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A B S T R A C T   

There is increasing evidence from animal and human studies suggesting that fasting can play a role in disease 
prevention, weight control and longevity. However, few studies have compared exercise performances in in
dividuals adhering to an intermittent fasting (IF) in comparison to individuals who are not. Given the rising 
popularity of IF we aim to investigate whether this type eating pattern will improve cardiovascular performance 
over a period of 12 weeks through VO2 max measurements in participants from a Lebanese community. Addi
tionally, we will study the variation of different health parameters, physical performance and biomarkers 
potentially affected by IF. Participants will be recruited from a large university community and randomized into 
4 arms. Baseline information will be collected from all participants, which includes biological, physical, nutri
tional, medical and psychological data. Two arms will follow a time-restricted fasting diet with and without 
physical exercise, one arm will exercise without fasting, and one will act as a control group. Throughout the 
study, measurements will be repeated, and data analysis will follow to evaluate results.   

1. Introduction 

Intermittent Fasting (IF) is an umbrella term which covers many 
types of dietary timing patterns, all of which revolve around establishing 
periods of voluntary abstinence from caloric intake during the day or the 
week [1]. While fasting practices have been present for centuries, the IF 
practice is enjoying a noticeable rise in popularity in recent years [2]. 
There is an increasing amount of evidence from animal and human 
studies suggesting that IF may have beneficial effects on a multitude of 
health parameters. Studies found that fasting decreases the risk factors 
of cardiovascular diseases, reduces insulin resistance, helps in weight 
loss among other health benefits [3] (see Table 1) 

While IF showed positive effects on metabolic health outcomes, its 
impact on physical performance, fat oxidation rate and muscle mass is 
still controversial. In the body of the current literature, performance is 
measured using VO2max (aerobic capacity), which is considered an 
objective measure of cardiorespiratory fitness (CRF) and the gold stan
dard for testing fitness performance. Athletes with high VO2max pro
duce more energy, achieve higher intensity and performance during 

their workout [4]. Moreover, low levels of VO2max and CRF are 
considered as predictors for chronic diseases leading to an increase in 
cardiovascular diseases morbidity and all-cause mortality, therefore 
maintaining a considerably high CRF level is crucial for our health 
[4–6]. 

Studies found that vigorous to high intensity exercise are positively 
correlate with CRF [7], however, studies assessing the effect IF on 
physical performance have conflicting evidence. The lack of methodo
logical homogeneity makes it difficult to draw definite conclusions using 
the existing literature [3]. In fact, some studies reported that IF 
accompanied with endurance, high-intensity or resistance exercises 
didn’t show any performance benefit, yet in fact some results indicated a 
decline in performance [3,8–10]; however, other studies demonstrated 
that resistance training and IF improved body strength, performance and 
muscular endurance [11,12]. This is further supported by recent evi
dence [13]. 

In addition, enabling fat metabolism is crucial for exercise perfor
mance and health in general [14]. Studies showed that fasting for more 
than 6 h enhances fat oxidation [15]. The maximal fat oxidation rates 
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(FATMAX) is achieved during submaximal exercise (<65%VO2max), it 
is when oxidation of free fatty acids is used as the main source to fuel the 
body. FATMAX is affected by gender, nutritional intake as well as ex
ercise intensity and duration [16]. To our knowledge, few studies have 
evaluated the effects of undergoing IF combined with minimal workout 
on exercise performance. This study aims at investigating whether IF 
will improve CRF as measured by VO2max in Lebanese individuals over 
a period of 12 weeks. Additionally, we will study the effect of IF on 
FATMAX, weight, metabolic measures, glycemic variation, blood lipids, 
cardiovascular health, appetite, sleep and anxiety. 

2. Methods 

2.1. Study settings and design 

This study will be a randomized controlled, factorial, superiority, 
repeated-measures and open-label trial. It will be registered in WHO’s 
Lebanese Clinical Trials Registry (LBCTR) and the United States Clinical 
Trials registry. It will be conducted in the period between May 2021 to 
August 2022 in a tertiary care medical center and in a nutrition labo
ratory. This study fully abides by the Declaration of Helsinki and is 
under the direct supervision of the Institutional Review Board of the 
American University of Beirut. 

