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Abstract

Background: Intermittent fasting interventions, such as time-restricted eating (TRE) without calorie restriction, may offer
diverse cardiometabolic health benefits, including reductions in inflammation. However, the underlying metabolic mechanisms
are poorly understood.

Objective: Thisstudy isdesigned to eval uate ketone metabolism and immunoregul ation during TRE (6-hour feeding and 18-hour
fasting) without caloric restriction compared to a conventional dietary regimen (12-hour feeding and 12-hour fasting) in women.

Methods: Thisis a pilot, prospective, single-arm dietary intervention study in premenopausal women classified as lean and
obese, with intraindividual and stratified comparisons. Ketone turnover, immunol ogic responses, and metabolic profiles will be
compared between a conventional dietary regimen (12-hour feeding and 12-hour fasting) at admission and after 3 days of TRE
(6-hour feeding and 18-hour fasting).

Results. Thetrial commenced in August 2024. As of February 2026, participant enrollment is ongoing. Complete enrollment
is expected in the December 2026. Integrated analyses will be reported once data analysisis completed, which is expected in the
winter of 2027.

Conclusions: This clinical protocol will evaluate whole-body ketone metabolism and immunoregulatory changes in women
during TRE using state-of-the-art stable isotope and immunophenotyping techniques. This study will determine the effects of a
time-limited dietary pattern, without caloric restriction, on dynamic measures of immunity and metabolism.

Trial Registration: ClinicalTrials.gov NCT06169137; https://clinicaltrials.gov/study/NCT06169137

International Registered Report Identifier (IRRID): DERR1-10.2196/81063

(JMIR Res Protoc 2026;15:€81063) doi: 10.2196/81063

https://www.researchprotocols.org/2026/1/e81063 JMIR Res Protoc 2026 | vol. 15 | €81063 | p. 1
(page number not for citation purposes)


mailto:stephanie.chung@nih.gov
http://dx.doi.org/10.2196/81063
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

KEYWORDS

Thota et al

time-restricted eating; intermittent fasting; ketones; immune cells; immunology

Introduction

Background

Time-restricted eating (TRE) is a popular form of intermittent
fasting, an eating pattern that alternates between eating and
fasting within defined daily eating windows (4-10 h). Early
TRE dietary patterns confine eating windows to the daylight
waking hourswith or without caloric or macronutrient restriction
[1]. TRE has been linked to multiple metabolic and immune
benefits, including antiaging and longevity benefits[2], healthy
body weight, improved insulin sensitivity, and reduced glucose
excursions in healthy and overweight individuals [3-11]. TRE
has also been associated with changes in thyroid function,
menstrual regularity, fatty acid metabolism, and neuroendocrine
stress responses, particularly when associated with energy
deprivation [12-15].

The underlying mechani sms mediating these metabolic benefits
of TRE have not yet been elucidated. Chronic fasting may
extend longevity and reduce inflammation [13,14,16]; however,
whether shorter fasting durations during TRE modulateimmune
activation to promote healthy metabolism remains unclear.
Fasting-induced ketogenesisduring intermittent fasting regimens
may be a key mediator of the anti-inflammatory response
associated with TRE [17]. Physiological ketosis is protective
and homeostatic in contrast to pathological states such as
diabetic ketoacidosis [18]. Canonically, ketone bodies are a
critical energy source for the brain during periods of diminished
glucose availability during prolonged fasting [19]. However,
contemporary data suggest that elevated circulating ketone
bodies are also key signaling molecules and epigenetic or
posttranslational modifiers [19].

Ketone bodies (acetoacetate and [3-hydroxybutyrate [BOHB])
interact with various histone deacetylases and other proteinsto
induce posttrand ational modifications, reduce oxidative stress,
and inhibit the activation of the nucleotide-binding
oligomerization domain-ike receptor family pyrin domain
containing 3 inflammasome [18,20-22]. Notably, BOHB
activates transcription factors and adenosine
monophosphate—activated protein kinase signaling, which plays
a crucia role in regulating inflammatory pathways [23-25].
During a 24-hour fast in healthy individuals, we demonstrated
that fasting blunted inflammatory markers and immune

activation in monocytes or macrophages and CD4" T cells both
in healthy individuals and in those with mild inflammatory
disease (steroid-naive asthma) [26,27]. In asmall pilot study of
men and women with multiple sclerosis, alternate-day
intermittent fasting with caloric restriction was associated with
gut microbiome remodeling and immune changes suggestive
of reduced interleukin-17 (IL-17)—producing T cells and
increased numbers of regulatory T cells[28].

Although prolonged fasting durations have been associated with
T cell differentiation, whether the 18-hour fasting component
of aTRE dietary pattern would be sufficient to induce changes
in ketone metabolism and T cell activation is unexplored. An
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early 6-hour TRE was associated with increased fat oxidation
[5] and increased BOHB concentrations by 0.03 (SE of mean
0.01) mM using a crossover 4-day design [4]; however, no
studies have linked ketogenesis during TRE with T cell
immunophenotyping. Additionally, variations in the metabolic
effects of TRE may be confounded by other biological factors;
the ketogenic responseto TRE may vary according to biological
sex and obesity status. Individuals with obesity, compared to
lean individuals, have lower rates of ketogenesis, and this may
potentially be influenced by nonalcoholic fatty liver disease
[29-31]. Moreover, some studies report higher ketogenesis in
women than in men [32-35].

Resear ch Gap and Significance

No studies have examined the metabolic mechanisms of ketone
body metabolism and the anti-inflammatory effects of a 6-hour
TRE regimen stratified by sex and obesity status. Given the
limited research and discrepant findings regarding the effects
of biological sex and obesity on ketone turnover, it iscrucia to
understand their role in response to dietary interventions. This
clinical trandational study uses state-of-the-art stable isotope
and immune-metabolic phenotyping techniques to determine
the impact of shifts in nutrient access and availability on
dynamic changes in whole-body and cellular ketone turnover
and immune activation in healthy women stratified by obesity
status. Thisprotocol complementsthe previous study conducted
in men (NCT04728165) and will be used to explore
TRE-mediated immune response in men and women.

Study Aims

Primary Aim 1

Thefirst primary aimisto quantify whole-body BOHB turnover
after short-term early 6-hour TRE compared to a conventional
12-hour dietary regimen in women.

Primary Aim 2

The second primary aim is to quantify CD4" T cell responses
after short-term early 6-hour TRE compared to a conventional
12-hour dietary regimen in women.

Secondary Aim 1
Thefirst secondary aim isto quantify changesin postabsorptive
glucose rate of appearance (R,), measured using (6,6—2H2)

glucose and BOHB R, (intravenous), after 3 days of 6-hour
TRE.

