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Abstract:  
Background: Primary arterial hypertension is the most prevalent chronic disease globally and significantly impacts public 
health. It is hypothesized that 16:8 early time-restricted feeding (eTRF) bolsters blood pressure management. To date, 
there are no randomized trials evaluating its benefits in the treatment of hypertension as a primary outcome. 
Objective: To determine if eTRF combined with lifestyle modifications is superior to the standard lifestyle modifications 
treatment of primary hypertension recommended by the 2018 European hypertension guidelines. 
Methods: This will be a superiority, parallel, open-label, randomized, phase II trial carried out in a single center in Zurich, 
Switzerland. Participants between 30 and 60 years of age, recently diagnosed with high normal and grade I hypertension 
will be randomly assigned to the eTRF 18:6 plus lifestyle modifications group or the standard lifestyle interventions 
group. The primary outcome will be the difference between the mean systolic blood pressure at eight weeks with the 
baseline measurement. 
Discussion: This will be the first trial to evaluate the effects of intermittent fasting in patients with primary hypertension. 
Potential limitations include patient compliance to the intervention. However, in a previous study, self-reported 
adherence was observed in 1128 of 1351 participants (83.50%). In addition, this study seeks strategies to improve 
adherence. 
Conclusion: We hope that this trial directs other authors to carry out future studies aiming for higher external validity 
and evaluation of long-term effects of intermittent fasting for the treatment of primary hypertension. 
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INTRODUCTION  

Primary arterial hypertension is the most prevalent 
chronic disease in the world. It is associated with several 
cardiovascular complications, playing a significant 
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impact on public health. According to the American 
Heart Association (AHA), there are 1.8 billion 
hypertensive individuals worldwide (Whelton et al., 
2018). Despite several non-pharmacological and 
pharmacological treatments, half of the patients are 
unable to reach their treatment targets (Egan et al., 
2010). Overweight, obesity and improper diet are some 
of the risk factors associated with the development of 
hypertension (Forman et al., 2009). Lifestyle 
modifications that address these risk factors have 
shown benefits in controlling blood pressure (BP) 
(Appel et al., 1997; He et al., 2013; Tuck et al., 1981). 
Hence, non-pharmacological treatments can potentially 
facilitate the management of primary hypertension. 

The beneficial health effects of non-
pharmacological interventions, such as early time-
restricted feeding (eTRF), is a current topic of interest 
(Erdem et al., 2018; Kul et al., 2014; Nematy et al., 2012). 
eTRF is a type of intermittent fasting in which 
individuals eat their meals during the morning and early 
afternoon (eating window), followed by fasting 
throughout the rest of the day (fasting window) 
(Lazarou & Matalas, 2010). Previous studies suggest 
that intermittent fasting reduces markers of systemic 
inflammation and oxidative stress associated with 
cardiovascular diseases (Harvie et al., 2013; Moro et al., 
2016; Wan et al., 2003). During fasting, triglycerides are 
broken down to glycerol and fatty acids, which are 
metabolized to ketone bodies in the liver. When ketone 
levels reach a threshold, they can activate specific 
metabolic pathways that result in enhanced DNA repair, 
mitochondrial autophagy and antioxidant defense 
while also inhibiting the mTOR pathway, reducing 
inflammation (de Cabo & Mattson, 2019). 

Evidence suggests a positive effect of eTRF on BP 
control (Erdem et al., 2018). Ernsberger et al., (1994) 
reported a reduction in BP during fasting periods in an 
animal study. In humans, BP reduction becomes evident 
within two to four weeks after fasting initiation (Mager 
et al., 2006). Despite these findings, other studies have 
been controversial (Ural et al., 2008). 

According to the 2018 European Guidelines, 
interventions on lifestyle modifications are the standard 
non-pharmacological interventions for hypertension. 
Since these measures are the available standard of care, 
it would be unethical to select a placebo as a comparison 
source (Williams et al., 2018).  