Participants will be assigned to four separate arms through block 

Table 1 
SPIRIT checklist of study events. 
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randomization. One arm will follow a time-restricted fasting (TRF) diet 
with physical exercise, one will follow a TRF diet without physical ex
ercise, one arm will exercise without fasting, and one will act as a control 
group. All participants will be followed over a 3-month period. After a 
one-week period of diet standardization, the participants will present for 
the first visit, during which data collection, blood collection, body 
measurements, fat composition, RMR, FATMAX and VO2max will be 
measured. A similar visit with similar tests will be repeated at the end of 
the 3-month period to observe for any changes. At the 1 month and 2- 
month limits, the participant will present for short visits during which 
body measurements will be made and the exercise log sheet is reviewed. 
Additionally, the patient will be required to fill the 24-hour food recall 
questionnaire on 5 separate occasions, either through a phone call or 
during the aforementioned visits. Study flow is shown in Fig. 1 (see 
Fig. 2). 

After explaining all the instructions pertinent to each study group 
and recording baseline measurements, participants are dismissed. On 
day zero, each participant follows their corresponding instructions and 
their 3-month participation is initiated. After 10 days, a registered- 
dietitian in the team will contact the participants via phone call and 
administer the 24-hour food recall instrument and following the 5-step 
multiple-pass method. Factors that preserve the quality of the reported 
dietary data, such as respondent reactivity, non-directive probing, and 
portion size estimation will be taken into consideration [17,18], and any 
question or concern of participants will be address. The Nutritionist Pro 
software (N-squared Computing Nutritionist IV. Silverton, OR: 
N-squared Computing) will be used for the analysis of the participants’ 
24-hour recalls in order to calculate and assess the energy and macro
nutrients [19]. 

This recall will be obtained from participants 3 times throughout 

Fig. 1. Study design flowchart.  
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week days and 2 times during 2 weekends over the entire study duration 
(5 instances in total) in order to have a representative idea of what the 
participants are consuming (total calories, quantity and quality of food). 

2.2. Sample size 

Sample size was calculated according to two independent groups 
with the continuous outcome – the VO2max being the primary outcome 
(VO2max fasting vs. VO2max non-fasting), with alpha = 0.05 and 90% 
power. Using the results obtained in a similar trial [20] as estimates for 
means and standard deviations, the calculated sample size was equal to 
43 participants. Moreover, since that we have 4 study arms rather than 
2, and given that we expect a participant dropout of around 15% (similar 
to other IF trials), a higher number of participants will be recruited. In 
fact, a sample size of 80 participants is the number set, divided equally 
into the 4 study arms, 20 subject each. 

2.3. Participant identification and recruitment 

Several tools will be used to promote participant identification and 
recruitment. An institutional email call-for-participation will be sent to a 
large email database. Additionally, contact information of candidates 
were collected from another study on intermittent fasting in which 
participants expressed their interest in participating in a clinical trial on 
IF. 

Potential participants will be interviewed and screened to determine 
her/his eligibility in meeting the full inclusion criteria, and consent 
forms will be provided and signed. 

2.3.1. Inclusion criteria  

- Age: 18–64 years  
- BMI: 20–35 Kg/m2  
- Sedentary to lightly-active lifestyle (<7500 steps/day)  
- Stable body weight for 2 months prior to the beginning of the study 

(<4 Kg weight loss or gain) 

2.3.2. Exclusion criteria  

- Pregnant, recently pregnant (<1 year), planning to become pregnant  
- Breastfeeding  
- Diabetes mellitus  
- Dyslipidemia  
- Metabolic disease 
- History of cardiovascular disease (hypertension, arrhythmia, coro

nary artery disease, others …)  
- Glaucoma/ocular hypertension  
- Eating disorders  
- Presently engaged in regular training  

- Any systematic disease or condition that might reduce the adherence 
or tolerance to exercise or fasting  

- Orthopedic or neurological conditions that might impair exercise 
training  

- Taking weight loss, lipid or glucose lowering medication  
- History of bariatric surgery or minor weight loss surgical procedures  
- Smoking (any form of smoking including e-smoking)  
- Suspicion of infectious disease 

2.4. Fasting protocol 

A registered dietitian will meet participants at day 0 in the inter
mittent fasting groups and will provide them with dietary instructions 
on IF, and she/he will answer their questions. Participants will abstain 
from eating and drinking caloric food and beverages for 16 h and 
consume ad libitum food and beverage intake for the remaining 8 h. 
During the fasting hours, participants should drink water and they can 
also drink non-caloric beverages such as sugar-free black coffee and tea. 

