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Abstract

Introduction Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in females char-
acterized by ovulatory dysfunction, hyperandrogenism, and other metabolic disorders. Both intermittent fasting
and specific probiotics have been suggested to help improve patients with PCOS through changes in gut microbial
composition, circadian clock, and metabolic regulation. Therefore, the present study aims to investigate the effects
of intermittent fasting alone or in combination with probiotic supplementation compared to the calorie-restricted
(CR) diet on anthropometric measures, metabolic status, inflammation, and oxidative stress in women with PCOS.

Methods We will carry out a randomized clinical trial for 8 weeks. Participants will be randomly assigned (1:1:1)

to one of the three groups: (1) a 14:10 early time-restricted feeding (TRF) diet with probiotic supplementation (n =30);
(2) a 14:10 early TRF diet with placebo supplementation (n=30); (3) a CR diet (energy-restricted 25% of required
calories) with placebo supplementation as a control group (n=30). The primary outcomes will be changes in body
weight and insulin resistance. However, glycemic control, lipid profile, metabolic parameters, sex hormone-

binding globulin, dehydroepiandrosterone, anti-Mullerian hormone, free androgen index, hirsutism, acne, anti-
oxidant and oxidant status, inflammation, anthropometric measures, mental health, sleep quality, appetite, eating
behavior, food craving, and blood pressure are secondary outcomes. All outcomes of this study will be evaluated

in pre- and post-intervention.

Discussion We hypothesized that 10-h TRE administered alone or in combination with probiotic supplementation
to overweight and obese PCOS subjects would lead to weight loss and improved metabolic, hormonal, inflammatory,
and antioxidant markers compared to control subjects following a standard 3-meal-per-day CR diet.
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Introduction

Polycystic ovary syndrome (PCOS), one of the most
common endocrine disorders in females, approximately
affects 7 to 12% of women of reproductive age [1]. High
androgen levels, ovulation disorder, and the presence of
polycystic ovaries are considered diagnostic criteria for
PCOS. Also, an increase in testosterone, luteinizing hor-
mone (LH), and anti-Miillerian hormone (AMH) and a
decrease in the secretion of follicle-stimulating hormone
(FSH) contribute to the development of PCOS [2]. A wide
range of reproductive abnormalities including menstrual
disorders, infertility, hirsutism, and hyperandrogenism
are represented in PCOS. Beyond hormonal disorders,
obesity, insulin resistance, and chronic inflammation that
increase the risk of metabolic syndrome, type 2 diabe-
tes, and cardiovascular diseases are often associated with
PCOS [3].

Recently, dietary interventions have been taken into
consideration for the management of PCOS. Because
up to 60% of PCOS women are overweight or obese,
evidence-based international guidelines emphasize the
importance of diet and recommend dietary and exercise
interventions as the first line of management for this dis-
order [4]. To date, several diets including low-glycemic
index diet [5], DASH diet [6], Mediterranean diet [7],
low-carbohydrate diet [8], and ketogenic diet [9] have
been proposed for the management of PCOS. However,
there is a knowledge gap to suggest the best particular
dietary intervention for improving PCOS health out-
comes [4].

Intermittent fasting (IF) is a promising alternative,
which has been shown to improve cardiometabolic status
while adhering to weight loss goals [10]. IF is the prac-
tice of alternating between eating and fasting. IF is a gen-
eral term for three different types of diets: alternate-day
fasting (ADF), the 5:2 diet, and time-restricted feeding
(TRF) [11]. Among the IF diets, the TRF diet is a life-
style intervention that limited the duration of food intake
to a fixed number of hours, without calorie counting or
dietary recommendations [12]. Besides, past considera-
tions recommend that TRE is attainable and accessible to
upgrade adherence [13, 14]. IF diets could be beneficial
in reducing body weight, improving insulin resistance,
and reducing inflammation by affecting the circadian
rhythm, intestinal microbial composition, and regulat-
ing metabolism [15]. Since disturbance in the circadian

rhythm is related to insulin resistance, excess androgen
production, increased levels of AMH, and apoptosis of
granulosa cells, IF diets especially the TRF diet might
alleviate PCOS by improving circadian rhythm [16-20].
Also, IF diets could ameliorate PCOS by decreasing insu-
lin resistance through stimulation of AMP-activated pro-
tein kinase (AMPK) [21].

