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Intermittent fasting (IF) is an increasingly popular strategy for weight loss

and improved metabolic health. IF regimes involve deliberate implementation

of fasting windows ranging from 12 to 72 hours. During these fasting

windows, individuals reduce their caloric intake by 75% to 100%. Such strat-

egies show promise and are increasingly socially popular, but many effects

are not completely understood. Specifically, the effects of time-restricted

feeding (TRF), a specific form of IF in which participants undergo daily

fasting periods lasting about 16 hours, is among the most popular yet under-

studied regimens. This review finds that TRF may produce mild weight loss

and improved function of insulin. TRF also likely produces cardiovascular

effects, such as decreased blood pressure and fasting blood triglycerides.

TRF, like other forms of IF, may encourage fat loss specifically when com-

bined with exercise. The manuscripts identified in this narrative literature

review were analyzed for the potential benefit for patients with type 2 dia-

betes mellitus, and limitations of summarized content were noted. While

these studies support some suspected benefits of TRF, they also legitimize

the need for future TRF studies, since conclusions are greatly limited by a

paucity of evidence.
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R
ates of obesity and associated metabolic diseases, including type 2 diabetes

mellitus (T2DM), are at an all-time high.1 Although malnutrition was a major

concern in the 19th century, obesity is becoming increasingly common in the

21st century.2 A 2015 study3 used a smartphone application to monitor eating patterns,

finding that most participants ate more erratically than self-predicted and that most had

eating windows over 15 hours. These data suggest that overeating is on the rise and that

current strategies for nutritional self-control and self-awareness are generally failing

because they are not robust enough to prevent poor health outcomes.

Current clinical therapies for obesity and T2DM include lifestyle changes, medications

and, in some cases, metabolic surgery.4-7 However, the benefits of medical and surgical

treatments are accompanied by associated risks. Even lifestyle interventions seem hard

to implement; many existing lifestyle therapies require constant, strict supervision of

energy consumption and expenditure, often with much involvement of health care profes-

sionals.8 Medications have adverse effects and most come with a substantial financial
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burden.9 Surgeries are invasive, carry immediate and

long-term risks, and present tremendous cost.7 These

drawbacks contribute to decreased adherence to life-

style therapies, inevitably worsening patient

outcomes.10

Insulin resistance (IR) is a core pathophysiologic

defect of T2DM and metabolic syndrome.11-14

However, much of contemporary T2DM management

is focused on managing hyperglycemia, a symptom of

the underlying IR. Therefore, an adherable, lifestyle-

based intervention that targets IR would provide poten-

tial value for management.

Many forms of intermittent fasting (IF) have been

studied.15 Fasting programs have included alternate-day

fasting, a 5-day/2-day diet, a fast-mimicking diet, and a

16-hour/8-hour time-restricted feeding (TRF)

regimen.15-17 These fasting regimens are further

explained in Table. The results vary, but forms of IF

have shown benefits in mouse and human

models.16,18-20 Cardiovascular risk-factor benefits

include decreases in blood pressure, low-density lipo-

protein (LDL) cholesterol, and total cholesterol when

combined with caloric restriction.17,21 Moderate benefi-

cial decreases to body weight and caloric intake seem to

be generally on par with other methods of caloric

restriction, but may preferentially encourage fat loss

while maintaining lean mass16,18,22 and are more

easily achievable for patients.17,19 Many of these

effects would prove useful in the management of

T2DM, especially when considering that many patients

with T2DM have cardiovascular-related illness and are

overweight or obese.

