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Abstract

Purpose of the Review Time-restricted eating (TRE) is a promising dietary intervention for weight loss and improvement
of cardiometabolic risk factors. We aim to provide a critical review of blood pressure outcomes reported in clinical TRE
studies in adults with metabolic syndrome, in the context of the proposed mechanisms that underlie the relationship between
timing of eating and blood pressure.

Recent Findings Clinical TRE studies report mixed results pertaining to blood pressure outcomes, likely due to significant
heterogeneity in study design and TRE protocols. Mechanistically, TRE’s metabolic benefits have been speculated to be
mediated by alignment of meal timing with circadian regulation of metabolic processes and/or enhancement of catabolism
as a result of prolonging the fasting period. TRE protocols that start and end earlier appear to have more pronounced blood
pressure lowering effects. Blood pressure also tends to be lower with narrower eating windows. Concurrent weight loss is
not consistently linked to blood pressure reduction, while lower insulin levels may be an important factor for blood pressure
reduction. Notably, no published studies have reported 24-h blood pressure profiles or data on blood pressure variability.
Summary Blood pressure has only been examined in limited TRE studies, measured at a single time point. Given the clinical
relevance of blood pressure’s diurnal variability and the mechanistic evidence underlying timing of eating and blood pressure
effects, more studies are needed to investigate TRE’s effects on the diurnal variability of blood pressure.

Keywords Metabolic syndrome - Obesity - Diabetes - Circadian - Hypertension

Introduction

Metabolic syndrome (MS) describes a constellation of co-
occurring clinical traits that place an individual at high
risk for developing cardiometabolic diseases and is associ-
ated with increased all-cause mortality [1]. The National
Cholesterol Education Program (NCEP) Adult Treatment
Panel (ATP) III defines MS as the presence of any 3 of the
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following: (1) abdominal obesity, defined as a waist circum-
ference > 102 cm in men and > 88 c¢cm in women; (2) serum
triglycerides > 150 mg/dL or on medications for elevated tri-
glycerides; (3) serum high-density lipoprotein (HDL) choles-
terol <40 mg/dL in men and < 50 mg/dL in women or on med-
ications for low HDL; (4) blood pressure (BP) > 130/85 mmHg
or on medications for elevated BP; and (5) fasting plasma glu-
cose > 100 mg/dL or on medications for elevated glucose [2].
The prevalence of MS (using NCEP ATP III criteria) increased
from 22% in 1994—1998 to 35% in 2011-2016 using NHANES
data [3], with high likelihood of further increase in the near
future given the rising prevalence of obesity among US adults.
While the usefulness of the MS construct has been debated, as
the treatment of the syndrome entails treatment of the individ-
ual components of MS [4], it remains critical that any patients
who exhibit one MS component be evaluated for other risk
factors and referred to an aggressive lifestyle intervention to
prevent the development of cardiometabolic diseases. Large
randomized controlled trials have consistently demonstrated
that behavioral weight loss of 2.5-5.5 kg in 2 years can reduce
the risk of progression from prediabetes to type 2 diabetes by
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30-60%, and behavioral weight loss of 5% can lower systolic
and diastolic BP by 3 and 2 mmHg, respectively [5]. Even
after initiation of medications for prediabetes/type 2 diabetes,
hypertension, and hyperlipidemia, lifestyle modification con-
tinues to be a vital treatment component.

Studies from recent years have evaluated time-restricted
eating (TRE) as a promising dietary intervention for weight
loss and improvement of cardiometabolic risk factors. TRE
involves consuming food only within a daily eating window
without intentional caloric restriction. One important con-
cept is the distinction between TRE and intermittent fasting
(IF). IF involves complete or partial caloric restriction to a
limited number of days per week, and the window of fast-
ing or eating is not consistent on a daily basis. TRE can
be categorized as a subtype of IF. The timing of eating, as
opposed to the caloric content or quantity, is the key prin-
ciple of TRE. Additionally, the lack of intentional caloric
restriction with TRE has the potential to improve adherence.
Rodent studies have consistently demonstrated that restrict-
ing feeding to the animals’ biologically active hours can
prevent and reverse diet-induced obesity and its metabolic
complications, even when the animals are fed a high fat or
high-fructose diet [6, 7].