On the other hand, the microbiological hypothesis pro-
posed that the microbial composition of the gut plays a
crucial role in the pathogenesis of PCOS. Recent stud-
ies have demonstrated that dysbiosis of gut microbiota is
related to sex hormone levels and ovarian morphological
changes [22, 23]. Also, an imbalance in the gut microbial
composition is associated with obesity, insulin resist-
ance, and inflammation [24]. Probiotics could be used as
a probable treatment for PCOS by changing gut micro-
biota, reducing insulin resistance, and improving inflam-
matory, antioxidant, and hormonal status [25]. Certain
species of Lactobacillus and Bifidobacterium have been
proposed as the most effective species for regulating
sex hormones and metabolic parameters [26, 27]. Lac-
tobacillus species contain beta-glucuronidase enzymes,
allowing them to break down estrogens in the gut [28].
Moreover, Lactobacillus species resulted in the produc-
tion of short-chain fatty acid metabolites (SCFAs) that
reduced insulin resistance and inflammation and modu-
lated androgen levels [29]. It has been shown that lacto-
bacillus transplantation could partially reduce androgen
production as well as the abnormalities in the estrous
cycle and ovarian morphology caused by letrozole in
PCOS-like rats induced with letrozole [30]. Lactobacillus
rhamnosus supplementation enhanced the effectiveness
of weight loss therapy for obese women, as demonstrated
by Hulston et al. [29]. According to reports, Limosilacto-
bacillus reuteri regulates host lipid metabolism, insulin
sensitivity, inflammatory status, and immune response
[31, 32]. The Limosilactobacillus reuteri was shown to
improve glucose tolerance in rats with constant dark-
ness-induced PCOS in a previous study [33].

Several studies investigating the synergistic effect of
probiotic supplementation with a low-calorie diet have
reported profitable effects of them to improve health
status [34—37]. A recent study has demonstrated that
the administration of probiotics in addition to a calo-
rie-restricted (CR) diet resulted in significant weight
loss [37]. Therefore, probiotics were introduced as an
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innovative strategy to increase the effectiveness of CR
diets for weight control [38]. To the best of our knowl-
edge, no clinical trial has investigated the effect of IF
diet combination with probiotics supplementation in
patients with PCOS. Therefore, the present study aims to
investigate the effects of IF alone or in combination with
probiotic supplementation compared to the CR diet on
anthropometric measures, metabolic status, inflamma-
tion, and oxidative stress in women with PCOS.

Subjects and methods

Study design

The present placebo-controlled, parallel-arm, ran-
domized, double-blind clinical trial examining the
effects of IF diet alone or in combination with probi-
otic supplementation compared to the CR has been
registered at the Iranian Registry of Clinical Trials (ID:
IRCT20121110011421N5) on October 3, 2022. This trial
will be performed at Arash Hospital, Tehran, Iran. Writ-
ten informed consent will be obtained from participants
before participation in the research project by research-
ers. We developed the study protocol based on the Stand-
ard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) 2013 checklist (Supplemental file 1). The
timeline of the trial and study flow chart of enrolment,
allocation, intervention, and assessment are presented
in Table 1 and Fig. 1, respectively. A Standard Proto-
col Items: Recommendations for Interventional Trials
(SPIRIT) diagram for the trial schedule is illustrated in
Fig. 2. Any amendments to the present study protocol
which have related to the safety and benefit of patients
and the protocol deviations, unintentional alterations
in study protocol that do not affect the subject’s rights,
study’s risk or benefit, the integrity of data, and safety or

Table 1 Timeline of the trial
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welfare will require to be confirmed by Department of
Clinical Nutrition and Medical Ethics Committee of Teh-
ran University of Medical Sciences, Tehran, Iran, before
the study conduction. Any alteration in the study proto-
col will be sent to the Trials journal (www.trialsjournal.
biomedcentral.com).

