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Intermittent fasting has produced a variety of beneficial health effects in animal models, although high-
quality research in humans has been limited. This special report examines current evidences for intermit-
tent fasting in humans, discusses issues that require further examination, and recommends new research
that can improve the knowledge base in this emerging research area. While potentially useful for health
improvement, intermittent fasting requires further study prior to widespread implementation for health
purposes. Randomized, longer-term studies are needed to determine whether using intermittent fasting
as a lifestyle rather than a diet is feasible and beneficial for the health of some members of the human
population.
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Various dietary regimens involving energy restriction form the basis of substantial basic science literature describing
the health effects of time-stratified cessation of energy intake. These regimens appear to exert powerful beneficial
effects on the health and outcomes of animals [1,2]. However, such energy-restricted diets have more limited human
evidence, and that which is currently available is scattered across studies which employed relatively weak study
designs and/or produced findings of limited practical value. Expanding our understanding of fasting and energy
restriction in humans will help in the development of new lines of research and can be used to guide the practical
application of energy restriction, though this guidance may currently involve limiting the application of some
sensationalized regimens whose public claims are primarily hype with only a hint of reality.

Intermittent fasting is a common approach to energy restriction in humans, in part because of the sociocultural,
civic and religious motivations for fasting. Fasting is reported to have various beneficial effects on health, with
potentially powerful benefits specific to heart health and the improvement of cardiac risk factors [3]. This special
report will examine current evidences for intermittent fasting in humans, issues that require further examination
and new research that could be conducted to improve the knowledge base in this emerging research area.

Current evidence
Clinical standards
The American Heart Association (AHA) recently published a scientific statement summarizing the effects of meal
timing and frequency on cardiovascular disease prevention [4]. A discussion of intermittent fasting was included in
this statement, with a focus on alternate-day fasting (ADF) and periodic fasting (PF) [4]. ADF generally consists
of alternating between modified fasting days, during which a single meal containing approximately 25% of weight
maintenance energy needs is consumed, and ad libitum feeding days. PF was defined as programs which employ
1–2 days of complete fasting per week, with ad libitum food intake on the remaining days [4]. Based on these
schedules, the duration of fasting periods during ADF varies based on the placement of the single meal on the
modified fasting day, whereas the fasts in PF often extend for 24–36 h. The AHA’s recent examination of intermittent
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fasting included data from ten studies [5–14]. Major findings from these investigations were that intermittent fasting
has produced weight loss of 3–8% over the course of 3–24 weeks [4]. On average, ADF produced weight loss
of 0.75 kg/week, whereas PF produced weight loss of 0.25 kg/week. This discrepancy appears to be due to the
frequency of modified fasting days (i.e., 3–4 days/week in ADF and 1–2 days/week in PF), and the corresponding
differences in energy intake.

Beneficial modifications of cardiovascular health markers in response to intermittent fasting programs of 6–24
weeks were also reported in the recent AHA statement, including reductions in total cholesterol (-6 to 21%), LDL
cholesterol (-7 to 32%) and triglycerides (-16 to 42%) [4]. However, some trials did not demonstrate any benefits on
total or LDL cholesterol, particularly in individuals with nonelevated lipid concentrations, and the improvement
in triglycerides appears to be dependent on the amount of body weight lost. Likewise, blood pressure reductions
have been reported when a threshold weight loss (i.e., ≥6%) is achieved [4]. In these cases, systolic blood pressure
has been reduced from 3 to 8% and diastolic blood pressure from 6 to 10%. Blood glucose does not appear
to be affected by intermittent fasting in individuals with normal glucose concentrations. However, reductions of
3–6% were reported when subjects had elevated blood glucose concentrations. Unfortunately, studies of diabetic
populations were excluded [4], despite the possible impact of energy restriction including fasting on metabolic
health, prediabetes development and diabetes incidence. For additional discussion of the impact of intermittent
fasting programs on cardiovascular risk factors, the authors refer readers to the recent AHA statement and the
review of Tinsley and La Bounty [3,4].

