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The effects of intermittent fasting

on anthropometric indices, glycemic profile,
chemotherapy-related toxicity, and subjective
perception in gynecological and breast cancer
patients: a systematic review and meta-
analysis

Xiaoxia Liu', Qiucen Meng', Wengi Fan', Lianzhen Ning' and Lina Ge'”

Abstract

Background Mounting evidence supports the health benefits of intermittent fasting (IF) in general. This study
evaluates its impact on patients with gynecological or breast cancer specifically.

Methods A thorough search for studies comparing IF with either nonintervention diets or calorie restriction (CR) in
patients with either gynecological or breast cancer and published prior to October 5, 2024 was carried out on the
PubMed, Web of Science, Cochrane Library, Scopus, Embase, China National Knowledge Infrastructure (CNKI), and
Chinese Biomedical Literature databases (CBM). Extracted data included but not limited to body mass index (BMI),
body weight, waist circumference (WQ), fasting glucose, insulin levels, chemotherapy-related toxicity, and subjective
perceptions.

Results A total of 625 subjects were included across 7 randomized controlled trials, and 2 nonrandomized trials.
Meta-analysis revealed that IF significantly reduced body weight (Effect Size [ES]: -0.611; 95% Confidence Interval
[CI]:-0.886 to -0.356; p < 0.001; I = 0%), blood glucose levels (standardized mean difference [SMD]: -0.347 mmol/L;
95% Cl:-0.533 t0 -0.140; p < 0.001), and insulin concentrations (SMD: -0.395 mU/L; 95% Cl:-0.674 to -0.116; p=0.005).
Sensitivity analysis indicated that the overall effect sizes were stable. However, it remains uncertain whether IF
increases chemotherapy-related adverse effects (relative risk [RR]: 1.038; 95% Cl: 0.844 to 1.278; p=0.723). Furthermore,
three studies indicated that IF reduced fatigue and two studies indicated that IF improved quality of life.

Conclusion This systematic review and meta-analysis suggests that IF has a beneficial effect on reducing body
weight, blood glucose, and insulin concentrations in gynecological and breast cancer patients. IF may also reduce
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fatigue and improve quality of life. However, the effect on chemotherapy-related adverse effects is uncertain. Further
high-quality studies with long-term follow-ups are needed to confirm these findings.

Keywords Gynecological cancer, Breast cancer, Intermittent fasting, Time-restricted eating, Short-term fasting

Introduction

Despite significant advancements in oncology, cancer
remains a leading cause of death among adults aged 30 to
70 years. The Global Cancer Statistics indicate that there
were 20 million new cancer cases and approximately
10 million cancer-related deaths worldwide in 2022 [1].
Specifically, there were 2,308,897 new cases of breast
cancer, 661,021 new cases of cervical cancer, 420,242
new cases of endometrial cancer, and 324,398 new cases
of ovarian cancer among women, and cervical and breast
cancer have been found to be the leading cancer-related
causes of death among women [2].

Bray et al. [1] found that approximately 42.0% of new
malignancies in individuals aged 30 and older are asso-
ciated with potentially modifiable risk factors. For exam-
ple, excess body weight accounted for the second largest
population attributable fraction (PAF) at 7.8%, and being
overweight was responsible for 10.9% of all malignan-
cies in women. Breast and uterine body cancers among
women have also been found to be associated with being
overweight [3]. A positive association between adult
body mass index (BMI) and the risk of gynecological and
breast cancers has been observed in a number of stud-
ies [4—7]. Furthermore, mounting evidence indicates
that obesity is associated with an increased risk of cancer
development, recurrence, and death [8, 9].

Dietary patterns may be a key nonpharmacologi-
cal intervention for enhancing cancer treatment and
improving overall patient outcomes. Intermittent Fast-
ing (IF) was the most commonly cited nonstandard
dietary pattern for Americans aged 18 to 80 as of 2020
[10]. IF, which is characterized by alternating periods
of consumption and extended abstention from food,
has garnered significant attention in recent years due to
its potential health benefits and positive contributions
to longevity [11]. IF can be categorized into five types:
zero-calorie, alternate-day fasting (ADF); modified alter-
nate-day fasting (MADF); twice-weekly fasting (TWF);
time-restricted eating (TRE); and periodic or short-term
fasting (FST) [12] (Table 1).

Recent meta-analyses have highlighted the poten-
tial health benefits of IF, particularly in relation to being
overweight, type 2 diabetes, and cardiovascular dis-
ease, that stem from weight loss and enhanced meta-
bolic health [13-17]. Calorie restriction (CR), when free
from malnutrition, has been found to be the most effec-
tive intervention for cancer prevention in rodents and
primates [18, 19]. In humans, IF promotes anticancer
adaptations by reducing the synthesis of growth factors,

pro-inflammatory cytokines, and anabolic hormones,
as well as decreasing oxidative stress and free radical-
induced DNA damage [8, 20, 21]. Several randomized
clinical trials have demonstrated that ADF or the 5:2 diet
positively impacts certain cancer risk factors, including
reductions in fasting blood glucose, insulin, and leptin
levels, as well as increases in lipocalin [22-25].

Kleckner et al. [26] conducted a TRE intervention in
breast and endometrial cancer patients and found that
TRE alleviated fatigue in breast and endometrial cancer
patients. Similarly, Vega et al. [22] demonstrated that
TRE reduced body weight and waist circumference, and
improved blood glucose levels in breast cancer patients.
In another study, Bauersfeld et al. [24] showed that FST
improved the quality of life in patients with breast and
ovarian cancers. However, some studies have presented
inconsistent results. For instance, Harvie et al. [27]
reported that TWF did not have a significant effect on
weight loss in breast cancer, and Groot et al. [28] found
that FST did not significantly improve chemotherapy-
related toxicity in breast cancer patients. Thus, the effects
of IF on weight, metabolism, and chemotherapy toxicity
in gynecological and breast cancers remain unclear, and
there are limited systematic evaluations and meta-anal-
yses to assess its benefits and risks comprehensively in
patients with these cancers. Only Ferro et al. [29] have
previously conducted a meta-analysis in 2023 on the
effect of IF on the side effects of chemotherapy in cancer
patients. To the best of our knowledge, no meta-analy-
sis or systematic review has yet been conducted on the
effects of IF on body weight, metabolic health, and qual-
ity of life in patients with gynecological or breast cancers.

Specifically, our present study explore the potential
of IF as a nonpharmacological intervention for gyneco-
logical and breast cancer patients by evaluating its effects
on anthropometric measures, metabolic outcomes,
chemotherapy-related toxicities, and subjective health
indicators, with the ultimate goal of informing clinical
decision-making.

Methods

A comprehensive systematic review and meta-analysis
was conducted to evaluate the effects of IF methods in
patients with gynecological or breast cancers. The sys-
tematic review followed the 2020 guidelines of Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA), and the synthesis protocol has been regis-
tered with PROSPERO (CRD42024605963).
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Table 1 Different types of IF

Type Definition

Zero-calorie, Individuals consume no calories every other day.
alternate-day fast-  On fasting days, only noncaloric beverages, such
ing (ADF) as water, unsweetened tea, and black coffee, are

permitted, with no intake of food or any other
calories.