Study setting

Subjects’ recruitment process will be advertised through
the presence of patients at Arash hospital for treatment
and diagnosis of diseases as well as through flyers distrib-
uted at women’s clinic centers in Tehran, affiliated with
Tehran University of Medical Sciences, the province’s
main center for treatment, prevention, research, and ser-
vices. Participants will be selected from PCOS patients
who are newly diagnosed by an expert gynecologist using
Rotterdam criteria [39]. Candidates who are interested
will be invited to the screening process.

Study participants and enroliment

PCOS patients will be recruited from the clients of Arash
Hospital by two independent researchers. An adept
gynecologist with sufficient expertise in the diagnosis of
PCOS will diagnose patients with PCOS based on the
Rotterdam criteria. Patients who satisfy the following
inclusion criteria will be eligible to participate in this
research project.

Inclusion criteria

The inclusion criteria are considered as follows: individu-
als aged between 18 and 40 years, subjects whose BMI
ranged between 25 and 35 kg/m* and who definitely eat
breakfast, diagnosis of PCOS by a specialist based on the

Explanation of the trial activities Time (months)

1 2 3 4 5

7 8 9 10 11 12 13 14 15 °16 17 18

* * *

Material preparation *
Recruitment

Clinical assessments at baseline

Nutritional assessments at baseline
Biochemical assessments at baseline
Intervention

Clinical assessments after intervention
Nutritional assessments after intervention
Biochemical assessments after intervention
Data analysis

Writing the final report of the trial

The expected time *

* * *
* * *
* * *
* * *
* * * * *
* * * * *
* * * * *
* * * * *
* *
* *
* * * * * * * * * * * *
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Fig. 1 Summary of the patient flow diagram. TRF, time-restricted feeding; CR, calorie restricted

Rotterdam criteria for the first time (new cases) without
medical treatment, and having or using a Smartphone.

Non-entry criteria

Applicants will not be eligible if they are pregnant or
breastfeeding or menopause; are night shift workers; are
using antibiotics for at least 3 months before the inter-
vention; have history of smoking, alcohol, and drug
abuse; have inability to fast due to overnight medication;
are consuming fermented products and foods contain-
ing probiotics; are being on a special or prescribed diet
for various reasons; or have diabetes mellitus, hyperten-
sion, liver and kidney disorders, cancer, acute or chronic
infectious diseases, type 1 and 2 diabetes, severe gastro-
intestinal diseases, Cushing’s disease, adrenal disease,
acromegaly, gigantism, and an eating disorder.

Exclusion criteria

Participants will be excluded if they had an antibi-
otic intake, allergic reaction to the supplement, getting
infected with COVID-19, low adherence of patients
to the intervention, or taking any medication affecting
weight, appetite, hormonal status, carbohydrate, or lipid
metabolism during the study.

Study interventions

Participants will be randomly assigned (1:1:1) to one
of the three groups for 8 weeks: (1) a 14:10 early TRF
diet (eating ad libitum only between 8:00 AM and 6:00
PM) with probiotic supplementation; (2) an 14:10 early
TRF diet (eating ad libitum only between 8:00 AM and
6:00 PM) with placebo supplementation; (3) a CR diet
(energy-restricted 25% of required calories) with placebo
supplementation as a control group.

During the TRF period, subjects are instructed to eat
freely from 8:00 AM to 6:00 PM daily (for 10 h). While
from 6:00 PM to 8:00 AM the next day (14 h), people
will only be allowed to drink water, tea, and black cof-
fee without sugar or any calorie-free drink. In addition,
individuals will be suggested not to alter the composi-
tion of their usual diets throughout the TRF intervention.
Furthermore, PCOS patients will be asked to consume
a small handful of nuts consisting of 200 kilocalories of
mixed nuts (18 g of fat, 5 g of protein, and 4 g of carbohy-
drates) during fasting if they experience drops in energy
or severe headache [40].

