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Abstract

Purpose of Review—Time-restricted eating (TRE) is a form of intermittent fasting that
involves confining the eating window to 4-10 h and fasting for the remaining hours of the day. The
purpose of this review is to summarize the current literature pertaining to the effects of TRE on
body weight and cardiovascular disease risk factors.

Recent Findings—Human trial findings show that TRE reduces body weight by 1-4% after 1
16 weeks in individuals with obesity, relative to controls with no meal timing restrictions. This
weight loss results from unintentional reductions in energy intake (~350-500 kcal/day) that occurs
when participants confine their eating windows to 4-10 h/day. TRE is also effective in lowering fat
mass, blood pressure, triglyceride levels, and markers of oxidative stress, versus controls. This
fasting regimen is safe and produces few adverse events.

Summary—These findings suggest that TRE is a safe diet therapy that produces mild reductions
in body weight and also lowers several key indicators of cardiovascular disease in participants with
obesity.
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Introduction

Intermittent fasting has greatly increased in popularity over the past decade owing to its
ability to produce clinically significant weight loss and confer protection against
cardiovascular disease [1-3]. The most popular form of intermittent fasting is time-restricted
eating (TRE). Indeed, TRE is currently one of the most researched diets on the internet for
weight loss [4]. TRE typically involves confining the eating window to 4-10 h and fasting
for the remaining hours of the day (14-20-h fast). During the eating window, individuals are
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not required to count calories or monitor food intake in any way. During the fasting window,
individuals are encouraged to drink plenty of water. Energy-free beverages, such as black
coffee and black tea, are also permitted during the fasting window.

TRE is a unique weight loss regimen in that it does not require calorie counting. Participants
are merely asked to consume all of their energy needs for the day within a specified window
of time and fast for the remaining hours of the day. Accumulating evidence suggests that
TRE produces a ~350-500 kcal/day energy deficit by simply limiting the eating window to
4-10 h/day [5e, 6¢, 7+¢]. From a clinical standpoint, these findings are highly significant.
One of the main reasons for subject attrition with traditional dieting, i.e., daily calorie
restriction (CR), is frustration with having to vigilantly monitor energy intake on a regular
basis [8, 9]. TRE regimens are able to side-step this requirement by allowing participants to
simply watch the clock instead of monitoring calories, while still producing significant
weight loss. This feature of TRE has the ability to greatly improve long-term adherence to
the diet, and in turn, produce lasting weight control in adults with obesity.

Despite the growing popularity of TRE, only a handful of human trials [5e, 6, 7¢¢, 10-19]
have examined the effect of this fasting regimen on cardiovascular endpoints. The purpose of
this review is to summarize the current literature pertaining to the effects of TRE on body
weight, body composition, and cardiovascular disease risk factors, including blood pressure,
plasma lipids, and markers of inflammation and oxidative stress. The safety of the diet will
also be reviewed.

A Medline search was conducted using the following key words: “time restricted eating,”
“time restricted feeding,” “intermittent fasting,” “fasting,” “meal timing,” “meal frequency,”
“intermittent energy restriction,” “clinical trial,” “human.” Inclusion criteria for research
articles were as follows: (1) adult male and female subjects, (2) randomized controlled trials
and non-randomized trials, and (3) endpoints that included body weight changes and
relevant metabolic health markers. The following exclusion criteria were applied: (1) cohort
and observational studies, (2) fasting performed as a religious practice (Ramadan or Seventh
Day Adventist), (3) studies of other forms of intermittent fasting, i.e., alternate day fasting or
the 5:2 diet, (4) trial durations of less than 1 week. Our search retrieved 13 trials of TRE [5e,
e, 7es, 10-19] which are displayed in Table 1.

Body Weight

Mild to moderate weight loss (5-10%) is associated with improvements in several
cardiovascular disease parameters, including blood pressure, triglycerides, and LDL
cholesterol levels [20-22]. Whether TRE can produce clinically significant weight loss
(>5% from baseline [23, 24]) compared to a non-TRE group remains unclear. All of the 13
human trials included in this review evaluated the effects of TRE on body weight (Table 1).
Most of these studies permitted ad libitum intake during the eating window. However, some
studies [10, 12, 14] required subjects to follow isocaloric and eucaloric diets during TRE, to
ensure that weight remained stable during the intervention period. Since this section focuses
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on weight loss with TRE, only the studies that allowed for ad libitum intake will be
discussed here [5e, 6, 7ee, 11, 13, 15-19].

