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Abstract
Purpose: To conduct a visualization analysis of international research hotspots
and trends in intermittent fasting over the past decade, providing reference and
basis for future research in this field. Methods: Existing studies on the topic
of IF from the Web of Science Core Collection database between January 2010
and January 2022 were retrieved. Cite Space software was used to analyze
the discipline distribution, author and institutional cooperation relationships,
high-frequency keywords, emergent cited keywords, and other aspects of the
included literature, and to generate relevant mapping visualizations. Results
and Conclusions: (1) A total of 2,786 documents were ultimately retrieved and
included. The publication volume of intermittent fasting-related papers showed
a year-by-year increasing trend during 2010-2022, but the global research level
remained unbalanced. The country with the highest publication output was the
United States, the institution was the University of Illinois, and the most prolific
author was Professor Krista A Varady from the University of Illinois. (2) Re-
search hotspots focused on: the relationship with biological rhythms/circadian
rhythms; the effects on improving chronic diseases and other conditions; and
sensitive genes and related mechanisms. (3) Future research will focus on dif-
ferent populations such as children/adolescents, pregnant women, the elderly,
and professional athletes/fitness populations, and explore comparisons of the
efficacy and safety of different intermittent fasting intervention modalities in
clinical applications, ultimately forming personalized intermittent fasting inter-
vention models and investigating their biological mechanisms.
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Abstract Objective: To conduct a visualization analysis of international re-
search hotspots and trends in intermittent fasting over the past decade, provid-
ing references and basis for future studies in this field. Methods: Literature on
intermittent fasting published between January 2010 and January 2022 was re-
trieved from the Web of Science Core Collection. CiteSpace software was used to
analyze discipline distribution, author and institutional collaboration networks,
high-frequency keywords, and emergent citation keywords, with corresponding
knowledge maps generated. Results and Conclusions: (1) A total of 2,786
publications were included. The annual number of intermittent fasting-related
papers showed an increasing trend from 2010 to 2022, though global research re-
mains unevenly distributed. The United States led in publication output, with
the University of Illinois as the most productive institution, and Professor Krista
A. Varady from the University of Illinois as the most prolific author. (2) Re-
search hotspots focused on: the relationship with biological/circadian rhythms;
therapeutic effects on chronic and other diseases; and sensitive genes and re-
lated mechanisms. (3) Future research should focus on diverse populations
including children/adolescents, pregnant women, older adults, and professional
athletes/fitness enthusiasts, while exploring comparative effectiveness and safety
of different intermittent fasting modalities in clinical applications, ultimately de-
veloping personalized intermittent fasting interventions and investigating their
biological mechanisms.

[Keywords] intermittent fasting; time restriction; energy restriction; dietary
pattern; CiteSpace

Introduction

Intermittent fasting (IF) is a dietary regimen that has garnered widespread at-
tention, defined as an eating pattern that specifies particular feeding windows
while maintaining fasting outside these periods. Common approaches include
breakfast skipping, time-restricted feeding across three meals, alternate-day fast-
ing, and two-day-per-week fasting protocols. In recent years, intermittent fast-
ing has emerged as an effective dietary intervention for chronic disease preven-
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tion and management. Current research indicates that intermittent fasting can
trigger cellular responses through alterations in biological rhythms, leading to
molecular changes across different energy metabolism pathways and exerting
beneficial effects on various chronic conditions including obesity, diabetes, car-
diovascular disease, cancer, and neurodegeneration. International research on
intermittent fasting has increased annually, with nearly 500 relevant studies in-
dexed in the Web of Science Core Collection in 2021 alone. However, beyond
populations with chronic diseases, research remains limited on whether this di-
etary approach benefits health maintenance in healthy individuals and regard-
ing its safety profile. Therefore, investigating the research background, current
status, themes, and hotspots in the intermittent fasting field holds significant
importance.

