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Objectives: Despite the growing interest in exercise and nutrition as key
strategies for diabetes prevention and management, a comprehensive
bibliometric assessment of this field remains lacking. This study aims to
map the research landscape, identify research trends and hotspots to inform
future academic inquiry and clinical practice.
Methods: As of July 3, 2025, publications on exercise and nutrition in diabetes
from 2005 to 2025 were retrieved from the Web of Science Core Collection and
Scopus databases. The bibliometric and visual analysis was conducted using R
software, VOSviewer, and CiteSpace.
Results: Trends in annual publication outputs have shown a consistent upward
trajectory from 2005 to 2025. The United States led in both research output
and institutional prominence. China, South Korea, Australia, and Canada also
emerged as key contributors, and European countries functioned as major
collaborative centers. Nutrients and the American Journal of Clinical Nutrition
ranked among the most prolific and frequently cited sources in the field. Co-
citation, burst detection, keyword frequency, clustering, and thematic evolution
collectively revealed three major thematic domains: (1) lifestyle interventions in
diabetes focusing on different exercise types, nutritional approaches, and their
combinations; (2) management of long-term diabetic complications through
physical activity and dietary approaches; and (3) population-specific strategies
for older adults, children, and women with and at risk of diabetes. Across these
themes, studies have prominently highlighted mechanistic insights, therapeutic
efficacy, evidence-based guidelines, risk management, and adherence.
Conclusion: Over the past two decades, attention to this field has steadily
increased, with strong collaboration established among countries, institutions,
and journals. Emerging research trends in exercise and nutrition in diabetes are
shifting toward a life course–oriented paradigm, personalized self-management
support, and more innovative, adaptable intervention formats tailored to
accommodate modern lifestyles.
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1 Introduction

Diabetes is a group of metabolic disorders characterized by hyperglycemia resulting
from impairment of insulin secretion, defects in insulin action, or a combination of both
(1). The vast majority of diabetes cases are classified into two main etiopathogenetic types:
type 1 diabetes (T1D), caused by a deficiency in β-cell function, and type 2 diabetes (T2D),
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resulting from insulin resistance and inadequate insulin secretion
(2). Uncontrolled diabetes can lead to acute, life-threatening
conditions such as diabetic ketoacidosis and hyperglycemic
hyperosmolar nonketotic syndrome (3, 4). Moreover, chronic
microvascular and macrovascular complications include
retinopathy, nephropathy, neuropathy, as well as cardiovascular
and cerebrovascular diseases (5). These pathologies contribute to
the dysfunction of cells, tissues, and organ systems, particularly
affecting the eyes, kidneys, nervous, heart, and blood vessels
(1, 6, 7). According to the International Diabetes Federation
(IDF) 2025 report, 589 million adults aged 20–79 were living with
diabetes, accounting for roughly one in nine people globally, and
this figure is projected to climb to 853 million by 2050. In 2024,
diabetes-related causes were responsible for 3.4 million deaths.
The economic burden is substantial as well, with direct health
expenditures related to diabetes exceeding USD 1 trillion for the
first time, representing a 338% increase over the past 17 years (8).
Thus, diabetes constitutes a major global health challenge with high
morbidity, mortality, and financial demands, necessitating early
preventive strategies and effective long-term management (9).

Current diabetes treatments include pharmacological, surgical,
and lifestyle interventions (10, 11). With a growing number
of pharmacological agents available, concerns over potential
side effects and healthcare costs have been increasing (12).
Alternatively, appropriate exercise and nutritional modifications
can improve insulin sensitivity and glycemic control, reduce
medication reliance, and offer effective, low-cost strategies to
prevent complications (13–15). As demonstrated, physical activity
is essential for glycemic management and overall health in
individuals with diabetes and prediabetes (16). In T1D, combined
aerobic and acute resistance exercise has been shown to
enhance glycemic control and support muscle health through
activation of muscle signaling pathways involved in substrate
metabolism and anabolic adaptations (17). In T2D, long-term
exercise has been reported to improve common metabolic
abnormalities and their complications, with specific benefits
for glycemic control, cardiovascular risk, lipid profile, blood
pressure, and potentially improved fibrinolytic function (18).
Meanwhile, nutrition therapy remains a fundamental pillar of
diabetes prevention and management (19). Several studies have
demonstrated that increasing dietary fiber intake and adjusting
macronutrient composition can improve glycemic control and
reduce arterial stiffness (20), while adopting low glycemic index
(GI) diets can facilitate weight loss and enhance insulin action
and glucose tolerance (15). Moreover, nutritional supplementation,
such as zinc, chromium, magnesium, selenium, vitamins, arginine,
and glutamine, may further support diabetes management (21, 22).