A few recent trials have evaluated the effects of shorter eating windows (4-h TRE and 6-h
TRE) on body weight [5e, 11]. In a recent study by Cienfuegos et al. [5¢], similar reductions
in body weight were noted by 4-h TRE (3-7 pm) and 6-h TRE (1-7 pm) after 8 weeks in
participants with obesity (3% weight loss for both diets), when compared to a group with no
meal timing restrictions. In contrast, Tinsley et al. [11] observed no weight changes when
normal weight men and women followed a 4-h TRE regimen (4-8 pm, 4 days/week)
combined with resistance training, relative to controls with no meal timing restrictions.

The effect of a slightly longer eating window (8-h TRE) on body weight has also been
investigated. As demonstrated in the trials by Anton et al. [13], Gabel et al. [6¢], and Chow
et al. [16], 8-h TRE produces 2-4% weight loss after 4-12 weeks of intervention in
participants with obesity, relative to controls with no meal timing restrictions. However,
when 8-h TRE (12-8 pm) was combined with resistance training in the trial by Tinsley et al.
[15], body weight slightly /increased (+2%) after 8 weeks of treatment, versus a non-TRE
group. In the study by Lowe et al. [17], 12 weeks of 8-h TRE (12-8 pm) produced no weight
loss, versus controls. The trial by Lowe et al. [17] has some methodological limitations
however. For instance, the control group was told to consume all of their food for the day as
3 meals/day. It is well known that individuals do not naturally conform to a 3 meal/day
eating pattern, as demonstrated in the eloquent meal timing study by Gill & Panda [7¢].
Indeed, subjects tend to consume food every 1-2 h over a ~15-h period with no distinct
breakfast-lunch-dinner pattern [7<¢]. Since the controls in the study by Lowe et al. [17] were
required to drastically change their eating pattern to conform to the 3 meal/day paradigm,
they lost similar amounts of weight over time (~1%) as the 8-h TRE group (~1%), yielding
no statistically significant differences between groups. It can be assumed that if the authors
implemented a true “usual diet” control group, the controls would have remained weight
stable, and the body weight reductions experienced by the 8-h TRE group would have been
significantly different versus controls.

Changes in body weight during 9-h TRE and 10-h TRE have also been tested. Hutchison et
al. [18] compared the effects of early 9-h TRE (8 am-5 pm) versus late 9-h TRE (12-9 pm)
in subjects with obesity and prediabetes. After 1 week of diet, participants lost 1% of body
weight, and this effect did not vary according to the timing of the eating window (early
versus late) [18]. Two trials have evaluated whether 10-h TRE can facilitate weight loss [7ee,
19]. Following 12 weeks of 10-h TRE (with a self-selected eating window), participants with
overweight and prediabetes lost 3% of body weight, relative to baseline, in the single-arm
study by Wilkinson et al. [19]. Similarly, after 16 weeks of unsupervised 10-h TRE (with a
self-selected eating window), men and women with overweight observed 3% weight loss,
relative to baseline, in the single-arm trial by Gill & Panda [7¢].

Taken together, TRE (4-10 h) produces 1-4% weight loss in subjects with overweight and
obesity over short trial durations (1-16 weeks), relative to a non-TRE condition.
Unfortunately, these reductions in body weight do not meet the threshold for clinically
significant weight loss (>5%) [23, 24]. It will be of interest to see if longer durations of TRE

Curr Atheroscler Rep. Author manuscript; available in PMC 2021 June 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gabel et al.