Scientific evidence in humans
Despite the ten studies included in the recent AHA statement, a 2015 systematic review located only three random-
ized controlled clinical trials that specifically compared intermittent fasting to a standard diet or noninterventional
control [15]. These trials lasted from 2 days to 12 weeks in duration and were published as five articles [12,16–19].
Varady et al. reported that 12 weeks of ADF led to improvements in body weight, fat mass, triglycerides, LDL–
cholesterol particle size and C-reactive protein [12]. Another research group reported that 12 weeks of PF resulted
in improvements in body weight, body fat, blood pressure, total cholesterol, LDL cholesterol and DNA damage
markers [16–18]. However, as emphasized by Horne et al. [15], appropriate corrections for multiple comparisons were
not used in these investigations and information concerning the safety of the fasting regimens was not included.
Finally, Horne et al. conducted a short-term examination of the effects of 1 day of water-only fasting on a variety of
end points. During the fasting period, increases in growth hormone, total and HDL cholesterol and hemoglobin
were observed, while triglycerides decreased [19]. However, outcomes outside of the single fasting day were not
collected.

Two recent investigations were not included in the previous summaries of the literature, but deserve discussion.
One explored the effects of a fasting-mimicking diet (FMD) in yeast and mouse models, as well as humans.
Preliminary data from the ongoing human arm of the experiment were initially reported [20], while data from the
completed investigation were recently published [21]. Generally healthy male and female adults were randomized to
perform 5 days of FMD each month for three consecutive months or to a control group consuming the habitual
diet. Each FMD day consisted of an intake of up to approximately 50% of normal caloric intake, implemented
with approximately 10%, 35–47% and 44–56% of energy from proteins, carbohydrates and fats, respectively. All
foods were plant-based and were provided to study participants. In the initial report (n = 38), the FMD group was
assessed at baseline, the end of the first 5-day FMD period and 5–8 days after returning to a normal diet following
the third and final month of FMD [20]. In the final report (n = 71), an additional optional visit was included
3 months after the end of FMD and secondary analysis was conducted using a crossover design [21].

The initial report indicated that FMD induced a variety of metabolic changes, some of which persisted even after
participants returned to a normal diet. Fasting glucose was reduced by 11% after FMD and remained 6% lower
than baseline even after returning to the normal diet. However, in the final analysis, blood glucose was not reduced
by FMD, although post hoc analysis indicated that FMD was able to reduce fasting glucose by 11% when only
individuals with elevated baseline blood glucose were included [21]. Total and LDL cholesterol were higher in the
control diet group as compared with the FMD group at baseline, but decreased similarly in both groups over the
course of the study. HDL cholesterol was lower than baseline at the end of the study in both control diet and FMD,
and no changes in triglycerides or C-reactive protein were reported. Systolic and diastolic blood pressures were also
reduced by 3–4 mmHg. Both reports indicated that IGF-1 was 13–15% lower than baseline after following the
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FMD then resuming the normal diet. This is in agreement with other research demonstrating reductions in IGF-1
following 2 months of intermittent fasting [22].

The FMD program resulted in a decrease in body weight of approximately 3% and a decrease in waist circum-
ference of approximately 4 cm relative to baseline, with no changes in the control diet condition. Total fat mass
and trunk fat mass were reduced by approximately 7–9% after FMD and lean mass adjusted for body weight also
increased slightly (+1%) in the FMD group. Importantly, participants reported adverse effects using a standardized
method. Over half of participants reported no adverse effects, and the most common symptoms (i.e., fatigue, weak-
ness and headaches) were self-reported as mild or moderate. Additionally, a complete metabolic panel indicated that
changes induced by FMD did not result in negative effects on liver or kidney function. The researchers concluded
that the human evidence indicates that periodic FMD appears to be a safe way to promote fat loss without loss of
lean mass.