Notably, the interaction between exercise and nutrition
in diabetes has received considerable attention, as combined
interventions have shown promising metabolic benefits. In a
randomized controlled trial, significant improvements in fasting
glucose were observed exclusively in the exercise and diet group,
while the exercise-only group showed no change. Moreover,
the combined interventions led to a 188% to 269% greater
improvement in insulin sensitivity, as assessed by the Matsuda
index, compared to exercise alone (23). Exercise training along
with nutrition intake has been shown to synergistically promote

skeletal muscle mass by reducing muscle protein breakdown,
increasing protein synthesis, and improving amino acid availability,
thereby lowering the risk of diabetes (24). Likewise, carbohydrate
restriction may support sustained weight loss and improve
metabolic outcomes, and when integrated with increased physical
activity, it may serve as an important contributor to diabetes
remission (25). Furthermore, improvements in brain insulin
sensitivity, which influence appetite regulation and energy fluxes,
have been observed when physical activity is paired with a low-
fat diet, potentially benefiting mental and cognitive function in
individuals with diabetes (26). Although several experimental
studies, systematic reviews and meta-analyses have investigated
the role of exercise and nutrition in diabetes, there remains a
lack of comprehensive analyses focusing on research hotspots
and frontiers, which hinders a deeper understanding of the field’s
current trajectory and future directions.

Bibliometrics, as a quantitative and science-mapping
approach, enables the systematic analysis of publications, authors,
institutions, countries, sources, keywords, and citations within
specific research domains (27). A well-conducted bibliometric
study can help researchers gain a one-stop overview of the current
research landscape, identify knowledge gaps, generate novel
investigation ideas, and position future contributions for both
basic research and clinical applications (28). Thus, employing
VOSviewer, R software, and CiteSpace to visually map the
knowledge evolution, intellectual structure, research hotspots, and
emerging trends in the field of exercise and nutrition in diabetes,
this study aims to equip researchers and clinicians with valuable
insights and establish a robust basis for further theoretical and
practical advances.

2 Materials and methods

2.1 Data collection

The data were retrieved from the Web of Science Core
Collection (WoSCC) and Scopus databases, and the period was
set from January 1, 2005, to July 3, 2025. WoSCC is widely
regarded as the world’s most trusted citation database, providing
consistent, accurate, and comprehensive indexing that facilitates
robust research discovery (29). Scopus, a leading abstract and
citation database offering curated research and enriched scholarly
literature, was also consulted. Together, these two world-class
databases, both adhering to rigorous standards of content selection
and maintenance, ensured the rigor and inclusiveness of the
study dataset (30). Search strategies included the following terms:
[TS = (diabetes AND (exercise OR “physical activity”) AND
nutrition*)]. The publication types were limited to “Article” and
“Review,” and the language was restricted to “English.” The period
was from 2005 to 2025. After excluding irrelevant and duplicate
documents, a total of 4,793 papers were obtained from WoSCC and
9,187 publications from Scopus. To maximize data completeness,
data from WoSCC and Scopus were exported in plain text and
csv formats, respectively, with full records and cited references
included. Detailed information on the search strategy and inclusion
criteria is available in Supplementary material 1.
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FIGURE 1

Trends in annual publication outputs on exercise and nutrition in diabetes from 2005 to 2025. (A) Trends of annual publication outputs. (B)
Distribution of corresponding authors countries and cooperation.

2.2 Data analysis

This study employed three key software tools: R software
(Version 4.2.2), VOSviewer (Version 1.6.20), and CiteSpace
(Version 6.4.R1), each serving diverse and comprehensive
analytical purposes. Bibliometrix, an R-based tool capable of
rapidly processing data and performing science mapping (31),
was used in this study to calculate fundamental bibliometric
metrics and construct a thematic evolution chart. Additionally,
graphical visualizations, such as the annual publication trends
and leading sources by publication and citation counts, were
generated using the ggplot2 package within RStudio. VOSviewer,
a Java-based software specialized in constructing and visualizing
bibliometric networks (32), was applied to visualize country and
institutional co-authorship networks, source co-citation analysis,
and keyword co-occurrence. CiteSpace, which incorporates
mathematical modeling and statistical algorithms (33), was
employed to detect research hotspots and emerging frontiers
through its burst detection function. The integration of these
three tools allowed us to leverage their complementary strengths,
combining statistical rigor, intuitive visualization, and frontier
detection into a multidimensional framework that enhanced
methodological robustness and enabled a broader analytical
perspective for bibliometric analysis (34, 35).