Pilot human studies over the past several years have
attempted to translate preclinical TRE findings into a
clinical intervention to prevent or treat metabolic dis-
eases, with significant heterogeneity in TRE protocols,
yielding mixed results [§ee]. It remains unclear whether
TRE provides any additional metabolic benefits independ-
ent of the inherent, albeit unintentional, caloric reduction
associated with a restricted eating window. In fact, recent
randomized controlled trials have called into question the
clinical impact of TRE independent of caloric restriction
[9, 10e]. However, the role of TRE in BP outcomes remains
inadequately explored, as no TRE studies have examined
BP as a primary outcome. The diurnal rhythm of BP is a
well-established phenomenon and altered diurnal variabil-
ity in BP is closely associated with cardiovascular morbid-
ity and mortality [11-13]. As such, manipulation of meal
timing could potentially affect BP rhythm and impact car-
diovascular outcomes. In this article, we will first discuss
the mechanisms and clinical significance of the diurnal
rhythm of BP and then provide a critical review of the
BP outcomes reported in clinical studies on TRE in adults
with metabolic syndrome, in the context of the proposed
mechanisms that underlie the relationship between timing
of eating and BP.

Diurnal Rhythm of Blood Pressure

A. Mechanisms Underlying the Diurnal Rhythm of Blood
Pressure

@ Springer

BP exhibits a diurnal rhythm, which means a charac-
teristic daily rhythm that is higher during the daytime
than during the night. Specifically, BP is lower in sleep
than in wakefulness by 10-20% and has a characteristic
morning surge after awakening [14, 15]. However, the
observed diurnal rthythm is not necessarily the same as
the endogenous circadian rhythm, which is an internally
driven, approximately 24-h rhythm that self-sustains in
the absence of any environmental cues. This is because
behavioral and physiological factors are greater contrib-
utors to the observed diurnal rhythm in BP than endog-
enous circadian rhythmicity. In fact, the endogenous
circadian rhythm of BP exhibits peaks in both sys-
tolic and diastolic BP at~21:00 with a peak-to-trough
amplitude of approximately 3—6 mmHg for SBP and
2-3 mmHg for DBP. This has been demonstrated in two
studies of healthy, normotensive adults following inpa-
tient protocols of either continuous wakefulness with
constant posture and isocaloric snacks every 2 h in dim
light (“constant routine protocol”) or recurring sleep/
wake cycles where sleep, food intake, and activities were
evenly distributed across a non-24-h cycle in dim light
(“forced desynchrony protocol”) [16, 17]. These two
validated protocols are able to isolate the endogenous
circadian rhythm from environmental (i.e., light expo-
sure) and behavioral (i.e., physical activity, sleep, food
intake) influences.

Behavioral and physiologic factors largely dictate
the observed diurnal rhythm. Physiologic regulators of
BP, such as sympathetic activity, cortisol levels, cardiac
vagal tone, vascular tone, and renal sodium retention,
exert their own endogenous circadian influence. Sym-
pathetic activity, measured by circulating epinephrine
and norepinephrine levels, exhibits a circadian trough
at night and peaks during the day, with highest levels
around mid-day. Plasma cortisol has a circadian peak
in the morning and trough at night [17]. Cardiac vagal
tone, derived from heart rate variability, peaks in the
morning and has a trough around mid-day. Urinary
sodium excretion is higher during the day and lower at
night, which is likely the result of both circadian and
sleep effects [18—20]. Furthermore, murine models show
that the canonical clock proteins Perl, Per2, Clock, and
Cryl/2 are involved in regulating renal sodium retention
and consequently BP rhythm [21-25]. Animal studies
also demonstrate that genes involved in maintaining the
integrity and function of vascular smooth muscle cells
exhibit circadian oscillations [26] and Bmall deletion in
murine vascular smooth muscle cells tempers the ampli-
tude of BP oscillations, shifts the timing of BP peak, and
abolishes circadian variation of pulse pressure [27].