More recently, an important year-long randomized clinical trial of ADF was published by Trepanowski et al. [23].
The participants were sedentary and overweight or obese, but did not have cardiovascular disease or diabetes.
Individuals were randomized into one of three groups: ADF, traditional calorie restriction or a no-intervention
control. 69 participants completed a 6-month weight-loss phase, followed by a 6-month weight-maintenance
phase [23]. After 1 year, weight loss was similar between intervention groups (-6.0% in ADF and -5.3% in traditional
calorie restriction, relative to the control group) [23]. No differences in body composition, including visceral adipose
tissue, were found between groups. Several effects on cardiovascular disease risk factors were notable. After the
6-month weight-loss phase, HDL cholesterol was increased in the ADF group [23]. However, it had returned to
baseline levels after the 6-month weight-maintenance phase. Furthermore, LDL cholesterol increased by 11.5 mg/dl
in the ADF group relative to the traditional calorie restriction group by the end of the 12-month study [23]. This
adverse change in LDL cholesterol is in contrast with reductions in LDL seen during shorter interventions and
is potentially concerning given that ADF has been viewed as a potential strategy to reduce cardiovascular disease
risk [3].

It is worth noting that the ADF group had a higher dropout rate than the other study groups and that participants
who remained in the ADF group failed to adhere to the ADF program as prescribed [23]. Based on these findings,
as well as the lack of beneficial physiological changes relative to traditional calorie restriction, the authors conclude
that ADF is not a superior method of weight loss in the studied population. However, they maintain that there may
be a minority of obese individuals who prefer this pattern of energy restriction over traditional daily restriction. A
potential concern of implementing ADF or other fasting programs is that these interventions do not necessarily
address concerns related to dietary quality and long-term lifestyle changes. When an individual stops a fasting
program, either through failure to adhere or an intentional decision to terminate participation, they are likely to
revert back to the dietary habits employed prior to the initiation of fasting.

Comparison to other weight-loss methods
The existing body of work regarding intermittent fasting programs should also be considered in the context
of previous weight-loss and weight-maintenance data. A number of dietary programs have been evaluated for
potential effectiveness in long term weight loss and weight maintenance. Atallah et al. conducted a systematic
review of randomized controlled trials that employed popular weight loss programs (i.e., Atkins, South Beach,
Weight Watchers and Zone diets) [24]. Ten trials were identified which compared these dietary programs to usual
care over the course of at least 1 year. Of these weight loss programs, Weight Watchers was the only to produce
statistically significant reductions in body weight compared with usual care. In two other trials, direct comparisons
of these programs revealed that Atkins, Weight Watchers, Zone diet and usual care all produced modest weight loss
after 1 year [25,26]. The magnitude of weight loss after 1 year of these programs ranged from 1.6 to 6.0 kg, whereas
the weight loss achieved by the ADF and traditional calorie restriction groups in the recent year-long study, relative
to the no-intervention control, was approximately 5.7 and 5.0 kg, respectively [23]. Importantly, the weight lost
with Atkins and Weight Watchers diets was partially regained at 2 years postinitiation [24]. Although weight regain
following weight loss is a well-known concern, some individuals have found success, as indicated by experimental
evidence and information obtained from the National Weight Control Registry [27]. Although ADF did not provide
a clear weight maintenance advantage after 1 year in the trial conducted by Trepanowski et al. [23], data extending
past 1 year are needed for both ADF and other fasting programs.
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Unresolved questions
Despite some initial promising results, as highlighted above, a number of important questions concerning the
utility of intermittent fasting programs for cardiovascular disease prevention have not been adequately answered.
While it is beyond the scope of this report to address all pertinent questions, a preliminary discussion of several
relevant questions is appropriate.