3 Results

3.1 Overview of selected studies on
exercise and nutrition in diabetes

A total of 4,793 unique publications were retrieved from the
WoSCC database after deduplication. As shown in Figure 1A,
the number of publications concerning exercise and nutrition in
diabetes has exhibited a consistent upward trajectory from 2005
to 2024. A significant surge in publications occurred between
2019 and 2021, followed by a sustained high output, with each
year since 2020 surpassing 400 articles. Similarly, the Scopus

database yielded 9,187 unique records after deduplication, with
a consistent growth trend observed in Supplementary Figure 1,
confirming the increasing scholarly interest in the role of exercise
and nutrition in diabetes. Notably, 2024 saw the highest number
of annual publications, with 1,049 articles, indicating a peak in
research activity. Additionally, as of July 3, 2025, there has been
continued academic focus on this critical area, with the WoSCC
database recording 221 new publications and Scopus including 668
new articles.

An analysis of the corresponding authors’ countries (Table 1,
Figure 1B) indicated that the United States led the field with a
remarkable output of 1,431 publications, accounting for 29.9%
of all documents, followed by China (n = 432), South Korea
(n = 276), Australia (n = 209), and Canada (n =193), reflecting
active global engagement in this domain. Among the top 10 most
relevant countries, South Korea (10.9%), the United States (15.6%),
and China (17.8%) reported lower multiple country publications
(MCP) ratios, suggesting a stronger emphasis on domestic research
output. In contrast, European countries such as UK (46.2%),
Germany (34.9%), and Spain (33.1%) exhibited high proportions
of MCP, reflecting active cross-border cooperation. Furthermore,
the collaboration map (Figure 2A) reinforced this pattern, with
well-defined European clusters marked by strong link strengths.
These findings underscore the central role of European countries as
major collaborative hubs in this research field, highlighting a shared
commitment to knowledge exchange and common scientific goals.

As shown in Table 2, institutional contributions to the research
on exercise and nutrition in diabetes were highly concentrated
in the United States, which accounted for 8 out of the top
10 most productive affiliations. Harvard University ranked first
with 520 publications, followed by the University of California
System (n = 263), and several affiliated institutions including
Harvard University Medical Affiliates (n = 251), Harvard T.H.
Chan School of Public Health (n = 175), and Harvard Medical
School (n = 163). Although international co-authorships were
present (24.5%, Bibliometrix), clusters formed within South Korea,
Australia, China, and the United States, as visually evident in
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TABLE 1 Most relevant countries by corresponding authors of exercise and nutrition in diabetes.

Country Articles Freq (%) SCP MCP MCP_Ratio (%)

USA 1,431 29.9 1,208 223 15.6

China 432 9.0 355 77 17.8

South Korea 276 5.8 246 30 10.9

Australia 209 4.4 149 60 28.7

Canada 193 4.0 132 61 31.6

Spain 181 3.8 121 60 33.1

Italy 168 3.5 124 44 26.2

United Kingdom 156 3.3 84 72 46.2

Iran 139 2.9 99 40 28.8

Germany 126 2.6 82 44 34.9

MCP, Multiple country publication; SCP, Single country publication.

FIGURE 2

Map of countries/regions and institutions involved in research for exercise and nutrition in diabetes. (A) Map of cooperation between different
countries. (B) Map of cooperation between different institutions.

Figure 2B, indicating that institutional collaborations display a
tendency toward regional affinity.

3.2 Source analysis and visualization

To investigate the scholarly sources contributing most
significantly to the field of exercise and nutrition in diabetes
research, a multifaceted analysis was conducted. Publication and
citation data were derived using the Bibliometrix R package, with
visualization via ggplot2, while co-cited journal networks were
constructed using VOSviewer. The journal impact factors (IFs)
were retrieved from Journal Citation Reports (JCR) in 2025.

As shown in Table 3 and Figure 3A, Nutrients (n = 220, IF =
5.0) stood out as the most prolific source, followed by Nutrition

Metabolism and Cardiovascular Diseases (n = 183, IF = 3.7), PLoS
One (n = 101, IF = 2.6), BMC Public Health (n = 95, IF = 3.6),
and BMJ Open (n = 74, IF = 3.4). Many of these are open-access,
multidisciplinary journals, highlighting a commitment to broad
accessibility and scientific integration.