We aim to determine if 16:8 eTRF combined with 
lifestyle modifications is superior to the standard 
lifestyle modifications treatment on systolic BP (SBP) 

control in patients recently diagnosed with high-normal 
BP or grade I primary hypertension.  

MATERIALS AND METHODS  

Trial Design 

This study will be a phase II, single-center, superiority, 
parallel, open-label, randomized, controlled trial with a 
1:1 allocation ratio. It will be registered at 
clinicaltrials.gov. 

Study Setting 

The trial will be conducted in a University Hospital of 
Zurich, Switzerland. Given the high incidence of 
hypertension (25% - 30%) in the Swiss population 
between 35 - 75 years (Fidalgo et al., 2019), a single-
center will suffice for the recruitment.  

Randomization 

Participants will be randomized to either a 16:8 eTRF 
plus lifestyle modifications group or standard lifestyle 
interventions group, with a 1:1 allocation ratio. 
Randomization will be performed using a computer-
generated sequence in random block sizes of 4, 6 and 8 
to ensure allocation concealment. Research Electronic 
Data Capture (REDCap) will be used to distribute and 
maintain treatment allocation. An unblinded 
independent study personnel will have independent 
access to the randomization code.  

Blinding 

This will be an open-label trial. Given the nature of the 
intervention, blinding of participants and dietitians will 
not be feasible. Nevertheless, data collectors, outcome 
assessors, and data analysts will be blinded. No 
emergency unblinding will be required.  

Eligibility Criteria 

Inclusion criteria are age between 30 to 60 years old, 
body mass index (BMI) between 18 and 35 kg/m2, 
recent diagnosis (0-6 months) of hypertension 
(confirmed by 24h BP measurement with mean SBP 
between 130-159 mmHg and/or mean DBP 85-
99mmHg) (Williams, 2018). Further inclusion criteria 
are the ability to use smartphone apps and provide 
informed consent. 

Exclusion criteria are pregnancy, patients on 
antihypertensive drugs, severe hypertension (mean 
SBP above 160 mmHg or DBP above 100 mmHg) 
(Williams, 2018), any etiology of secondary 
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hypertension or any of the following diseases: coronary 
heart disease (angina, myocardial infarction), 
cerebrovascular disease (ischemic stroke, transient 
ischemic attack), peripheral artery disease 
(ankle/brachial index <0.9), diabetes mellitus, liver 
disease, chronic kidney disease with creatinine 
clearance (eGFR) <30 ml/min at screening, cancer 
within the past five years (other than non-melanoma 
skin cancer and cervical intraepithelial neoplasms), 
alcohol use disorder, drug abuse, eating disorders, 
unstable affective bipolar disorder or schizophrenia 
(diagnosed with DSM-V criteria) and co-enrolment in 
another trial. 

Recruitment strategy  

Recruitment will take place at primary care institutions 
in Zurich, using a healthcare-provider-based strategy. 
General practitioners will be asked to refer patients with 
newly diagnosed high-normal or hypertensive BP to the 
research coordinator. After evaluating inclusion and 
exclusion criteria, informed consent will be requested. 
Eligibility criteria will be reassessed by an investigator 
(resident in internal medicine under the PI's 
supervision) at the baseline appointment. All patients 
will undergo 24h BP measurement for confirmation of 
hypertension stage. A trained investigator (senior 
resident in internal medicine) will analyze results to 
confirm eligibility. Eligible and consented patients will 
then be randomized. Patients outside the scope of study 
eligibility criteria will be referred back to the general 
practitioner for treatment. An investigator (senior 
resident in internal medicine) will monitor side effects 
and report to the PI. (Figure 1)  

Adherence 

Psychosocial interventions are used to increase 
adherence to dietary interventions. In previous 
Mediterranean diet studies, nutrition education 
significantly improved the intention and consumption 
of fish, vegetables, and fruits (p<0.05) (Willis, 2019). 
Additionally, contact between subjects in group 
sessions and individual counselling can be associated 
with higher adherence. Dietary intervention studies, 
such as CALERIE (Dorling JL, et al., 2020), DPP (DDP 
Research Group, 2020), and Look AHEAD (Look AHEAD 
Research Group, 2006), successfully used similar 
strategies (Rickman et al., 2011). We chose three 
methods to increase adherence: a weekly session group, 
individual telephone sessions with subjects from both 
groups, and the use of a mobile application (see 
appendix for details).  