Individuals cycle between periods of free eating
and fasting during which intake of calories varied
from 0 to 40% of daily requirements, or from 0 to
approximately 600 kcal, three to five days each
week.

Modified alternate-
day fasting (MADF)

Twice-per-week
fasting (TWF)

Individuals fast for two days per week, restricting
caloric intake from 0 to 40% of daily requirements,
or between 0 and approximately 600 kcal per day,
followed by five days of unrestricted eating.

Time-restricted Individuals fast for 12-24 h per day.

eating (TRE)

Periodic fasting/ Individuals undergo infrequent but prolonged
short-term fasting  fasting intervals, such as a 2- to 5-day pure water
(FST) fast or a 4- to 7-day

Search methods

Seven electronic databases were searched: the Cochrane
Central Register of Controlled Trials, Embase, PubMed,
Scopus, Web of Science, China Knowledge Network
(CNKI), and the China Biomedical Literature Data-
base (CBM). The timeframe for the search extended
from the inception of each database to October 5, 2024.
L.X.X. and M.Q.C. conducted the search, utilizing terms
related to cancer (e.g., cancer*, neoplasm*, tumor*) com-
bined with those pertaining to IF (e.g., IF, periodic fast-
ing, alternate-day fasting, modified alternate-day fasting,
time-restricted feeding, Ramadan fasting). No language
restrictions were applied. Furthermore, reference lists
from acquired papers, prior meta-analyses, and reviews
were examined to locate other pertinent studies. The
detailed search terms used in the review are presented
in Supplementary Material 2. After the initial literature
screening, relevant articles were selected using specific
keywords.

Eligibility criteria

The Population, Intervention, Comparison, Outcome,
and Study Design (PICOS) framework was utilized to
define the inclusion criteria for this systematic review.
L.X.X, M.Q.C, and N.L.Z. were responsible for screen-
ing articles based on titles and abstracts. For the full-text
screening, L.X.X, M.Q.C, EW.Q, N.L.Z, and G.L.N. were
responsible for reviewing and assessing the articles.

Inclusion criteria

+ Population: Individuals aged 18 or older diagnosed
with gynecological (cervical, endometrial, ovarian)
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or breast cancer during or after treatment (e.g.
chemotherapy, surgery).

+ Intervention: The intervention must have undergone
any type of IF protocol.

+ Comparison: The control group must have adhered
to a no dietary intervention protocol, as well as those
following CR. The nonintervention diet must have
consisted of subjects’ regular dietary intake, and CR
must have entailed sustained caloric reduction.

+ Outcome: At least one outcome of interest had to
be included. These were: body weight, BMI, waist
circumference, blood glucose levels, insulin levels,
chemotherapy-related toxicity, and subjective
perceptions (e.g., fatigue, quality of life). Methods
of collection included the following: subjective
outcomes had to have been reported by patients
based on validated instruments; anthropometric
outcomes had to have come from patient reports,
medical records, questionnaire data surveys, or other
appropriate methods; metabolic outcomes had to
have been derived from laboratory assessments;
chemotherapy toxicity had to have been assessed
using common clinical scoring criteria such as
CTCAE (Common Terminology Criteria for Adverse
Events), and patient self-reported symptoms had to
have been collected by standardized questionnaires
or interviews.

+ Study design: Eligible study designs included
randomized controlled trials (RCTs) and
nonrandomized experimental studies.

Exclusion criteria

+ Population: Studies in humans less than 18 years of
age, as well as animal studies were excluded.

+ Intervention: Studies that discussed the effects of
IF on the risk of developing breast or gynecological
cancers were excluded.

+ Comparison: Control group interventions that
included IF components were excluded.

+ Outcome: Studies that did not report outcome of
interest were excluded.

« Study design: Editorials, letters, reviews,
commentary pieces, and other nonresearch articles,
animal or cell-based studies, qualitative research, and
case reports were excluded.

+ Full-text articles that were not made available after
contacting the author were also excluded.

Study selection

We used a citation management system (Endnote20,
Michael O. McCracken) to manage records during
the screening and study selection phases. After dupli-
cates were removed, two reviewers (L.X.X. and M.Q.C.)
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independently evaluated the titles and abstracts based
on the inclusion criteria, with any discrepancies resolved
through discussion with a third reviewer (N.L.Z).
Abstracts with unclear or ambiguous information were
retained for full-text review. L.X.X, M.Q.C, EW.Q.
reviewed the full text of each article. G.L.N. conducted an
independent review of each article to determine whether
it should be included or excluded. Any disagreements on
any of these steps were resolved through discussion and
participation by another researcher (N.L.Z.).

Data collection process

A standardized, computerized data extraction form was
developed in accordance with the PRISMA guidelines.
The extracted data included: (1) study characteristics
(e.g., author, year, country of origin, study design, and
sample size); (2) participant details (e.g., medical history
and demographics); (3) duration of intervention and fol-
low-up; (4) data for both intervention and control groups;
and (5) primary outcomes. Subjective perception out-
comes, such as fatigue and quality of life, were assessed
using validated self-reported tools referenced in the
included studies (including, but not limited to, the Func-
tional Assessment of Chronic Illness Therapy-Fatigue
[FACIT-F] and Brief Fatigue Inventory [BFI] scales). In
contrast to objective anthropometric and metabolic out-
comes, subjective perception outcomes were based on
self-reported measures, which may have introduced vari-
ability due to differences in the measurement tools and
reporting methods used across studies. This potential
problem was carefully considered during the interpreta-
tion process. Data extraction from full-text publications
was conducted by L.X.X. and M.Q.C., with L.X.X. check-
ing the accuracy of the extracted data.

Quality assessment and risk of bias

The quality of the included RCTs was assessed using
the Cochrane Risk of Bias 2 (RoB2) tool [30] and the JBI
Critical Appraisal Tool [31] and covered domains such as
randomization, deviations from intended interventions,
and outcome measurement. Nonrandomized trials were
evaluated with the Risk of Bias in Nonrandomized Stud-
ies of Interventions (ROBINS-I) tool [32], which assesses
risk across seven domains, including confounding and
missing data. Quality assessments were conducted inde-
pendently by L.X.X. and M.Q.C., and discrepancies were
resolved through discussion with G.L.N.

Synthesis methods
The units for fasting glucose and insulin were standard-
ized to mmol/L and mU/L, respectively.
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Data analysis

Descriptive summaries of the study, participant, and
intervention features, as well as the qualitative assess-
ments, were created. In this meta-analysis, we used the
mean and standard deviation (SD) of post-test and fol-
low-up measurements at each time point to calculate the
effect sizes in each study, but body weight changes were
synthesized using effect size (ES) as the summary mea-
sure. This approach was chosen because several of the
included studies provided only the effect size and the
corresponding 95% confidence interval (CI) rather than
raw mean differences or standard deviations. The use
of ES thus allowed for the combination of results across
studies with differing outcome measures and units and
provided a standardized summary measure that facili-
tated the comparison and pooling of data. For the pool-
ing of blood glucose and insulin levels, since some studies
provided data as medians with interquartile ranges, the
means and standard deviations for this part of the study
were estimated according to the equations outlined in
the Cochrane Handbook, and the intervention effect was
expressed as Cohen’s d. Standardized mean difference
(SMD) and 95% CI were calculated for the post-inter-
vention outcomes between groups [33, 34]. A Cohen’s d
greater than 0.8 indicated a large effect, between 0.5 and
0.8 indicated a medium effect, and between 0.2 and 0.5
indicated a small effect [22].