Page 4

can produce body weight reductions beyond 4%. The weight loss noted in these TRE trials
was the result of unintentional reductions in energy intake. More specifically, confining the
period of eating to 4-10 h/day was shown to reduce energy intake by ~350-500 kcal/day,
without calorie counting [5e, 6, 7+, 11, 19]. Though the data are limited, it does not appear
as though shorter eating windows (4 h and 6 h) produce greater degrees of weight loss
compared to longer eating windows (8 h and 10 h). It also remains uncertain whether the
timing of the eating window (early versus late) impacts weight loss. At present, only one
study [18] has examined this, and no difference in weight loss was noted when early TRE
was compared to late TRE. Interestingly, when TRE is combined with resistance exercise,
the weight loss effects of the diet appear to be negated [11, 15]. Since exercise has been
shown to occasionally augment energy consumption and appetite [25, 26], this could explain
why no change in body weight was noted in these exercise studies. Whether similar effects
would occur when TRE is combined with endurance exercise has yet to be elucidated.

Body Composition

Changes in fat mass, lean mass, and visceral fat mass were assessed in the majority of these
studies [5e, 6, 7e, 11, 14-19]. When an individual loses weight with traditional dieting, i.e.,
daily CR, approximately 75% of the weight lost is fat mass, and 25% is lean mass [27-29].
Based on the trials reviewed here, it would appear as though TRE generally produces a
similar ratio of fat to lean mass loss, as CR, relative to controls. Interestingly, when TRE is
combined with resistance training, no additional lean mass retention is observed [11, 14, 15].
This is surprising as resistance exercise usually helps preserve muscle mass during periods
of dietary restriction [30-32]. As for visceral fat mass, no changes were observed with any
TRE regimen [5e, 6¢, 16, 17, 19], versus controls with no meal timing restrictions. It is
likely, however, that greater degrees of weight loss (>5%) would be needed to see consistent
reductions in this body composition parameter [33-35].

The only trial that observed drastically different body composition changes by TRE was the
study by Lowe et al. [17]. After 12 weeks of 8-h TRE (12-8pm) men and women with
obesity lost ~1% of body weight compared to baseline [17]. Remarkably, approximately
65% of the weight loss was lean mass [17]. This degree of lean mass loss far exceeds the
normal range generally reported during dietary weight loss interventions [27-29]. The
authors of this trial [17] speculate that these reductions in lean mass occurred because
subjects reduced protein intake, but oddly, protein intake was never measured at any point in
the trial. This is a major limitation of the study. It is more likely that these unexpected
changes in lean mass occurred due to measurement error via dual-energy X-ray
absorptiometry (DXA). Any state of abnormal hydration can lead to an error in lean mass
quantification by DXA [36-38]. Lowe et al. [17] attempted to control for hydration status by
having the participants fast for 12 h prior to measuring body composition. However, it is
unclear if the fast also prohibited water intake. Thus, more data on the hydration status of
these participants pre-and post-intervention are needed to fully comprehend why these
dramatic reductions in lean mass occurred. The findings by Lowe et al. [17] are also highly
questionable considering that no other 8-h TRE trial observed these extreme reductions in
lean mass [6e, 14-16]. Moreover, all previous studies [6¢, 14-16] used food records to assess
dietary intake and saw no change in protein intake at any point during the trial. Strangely,
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Lowe et al. [17] failed to acknowledge any of the body composition or dietary intake data
from other 8-h TRE studies that contradicted their findings.

Blood Pressure

Several studies have examined how TRE impacts blood pressure (Table 1). Reductions in
systolic blood pressure (4-9%) and diastolic blood pressure (7-9%) have been reported
during TRE [6e, 12, 19], relative to a non-TRE group, but not always [5e, 15-18].
Improvements were observed with shorter eating windows (i.e., 6-h TRE [12]) and also with
longer eating windows (i.e., 8-h TRE [6¢] and 10-h TRE [19]). Decreases in blood pressure
were more commonly seen in studies where participants lost at least 3% of baseline body
weight [6e, 19]. However, in the early 6-h TRE study by Sutton et al. [12], blood pressure
was reduced despite no change in body weight. It would also appear as though TRE only
exerts beneficial effects on blood pressure in those with perturbed baseline values. For
instance, the only studies that noted improvements in blood pressure included subjects with
borderline hypertension (i.e., systolic blood pressure: >120 mm Hg and diastolic blood
pressure: >80 mm Hg) [6+, 12, 19]. In view of this, it will be of interest for future research to
examine how the effects of TRE vary according to hypertensive status.