The study design and randomization process will 
be explained to participants while also providing an e-
mail and phone number for any additional questions. In 
case of SBP > 160 mmHg or diastolic BP > 110 mmHg, 
patients will be referred to the emergency department. 
These events will be reported as adverse events by the 
PI.  

Interventions 

Intervention and control groups will be instructed to 
carry on the standard non-pharmacological treatment 
for hypertension following the 2018 European 
Guidelines, which include:  
- Sodium restriction < 2 g/day. 
- Alcohol moderation < 14 units / week for men and 

< 8 units / week for women. 
- Healthy diet: high consumption of vegetables, fruits, 

nuts, unsaturated fatty acids, low consumption of 
red meat and low-fat dairy products.  

- Regular aerobic exercise: at least 30 minutes of 
moderate dynamic exercise on 5-7 days/week.  

- Smoking cessation. 
In the intervention group, a 16:8 fasting method will be 
applied. Subjects will be instructed to eat from 10 am - 6 
pm daily and fast from 6 pm - 10 am daily. During the 
eight hours feeding window, subjects will be given the 
same recommendation as to the standard treatment 
group. The timing of food intake will also be recorded 
with the application.  

Modification/discontinuation 

Adverse events (AEs) related to fasting that will be 
screened for are headaches, dizziness, vomiting, 
diarrhea. Criteria for discontinuing fasting therapy are:   
- Non-compliance 
- Higher-grade cardiac arrhythmias 
- Reflux symptoms 
- Severe electrolyte disturbances: K+ <3.0 mmol/l or 

Na+ <125 mmol/l or Cl <90 mmol/l 
- Circulatory depression (heart rate <45 or 

>120/min, systolic BP <70 mm Hg and/or diastolic 
BP <40) 

- Symptomatic Hypoglycemia (<60 mg/dL) 
- Uncomfortable hunger during the study 

Patients with clinical emergencies or AEs will be 
instructed to visit the emergency department.  

Outcomes 

This study's primary outcome is to compare the 
difference between the mean systolic BP at eight weeks 
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of intervention and baseline, using a 24-hour validated 
BP monitor. During the baseline clinic visit, BP will be 
assessed in both arms, and, in case of discrepancies, the 
arm with higher pressure will be used for subsequent 

measurements. The result will be reported as the 
arithmetic average of successful systolic BP 
measurements (see appendix). BP measurements will 
be performed at baseline, at week four and week 8. 

Figure 1. CONSORT flow diagram 
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Secondary outcomes of interest: 
- Mean arterial BP and delta diastolic BP at eight 

weeks versus baseline. The mean arterial BP (MAP) 
will be calculated by dividing by 3 the sum of 
systolic BP and double the diastolic BP (continuous 
outcome).  

- Weight loss (kg): bodyweight will be assessed at 
baseline, at week 4 and week 8. Measurement will 
be taken using a balance beam scale with 
participants without shoes and in light clothing 
(continuous outcome).  

- Change in lipid profile: fasting plasma total 
cholesterol, direct LDL cholesterol, HDL-
cholesterol, triglycerides concentrations will be 
measured (reported in mg/dL). Fasting blood 
samples will be collected between 5 am, and 9 am at 
baseline and week 8. (continuous outcome). 