The risk ratio (RR) for dichotomous outcomes was cal-
culated using the Mantel-Haenszel method. A random-
effects model was employed when heterogeneity was
greater than 50%, and a fixed-effects model was applied
when heterogeneity was less than or equal to 50%. Leave-
one-out sensitivity analyses were performed for all com-
bined effect sizes, but additional subgroup analyses were
not conducted due to the limited number of studies for
each outcome indicator. When an outcome indicator
occurred in no more than two studies, descriptive analy-
sis was performed for that outcome indicator only, and
effect sizes were not combined. Endpoint publication
bias of studies was assessed using the Egger’s test, with
significant publication bias defined as p <0.05. Finally, a
two-tailed P<0.05 was the threshold used to indicate a
statistically significant test result. All of the above analy-
sis was carried out using Stata (version 16.0; StataCorp
LLC, College Station, TX, USA).

Results

Following the search and removal of duplicates, 1,529
articles remained for final assessment. Of these, 1,450
articles were excluded after reading the title and abstract,
leaving a total of 79 articles to be read in full, and one
article for which the original text was not available. A
thorough review of the full text of the available 78 arti-
cles resulted in the exclusion of 69 of them. A total of 9
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articles [22-24, 26-28, 35-37] were left to be included
in the systematic review. 6 studies [22, 23, 27, 28, 35, 36]
were selected for the meta-analysis, with publication
dates ranging from 2015 to 2024. The detailed search

incorporated in the systematic review are encapsulated in
Table 1 of Supplementary File 2. There were seven RCTs
[23, 24, 27, 28, 35-37], and two nonrandomized experi-
mental studies [22, 26]. A total of 625 participants were

process, along with reasons for exclusion, is presented included.
in a flowchart in Fig. 1, and the attributes of the studies
[ Identification of studies through databases and registers

Records removed before screening:
Duplicate  records  removed

(n = 534)

—»| Records excluded (n = 1450)

Reports excluded (n = 69)

1. Conference papers (n =5)

(R
_g Records identified from*:
3 Databases (n = 2060)
Y=
£ Regist =3
§ egisters (n = 3)
—
e 2
Records screened (n = 1529)
(=)}
4=
S .
] Reports sought for retrieval (n =79) |————| Reports not retrieved (n = 1)
®
Reports assessed for eligibility (n =
78)
—

2. The research methodology is not in line
—»| with(n=3)

3. Research scheme design (n =9)

4. The subjects don't match (n = 10)
5. Not Intermittent fasting (n = 40)
6

. Outcomes are inconsisten t(n = 2)

Studies included in
systematic review (n=9)

meta-anaysis (n = 6)

Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the study selection process
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IF Non-intervention
SMD, 95%CI
Study Mean SD n Mean SD n ES, 95% CI % Weight fixed
Michelle Harvie (2022) 72 4.44 84 742 423 85  -0.505(-0.812,-0.199) 69.11 —e—i
Carmen Vega (2024) 66.32 4.19 5 75.07 10.55 16 -0.878(-1.924,0.169)  5.93 —
Stefanie Zorn(2020) — 8 - - 22 -0.840(-1.350,-0.330) 24.96 —e—
I-V pooled ES 97 123 -0.611(-0.886,-0.356) 100 -
T 1

Heterogeneity chi-squared = 1.48 (d.f. =2) p=0.476; >= 0%
Test of ES: z=4.70, p <0.0001

Fig. 2 Forest plots illustrating the aggregated effects of IF on body weight

Table 2 Egger’s test results for each outcome indicator

Outcome Intercept  Standard 95% Cl P-
(B) Error (SE) val-

ue
Body weight -0.14 1.01 -14.15,11.45 0.41
Glucose -1.31 137 -5.66, 3.05 041
Insulin 0.76 0.85 -2.89,4.40 0.46
Toxicity -0.10 0.66 -2.93,2.73 0.89

The studies included three main modes of fasting: TWF
(1/9) [27], TRE (3/9) [22, 23, 26] and FST (5/9) [24, 28,
35-37]. The control group dietary patterns consisted of
noninterventional diets and CR. Studies included in the
analysis had a minimum follow-up duration of 2 weeks
[26], with the longest follow-up being 6 chemotherapy
cycles [24, 27, 35] and a median follow-up of 4 chemo-
therapy cycles. Patients’ adherence to IF ranged from
33.8 to 100% [22, 23, 28], and the outcome indicators in
the included studies were weight [22, 24, 26, 27, 36], BMI
[26, 27, 36, 37], waist circumference [22, 27], quality of
life [24, 26, 28, 36, 37], metabolic parameters [22, 23, 27,
28, 35], and toxic response to chemotherapy [23, 27, 28,
35]. Participants hailed from the United Kingdom (1/9)
[27], the United States (1/9) [26], Chile (1/9) [22], Egypt
(1/9) [23], Germany (2/9) [24, 36], and the Netherlands
(3/9) [28, 35, 37].

Quality assessment and risk of bias of the included studies

The details of the evaluation of study quality and risk of
bias for the included articles are provided in Supplemen-
tary Tables 2, 3, and 4 along with Figs. 1 and 2. Most of
the randomized controlled trials (RCTs) (Supplemen-
tary Figs. 1 and 2) demonstrated a minimal risk of bias
in sequence generation and allocation concealment.
Only one study [36] exhibited a significant risk related
to sequence generation. Due to the characteristics of the
food interventions, participant blinding was impractica-
ble. Consequently, all seven RCTs were assessed as hav-
ing a high risk of bias concerning blinding. Regarding
other sources of bias, two studies [35, 36] were rated as
having an unclear risk, and the remaining five [23, 24, 27,

T T T T
-2.5 -2.0 1.5 1.0 -0.5 0.0 0.5

IF Non-intervention

28, 37] were rated as low risk. Among the nonrandom-
ized experimental studies (Supplementary Table 3), two
studies [22, 26] had high and moderate risk of bias in
terms of confounding bias and participant selection bias,
respectively. Notably, these two studies were otherwise at
lower risk of bias. Egger’s test revealed that none of the
studies included in the meta-analysis were likely to have
publication bias (P> 0.05) (Table 2).

The effects of IF on anthropometric outcomes

Figure 2 summarizes the effects of IF on body weight
and BMI among patients with gynecological or breast
cancer. The pooled analysis indicated that IF was effec-
tive in reducing body weight compared to controls (ES,
-0.611; 95% CI, -0.886, -0.356; p < 0.001; I* = 0%). We note
that one study [24] used a crossover experimental design
but did not indicate the change in body weight of groups
A and B at the crossover point and was therefore not
included in the our meta-analysis. This study reported a
reduction in patient weight following the intervention. In
group A, the average body weight was 73 kg (SD=26.1) at
baseline and 72.3 kg (SD=25.8) at the conclusion of the
trial, and in group B the respective values were 67.9 kg
(SD =23.7) and 68.5 kg (SD =24.2).