CiteSpace is a widely used visual analysis software for examining structural and
temporal patterns in scientific literature. It can transform representative data
into knowledge maps through clustering and co-occurrence analysis to detect
disciplinary frontiers, guide research direction selection, facilitate knowledge
management, and support scientific decision-making. This study retrieved ex-
isting research on intermittent fasting from the Web of Science Core Collection
and used CiteSpace to generate maps analyzing discipline distribution, author
collaboration, institutional collaboration, high-frequency keywords, and emer-
gent citation keywords, aiming to discuss research hotspots and frontiers while
providing theoretical foundations for future investigations.

Methods

1.1 Data Sources Literature related to intermittent fasting was retrieved
and exported from the Web of Science Core Collection in plain text format,
retaining all records and references. The search was conducted on January 26,
2022. Detailed data source information is presented in .

Table 1. Data Source Information

Database Web of Science Core Collection
Search Terms Intermittent Fasting OR Time Restricted Feeding OR

Time restricted Eating OR Alternate Day Fasting OR
Modified Alternate Day Fasting OR Intermittent Energy
Restriction OR Intermittent Energy and Carbohydrate
Restriction

Search Field TS=(topic search)

1.2.1 Bibliometric Analysis Microsoft Excel 2013 was used for statistical
analysis of data sources and temporal distribution analysis of annual publication
volumes.
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1.2.2 Visualization Analysis CiteSpace 5.8.R3 was employed for data con-
version and visualization analysis, with the time span set from January 2010
to April 2022 and time slice set to “1.”Default software settings were used
for database configuration, threshold selection, and term source. Node types
were sequentially selected as “author,”“institution,”and “country”for collab-
orative network analysis; “keyword”and “category”for co-occurrence network
analysis; and “citation”and “most-cited author”for co-citation analysis. Af-
ter data import, conversion, and analysis, visualization maps and tables were
generated to interpret co-occurrence and clustering relationships for predicting
future research trends.

Results

2.1 Basic Situation Analysis A total of 2,786 publications were retrieved.
Analysis of publication years, countries, disciplinary fields, and journals revealed
several characteristics:

First, from 2010 to 2022, the annual number of intermittent fasting-related
publications generally showed an upward trend, with a slight decline in 2015
and a notable increase during 2020-2021, indicating growing academic attention
to intermittent fasting ([Figure 1: see original paper]).

Second, the top ten countries by publication output were: United States (650
papers, 23.5%), China (201 papers, 7.3%), United Kingdom (176 papers, 6.3%),
Australia (173 papers, 6.2%), Germany (140 papers, 5.0%), Canada (136 papers,
4.9%), France (110 papers, 3.9%), Brazil (105 papers, 3.8%), Japan (90 papers,
3.2%), and Italy (88 papers, 3.2%). The top three countries by centrality were
the United States (0.3), United Kingdom (0.17), and Australia (0.17). These
results demonstrate the United States’leading position in intermittent fasting
research. Although China ranked second in publication volume, its total output
remains relatively low with low centrality (0.04) ([Figure 2: see original paper],
).

Third, the top ten disciplinary fields were: Nutrition & Dietetics (337 pa-
pers), Sport Sciences (226 papers), Agriculture (207 papers), Endocrinology
& Metabolism (197 papers), Agriculture, Dairy & Animal Science (191 papers),
Neurosciences (154 papers), Physiology (137 papers), Science & Technology—
Other Topics (137 papers), Multidisciplinary Sciences (134 papers), and Envi-
ronmental Sciences & Ecology (105 papers). The top three fields by centrality
were Sport Sciences (0.31), Nutrition & Dietetics (0.14), and Science & Technol-
ogy—Other Topics (0.12). The findings indicate that nutrition and sport sciences
represent global hotspots, forming a multidisciplinary system centered on these
two fields with endocrinology, metabolism, and animal science as peripheral
areas ([Figure 3: see original paper], ).

Fourth, the top ten journals by publication volume were: PLOS ONE (811 pa-
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pers), Proceedings of the National Academy of Sciences of the United States
of America (711 papers), Science (574 papers), Cell Metabolism (548 papers),
Nature (526 papers), American Journal of Clinical Nutrition (517 papers), In-
ternational Journal of Pediatric Obesity (444 papers), Obesity (424 papers),
Physiology & Behavior (400 papers), and Cell (373 papers), with an average
impact factor of 20.1, indicating high-quality journal outlets ().

