver index

changes in response to Buchinger fasting.50 At total of
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697 participants from the original study23 were

enrolled. After 8–9 days of fasting, body weight was
reduced by approximately 4 kg, BMI by 1.5 kg/m2, and

fatty liver index from 47 to 33.50 Greater reductions in
fatty liver index were associated with longer fasting

duration and greater reductions in BMI.50 These pilot
findings suggest that the weight loss induced by pro-

longed fasting may decrease the degree of hepatic stea-
tosis in people at risk for having NAFLD. However,

these findings will need to be confirmed by more robust

techniques, such as biopsy or MRI, before a solid con-
clusion can be reached.

Fatty liver index: effect of refeeding

No study to date has examined how refeeding impacts
the fatty liver index, or other parameters of fatty liver

disease, so we are unable to comment on this at present.

SAFETY CONSIDERATIONS

Ketones

Levels of beta-hydroxybutyrate and acetoacetic acid

were measured in several trials reviewed here (Table 1).
In patients without diabetes, plasma levels of beta-

hydroxybutyrate increased to 4–5 mmol/L after 8 days

of fasting,21 and then stayed constant for up to
10 days.17 Concentrations of acetoacetic acid in urine

reached maximum levels of 50 mg/dL after 5 days of
fasting18,23 and did not change with longer fasts (10–

20 d).23 Thus, plateau levels of ketones are reached after
5–8 days of either water-only or Buchinger fasting in

adults who do not have diabetes.
Ketones were also assessed in individuals with type

1 diabetes.16 Water fasting is typically contraindicated
for patients with type 1 diabetes due to the risk of devel-

oping ketoacidosis. Diabetic ketoacidosis is a severe and

life-threatening disease caused by a deficiency of insu-
lin.51 When insulin levels are low, the body starts to

convert free fatty acids into ketone bodies for energy.52

The initial formation of ketones acts as a protective

mechanism. However, if ketones are overproduced, this
can overwhelm the buffering capacity of the body, lead-

ing to metabolic acidosis.51 In the study by Berger
et al16 adults with type 1 diabetes participated in a 7-day

Buchinger fasting protocol. To prevent ketoacidosis,
participants monitored blood glucose and ketone levels

daily. If ketone values were above 6 mmol/L, partici-
pants were advised to administer 2 to 4 IU of insulin

and consume carbohydrates (eg, apple juice).16 By the

end of the 7-day fast, no episodes of diabetic ketoacido-
sis were reported. Additionally, glucose levels remained

in the normal range and plasma beta-hydroxybutyrate

only increased to 2.8 mmol/L.16 Thus, these preliminary

findings suggest that prolonged fasting may be safe in

people with type 1 diabetes, as long as ketogenesis is

controlled by a sufficient insulin supply. Nonetheless,

these data require confirmation by larger randomized

controlled trials specifically designed to assess the safety

of prolonged fasting in people with type 1 diabetes.
Circulating ketone levels were not assessed the

study that enrolled patients with type 2 diabetes20; thus,

we are not able to comment on changes in ketones dur-

ing fasting in this population.

Adverse events

No serious adverse events or deaths were reported in

any of the studies reviewed here.16–23 However, mild

adverse events, such as insomnia, fatigue, dizziness, dry

mouth, and headaches, were frequently

observed.16,18,20,23 Liver enzymes, such as alanine trans-

aminase (ALT) and aspartate aminotransferase (AST),

remained unaffected after 5–10 days of fasting.17,18

With regard to thyroid hormones, circulating levels of

triiodothyronine (T3) and thyroid-stimulating hormone

(TSH) decreased with 5 days of water fasting. However,

low T3 levels, in the absence of impaired thyroid func-

tion, are strongly associated with longevity,53,54 so this

change can be considered beneficial. No adverse

changes in urine creatinine, protein, or urea were

observed, indicating that renal function was pre-

served.17,18,21 Fat-soluble and water-soluble vitamin lev-

els remained unchanged.17 However, circulating levels

of sodium and chloride decreased to just below the

acceptable limit after 8–10 days of water fasting.17,21

Thus, individuals should consider taking sodium chlor-

ide supplements to prevent electrolyte loss during water

fasting.

Hunger

Increased hunger levels are also frequently reported

during prolonged fasting.18,23 In the study by Jiang

et al18 hunger levels increased approximately 4-fold

after water fasting for 5 days. Feelings of hunger may

interfere with patient compliance and may lead to high

attrition rates, so hunger should be closely monitored.

No study to date has examined how levels of hunger

change during the refeeding period. If feelings of hun-

ger do indeed surge after fasting, the patient may

quickly gain back all the weight they lost, which would

undo the metabolic benefits observed. It will be impor-

tant for future trials to measure how appetite and body

weight change in the days and weeks following the fast.
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OPTIMAL DURATION OF THE FAST

The optimal number of days that a person should

engage in prolonged fasting remains largely unknown.