Secondary Aim 2

The second secondary am is to quantify CD4" T cell
responsiveness (T helper 17 [Th17] polarization) in lean versus
obese women after 3 days of 6-hour TRE.
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Methods

Study Setup

This single-site 5-day inpatient study is a pilot, prospective,
single-armintervention tria in premenopausal women classified
aslean or obese, with intraindividual and stratified comparisons.
Ketone turnover and immunologic responses will be compared
between a conventional dietary regimen (12-hour feeding and
12-hour fasting) at admission and after 3 days of TRE (6-hour
feeding and 18-hour fasting; Figure 1). Each participant will
serve as their own control, with analyses stratified by obesity
classification. We chose a 3-day TRE intervention to determine
the acute effects of this dietary pattern on ketone metabolism
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and immune function. Our previous publications showed that
a 3-day TRE in men was feasible and improved glycemic
variability and hepatic insulin resistance [36,37]. This study
wasdesigned to replicate and validate the 3-day TRE and extend
these findings by evaluating glycemia and immunometabolism
in women and examining ketone-mediated mechanisms.
Secondary measures of glucose metabolism will be compared
between groups at the same time points. To explore potential
effects on hormona mediators, circadian rhythms, and
cardiometabolic markers, these measures will be evaluated at
admission and after intervention. This study will be conducted
inthe Metabolic Clinical Research Unit at the National Institutes
of Health (NIH) Clinical Center, Bethesda, Maryland.

Figurel. Study schemaand timeline. Overview of the study design and timeline across screening, conventional diet, and time-restricted eating phases.
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Participants

Healthy premenopausal women aged 18 to 50 years of all races
and ethnicities will be recruited. A full overview of inclusion
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and exclusion criteriais provided in Textbox 1. An overview
of recruitment strategies is provided in Textbox 2. Interested
participants will complete an online interest questionnaire and
telephone interview before screening. (Figure 2).
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Textbox 1. Study inclusion and exclusion criteria.

Inclusion criteria

Exclusion criteria

Willingness to comply and be available for study procedures

Women aged between 18 and 50 yearsin their premenopausal phase (regular menses and follicle-stimulating hormone is below the upper limit
of normal)

BMI of 18to 24.9 kg/m2 or 30 kg/m2 or greater
In good health per medical history and screening laboratory evaluation
Agreement to adhere to lifestyle considerations throughout the study

Immune, inflammatory, or metabolic conditions that could affect study outcomes, except chronic, controlled hypothyroidism

Current use of antihyperglycemic medications; systemic steroids; adrenergic stimulants; or drugs affecting sleep, circadian rhythms, or metabolism
Caffeine intake more than 300 mg daily (approximately three 8-0z cups of coffee)

Factors affecting circadian rhythms, including shift work, irregular sleep or eating schedules, or fasting for more than 15 hours per day
History of an eating disorder

Food alergies, intolerances, or dietary patterns that restrict consumption of the metabolic diet

Inability to provide informed consent

Pregnancy or lactation

Unstable body weight, defined as more than 5% change in the past 3 months

Competitive sports training or unwilling to follow exercise protocol

Alcohol intake of more than 3 servings per day

Current smoker or regular tobacco, vaping, or nicotine use within the past 3 months

Textbox 2. Recruitment strategies.

Recruitment strategies

ClinicalTrias.gov

Clinical Center Research Studies website

Twitter posts and chats with study investigators

Social media posts in accordance with National Institutes of Health (NI1H) Social Media Guidelines

Use of the NIH Clinical Center Office of Patient Recruitment services, including the creation and distribution of study flyers and dissemination
of information through preexisting recruitment avenues, such as the NIH recruitment listserve
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Figure 2. Study flow diagram. Participant recruitment, screening, and study completion. NIH: Nationa Institutes of Health.
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Screening Visit

Study participants will be screened after a 10- to 12-hour
overnight fast to confirm eligibility. Screening evaluation will
occur within 60 days of theinpatient visit and include obtaining
amedical history, physical examination, fasting blood sampling,
urine pregnancy testing, anthropometric measurements, resting
energy expenditure measured by indirect calorimetry using the
ventilated hood technique (Parvo Medics TrueOne 2400), and
anutrition assessment with nutrition research staff. Participants
will be asked to complete 3 to 7 days of food logs before their
inpatient visit.

The continuous glucose monitoring device (Dexcom, Inc) will
either be provided at the screening visit (if €eligibility is
confirmed) or mailed to the participant approximately 1 week
before admission. During the screening visit, participants will
receive instructions on how to insert the US Food and Drug
Administration—approved continuous glucose monitoring.
Device placement instructions will also be reviewed during an
in-person or virtual (telehealth) session with a clinician or
qualified designee, including guidance on inserting the
subcutaneous sensor and attaching the removable transmitter
used to measure interstitial glucose levels. Participants will be
asked to place the device at home 12 to 24 hours before
admission and to wear it throughout their inpatient stay.

Inpatient Study Visit
Figure 1 outlines the study procedures. On admission to the
metabolic unit on day O, participants will be provided a

https://www.researchprotocol s.org/2026/1/e81063
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conventional dietary regimen (09:30 AM to 09:30 PM). A
dual-energy X-ray absorptiometry scan (Lunar iDXA; GE
HealthCare) will be performed on day 0 to measure fat mass
and lean body mass (LBM). Point-of-care ketone levelswill be
checked every morning using the Precision Xtra Ketone Meter
(Abbott Diabetes Care Inc). Surveys will be administered to
assess outcomes, including hunger and fullness, appetite, stress,
and self-reported positive affect or well-being [38-46].
Participantswill have 30 minutes of scheduled light-to-moderate
physical activity, involving treadmill waking at a speed
calculated to target 35% to 45% of heart rate reserve, using their
age-predicted maximum heart rate and resting heart rate obtained
during their screening visit.