2.2 Visualization Analysis of Authors Based on Price’s Law, the num-
ber of core authors was calculated using the formula N = 0.749 × (�max)1/2,
where �max represents the maximum number of publications by a single author.
Authors with more than N publications were considered core authors. Results
identified 11 core authors who published 147 papers collectively, accounting for
5.28% of all retrieved literature. The top three authors were Professor Krista
A. Varady (United States, University of Illinois, 26 papers), Professor Satchi-
dananda Panda (United States, Salk Institute, 18 papers), and Professor Mark
P. Mattson (United States, Johns Hopkins University, 16 papers) (, [Figure 4:
see original paper]). Most authors exhibited extensive collaborative networks,
with the top three authors and their teams showing close cooperation, while a
few authors remained independent without forming collaborative groups.

2.3 Visualization Analysis of Research Institutions Co-occurrence anal-
ysis of research institutions revealed that the top three most productive insti-
tutions were the University of Illinois (49 papers), University of Sydney (27
papers), and Johns Hopkins University (25 papers) (, [Figure 5: see original
paper]). The top ten institutions demonstrated close collaborative ties, particu-
larly the top three institutions, which showed multiple interconnections in the
network map, indicating strong cooperation with other institutions and joint
advancement of the intermittent fasting field.

2.4 Co-citation Analysis of Literature Key publications in intermittent
fasting were identified through co-citation analysis (). Two highly cited papers
(Sutton EF and Mattson MP) and two high-centrality core articles (Harvie MN
and Hatori M) were highlighted. Harvie et al. compared the feasibility and ef-
fectiveness of intermittent versus continuous energy restriction on weight loss,
insulin sensitivity, and other metabolic disease risk markers, finding intermittent
energy restriction equally effective as continuous restriction for weight loss and
improving insulin sensitivity and other health biomarkers. Hatori et al. investi-
gated nutrient utilization and energy expenditure in mice under isocaloric ad li-
bitum feeding versus time-restricted feeding, demonstrating that time-restricted
feeding improved cAMP response element-binding protein, mTOR, and AMPK
pathway function, as well as circadian clock oscillations and target gene expres-
sion, ultimately altering energy metabolism through these complex signaling
networks. The most frequently cited study by Sutton et al. conducted the first
clinical trial of early time-restricted feeding aligned with circadian rhythms (6-
hour feeding window, dinner before 3 PM) in humans, finding that five weeks of
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early time-restricted feeding improved insulin levels, insulin sensitivity, 𝛽-cell
responsiveness, blood pressure, and oxidative stress in prediabetic men without
reducing food intake or causing weight loss.

2.5.1 Keyword Co-occurrence Clustering Analysis 2.5.1.1 Co-
occurrence Map. Analyzing keyword frequency and centrality through
co-occurrence mapping can identify research frontiers. Analysis of Web of
Science database literature using CiteSpace with keywords as nodes yielded a
co-occurrence network with 469 nodes and 1,371 links ([Figure 6: see original
paper]). The top five keywords by frequency were weight loss (212 occurrences),
intermittent fasting (202), obesity (161), insulin resistance (151), and caloric
restriction (127). The top five by centrality were risk (0.11), behavior (0.07),
insulin resistance (0.06), time (0.06), metabolism, caloric restriction, and body
composition (0.05) ().

2.5.1.2 Keyword Clustering Map. Following co-occurrence analysis, CiteS-
pace’s LLR algorithm clustered keywords into 19 clusters, providing deeper
insight into intermittent fasting research themes ([Figure 7: see original paper]).
The modularity Q value of approximately 0.7996 indicated significant cluster-
ing structure, while the mean silhouette value of approximately 0.9072 suggested
reasonable clustering results (). Silhouette values close to 1 reflect high map ho-
mogeneity. Based on specific keywords within clusters, research themes were
reclassified: clusters #0, 11, and 13 as food intake restriction; clusters #1, 7,
16, and 17 as biological rhythms; clusters #2, 3, 5, 7, 9, and 15 as weight control;
clusters #4, 6, 8, 10, and 12 as metabolic and other diseases; and clusters #14,
18, and 19 as mechanism-related research.