Table 4 and Figure 3B present the most frequently cited sources,
including Diabetes Care (n = 11,955, IF = 16.6), The American
Journal of Clinical Nutrition (n = 5,755, IF = 6.9), Circulation
(n = 5,066, IF = 6.7), JAMA – Journal of the American Medical
Association (n = 5,022, IF = 55.0), and The New England Journal
of Medicine (n = 4,676, IF = 78.5). Importantly, these journals also
emerged as central nodes in the co-cited source network (Figure 4)
with the highest total link strengths, collectively underscoring their
roles as intellectual hubs in shaping diabetes research. Nevertheless,
it is worth noting that studies focusing on exercise and nutrition in
diabetes have rarely been published in high-impact general medical
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TABLE 2 Top 10 most relevant affiliations of exercise and nutrition in
diabetes.

Affiliation Country Articles

Harvard University USA 520

University of California System USA 263

Harvard University Medical Affiliates USA 251

Harvard T.H. Chan School of Public
Health

USA 175

University of North Carolina USA 169

Harvard Medical School USA 163

Johns Hopkins University USA 161

University of North Carolina Chapel
Hill

USA 141

University of London United Kingdom 137

CIBER - Centro de Investigación
Biomédica en Red

Spain 135

TABLE 3 Top 10 most relevant sources of exercise and nutrition in
diabetes.

Sources Articles Cites IF (2025)

Nutrients 220 3,578 5.0

Nutrition Metabolism
and Cardiovascular
Diseases

183 778 3.7

PLOS One 101 3,438 2.6

BMC Public Health 95 1,553 3.6

BMJ Open 74 705 3.4

International Journal of
Environmental Research
and Public Health

69 840 0.0

Diabetes Care 61 11,955 16.6

Frontiers in Nutrition 55 365 5.1

Clinical Nutrition 45 892 3.5

Frontiers in
Endocrinology

42 587 4.6

journals, indicating a potential disconnect between this subfield and
the broader biomedical discourse.

3.3 Analysis of cited publications and
citation bursts

Using the bibliometrix package in R, we identified the top
25 most cited references in the field of exercise and nutrition
in diabetes (Table 5). These publications, collectively cited 64,768
times, were sourced from 18 distinct journals. Notably, Circulation
contributed the largest number of highly cited articles (n = 6),
underscoring its central role in disseminating influential medical
research. The top three cited references included the 2017 and
2019 editions of the “Heart Disease and Stroke Statistics” update

from the American Heart Association (AHA), and the “2019
ACC/AHA Guideline on the Primary Prevention of Cardiovascular
Disease.” These works emphasized physical activity and nutrition
as core health behaviors, and positioned diabetes as a key factor
contributing to cardiovascular risk. The prominence of these
guidelines highlighted the sustained efforts by the AHA and
the American College of Cardiology (ACC) since the 1980s
to translate scientific evidence into clinical practice, providing
essential resources for clinicians, researchers, and policymakers
committed to improving public health outcomes.

To identify the most significant citation bursts related to
exercise and nutrition in diabetes, we utilized CiteSpace (selection
criteria: top 25; number of states: 2; minimum duration: 2).
This analysis yielded 249 references with the strongest citation
bursts, with the top 25 displayed in Figure 5. Among these, the
three citations exhibiting the most pronounced bursts were: (1)
“Reduction in the Incidence of Type 2 Diabetes with Lifestyle
Intervention or Metformin” (Strength: 21.07); (2) “Prevalence
of Overweight and Obesity in the United States, 1999–2004”
(Strength: 19.86); and (3) “Physical Activity/Exercise and Diabetes:
A Position Statement of the American Diabetes Association”
(Strength: 19.82).

Furthermore, the three most cutting-edge citation bursts
were associated with the following references: (1) “World Health
Organization 2020 Guidelines on Physical Activity and Sedentary
Behavior;” (2) “IDF Diabetes Atlas: Global, Regional and Country-
Level Diabetes Prevalence Estimates for 2021 and Projections for
2045;” and (3) “Exercise/Physical Activity in Individuals with Type
2 Diabetes: A Consensus Statement from the American College of
Sports Medicine.”

Collectively, the co-citation and burst detection analyses
highlighted two focal points within the research landscape of
exercise and nutrition in diabetes: (1) Lifestyle interventions in
diabetes prevention and management, highlighting the pivotal
role of diet and physical activity in the primary and secondary
prevention of diabetes and related cardiovascular diseases; (2)
Epidemiological trends in diabetes, reflecting the global rise in
prevalence, incidence, and disability burden, and informing policy
responses through data-driven insights.