TRE Intervention Design

The TRE intervention is a 6-hour early eating window from
09:30 AM to 02:30 PM and will be initiated for 3 consecutive
days (days 1-3). Participants will have a 60-minute window to
consume each meal (Figure 1). Participants will be asked to
consume mealsin their entirety, and any foods or beverages not
consumed will be reweighed and recorded for data purposes.
Eucaloric metabolic breakfast, lunch, and dinner will be
provided; each mea is estimated to provide 33% of an
individual's estimated energy needs and a macronutrient
distribution of 50% carbohydrate, 35% fat, and 15% protein
(Figure 1). Standard breakfast, lunch, and dinner options will
be offered from a menu designed by nutrition research team
members. Sample menu options are shown in Figure 3.
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Figure 3. lllustration of a sample menu with available options. (A) Conventional dietary regimen (day 0). (B) Time-restricted eating dietary regimen

(days 1-3).
Options | Diet type Breakfast Lunch Dinner Snack
Qaimeal with walnuts and Grilled chicken breast with wild rice | [ !KeY sandwich on muligras
1 I:I Standard | Bacon gr:gobgggrk?:sgreen beans mayo I 2% Milk
American | Multigrain toast with butter and L Carrots and hummus Granola bar
. emonade .
jelly Shortbread cookies
Skim milk Apples
. L Entrée salad with grilled chicken,
gﬁ:ﬁg::éii €gg with peppers (B}a_l:ed !ﬁﬂrr:’orhgarllc titapia lettuce, tomato, cucumber, onion Celery and peanut
20] Gluten | oo ed potatoes rits with butter | and Italian dressing butter with raisins
Free Peach P " Buttered broccoli Carrots and Hummus 2% Milk
Aealc.;syogu Peaches Chocolate pudding
PP Grapes
Options | Diet type | Breakfast Lunch Dinner
. . Turkey & Provolone wrap with
Standard Eﬂfk's:g;';gﬁrr with butter lettuce, tomato and mayo Beef tender roast with baked potato and buttered green
1 |:| American | Peach Yogurt garrlgt:aig cucumber with ranch g?:gscookies
Granola with raisins and PP
walnuts
Scrambled egg Tuna salad with mayo on a bed of
Turkey bacon lettuce with onion, carrots and | Beef tender roast with mashed potatoes and steamed,
2 D Gluten Rice Chex cereal tomato with fat-free Ranch buttered broccoli
Free Whole milk Baked potato chips Apples
Bananas Oranges Vanilla pudding
Lemonade

I ntervention Preparation

Metabolic mealswill be prepared at the NIH Clinical Center in
the Metabolic Kitchen. Diets will be designed by nutrition
research team members using ProNutra diet planning software
(Viocare, Inc) to aign with a specified macronutrient
distribution and total energy provision, informed by indirect
calorimetry and an activity factor of 1.4.

Adherence Monitoring

As an inpatient intervention protocol, this study will monitor
and confirm dietary compliance through food weigh backs (as
applicable) and detailed case report forms completed by the
clinical research study team and clinicians.

Tracer Administration

On days 1 and 4, participants will receive a fasting 3-hour
peripheral infusion of astable isotope-label ed ketone body and
glucose with blood draws obtained at scheduled intervals to

https://www.researchprotocol s.org/2026/1/e81063
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trace ketone and glucose metabolism (Figure 4). Ketone body
and glucose turnover will be measured using stable isotope
tracers. Glucose and BOHB R, will be measured using aprimed

continuous 3-hour infusion. The (6,6-2H2) glucose dose will be
0.49 pmol/kg LBM per minute for 180 minutes, with apriming
dose of 29.4 ymol/kg LBM, and the (U-*C,) BOHB will be
administered as 1.8 pmol/kg LBM per minute priming dose
(10-minute infusion), followed by 0.18 umol/kg LBM per
minute for 170 minutes. Blood sampleswill be collected before
stable isotope administration and during the near—steady-state
period (last 30 minutes of the infusion). Whole blood will be
centrifuged, and plasma will be transferred and frozen at —80
°C until analysis. Blood samples will be collected for the
measurement of glucose, insulin, C-peptide, and ketone bodies.
Intravenous stable isotopes will meet NIH minimum standards
for stable isotope administration and will be obtained through
an NIH-approved pharmacy compounding vendor.
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Figure 4. Tracer study protocol. Schematic overview of tracer infusion, blood sampling, and timing relative to the time-restricted eating protocol.

BOHB: B-hydroxybutyrate.

Fasting
X Intravenous i
Tracer Infusion
[6,6-H,] glucose
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-
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Sample Size Justification
Sample size determination is based on the ability to detect

meaningful differences in ketone-body turnover and CD4™ T
cell responsiveness and determine effect sizes for short-term
TRE. Because calculations are derived from limited past data,
variances are anticipated, and the sample size calculations are
feasibility estimates.

The primary outcomes are as follows: (1) changein BOHB R,
to determine the effect of short-term TRE on ketone-body

metabolism (2) changein CD4" T cell responsiveness (T helper
type 1, T helper type 2, Th17, and Treg cytokines)

These outcomeswill be evaluated using a2-sided paired Student
t test (2-tailed) with an a of .05. For primary outcome 1, based
on unpublished data (Crawford, M, personal communication,
March 2025) in studies of human participants (BOHB
whole-body R, 10.4, SD 3.16 pmol/kg LBM/min). A sample
of 15 participants has 80% power to detect a difference of 2.5
pumol/kg LBM per minute (25%), assuming a 2-sided o of .05,
an SD of 3.16, and a correlation of 0.50.

For primary outcome 2, based on a study of 13 healthy
volunteers conducted a the NIH Clinical Center

(Clinical Trials.gov NCT02719899) in which isolated CD4" T
cells were investigated, the mean paired refed—fasting
differences in IL-17 release were 187.1 (SD 398.79) pg/mL,
respectively [21]. Using a 2-tailed paired t test with an al pha of
.05 (n=15), we will have 80% power, assuming an SD of the
difference of 400 pg/mL to detect a clinicaly important
TRE-induced change from admission in IL-17 of 311 pg/mL.
Wewill attempt to recruit and screen in person up to 150 women
and enroll 30 women to complete the study, including 15 lean
women and 15 women with obesity.

https://www.researchprotocol s.org/2026/1/e81063
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AM AM AM AM AM AM AM

Eating windows:
Day 0: 9:30 AM-9:30 PM
Days 1-3: 9:30 AM-3:30 PM

Meals and snacks
Day 0: 9:30 AM, 2:30 PM, 7:.00PM, 9:00 PM
Days 1-3: 9:30 AM, 12:00 PM, 2:30 PM

Data Collection and Statistical Analysis

Data Collection Methods

Clinical data (including adverse events, concomitant
medications, and expected adverse reactions) and clinical
laboratory data will be entered into the Clinical Research
Information System, a 21 Code of Federal Regulations Part
11—compliant data capture system provided by the NIH aswell
as REDCap (Research Electronic Data Capture; Vanderbilt
University), adatamanagement system provided by the National
Institute of Diabetesand Digestive and Kidney Diseases. These
datasystemsinclude password protection and controlled access.

Outcome Analysis

Data will be analyzed with a statistical software package (eg,
Stata [version 18; StataCorp]), with descriptive statistics
presented as means (95% Cls), medians (IQRS), or percentages.
Dueto the pilot nature of this study, no prespecified covariates
are assigned. Normality of data will be checked using the
Shapiro-Wilk test and visually inspected using histograms. If
severeviolationsof datanormality are observed, transformations
such as logarithmic or square-root transformations will be
applied. If such transformations fail to generate normal data,
we will pursue statistical analyses using nonparametric tests,
which are conservative but less powerful.