2.5.2 Co-citation Clustering and Timeline Analysis Co-citation cluster-
ing analysis was performed for 2010-2022 using“Cited references”as nodes with
a Top 5 threshold after multiple adjustments, yielding a network map with 469
nodes and 662 links ([Figure 8: see original paper]). Clustering parameters Q
and S were 0.80 and 0.91 respectively, indicating reasonable clustering. Nineteen
clusters were identified: #0 feed restriction, #1 circadian rhythm, #2 alternate-
day fasting, #3 intermittent fasting, #4 resistance, #5 calorie restriction, #6
dietary restriction, #7 suprachiasmatic nucleus, #8 metabolic syndrome, #9
caloric restriction, #10 sleep apnea, #11 animal welfare, #12 mellitus, #13
area restricted search, #14 gene expression, #15 energy balance, #16 restricted
feeding, #17 late-night eating, #18 defensive enzymes, and #19 ethnic group.

2.5.3 Burst Keyword Analysis “Burst keywords”refer to terms frequently
cited within specific time periods, allowing prediction of research frontiers based
on the distribution of strongest citation bursts. CiteSpace extraction of burst
keywords in intermittent fasting research yielded Brust values ([Figure 9: see
original paper]), where light blue represents the overall study period (2010-2022)
and red indicates periods of sudden keyword emergence. From 2010-2022, the
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top three burst keywords by intensity were time-restricted feeding (9), suprachi-
asmatic nucleus (7.11), rat (6.75), growth (6.75), and mice (6.75). Further
analysis revealed that from 2010-2014, major burst keywords included suprachi-
asmatic nucleus, rat, entrainment, plasma, cattle, oscillator, locomotor activity,
time, growth, mortality, coronary heart disease, cardiovascular disease, protein,
food restriction, temperature, insulin, identification, obstructive sleep apnea,
parameter, and growth, focusing on intermittent fasting’s effects on biologi-
cal rhythms and improvements in common chronic diseases including obesity,
insulin resistance, cardiovascular disease, and obstructive sleep apnea. From
2015-2018, burst keywords shifted to mice, children, response, restriction, and
intermittent energy restriction, indicating emerging research on intermittent
fasting effects across different populations and gradual analysis of underlying
physiological mechanisms. From 2019-2022, new burst keywords included ketone
body, carbohydrate, time-restricted feeding, receptor, and impact, suggesting
researchers have developed novel food/energy restriction modalities and begun
comparing different approaches while further investigating mechanisms.

Discussion

3.1 Visualization of Research Status Analysis of the most productive
countries shows the top five as the United States, China, United Kingdom,
Australia, and Germany. The United States, as a global scientific hub, ranks
first in both publication volume and centrality. While China ranks second in
publication count, its centrality is substantially lower than other top-five coun-
tries. Among institutions, nine of the top ten are from developed countries, with
six from the United States—all prestigious American universities and research
institutes that have formed close collaborative networks. Although China’s
publication volume entered the top ten, no Chinese institution ranked in the
top ten, indicating dispersed and diverse institutional involvement in IF re-
search. Among authors, the top three are all from the United States, with six
of ten authors overall being American and the remaining four from Australia
(2), Tunisia (Africa, 1), and Qatar (Asia, 1). While one Chinese-named author
appears, their affiliation is American, further demonstrating U.S. leadership in
intermittent fasting research. The disciplinary scope of intermittent fasting pub-
lications has expanded beyond nutrition to form significant intersections with
sport sciences, which exhibits the highest centrality, indicating broad research
interest and productivity in this domain.