Behavioral factors, such as sleep/wake and fast/
feed patterns, play important roles in regulating BP
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rhythms. Nocturnal sleep is associated with lower BP
while arousal from sleep is associated with higher BP.
Sleep onset is characterized by a reduction in sympa-
thetic drive, recumbent body position, and circadian-
mediated decline in core body temperature. These three
components facilitate vasodilatation resulting in arterial
BP reduction [28, 29]. In fact, an increase in periph-
eral blood flow and a decrease in peripheral vascular
resistance were observed during nocturnal sleep in a
study that measured blood flow rate to the subcutane-
ous adipose tissue of the lower leg in 15 normotensive
lean individuals [30]. Additionally, BP varies across the
night in association with sleep stages, with the lowest
BP observed during deep sleep and highest BP observed
during lighter sleep stages [31]. As such, the morning
BP surge upon waking is likely the result of the higher
prevalence of lighter sleep stages, redistribution of blood
volume from the skin to central arterial circulation due
to the circadian rise in core body temperature, and
increased sympathetic activity [29].

Fasting/feeding pattern is another important behavio-
ral factor that can regulate BP rhythms. Both short-term
(48 h) and long-term (4-41 days) medically supervised
fasting reduce systolic and diastolic BP [32, 33]. Fast-
ing has been associated with natriuresis, which can be
reversed by glucose administration, in both normoten-
sive and hypertensive individuals [34, 35]. The exact
mechanisms underlying fasting-induced natriuresis
remain unknown but have been postulated to be due
to insulin’s effects on renal sodium retention and the
decline of insulin during fasting [36]. In support of this
hypothesis, an euglycemic-hyperinsulinemic clamp
study demonstrated that insulin administration induced
a reduction in urinary sodium excretion in the absence
of changes in filtered load of glucose, glomerular fil-
tration rate, renal blood flow, and plasma aldosterone
concentration [37]. Insulin has been postulated to
directly increase BP via several mechanisms, including
stimulation of sodium reabsorption in the kidney [36],
trophic effect on vascular smooth muscle cell migra-
tion and proliferation [38], upregulation of angiotensin
system [39], and tissue-specific modulation of the sym-
pathetic nervous system [40, 41]. However, the causal
relationship between hyperinsulinemia and hypertension
remains controversial, with insulin administration lead-
ing to lower BP in patients with obesity and hyperten-
sion without diabetes and no changes in BP after correc-
tion of hyperinsulinemia after tumor removal in patients
with insulinomas [42, 43]. Alternatively, alterations in
the levels of aldosterone, glucagon, natriuretic peptides,
ketonuria, and sympathetic activity have also been
implicated as potential mediators for fasting-induced
natriuresis [36].

B. Clinical Significance of the Diurnal Rhythm of Blood
Pressure
Altered diurnal variability of BP has been found
in patients with cardiometabolic diseases and may
be a marker or mediator of increased mortality and
morbidity. Specifically, the lack of nocturnal BP decline
(termed “non-dipping BP”) and increased nocturnal
BP relative to daytime BP (termed “reverse dipping”)
are associated with increased cardiovascular disease
and mortality risk, even after adjusting for mean 24-h
BP [11-13]. In addition, patients with chronic kidney
disease (CKD) often do not exhibit normal night-time
BP dipping, even compared to those with essential
hypertension without CKD [44]. Interestingly, among
patients with hypertension, those with MS had a
higher prevalence of non-dipping nocturnal BP than
those without MS [45], suggesting dysregulation of
renal water and sodium excretion [46]. Similarly, in
patients with diabetes, a reversed dipping BP rhythm
was associated with higher cardiovascular events and
mortality [47]. Changing the timing of behaviors such
as sleep or food intake can alter BP. In an experimental
setting, healthy volunteers who ate and slept out of
sync with their habitual times for 8 days increased their
mean arterial pressure by 3% [48]. Thus, understanding
the chronobiology of BP rhythm may reveal novel ways
to control BP and mitigate cardiometabolic morbidity
and mortality risk, particularly in those with MS.