Analysis of glucose levels, glycemic responses, and metabolic
rates will be compared using paired 2-tailed Student t tests for
within-group comparisons or unpaired 2-tailed Student t tests
for between-group comparisons (lean women versus women
with obesity). Statistical significancewill betested at an a level
of .05. Quality control procedures will be implemented
beginning with the data entry system, and data quality control
checks will be run on the database. Any missing data or
anomalies will be communicated to the relevant departments
for clarification or resolution.
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Study procedureswill be subject to audits and monitoring visits
to ensure compliance with the protocol and applicable regulatory
requirements, consistent with the quality assurance program
plan. Audit or monitoring visit results will be reported to the
principal investigator for further reporting, as appropriate. Study
documents and pertinent hospital or clinical records will be
reviewed to verify that the conduct of the study is consistent
with the protocol plan.

Circumstancesthat may warrant study termination or suspension
include, but are not limited to, the following:

- ldentification of unexpected, significant, or unacceptable
risks to participants

- Demonstration of efficacy that would warrant stopping

- Insufficient compliance with protocol requirements

- Datathat are insufficiently complete and evaluable

- Determination that the primary end point has been met

«  Determination of futility

If the study ishalted, it may resume once concerns about safety,
protocol compliance, and data quality are addressed and
approval is obtained from the institutional review board and
study sponsor. The study will comply with the NIH Data
Management and Sharing Policy, which appliesto all new and
ongoing NIH-funded research with a clinical protocol that
undergoes scientific review.

| sotopic Calculations

Rates of glucose and BOHB appearance (R,) will be calculated
under near—steady-state conditions using the average enrichment
of (6, 6-°H,) glucose or (U-*C,) BOHB in the systemic
circulation using conventional isotope dilution cal culations[22].
Infusate enrichment

Rasubstrate = -
Plasma enrichment

Rate of infusion of labeled substrate (glucose or BOHB)

D

Under fasting and steady-state conditions, R, of glucosereflects
hepatic glucose production, and R, of BOHB reflects
whole-body BOHB turnover.

Glucose production rate is the sum of the rates of
gluconeogenesis and glycogenolysisand is calculated asfollows:

Glucose production rate = R, (total) — rate of infusion of labeled
glucose

I mmuno-Metabolomic Profiling and Study Design

The ex vivo metabolic substrate analysisin CD4" T cells will
help corroborate the mechanistic insights gained from the
clinical study. For cell culture and ex vivo analyses, blood will
be drawn immediately before the infusion of isotope tracers on

days 1 and 3 after TRE on day 4 (Figure 4). CD4" T cells will
be extracted from peripheral blood mononuclear cells (PBMCs)

by negative selection usingaCD4" T cell Isolation Kit (Miltenyi
Biotech) and divided into cells for analysis using mass

spectrometry (stableisotopetracing using [U-*C,] acetoacetate

https://www.researchprotocol s.org/2026/1/e81063
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and D-[U-*C,] BOHB incubations in cell culture and
measurement of energy adenylates), immunologic assays (Th17
responsiveness and flow cytometry), and for RNA and protein
interrogation of ketolysis and Th17 regulatory pathways.

Patient and Public I nvolvement

Patients and members of the public were not involved in the
development of the research question, study design, outcome
measures, or recruitment plans for this study protocol.

Ethical Considerations

This pilot study is registered on ClinicaTrials.gov
(NCT06169137) and hasreceived approval from theingtitutional
review board of the Nationa Institutes of Health (IRB001746)
at the study site. Informed consent will be obtained from eligible
and interested participants before enrollment and the start of
study procedures. All study datawill be deidentified by removal
of direct identifiers, including names, addresses, dates of birth,
phone numbers, social security numbers, email addresses,
medical record numbers, and institutional identification
numbers. Each participant will be assigned a unique study
identification code based on order of enrollment. Participants
will be informed that participation is voluntary and that they
may withdraw at any time without impact on their clinical care
at the institution. Because there is no direct clinical benefit,
participants will receive financial monetary compensation for
their time and the inconvenience associated with study
procedures.

Publication Plans

Limited data sharing will be available at the conclusion of the
study. Findings from this study will be shared through
presentations at national and international scientific conferences
and published in peer-reviewed journals.

Results

Regulatory board approval was obtained in April 2024.
Participant screening and enrollment commenced in September
2024 and are ongoing. As of February 2026, 20 participants
have been recruited. Data analysis will commence after all
participants have been recruited, and results are expected to be
published by the winter of 2027.

Discussion

Anticipated Findings

To our knowledge, studies have not explored the effects of TRE
on the inflammatory and ketone pathways to determineif these
factors contribute to improved metabolic health. TRE and
intermittent fasting are postulated to induce stress-resistance
pathways at integrated metabolic and canonical signaling levels
that may be immunomodulatory [2]. Chronic fasting extends
longevity and reduces inflammation [13,14,16]; however,
whether this occurs with shorter fasting durations during TRE
remains unclear. We have previously shown that a prolonged
24-hour fast blunted inflammatory markers and immune

activation in monocytes or macrophagesand CD4" T cells, both
in healthy individuals and in those with a mild inflammatory
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disease [26,27]. Furthermore, we showed that fasting reduced

CD4" T helper type 1 and Th17 polarization and diminished
cytokine responsiveness in PBMCs following T cell receptor
activation. Thesefindings suggest reprogramming of the PBMCs
and differential gene expression changes that were most
pronounced in the 24-hour fast versus refed state compared to
the 12-hour fast versus refed state [47].

To further determine whether a shorter fasting duration (18 h)
will alter T cell activation and metabolism, we conducted a pilot
clinical 6-hour TRE trial in men (NCT04728165) at the NIH
Clinical Center Metabolic Clinical Research Unit. This study
evaluated the effect of a 6-hour TRE versus a conventional
12-hour fasting regimen on immunologic signaturesin patients
with mild to moderate psoriasis compared to a matched healthy
control population. Preliminary datain that trial suggested that

6-hour TRE is sufficient to blunt CD4" T inflammatory
responses. This clinical protocol represents the next step in
exploring potential mediators of the immunomodulatory
response. Key pathwaysthat may influenceimmunometabolism
include fasting-induced ketogenesis, hormona  shifts
(fasting-induced low insulin-to-glucagon ratio, increased peptide
Y'Y [asatiety hormone], and increased corticosteroid signaling),
alterations in microbiome-derived metabolism of short-chain
fatty acids, or upregulation of autophagy [48].

