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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-Müllerian 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 

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. trial sjour nal. 
biome dcent ral. 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 enrollment
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/m2 and who definitely eat 
breakfast, diagnosis of PCOS by a specialist based on the 

Table 1 Timeline of the trial

Explanation of the trial activities Time (months)

1 2 3 4 5 6 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 * * * * * * * * * * * * * * * * * *

http://www.trialsjournal.biomedcentral.com
http://www.trialsjournal.biomedcentral.com
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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 

Fig. 1 Summary of the patient flow diagram. TRF, time‑restricted feeding; CR, calorie restricted
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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/m2). 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 1 ×  109 colony-forming 
units (CFU) with two strains of Lactobacillus rhamnosus 

Fig. 2 SPIRIT diagram of the recommended content for the schedule of enrolment, interventions, and assessments
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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 β-cell function (HOMA-β), 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 

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% (α = 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.

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 t-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, q values will be used using the 
Benjamin-Hochberg method. Based on this, significance 
was defined in P values less than 0.05 and q 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 

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 α diversity and changes 
in β 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.

Abbreviations
PCOS  Polycystic ovary syndrome
AMH  Anti‑Müllerian hormone
FSH  Follicle‑stimulating hormone
VLCD  Very low‑calorie diets
IF  Intermittent fasting
TRF  Time‑restricted feeding
AMPK  AMP‑activated protein kinase
SCFA  Short‑chain fatty acids
CR  Calorie‑restricted
CFU  Colony‑forming unit
FBS  Fasting blood glucose
HOMA‑IR  Homeostatic model assessment for insulin resistance
QUICKI  Quantitative insulin sensitivity check index
SHBG  Sex hormone‑binding globulin
DHEA  Dehydroepiandrosterone
FAI  Free androgen index
TAC   Total antioxidant capacity
TOS  Total oxidant status
CRP  C‑reactive protein
BMI  Body mass index
PSQI  Pittsburgh Sleep Quality Index

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13063‑ 023‑ 07691‑5.

Additional file 1. SPIRIT 2013 Checklist.

Acknowledgements
This study is a protocol of a Ph.D. thesis which was approved by the School of 
Nutritional Sciences and Dietetics, Tehran University of Medical Sciences (TUMS), 
Tehran, Iran (approval no: IR.TUMS.MEDICINE.REC.1401.425). Tehran University 
of Medical Sciences is acknowledged for its support in designing the study. 
We would like to thank the TakGen Zist Pharmaceutical Company for giving 
probiotic supplementation (BioFem) and placebo capsules. The sponsor played 
no part in study design; collection, management, analysis, and interpretation of 
data; writing of the report; and the decision to submit the report for publication.

Authors’ contributions
ST, KDJ, SSH, and HM developed the idea of the study and contributed to the 
conception or design of the work. ST and AM contributed to data collection 
and assembly. ST wrote the manuscript. All authors read and approved the 
final manuscript.

Funding
This study was funded by the School of Nutritional Sciences and Dietetics, 
Tehran University of Medical Sciences (TUMS), Tehran, Iran (grant number: 
1401–3‑212–62416).

Availability of data and materials
The data from future studies will be published. Corresponding authors will be 
able to access raw data upon request.

Declarations

Ethics approval and consent to participate
The current trial received approval from the Medical Ethics Committee 
of Tehran University of Medical Sciences, Tehran, Iran (IR.TUMS.MEDICNE.
REC.1401.425).
Prior to participation in the research project, participants will be asked to 
provide written informed consent.

Consent for publication
It is optional for patients to accept participating in the current trial after read‑
ing the terms and conditions in the Supplementary Information. A new con‑
sent form will be collected from the participants if we need to use additional 
information from the collected data.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Clinical Nutrition, School of Nutritional Sciences and Dietet‑
ics, Tehran University of Medical Sciences, Tehran, Iran. 2 Students’ Scientific 
Research Center (SSRC), Tehran University of Medical Sciences, Tehran, 
Iran. 3 Department of Community Nutrition, School of Nutritional Sciences 
and Dietetics, Tehran University of Medical Sciences, Tehran, Iran. 4 Breast 
Disease Research Center (BDRC), Tehran University of Medical Sciences, Tehran, 
Iran. 5 Department of Obstetrics and Gynecology, Arash Women’s Hospital, Teh‑
ran University of Medical Sciences, Tehran, Iran. 6 Department of Endocrinol‑
ogy and Female Infertility, Reproductive Biomedicine Research Center, Royan 
Institute for Reproductive Biomedicine, ACECR, Tehran, Iran. 