In the CR diet of the control group, the daily calories
will be calculated by a dietitian. Based on the Harris-Ben-
edict formula, the basal metabolic rate (BMR) of patients
will be calculated individually [41]. Then, the total daily
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Fig. 2 SPIRIT diagram of the recommended content for the schedule of enrolment, interventions, and assessments

energy needed by each person is calculated based on his
physical activity and considering the thermogenic effect
of food (TEF). Finally, 25% of the required calories [42]
will be reduced. Subsequently, this daily caloric require-
ment will be divided into six-meal menus including 3
main meals and 3 snacks with a macronutrient ratio of
55% carbohydrates, 30% fat, and 15% protein. Based on
this, a food menu will be prepared, and the necessary
alternatives will be taught to the people of the control
group. All participants will also take a probiotic or pla-
cebo supplement after breakfast with a glass of water.

Randomization and blinding

A stratified permuted block randomization (a fixed block
size of n=6) was done using computer generated ran-
dom numbers by the project coordinator. In this method,
eligible patients who meet the study entry criteria are
selected and then randomly allocated with stratification
by BMI (between 25 and 30 and 30 and 35 kg/m?). People
will be allocated to one of the three groups, IF diet with a
probiotic supplement, IF diet with a placebo, and CR diet

with a placebo. Random allocation will be based on a ran-
dom number list; the letters A, B, and C will be assigned
to an equal number of a random number list.

Placebo and probiotic supplements will be produced
by TakGen Zist Pharmaceutical Company (Tehran, Iran)
and will be placed in the same packages with similar
color, flavor, and taste. Then packages will be placed in
paper boxes and receive a special code. Placebo and pro-
biotic supplement codes will remain with the company
until the end of the study for blind researchers, labora-
tory staff, outcome assessors, and patients. However, no
blinding will do in terms of diet (fasting or CR). In other
hand, we do not anticipate any requirement for unblind-
ing but if required, the trial manager, data coordina-
tor, implementation support facilitators, and care home
managers will have access to group allocations and any
unblinding will be reported.

Supplement administration
Daily probiotic capsules contain 1x10° colony-forming
units (CFU) with two strains of Lactobacillus rhamnosus
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and Lactobacillus reuteri, as well as magnesium stearate
and lactose as carriers. It also contains 130 mg of starch
without bacteria in the placebo compound. We used
the suggested dosage from a previous study in the treat-
ment of vulvovaginal candidiasis patients due to the lack
of evidence-based approaches regarding the appropri-
ate dosage of this probiotic supplement in subjects with
PCOS [43].

Adherence to the intervention

All subjects will receive telephone calls per week and
monthly meetings with a dietitian during the intervention
to encourage adherence to the diet. We will send a daily
reminder via instant messages that inform them when to
stop eating and when they are allowed to eat. Further-
more, periodic meetings (once every 30 days) should be
promoted for participants to share their experiences and
receive support from physicians. Moreover, all people are
given detailed written and oral instructions for each meal
plan, and as mentioned, there is no difference between
people participating in the fasting diet and the low-cal-
orie diet. Monitoring of food programs is done through
the daily interaction of the researcher and the participant
in the project through phone conversations. If they do
not attend more than two consecutive phone sessions or
consume 3 inappropriate meals or fail to follow the diet
instructions 3 times a week for more than 2 consecutive
weeks is considered non-compliant patients [44, 45]. A
3-day 24-h dietary recall will be taken from the partici-
pants every 2 weeks to confirm compliance.

Outcomes

Primary and secondary outcomes

The primary outcomes in this study will be body weight
and insulin resistance. However, fasting blood glucose
(FBS) levels, lipid profile, insulin levels, homeostatic
model assessment for insulin resistance (HOMA-IR),
HOMA for B-cell function (HOMA-B), quantitative insu-
lin sensitivity check index (QUICKI), sex hormone-bind-
ing globulin (SHBG), dehydroepiandrosterone (DHEA),
AMH, free androgen index (FAI), hirsutism, acne, total
antioxidant capacity (TAC), total oxidant status (TOS),
C-reactive protein (CRP), body mass index (BMI), mental
health, sleep quality, appetite, eating behavior, food crav-
ing, energy intake, systolic, and diastolic blood pressure
will be known as secondary outcomes. All outcomes of
this study will be evaluated in pre-and post-intervention.

