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ABSTRACT
Introduction: Sustainable methods of dietary lifestyle changes are essential to long term weight loss maintenance and enhancement in overall health and wellness. A novel modified alternative method to caloric
restriction is Time-Restricted Feeding (TRF), a sub-type of Intermittent Fasting. The purpose of this pilot
study was to determine the effect of four weeks of TRF (without caloric deficit) on body composition, stress
levels, sleep quality, hunger level, and quality of life.
Methods: Sixteen participants, 9 males and 7 females, mean age 34.0 ± 11.7 years, completed the four-week
protocol. Fasting program was 16 hours from the time of last meal of the evening to start of first meal the following day. Participants were required to consume their normal daily caloric intake within an 8-hour period.
Results: There were significant reductions in mean body fat percentage (26.2±2.4 vs. 25.5±2.6, p=0.01), visceral fat (cm2) (98.2±15.3 vs. 94.1±15.7, p=0.003), body fat mass (kg) (21.6±3.0 vs. 21.0±3.2, p= 0.02), trunk
fat (kg) (11.5±1.6 vs. 11.0±1.6, p=0.001) and stress levels (14.1±1.9 vs. 11.0±1.4, p=0.03). There was a significant drop in hunger levels over time (χ2 = 16.4, p=0.001). There were no significant changes in sleep quality
or quality of life.
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Conclusion: TRF may be an effective option to decrease stress, body fat, visceral fat, and obesity-related diseases while not disrupting sleep quality and Quality of Life. Our pilot study demonstrated potential health
benefits that could be incorporated by healthcare workers into whole-person wellness programs.

INTRODUCTION
According to the World Health Organization, obesity rates
worldwide have practically tripled since 1975 [1]. According
to the Center for Disease Control National Center for Health
Statistics, the age-adjusted prevalence of obesity was approximately 42% in adults in the United States during 2017-2018 [2].
Weight loss and improvement in body composition through
physical activity and/or dietary modifications may help decrease
the risk for obesity-related disease [3]. The International Food
Information Council (IFIC) Foundation’s Annual Survey (2018)
indicated that 36% of Americans followed a particular eating
plan or diet [4]. The eating design revealed to be most utilized
was Intermittent Fasting (IF) [4].
Weight management strategies are numerous and focus
primarily on physical activity and/or diet regimens in lieu of
lifestyle changes [5, 6]. There are many distinct diet paradigms:
such as those emphasizing consumption or an increase/decrease
in protein, carbohydrates, or fat, tracking daily caloric intake,
and caloric restriction [5, 7, 8]. Utilizing traditional continuous
energy or caloric restriction as the driving force to lose weight
can be challenging to sustain weight loss [9, 10]. Sustainable
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methods of dietary lifestyle changes are essential to long term
weight loss maintenance and enhancement in overall health and
wellness [11, 12]. One such promising approach is IF.
IF, also known as intermittent caloric or energy restriction is
a novel alternative method for caloric restriction. IF is a hypernym for a variety of voluntary time restricted eating schedules
for weight management. The focal point of IF is based on the
explicit time duration of fasting and eating. IF can be further
categorized into 3 sub-classifications: 1) Alternate-day fasting
(e.g. 5:2 diet), 2) periodic fasting, and 3) daily Time-Restricted Feeding (TRF) [5, 13, 14]. IF (time restricted feeding) has
become well-known and popular through the last few years.
TRF entails consuming calories during a specified number of
consecutive hours (eating window) during a day without any
alterations to normal daily caloric intake [15]. Common eating
windows are between 4-10 hours [16]. One prevailing method
of TRF is the 16:8 approach, also known as 16:8 IF. Ad libitum
calories, eating as much or as often as desired, are consumed
during an eight-hour period and fasting begins immediately
afterward for 16 hours [16]. During the fasting period, water
and non-caloric beverages are permitted [5].
Copyright: © 2021 The author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution 4.0 International License (CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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A substantial amount of human research on the health benefits of IF has emerged. IF may improve body composition,
decrease body weight, improve glucose tolerance, improve lipid
profile, decrease blood pressure, decrease risk of cancer, and
may be neuroprotective and cardioprotective [15, 17-22].
Tracking daily calories can be a component of weight loss;
however, tracking calories can become tedious, with adherence
to tracking calories demonstrating a decline over time [23,
24]. Similar to recent studies in IF and TRF [16, 25-30], this
intervention paradigm was designed to have an ease of implementation that would be attractive to busy individuals where
tracking of calories would not be required, thus hopefully
decreasing the dietary intervention failure rate. Relatively new
in the literature [16], this 16:8 TRF protocol would carry with
it no prescribed self-reported caloric deficit, while also requiring no tracking of daily calorie consumption.
Although similar trials have evaluated the 16:8 protocol
[25-29], to the best of our knowledge there have been no studies
that have assessed 16:8 TRF (with no prescribed caloric deficit)
on cumulative wellness measures: acute stress, quality of life,
hunger level, body composition, and sleep quality in healthy
individuals. Therefore, the purpose of this pilot study was to
determine the effect of four weeks of 16:8 TRF, with a daily
fasting window of 16 hours, requiring no self-reported caloric
deficit, on acute stress levels, sleep quality, quality of life, level of
hunger, and body composition in healthy individuals.