Proposed Mechanisms Behind Time
Restricted Eating

The mechanisms behind TRE’s purported effectiveness on
weight loss and improvement of cardiometabolic risk fac-
tors are much debated and are likely multi-factorial. One
hypothesized mechanism is the alignment of meal timing
with the endogenous circadian rhythm to optimize meta-
bolic health (“circadian alignment” hypothesis). Animal
models have shown the critical role of circadian rhythm in
the regulation of metabolism, as mice with whole-body or
tissue-specific loss of function alleles of circadian genes
develop dysfunction in glucose homeostasis, lipid metabo-
lism, and weight regulation [49]. Similarly, high preva-
lence of obesity and MS are found in night shift workers
[50]. These observations suggest that circadian misalign-
ment, described as a mismatch between our endogenous
circadian rhythm and the timing of our behaviors such as
eating, sleeping, and physical activity, may play a role in
the development of obesity, metabolic dysfunction, and
cardiovascular disease. Based on this “circadian align-
ment” hypothesis, timing of the eating window should be
shifted to earlier in the day, when human metabolism is
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designed to be more active. Theoretically this may ben-
efit BP, since earlier salt intake coincides with the diurnal
upregulation of urinary sodium excretion by the kidneys
[18, 19]. On the other hand, TRE’s metabolic benefits may
be derived from prolonging the habitual fasting period and
consequently enhancing catabolism. Based on this “fast-
ing” hypothesis, the eating window should be narrowed
based on the individual’s baseline eating window, but the
timing of the eating window can be earlier or later in the
day. Under this conceptual model, any salient effects of
TRE on BP may be due to fasting-induced natriuresis and
reduction in insulin levels.

Studies of time-restricted feeding (TRF) in animal models
have examined BP outcomes and have explored potential
mechanisms behind these findings. Mice, the most com-
monly studied animal model in TRF, are nocturnal animals
with their metabolically active phase occurring in the dark
(i.e., night-time). Zhang et al. showed that timing of feed-
ing can dictate BP rhythms in a study that telemetrically
recorded BP in mice [51]. In mice with ad libitum 24-h feed-
ing, where higher food and water intake naturally occurs
during the active/dark phase, the highest mean arterial pres-
sure (MAP) is found in the active/dark phase and lowest
MAP is found in the inactive/light phase. Conversely, when
mice are fed solely during their inactive/light phase, the day/
night pattern in MAP becomes reversed such that MAP is
now highest in the inactive/light phase. Furthermore, the
ability for food timing to entrain BP rhythms, such that MAP
is highest during the feeding period, persists even in the
absence of the light/dark cycle (i.e., when mice were fed in
constant darkness) and in Bmall (a key transcription factor
in cellular circadian regulation) knockout mice. Hou et al.
conducted a study that continuously monitored feeding and
BP rhythms in diabetic db/db mice. Consistent with findings
of a prior study [52], db/db mice exhibit dampened rhythms
in MAP, which was largely the result of higher MAP dur-
ing the inactive/light phase (i.e., “non-dipping”) coinciding
with increased food intake during the inactive/light phase.
This study found that 8-h or 10-h TRF during the active/dark
phase protected against the development of non-dipping BP
in diabetic mice and restored BP dipping in non-dipping
diabetic mice [53¢]. Mechanistically, the study revealed
that TRF selectively suppressed sympathetic activity dur-
ing the inactive/fasting phase in diabetic mice, as evidenced
by decreased heart rate, increased heart rate variability,
increased spontaneous baroreflex sensitivity, and decreased
urinary norepinephrine and normetanephrine levels. The
authors postulated that the beneficial effects of TRF on BP
in diabetes may be mediated through decreased sympathetic
vascular tone during the inactive/light phase via fasting. In
summary, these TRF studies in murine models show that
timing of food can entrain BP rthythm independent of other
circadian cues and that restricting feeding to the active/dark

@ Springer

phase lowers BP in the inactive/light phase, consistent with
the “fasting” hypothesis.