Plasma Lipids

Elevated levels of circulating LDL cholesterol and triglycerides, in conjunction with low
levels of HDL cholesterol, greatly increase the risk of myocardial infarction and
atherosclerotic cardiovascular disease [39-42]. The effects of TRE on plasma lipid
concentrations were evaluated in the majority of the trials reviewed here (Table 1). In the
trial by Wilkinson et al. [19], LDL cholesterol concentrations decreased after 12 weeks of
10-h TRE, relative to baseline, in subjects with metabolic syndrome. In contrast, LDL
cholesterol concentrations remained unchanged, relative to controls, in all the other trials
that examined this parameter [5e, 6, 12, 14-17]. HDL cholesterol levels also remained
unaffected by TRE, relative to controls [5e, 6¢, 12, 16, 17]. Interestingly, when TRE was
combined with exercise [14, 15], no increases in HDL cholesterol levels were observed,
versus a non-TRE control group. This is somewhat surprising as moderate intensity
resistance training generally increases HDL cholesterol levels [43, 44].

As for triglycerides, reductions in this lipid parameter were demonstrated in the trials by
Moro et al. [14] and Hutchison et al. [18]. In both of these studies, triglyceride levels were
reduced by approximately 10% from baseline. The majority of other trials, in contrast,
showed no change in triglycerides levels, versus controls. This lack of effect was
demonstrated with both shorter (4-6 h TRE) [5¢] and longer eating windows (8-10 h TRE)
[6e, 15-17, 19]. It should be noted, however, that participants in most of these studies had
triglyceride levels within the normal range at baseline. Since the subjects already had
healthy concentrations of triglycerides at the onset of the intervention, this could explain
why no additional improvements were observed. In the trial by Sutton et al. [12], triglyceride
levels increased after 5 weeks of early 6-h TRE (~8am-2pm), relative to a control
intervention (12-h eating window). The authors speculate that this elevation resulted from an
extended acute fast prior to the blood draw. More specifically, subjects in this trial [12]
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fasted for 18 h before blood collection, while subjects in the other TRE studies fasted for
shorter durations (8-10 h) before testing [5e, 6, 14-19]. Acute fasting has been shown to
stimulate lipolysis, and in turn, produce sharp elevations in triglycerides and fatty acids [45—
48]. Therefore, it is possible that the acute fast produced this spike in triglyceride
concentrations, rather than the chronic TRE intervention itself.

Inflammatory Markers

Changes in inflammatory markers were measured in several trials of TRE [5e, 6¢, 12, 14,
19].

High circulating levels of C-reactive protein (CRP) and homocysteine are strong
independent predictors of adverse cardiovascular events, including myocardial infarction and
ischemic stroke [49-52]. In the studies by Sutton et al. [12] and Wilkinson et al. [19], CRP
concentrations did not change after 5-12 weeks of TRE. As for homocysteine, no changes
were observed after 12 weeks of 8-h TRE in the trial by Gabel et al. [6¢] versus controls with
no meal timing restrictions. Proinflammatory cytokines, such as interleukin-6 (1L-6) and
tumor necrosis factor-alpha (TNF-alpha), may increase the risk of atherosclerosis by
promoting vascular inflammation [53-55]. As demonstrated in the studies by Cienfuegos et
al. [5¢], Sutton et al. [12], and Moro et al. [14], 5-8 weeks of TRE had no effect on
circulating levels of IL-6 or TNF-alpha, versus a non-TRE group. Altogether, it would
appear as though TRE does not affect circulating markers of inflammation (i.e., CRP,
homocysteine, IL-6, and TNF-alpha) in human subjects.