Received: 3 May 2023   Accepted: 29 September 2023

References
 1. Skiba MA, Islam RM, Bell RJ, Davis SR. Understanding variation in preva‑

lence estimates of polycystic ovary syndrome: a systematic review and 
meta‑analysis. Hum Reprod Update. 2018;24(6):694–709.

 2. Misso M, Boyle J, Norman R, Teede H. Development of evidenced‑based 
guidelines for PCOS and implications for community health. Semin 
Reprod Med. 2014;32(3):230–40.

 3. Liu J, Wu Q, Hao Y, Jiao M, Wang X, Jiang S, et al. Measuring the global 
disease burden of polycystic ovary syndrome in 194 countries: Global 
Burden of Disease Study 2017. Hum Reprod. 2021;36(4):1108–19.

 4. Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L, et al. Recom‑
mendations from the international evidence‑based guideline for the 
assessment and management of polycystic ovary syndrome. Fertil Steril. 
2018;110(3):364–79.

 5. Kazemi M, Hadi A, Pierson RA, Lujan ME, Zello GA, Chilibeck PD. Effects 
of dietary glycemic index and glycemic load on cardiometabolic and 
reproductive profiles in women with polycystic ovary syndrome: a 
systematic review and meta‑analysis of randomized controlled trials. Adv 
Nutr. 2021;12(1):161–78.

 6. Shang Y, Zhou H, He R, Lu W. Dietary modification for reproductive health 
in women with polycystic ovary syndrome: a systematic review and 
meta‑analysis. Front Endocrinol. 2021;12:735954.

 7. Barrea L, Arnone A, Annunziata G, Muscogiuri G, Laudisio D, Salzano C, 
et al. Adherence to the Mediterranean diet, dietary patterns and body 
composition in women with polycystic ovary syndrome (PCOS). Nutri‑
ents. 2019;11(10):2278.

 8. Porchia LM, Hernandez‑Garcia SC, Gonzalez‑Mejia ME, López‑Bayghen E. 
Diets with lower carbohydrate concentrations improve insulin sensitivity 
in women with polycystic ovary syndrome: a meta‑analysis. Eur J Obstet 
Gynecol Reprod Biol. 2020;248:110–7.

 9. Paoli A, Mancin L, Giacona MC, Bianco A, Caprio M. Effects of a ketogenic 
diet in overweight women with polycystic ovary syndrome. J Transl Med. 
2020;18(1):104.

https://doi.org/10.1186/s13063-023-07691-5
https://doi.org/10.1186/s13063-023-07691-5


Page 10 of 11Talebi et al. Trials          (2023) 24:690 

 10. Patterson RE, Laughlin GA, LaCroix AZ, Hartman SJ, Natarajan L, Senger 
CM, et al. Intermittent fasting and human metabolic health. J Acad Nutr 
Diet. 2015;115(8):1203–12.

 11. Hoddy KK, Marlatt KL, Çetinkaya H, Ravussin E. Intermittent fasting and 
metabolic health: from religious fast to time‑restricted feeding. Obesity 
(Silver Spring). 2020;28 Suppl 1(Suppl 1):S29‑s37.

 12 Regmi P, Heilbronn LK. Time‑restricted eating: benefits, mechanisms, and 
challenges in translation. iScience. 2020;23:101161.