Strengthsand Limitations

This trandlational study integrates clinical and basic scientific
research applications. Using a combination of specialized in
vivo and ex vivo metabolic deep phenotyping techniques,
including stable isotope tracer studies, will elucidate the
immunologic signatures of TRE and explore whether obesity
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is a confounding factor in women. Stable isotope tracer
administration will facilitate quantification of ketone production
(hepatic) aswell asketone uptake and use by extrahepatic organs
and tissues under conditions relevant to the 6-hour TRE
intervention. Evaluating the ketogenic response to TRE in
women is critical and clinically relevant for understanding the
role of biological sex—specific differencesin dietary intervention
response.

Study limitationsinclude the single-center pilot design, inclusion
of women only, and the short study duration, which may limit
the generalizability of findings. Thisis a significant constraint
when considering the generalizability of findingsto men, older
adults, or individuals with metabolic disorders, underscoring
the need to addressthisin afuture, larger study with longer-term
follow-up. Given the limited sample size and the exploratory
nature of the study with intraindividua and stratified
comparisons, the results should be interpreted with caution.
Findings are intended to be hypothesis generating, which can
be further explored in larger and more targeted studies. Future
studies should include parallel-arm control design or randomized
crossover trialswith aconventional 12:12-hour eating schedule.

Conclusions

Thispilot study will bethefirst toyield generalizable knowledge
on whole-body ketone metabolism and immunoregulatory
changes in women during early 6-hour TRE. The mechanistic
findingswill help determine theimportance of fasting duration,
ketone body production, and immunoregul ation to the salutary
outcomes of TRE. This analysis will provide much-needed
foundational data to inform the design of larger, multicenter
randomized trials.

This research was supported by the Intramural Research Program of the National Institute of Diabetes and Digestive and Kidney
Diseases within the National Institutes of Health (NIH) through the Bench-to-Bedside Program Funds Award (1D 994837).
Contributions of the NIH authors were made as part of their official duties as NIH federal employees, are in compliance with
agency policy requirements, and are considered works of the US Government. However, the findings and conclusions presented
in this paper are those of the authors and do not necessarily reflect the views of the NIH or the US Department of Health and
Human Services.

Data Availability

The anonymized dataset and statistical code supporting this study will be made available in a public repository upon study
completion and publication.

Authors Contributions

GPT, MNS, and STC contributed to conceptualization, investigation, methodol ogy, writing the original draft, and reviewing the
manuscript. NAM, SBG, INK, SLC, LM, NM, KYC, ABC, ST, SY, AK, TCR, RXK, KH, PP, PC, MNS, and STC reviewed and
edited all sections of this paper. STC was also principally responsible for developing the intervention content and reviewed all
sections of this paper. STC, MNS, PP, and PC contributed to formal analysis, funding acquisition, investigation, methodol ogy,
supervision, and final editing. STC was the principal investigator responsible for the conception, overall design, and conduct of
thistrial. All authors approved the final version of the manuscript.

Conflictsof Interest
None declared.

References

https://www.researchprotocol s.org/2026/1/e81063 JMIR Res Protoc 2026 | vol. 15 | e81063 | p. 9

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Thota et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Parr EB, Devlin BL, Hawley JA. Perspective: time-restricted eating-integrating the what with the when. Adv Nutr. Jun 01,
2022;13(3):699-711. [FREE Full text] [doi: 10.1093/advances/nmac015] [Medline: 35170718]

de Cabo R, Mattson MP. Effects of intermittent fasting on health, aging, and disease. N Engl JMed. Dec 26,
2019;381(26):2541-2551. [doi: 10.1056/NEJMral905136] [Medline: 31881139]

Sutton EF, Beyl R, Early KS, Cefalu WT, Ravussin E, Peterson CM. Early time-restricted feeding improvesinsulin
sensitivity, blood pressure, and oxidative stress even without weight loss in men with prediabetes. Cell Metab. Jun 05,
2018;27(6):1212-21.€3. [FREE Full text] [doi: 10.1016/j.cmet.2018.04.010] [Medline: 29754952]

Jamshed H, Beyl RA, DellaMannaDL, Yang ES, Ravussin E, Peterson CM. Early time-restricted feeding improves 24-hour
glucose levels and affects markers of the circadian clock, aging, and autophagy in humans. Nutrients. May 30,
2019;11(6):1234. [FREE Full text] [doi: 10.3390/nu11061234] [Medline: 31151228]

Ravussin E, Beyl RA, Poggiogalle E, Hsia DS, Peterson CM. Early time-restricted feeding reduces appetite and increases
fat oxidation but does not affect energy expenditure in humans. Obesity (Silver Spring). Aug 24, 2019;27(8):1244-1254.
[FREE Full text] [doi: 10.1002/0by.22518] [Medline: 31339000]

Hutchison AT, Regmi P, Manoogian EN, Fleischer JG, Wittert GA, Panda S, et al. Time-restricted feeding improves glucose
tolerance in men at risk for type 2 diabetes: a randomized crossover trial. Obesity (Silver Spring). May 19,
2019;27(5):724-732. [doi: 10.1002/0by.22449] [Medline: 31002478]

Ezzati A, Rosenkranz SK, Phelan J, Logan C. The effects of isocaloric intermittent fasting vs daily caloric restriction on
weight loss and metabolic risk factors for noncommunicable chronic diseases: a systematic review of randomized controlled
or comparativetrials. JAcad Nutr Diet. Feb 2023;123(2):318-29.€l. [doi: 10.1016/j.jand.2022.09.013] [Medline: 36126910]
Cioffi I, EvangelistaA, Ponzo V, Ciccone G, Soldati L, Santarpial, et a. Intermittent versus continuous energy restriction
on weight loss and cardiometabolic outcomes: a systematic review and meta-analysis of randomized controlled trials. J
Transl Med. Dec 24, 2018;16(1):371. [FREE Full text] [doi: 10.1186/s12967-018-1748-4] [Medline: 30583725]

Liu D, Huang Y, Huang C, Yang S, Wei X, Zhang P, et al. Calorie restriction with or without time-restricted eating in
weight loss. N Engl JMed. Apr 21, 2022;386(16):1495-1504. [doi: 10.1056/nejmoa?2114833]

Zhao D, Guallar E, Woolf TB, Martin L, Lehmann H, Coughlin J, et al. Association of eating and sleeping intervals with
weight change over time: the Daily24 cohort. JAm Heart Assoc. Feb 07, 2023;12(3):€026484. [FREE Full text] [doi:
10.1161/JAHA.122.026484] [Medline: 36651320]

Varady KA, Cienfuegos S, Ezpeleta M, Gabel K. Clinical application of intermittent fasting for weight loss: progress and
future directions. Nat Rev Endocrinol. May 22, 2022;18(5):309-321. [doi: 10.1038/s41574-022-00638-x] [Medline:
35194176]