Biological mechanism of benefit
Are observed benefits of fasting diets attributable to energy restriction, unique metabolic effects of fasting, or some
combination of both? Although it is known that acute fasting induces a variety of metabolic changes [3,28], it is
unclear how these changes potentially affect relevant health outcomes over time including cardiac risk related to
prediabetes and diabetes. Most investigations of intermittent fasting fail to include an energy restriction group
that reduces caloric intake while maintaining the habitual eating frequency [2]. Therefore, in most cases, it is
not possible to disentangle the effects of energy restriction and fasting. A limited number of investigations have
directly compared intermittent fasting programs with traditional energy restriction programs of an equivalent energy
deficit [14,29–32] or compared intermittent fasting with a normal diet while maintaining habitual dietary intake [22].
In general, differential results between fasting groups were not found for relevant cardiovascular disease risk factors
in these investigations. Varady et al. reported reductions in triglycerides and blood pressure, as well as increases in
LDL particle size, in both intermittent fasting and calorie restriction groups [32]. However, Harvie et al. reported a
greater reduction in body fat in response to intermittent fasting as opposed to traditional energy restriction [14], and
Hill et al. found larger reductions in total cholesterol with intermittent fasting as compared with isocaloric energy
restriction [31]. Some reports have indicated that fasting interventions may improve insulin sensitivity [14,33–35],
although results are variable [2] and little is known of the effect in those with diagnosed diabetes.

Method of energy restriction
Do diets incorporating fasting result in superior, inferior or equivalent maintenance of outcomes in CVD risk
factors induced by dietary restriction and weight loss? The recent 12-month trial of ADF began to answer this
question, although the results cannot be indiscriminately applied to other fasting programs. Based on the results of
this single study, it appears that ADF is not superior, and may possibly be inferior, to traditional dietary restriction
for long-term improvements in cardiovascular disease risk factors [23]. In terms of weight loss and weight loss
maintenance, no differences between ADF and traditional calorie restriction were observed. Provided that they
reduce energy appropriately, all diets can produce weight loss and improvements in disease risk. However, due to
the poor long-term success of most dietary programs and frequent recidivism following weight loss [36], programs
that allow for feasible maintenance of health improvements are of paramount importance. What duration of study
is necessary to consistently produce such outcomes in humans is, at present, not known.

Fasting regimen: frequency
How do different fasting programs compare in terms of reduction of disease risk? Intermittent fasting is a broad
term, and a number of different fasting interventions have been used in recent research [3]. These programs include
ADF with or without a small amount of energy intake on fasting days, time-restricted feeding with variable feeding
and fasting periods, complete or modified fasts on consecutive or nonconsecutive days per week and less frequent
periodic fasts or fasting-mimicking diets. Despite the numerous implementations of fasting programs, comparisons
of multiple intermittent fasting interventions within a single study are virtually nonexistent [2].

Fasting regimen: timing & duration
Does the timing of feeding within a day impact the efficacy of fasting diets? Interventions that alter the timing of
nutrient intake over the course of a day likely have important implications for circadian physiology. Recent reviews
have presented detailed examinations of circadian physiology and metabolism, as well as the interactions between
time-restricted feeding and circadian rhythms [37,38]. Briefly, the temporal separation of various physiological
processes, a hallmark of properly functioning circadian physiology, may be enhanced by time-restricted feeding
rather than typical patterns of nutrient intake found in modern society. Additionally, it has been reported that
individuals who consume a greater proportion of energy later in the day experience less and slower weight loss
than those who consume a lower proportion of energy later in the day [39]. This information should potentially
be considered when establishing the timing of a daily feeding period. However, particularly due to the importance
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of promoting nutritional regimens that are feasible to maintain long-term, the daily variance in subjective hunger
and related factors should also be taken into consideration. In a highly controlled setting, it has been reported that
hunger is at its lowest point during the biological morning (i.e., 8 AM) and peaks during the biological evening
(i.e., 8 PM) [40]. The ease of access to food and larger amount of leisure time in the evening for many members of
modern society may also make abstaining from food in the evening more difficult. Additional research is needed
to determine the efficacy and feasibility of early (e.g., 8 AM–4 PM) and late (e.g., 12 PM–8 PM) time-restricted
feeding programs.