 13. Kahleova H, Belinova L, Malinska H, Oliyarnyk O, Trnovska J, Skop V, 
Kazdova L, Dezortova M, Hajek M, Tura A, Hill M, Pelikanova T. Eating two 
larger meals a day (breakfast and lunch) is more effective than six smaller 
meals in a reduced‑energy regimen for patients with type 2 diabetes: a 
randomised crossover study. Diabetologia. 2014;57(8):1552–60. https:// 
doi. org/ 10. 1007/ s00125‑ 014‑ 3253‑5. Erratum in: Diabetologia. 2015 
Jan;58(1):205. PMID: 24838678; PMCID: PMC4079942.

 14. Lowe DA, Wu N, Rohdin‑Bibby L, Moore AH, Kelly N, Liu YE, Philip E, Vit‑
tinghoff E, Heymsfield SB, Olgin JE, Shepherd JA, Weiss EJ. Effects of Time‑
Restricted Eating on Weight Loss and Other Metabolic Parameters in 
Women and Men With Overweight and Obesity: The TREAT Randomized 
Clinical Trial. JAMA Intern Med. 2020;180(11):1491–99. https:// doi. org/ 
10. 1001/ jamai ntern med. 2020. 4153. Erratum in: JAMA Intern Med. 2020 
Nov 1;180(11):1555. Erratum in: JAMA Intern Med. 2021 Jun 1;181(6):883. 
PMID: 32986097; PMCID: PMC7522780.

 15. Zeb F, Osaili T, Obaid RS, Naja F, Radwan H, Cheikh Ismail L, Hasan H, 
Hashim M, Alam I, Sehar B, Faris ME. Gut Microbiota and Time‑Restricted 
Feeding/Eating: A Targeted Biomarker and Approach in Precision Nutri‑
tion. Nutrients. 2023;15(2):259. https:// doi. org/ 10. 3390/ nu150 20259.

 16. Cooke RR, McIntosh JE, McIntosh RP. Circadian variation in serum free and 
non‑SHBG‑bound testosterone in normal men: measurements, and simu‑
lation using a mass action model. Clin Endocrinol. 1993;39(2):163–71.

 17. Dehbalaei MG, Ashtary‑Larky D, Amarpoor Mesrkanlou H, Talebi S, 
Asbaghi O. The effects of magnesium and vitamin E co‑supplementation 
on some cardiovascular risk factors: A meta‑analysis. Clin Nutr ESPEN. 
2021;41:110–7. https:// doi. org/ 10. 1016/j. clnesp. 2020. 10. 021.

 18. Ni XR, Sun ZJ, Hu GH, Wang RH. High concentration of insulin promotes 
apoptosis of primary cultured rat ovarian granulosa cells via its increase 
in extracellular HMGB1. Reprod Sci. 2015;22(3):271–7.

 19. Xu F, Liu R, Cao X. Hyperandrogenism stimulates inflammation and 
promote apoptosis of cumulus cells. Cell Mol Biol (Noisy‑le‑grand). 
2017;63(10):64–8.

 20. Yu YS, Sui HS, Han ZB, Li W, Luo MJ, Tan JH. Apoptosis in granulosa cells 
during follicular atresia: relationship with steroids and insulin‑like growth 
factors. Cell Res. 2004;14(4):341–6.

 21. Kazmirczak F, Hartweck LM, Vogel NT, Mendelson JB, Park AK, Raveendran 
RM, O‑Uchi J, Jhun BS, Prisco SZ, Prins KW. Intermittent Fasting Activates 
AMP‑Kinase to Restructure Right Ventricular Lipid Metabolism and Micro‑
tubules. JACC Basic Transl Sci. 2023;8(3):239–54. https:// doi. org/ 10. 1016/j. 
jacbts. 2022. 12. 001.

 22. Tremellen K, Pearce K. Dysbiosis of Gut Microbiota (DOGMA)–a novel 
theory for the development of polycystic ovarian syndrome. Med 
Hypotheses. 2012;79(1):104–12.

 23. Guo Y, Qi Y, Yang X, Zhao L, Wen S, Liu Y, et al. Association between 
polycystic ovary syndrome and gut microbiota. PLoS One. 
2016;11(4):e0153196.