Metabolic changes that affect IR are likely a primary

benefit of IF and may underlie many of the reported

health improvements associated with IF.8,18,23,24

Studies of chrononutrition suggest a likely mechanism

for many of these benefits.3,14 The established interplay

between metabolism and circadian rhythm is greatly

influenced by timing of nutritional intake.14,19 As

such, it is likely that the metabolic effects of TRF,

which increases proportions of daytime eating, arise

from synchronizing nutritional intake with internal

metabolic clock genes.14 Some of this increased align-

ment between circadian and metabolic pathways, spe-

cifically in the case of TRF, likely arises from reduced

nighttime eating on many days of the week.3,14 If lack

of synchronization can lead to metabolic syndrome

and obesity, then IF regimens, specifically TRF, likely

provide health benefits beyond those of caloric

restriction.19

TRF is a form of IF in which individuals limit daily

eating windows to 8 hours ±1 hour, typically eating in

windows beginning at 8 AM or 12 PM, in part to limit

nighttime caloric intake. Compared with traditional IF

regimens, TRF uses shorter-duration fasting windows

(16 h ±1 h), but on a more frequent basis. The extent

of benefits provided by TRF is still undetermined.

Truly understanding the effects and possible uses of

TRF holds promise not just for patients with obesity

and T2DM, but for the medical community as a whole.

Table.
Examples of Intermittent Fasting Regimens15-17

Regimena Description

Alternate dayb Alternate between fasting days and normal eating days

5-day/2-day 5 days of normal eating followed by 2 days of fasting

Fast-mimicking diet Low-protein, low-sugar diet administered for 5 days, once per month for 3 months

16/8 time-restricted feeding 16 hours of fasting, 8 hours of unrestricted eating

a Intermittent fasting strategies all allow consumption of water while fasting and typically black coffee and unsweetened tea.
b Fasting days in alternate-day studies ranged from 0% to 25% of normal calorie intake.
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This review aims to comprehensively summarize

published scientific literature on the subject of TRF in

humans. Particular attention is given to health improve-

ments most pertinent to T2DM and insulin resistance.

The results shown in this review can help busy health

care professionals give evidence-based advice on this

nutritional technique.

Methods
A literature search was conducted on June 28, 2019,

using PubMed’s advanced search. Reference citations

in articles were also reviewed. For inclusion in this

review, articles must have described original research

using human participants and have been published in

English. TRF was defined as intermittent fasting regi-

mens in which experimental eating windows were 8

hour ± 1 hour, with daily water-only fasts for a

minimum of 1 week. The search terms “time-restricted

feeding” and “time-restricted eating” were used.

Results
This PubMed search produced 129 articles. Of the 129

possible articles, 83 were excluded because they used

animal models/subjects. Another 29 articles were

excluded because they were reviews or summaries of

previously published literature. Although unoriginal,

these studies were read for context. Seven studies were

disqualified because they did not study TRF as we

defined it and instead examined other aspects of

fasting or nutrition. Two articles (Gabel et al25 and

Gabel et al26) did not meet all inclusion criteria but

were highly applicable studies of TRF and, as such,

were noted for relevance. The remaining 8 articles con-

tained 2 repeated articles, resulting in 6 usable articles,

1 of which (as mentioned above) studied sleep quality

during TRF25 and is not discussed.

Summary of Reviewed Studies
Our search produced 6 articles that described 4 unique

studies. The studies tended to investigate TRF as it per-

tained to areas of nutrition and metabolic and cardiovas-

cular disease. Additionally, some articles investigated

potential implications for inflammatory and rheumatoid

disease. Many disqualified articles still provided rele-

vant information that supported or validated conclusions

drawn by the qualifying articles. The most important

variables investigated in the qualifying studies included

body weight, body mass index, blood pressure; fasting

blood glucose, fasting blood insulin, fasting blood tri-

glycerides, glucose, and insulin levels; and triglyceride

100

91

88 89

84

76

64 64

69

97

Total weight27

Fat mass29

Systolic blood pressure17

Diastolic blood pressure17

Fasting triglycerides27

Blood glucose29

Glucose resonse to meal AUC30

Fasting insulin29

Fasting insulin17

Fasting insulin27

90

95

90

85

80

75

70

65

60
0 1 2 3 4 5 6

Time-Restricted feeding, weeks

7 8 9 10 11 12

S
ta

rt
in

g
 v

al
u

e,
 %

Figure.
Metabolic changes seen in time-restricted eating studies. Values are shown as percentage of change over time.17,26,28,29
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responses to meals. The results for these variables are

summarized in the Figure, which provides a visual

summary of the potential benefits most pertinent to

T2DM. As seen in the Figure, TRF has the potential

for improving several key markers of health. One of the

most consistent results reported is a decrease in fasting

insulin level, which supports the theory that TRF may

improve insulin function.