Ikhsan M, Siregar MF, Muharam R. The relationship between Ramadan fasting with menstrual cycle pattern changesin
teenagers. Middle East Fertil Soc J. Mar 2017;22(1):43-47. [doi: 10.1016/j.mefs.2016.08.004]

Salgin B, Marcovecchio ML, Humphreys SM, Hill N, Chassin LJ, Lunn DJ, et al. Effects of prolonged fasting and sustained
lipolysis on insulin secretion and insulin sensitivity in normal subjects. Am J Physiol Endocrinol Metab. Mar
2009;296(3):E454-E461. [FREE Full text] [doi: 10.1152/ajpendo.90613.2008] [Medline: 19106250]

Cienfuegos S, Corapi S, Gabel K, EzpeletaM, Kalam F, Lin S, et al. Effect of intermittent fasting on reproductive hormone
levelsin females and males: areview of human trials. Nutrients. Jun 03, 2022;14(11):2343. [FREE Full text] [doi:
10.3390/nu14112343] [Medline: 35684143]

Fahrenholtz IL, Sjédin A, Benardot D, Tornberg AB, Skouby S, Faber J, et al. Within-day energy deficiency and reproductive
function in female endurance athletes. Scand JMed Sci Sports. Mar 05, 2018;28(3):1139-1146. [doi: 10.1111/sms.13030]
[Medline: 29205517]

Longo VD, Mattson MP. Fasting: molecular mechanismsand clinical applications. Cell Metab. Feb 04, 2014;19(2):181-192.
[FREE Full text] [doi: 10.1016/j.cmet.2013.12.008] [Medline: 24440038]

Neudorf H, Little JP. Impact of fasting and ketogenic interventions on the NLRP3 inflammasome: a narrative review.
Biomed J. Feb 2024;47(1):100677. [FREE Full text] [doi: 10.1016/j.bj.2023.100677] [Medline: 37940045]

Laffel L. Ketone bodies: areview of physiology, pathophysiology and application of monitoring to diabetes. Diabetes
Metab ResRev. 1999;15(6):412-426. [doi: 10.1002/(sici)1520-7560(199911/12)15:6<412::aid-dmrr72>3.0.c0;2-8] [Medline:
10634967]

Puchalska P, Crawford PA. Metabolic and signaling roles of ketone bodies in health and disease. Annu Rev Nutr. Oct 11,
2021;41(1):49-77. [FREE Full text] [doi: 10.1146/annurev-nutr-111120-111518] [Medline: 34633859]

Fann DY, Santro T, Manzanero S, Widiapradja A, Cheng YL, Lee SY, et a. Intermittent fasting attenuates inflammasome
activity inischemic stroke. Exp Neurol. Jul 2014;257:114-119. [doi: 10.1016/j.expneurol.2014.04.017] [Medline: 24805069]
Han K, Singh K, Rodman MJ, Hassanzadeh S, Wu K, Nguyen A, et a. Fasting-induced FOXO4 blunts human CD4+ T
helper cell responsiveness. Nat Metab. Mar 2021;3(3):318-326. [FREE Full text] [doi: 10.1038/s42255-021-00356-0]
[Medline: 33723462]

Sunehag AL, Treuth MS, Toffolo G, Butte NF, Cobelli C, Bier DM, et al. Glucose production, gluconeogenesis, and insulin
sensitivity in children and adolescents: an evaluation of their reproducibility. Pediatr Res. Jul 2001;50(1):115-123. [doi:
10.1203/00006450-200107000-00021] [Medline: 11420428]

https://www.researchprotocols.org/2026/1/e81063 JMIR Res Protoc 2026 | vol. 15 | 81063 | p. 10

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2161-8313(22)00027-8
http://dx.doi.org/10.1093/advances/nmac015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35170718&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra1905136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31881139&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1550-4131(18)30253-5
http://dx.doi.org/10.1016/j.cmet.2018.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29754952&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu11061234
http://dx.doi.org/10.3390/nu11061234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31151228&dopt=Abstract
https://europepmc.org/abstract/MED/31339000
http://dx.doi.org/10.1002/oby.22518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31339000&dopt=Abstract
http://dx.doi.org/10.1002/oby.22449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31002478&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2022.09.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36126910&dopt=Abstract
https://air.unimi.it/handle/2434/953876
http://dx.doi.org/10.1186/s12967-018-1748-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30583725&dopt=Abstract
http://dx.doi.org/10.1056/nejmoa2114833
https://www.ahajournals.org/doi/10.1161/JAHA.122.026484?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/JAHA.122.026484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36651320&dopt=Abstract
http://dx.doi.org/10.1038/s41574-022-00638-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35194176&dopt=Abstract
http://dx.doi.org/10.1016/j.mefs.2016.08.004
https://journals.physiology.org/doi/10.1152/ajpendo.90613.2008?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/ajpendo.90613.2008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19106250&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu14112343
http://dx.doi.org/10.3390/nu14112343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35684143&dopt=Abstract
http://dx.doi.org/10.1111/sms.13030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29205517&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1550-4131(13)00503-2
http://dx.doi.org/10.1016/j.cmet.2013.12.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24440038&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2319-4170(23)00114-2
http://dx.doi.org/10.1016/j.bj.2023.100677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37940045&dopt=Abstract
http://dx.doi.org/10.1002/(sici)1520-7560(199911/12)15:6<412::aid-dmrr72>3.0.co;2-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10634967&dopt=Abstract
https://europepmc.org/abstract/MED/34633859
http://dx.doi.org/10.1146/annurev-nutr-111120-111518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34633859&dopt=Abstract
http://dx.doi.org/10.1016/j.expneurol.2014.04.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24805069&dopt=Abstract
https://europepmc.org/abstract/MED/33723462
http://dx.doi.org/10.1038/s42255-021-00356-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33723462&dopt=Abstract
http://dx.doi.org/10.1203/00006450-200107000-00021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11420428&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Thota et al

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kim DH, Park MH, Ha S, Bang EJ, Lee Y, Lee AK, et a. Anti-inflammatory action of [3-hydroxybutyrate via modulation
of PGC-1a and FoxO1, mimicking calorie restriction. Aging (Albany NY). Feb 27, 2019;11(4):1283-1304. [FREE Full
text] [doi: 10.18632/aging.101838] [Medline: 30811347]

Chriett S, Dabek A, WojtalaM, Vidal H, Balcerczyk A, PirolaL. Prominent action of butyrate over [3-hydroxybutyrate as
histone deacetylase inhibitor, transcriptional modulator and anti-inflammatory molecule. Sci Rep. Jan 24, 2019;9(1):742.
[FREE Full text] [doi: 10.1038/s41598-018-36941-9] [Medline: 30679586]