 24. Hsieh FC, Lee CL, Chai CY, Chen WT, Lu YC, Wu CS. Oral administration 
of Lactobacillus reuteri GMNL‑263 improves insulin resistance and 
ameliorates hepatic steatosis in high fructose‑fed rats. Nutr Metab. 
2013;10(1):35.

 25. He Y, Wang Q, Li X, Wang G, Zhao J, Zhang H, et al. Lactic acid bacteria 
alleviate polycystic ovarian syndrome by regulating sex hormone related 
gut microbiota. Food Funct. 2020;11(6):5192–204.

 26. Gomes AC, Bueno AA, de Souza RGM, Mota JF. Gut microbiota, probiotics 
and diabetes. Nutr J. 2014;13(1):60.

 27. Rashad NM, El‑Shal AS, Amin AI, Soliman MH. Effects of probiotics 
supplementation on macrophage migration inhibitory factor and 
clinical laboratory feature of polycystic ovary syndrome. J Funct Foods. 
2017;36:317–24.

 28. Kwa M, Plottel CS, Blaser MJ, Adams S. The intestinal microbiome and 
estrogen receptor‑positive female breast cancer. J Natl Cancer Inst. 
2016;108(8):029.

 29. Hulston CJ, Churnside AA, Venables MC. Probiotic supplementation pre‑
vents high‑fat, overfeeding‑induced insulin resistance in human subjects. 
Br J Nutr. 2015;113(4):596–602.

 30. Guo Y, Qi Y, Yang X, Zhao L, Wen S, Liu Y, Tang L. Association 
between Polycystic Ovary Syndrome and Gut Microbiota. PLoS One. 
2016;11(4):e0153196. https:// doi. org/ 10. 1371/ journ al. pone. 01531 96.

 31. Liu HY, Giraud A, Seignez C, Ahl D, Guo F, Sedin J, Walden T, Oh JH, van 
Pijkeren JP, Holm L, Roos S, Bertilsson S, Phillipson M. Distinct B cell 
subsets in Peyer’s patches convey probiotic effects by Limosilacto‑
bacillus reuteri. Microbiome. 2021;9(1):198. https:// doi. org/ 10. 1186/ 
s40168‑ 021‑ 01128‑4.

 32. Simon MC, Strassburger K, Nowotny B, Kolb H, Nowotny P, Burkart V, 
Zivehe F, Hwang JH, Stehle P, Pacini G, Hartmann B, Holst JJ, MacKenzie C, 
Bindels LB, Martinez I, Walter J, Henrich B, Schloot NC, Roden M. Intake of 
Lactobacillus reuteri improves incretin and insulin secretion in glucose‑
tolerant humans: a proof of concept. Diabetes Care. 2015;38(10):1827–34. 
https:// doi. org/ 10. 2337/ dc14‑ 2690.

 33. Li S, Zhai J, Chu W, Geng X, Chen ZJ, Du Y. Altered circadian clock as a 
novel therapeutic target for constant darkness‑induced insulin resist‑
ance and hyperandrogenism of polycystic ovary syndrome. Transl Res. 
2020;219:13–29.

 34. Madjd A, Taylor MA, Mousavi N, Delavari A, Malekzadeh R, Macdonald IA, 
et al. Comparison of the effect of daily consumption of probiotic com‑
pared with low‑fat conventional yogurt on weight loss in healthy obese 
women following an energy‑restricted diet: a randomized controlled trial. 
Am J Clin Nutr. 2016;103(2):323–9.

 35. Sharafedtinov KK, Plotnikova OA, Alexeeva RI, Sentsova TB, Songisepp 
E, Stsepetova J, et al. Hypocaloric diet supplemented with probiotic 
cheese improves body mass index and blood pressure indices of obese 
hypertensive patients‑a randomized double‑blind placebo‑controlled 
pilot study. Nutr J. 2013;12(1):1–11.

 36. Blythe J, Ruggiero M, Pacini S. Intermittent fasting and probiotic yogurt 
consumption are associated with reduction of serum alpha‑N‑acetylga‑
lactosaminidase and increased urinary excretion of lipohilic toxicants. 
Madridge J Immunol. 2017;1(1):23–7.