Harvie et al. [27] and Lugtenberg et al. [37] investi-
gated the effects of IF on BMI. Harvie et al’s study dem-
onstrated that TWF led to a reduction in BMI in both
normal-weight and overweight patients with early-stage
breast cancer. In contrast, Lugtenberg et al’s study [37]
found that FST had no significant impact on BMI reduc-
tion in breast cancer patients. Supplementary Fig. 3 gives
an idea of the sensitivity analysis of body weight by show-
ing that the pooled effect sizes are robust. Similarly, both
Harvie et al. [27] and Vega et al. [22] studied the effects
of IF on waist circumference in breast cancer patients.
However, we could not summarize the effect sizes for
waist circumference as these were the only 2 studies.
Harvie et al’s study [27] demonstrated that IF had no
effect on waist circumference in breast cancer patients,
whereas Vega et al’s study [22] showed that IF reduced
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Non-intervention SMD, 95%CI
Fixed
Study Mean SD n Mean SD n SMD, 95% CI % Weight
Michelle Harvie (2022) 493 1.27 84 5.11 1.02 85 -0.156(-0.458,0.146) 46.59 o+
Carmen Vega (2024) 5.18 0.6 5 5.4 0.34 16 -0.538(-1.557,0.480) 4.09 ——e—
Enas M. Omar (2022) 5.55 1.89 24 8.72 3.52 24 -1.122(-1.733,0.512) 11.4 —e—
Stefanie de Groot (2020) 5.1 1.81 65 5.7 1.81 64 -0.331(-0.679,0.016) 35.18 —o—
Stefanie de Groot (2015) 6.8 0.85 5 7 0.68 5 -0.260(-1.506,0.986) 274 —e———
D+L pooled SMD 183 194 -0.347(-0.553,-0.140) 100 agl
T T T 1

Heterogeneity chi-squared = 7.88 (d.f. = 4) p = 0.096; I> = 49.3%

Test of SMD : z=3.30, p < 0.0001 I Non-intervention
IF Non-intervention
SMD, 95%CI
Study Mean SD n Mean SD n SMD,95% CI % Weight Fixed
Carmen Vega (2024) 13.26 5.01 5 16.28 10.11 16 -0.326(-1.335,0.694)  7.63 e
Enas M. Omar (2022) 1223 5.92 24 12.92 7.5 24 -0.102(-0.668,0.464)  24.27 —e—i
Stefanie de Groot (2020) 6 1.2 65 12 11.62 64 -0.526(-0.887-0.175)  63.09 —e—
Stefanie de Groot (2015) 13 7.5 5 16 135 5 -0.275(-1.522,0.972) 5 e
D+L pooled SMD 99 109 -0.395(-0.674-0.116) 100 gl
I T T 1
Heterogeneity chi-squared = 1.62 (d.f. = 3), p = 0.656; I*= 0% -2 -1 0 1 2
Test of SMD: z=2.78, p = 0.005 IF Non-intervention
Fig. 3 Forest plots depicting the aggregated effects of IF on blood glucose levels (A) and insulin levels (B)
IF Non-intervention
RR, 95%CI
Study Event Total Event  Total RR(95%CI) % Weight M-H, Fixed
Michelle Harvie (2022) 26 84 31 85 0.849(0.555,1.298) 39.59 &
Enas M. Omar (2022) 0 24 1 25 0.347(0.015,8.116) 1.89 F 3 !
Stefanie de Groot (2020) 49 65 42 64  1.149(0.917,1.439)  54.37 ol
Stefanie de Groot (2015) 6 7 3 6 1.714(0.729,4.033) 415 e
M-H pooled RR 75 180 77 180 1.038(0.844,1.278) 100 H

Heterogeneity chi-squared = 3.42 (d.f. =3), p=0.331; ?=123%
Test of RR: z=0.35, p=0.723 IF Non-intervention

Fig. 4 Forest plot showing pooled data on chemotherapy toxicities greater than grade 2 in IF vs. controls

waist circumference in breast cancer patients with a BMI  moderate heterogeneity (I = 49.3%). The SMD in serum

over 24. insulin levels was —0.395 mU/L (95% CI: -0.674 to -0.116,
p=0.005) and exhibited low heterogeneity (I* = 0%). The
The effects of IF on glycemic metabolism sensitivity analyses, as shown in supplementary Fig. 4,

Figure 3 depicts the effects of IF on blood glucose param-  indicate that the pooled effect sizes for both glucose and
eters. From the figure we can see that IF led to a sub-  serum insulin are robust.

stantial reduction in blood glucose levels, with a SMD of

-0.347 mmol/L (95% CI: -0.553 to -0.140, p <0.0001) and
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The impact of IF on chemotherapy-induced toxicity

Figure 4 summarizes the effects of IF on chemotherapy-
related toxicity in patients with gynecological or breast
cancer. The pooled analysis shows no significant differ-
ence in the risk of experiencing a chemotherapy toxicity
event greater than grade 2 between the IF and non-IF
groups (RR: 1.038; 95% CI: 0.844, 1.278; p=0.723), and
heterogeneity was low (I* = 12.3%). Studies by Zorn et al.
[36] (-0.16+0.06; 95% CI: -0.28 to -0.03, p=0.013) and
Omar et al. [23] (p=0.004) both suggested that patients
with an mSTF cycle had a significantly lower frequency
of grade I/II stomatitis compared to normocaloric diet
(NC) cycles. Once again, he sensitivity analyses indicated
that the pooled effect size was consistent and robust
(Supplementary Fig. 5).

The effects of IF on patients’ subjective perception
Although 5 (55.6%) of the included studies examined
the effects of IF on the subjective state of patients [24,
26, 28, 36, 37] 1 was a single-arm experiment [26], and 2
were crossover experimental studies [24, 36], which did
not allow for data extraction sufficient to summarize the
effect sizes of interest. Therefore, a descriptive analysis
was instead conducted on the effects of IF on the sub-
jective state of patients. Kleckner et al. [26] conducted
a descriptive analysis of IF’s effects on the subjective
state of patients through a single-arm experiment that
assessed fatigue in patients with gynecological or breast
cancer and found that the total FACIT-F score increased
by 9.3 +13.3 points following the intervention, indicating
significant improvements in fatigue (p <0.001, ES=0.50).
Additionally, the BFI scores also showed a reduction in
fatigue, with a decrease of 1.0+ 1.7 points (p<0.001, ES
= -0.58), further supporting the beneficial effects of IF
on patients’ fatigue levels. Bauersfeld et al. ‘s [24] study
on the effects of short-term fasting in gynecological
cancer patients found that in group A, chemotherapy-
induced fatigue, as measured by the total FACIT-F score,
decreased by 10.4+5.3 points during fasting cycles and
by 27.0 £ 6.3 points during nonfasting cycles. In contrast,
group B experienced a mean decline of 14.1+5.6 points
during nonfasting cycles and 11.0 + 5.6 points during fast-
ing cycles. However, Zorn et al’s study [36] indicated that
short-term fasting did not significantly improve qual-
ity of life for cancer patients. For breast cancer patients,
participants adhering to fasting mimicking diets (FMD)
had higher scores for mood, physical, role, cognitive, and
social functioning, and lower scores for fatigue, nausea,
and insomnia symptoms compared to nonadherents and
those on conventional diets [28, 37].
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Discussion

To our knowledge, this review is the first to assess the
effects of IF in patients with gynecological or breast can-
cer comprehensively. Our analysis provides moderate- to
high-quality evidence that suggests that IF has a benefi-
cial impact on body weight, glucose, and insulin levels in
these patients, without increasing chemotherapy-related
toxicity, and the results demonstrate low heterogeneity.
Moreover, IF may also improve BMI and subjective out-
comes. We conducted several sensitivity analyses that
validated the robustness of the findings on anthropomet-
ric outcomes, glucose metabolism, and chemotherapy-
related toxicity.