Blood Pressure Outcomes in Time Restricted
Eating Studies

Over the past several years, TRE has been studied in clini-
cal trials in adults with overweight/obesity and/or metabolic
syndrome (Tables 1 and 2; Fig. 1). No TRE studies have
evaluated BP as a primary outcome and only a few TRE
studies have reported BP changes as a secondary outcome,
with mixed findings. BP reduction was found after TRE
in one randomized crossover trial in men with prediabetes
[S54ee], a non-randomized study in adults with metabolic
syndrome [55¢], and two other non-randomized studies in
adults with overweight/obesity [56, 57]. In contrast, no sig-
nificant changes in BP were found in several randomized
TRE trials and other non-randomized TRE studies in adults
with overweight/obesity [10e, 58—-66]. A unifying conclu-
sion based on these findings is difficult to attain due to sub-
stantial differences in study cohorts, TRE protocols (timing
and duration of eating windows), and timing of outcome
measurement. Furthermore, concurrent weight loss was
reported in almost all TRE studies, thus limiting our ability
to investigate whether BP reduction is mediated by TRE per
se. Finally, unintentional caloric reduction is prevalent in
TRE studies, which posits that the BP lowering effects of
TRE may be solely due to caloric restriction.

The most robust evidence for BP reduction with TRE
is a study by Sutton et al., which demonstrated that TRE
lowered morning BP in the absence of weight loss in a
randomized, cross-over, eucaloric (i.e., prescribed caloric
intake calculated for weight maintenance), and isocaloric
(i.e., caloric intake remained the same for each individual
throughout the study) controlled feeding study [S4ee]. The
study evaluated a 5-week TRE protocol consisting of 6-h
eating window with dinner no later than 15:00 compared
to 12-h control condition in 8 men with prediabetes. The
primary outcome was glucose and insulin dynamics assessed
by 3-h oral glucose tolerance test. TRE decreased fasting
and post-prandial insulin levels without significant changes
in glucose levels, which was interpreted as improved insulin
sensitivity and p-cell responsiveness. Participants at baseline
had normal morning systolic and diastolic BPs and were not
on any anti-hypertensive medications. TRE lowered morning
systolic and diastolic BP by 11 +4 mmHg and 10 +4 mmHg
(mean + SD), respectively. This dramatic reduction in BP
was surprising, particularly in the setting of minimal weight
loss (~ 1 kg for both conditions). One possible explanation is
that the longer fasting period for TRE (18-h overnight fast)
may have induced lower BP when measured the following
morning, compared to the 12-h overnight fast for the control
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Table 1 (continued)

Limitations & notes

Main results

At 12 months: TRE| SBP by TRE had 8.0 kg weight

BP outcomes

Primary outcome

Intervention

Study design Participants

Study

Baseline daily eating

Weight

Chinese adults with TRE: 8 h with caloric

Randomized, parallel

arm

Liu et al. [10°]

loss (95% CI-9.6 window for all

8.1 mmHg (95% CI-10.4
to—5.7) while CR | SBP

by 7.7 mmHg (95% CI
-10.1 to —5.4) without

restriction 8:00-16:00

Control: Caloric

139; 69

TRE vs 70 caloric

restriction)

obesity (N

participants were already
somewhat restricted

at~10h
Sleep and physical activity

to—6.4) and CR alone
had 6.3 kg weight loss

restriction (CR) alone

without TRE
CR involved ~25%

(95% CI—4.0 to 0.4)

with no significant net

difference (— 1.8 kg,

significant between-group

difference
TRE | DBP by 5.1 mmHg

were not controlled or

reported
Limited generalizability

reduction from baseline

caloric intake
Duration: 12 months

95% CI—-4.0 to 0.4)

(95% CI-7.1to—3.1)and  No significant between-

CR | DBP by 3.8 mmHg

(95% C1-5.7 to—2.0)

outside of Chinese study

population

group differences in

lipids, fasting glucose
or insulin, body
composition

without significant

between-group difference

TRE time-restricted eating, OGTT oral glucose tolerance test, BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, M male, F female, AL ad libitum, CGM continuous

glucose monitor, WC waist circumference, MS metabolic syndrome, CR caloric restriction

condition. This hypothesis could be further investigated in a
future study by comparing BP during the eating window to
the fasting window to see if 24-h BP rhythms were altered.
The authors additionally speculate that reduction in insulin
levels may have contributed to BP reduction, based on the
mechanisms discussed in the previous section.