Planning and identifying valuable research topics represents an important chal-
lenge for journal development, while journal publications on selected topics sub-
stantially enhance theoretical value and widespread dissemination. The fact that
top-tier journals including Science, Nature, and Cell have published 574, 526,
and 373 articles respectively in this field underscores the novelty and cutting-
edge nature of intermittent fasting research.
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3.2.1 Research Hotspots Based on high-frequency keywords, hotspot co-
occurrence maps, and keyword clustering analysis, intermittent fasting research
hotspots concentrate in several areas:

(1) Relationship with Biological/Circadian Rhythms. The circadian
clock is an autonomous timing mechanism that allows organisms to anticipate
and adapt to environmental rhythms of light, temperature, and food availability.
In mammals, the master clock located in the suprachiasmatic nucleus of the hy-
pothalamus and circadian oscillations of clock genes are primarily reset by light,
generating circadian rhythms. Peripheral tissues such as liver, adipose tissue,
and skeletal muscle also regulate circadian rhythms through non-photic factors
including food availability, exercise, and body temperature. Early researchers
exploring the relationship between biological rhythms and feeding patterns in-
vestigated how dietary changes in feeding/fasting times and patterns coordinate
with circadian time windows to regulate transcription of master and peripheral
clock genes, thereby influencing metabolism and energy expenditure and ulti-
mately triggering metabolic diseases.

(2) Therapeutic Effects on Common Chronic Diseases. Research over
the past decade has demonstrated that intermittent fasting exerts varying de-
grees of intervention effects on obesity, diabetes, cardiovascular disease, cancer,
neurodegenerative brain diseases, and their risk factors. Both animal and hu-
man experimental evidence indicate that different intermittent fasting modali-
ties—whether intermittent energy restriction or time-restricted feeding—can re-
duce risks associated with lipid metabolism, insulin resistance, and other health
biomarkers, with improvements proportional to the duration of dietary restric-
tion. However, research also notes that while intermittent fasting reduces body
fat, lean mass loss is comparable. Additionally, intermittent fasting improves
various cardiovascular risk factors including blood pressure, resting heart rate,
HDL and LDL cholesterol, total cholesterol, and reduces systemic inflammation
and oxidative stress markers associated with atherosclerosis. Current studies
support beneficial effects on these diseases and risk factors, but most are short-
term; whether effects can be maintained long-term (>6 months) with guaran-
teed safety requires further investigation.

Intermittent fasting also positively influences growth of certain tumors includ-
ing lymphoma, spontaneous tumors, and glioblastoma, while combination with
chemotherapy consistently enhances treatment efficacy. However, researchers
caution that introducing two-week or longer intermittent fasting periods into
clinical trials must consider potential malnutrition-induced immune dysfunction
and increased infection susceptibility, necessitating more rigorous and personal-
ized study designs. Furthermore, animal models demonstrate that intermittent
fasting exerts beneficial effects on the nervous system through multiple mecha-
nisms, preventing seizures and delaying Alzheimer’s and Parkinson’s disease
progression, though clinical controlled trial data remain lacking and require
long-term follow-up.

(3) Therapeutic Effects on Other Diseases. Co-citation keyword clus-
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tering timelines reveal that sleep apnea has become a recent research hotspot.
Obstructive sleep apnea is closely associated with increased risks of metabolic
syndrome, cardiovascular disease, and type 2 diabetes, with overweight and obe-
sity considered the most important risk factors. Studies indicate that different
time-restricted feeding windows (6-hour/4-hour) can reduce sleep apnea risk,
though alternate-day fasting for 24 weeks observed insufficient weight loss for
significant risk improvement. Additionally, intermittent fasting demonstrates
beneficial effects on immune system diseases, reducing oxidative stress markers
and inflammation while decreasing tissue damage.

(4) Sensitive Genes and Related Mechanisms. International research
emphasizes exploration of mechanisms through which intermittent fasting in-
fluences health and disease, including understanding of gene expression in di-
etary intervention clinical studies through cutting-edge genomics and transcrip-
tomics technologies. Studies show intermittent fasting promotes fat reduction
by increasing hypothalamic neuropeptide Y gene expression and upregulating
Fsp27/Cidec gene expression in white adipose tissue. Intermittent fasting also
modulates expression of sensitive genes involved in cellular metabolism (SIRT1
and SIRT3) and antioxidant responses (mitochondrial transcription factor A,
manganese superoxide dismutase, and nuclear factor erythroid 2-related factor
2), thereby exerting protective effects against metabolic disorders in chronic
disease patients.