Measurements and assessments
Clinical assessment General information of patients

including age, level of education, occupation, marital sta-
tus, duration of disease diagnosis, time to sleep and time
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to wake up (sleep time), alcohol consumption, smoking
history, antioxidant supplements, herbal medicines, and
history of various diseases was collected through a gen-
eral questionnaire by interview method at baseline.

Anthropometric and blood pressure assessment Body
weight will be measured by fasting, without shoes, with
minimal clothing, and using a digital scale (Seca, Ham-
burg, Germany) with a precision of 100 grams at baseline
and 8 weeks during the intervention. The height of peo-
ple will be measured to the nearest 0.5 cm while standing
without shoes. BMI will be calculated using the formula
of dividing weight in kilograms by the square of height
in square meters. To measure blood pressure, patients
were asked to rest for 10 min, then the measurement will
be done using a mercury sphygmomanometer (Riester,
Germany). The blood pressure of each person will be
measured twice with a time interval of 10 min, in a sitting
position. The average of these two measurements is con-
sidered as the patient’s blood pressure.

Assessment of physical activity Twenty-four-hour phys-
ical activity recall will be used to assess physical activity.
Participants will fully record all their activities during the
day in the first, second, fourth, sixth, and eighth weeks
of the study. The start time, end time, and intensity of
each type of activity are recorded in the table. In total, the
duration of all your recorded activities should be about
24 h [46]. Changes in physical activity levels during the
study will be considered a confounding factor for statisti-
cal analysis.

Nutritional assessments Food intake will be assessed
through the 24-h dietary recall (two working days and
one weekend day). Twenty-four-hour dietary recall of
the first day is completed at the same time as the first
visit, and the record of the second and third days is com-
pleted by a trained questioner over the phone. Food
notes will be taken from the participants every 2 weeks.
The amount of consumption of all food and beverages
is asked from the person based on household scales and
recorded in the 24-h recall questionnaire. The 24-h recall
questionnaires are reviewed by a nutrition expert after
completion. Dietary data was analyzed by Nutritionist IV
software (First Databank, San Bruno, CA, USA) modified
for Iranian foods.

Biochemical assessment Blood samples will be collected
from the participants in the intervention on the first day
and at the end of the intervention, observing 12-14 h
of fasting. A 10-ml blood sample without any anticoag-
ulant is centrifuged at a speed of 3500 rpm for 10 min.
The serum separated from each person’s blood sample is
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transferred into sterile microtubes. The microtubes will
be stored at— 80 °C.

Assessment of other variables We will be used visual
analogue scales [VAS] [47]; Depression, Anxiety and
Stress Scale-21 Items (DASS-21) [48]; Pittsburgh Sleep
Quality Index (PSQI) [49]; food cravings questionnaire
[50]; the three-factor eating questionnaire-R21 [51]; and
global acne grading system [52] to assess appetite sensa-
tions, mental health, sleep quality, food craving, eating
behavior, and acne score of individuals, respectively. All
these factors will be measured at onset and end of the
study. The validity and reliability of the questionnaires
have already been evaluated in Iran [53-58].

Sample size calculation

By consideration of a type I error of 5% (¢=0.05), a
power of 80%, according to the mean weight loss of 2.5
kg (a minimum clinically important difference) as the
principal outcome and the standard deviation of 3.87 and
3.04 [59], the sample size was computed to be 25 for each
group based on the two-sided t-test. Primary outcomes
will be measured as a change from baseline. To compen-
sate for an approximate drop-out rate of 5% during the
study period, we elevate the final sample size to 30 sub-
jects in each group. To calculate the required sample size
Gigacalculator software was used.