From the studies reviewed here, longer fasts (15–20 d)

produced more pronounced decreases in body

weight,17,22,23 systolic and diastolic blood pressure,23

LDL cholesterol,19,22,23 and HbA1c.23 However, longer

fasts were also associated with more potent reductions

in the cardioprotective lipoprotein HDL cholesterol.23

Thus, the benefits of fasting for longer durations should

be weighed against the disadvantages. Moreover, the

safety and tolerability of longer fasts have only been

measured in a few studies to date. Much more research

will be required to answer this important question.

LIMITATIONS TO THE CURRENT BODY OF EVIDENCE

There are several limitations to the current body of evi-

dence. First, we were only able to retrieve a small amount

of prolonged fasting trials (8 total) that assessed both body

weight and metabolic disease risk. Second, most studies

had small sample sizes. Thus, it is likely that many of these

trials were not adequately powered to detect significant

changes in secondary outcomes (ie, metabolic disease risk

factors). Third, most trials did not include a control group

in their design. Thus, it is difficult to confirm if these

results are due to the fasting intervention instead of other

extraneous variables. Fourth, many studies did not include

a refeeding period or a follow-up period. As such, it

remains uncertain how body weight and metabolic

markers rebound after the fasting intervention is termi-

nated. Fifth, occurrences of edema, abnormal liver func-

tion, decreased bone density, malnutrition, and metabolic

acidosis were not recorded in most trials reviewed here.

Thus, whether prolonged fasting results in more severe

adverse health effects is still unclear. Last, the generaliz-

ability of the findings to other races or ethnicities is lim-

ited, as most studies were conducted in individuals of

European descent.

Figure 2 Effects of prolonged fasting on metabolic risk factors. Prolonged fasting for 5–20 days produced potent increases in circulating
ketones and mild to moderate weight loss (2–10% of baseline). Reductions in fat mass, lean mass, and abdominal fat were also observed.
Systolic and diastolic blood pressure generally decreased, but changes in plasma lipids were highly variable. The fatty liver index was also
improved in patients at risk of having NAFLD. Reductions in fasting glucose, fasting insulin, insulin resistance, and HbA1c were noted in adults
with normoglycemia, but not in patients with diabetes. With regard to adverse events, headaches, insomnia, hunger, and dry mouth were fre-
quently reported. Abbreviations: HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NAFLD, nonalco-
holic fatty liver disease.
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DIRECTIONS FOR FUTURE RESEARCH

It will be important for future studies to implement

randomized controlled designs with larger sample sizes.

These types of trials will be instrumental in helping to

clarify if prolonged fasting is indeed a viable treatment

option for metabolic disturbances. It will also be essen-

tial for future studies to test the efficacy of different

follow-up interventions (eg, time-restricted eating, daily

calorie restriction, or ketogenic diets) after the pro-

longed fast is over. This may help identify which diet

strategy is effective for sustaining the metabolic benefits

noted during the active weight-loss period. More stud-

ies are also warranted in patients with diabetes and

other obesity-related comorbidities. Last, future trials

should implement robust techniques to measure meta-

bolic endpoints—that is, MRI or DXA for body compo-

sition, MRI for liver fat, and continuous glucose

monitoring for glycemic control.

CONCLUSION

Our findings show that water-only or Buchinger fasting

for 5–20 days produces potent increases in circulating

ketones and mild to moderate weight loss (2–10% of

baseline) (Figure 2). Approximately two-thirds of the

weight lost is lean mass, and one-third is fat mass.

Systolic and diastolic blood pressure consistently

decreased with prolonged fasting. However, the impact

of these protocols on plasma lipids is still unclear.

While some trials demonstrate decreases in LDL choles-

terol and triglycerides, others show no benefit. Fatty

liver index, a surrogate marker of hepatic steatosis, was

reduced in people at risk for having NAFLD. With

regard to glycemic control, reductions in fasting glu-

cose, fasting insulin, insulin resistance, and HbA1c

were noted in adults with normoglycemia. In contrast,

these glucoregulatory factors remained unchanged in

patients with type 1 or type 2 diabetes. The effects of

refeeding were also examined. It was shown that 3–

4 months after the fast was completed, all metabolic

benefits were no longer observed, even when weight

loss was maintained. No serious adverse events, meta-

bolic acidosis, or deaths were reported. However, mild

side effects, such as headaches, insomnia, hunger, and

dry mouth, were frequently observed. In summary, pro-

longed fasting appears to be a safe diet therapy that can

produce clinically significant weight loss (>5%) over a

few days or weeks. However, the ability of these proto-

cols to produce sustained improvements in these health

markers warrants further investigation, since most ben-

efits disappear upon refeeding.
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