Bae HR, Kim DH, Park MH, Lee B, Kim MJ, Lee EK, et a. 3-Hydroxybutyrate suppresses inflammasome formation by
ameliorating endoplasmic reticulum stress via AMPK activation. Oncotarget. Oct 11, 2016;7(41):66444-66454. [FREE
Full text] [doi: 10.18632/oncotarget.12119] [Medline: 27661104]

Traba J, Kwarteng-Siaw M, Okoli TC, Li J, Huffstutler RD, Bray A, et al. Fasting and refeeding differentially regulate
NLRP3 inflammasome activation in human subjects. J Clin Invest. Nov 03, 2015;125(12):4592-4600. [ FREE Full text]
[doi: 10.1172/3CI83260] [Medline: 26529255]

Han K, Nguyen A, Traba J, Yao X, Kaler M, Huffstutler RD, et al. A pilot study to investigate the immune-modul atory
effects of fasting in steroid-naive mild asthmatics. J Immunol. Sep 01, 2018;201(5):1382-1388. [FREE Full text] [doi:
10.4049/jimmunol.1800585] [Medline: 30021766]

CignarellaF, Cantoni C, Ghezzi L, Salter A, Dorsett Y, Chen L, et al. Intermittent fasting confers protection in CNS
autoimmunity by altering the gut microbiota. Cell Metab. Jun 05, 2018;27(6):1222-35.e6. [FREE Full text] [doi:
10.1016/j.cmet.2018.05.006] [Medline: 29874567]

Vice E, Privette JD, Hickner RC, Barakat HA. Ketone body metabolism in lean and obese women. Metabolism. Nov
2005;54(11):1542-1545. [doi: 10.1016/j.metabol.2005.05.023] [Medline: 16253646]

Mey JT, Erickson ML, Axelrod CL, King WT, Flask CA, McCullough AJ, et a. B-Hydroxybutyrate is reduced in humans
with obesity-related NAFLD and displays a dose-dependent effect on skeletal muscle mitochondrial respiration in vitro.
Am JPhysiol Endocrinol Metab. Jul 01, 2020;319(1):E187-E195. [FREE Full text] [doi: 10.1152/ajpendo.00058.2020]
[Medline: 32396388]

Soeters MR, Sauerwein HP, Faas L, Smeenge M, Duran M, Wanders RJ, et al. Effects of insulin on ketogenesis following
fasting in lean and obese men. Obesity (Silver Spring). Jul 06, 2009;17(7):1326-1331. [FREE Full text] [doi:
10.1038/0by.2008.678] [Medline: 19369940]

Haymond M, Karl IE, Clarke WL, Pagliara AS, Santiago JV. Differencesin circulating gluconeogenic substrates during
short-term fasting in men, women, and children. Metabolism. Jan 1982;31(1):33-42. [Medline: 7043160]

Halkes CJ, van Dijk H, Verseyden C, de Jaegere PP, Plokker HW, Meijssen S, et al. Gender differencesin postprandial
ketone bodies in normolipidemic subjects and in untreated patients with familial combined hyperlipidemia. Arterioscler
Thromb Vasc Biol. Oct 2003;23(10):1875-1880. [doi: 10.1161/01.atv.0000092326.00725.ed]

Cahill GFJ. Fuel metabolism in starvation. Annu Rev Nutr. Aug 01, 2006;26(1):1-22. [doi:
10.1146/annurev.nutr.26.061505.111258] [Medline: 16848698]

Browning JD, Baxter J, Satapati S, Burgess SC. The effect of short-term fasting on liver and skeletal muscle lipid, glucose,
and energy metabolism in healthy women and men. JLipid Res. Mar 2012;53(3):577-586. [FREE Full text] [doi:
10.1194/j1r.P020867] [Medline: 22140269]

Macheret NT, Thota GP, Glaros SB, Kacker IN, Cantor SL, Maandrino N, et al. Impact of time-restricted eating on glycemic
variability and metabolic flexibility in healthy and psoriatic subjects. Diabetes. Jun 13, 2025:1648-P. [FREE Full text] [doi:
10.2337/db25-1648-p]

Thota GP, Macheret NA, Glaros SB, Kacker IN, Cantor SL, Malandrino N, et al. Improved hepatic insulin sensitivity and
insulin secretion in short-term early time-restricted eating in men with and without Psoriasis. Diabetes.
2025;74(Supplement_1):1649-P. [FREE Full text] [doi: 10.2337/db25-1649-P]

Watson D, Clark LA, Tellegen A. Devel opment and validation of brief measures of positive and negative affect: the PANAS
scales. J Pers Soc Psychol. 1988;54(6):1063-1070. [doi: 10.1037/0022-3514.54.6.1063]

Salsman JM, Buitt Z, Pilkonis PA, Cyranowski JM, Zill N, Hendrie HC, et al. Emotion assessment using the NIH Toolbox.
Neurology. Mar 12, 2013;80(11_supplement_3):S76-S86. [doi: 10.1212/wnl.0b013e3182872e11]

NIH Toolbox® for assessment of neurological and behavioral function. Nationa Institutes of Health and Northwestern
University. URL: https://www.healthmeasures.net/images/nihtoolbox/Training-Admin-Scoring_Manuals/
NIH_Toolbox_App_Administrators Manual_v1.17.pdf [accessed 2026-02-03)]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. JHealth Soc Behav. Dec 1983;24(4):385-396.
[FREE Full text] [doi: 10.2307/2136404]

Svedlund J, Sjédin |, Dotevall G. GSRS--aclinical rating scalefor gastrointestinal symptomsin patientswith irritable bowel
syndrome and peptic ulcer disease. Dig Dis Sci. Feb 1988;33(2):129-134. [doi: 10.1007/BF01535722] [Medline: 3123181]
Beke M, Burns AM, Weir S, Solch RJ, Judkins TC, Nieves C, et a. Validation of anovel quality of life questionnaire: the
Digestion-associated Quality of Life Questionnaire (DQL Q). Health Qual Life Outcomes. Mar 28, 2022;20(1):53. [FREE
Full text] [doi: 10.1186/s12955-022-01956-4] [Medline: 35346230]

Meule A, Hermann T, Kiibler A. A short version of the Food Cravings Questionnaire-Trait: the FCQ-T-reduced. Front
Psychol. Mar 04, 2014;5:190. [FREE Full text] [doi: 10.3389/fpsyg.2014.00190] [Medline: 24624116]

https://www.researchprotocols.org/2026/1/e81063 JMIR Res Protoc 2026 | vol. 15 | 81063 | p. 11