No publication bias was detected, and the pooled
data indicated that IF effectively reduced body weight
in patients with gynecological or breast cancer [23, 27,
36]. This result means that IF may be an effective non-
pharmacological intervention for weight management
in these populations. This is noteworthy, as obesity is a
major risk factor for gynecological and breast cancers
[38]. For instance, Chlebowski et al. [39] conducted a
randomized clinical trial involving 48,835 breast cancer
patients found that weight control could help reduce the
recurrence rate, lower the risk of developing a second
cancer, and improve overall survival. Weight loss in can-
cer patients is associated with improved metabolic sta-
tus, reduced risk of comorbidities, and potentially better
treatment outcomes, emphasizing the potential clinical
value of incorporating IF into supportive care.

Our findings are consistent with previous findings
in other populations as well. For example, a systematic
review by Patikorn et al. [40] reported that, following two
months of IF, fasting resulted in weight loss among both
healthy adults and overweight and obese, as well as those
with nonalcoholic fatty liver disease. Several preclini-
cal studies have also reported that IF modulates energy
metabolism and reduces fat accumulation, which may
benefit cancer patients at risk of metabolic disorders due
to chemotherapy or hormone therapy [18, 41]. In addi-
tion, we found that IF may lead to a reduction in WHR,
which is important for the overall health of patients with
gynecological and breast cancers, as abdominal (visceral)
obesity, irrespective of body weight or BM], is considered
a major health risk factor [42, 43].

Our findings also align with previous research con-
ducted in noncancer populations that the benefits of IF
for metabolic regulation, particularly in relation to fast-
ing blood glucose and insulin levels. Numerous studies
have demonstrated that IF enhances fasting blood glu-
cose levels and decreases insulin resistance [16, 44, 45].
Interestingly, however, Sun et al. [46] found no significant
changes in fasting glucose levels within the IF group,
and this has led to some uncertainty in the relationship
between IF and blood glucose levels. Factors such as the
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duration of fasting, variations in demographic character-
istics, and differences in patients’ metabolic profiles may
contribute to variability in the effect of IF on blood glu-
cose levels. Consequently, further research is warranted
to clarify the effect of IF on blood glucose.

Additionally, our meta-analysis provided aggregated
evidence, free from publication bias, indicating a benefi-
cial impact of IF on insulin levels. This result also aligns
with previous studies demonstrating that IF regimens
lead to a modest reduction in fasting insulin concentra-
tions [47]. The effect of IF on insulin levels is the result
of a combination of mechanisms, including improved
insulin sensitivity, promotion of lipolysis, metabolic
switching, increased glucagon secretion, activation of
cellular autophagy, and reduced inflammation and oxi-
dative stress [48], and each of these mechanisms is an
important for cancer progression and treatment out-
comes [49]. Studies by Ferroni et al. [50] and Monzavi-
Karbassi et al. [51] on nondiabetic breast cancer patients
have demonstrated that higher blood glucose and insu-
lin levels are connected with a poor prognosis. Thus, the
observed reductions in blood glucose and insulin levels
suggest that IF may be able to mitigate these risks.

Our systematic review did not find a significant effect
of IF in reducing chemotherapy-related side effects,
which aligns with the findings of Ferro et al. [29]. Nota-
bly, in the study by Groot et al. [28, 35] patients in the IF
group were not treated with dexamethasone prior to che-
motherapy, even though there was no statistically signifi-
cant difference in toxicity response between the IF and
regular diet groups, suggesting that IF may have elimi-
nated the need for dexamethasone for preventing chemo-
therapy side effects. Importantly, patients who received
IF along with chemotherapy had less DNA damage in T
lymphocytes compared to those receiving chemotherapy
with a normal diet, suggesting that IF protects these cells
from chemotherapy-induced DNA damage [28]. There-
fore, IF may have the potential to attenuate chemother-
apy-related side effects, and future studies should further
explore different IF types, using longer durations and
larger sample sizes, in diverse cancer populations.

Some of the studies included in our systematic review
suggest that IF may benefit the subjective perception of
gynecological and breast cancer patients [24, 26, 28, 36,
37]. This includes quality of life, treatment functioning,
disease perception, treatment burden, and fatigue. Our
findings are consistent with those of other experimen-
tal and animal studies [24, 52], and they emphasize the
potential role of IF in improving the overall health of can-
cer patients, not just the metabolic and physical health
benefits. In general, patients with breast and endometrial
cancers gain weight during chemotherapy, which usually
persists for several years after treatment ends [38, 53].
Weight gain can lead to poor quality of life, physiological
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stress, and body image concerns. IF may also have a posi-
tive impact on mental health by promoting hormone
balance and reducing inflammatory markers (often asso-
ciated with mental fatigue and depression) in addition to
controlling patients” weight and thereby improving their
overall subjective well-being [54, 55].

Compared to other dietary interventions (e.g., con-
tinuous calorie restriction), IF offers a more flexible
approach that may be more acceptable and sustainable
for patients. Adherence frequently remains suboptimal
due to the long-term nature of IF as a lifestyle interven-
tion. In Groot et al’s trial [28], fewer than 33% of patients
adhered to the IF regimen throughout all chemotherapy
cycles. Likewise, research by Zorn et al. [36] revealed
that just 50% of participants expressed a readiness to fast
again after treatment. Improving patient awareness, com-
prehension, and involvement may therefore be essential
for increasing adherence to IF treatment procedures [56].
Understanding what are seen as benefits and obstacles
to IF adherence may promote compliance and improve
therapeutic results [57].

Crucially, however, the use of IF should be carefully
tailored to the needs of each patient, especially those
receiving intensive cancer therapy. Although IF can help
with hyperglycemia, hyperinsulinemia, and fatigue, care-
ful monitoring is essential to avoid potential risks such
as hypoglycemia, particularly in patients receiving treat-
ment regimens that affect appetite and nutrient intake
[58]. Collaboration between oncologists, dietitians, and
other healthcare professionals is thus essential to ensure
the safe and effective implementation of IF.

Our study features several strengths. To begin, we
adhered to strict inclusion criteria, systematically
searched all relevant studies that met our predefined cri-
teria, and followed the PRISMA guidelines for reporting
systematic reviews and meta-analyses. We also employed
rigorous quality assessment tools, including RoB2 for
RCTs, and ROBINS-I for nonrandomized studies. A
comprehensive literature search across seven major data-
bases, supplemented by reference tracking, ensured the
inclusion of high-quality and relevant studies. However,
although randomized controlled trials generally offer
more reliable evidence, our inclusion of nonrandom-
ized trials may limit the external validity of our findings.
Notably, this review is the first to assess the effects of IF
in gynecological and breast cancer systematically. Our
findings provide clinically significant insights into the
potential of IF as a nonpharmacological intervention for
weight management and metabolic improvement in can-
cer patients. Additionally, the use of sensitivity analysis to
validate the robustness of the combined effect size fur-
ther strengthens the reliability of our results.