Gabel et al25,26

This study produced 3 published articles.25-27

Twenty-three participants who were obese (20 women,

3 men) participated in a TRF regimen (ad libitum

eating from 10 AM to 6 PM and water-only fast from

6 PM to 10 AM) every day for 12 weeks.26 Outcomes

were compared with a matched historical control

group. TRF participants lost weight (mean [SD],

−2.6% [0.5]; P<.001), had reduced energy intake

(mean [SD], −341 kcal/d [53]; P=.04), and had

decreases in systolic blood pressure (mean [SD], 7 [2]

mm Hg; P=.02). These findings suggest that TRF pro-

duces a mild caloric deficit and weight loss without

calorie counting and may lower blood pressure. An

analysis of the safety of the experiment was also pub-

lished. No serious adverse events occurred in any par-

ticipant, supporting the belief that TRF is likely safe.

Hutchison et al28

Fifteen men at risk for T2DM underwent 2 different

7-day TRF regimens, either an early TRF schedule

(caloric intake confined to 8 AM to 5 PM) or a delayed

TRF (caloric intake confined to 12 PM to 9 PM).28

Outcomes were compared with baseline after a 2-week

washout period. TRF reduced glucose response to

meals by 36% (mean [SEM], −1.6 [.4] mmol/L;

P=.001) as measured by incremental area under the

curve (iAUC) of plots generated from venipuncture

samples. TRF also demonstrated a trend to decrease

insulin iniAUC (P=.09). TRF decreased fasting trigly-

cerides from a mean (SEM) of 1.3 (0.1) mmol/l to 1.1

(0.1) mmol/l in early TRF, and from 1.2 (0.2) mmol/l

to 1.1 (0.1) mmol/l in delayed TRF (P=.003) but not

by triglyceride iAUC in response to a meal (P=.57).

Participants reported adhering to the diet about 6 days

per week. Overall, TRF improved glycemic responses

in individuals. Additionally, their results manifested

without significant decrease in body weight, suggesting

benefits of TRF may exist independently of weight loss.

Moro et al29

Thirty-four resistance-trained men were randomly

assigned TRF (caloric intake confined from 1 PM to 8

PM) or normal diet (caloric intake confined to 8 AM to

8 PM).29 Groups were matched for energy intake and

macronutrient distribution. Participant weight was

actively maintained, meaning that experimenters

adjusted caloric intake over time to minimize any

weight gain or loss. TRF caused a mean (SD) of 0.96

(1.76) kg (P=.007) decrease in fat mass, although

fat-free mass, muscle area, and maximal strength did

not significantly change. Testosterone (mean [SD],

−2.07 [3.6] nmol/L; P<.0001) and IGF-1 (mean [SD],

−12.38 [33.0] ng/L; P=.0003) decreased significantly

in patients following the TRF. TRF, when combined

with resistance training, significantly reduced fat mass

while maintaining muscle mass. Participants in this

study were healthy, resistance-trained men and, there-

fore, differed from the typical T2DM population. This

study particularly elucidates some of TRF’s potential

to encourage healthy body composition, especially

when combined with physical activity.17

Sutton et al17

Eight men with prediabetes who were considered over-

weight underwent 5 weeks of TRF (water-only fast

from 8 AM to 3 PM) compared with a normal diet (12hr

eating window, beginning 6:30 AM to 8:30 AM ) in a ran-

domized order, separated by a 7-week washout

period.17 Participants were fed a diet that was isocaloric

and eucaloric to prevent changes in body weight.