- Adherence to the early time-restricted feeding 
program: it will be measured using a mobile app. 
Participants will record the time they started and 
stopped eating daily. Adherence to the eTRF diet 
will be assessed as the number of adherent days per 
week. If the app indicates that the subject ate within 
the 8-hour window, that day will be labeled as 
"adherent"; if the app indicates that the subject 
consumed food outside of the 8-hour feeding 
window, that day will be labeled as "non-adherent". 
Subjects will be considered adherent to the 
intervention if they meet adherence criteria on 5 
out of the 7 days of the week.  

- Safety outcomes: hypoglycemia, electrolyte 
disturbances, headaches, migraine, acute back pain, 
muscle cramps, impaired vision (temporary), fluid 
retention (temporary) and changes in sleep 
patterns will be evaluated. 

Data Management 

Data will be entered electronically in the REDCap 
platform. The Institutional Review Board will approve 
the electronic form used for data entry.  

The REDCap platform allows for the secure storing 
of the data. An additional copy of the data will be stored 
in a password-protected cloud drive that only the study 
staff will have access to. 

Confidentiality of the subjects will be maintained. 
Each subject will be assigned a unique study ID number 
not related to their personally identifiable information. 
A subject log containing the list of personal identifiers 
and matched study IDs will be kept in a restricted 
password-protected file controlled by the PI and study 
coordinators. 

Data will be uploaded to a secure REDCap database 
daily according to privacy regulations. Weekly reports 
evaluating the status of the data entry, missing, or 
pending data will be performed. Lastly, the database will 
be audited monthly to maintain data integrity.    

Interim Analysis 

An interim analysis will be performed once half of the 
total sample size has been recruited to evaluate the 
intervention's safety and the presence of proper 
documentation of adverse events. It will be performed 
by an independent statistician, blinded for the 
treatment allocation. The statistician will report to the 
independent committee, which will have access to all 
the data. They will report to the ethics committee and 
decide on the continuation of the trial.  

Sample Size Calculation 

This study was designed to achieve a power of 90% to 
allow for secondary analysis.  The type I error was 0.05, 
and the allocation ratio 1:1. The effect size was 
conservatively determined at 7mmHg. The stated effect 
size in the literature is a mean of 11mmHg plus a 
standard deviation (SD) of +/- 4mmHg. Thus, the effect 
size for our trial was calculated by subtracting 1 SD from 
the mean. This effect size was also corroborated by a 
previous study on eTRF (Sutton et al., 2018). The SD for 
the present study population was considered to be 
10.6mmHg (Appel et al., 1997). Assumptions were 
chosen based on Sutton and Appel's studies, 
considering the similarities of the sample population 
with the present study (including patients with SBP up 
to 160mmHg).  

Based on the aforementioned variables, the 
sample size was calculated using the sample size 
calculator tool at Vanderbilt University: 
https://vbiostatps.app.vumc.org/ps/t-test/ind/2. The 
estimated total sample size of 100 patients is required 
to detect a difference of 7 mmHg. For this trial's purpose, 
we have considered the most conservative scenario of 
26% loss to follow up according to a previous trial 
(Horne et al., 2020). The total sample size yield was 126 
patients, 63 patients per trial arm. 

Statistical Analysis  

The primary analysis will follow the intention to treat 
principle. Due to the normal distribution of the primary 
endpoint variable, an independent sample t-test will be 
used to compare the outcomes. In case both groups are 
not balanced, linear regression and covariate 
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adjustment in the mean systolic BP will be performed to 
assess interference of sex, race, smoking status, BMI, 
hypertension severity and attendance in the group 
session between the groups. 

For the secondary analysis, an independent 
sample t-test or the Mann-Whitney test for continuous 
outcomes will be used given the normality of 
distribution. Association between weight loss and 
systolic BP change in each group will be analyzed using 
Pearson Correlation. Incidence of adverse events will be 
reported as absolute values and proportions of patients 
who presented these symptoms. Adherence will be 
disclosed for the intervention group as a proportion and 
absolute value of patients who did not achieve the 
minimum criteria to be considered adherent.  