The study is not without limitations, however. First, the
heterogeneity of cancer types and treatment regimens



Liu et al. BMC Cancer (2025) 25:419

in the included studies present a significant limita-
tion in interpreting the results of our systematic review
and meta-analysis. For instance, cancers such as breast,
ovarian, and endometrial differ in their biological path-
ways and metabolic profiles, which may influence their
response to IF interventions. Second, treatment regi-
mens such as chemotherapy, hormone therapy, and
radiotherapy interact with metabolic pathways in dis-
tinct ways, potentially altering the effects of IF. These
variations across cancer types and treatments complicate
direct comparisons and may contribute to differences in
observed outcomes. Third relatively small sample sizes
and lack of subgroup analysis further restrict the study’s
ability to assess the specific effects of IF on different can-
cer types or treatments.

Future research should focus on including larger, more
homogeneous populations and stratifying analyses by
cancer type and treatment regimen. Furthermore, explor-
ing the impact of various IF regimens on patients, along-
side standardization of IF protocols, could improve the
comparability and robustness of the findings in future
meta-analyses.

Conclusions

IF is effective in managing body weight and blood glu-
cose levels without exacerbating the toxic effects of
chemotherapy, making it a viable nonpharmacological
intervention for weight control in patients overweight or
obese patients with gynecological or breast cancer. How-
ever, improving adherence to this intervention is cru-
cial to support further research and development in this
field. Given the limitations of this meta-analysis, includ-
ing methodological shortcomings such as the inclusion
of multiple study designs with small sample sizes, our
findings should be interpreted cautiously. High-quality,
adequately powered randomized controlled trials are
necessary to explore specific IF regimens in different sub-
groups of cancer patients and cancer survivors.

Abbreviations
IF Intermittent fasting

CNKI China National Knowledge Infrastructure
CBM Chinese Biomedical Literature Database
CR Calorie restriction

BMI Body mass index

RCT Randomized controlled trials

ES Effect Size

SMD Standardized mean difference

SD Standard deviation

MD Mean difference

RR Relative risk

@] Confidence interval

ADF Zero-calorie alternate-day fasting

MADF Modified alternate-day fasting

TWF Twice-weekly fasting

TRE Time-restricted eating

FST Periodic or short-term fasting

PRISMA Preferred Reporting Items for Systematic Reviews and

Meta-Analyses

Page 10 of 12

CTCAE Common Terminology Criteria for Adverse Events

FACIT-F Functional Assessment of Chronic lliness Therapy-Fatigue
BFI Brief Fatigue Inventory

RoB2 Risk of Bias 2

NOS Newcastle-Ottawa Scale

ROBINS-I  Risk of Bias in Non-randomized Studies of Interventions
FMD Fasting mimicking diets

NC Normocaloric diet

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512885-025-13806-9 .

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements
The authors thank AiMi Academic Services (www.aimieditor.com) for English
language editing and review services.

Author contributions

L.X.X: Conceptualisation, Methodology, Data management, Formal analysis,
Visualisation, Writing - original draft preparation; M.Q.C: Methodology, Data
management, Formal analysis, Validation; FW.Q: Data management, Formal
analysis, Validation; N.L.Z: Data management; G.L.N: Validation, Resources,
Project Management, Oversight, Funding Acquisition, Writing - Review and
Editing. All authors have read and agreed to the published version of the
manuscript.

Funding

This study was supported by the Liaoning Provincial Department of
Education’s 2021 Scientific Research Top Project (LJKR0279) and China Medical
University’s 2024 National Topic Support Programme (2024-FC1).

Data availability
Original contributions presented in the study are included in the article and
further enquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Informed consent
None.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
'Department of Obstetrics and Gynecology, Shengjing Hospital of China
Medical University, Shenyang 110004, China

Received: 21 November 2024 / Accepted: 25 February 2025
Published online: 07 March 2025

References

1. BrayF, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram |, Jemal
A. Global cancer statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2024;74(3):229-63.


https://doi.org/10.1186/s12885-025-13806-9
https://doi.org/10.1186/s12885-025-13806-9
http://www.aimieditor.com

Liu et al. BMC Cancer

20.

21

(2025) 25:419

Guida F, Kidman R, Ferlay J, Schiiz J, Soerjomataram |, Kithaka B, Ginsburg O,
Mailhot Vega RB, Galukande M, Parham G, et al. Global and regional estimates
of orphans attributed to maternal cancer mortality in 2020. Nat Med.
2022,28(12):2563-72.

Islami F, Goding Sauer A, Miller KD, Siegel RL, Fedewa SA, Jacobs EJ,
McCullough ML, Patel AV, Ma J, Soerjomataram |, et al. Proportion and
number of cancer cases and deaths attributable to potentially modifiable risk
factors in the united States. CA Cancer J Clin. 2018;68(1):31-54.

Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and
incidence of cancer: a systematic review and meta-analysis of prospective
observational studies. Lancet. 2008;371(9612):569-78.

lyengar NM, Arthur R, Manson JE, Chlebowski RT, Kroenke CH, Peterson L,
Cheng TD, Feliciano EC, Lane D, Luo J, et al. Association of body fat and risk
of breast Cancer in postmenopausal women with normal body mass index:
A secondary analysis of a randomized clinical trial and observational study.
JAMA Oncol. 2019;5(2):155-63.

Wang W, Wang X, Jiang Y, Guo Y, Fu P He W, Fu X. Normal weight obesity,
Circulating biomarkers and risk of breast cancer: a prospective cohort study
and meta-analysis. Br J Cancer. 2024.

Aune D, Navarro Rosenblatt DA, Chan DS, Vingeliene S, Abar L, Vieira AR,
Greenwood DC, Bandera EV, Norat T. Anthropometric factors and endome-
trial cancer risk: a systematic review and dose-response meta-analysis of
prospective studies. Ann Oncol. 2015;26(8):1635-48.

Mattison JA, Roth GS, Beasley TM, Tilmont EM, Handy AM, Herbert RL,

Longo DL, Allison DB, Young JE, Bryant M, et al. Impact of caloric restric-

tion on health and survival in rhesus monkeys from the NIA study. Nature.
2012/489(7415):318-21.

Ovarian cancer and body. Size: individual participant meta-analysis including
25,157 women with ovarian cancer from 47 epidemiological studies. PLoS
Med. 2012;9(4):e1001200.

Clifton KK, Ma CX, Fontana L, Peterson LL. Intermittent fasting in the preven-
tion and treatment of cancer. CA Cancer J Clin. 2021;71(6):527-46.

Varady KA, Cienfuegos S, Ezpeleta M, Gabel K. Clinical application of intermit-
tent fasting for weight loss: progress and future directions. Nat Rev Endocri-
nol. 2022;18(5):309-21.