3.4 Keyword clusters and evolution of
themes

For the keyword co-occurrence analysis, the minimum number
of occurrences of a keyword was set at 50. Keywords such
as “nutrition,” “exercise,” “physical activity,” and “diabetes” were
excluded because their high frequency resulting from presence in
the search strategy could bias the analysis and overshadow other
relevant keywords.

keywords play a key role in summarizing core content and
mapping the knowledge structure of a field. Table 6 presents the top
10 most frequently occurring keywords, highlighting the primary
research focuses within the dataset. The most frequent keywords
were “obesity” (n = 1,156), “risk” (n = 833), “type 2 diabetes”
(n = 720), “prevalence” (n = 660), and “cardiovascular diseases”
(n = 611).
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FIGURE 3

Sources with the largest number of articles published and the sources with the largest number of citations. (A) Most relevant sources. (B) Most cited
sources.

Subsequently, different keyword variations were merged,
and a total of 138 keywords with a minimum occurrence of
50 were selected to construct the keyword clustering map
(Figure 6). Cluster analysis revealed four distinct clusters: (1)
Management of diabetes-related complications through exercise
and dietary approaches (Green cluster), comprising 42 keywords
including cardiovascular diseases, metabolic syndrome, coronary-
heart-disease, hypertension, myocardial-infarction, chronic
kidney-disease, all-cause mortality, dietary patterns, lifestyle,
guidelines, among others; (2) Lifestyle interventions in adults with
prediabetes and diabetes (Red cluster), comprising 49 keywords
including associations, diabetes prevention, self-management,
lifestyle intervention, glycemic control, mediterranean diet,
food, impact, behaviors, adherence, medical nutrition therapy,
among others; (3) Physical activity and nutritional management
in children and adolescents with early-life risk of diabetes
(Yellow cluster), comprising 13 keywords including children,
childhood obesity, overweight, nutrition transition, sedentary
behavior, adiposity, among others; (4) Exercise and nutritional
strategies in women and aging populations for metabolic
health (Blue cluster), comprising 34 keywords including
women, pregnancy, gestational diabetes, older-adults, insulin
resistance, hyperglycemia, metabolism, protein, supplementation,
skeletal-muscle, sarcopenia, among others. A complete list
of the keywords included in the four clusters is provided in
Supplementary material 2.

Additionally, keyword clustering was conducted using the
Scopus dataset. After merging synonyms and setting the minimum
keyword occurrence at 300, 169 keywords were identified by
VOSviewer, forming three clusters (Supplementary Figure 2). The
first cluster focuses on evidence-based exercise and nutrition
practice in defined populations with and at risk of diabetes.
It draws upon various study designs, including prospective
studies, major clinical trials, cohort analyses, and cross-sectional
studies, to investigate interventions across diverse demographic
groups such as females, males, adults, young adults, and
older adults. The second cluster centers on exercise and
dietary modifications in diabetes and related complications

TABLE 4 Top 10 most cited sources of exercise and nutrition in diabetes.

Sources Cites Articles IF (2025)

Diabetes Care 11,955 61 16.6

American Journal of
Clinical Nutrition

5,755 29 6.9

Circulation 5,066 24 6.7

JAMA - Journal of the
American Medical
Association

5,022 6 55.0

New England Journal of
Medicine

4,676 1 78.5

Lancet 4,590 3 88.5

Nutrients 3,578 220 5.0

PLoS ONE 3,438 101 2.6

Diabetes 2,892 3 7.5

Diabetologia 2,886 28 10.2

management, covering a broad range of keywords related to diet
therapy, diet supplementation, lifestyle modification, complication,
comorbidly, sedentary lifestyle, practice guideline, and health
promotion. Both of these thematic areas are consistent with
the findings from the WoSCC analysis. In contrast, the third
cluster (Blue), which emerged more prominently in the Scopus
dataset, focuses on assessing exercise and dietary interventions
in diabetes through comparative studies using biomarker and
anthropometric indicators. It includes clinical measures such as
c reactive protein, creatinine, systolic blood pressure, diastolic
blood pressure, cholesterol blood level, and triacylglycerol blood
level. All keywords included in the three clusters are available in
Supplementary material 3.

To further investigate the evolving trend topics, we employed
the Bibliometrix package in the R programming environment
to construct a dynamic thematic evolution map (Figure 7).
Between 2005 and 2010, research focused on metabolic biomarkers
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FIGURE 4

Co-cited journals related to exercise and nutrition in diabetes.

(e.g., homocysteine, C-reactive protein) and pharmaceutical care,
reflecting the integration of early mechanistic insights with clinical
guidance in diabetes management. From 2011 to 2014, increasing
attention was given to lifestyle factors, including physical fitness
and the nutrition transition. Subsequently, during 2015–2022,
topics such as obesity, physical activity, and nutrition dominated
the field, with exercise and nutrition interventions for diabetes
becoming a central theme. This period also witnessed a shift toward
more population-specific research, addressing subgroups such as
children, pregnant women, older adults, and exploring sex and
ethnic disparities in health. Since 2023, studies have increasingly
incorporated large-scale data approaches, such as the National
Health and Nutrition Examination Survey (NHANES) and cross-
sectional study designs. At the same time, emerging topics such as
Life’s Essential 8, health coaching, and Weekend Warrior reflect
a growing emphasis on evidence-based, person-centered, and
innovative approaches to positive lifelong health promotion.