METHODS

Participants
Participants recruited for this prospective pilot study were
healthy individuals between the ages of 18 to 65 years who have
never attempted a 16:8 IF protocol. Potential participants were
excluded if they were diagnosed with diabetes or the risk factors
associated with Metabolic Syndrome. Loma Linda University
Institutional Review Board approved all methods and procedures (IRB reference 5170221).
Potential participants were recruited at Loma Linda University, Loma Linda, California, and surrounding communities. All
participants except one were Loma Linda University students,
faculty, and staff. Recruitment was performed through flyers
that were posted and emailed at Loma Linda University, and
word of mouth by research investigators on campus.
Study Design
The purpose and procedures of the study were explained
to potential participants and all questions were satisfactorily answered. If individuals were interested in participating in
the study, a day and time was set where Informed Consent
was signed. Baseline assessments of height, body composition (InBody 770), and questionnaire on sleep (Pittsburgh
Sleep Quality Index) and stress (Perceived Stress Scale) were
completed. A daily compliance log sheet was explained and
administered. All measurements were re-evaluated at week four.
There was no control group in this pilot study.

Intervention
The IF protocol was set for a 4-week period using the subtype of IF known as TRF, comprising a daily fasting protocol of
16 hours, which was unrestricted to the time of day. The participants were required to fast 16 hours from the time of their last
meal in the evening, through sleep, until the start of their first
meal the following day. During the fasting period, the participants were permitted to drink water, black coffee/tea, or zero
calorie drinks. Once the fast was broken, the participant was
instructed to “eat the same amount of food you normally would
in a day” within an 8-hour period. Other protocols have evaluated 8-hour eating periods that were required to start or end
at certain times of day [5], however this intervention was not
restricted in this manner. Also, there was no official tracking of
daily calories using an app or log sheet. There was no requirement on the number of separate meals consumed during the
eight hours. Compliance was measured using a 28-day log sheet.
Participants recorded a yes / no on the daily compliance log
sheet for the 28 days. Participants were contacted throughout
the study to verify any unforeseen circumstances preventing IF.
Outcomes
The outcome measures (body composition, and subject
reported outcomes) were assessed at baseline and at four weeks.
Height was measured using the InBody digital free-standing Biospace Stadiometer (BSM170). Participants stood erect
and barefoot for accurate measurement. Body Composition
was performed using the InBody 770 (Cerritos, CA). Excellent
agreements were observed between dual-energy x-ray absorptiometry scan and InBody when determining whole body lean
mass and percentage body fat composition (Intraclass correlation coefficient ranged from 0.93 to 0.99) in overweight and
normal individuals [31]. The output report was comprised of
three domains: Body Composition and Analysis, Obesity Diagnosis, and Segmental Lean Development. Body Composition
and Analysis includes measurements on weight, skeletal muscle
mass, dry lean mass, body fat mass and intracellular and extracellular water. Obesity Diagnosis consists of Body Mass Index
and Percent Body Fat. Segmental Lean Development assesses
the right and left arm, the trunk, and the right and left leg.
Subject Reported Outcomes
Stress:
The Perceived Stress Scale by Cohen (PSS-10) was administered to determine participant awareness to their level of stress
over four weeks [32]. Questions concentrated on feelings and
thoughts. Scores above 20 indicate high stress levels while a
score of about 6 is average. The PSS-10 demonstrates adequate
validity, test–retest reliability, and internal consistency among
various populations [33].
Sleep:
The Pittsburgh Sleep Quality Index (PSQI) was used to measure the quality and patterns of sleep over four weeks. The seven
elements of the index are sleep latency, subjective sleep quality,
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sleep duration, sleep disturbances, habitual sleep efficiency, use
of sleeping medications, and daytime dysfunction. A total score
of ≥ 5 implies poor sleep quality. The PSQI has adequate content validity and adequate internal consistency [34].
Quality of life:
The 36-Item Short Form Survey Instrument (SF-36) is a
valid tool to measure certain aspects of Quality of Life [35].
The SF-36 is comprised of eight disciplines: physical functioning, role limitation due to physical health, role limitations due
to emotional problems, energy/fatigue, emotional well-being,
social functioning, general health, and pain. Responses were for
the previous 4 weeks.
Hunger:
A Visual Analog Scale (VAS) was administered to measure
the level of subjective hunger over four weeks. A hunger VAS
shows good within-subject reliability and validity [36]. Participants marked their level of hunger on the 100mm VAS line with
the low end representing “not hungry at all” and the high end
representing “extremely hungry”.
Activity:
Self-reported activity Level was based upon the 5-point scale
employed in the Harris Benedict Basal Metabolic Rate equation: sedentary = 1, lightly active =2, moderately active = 3, very
active = 4, and extra active = 5.
Statistical Methods
Data were summarized using mean and standard deviation
(SD) for quantitative variables and counts (%) for qualitative
variables. The normality of continuous variables was examined using Shapiro Wilk’s test and Boxplots. A paired t-test
was performed to determine if there were changes in the outcome measures over time (baseline versus 4 weeks) following
the IF program. Wilcoxon signed rank test was used to examine changes in SF-36 scores overtime. Friedman test was used to
examine the changes in median VAS hunger scores over 4 periods of time (baseline, week 2, week 3, and week4). Wilcoxon
signed rank test was used to examine post-hoc changes in VAS
hunger scores over the different periods of time. All statistical
analyses were performed using IBM SPSS Statistics Software
version 24 for Windows (Chicago, IL, USA) and level of significance was set at p ≤ 0.05.