2
(zl_% - Zlfﬂ) (s1% + 522)
A2

n =

Data management and monitoring

In the baseline and post-intervention phases, data will
be collected. CRFs (case report forms) will be used for
recording participant data. Data entry and management
will be done using an electronic database after CRFs are
used for data collection. There will be two data collectors,
and completed clinical raw data will be sent for approval
to the project supervisor. Documentation is kept in a
locked drawer, only accessible by the principal investiga-
tor. The forms contain an ID number unique to the par-
ticipant and do not contain any information that can be
used to identify the patient.

A clinical trial monitor occasionally supervises the
study progress and ensures patient rights and well-
being are safeguarded; the protocol, ethical require-
ments, standards, and regulations are being followed; the
essential documentation is available; and collected data
are accurate as there were recorded. One of the inves-
tigators will check the coding, security, and storage of
data. In addition, she will evaluate data entry and data
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values twice. If any participant reports the occurrence of
adverse events, more information is required to make a
decision about excluding the participants from the trial.
Unblinding is permissible in this situation based on the
Medical Ethics Committee criteria. Ethical review of the
data will be overseen by the Tehran University of Medical
Sciences. Further, patients who discontinue the study or
deviate from it will be provided with a list of all outcome
data. Missing data will be imputed using modern meth-
ods for dropouts.

Composition of the data monitoring committee
Participants are at minimal risk during the interven-
tion and measurement protocols. Since this trial is low-
risk, close monitoring by the principal investigator and
an independent Safety Officer is part of the data safety
monitoring plan. Any adverse event that exceeds the
threshold and any serious adverse event will be promptly
reported to the NIH and the COMIRB by the principal
investigator and an independent Safety Officer. During
the annual Safety Officer meeting, the Safety Officer will
review the study coordinator’s reports to determine if any
corrective action, trigger for an ad hoc review, or stop-
ping rule violation should be reported to the study inves-
tigators, the COMIRB, and the sponsor.

Statistical analysis

All analyses will be performed according to the Intention
to Treat Analysis (ITT) method. Therefore, all partici-
pants who entered the study (regardless of whether they
completed the 8-week study period) are included in the
analysis. Missing data will be checked by multiple impu-
tations. Statistical analysis will be conducted using the
SPSS software (Version 24, SPSS Inc., and Chicago, IL,
USA). The scatter diagram, histogram, and Kolmogorov—
Smirnov test will be applied to examine the normality of
the data. Normally distributed variables will be reported
as the mean and standard deviation, while the median
and interquartile range (IQR) will be used for reporting
non-normally distributed variables. Moreover, we will
use the chi-square test and Fisher’s exact test to compare
categorical variables. Also, the independent sample ¢-test
and Mann—Whitney U test will be applied to compare
continuous variables between-group, whereas we will
use paired sample t-test and Wilcoxon rank-sum test for
within-group comparisons. To compare the differences in
primary and secondary outcomes between the two study
groups at the end of the trial and adjust the final find-
ings for potential confounders, we will apply the mixed
linear effect model. To correct for multiple comparisons
and reduce alpha error, g values will be used using the
Benjamin-Hochberg method. Based on this, significance
was defined in P values less than 0.05 and g values less
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than 0.1. Cohen’s d will be calculated based on the mean
and standard deviation. The effect sizes 0.20, 0.50, and
0.80, respectively for low, medium, and high therapeu-
tic effects of the dietary intervention will be determined.
No subgroup analyses are planned. However, no interim
analyses are planned for this trial.

Consent

When participants sign the consent form, they will be
asked if they consent to their data being used in the event
of withdrawal. Also, researchers will ask participants for
permission to share relevant data with people from the
participating universities or regulatory authorities. Bio-
logical specimens are not collected for storage in this
trial.