2.5. Exercise routine and performance 

The participant will be introduced to an intermediate-intensity cal
isthenics exercise routine of two exercises which will consist of push-ups 
(regression with knees on the ground is optional) and body-weight chair- 
seated squats (progression to air squats is optional) - participants will be 
asked to adhere to the form of exercise they start with. Participants will 
complete the maximum number of repetitions (to exhaustion or failure) 
of push-ups and sit-ups squats 3 times a week and will document the 
number of repetitions and the time taken to do them. Ideally, the ex
ercise should be performed in the last 4 h before breaking the fast. 
However, to enhance compliance, the participant will be allowed to 
determine their preferred timing of exercises. They will be provided by 
brochure and notebook that explain the details of the exercise regimen, 
as well as a log sheet to record their exercise progress (following each 
exercise session, the participant will record the number of repetitions 
and the duration taken to perform the exercises). 

2.6. VO2max and FATMAX measurement 

VO2max is defined as ‘‘the oxygen intake during an exercise intensity 
at which actual oxygen intake reaches a maximum beyond which no 
increase in effort can raise it”.[21] Therefore, the measurement VO2max 
defines the limits of the cardiovascular and respiratory systems’ ability 
to transport oxygen. It is the ultimate marker of performance [22]. 

Metabolic parameters (RMR, VO2, FATMAX) are measured through 
indirect calorimetry (Cosmed Quark CPET, Cosmed srl, Rome, Italy) 
using a high-end Hans Rudolph® facemask. The participant will also be 
monitored during the resting and active stages using an electrocardi
ography (ECG) device and a blood pressure monitoring device. First, the 
participant’s resting metabolic rate (RMR) will be determined. This will 

Fig. 2. Study timeline.  
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be taken while the participant is resting inactively in the chair for a 
period for 40 min. This will be followed by the FATMAX and VO2max 
tests, both tests will be performed successively on a cycle ergometer 
while breathing into the respirator, with 15-min break between both 
tests. During the FATMAX test the participant will cycle at 70 rev/ 
minrev/min at an intensity of 30 W, which will be increased by 10 W 
every 3 min. The test will be terminated when the respiratory exchange 
ratio (RER) exceeded 1 for a continuous period of 30 s. 

As for the VO2max, a brief time-to-exhaustion increasing-intensity 
cycling and 5–15 min of exercise will be performed. VO2max will be 
determined as described by Broskey et al. [23]: briefly, the graded ex
ercise cycling test will start with men participants pedaling at 60–65 rpm 
at 50 WW, with 25 WW increments every 2 min, and all women will start 
at 25 WW with increments of 25 WW. subjects should perform the test 
until volitional exhaustion. Visits 2 to 4 will be randomized. 

Eventually, such setup will provide the respiratory quotient (RQ), 
RERmax, HRmax (maximum heart rate), FATMAX and VO2max of each 
participant. 

2.7. Continuous glucose monitoring 

In a novel attempt, participants are asked toward the beginning of 
the 5th week to present for a live recall. In this recall, participants will 
receive an FDA-approved continuous glucose monitoring device (Abbott 
FreeStyle® Libre) to be worn for 14 days. This device consists of a sensor 
placed on the upper arm which is small, waterproof and non-invasively 
records their body glucose levels at constant intervals, and an external 
reader. At the end of the 2-week period, participants will return the 
readers and dispose the sensors. 