3.2.2 Research Frontiers Analysis of keyword timeline views and burst key-
word visualization maps reveals several research frontiers:

(1) Changing Study Populations. Research has evolved from focusing
on intermittent fasting effects in obese and diabetic populations to investigat-
ing children/adolescents, pregnant women, older adults, and professional ath-
letes/fitness enthusiasts. For athletes and fitness populations, researchers are
exploring intermittent fasting’s effects on athletic performance (including anaer-
obic and aerobic capacity) while improving body composition. Although current
research remains limited, these developments reflect present and future trends
toward more personalized approaches addressing diverse population needs.

(2) Evolution of Fasting Modalities. Intermittent fasting centers on ad-
justing feeding times within days or weeks. Burst keywords including intermit-
tent energy restriction and time-restricted feeding (TRF) confirm that different
fasting patterns constitute core research frontiers. TRF restricts food intake to
daily windows of 8 hours or less, with variations including 16-hour fasting/8-hour
feeding, 20-hour fasting/4-hour feeding, or similar protocols. Beyond examining
single modality effects, comparative studies between different fasting patterns—
such as alternate-day fasting, time-restricted feeding, intermittent energy restric-
tion, and ketogenic diets—or combined interventions (multiple fasting method
combinations, fasting combined with medication, fasting combined with exer-
cise) represent important future research directions for health promotion and
disease recovery.
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(3) Further Mechanistic Exploration. Ketone body (2019-2020), receptor
(2020-2022), and impact (2020-2022) have emerged as burst keywords in recent
years. During fasting, the liver converts fatty acids into ketone bodies that
provide crucial energy for many tissues, particularly the brain. Beyond energy
provision, ketone bodies and their receptor level changes influence expression
and activity of molecules including PGC-1𝛼, NAD+, and ADP, exerting pro-
found effects on systemic metabolism. Additionally, research on insulin-related
receptors, energy metabolism signaling pathway molecules, autophagy-related
protein expression, lipidomics, proteomics, and gut microbiota mechanisms rep-
resents cutting-edge investigation.

4. Summary and Research Outlook

This study analyzed international literature from 2010-2022 in the Web of Sci-
ence only, without including Chinese database literature. However, global re-
search demonstrates increasing interest in intermittent fasting, with important
and high-centrality publications primarily from Europe and America, reflecting
global research imbalance.

Current research has established broad benefits of different intermittent fast-
ing modalities for obesity, diabetes, cardiovascular disease, cancer, neurological
disorders, and other health conditions. Future research should focus on person-
alized protocols for diverse populations including children/adolescents, women,
older adults, and athletes. Beyond evaluating which intermittent fasting modal-
ity yields superior effects in target populations, studies must further examine
safety across different groups. Based on established efficacy and safety, dose-
response relationships should be determined, including optimal intervention du-
rations and persistence of effects after discontinuation. Additionally, most cur-
rent research involves short-term interventions; whether multi-year intermittent
fasting requiring substantial dietary changes yields additional benefits remains
an open question.

Although this study did not analyze Chinese research data, intermittent fasting
research in China remains in its infancy, lacking clinical human experimental
data. Chinese dietary patterns are more complex than Western populations, pre-
senting challenges for clinical research. Against the backdrop of the “Healthy
China”national strategy, future research should integrate epidemiological data,
longevity population dietary characteristics, and human intermittent fasting
protocol studies under different modalities. Chinese research should focus not
only on large-scale clinical trial design but also on combining fasting effects
with acceptable dietary approaches (e.g., circadian rhythm-aligned intermittent
fasting protocols) to improve compliance and success rates. Finally, by better
understanding molecular mechanisms through which intermittent fasting affects
various cell types and organ systems, novel personalized preventive and thera-
peutic interventions can be developed for diverse diseases and population health
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