Persynaki A, Karras S, Pichard C. Unraveling the metabolic health ben-

efits of fasting related to religious beliefs: A narrative review. Nutrition.
2017;35:14-20.

Eglseer D, Traxler M, Embacher S, Reiter L, Schoufour JD, Weijs PJM, Voortman
T, Boirie Y, Cruz-Jentoft A, Bauer S. Nutrition and exercise interventions to
improve body composition for persons with overweight or obesity near
retirement age: A systematic review and network Meta-Analysis of random-
ized controlled trials. Adv Nutr. 2023;14(3):516-38.

Ferndndez-Rodriguez R, Martinez-Vizcaino V, Mesas AE, Notario-Pacheco

B, Medrano M, Heilbronn LK. Does intermittent fasting impact mental
disorders? A systematic review with meta-analysis. Crit Rev Food Sci Nutr.
2023,63(32):11169-84.

Lange M, Nadkarni D, Martin L, Newberry C, Kumar S, Kushner T. Intermittent
fasting improves hepatic end points in nonalcoholic fatty liver disease: A
systematic review and meta-analysis. Hepatol Commun. 2023;7(8).

Khalafi M, Habibi Maleki A, Symonds ME, Rosenkranz SK, Rohani H, Ehsanifar
M. The effects of intermittent fasting on body composition and cardiometa-
bolic health in adults with prediabetes or type 2 diabetes: A systematic
review and meta-analysis. Diabetes Obes Metab. 2024,26(9):3830-41.

Khalafi M, Symonds ME, Maleki AH, Sakhaei MH, Ehsanifar M, Rosenkranz SK.
Combined versus independent effects of exercise training and intermittent
fasting on body composition and cardiometabolic health in adults: a system-
atic review and meta-analysis. Nutr J. 2024;23(1).7.

Lee C, Raffaghello L, Brandhorst S, Safdie FM, Bianchi G, Martin-Montalvo A,
Pistoia V, Wei M, Hwang S, Merlino A, et al. Fasting cycles retard growth of
tumors and sensitize a range of cancer cell types to chemotherapy. Sci Trans!
Med. 2012;4(124):124ra127.

Longo VD, Fontana L. Calorie restriction and cancer prevention: metabolic
and molecular mechanisms. Trends Pharmacol Sci. 2010;31(2):89-98.
Thomas JA 2nd, Antonelli JA, Lioyd JC, Masko EM, Poulton SH, Phillips TE,
Pollak M, Freedland SJ. Effect of intermittent fasting on prostate cancer tumor
growth in a mouse model. Prostate Cancer Prostatic Dis. 2010;13(4):350-5.
Das M, Ellies LG, Kumar D, Sauceda C, Oberg A, Gross E, Mandt T, Newton IG,
Kaur M, Sears DD, et al. Time-restricted feeding normalizes hyperinsulinemia
to inhibit breast cancer in obese postmenopausal mouse models. Nat Com-
mun. 2021;12(1):565.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

Page 11 of 12

Vega C, Barnafi E, Sdnchez C, Acevedo F, Walbaum B, Parada A, Rivas N,
Merino T. Calorie restriction and Time-Restricted feeding: effective interven-
tions in overweight or obese patients undergoing radiotherapy treatment
with curative intent for Cancer. Nutrients. 2024;16(4).

Omar EM, Omran GA, Mustafa MF, El-Khodary NM. Intermittent fasting during
adjuvant chemotherapy May promote differential stress resistance in breast
cancer patients. J Egypt Natl Canc Inst. 2022;34(1):38.

Bauersfeld SP, Kessler CS, Wischnewsky M, Jaensch A, Steckhan N, Stange R,
Kunz B, Briickner B, Sehouli J, Michalsen A. The effects of short-term fasting
on quality of life and tolerance to chemotherapy in patients with breast

and ovarian cancer: a randomized cross-over pilot study. BMC Cancer.
2018:18(1):476.

Grossmann ME, Cleary MP. The balance between leptin and adiponectin in
the control of carcinogenesis - focus on mammary tumorigenesis. Biochimie.
2012;94(10):2164-71.

Kleckner AS, Altman BJ, Reschke JE, Kleckner IR, Culakova E, Dunne RF, Mus-
tian KM, Peppone LJ. Time-restricted eating to address Cancer-related fatigue
among Cancer survivors: A Single-arm pilot study. J Integr Oncol. 2022;11(5).
Harvie M, Pegington M, Howell SJ, Bundred N, Foden P, Adams J, Graves L,
Greystoke A, Mattson MP, Cutler RG, et al. Randomised controlled trial of
intermittent vs continuous energy restriction during chemotherapy for early
breast cancer. Br J Cancer. 2022;126(8):1157-67.

de Groot S, Lugtenberg RT, Cohen D, Welters MJP, Ehsan |, Vreeswijk MPG,
SmitV, de Graaf H, Heijns JB, Portielje JEA, et al. Fasting mimicking diet as an
adjunct to neoadjuvant chemotherapy for breast cancer in the multicentre
randomized phase 2 DIRECT trial. Nat Commun. 2020;11(1):3083.

Ferro Y, Maurotti S, Tarsitano MG, Lodari O, Pujia R, Mazza E, Lascala L, Russo
R, Pujia A, Montalcini T. Therapeutic fasting in reducing chemotherapy side
effects in Cancer patients: A systematic review and Meta-Analysis. Nutrients.
2023;15(12).

Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron |, Cates CJ,
Cheng HY, Corbett MS, Eldridge SM, et al. RoB 2: a revised tool for assessing
risk of bias in randomised trials. BMJ. 2019,366:14898.

Barker TH, Stone JC, Sears K, Klugar M, Tufanaru C, Leonardi-Bee J, Aromataris
E, Munn Z.The revised JBI critical appraisal tool for the assessment of risk of
bias for randomized controlled trials. JBI Evid Synth. 2023;21(3):494-506.
Sterne JA, Herndn MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M,
Henry D, Altman DG, Ansari MT, Boutron |, et al. ROBINS-I: a tool for assessing
risk of bias in non-randomised studies of interventions. BMJ. 2016;355:14919.
Wang Y, Zhu L, Tan X, Cheng Y, Wang X, Fang S. Higher levels of peripheral
blood glucose in the acute stage of stroke increase the risk of post-stroke
depression: A systematic review and meta-analysis. Neurosci Biobehav Rev.
2022;142:104829.

Muka T, Glisic M, Milic J, Verhoog S, Bohlius J, Bramer W, Chowdhury R, Franco
OH. A 24-step guide on how to design, conduct, and successfully publish a
systematic review and meta-analysis in medical research. Eur J Epidemiol.
2020;35(1):49-60.

de Groot S, Vreeswijk MP, Welters MJ, Gravesteijn G, Boei JJ, Jochems A,
Houtsma D, Putter H, van der Hoeven JJ, Nortier JW, et al. The effects of short-
term fasting on tolerance to (neo) adjuvant chemotherapy in HER2-negative
breast cancer patients: a randomized pilot study. BMC Cancer. 2015;15:652.
Zorn S, Ehret J, Schduble R, Rautenberg B, Ihorst G, Bertz H, Urbain P, Raynor
A. Impact of modified short-term fasting and its combination with a fasting
supportive diet during chemotherapy on the incidence and severity of
chemotherapy-induced toxicities in cancer patients - a controlled cross-over
pilot study. BMC Cancer. 2020;20(1):578.