2.8. Nutritional assessment and other measures 

Nutritional assessment will include: body composition assessment 
and the 24-hour dietary recall (24-h recall). Body composition will be 
obtained using an InBody 770 multi-frequency bioelectric impedance 
analysis (BIA) unit (Inbody Co., Ltd., Seoul, Korea), which will deter
mine the total body weight, fat and lean body mass, Moreover, during 
the study period the dietitian will contact the participants to collect the 
24-h recall, this tool is used to accurately quantify and qualify the caloric 
intake of participants. In this study, the 24-h recall will be collected 5 
times over the study period in order to insure consistency in dietary 
intake (3 times during week-days and 2 times during the weekend). 

Other self-reported measures will include appetite, sleep and anxiety 
as measure by: appetite rating scale (using visual analogue scale to 
assess satiety [24]), Pittsburgh sleep quality index [25,26], and the 
generalized anxiety disorder (GAD)-7 scale [19], respectively. 

2.9. Baseline measurements 

Every participant will undergo baseline value recording. There will 
be health and nutritional baseline measurements for each individual 
before being randomly allocated to a study.  

1 Medical Assessment 

First, the participant will be invited to the study lab for physical 
measurement at day 0. Vital signs will be recorded, and proper hydra
tion ensured. Pre-testing ECG will be done to screen for undetected 
cardiac diseases. A skilled and experienced emergency physician will 
read the ECG before moving to the exercise. On the occasion that an 
unanticipated disease was detected, the individual’s participation in the 
study will be terminated, and the participant will be referred for proper 
work-up and management.  

2 Nutritional Assessment 

Body composition will be determined using multi-frequency 
bioelectric impedance analysis (BIA). Total body weight, fat and lean 
body mass will be obtained, as well as resting energy expenditure (REE).  

3 Performance Measurement 

After nutritional assessment, the participant will be seated on the 
performance measurement machine, and measurement will be done by 
an experienced physiotherapist and physical trainer with the presence of 
a physician. 

These tests consist of bicycling on a cycle ergometer at a pre
determined work rate, established to elicit a standard percentage of 
VO2max. It is connected to an indirect calorimeter and ECG device. The 
RMR will be determined, followed by a brief FATMAX and time-to- 
exhaustion increasing-intensity cycling (VO2max). This is estimated to 
take around 40 min of inactively sitting in the chair and 20–25 min of 
exercise. 

VO2max is defined as ‘‘the oxygen intake during an exercise intensity 
at which actual oxygen intake reaches a maximum beyond which no 
increase in effort can raise it” [21]. Therefore, the measurement VO2max 
defines the limits of the cardiovascular and respiratory systems’ ability 
to transport oxygen. It is the ultimate marker of performance [22].  

4 Blood Withdrawal 

Following cool-down, we will withdraw a 5-ml blood sample from 
the participant into a chemistry tube and another 5-ml into EDTA tube. 
These will be used for analysis to determine baseline values of biological 
parameters. Tubes will be labelled with study ID numbers and the dates 
of collection. The study ID numbers will be matched with the patient’s 
name and contact information on an electronic document that will be 
kept on a password-protected computer. Eventually, tubes will be 
transported to the medical laboratory for subsequent analysis. 

Biomarkers measured in blood: CBC-D, fasting blood glucose, blood 
ketones, cholesterol, HDL, LDL, triglycerides, CRP, and electrolytes (Na, 
K, Cl, CO2, Ca, Mg, PO4), BUN, creatinine. 

Of special interest, quantitative blood ketone measurement will 
enable quantification of the ketosis state induced by intermittent fasting; 
this will also serve as an indicator of adherence to intermittent fasting in 
the respective group.  

5 Self-reported and Psychological Measures Baseline  
- Appetite rating scale: using visual analogue scale to assess satiety 

[24].  
- Sleep quality: using Pittsburgh sleep quality index [25,26].  
- Anxiety signs: using generalized anxiety disorder (GAD)-7 scale 

[19]. 

2.10. Participants randomization 

To minimize procedural bias during baseline workup, participant 
randomization and allocation will only occur following establishing all 
the baseline measures. Therefore, after obtaining the mentioned base
line records for the participant, she/he will be digitally randomized into 
one of the four study arms using block randomization technique [27,28] 
using RStudio version 1.2.5042 (R version 4.0.0) with suitable packages. 