 37 Déchelotte P, Breton J, Trotin‑Picolo C, Grube B, Erlenbeck C, Bothe G, 
et al. The probiotic strain H. alvei HA4597(®) improves weight loss in 
overweight subjects under moderate hypocaloric diet: a proof‑of‑con‑
cept, multicenter randomized, double‑blind placebo‑controlled study. 
Nutrients. 2021;13(6):1902.

 38 Álvarez‑Arraño V, Martín‑Peláez S. Effects of probiotics and synbiotics on 
weight loss in subjects with overweight or obesity: a systematic review. 
Nutrients. 2021;13(10):3627.

 39. Rotterdam ESHRE/ASRM‑Sponsored PCOS consensus workshop 
group. Revised 2003 consensus on diagnostic criteria and long‑term 
health risks related to polycystic ovary syndrome (PCOS). Hum Reprod. 
2004;19(1):41–7. https:// doi. org/ 10. 1093/ humrep/ deh098.

 40. Lowe DA, Wu N, Rohdin‑Bibby L, Moore AH, Kelly N, Liu YE, et al. Effects 
of time‑restricted eating on weight loss and other metabolic parameters 
in women and men with overweight and obesity: the TREAT randomized 
clinical trial. JAMA Intern Med. 2020;180(11):1491–9.

 41. Seagle HM, Strain GW, Makris A, Reeves RS. Position of the Ameri‑
can Dietetic Association: weight management. J Am Diet Assoc. 
2009;109(2):330–46.

 42. Azadi‑Yazdi M, Karimi‑Zarchi M, Salehi‑Abargouei A, Fallahzadeh H, 
Nadjarzadeh A. Effects of dietary approach to stop hypertension diet on 
androgens, antioxidant status and body composition in overweight and 
obese women with polycystic ovary syndrome: a randomised controlled 
trial. J Hum Nutr Diet. 2017;30(3):275–83.

 43. Martinez RC, Franceschini SA, Patta MC, Quintana SM, Candido RC, 
Ferreira JC, De Martinis EC, Reid G. Improved treatment of vulvovaginal 
candidiasis with fluconazole plus probiotic Lactobacillus rhamnosus GR‑1 
and Lactobacillus reuteri RC‑14. Lett Appl Microbiol. 2009;48(3):269–74. 
https:// doi. org/ 10. 1111/j. 1472‑ 765X. 2008. 02477.x.

 44. Arciero PJ, Edmonds R, He F, Ward E, Gumpricht E, Mohr A, et al. Protein‑
pacing caloric‑restriction enhances body composition similarly in obese 
men and women during weight loss and sustains efficacy during long‑
term weight maintenance. Nutrients. 2016;8(8):476.

 45. Zuo L, He F, Tinsley GM, Pannell BK, Ward E, Arciero PJ. Comparison of 
high‑protein, intermittent fasting low‑calorie diet and heart healthy diet 
for vascular health of the obese. Front Physiol. 2016;7:350.

https://doi.org/10.1007/s00125-014-3253-5
https://doi.org/10.1007/s00125-014-3253-5
https://doi.org/10.1001/jamainternmed.2020.4153
https://doi.org/10.1001/jamainternmed.2020.4153
https://doi.org/10.3390/nu15020259
https://doi.org/10.1016/j.clnesp.2020.10.021
https://doi.org/10.1016/j.jacbts.2022.12.001
https://doi.org/10.1016/j.jacbts.2022.12.001
https://doi.org/10.1371/journal.pone.0153196
https://doi.org/10.1186/s40168-021-01128-4
https://doi.org/10.1186/s40168-021-01128-4
https://doi.org/10.2337/dc14-2690
https://doi.org/10.1093/humrep/deh098
https://doi.org/10.1111/j.1472-765X.2008.02477.x


Page 11 of 11Talebi et al. Trials          (2023) 24:690  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 46. Welk GJ, Kim Y, Stanfill B, Osthus DA, Calabro MA, Nusser SM, et al. Validity 
of 24‑h physical activity recall: physical activity measurement survey. Med 
Sci Sports Exerc. 2014;46(10):2014–24.