(page number not for citation purposes)


https://www.aging-us.com/full/101838
https://www.aging-us.com/full/101838
http://dx.doi.org/10.18632/aging.101838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30811347&dopt=Abstract
https://doi.org/10.1038/s41598-018-36941-9
http://dx.doi.org/10.1038/s41598-018-36941-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30679586&dopt=Abstract
https://www.oncotarget.com/lookup/doi/10.18632/oncotarget.12119
https://www.oncotarget.com/lookup/doi/10.18632/oncotarget.12119
http://dx.doi.org/10.18632/oncotarget.12119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27661104&dopt=Abstract
https://doi.org/10.1172/JCI83260
http://dx.doi.org/10.1172/JCI83260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26529255&dopt=Abstract
https://europepmc.org/abstract/MED/30021766
http://dx.doi.org/10.4049/jimmunol.1800585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30021766&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1550-4131(18)30313-9
http://dx.doi.org/10.1016/j.cmet.2018.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29874567&dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2005.05.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16253646&dopt=Abstract
https://journals.physiology.org/doi/10.1152/ajpendo.00058.2020?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/ajpendo.00058.2020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32396388&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1038/oby.2008.678
http://dx.doi.org/10.1038/oby.2008.678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19369940&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7043160&dopt=Abstract
http://dx.doi.org/10.1161/01.atv.0000092326.00725.ed
http://dx.doi.org/10.1146/annurev.nutr.26.061505.111258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16848698&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0022-2275(20)41374-4
http://dx.doi.org/10.1194/jlr.P020867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22140269&dopt=Abstract
https://www.semanticscholar.org/paper/1648-P%3A-Impact-of-Time-Restricted-Eating-on-and-in-Macheret-Thota/bb13957b4226e5aa0cbe34a11db372afe0df191d
http://dx.doi.org/10.2337/db25-1648-p
https://diabetesjournals.org/diabetes/article/74/Supplement_1/1649-P/160198/1649-P-Improved-Hepatic-Insulin-Sensitivity-and
http://dx.doi.org/10.2337/db25-1649-P
http://dx.doi.org/10.1037/0022-3514.54.6.1063
http://dx.doi.org/10.1212/wnl.0b013e3182872e11
https://www.healthmeasures.net/images/nihtoolbox/Training-Admin-Scoring_Manuals/NIH_Toolbox_App_Administrators_Manual_v1.17.pdf
https://www.healthmeasures.net/images/nihtoolbox/Training-Admin-Scoring_Manuals/NIH_Toolbox_App_Administrators_Manual_v1.17.pdf
https://www.jstor.org/stable/2136404?origin=crossref
http://dx.doi.org/10.2307/2136404
http://dx.doi.org/10.1007/BF01535722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3123181&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/s12955-022-01956-4
https://hqlo.biomedcentral.com/articles/10.1186/s12955-022-01956-4
http://dx.doi.org/10.1186/s12955-022-01956-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35346230&dopt=Abstract
https://europepmc.org/abstract/MED/24624116
http://dx.doi.org/10.3389/fpsyg.2014.00190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24624116&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Thota et al

45,

46.

47.

48.

Hammond L, Morello O, Kucab M, Totosy de Zepetnek JO, Lee JJ, Doheny T, et al. Predictive validity of image-based
motivation-to-eat visual analogue scales in normal weight children and adolescents aged 9-14 years. Nutrients. Feb 01,
2022;14(3):636. [FREE Full text] [doi: 10.3390/nu14030636] [Medline: 35276995]

Lesage FX, Berjot S, Deschamps F. Clinical stress assessment using a visual analogue scale. Occup Med (Lond). Dec 10,
2012;62(8):600-605. [doi: 10.1093/occmed/kgs140] [Medline: 22965867]

Han K, Singh K, Rodman MJ, Hassanzadeh S, Baumer Y, Huffstutler RD, et al. Identification and validation of nutrient
state-dependent serum protein mediators of human CD4 T cell responsiveness. Nutrients. Apr 28, 2021;13(5):1492. [FREE
Full text] [doi: 10.3390/nu13051492] [Medline: 33924911]

Newman JC, Verdin E. 3-Hydroxybutyrate: a signaling metabolite. Annu Rev Nutr. Aug 21, 2017;37(1):51-76. [FREE
Full text] [doi: 10.1146/annurev-nutr-071816-064916] [Medline: 28826372]

Abbreviations

BOHB: B-hydroxybutyrate

IL-17: interleukin-17

LBM: lean body mass

NIH: National Institutes of Health

PBMC: peripheral blood mononuclear cell
Ra: rate of appearance

REDCap: Research Electronic Data Capture
TRE: time-restricted eating

Edited by J Sarvestan; submitted 23.Jul.2025; peer-reviewed by D Duan; comments to author 28.0ct.2025; revised version received
12.Jan.2026; accepted 15.Jan.2026; published 06.Mar.2026

Please cite as:

Thota GP, Macheret NA, Glaros SB, Kacker IN, Cantor S, Mabundo L, Malandrino N, Chen KY, Courville AB, Turner S Yang S,
Krenek A, Recupero TC, Klein RJ, Han K, Puchalska P, Crawford P, Sack MN, Chung ST

Effects of Time-Restricted Eating on Ketone Metabolism and Immunoregulation in Premenopausal Women: Protocol for a Pilot,
Prospective, Sngle-Arm Dietary Intervention Study

JMIR Res Protoc 2026; 15:e81063

URL: https://www.researchprotocols.org/2026/1/e81063

doi: 10.2196/81063

PMID:

©Geethika P Thota, Natalie A Macheret, SophiaB Glaros, IlaN Kacker, Samson L Cantor, Lilian Mabundo, Noemi Malandrino,
Kong Y Chen, Amber B Courville, Sara Turner, Shanna Yang, Andrea Krenek, Thomas C Recupero, Rachael JKlein, Kim Han,
Patrycja Puchalska, Peter Crawford, Michael N Sack, Stephanie T Chung. Originally published in IMIR Research Protocols
(https://www.researchprotocols.org), 06.Mar.2026. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https.//www.researchprotocols.org, as well as this
copyright and license information must be included.

https://www.researchprotocols.org/2026/1/e81063 JMIR Res Protoc 2026 | vol. 15 | 81063 | p. 12

RenderX

(page number not for citation purposes)


https://www.mdpi.com/resolver?pii=nu14030636
http://dx.doi.org/10.3390/nu14030636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35276995&dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqs140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22965867&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu13051492
https://www.mdpi.com/resolver?pii=nu13051492
http://dx.doi.org/10.3390/nu13051492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33924911&dopt=Abstract
https://europepmc.org/abstract/MED/28826372
https://europepmc.org/abstract/MED/28826372
http://dx.doi.org/10.1146/annurev-nutr-071816-064916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28826372&dopt=Abstract
https://www.researchprotocols.org/2026/1/e81063
http://dx.doi.org/10.2196/81063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