2.11. Patient and public involvement 

Neither patients nor their family members were involved in the study 
design. The results will be widely distributed in scientific reports as well 
as academic conferences to benefit leisure-time exercises, athletes, and 
clinicians. 
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2.12. Adverse effects 

There are theoretical concerns that intermittent fasting could pro
mote erratic eating patterns, binging, increase in eating-related 
thoughts, hunger, irritability, fatigue, difficulties concentrating, head
aches, dizziness, weakness, muscle aches, overall decline in your mood, 
low blood sugar and might affect luteinizing hormone dynamics and 
menstrual cycle. No long-term adverse effects are known. 

Secondary or adverse effects will be monitored closely by means of 
regular basic questioning and self-reported evaluation; additionally, 
throughout the sessions held in the research lab, an emergency physi
cian will be always present with real-time ECG monitoring during per
formance testing. Participants will be instructed on contacting a 
researcher responsible for the monitoring in case any adverse or 
unfavourable event shall emerge. Eventually, a safety analysis will be 
maintained along the study period. Due to the detailed medical evalu
ation upon enrolment, we do not anticipate any major adverse effect. 

By participating in performance testing, in rare and exceptional 
cases, adverse cardiovascular effects may occur, especially in patients 
with asymptomatic undetected heart diseases. However, through a 
comprehensive pre-interventional screening and work-up, this possi
bility would be minimized. Any serious adverse effect will be dealt with 
immediately the medical center; additionally, the facility is equipped 
with an immediately-accessible first aid equipment and an AED (auto
mated external defibrillator). In the unlikely event that a non-serious 
adverse effect showed in which the participant felt they prefer to stop, 
the participant’s enrolment will be terminated instantly and medical and 
psychological follow-up will follow for proper management. If an un
likely major adverse event occurred, the trial will be terminated and 
proper measures will be taken. All adverse effects will be reported to the 
institutional review board. 

2.13. Participant compensation 

Participants will be compensated at each follow-up visit as reim
bursement for transportation. Moreover, upon completion of the study, 
they will receive a 6-month free membership in a premium fitness center 
and 6 free nutritional consultations. 

2.14. End of study 

The study is planned to last for 3 months. Starting from the 8th week, 
the study will conclude if the number of dropouts reaches 38 (so that 
sample size falls below 42, the minimum needed size). In case partici
pants’ compliance was ideal, we will conclude the study at week 12. We 
will repeat all the measurements done at the beginning of the study: 
health, physical and self-reported ones. Participants on fasting and/or 
exercising regimens may continue their routines if they desire to. They 
will be offered a copy of their blood and medical tests, nutritional tests 
and performance results. Data analysis will follow, and the results will 
be published. 

2.15. Statistical analysis 

Statistical analyses will be performed using SPSS version 24.0 
(Armonk, NY: IBM Corp), in addition to RStudio version 1.2.5042 (R 
version 4.0.0) if needed for repeated measures and graphs. The distri
butions of the continuous and categorical variables will be presented as 
mean ± standard deviation and frequency/percentages respectively. 
Tests will be interpreted at a significance level alpha = 0.05. We will use 
the suitable parametric and/or non-parametric tests to analyse changes 
in values from baseline and detect significant intra- and inter-group 
changes. Regression models will be used as well to evaluate associa
tions between fasting and VO2max, FATMAX, biological parameters, 
and self-reported measures. Both intention-to-treat and per protocol 
analyses frameworks will be used. 

2.16. Benefits and strength of the study 

Intermittent fasting is a very trendy topic now-a-days, both in 
research field and people’s interest. Only few trials studied the effects of 
IF on physical performance; furthermore, these studies evaluated short- 
term (7–14 days) different types of fasting. In addition, most of these 
trials comprised of very small sample sizes (6–21 participant). There
fore, a strong point in our study is the relatively larger sample size, long 
duration and the unique standardized performance measurement. 
Moreover, this will be the first fasting study to evaluate continuous 
measurement of glycaemic variation during fasting and exercise. 