A sensitivity analysis will be conducted using a per-
protocol analysis to evaluate adherence to our 
treatment.  

A two-sided p-value of less than 0.05 will be 
considered to indicate statistical significance for 
outcomes. Data will be analyzed using Stata 16 
(StataCorp. 2019. Stata Statistical Software: Release 16. 
College Station, TX: StataCorp LLC). 

Missing Data 

Patients in the intervention group will be instructed to 
eat during their 8-hour feeding window and record the 
times of fasting using the smartphone app. Patients who 
eat out of the allowed 8-hour window period will be 
considered "non-adherent". Two or more non-adherent 
days out of a week, with a total of 16 non-adherent days 
during the eight-week trial, will compute a "dropout" 
status to the participant. The reasons for dropout or 
withdrawals will be disclosed to inform on the 
difficulties of this intervention. We assume that most of 
the missing data mechanisms will be missing at random 
(MAR), i.e., related to the intervention, not the outcome.  

An intention to treat analysis will be performed, 
and missing data will be addressed by a multiple 
imputation method to preserve randomization. It will 
provide a more conservative analysis of the treatment 
effect and a more precise estimation of this 
intervention's clinical challenges. Thus, reflecting the 
real-world aspect of lifestyle interventions. 

DISCUSSION 

This is a protocol for a phase II randomized controlled 
clinical trial that explores the potential beneficial effects 
of eTRF as an adjuvant strategy to classical lifestyle 
interventions in BP control.  

It will be the first trial to evaluate the effects of 
eTRF in patients with primary hypertension, having 
24h ambulatory BP measurement as the primary 
endpoint. Other studies that utilized BP as an outcome 
were non-randomized studies, presented poor 
methodological quality, or did not adjust outcomes for 
patient-important confounders (Erdem et al., 2018). 
Literature remains inconclusive, demonstrating the 
importance of this trial. 

This trial's potential limitations include patient 
compliance to the intervention since eTRF may be 
challenging to adhere to. Nevertheless, in a previous 
study that evaluated the effects of eTRF on weight loss, 
the self-reported adherence observed was 83.50% 
(1128 out of 1351participants) (Lowe et al., 2020). A 
potential run-in phase was deliberated given the 
successful adherence reported by the Dietary 
Approaches to Stop Hypertension (DASH) trial (Appel 
et al., 1997). However, opting for the run-in phase would 
bring unnecessary complexity to the trial and possibly 
underestimate the effect size. Some individuals could 
have normalized BP levels before the study started. As a 
result, we chose to apply strategies such as weekly 
group sessions, motivational calls and the use of a 
mobile application that have shown promising results 
in increasing adherence (Rickman et al.,  2011; Willis, 
2019). For subjects missing their follow-up 
appointment, telephone calls will be made for 
rescheduling and determining the reason for not 
attending. Although the trial's short duration may help 
improve adherence to the intervention, it can also be a 
limitation in evaluating the long-term effects and 
feasibility of the therapy. Nevertheless, by 
demonstrating its effect on BP in the short-term 
intervention, it is expected that this study will 
encourage the development of future larger and longer 
follow-up clinical trials on this therapy. 

Additionally, it is essential to point out that the 
present study has a potential risk for introducing 
performance bias since there is a risk of promoting 
health changes more emphatically in the intervention 
group than in the control one. Hence, outcome 
adjudicators will be blinded, in addition to the 
standardization of educational orientation sessions and 
scripted telephone calls to mitigate that. 

Achieving changes in BP with non-
pharmacological interventions is an excellent challenge 
for both patients and health care providers. The 
proposed study aims to add valuable insight to the body 
of evidence regarding non-pharmacological strategies 
to address hypertension. Results from this trial can 
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become a catalyst to advance new approaches for 
dietary intervention with secondary metabolic benefits 
of fasting. We hope that the results obtained in this trial 
will prompt researchers to consider other non-
pharmacological approaches for the treatment of 
primary hypertension. 
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