 47. Flint A, Raben A, Blundell J, Astrup A. Reproducibility, power and validity 
of visual analogue scales in assessment of appetite sensations in single 
test meal studies. Int J Obes Relat Metab Disord. 2000;24(1):38–48.

 48. Henry JD, Crawford JR. The short‑form version of the Depression Anxiety 
Stress Scales (DASS‑21): construct validity and normative data in a large 
non‑clinical sample. Br J Clin Psychol. 2005;44(2):227–39.

 49. Mohammad Gholi Mezerji N, Naseri P, Omraninezhad Z, Shayan Z. 
The reliability and validity of the Persian version of Pittsburgh sleep 
quality index in Iranian people. Avicenna J Neuro Psycho Physiol. 
2017;4(3):95–102.

 50. Meule A, Hermann T, Kübler A. A short version of the food cravings ques‑
tionnaire—trait: the FCQ‑T‑reduced. Front Psychol. 2014;5:190.

 51. Duarte PA, Palmeira L, Pinto‑Gouveia J. The Three‑Factor Eating 
Questionnaire‑R21: a confirmatory factor analysis in a Portuguese sample. 
Eat Weight Disord. 2020;25:247–56.

 52. Sharma E, Katara P, Gupta A. Efficacy of Shodhana and Shamana therapy in 
Mukhadushika (acne vulgaris). Int J Res Ayurveda Pharm. 2020;11:27–31.

 53. Mostafavi SA, Akhondzadeh S, Mohammadi MR, Eshraghian MR, Hosseini 
S, Chamari M, Keshavarz SA. The Reliability and Validity of the Persian Ver‑
sion of Three‑Factor Eating Questionnaire‑R18 (TFEQ‑R18) in Overweight 
and Obese Females. Iran J Psychiatry. 2017;12(2):100–8.

 54. Mohammadi MR, Akhondzadeh S, Mostafavi SA, Keshavarz SA, Motlaq TA, 
Eshraghian MR, Hosseini S. The Reliability and Validity of the Persian Ver‑
sion of Food Craving Questionnaire‑Trait‑Reduced (FCQ‑Tr) in Overweight 
and Obese Women. J Fasting Health. 2018;6(3).

 55. Sahebi A, Asghari MJ, Salari RS. Validation of depression anxiety and stress 
scale (DASS‑21) for an Iranian population. 2005.

 56. Farrahi Moghaddam J, Nakhaee N, Sheibani V, Garrusi B, Amirkafi A. Reli‑
ability and validity of the Persian version of the Pittsburgh Sleep Quality 
Index (PSQI‑P). Sleep Breath. 2012;16:79–82.

 57. Talebi S, Karimifar M, Heidari Z, Mohammadi H, Asbaghi O, Hadi A, Marx 
W, Askari G. The effect of synbiotic supplementation on anthropomet‑
ric indices, appetite, and constipation in people with hypothyroidism: 
A randomized, double‑blind, placebo‑controlled trial. Phytother Res. 
2020;34(10):2712–20. https:// doi. org/ 10. 1002/ ptr. 6710.

 58. Doshi A, Zaheer A, Stiller MJ. A comparison of current acne grading 
systems and proposal of a novel system. Int J Dermatol. 1997;36(6):416–8.

 59. Schroder JD, Falqueto H, Mânica A, Zanini D, de Oliveira T, de Sá CA, et al. 
Effects of time‑restricted feeding in weight loss, metabolic syndrome and 
cardiovascular risk in obese women. J Transl Med. 2021;19(1):3.

 60. Escobar‑Morreale HF. Polycystic ovary syndrome: definition, aetiology, 
diagnosis and treatment. Nat Rev Endocrinol. 2018;14(5):270–84.

 61. Sutton EF, Beyl R, Early KS, Cefalu WT, Ravussin E, Peterson CM. Early 
time‑restricted feeding improves insulin sensitivity, blood pressure, and 
oxidative stress even without weight loss in men with prediabetes. Cell 
Metab. 2018;27(6):1212‑21. e3.