3. Discussion 

Multiple animal and human studies have evaluated the effects of 
time restricted IF on a diversity of health parameter and performance. 
Rats placed on IF were shown to have decreased systolic blood pressure, 
body weight, total cholesterol, triglyceride, glucose, insulin and in
flammatory cytokine levels among other biomarkers [29]. These results 
were replicated in some human studies. Stote et al. found reductions in 
glucose, LDL, HDL as well as a 4.1% decrease in weight in adults un
dergoing 8 weeks of TRF [30]. 

With regards to the fasting pattern, several patterns of intermittent 
fasting are described, with varying results with respect to health out
comes and weight loss, although all are reported to confer benefit. We 
have chosen the 16:8 fasting pattern since it is flexible, practical and 
easier to commit to and based on preliminary results of another study 
currently being conducted on preferences and trends of IF in a Lebanese 
sample (belonging to the same population that this study sample will be 
selected from) to ensure selecting more preferred IF pattern. In addition, 
Cho et al. (2019) conducted a similar trial but using alternate day fasting 
pattern. Therefore, using a different pattern allows the comparison of 
effect of the different IF patterns [31]. Furthermore, ketone testing will 
be performed at each visit for evaluation of adherence to intermittent 
fasting. 

As for performance measurements, the gold standard technique is 
chosen to measure aerobic fitness known as VO2Max. In addition to 
strict pre-participation medical screening, to ensure participants’ safety 
and to minimize any health side effects, all participants are obliged to 
undergo a screening ECG to make sure adults with cardiovascular dis
eases are excluded. 

Most studies assessing the impact of exercise with IF focused on 
resistance training or aerobic training, with a strict training program 
constituted of exercising at least 2 times a week for 30–60 min each 
session. These intensive workouts will improve muscle mass and 
endurance; however, they need high compliance. Although the exercise 
regimen developed for this study is basic, it is also easy to adapt, safe, 
not time consuming and doesn’t require equipment or a specific setting 
(can be done at home, office or gym). These factors will help in 
compliance, unlike the heavy exercise regimen found in the body of 
literature which makes this study more significant and unique. 

Moreover, other studies imposed a caloric deficit diet in their IF arm, 
which would lead to weight loss with or without IF and exercise. 
However, in the study of Del Corral et al. (2009), participants’ adher
ence declined with the decrease in caloric intake [32]. Therefore, in this 
study, no dietary restriction beyond the course of IF will be imposed in 
the fasting arm, eventually allowing to evaluate relationship of IF and 
weight. 

At the cellular level, energy restriction leads cells to develop a stress- 
resistant state by reducing insulin signalling and the total protein syn
thesis; this, on the long term, shows that the maintenance of an 
intermittent-fasting diet especially combined with regular exercise, 
leads to several adaptations that ultimately improve mental and physical 
performance and increase disease resistance [33]. 

In a recent systematic review and meta-analysis by Correia et al. 
(2020) which evaluated the effect of two modalities of intermittent 
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fasting (Ramadan intermittent fasting and time-restricted feeding), the 
review concluded that despite there were evidence suggesting that 
Ramadan intermittent fasting may negatively affect aerobic exercise 
performance, TRF may actually improve it [13]. 

One of the expected limitations in this study is participant compli
ance. We do anticipate a significant number of dropouts due to different 
reasons: inability to commit to the instructions, adverse effects, or per
sonal reasons. To limit the effect of such a challenge, we have almost 
doubled the number of needed participants; additionally, during anal
ysis phase, both intention-to-treat and per protocol analyses will be 
conducted. 

Additionally, another limitation lies in the fact that several param
eters are measured on the basis of self-reported tools. We have only 
included time-tested and cross-culturally adapted tools that have been 
used in our population. 

Intermittent fasting is a very trendy topic now-a-days, both in 
research field and people’s interest. With increasing number of studies 
evaluating the promising effect of IF on different health aspects from 
metabolic panel, weight loss, diabetes, and cardiovascular disease and 
others. This trial will be among the few currently available evidence that 
help better understand the effect of IF on aerobic physical performance, 
as well as on metabolism, glycemic control, and several health and self- 
reported parameters. This will set forth the ground for future research 
based on our results, ultimately serving both scientific and clinical 
fields. 
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