Discussion

PCOS is a complex endocrine disorder characterized
by ovulatory dysfunction, hyperandrogenism, and other
metabolic disorders [60]. Disturbance in the body’s cir-
cadian clock rhythm and the imbalance of intestinal
microbial composition and increased insulin can play a
pivotal role in the pathogenesis of PCOS [15]. In recent
years, lifestyle modification, dietary interventions,
and the modification of intestinal microbial have been
touted for helping to improve patients with PCOS [4].
Human and animal studies showed that the IF diets may
be a promising intervention strategy through the effect
on the body’s circadian clock, intestinal microbial com-
position, and regulation of metabolism can help reduce
body weight, increase fat oxidation, improve insulin
resistance, and reduce inflammation [61]. One form of
IF is TRF, which is more adherent than other forms of IF
[13, 14]. Although most human clinical trials of TRF did
not explicitly restrict caloric intake and/or recommend
any dietary recommendations, participants in the freely
consumed TRF group typically reduced their caloric
intake by 7-22% [62, 63]. In other words, TRF can influ-
ence energy expenditure to obtain a negative caloric
balance [14]. However, there is surprisingly little empir-
ical data to support the notion that reducing or elimi-
nating food after a certain time of night leads to lower
daily energy intake or effective weight management in
healthy adults [64]. TRF studies show that increasing
the duration of daily fasting to periods of more than 12
h may bring more cardiometabolic benefits [65]. How-
ever, daily fasting for 16 h or more usually requires
skipping a meal, which can reduce adherence or lead to
poorer food choices [66]. For this reason, some studies
used the TRF diet with 14 h of fasting to increase the
adherence of participants [62, 63, 66—69]. Emerging evi-
dence has proposed that an early TRF diet (food con-
sumption in the early hours of the day) compared to a
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delayed TRF (food consumption in the last hours of the
day) was effective for improved glucose tolerance, body
weight control, and cardiometabolic effects [70, 71].
Indeed, the mechanism of favorable effects of early TRF
is related to central and peripheral circadian oscillators.
So that eating between 8:00 am and 6:00 pm optimizes
the functioning of the organs and the environment
involved in metabolism, and because the time of eating
corresponds to the fluctuations of metabolic hormones,
it can prevent the development of metabolic diseases
and diabetes [71].

Patients with PCOS have significant changes in the
composition of the gut microbiota. This change was
associated with a decrease in a diversity and changes
in P diversity [22]. There is growing evidence that gut
microbiota dysbiosis is related to sex hormone levels,
estrous cycles, and ovarian morphological changes
[23]. Based on a large amount of data, the adminis-
tration of probiotics protects the intestinal barrier,
consequent in the formation of short-chain fatty acid
metabolites (SCFAs) [29]. It can show unique effects
for reducing insulin resistance, inflammation, and
modulating androgen levels [25]. Lactobacillus rham-
nosus supplementation enhanced the effectiveness of
weight loss therapy for obese women, as demonstrated
by Hulston et al. [29]. Also, Lactobacillus reuteri was
shown to improve glucose tolerance in rats with con-
stant darkness-induced PCOS in a previous study [33].
In addition, clinical trials have shown that Lactoba-
cillus rhamnosus and roteri can play a positive role in
restoring the vaginal microecology and treating bacte-
rial vaginosis. So, correcting the microbial condition
of the vagina by improving the menstrual cycle and
AMH level leads to improvement in fertility [72]. Pro-
biotics may have additional benefits to increase effi-
cacy for weight control and improve cardiometabolic
status when combined with an IF intervention or other
CR diet [36, 73].

We hypothesized that 10-h TRE administered alone
or in combination with probiotic supplementation
to overweight and obese PCOS subjects would lead
to weight loss and improved metabolic, hormonal,
inflammatory, and antioxidant markers compared
to control subjects following a standard 3-meal-per-
day CR diet. To the best of our knowledge, no clinical
trial has investigated the effect of IF diet combina-
tion with probiotics supplementation in patients with
PCOS. Therefore, the present study aims to investigate
the effects of IF alone or in combination with probi-
otic supplementation compared to the CR diet on
anthropometric measures, metabolic status, inflam-
mation, and oxidative stress in women with PCOS. If
successful, nutritionists in clinical environments may
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recommend a new eating pattern (TRF) alone or along
with probiotic supplements for patients with PCOS to
treat this common disorder.

Trial status

Iranian Registry of Clinical Trials IRCT20121110011421N5.
Registered on 3 October 2022. The recruitment started on
23 October 2022 and will be almost finished on 23 Septem-
ber 2023.
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