4 Discussion

4.1 General information

To better capture the research hotspots and trends in exercise
and nutrition in diabetes, we conducted a bibliometric analysis
and data visualization based on 4,793 unique publications from
the WoSCC and 9,187 from Scopus, covering the period from
January 1, 2005, to July 3, 2025. The results reveal a steady increase
in publication volume from 2005 to 2024, reflecting a growing
research interest in lifestyle-based strategies for the prevention and

management of diabetes. Notably, both databases demonstrate a
marked surge in publications between 2019 and 2021. This sharp
increase may be attributed to the release of multiple high-impact
guidelines and consensus statements issued in 2019 by major health
organizations, including ADA, AHA, ACC, ACSM, and WHO,
which collectively emphasized the pivotal role of exercise and
nutrition in addressing diabetes, prediabetes, and cardiovascular
disease risk. Importantly, these influential documents not only rank
among the most cited references but also exhibit strong citation
bursts, underscoring their profound impact on shaping subsequent
research directions. Furthermore, research activity remains high
in 2025, indicating sustained academic attention and ongoing
engagement with this evolving field.

Among the countries contributing to this field, the United
States leads with 1,431 publications (29.9%), with its institutions
occupying 8 of the top 10 most productive affiliations, featuring
Harvard University and its affiliates at the forefront. The strong
research output may be linked to substantial public investment,
with the National Institutes of Health (NIH) allocating over $1
billion annually to diabetes research, alongside increased support
to strengthen the research workforce through training grants,
fellowships, and career development awards (36). In the source
analysis, Nutrients emerges as the most prolific journal, followed by
Nutrition Metabolism and Cardiovascular Diseases and PLOS One.
Diabetes Care stands out among the most frequently cited sources,
alongside several other high-impact journals. Looking forward,
future efforts could aim to further align research in exercise and
nutrition in diabetes with top-tier medical outlets to elevate its
academic and translational impact.
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TABLE 5 Top 25 cited references related to exercise and nutrition in diabetes.

Paper DOI Total
citations

TC per year Normalized
TC

Benjamin EJ, 2017, CIRCULATION doi: 10.1161/CIR.0000000000000485 10,792 1,199.11 115.59

Benjamin EJ, 2019, CIRCULATION doi: 10.1161/CIR.0000000000000659 7723 1,103.29 67.27

Arnett DK, 2019, CIRCULATION doi: 10.1161/CIR.0000000000000677 5,613 801.86 48.89

Arnett DK, 2019, CIRCULATION-a doi: 10.1161/CIR.0000000000000678 5,613 801.86 48.89

Piepoli MF, 2016, ATHEROSCLEROSIS doi: 10.1016/j.atherosclerosis.2016.05.037 3,141 314.10 35.19

Vos T, 2016, LANCET doi: 10.1016/s0140-6736(16)31678-6 2,868 286.80 32.13

Popkin BM, 2012, NUTR REV doi: 10.1111/j.1753-4887.2011.00456.x 2,823 201.64 28.36

Rinninella E, 2019, MICROORGANISMS doi: 10.3390/microorganisms7010014 2,160 308.57 18.81

Poirier P, 2006, CIRCULATION doi: 10.1161/CIRCULATIONAHA.106.171016 2,122 106.10 18.97

Piepoli MF, 2016, EUR HEART J doi: 10.1093/eurheartj/ehw106 1,918 191.80 21.49

Hruby A, 2015, PHARMACOECONOMICS doi: 10.1007/s40273-014-0243-x 1,879 170.82 27.21

Lin JD, 2005, CELL METAB doi: 10.1016/j.cmet.2005.05.004 1,742 82.95 15.29

Zeevi D, 2015, CELL doi: 10.1016/j.cell.2015.11.001 1,742 158.36 25.23

Booth FW, 2012, COMPR PHYSIOL doi: 10.1002/cphy.c110025 1,709 122.07 17.17

Galicia-Garcia U, 2020, INT J MOL SCI doi: 10.3390/ijms21176275 1,598 266.33 57.66

Mozaffarian D, 2016, CIRCULATION doi: 10.1161/CIRCULATIONAHA.115.018585 1,512 151.20 16.94