Target population for a fasting intervention
What are the implications of the current health condition of an individual for the selection of the length, frequency
and timing of fasting in composing a regimen? Some studies have failed to find benefits of fasting among select
populations, such as a lack of cholesterol reduction in people who do not have at-risk levels of cholesterol or lack
of glucose reduction in those with initially normal glucose level. It may be that a low frequency of fasting is all
that is necessary among the general population, such as one day per month, while people with risk factors such as
obesity, elevated cholesterol, hypertension or insulin resistance/impaired glucose tolerance (i.e., prediabetes) may
need greater frequency such as once or twice per week. The necessity of frequent fasting, such as ADF, is unclear,
except perhaps for rapid weight loss. The adverse effects of fasting, especially for the more intense regimens and
among those with diagnosed or probable chronic disease, are unknown. It would be wise to differentiate between
individuals and groups requiring more and less intense fasting regimens.

Recommendations for future research
Each of the major questions identified in the previous section serves as a foundational recommendation for future
intermittent fasting research designed to promote health improvements. To the extent that it is possible, the
disentanglement of differential effects of energy restriction and the metabolic effects of fasting periods will improve
our understanding of these phenomena. A clear need exists for additional clinical trials of a year or longer in
order to fully establish the safety and possible effectiveness of intermittent fasting programs, particularly given
the recent evidence of increased LDL cholesterol following 1 year of ADF. Side-by-side comparisons of different
fasting regimens will allow for greater differentiation between programs and allow for more specific considerations
of their efficacy. Considerations of the impact of normal and abnormal circadian physiology may also help inform
the implementation of intermittent fasting programs and should be considered in future research. Finally, what
frequency of fasting is recommended, if any, should be evaluated for special populations and individuals.

Conclusion & future perspective
While potentially useful for health improvement, intermittent fasting requires further study prior to widespread
implementation for health purposes. Other energy restricted dietary regimens should also be afforded a similar level
of professional skepticism today. As highlighted above, a considerable amount of research remains to be conducted,
with clinical and outcome-oriented designs required. Randomized, longer-term studies are especially needed to
determine whether using intermittent fasting as a lifestyle rather than a diet is feasible and to demonstrate the data
needed to trigger changes in practice. These regimens may ultimately be found to have legitimate health benefits
that warrant implementation to improve the health of some, many or all of the human population.
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Executive summary

Current evidence
� The American Heart Association recently published a scientific statement which discusses intermittent fasting in

the context of cardiovascular disease prevention.
� In some studies, intermittent fasting produced beneficial modifications of cardiovascular health markers during

programs of 6–24 weeks, including reductions in total cholesterol (-6 to 21%), LDL cholesterol (-7 to 32%) and
triglycerides (-16 to 42%).

� Despite some promising results, there have been few randomized controlled trials comparing intermittent fasting
to a standard diet or appropriate control group.

� A recent investigation of a fasting-mimicking diet demonstrated that it can produce a variety of metabolic
changes, some of which persist after returning to a normal diet.

� A recent investigation of 1 year of alternate-day fasting revealed no benefits relative to traditional calorie
restriction. Furthermore, increases in LDL cholesterol were observed after 1 year of alternate-day fasting.

Unresolved questions
� Several important questions concerning intermittent fasting do not currently have adequate answers:

� Are observed benefits of fasting diets attributable to energy restriction, unique metabolic effects of fasting or
some combination of both?

� Do diets incorporating fasting result in superior, inferior or equivalent maintenance of outcomes in CVD risk
factors induced by dietary restriction and weight loss?

� How do different fasting programs compare in terms of reduction of disease risk?
� Does the timing of feeding within a day impact the efficacy of fasting diets?
� What are the implications of the current health condition of an individual for the selection of the length,

frequency and timing of fasting in composing a regimen?
Recommendations for future research
� A considerable amount of research remains to be conducted, with longer-term studies and outcome-oriented

designs required before widespread application of intermittent fasting.
� Each of the major questions identified in the article serves as foundational recommendations for future

intermittent fasting research designed to promote improved health.
� With additional research, intermittent fasting regimens may ultimately be found to have legitimate health

benefits that warrant implementation to improve the health of some, many or all of the human population.
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