Researchers deliberately maintained participants’

weight to investigate effects of fasting independent of

weight loss. TRF elicited significant decreases in mean

insulin and IR while also improving B-cell
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responsiveness. TRF also caused a notable decrease in

mean (SD) systolic and diastolic blood pressure of 11/

10 (4.0) mm Hg (P=.03). This study precipitated no

serious adverse events. All but 1 participant reported

that TRF was not difficult or only moderately difficult.

In a poststudy survey, participants responded that

about 8 hours would be an achievable eating window.

These results further support the notion that TRF pro-

vides various benefits beyond those associated with

weight loss. Additionally, this trial confirms theories

that TRF is safe and widely achievable.

Discussion
Although the evidence on TRF is rather limited, it does

appear to present notable potential benefits. These

results are consistent with expectations formed by

results of similar IF studies.16,22 The primary effect of

decreased IR is seemingly reliable and is replicated in

other related studies.16,22 Considering that the TRF

regimen is accessible to almost everybody, widely

achievable, and carries little to no financial burden,

any small benefit of TRF comes with little downside.

Pertinent results from the studies reviewed here demon-

strate safety and attainability, with beneficial cardiovas-

cular, metabolic, and weight-related nutritional effects.

TRF, consistent with findings of studies on other

forms of IF, seems to be safe and well tolerated.

Studies reviewed here reported no serious adverse

events and concluded that TRF is safe for most partici-

pants.17,27 These studies boasted high compliance total-

ing over 97%, suggesting that participants had no

trouble adhering to TRF at least 6 days per week.17,26

One study reported that TRF did not significantly

increase evening hunger and that fasting for 16 hours

was not as hard as individuals expected.17 These find-

ings begin to elucidate why TRF is so achievable for

most participants and might even shed light on why

TRF and IF have begun to become prominent in

popular culture.

TRF shows several possible cardiovascular risk

factor benefits, including significantly lower blood

pressure and likely lower fasting triglyceride

levels.28,29 One study17 found that TRF increased tri-

glyceride level, but these results were not matched to

time; researchers of this study specifically mentioned

that they believed the elevated triglyceride level to be

transient and likely due to the increased fat mobilization

thataccompanied weight loss. TRF has shown no effect

to date on total cholesterol, HDL cholesterol, and LDL

cholesterol levels.17,29

The metabolic effects of TRF may include improved

insulin function and improved β-cell islet function as

measured by insulinogenic index.16 TRF may reduce

fasting glucose level; this result was found to some

degree in 2 different studies.28,29 What is more certain

is that TRF reduces IR, leading to improved insulin

functioning.16,26,29 This finding is especially relevant

because it indicates that TRF may serve as a treatment

for IR, a core defect of T2DM, as opposed to correcting

hyperglycemia, a symptom.

Much of the cultural and social excitement over IF

revolves around its potential for reducing body weight

while improving body composition. One study did

reveal the potential for slow but steady weight loss: par-

ticipants lost 3% of their body weight during 12

weeks.26 More important is the potential for TRF to

preferentially encourage fat loss with maintenance of

lean mass, especially when combined with resistance

training. Moro et al29 found that 34 resistance-trained

men who trained with resistance lost 16.4% of their

body fat, even when total body weight was maintained.

This finding conforms to a 2013 study that reported

more fat loss and decreased lean mass in IF regimens

compared with calorie restriction.19 When investigating

the effects of TRF on daily caloric deficit, it appears

that the deficit associated with a single day of breakfast

omission is approximately maintained over weeks and

months.26,30,31 This implies that skipping breakfast

does indeed produce a caloric deficit, and this deficit is

maintained long term, leading to progressive weight

loss. As mentioned, the majority of weight loss

seemed to be of adipose tissue, especially when com-

bined with resistance training.26,29
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One of the most relevant nuances of the data

reviewed here is that TRF seems to have benefits inde-

pendent of weight lost during the regimen, because

multiple studies reported benefits even when participant

weight was actively maintained. This finding reveals

that TRF helps participants not only because of what

they eat, but also because of when they are eating.