Shai I, 2008, NEW ENGL J MED doi: 10.1056/NEJMoa0708681 1,427 79.28 12.42

Perk J, 2012, EUR HEART J doi: 10.1093/eurheartj/ehs092 1,406 100.43 14.13

Vartanian LR, 2007, AM J PUBLIC HEALTH doi: 10.2105/AJPH.2005.083782 1,303 68.58 12.76

Kushi LH, 2012, CA-CANCER J CLIN doi: 10.3322/caac.20140 1,002 71.57 10.07

Malik VS, 2013, NAT REV ENDOCRINOL doi: 10.1038/nrendo.2012.199 995 76.54 17.80

Melamed ML, 2008, ARCH INTERN MED doi: 10.1001/archinte.168.15.1629 992 55.11 8.63

Giovannucci E, 2008, ARCH INTERN MED doi: 10.1001/archinte.168.11.1174 923 51.28 8.03

He CC, 2012, NATURE doi: 10.1038/nature10758 913 65.21 9.17

Kyu HH, 2016, BMJ-BRIT MED J doi: 10.1136/bmj.i3857 852 85.20 9.55

4.2 Hotspots and development trends

Building on the analyses of co-citation, burst detection,
keyword frequency, keyword clustering, and thematic evolution,
we identified potential research hotspots regarding the exercise
and nutrition in diabetes, mainly focusing on three aspects. First,
research has focused on intervention approaches, examining
the underlying mechanisms, therapeutic efficacy, and safety
profiles of various exercise types, nutritional strategies, and their
combined applications in both T1D and T2D. Second, research has
concentrated on managing diabetes-related complications
through exercise and nutrition, highlighting metabolic
benefits, clinical recommendations, and contraindications
across various complications. Third, studies have targeted
population-specific exercise and nutrition interventions for
older adults, children, and women with gestational diabetes,
highlighting evidence-based guidelines and varied strategies to
enhance adherence.

4.2.1 Exercise, nutrition, and combined
interventions in diabetes, addressing mechanistic
insights, therapeutic efficacy, and risk mitigation

Aerobic exercise (e.g., walking, dancing, and swimming), which
derives energy from the oxidative breakdown of glycogen and fat,
can rapidly improve blood glucose levels and insulin sensitivity
when performed at moderate intensity. In contrast, Anaerobic
exercise (e.g., weightlifting, sprinting, and planking) relies on the
phosphagen and lactic acid systems for energy supply. Resistance
training, as a key anaerobic modality, can increase muscle mass and
thereby facilitate glucose uptake (37). Notably, combining exercise
types, such as in high-intensity interval training (HIIT), have shown
superior benefits for glucose metabolism compared to continuous
aerobic training (38, 39). For high-risk adults of T2D, exercise
effectively contributes to prevention and delay of disease onset,
with at least 150 minutes of moderate to vigorous physical activity
per week recommended (40). Nonetheless, for T1D, managing
diverse physical activities poses significant challenges to patients
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FIGURE 5

Top 25 references with the strongest citation bursts in exercise and nutrition in diabetes.

TABLE 6 Top 10 frequent keywords related to exercise and nutrition in
diabetes.

Rank Keywords Count

1 Obesity 1,156

2 Risk 833

3 Type 2 diabetes 720

4 Prevalence 660

5 Cardiovascular diseases 611

6 Metabolic syndrome 600

7 Insulin resistance 587

8 Risk factors 545

9 Health 526

10 Associations 497

and clinicians alike (41). Both aerobic and anaerobic exercise
can cause delayed-onset hypoglycemia during recovery, with
HIIT potentially posing a greater risk of nocturnal hypoglycemia
than aerobic exercise (42). Therefore, in addition to continuous
glucose monitoring, personalized insulin and nutritional strategies
are crucial. For example, consuming 60 grams or more of
carbohydrates per hour during aerobic exercise may reduce
hypoglycemia risk (41).

In addition, medical nutrition therapy (MNT) delivered by
registered dietitian nutritionists (RDNs) is strongly supported
by evidence for improving glycemic control, with absolute A1C
reductions of up to 2.0% in T2D and up to 1.9% in T1D

over 3–6 months (43). In T2D and prediabetes, dietary patterns
such as the Mediterranean, low-fat, or low-carbohydrate diets are
effective for glycemic control and disease prevention (44, 45).
For T1D, very low-carbohydrate (VLC) diets may confer potential
benefits, though large, long-term clinical trials are needed to
substantiate these findings (46). Pending stronger evidence for
specific patterns, nutrition strategies should prioritize non-starchy
vegetables, minimize added sugars and refined grains, and favor
whole foods over ultra-processed products (19). Furthermore, no
universal macronutrient distribution is ideal; instead, it should
be individualized based on metabolic goals, physical activity,
preferences, and food access, with total energy intake supporting
weight management (47). Regarding micronutrients, routine
supplementation is not supported unless deficiency is present
(48). However, multivitamin use may be appropriate in certain
populations, including women planning pregnancy, older adults,
vegetarians, or those on macronutrient-restricted diets (49).