Oxidative Stress

Oxidative stress can be defined as an imbalance between the production of reactive oxygen
species (ROS) and the body’s ability to detoxify these reactive products. When ROS
production is left unchecked, and circulating levels of these markers accumulate, this can
lead to the initiation and progression of atherosclerotic disease [56-58]. Data from short-
term trials suggest that TRE may produce consistent reductions in markers of oxidative
stress [5¢, 12]. For instance, 8-isoprostane (a marker of oxidative stress to lipids) was
reduced by 14% in the early 6-h TRE study by Sutton et al. [12], versus controls (12-h
eating window). Similarly, 8-isoprostane levels were markedly reduced by 37% by 4-h TRE
and 6-h TRE in the study by Cienfuegos et al. [5¢], versus controls with no meal timing
restrictions. These promising preliminary findings show that TRE may offer some benefit in
helping to regulate the production of ROS in humans.

Safety Considerations

Accumulating evidence suggests that TRE is a safe diet therapy that results in little or no
adverse events. Occurrences of diarrhea, constipation, nausea, headaches, irritability, and
fatigue did not change from baseline to post-treatment in several short-term studies of TRE
[5e, 6, 19]. However, a few minor cases of headaches, increased thirst, and diarrhea were
reported in the early 6-h TRE trial by Sutton et al. [12]. Complete blood count (CBC), which
is used as an indicator of general health, was not changed during 12 weeks of 8-h TRE in the
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study by Gabel et al. [6¢]. Disordered eating symptoms also remained unaltered during 8-h
TRE, suggesting that this fasting regimen may not increase the risk of eating disorders [6¢].
It should be noted, however, that subjects with a history of eating disorders were excluded
from this study [6<]. Whether TRE augments disordered eating behaviors in those with a
history of this condition remains unknown. In addition, sleep is not negatively impacted by
this form of intermittent fasting. Recent findings show that sleep quality and duration
remained unchanged after 12—16 weeks of 8-h or 10-h TRE in several recent trials [6e, 7ee,
19]. Thus, preliminary findings indicate that TRE is generally safe in human subjects.

Limitations

It is obvious that the data regarding the efficacy of TRE in modulating human health is quite
limited at present. Only about a dozen studies have examined the effects of this diet on body
weight and other metabolic disease risk parameters in human subjects. While these findings
offer important preliminary evidence, they are limited in several ways. First, all of these
studies were quite short, with the longest trial running for only 16 weeks. Second, the
sample size in each study was quite small, which could severely limit the ability to detect
significant differences in secondary outcome measures, such as blood pressure, plasma
lipids, and inflammatory markers. Third, no trial to date has compared the weight loss
efficacy of TRE to a traditional dieting approach, such as daily CR. A head-to-head
comparison between TRE and CR will be needed to further clarify whether this fasting
regimen is indeed beneficial for weight loss. Fourth, some of these trials were cross-over
studies. Cross-over studies are not an appropriate design when a change in health status such
as weight loss is expected. It is possible that subjects did not return to their baseline weight
prior to the beginning of the new intervention period, which may have affected the findings.
Fifth, no trial to date has examined whether TRE can be used to /maintain weight loss. Future
parallel-arm trials which run for longer durations (>6 months), with larger sample sizes,
which directly compare TRE to other weight loss approaches, will be needed before solid
conclusions can be reached.

Conclusion

In summary, human evidence suggests that TRE produces mild weight loss (1-4% from
baseline) in individuals with overweight and obesity (Fig. 1). Interestingly, shorter eating
windows (4-6-h TRE) do not produce greater weight loss, compared to longer eating
windows (8-10-h TRE). Reductions in body weight by TRE generally result from decreases
in fat mass, rather than lean mass. TRE is unique in that it produces a daily energy deficit of
350-500 kcal, without calorie counting. This finding could have important clinical
implications for the long-term feasibility of the diet. As for cardiovascular benefits, TRE
produces somewhat consistent reductions in blood pressure and markers of oxidative stress
(8-isoprostane). The effects of this fasting regimen on plasma lipids are less clear, with some
studies showing reductions in LDL cholesterol and triglycerides, and others showing no
effect. Based on available findings to date, TRE does not seem to modulate HDL cholesterol
levels or inflammatory markers, such as CRP, homocysteine, IL-6, or TNF-alpha. \Very few
adverse events are reported during TRE, suggesting that the diet is generally safe in human
subjects. Taken together, preliminary evidence from human trials shows that TRE is a safe
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and effective diet therapy to lower body weight and several key indicators of cardiovascular
disease in participants with obesity.
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