Similarly, two non-randomized TRE studies reported
BP improvement along with a trend towards lower fast-
ing insulin levels (Fig. 1) [55e, 56]. Notably, both studies
also found significant unintentional caloric reduction and
weight loss. Wilkinson et al. conducted a non-randomized
study (i.e., pre/post design) of a 12-week, self-selected 10-h
TRE protocol in 19 participants with metabolic syndrome
and baseline daily eating window of > 14 h [55e]. For the
self-selected eating window, participants had to start eating
between 8:00 and 10:00 and finish eating between 18:00
and 20:00. TRE resulted in significant reductions in systolic
and diastolic BP (—5.12+9.51 mmHg, — 6.47 +7.94 mmH
g, respectively) compared to pre-intervention measurements.
Participants also experienced 3% weight loss, but mixed lin-
ear model analysis did not reveal a significant association
between weight and BP outcomes. Similar to the study by
Sutton et al. [54ee], fasting insulin levels trended downwards
after TRE (—3.6+8.01 ulU/mL, p=0.064). Notably, BP-
lowering medications were not altered during the study. The
authors speculate that TRE may be an effective adjunctive
therapy to pharmacotherapy for BP control. Despite no rec-
ommendations for calorie reduction, daily caloric intake by
self-report during TRE decreased by 8.6% (~198.6 kcal/
day). Gabel et al. evaluated a 12-week, 8-h ad libitum eat-
ing window (10:00-18:00) TRE regimen in 23 adults with
obesity compared to an age-, sex-, and BMI-matched his-
toric control group from a different weight loss study [56].
The study found that systolic BP decreased by 7 +2 mmHg
after TRE, along with a 2.6% weight reduction. Similar to
Wilkinson et al. [55¢], TRE led to an unintentional caloric
reduction of 341 + 53 kcal/day. Fasting insulin levels were
lower in the TRE group (from 8.3 at baseline to 5.7 uIlU/mL
after TRE) while insulin levels emained the same for the con-
trol group, though this was not significant (p =0.16). Taken
together, these two non-randomized studies support the
findings of Sutton et al. that TRE reduced BP concurrently
with lowering insulin levels. However, the lack of controlled
feeding in these non-randomized studies resulted in caloric
reduction and weight loss, which may have contributed
meaningfully to BP reduction.

Several randomized controlled trials have reported no
significant impact of TRE on BP outcomes in adults with
overweight/obesity (without metabolic syndrome), both in
the presence and absence of concurrent weight loss (Fig. 1)
[10e, 58—62]. However, these findings must be interpreted
in the context of different TRE protocols, specifically in the
length and timing of the eating window. Notably, the study
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Fig.1 Summary of time-

[ Schroder 2021 (ref 66): 8h ¥ |

restricted eating (TRE)

Studies that

Parr 2020 (ref 64): 9h |

show no

studies with blood pressure

Liu 2022 (ref 10): 8h ]

(BP) outcomes. White bars, BF_’ effects l
randomized studies; Gray with TRE

[ Lowe 2020 (ref 59): 8h |

bars, non-randomized studies; l

Chow 2020 (ref 60)2: 8h ¥

superscript letter “a” self-selected

window but 10:40-18:40 was

Wilkinson 2020 (ref 55)°: 10h V¥ % ]

Studies that

the average eating window; show lower [

Gabel 2018 (ref 56): 8h ¥ ]

superscript letter “b” self-selected
window starts between 8:00—
10:00 and ends by 18:00-20:00;

BP with
TRE

[ Cienfuegos 2020: 4h |
[ Cienfuegos 2020 (ref 58): 6h ¥ % |

Sutton 2018 (ref 54): 6h * ]

black down-pointing triangle
(V) means significant weight
loss with TRE; teardrop-spoked
asterisk (%) means lower fasting 6 7 8 9 10
insulin with TRE

that implemented the narrowest eating window showed a
trend towards lower SBP with TRE. Cienfuegos et al. con-
ducted an 8-week randomized, parallel arm study with 3
ad libitum eating conditions (4-h TRE vs 6-h TRE vs con-
trol) in adults with obesity [58]. The investigators chose
later eating windows to improve adherence as these eat-
ing windows allowed participants to engage in social eat-
ing and family meals. There was a 3% reduction in body
weight, which is likely explained by the unintentional caloric
reduction of 550 kcal/day in both TRE groups, and a trend
towards lower systolic BP with both TRE eating windows
(=5.0+2.2 mmHg in 4-h TRE; —4.4+2.3 mmHg in 6-h
TRE; + 3.7 +2.8 mmHg in control; p=0.06). Notably, TRE
groups also had significant reductions in fasting insulin lev-
els. Thus similar to the mechanisms speculated by Sutton
et al. [54ee], the prolonged fasting period and lower insulin
levels may have contributed to lower BP in the TRE groups.