RESULTS
A cohort of 16 subjects with mean age of 34.0 ± 11.7 years
and body mass index (BMI) 27.4±1.3 kg/m2 were recruited for
this pilot study. A flowchart of participation is illustrated in
Figure 1. Most of the participants were males (n=9, 56.3 %)
and reported moderate activity level (n=15, 93.8%). The self-reported mean compliance (via daily journal) of following the
rigorous IF program was 24.2 ± 4.0 days out of a possible 28
days. Fifteen participants were day shift workers. Eleven participants were graduate students, four worked in healthcare, and
one worked as a mechanic. Participant demographics are illustrated in Table 1.

Assessed for eligibility (n=22)

Enrolled (n=22)

Excluded (n=6)
6 withdrew due to lack of interest
Analyzed (n=16)
Excluded from analysis (n=0)

Figure 1. Flow of participants assessed, enrolled, and included in analysis

Changes in stress, body fat composition, and sleep quality
across baseline versus four weeks are displayed in Table 2 (next
page). There was a significant reduction in stress (mean ± standard error) (14.1±1.9 vs. 11.0±1.4, p=0.03), body fat % (26.2±2.4
vs. 25.5±2.6, p=0.01), body fat mass (kg) (21.6±3.0 vs. 21.0±3.2,
p=0.02), visceral fat (kg) (98.2±15.3 vs. 94.1±15.7, p=0.003), and
trunk fat mass (kg) (11.5±1.6 vs. 11.0±1.6, p=0.001) (Table 2). A
large effect size was seen in the change in trunk and visceral fat
(d=1.10 and 0.81, respectively). A medium effect size was seen
in changes in stress, body fat %, and body fat mass (d=0.50, 0.68,
and 0.58, respectively). Although there was a trend towards statistical significance in BMI (p=0.06), a medium effect size was
seen (d=0.50). There was no significant change in sleep quality,
weight, BMI, skeletal muscle mass, and lean body mass (p>0.05,
Table 2).
Changes in median (min, max) of VAS hunger scores over
time are shown in Figure 2 (next page). There was a significant
drop in hunger scores over time (χ2 = 16.4, p=0.001). There
was a significant change in median (minimum, maximum) VAS
score between baseline and week 3 ((71.4 (0,100) versus (43.6
(0,90), Z=-2.27, p=0.023); baseline and week 4 ((71.4 (0,100)
versus (31.5 (0,91), Z=-2.27, p=0.023); week 2 and week 3 ((55.8
(0,95) versus (43.6 (0,90), Z=-2.16, p=0.031); week 2 and week
4 ((55.8 (0,95) versus (31.5 (0,91), Z=-2.39, p=0.017); and week
3 and week 4 ((43.6(0,90) versus (31.5 (0,91), Z=-2.5, p=0.012).
Changes in median (min, max) of SF-36 subscale scores
(quality of life measure) over time are shown in Table 3. Results
showed that there were no significant changes over time in any
of the subscale scores (p>0.05).
Table 1:
Frequency (%)
of Participant
Demographics
(n=16)
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G en der
Male 9 (56.3)
Ac tivity Level
Moderate 15 (93.8)
Light 1 (6.2)
W o r k Sh ift
Day 15 (93.8)
Night 1 (6.2)
O c c up atio n
Graduate Student 11 (68.8)
Healthcare 4 (25.0)
Mechanic 1 (6.2)