 62. Gill S, Panda S. A smartphone app reveals erratic diurnal eating patterns 
in humans that can be modulated for health benefits. Cell Metab. 
2015;22(5):789–98.

 63. Wilkinson MJ, Manoogian EN, Zadourian A, Lo H, Fakhouri S, Shoghi A, 
et al. Ten‑hour time‑restricted eating reduces weight, blood pressure, 
and atherogenic lipids in patients with metabolic syndrome. Cell Metab. 
2020;31(1):92‑104. e5.

 64. LeCheminant JD, Christenson E, Bailey BW, Tucker LA. Restricting night‑
time eating reduces daily energy intake in healthy young men: a short‑
term cross‑over study. Br J Nutr. 2013;110(11):2108–13.

 65. Regmi P, Heilbronn LK. Time‑restricted eating: benefits, mechanisms, and 
challenges in translation. Iscience. 2020;23(6):101161.

 66. Peeke PM, Greenway FL, Billes SK, Zhang D, Fujioka K. Effect of time 
restricted eating on body weight and fasting glucose in participants 
with obesity: results of a randomized, controlled, virtual clinical trial. Nutr 
Diabetes. 2021;11(1):1–11.

 67. Chaix A, Zarrinpar A, Miu P, Panda S. Time‑restricted feeding is a preventa‑
tive and therapeutic intervention against diverse nutritional challenges. 
Cell Metab. 2014;20(6):991–1005.

 68. Manoogian ENC, Chow LS, Taub PR, Laferrère B, Panda S. Time‑restricted 
Eating for the Prevention and Management of Metabolic Diseases. 
Endocr Rev. 2022;43(2):405–36. https:// doi. org/ 10. 1210/ endrev/ bnab0 27.

 69. McAllister MJ, Gonzalez AE, Waldman HS. Time restricted feeding reduces 
inflammation and cortisol response to a firegrounds test in professional 
firefighters. J Occup Environ Med. 2021;63(5):441–7.

 70. Regmi P, Chaudhary R, Page AJ, Hutchison AT, Vincent AD, Liu B, Heil‑
bronn L. Early or delayed time‑restricted feeding prevents metabolic 
impact of obesity in mice. J Endocrinol. 2021;248(1):75–86. https:// doi. 
org/ 10. 1530/ JOE‑ 20‑ 0404.

 71. Charlot A, Hutt F, Sabatier E, Zoll J. Beneficial effects of early time‑
restricted feeding on metabolic diseases: importance of aligning food 
habits with the circadian clock. Nutrients. 2021;13(5):1405.

 72. López‑Moreno A, Aguilera M. Probiotics dietary supplementation for modu‑
lating endocrine and fertility microbiota dysbiosis. Nutrients. 2020;12(3):757.

 73. Tay A, Pringle H, Penning E, Plank LD, Murphy R. PROFAST: a randomized trial 
assessing the effects of intermittent fasting and Lacticaseibacillus rhamno‑
sus probiotic among people with prediabetes. Nutrients. 2020;12(11):3530.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1002/ptr.6710
https://doi.org/10.1210/endrev/bnab027
https://doi.org/10.1530/JOE-20-0404
https://doi.org/10.1530/JOE-20-0404

	The effects of intermittent fasting diet alone or in combination with probiotic supplementation in comparison with calorie-restricted diet on metabolic and hormonal profile in patients with polycystic ovary syndrome: study protocol for a randomized clinic
	Abstract 
	Introduction 
	Methods 
	Discussion 
	Ethical aspects 
	Trial registration 

	Introduction
	Subjects and methods
	Study design
	Study setting
	Study participants and enrollment
	Inclusion criteria
	Non-entry criteria
	Exclusion criteria
	Study interventions
	Randomization and blinding
	Supplement administration
	Adherence to the intervention
	Outcomes
	Primary and secondary outcomes
	Measurements and assessments

	Sample size calculation
	Data management and monitoring
	Composition of the data monitoring committee
	Statistical analysis
	Consent

	Discussion
	Trial status
	Anchor 30
	Acknowledgements
	References