Two other randomized controlled trials evaluated 8-h
TRE and found no reductions in BP with TRE. Chow et al.
conducted a 12-week randomized, parallel arm study with
8-h self-selected TRE vs unrestricted eating (control) group
in 20 adults with overweight/obesity and baseline eat-
ing window > 14 h [60]. There were no guidelines for the
start and finish times of the eating window. Although more
weight loss was seen in the TRE group, changes in systolic
and diastolic BP were not different between the two groups.
Notably, TRE did not alter fasting insulin and glucose levels.
Lowe et al. conducted a 12-week randomized, controlled
trial that compared consistent meal timing (control) vs 8-h
TRE in 116 adults with overweight/obesity [59]. The TRE
eating window was also later in the day, from 12:00 to 20:00.
The study found no significant between-group differences in
changes in systolic or diastolic BP, weight, or fasting glucose
and insulin levels.

Most recently, Liu et al. conducted the largest and
longest randomized controlled trial evaluating TRE
in adults with obesity [10e]. This study uniquely compared

@ Springer

Clock Time (h)

8-h TRE (8:00-16:00) with caloric restriction (~25%
caloric reduction from baseline daily caloric intake)
to caloric restriction without TRE (eating window of ~11 h)
for 12 months in 139 participants. TRE and caloric restric-
tion groups achieved similar weight loss and BP reduction.
As expected, given the degree of weight loss, fasting and
post-prandial glucose, HOMA-IR, and insulin disposition
index were also significantly reduced in both arms, without
between-group differences. One caveat for this study was
that in contrast to a baseline eating window of > 14 h often
reported in US-based studies, both groups had a baseline
eating window of ~ 10.5 h, which suggests that an eating
window difference of only 2-3 h between the groups may
not have been large enough to produce additional weight
and cardiometabolic benefits in the context of a 25% caloric
reduction. Additionally, this study included only Chinese
adults, thus limiting the generalizability of the findings.

In summary, clinical TRE studies report mixed results
pertaining to BP outcomes, likely due to significant hetero-
geneity in study design and TRE protocols. TRE protocols
that start and end earlier appear to have more pronounced
BP lowering effects [54ee, 56], compared to TRE protocols
with similar eating durations but with later start and end
times [58, 59]. BP also tends to be lower with narrower eat-
ing windows [54ee  58]. Notably, concurrent weight loss is
not consistently linked to BP reduction [58, 60], while lower
insulin levels may be an important factor for BP reduction
but this relationship warrants further investigation [54ee,
55e, 56, 58]. Lastly, no published studies have reported 24-h
BP profiles or data on BP variability.

Conclusions and Future Directions

Time-restricted eating is an emerging dietary intervention
for weight reduction and mitigation of cardiometabolic
risk factors with mixed results in pilot clinical trials. Blood
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pressure has only been assessed in a few TRE studies, with
most randomized controlled trials reporting no improvement
in BP measured at a single time point. Additionally, only a
few studies examined TRE in patients with cardiometabolic
diseases such as diabetes and hypertension. More studies are
needed in these patient populations as they may already have
derangements in their diurnal BP rhythm (i.e., non-dipping
BP) and thus could derive benefits from TRE, as seen in
preclinical studies in diabetic mice. Mechanistically, TRE’s
metabolic benefits may be mediated by alignment of meal
timing with circadian regulation of metabolic processes and/
or enhancement of catabolism as a result of prolonging the
fasting period. More mechanistic studies in both animals and
humans are needed to better understand the potential benefits
of TRE on BP outcomes. For example, 24-h ambulatory BP
monitoring can be used to investigate the differential and
dynamic effects of TRE during the eating and fasting peri-
ods. Lastly, a practical consideration is to incorporate TRE
into other lifestyle modifications that could also impact BP
rhythms such as timing of sleep and/or physical activity.
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