TRF has the potential to treat certain nutritional dis-

eases and improve metabolic function through both

temporal and quantitative caloric restriction.

Limitations of the Research Findings
IF is regarded by some as a popular diet,32 and has been

part of religious and cultural practices for thousands of

years. Although the popularity of TRF is growing, the

body of research on this topic is still quite small. The

literature that exists on the topic of fasting largely

investigates cellular models or socially uncommon

fasting regimens. TRF, among the most popular regi-

mens in social concepts of IF, has been investigated by

a limited number of studies. Additionally, because the

research team limited the search to PubMed, it is pos-

sible that other applicable articles may have been listed

in other databases.

The studies we reviewed confirmed some of the the-

orized benefits of TRF; however, they also revealed that

these benefits may be only moderate in magnitude.

Additionally, the dearth of widely generalizable evi-

dence means that more studies must be conducted

before physicians can be confident in understanding

the risks and benefits of TRF. Future studies should

investigate the effects on women, because most of the

studies we reviewed results with men only. In addition,

because pilot studies have turned out to be successful

and safe, future studies should include more partici-

pants and longer periods of TRF. It would be of signifi-

cant interest to further understand the safety and

long-term effects of TRF; tracking of adverse events

warrants future study, with long-term follow-up to

analyze whether and how benefits are maintained. The

literature, although present, is indeed sparse, and thus

TRF should be used by patients with caution and

careful observation by physicians. The extent of health

benefits provided by TRF still needs to be fully

explored. With these limitations in mind, it is important

to note that TRF is seemingly safe in most adult popu-

lations and, as such, should not bediscouraged.

Implications for Patients With T2DM
TRF, as a long-term adjunct treatment, may be an

effective, safe, and attainable method of reducing body

weight, blood pressure, and IR in patients with T2DM.

Although fasting-based interventions may not be suit-

able for all patients, research does suggest that fasting

may provide various health benefits for patients diag-

nosed with, or hoping to prevent, T2DM and other

chronic metabolic diseases.16,18,33 TRF holds potential

for reducing IR, a core defect of T2DM that is often

ignored or undertreated. Therefore, TRF proves a good

place to start for T2DM patients who are interested in

or open to fasting as a therapy. Patients will likely find

the regimen relatively easy, contributing to achievabil-

ity.17 Medications should be monitored closely by

health care teams for opportunities to lower doses.

This is essential for avoiding possible hypoglycemic

episodes. Patients should continue to follow all

medical direction and advice from their provider.

Patients and health care professionals should closely

monitor blood sugar. Patients with hypoglycemic

unawareness may not be suitable for this treatment.

Osteopathic Philosophy
Benefits of IF can be seen as an example of the second

osteopathic tenet, that the body is capable of self-

regulation, self-healing, and health maintenance.

Removing a potentially harmful block to natural health -

in this case, a lengthy eating window3 - can promote

health by enabling the body’s own mechanisms of

healing and self-maintenance.28 By aligning behavioral

eating windows with times of maximal metabolic cap-

ability, as influenced by circadian rhythms14 and micro-

biome,34,35 physicians may use the human body’s own

mechanisms of self-healing, and TRF may be an effect-

ive initial fasting therapy for certain patients.
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Conclusion
TRF shows promise as a treatment for those with

T2DM and warrants further investigation. Although

little research exists on the effects of TRF in patients

with T2DM, current studies indicate it is somewhat

effective, typically safe, and achievable. While not all

effects of TRF are fully understood, improved insulin

function, and steady weight loss are emerging as

primary effects. There is also evidence to suggest TRF

provides other metabolic and cardiovascular benefits.

Additionally, TRF may be a management option that

patients find easily adherable, and thus, it may be an

effective patient-centered treatment. Patients attempting

TRF must monitor blood glucose closely, as the risk of

hypoglycemia is present, although seemingly minimal.
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