levels decreased over the four weeks suggesting acclimation to the IF paradigm.
M e a n D i f f e r e n ce *
B ase l in e
4 weeks
p - v a l u e **( d )
A strength of our pilot study was participant
(95% CI)
compliance. Based on participant feedback, particiStress
14.1 (1.9)
11.0 (1.4)
3.1 (-0.2,6.4)
0.03** (0.50)
pants stated that the IF paradigm was practical. One
participant stated, “It was hard at first, but I felt better
Sl eep
5.5 (0.8)
4.6 (0.5)
0.9 (-0.2,1.9)
0.30 (0.27)
fast”. Another stated, “It helped reset my gut and
give it a break from digesting all day”. Participants
W eigh t (kg)
80.0 (4.4)
79.1(4.6)
0.9 (-0.2,1.9)
0.10 (0.44)
were supplied with a compliance log sheet to monitor
daily adherence. This provided participants a route
B M I ( k g /m 2 )
27.4 (1.3)
27.0 (1.3)
0.4 (0.0,0.7)
0.06 (0.50)
for self-accountability. A second strength was rouB od y F at (% )
26.2 (2.4)
25.5 (2.6)
0.7 (0.2,1.2)
0.01 (0.68)
tine communication. This encouraged participants
to discuss the difficulties they faced that might have
B od y F at M ass
21.6 (3.0)
21.0 (3.2)
0.6 (0.1,1.1)
0.02 (0.58)
hindered their compliance. In addition, investigators
(kg)
received positive feedback to develop future studies.
Visce r al F at
98.2 (15.3)
94.1 (15.7)
4.1 (1.6,6.6)
0.003 (0.81)
2
Further research is needed to expand these positive
(cm )
findings with a larger sample size (of varying ages,
SMM (kg)
33.0 (1.8)
32.8 (1.8)
0.2 (-0.3,0.6)
0.52 (0.22)
gender groups, body habitus, and health conditions),
a control group, over different time periods, and with
Le an B od y M ass
15.7 (0.8)
15.6 (0.8)
0.1 (-0.1,0.3)
0.59 (0.21)
(kg)
repeat assessments after study completion. Additionally, biomarker assessments of cortisol and melatonin
T r un k F at ( k g)
11.5 (1.6)
11.0 (1.6)
0.5 (0.2,0.7)
0.001 (1.10)
should be performed.
Relationships between stress levels and fasting
Abbreviations: SE, Standard Error; CI, Confidence Interval; BMI, Body Mass Index; SMM, Skeletal Muscle
Mass; d= difference in means/standard deviation (Cohen’s d)
are based on hormones involved, number of calories consumed, and the duration of the fast. During
stress, hormone levels of cortisol, catecholamines, and insuDISCUSSION
lin change [37]. We propose the decrease in stress levels seen
Based on an extensive literature review, to the best of our in our study participants was possibly due to a decrease in the
knowledge, this is the first study to examine the effects of a 4 level of cortisol through the IF / TRE program, possibly mediatweek, 16:8 IF / TRF protocol with no required or self-report- ed through improved overall biomarkers of health as suggested
ed caloric deficit in healthy young adults aged 18-65 years, that by the optimistic body composition changes. Other sources
evaluated cumulatively stress levels, sleep quality, hunger level, include confounding variables such as: outside sources such as
quality of life, and body composition. Results showed signifi- life events, or even the Hawthorne Effect of being a research
cant decreases in stress, body fat %, body fat mass, visceral fat, participant. In prior trials there has been a strong association
trunk fat, and hunger levels. However, there was no significant between visceral fat and overall body fat percentage with cortisol
change in sleep quality or quality of life. Participant hunger levels, favoring our first hypothesis [38]. Our protocol duration
Table 2: Mean (SE) of the outcome variables over time

Figure 2. Changes in median (min, max) of VAS hunger scores over time
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Table 3: Median (min, max) of SF-36 subscale scores over time
B ase l in e

4 weeks

p- v al ue ( r )

P h y s ic a l Fu n c tion in g

3.0 (2.8, 3.0)

3.0 (2.8, 3.0)

0.16 (0.35)