Lugtenberg RT, de Groot S, Kaptein AA, Fischer MJ, Kranenbarg EM, Carpen-
tier MD, Cohen D, de Graaf H, Heijns JB, Portielje JEA, et al. Quality of life and
iliness perceptions in patients with breast cancer using a fasting mimicking
diet as an adjunct to neoadjuvant chemotherapy in the phase 2 DIRECT
(BOOG 2013-14) trial. Breast Cancer Res Treat. 2021;185(3):741-58.

Agnew HJ, Kitson SJ, Crosbie EJ. Gynecological malignancies and obesity.
Best Pract Res Clin Obstet Gynaecol. 2023;88:102337.

Chlebowski RT, Aragaki AK, Anderson GL, Simon MS, Manson JE, Neuhouser
ML, Pan K, Stefanic ML, Rohan TE, Lane D, et al. Association of Low-Fat
dietary pattern with breast Cancer overall survival: A secondary analysis

of the women's health initiative randomized clinical trial. JAMA Oncol.
2018;4(10):181212.

Patikorn C, Roubal K, Veettil SK, Chandran V, Pham T, Lee YY, Giovannucci

EL, Varady KA, Chaiyakunapruk N. Intermittent fasting and Obesity-Related
health outcomes: an umbrella review of Meta-analyses of randomized clinical
trials. JAMA Netw Open. 2021;4(12):e2139558.



Liu et al. BMC Cancer

42.

43.

44,

45.

46.

47.

48.

49.

(2025) 25:419

Raffaghello L, Lee C, Safdie FM, Wei M, Madia F, Bianchi G, Longo VD.
Starvation-dependent differential stress resistance protects normal but not
cancer cells against high-dose chemotherapy. Proc Natl Acad Sci U S A.
2008;105(24):8215-20.

Wang S, Shi S, Huang Y, Huang H, Zhong VW. Severity of abdominal obesity
and cardiometabolic diseases in US adults. Public Health. 2024;227:154-62.
Zhao P, Gu X, Qian D, Yang F. Socioeconomic disparities in abdominal obesity
over the life course in China. Int J Equity Health. 2018;17(1):96.

Choi JH, Cho YJ, Kim HJ, Ko SH, Chon S, Kang JH, Kim KK, Kim EM, Kim HJ,
Song KH, et al. Effect of Carbohydrate-Restricted diets and intermittent
fasting on obesity, type 2 diabetes mellitus, and hypertension management:
consensus statement of the Korean society for the study of obesity, Korean
diabetes association, and Korean society of hypertension. Diabetes Metab J.
2022,46(3):355-76.

Wang X, Li Q, Liu Y, Jiang H, Chen W. Intermittent fasting versus continuous
energy-restricted diet for patients with type 2 diabetes mellitus and meta-
bolic syndrome for glycemic control: A systematic review and meta-analysis
of randomized controlled trials. Diabetes Res Clin Pract. 2021;179:109003.
Sun ML, Yao W, Wang XY, Gao S, Varady KA, Forslund SK, Zhang M, Shi ZY, Cao
F, Zou BJ, et al. Intermittent fasting and health outcomes: an umbrella review
of systematic reviews and meta-analyses of randomised controlled trials.
EClinicalMedicine. 2024;70:102519.

He S, Wang J, Zhang J, Xu J. Intermittent versus continuous energy restriction
for weight loss and metabolic improvement: A Meta-Analysis and systematic
review. Obes (Silver Spring). 2021;29(1):108-15.

Wang H, Arias EB, Yu CS, Verkerke ARP, Cartee GD. Effects of calorie restriction
and Fiber type on glucose uptake and abundance of Electron transport
chain and oxidative phosphorylation proteins in single fibers from old rats. J
Gerontol Biol Sci Med Sci. 2017;72(12):1638-46.

Lin J, Gill A, Zahm SH, Carter CA, Shriver CD, Nations JA, Anderson WF,
McGlynn KA, Zhu K. Metformin use and survival after non-small cell lung
cancer: A cohort study in the US military health system. Int J Cancer.
2017;141(2):254-63.

w

51.

52.

53.

54.

55.

56.

57.

58.

0.

Page 12 of 12

Ferroni P, Riondino S, Laudisi A, Portarena |, Formica V, Alessandroni J,
D'Alessandro R, Orlandi A, Costarelli L, Cavaliere F, et al. Pretreatment insulin
levels as a prognostic factor for breast Cancer progression. Oncologist.
2016;21(9):1041-9.

Monzavi-Karbassi B, Gentry R, Kaur V, Siegel ER, Jousheghany F, Medarametla
S, Fuhrman BJ, Safar AM, Hutchins LF, Kieber-Emmons T. Pre-diagnosis blood
glucose and prognosis in women with breast cancer. Cancer Metab. 2016;4:7.
Brandhorst S, Choi IY, Wei M, Cheng CW, Sedrakyan S, Navarrete G, Dubeau

L, Yap LP, Park R, Vinciguerra M, et al. A periodic diet that mimics fasting
promotes Multi-System regeneration, enhanced cognitive performance, and
healthspan. Cell Metab. 2015;22(1):86-99.

Kwok A, Palermo C, Boltong A. Dietary experiences and support needs of
women who gain weight following chemotherapy for breast cancer. Support
Care Cancer. 2015;23(6):1561-8.

Fairbrass KM, Lovatt J, Barberio B, Yuan Y, Gracie DJ, Ford AC. Bidirectional
brain-gut axis effects influence mood and prognosis in IBD: a systematic
review and meta-analysis. Gut. 2022;71(9):1773-80.

Currie TL, Engler MM, Krauthamer V, Scott JM, Deuster PA, Flagg TP. Consider-
ations for optimizing warfighter psychological health with a Research-Based
flavonoid approach: A review. Nutrients. 2023;15(5).

Redding A, Santarossa S, Murphy D, Udumula MP, Munkarah A, Hijaz M, Rat-
tan R. A patient perspective on applying intermittent fasting in gynecologic
cancer. BMC Res Notes. 2023;16(1):190.

Jefcoate PW, Robertson MD, Ogden J, Johnston JD. Exploring rates of adher-
ence and barriers to Time-Restricted eating. Nutrients. 2023;15(10).

Pye C, Parr EB, Flint SA, Devlin BL. Exploring Australian Dietitians'knowledge,
experience and perspectives of time-restricted eating in private practice: A
qualitative study. Clin Obes. 2024;14(5).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The effects of intermittent fasting on anthropometric indices, glycemic profile, chemotherapy-related toxicity, and subjective perception in gynecological and breast cancer patients: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Search methods
	﻿Eligibility criteria
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Study selection
	﻿Data collection process
	﻿Quality assessment and risk of bias
	﻿Synthesis methods
	﻿Data analysis

	﻿Results
	﻿Quality assessment and risk of bias of the included studies
	﻿The effects of IF on anthropometric outcomes
	﻿The effects of IF on glycemic metabolism
	﻿The impact of IF on chemotherapy-induced toxicity
	﻿The effects of IF on patients’ subjective perception

	﻿Discussion
	﻿Conclusions
	﻿References