Rol e Lim itation s-P h ysical H eal th

2.0 (1.0, 2.0)

2.0 (2.0, 2.0)

0.07 (0.46)

Rol e Lim itation s-Em otion al

2.0 (1.0, 2.0)

2.0 (1.0, 2.0)

0.67 (0.11)

En e r gy/F atigu e

3.5 (2.5, 4.8)

3.8 (2.5, 4.8)

E m o t i o n a l W e l l - be i n g

4.2 (3.8, 5.2)

4.1 (3.8, 4.8)

Social F u n ction in g

3.0 (2.5, 3.5)

3.0 (2.0, 3.5)

P ain

1.5 (1.0, 3.0)

1.3 (1.0, 2.5)

General H eal th

3.0 (2.4, 3.4)

2.7 (2.0, 3.2)

Abbreviation: r= Z/√N

spanned four weeks, however in comparison to another single
trial, during an 8 week 16:8 fasting protocol, no change in serum
cortisol levels were noted [16].
In the present study, there was preservation of skeletal muscle
mass / lean body mass. We suggest our protocol which did not
require caloric restriction led to no change in skeletal muscle
mass via mechanisms of decreased lean tissue catabolysis. Our
results agree with Moro et al. (2016) in which 8 weeks of IF
(with no change in caloric intake) showed no change in muscle
mass or lean body mass in athletes [16].
Insulin plays a crucial role in substrate utilization for energy.
Insulin prevents lipid metabolism in adipose tissue [39, 40].
While levels of insulin increase due to carbohydrate consumption, they are lowered during fasting. This mechanism suggests
a “flipping of the metabolic switch” from carbohydrate / glucose
substrate energy utilization to lipid substrate energy utilization
[41, 42]. This leads to an increase in lipid metabolism. We suggest this as a possible mechanism as to why body fat percentage
/ body fat mass were significantly decreased in the present study.
Many studies investigating sleep architecture and IF have
been completed on diurnal fasting during Ramadan. Conversely, few studies have been conducted on the effects of
16:8 IF on sleep architecture specifically. In the present study,
there was no significant change in sleep quality during the four
weeks of fasting, similar to a prior assessment in individuals
with obesity which suggested a lack of sleep disruption caused
by 16:8 IF / TRF [27]. More importantly, sleep quality did not
worsen. Although not significant, sleep quality trended towards
improvement with a 16.4% enhancement indicating potential
clinical importance. Michalsen et al., during a 7-day fasting
program, noticed a significant decrease in sleep arousals and
increase in overall sleep quality in non-obese individuals [43]
and Queiroz et al. showed improvements in sleep patterns in
overweight individuals [44]. The human body functions on
circadian clocks. These clocks, through gene expression, communicate the circadian rhythms that lead to overall homeostasis.
Fasting and timing of food consumption can alter circadian
clocks [45].
Baseline SF-36 Quality of Life levels were at a high for all
participants. At the conclusion of the study, Quality of Life
maintained high pre-study levels. It is possible decreased stress
levels, improvements in body composition, and stabilization of

sleep patterns played a role in maintaining a
high level of Quality of Life by the completion of the study.

LIMITATIONS

Due to the small sample size, single location and short study duration of four weeks,
our results may not be generalizable. Many
1.0 (0.00)
participants were associated with a health
0.21 (0.32)
care university (students, faculty, and staff)
and so carried high baseline knowledge of
0.23 (0.30)
health behaviors and their associated effects.
0.14 (0.37)
Although participants were expected to
maintain their daily caloric intake with no
mandated caloric deficit, participants did
not track daily calories. Therefore, by having no controlled
diet, we are unable to truly infer participants maintained their
daily caloric intake. It is possible that caloric intake could
have decreased with the time of feeding condensed. Biomarker
assessments of cortisol and melatonin were not measured and
could, in future investigations, augment self-reported wellness
measures. Due to this being a pilot study to demonstrate the
feasibility of concept, a control group was not utilized.
0.53 (0.16)

CONCLUSION
Intermittent Fasting in the form of a 16:8 daily Time-Restricted Feeding protocol can potentially be an effective weight
management option to help decrease acute stress levels, lower
body fat (more importantly visceral fat), decrease hunger (thus
increasing satiety), while also not disrupting sleep quality and
quality of life. This in turn, could potentially aid in decreasing
obesity-related diseases. Our pilot study demonstrated many
health related benefits from a TRF program with no prescribed
caloric deficit that could easily be incorporated by healthcare
workers into personal and patient whole-person wellness programs. Such a program could bolster resilience of healthcare
workers and could improve a multitude of health related patient
outcomes.
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