Under the widely accepted consensus on nutrition and exercise
interventions in diabetes management, their complex interplay and
cumulative effects, particular the influence on key metabolic organs
such as skeletal muscle and adipose tissue, have garnered increasing
attention (50). Skeletal muscle protein breakdown induced by
nutritional imbalance leads to muscle loss and reduced metabolic
rate, whereas a balanced diet and exercise, especially resistance
training, can effectively mitigate these effects (51). Adipose tissue
metabolism is responsive to both dietary and exercise interventions,
and their combination can enhance metabolic flexibility and
promote synergistic metabolic adaptations (52). As demonstrated
by a 16-week intervention, combined diet and exercise led to
superior improvements in clinical outcomes among individuals
with T2D, likely mediated by improvements in hepatic insulin
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FIGURE 6

Keyword co-occurrence map of publications on exercise and nutrition in diabetes.

sensitivity and β-cell function from dietary changes, as well as
enhanced peripheral insulin sensitivity resulting from exercise (53).
Additionally, endurance training in both fasted and fed states has
been shown to be safe and effective, with postprandial exercise
appearing more beneficial for HbA1c control (54). In adults
with T1D, nutrition around exercise must be carefully managed,
considering individualized macronutrient needs, fluid intake,
supplementation, and if necessary, insulin dosing adjustments
to prevent hypoglycemia, optimize performance, and support
recovery (55). Notably, fasted morning aerobic activity is gaining
popularity for its lower hypoglycemia risk, while intense pre-
breakfast exercise may elevate glucose depending on intensity and
duration (56, 57).

4.2.2 Exercise and nutrition in managing
long-term complications of diabetes, highlighting
metabolic benefits, clinical recommendations,
and contraindications

Diabetes significantly accelerates atherosclerosis, posing a
major risk for cardiovascular disease (CVD) and peripheral artery
disease (PAD) (58). Both aerobic and resistance training can
improve endothelial function and cardiovascular health, with

supervised programs benefiting even those with established CVD
(59, 60). In PAD, moderate-intensity walking, arm ergometry, and
cycling are also beneficial (61). Nutritionally, low-carbohydrate
diets outperform low-fat diets in glycemic and CVD risk control,
while replacing saturated fats with unsaturated fats reduces LDL-C
and total cholesterol (19). Diabetic kidney disease (DKD), affecting
approximately 30% of individuals with diabetes, is a leading cause
of mortality (62). Physical activity can enhance functional capacity
and quality of life across DKD stages, including during dialysis
(58). Dietary management should be individualized, with attention
to potassium, phosphate, sodium, and energy intake. Routine
protein restriction is not recommended; however, in cases of
marked proteinuria, soy-based protein sources may offer additional
cardiovascular benefits (19, 63).

Additionally, diabetic neuropathy (DN) is a common
microvascular complication, present in nearly 50% of individuals
with diabetes (43). Diabetic retinopathy remains a leading cause
of blindness in working-age populations; while low- to moderate-
intensity exercise may confer some benefits, vigorous aerobic
or resistance training is contraindicated in cases of proliferative
or severe non-proliferative retinopathy due to risks of vitreous
hemorrhage or retinal detachment (64, 65). Peripheral neuropathy
affects up to 40% of diabetes patients, particularly the lower limbs,
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FIGURE 7

Trend topics on exercise and nutrition in diabetes.

and mild-to-moderate physical activity may help delay onset (64).
However, individuals with foot ulcers or injuries should limit
activity to non-weight-bearing exercises (58). Cardiac autonomic
neuropathy (CAN), linked to heart rate abnormalities, silent
myocardial infarction, and increased mortality, has been shown
to benefit from moderate-intensity aerobic training, though
pre-exercise screening and physician clearance are recommended
(66). From a nutritional perspective, vitamin B12 deficiency,
linked to peripheral and autonomic neuropathy, is common
and warrants supplementation (67). Dietary antioxidants such
as alpha-lipoic acid and compounds like nicotinamide riboside
may offer neuroprotective effects (68). Translational research also
implicates high-fat diets in the progression of DN, suggesting
dietary modulation as a potential intervention strategy (69).

4.2.3 Population-specific exercise and nutrition
strategies for older adults, children, and women
with and at risk of diabetes, incorporating
evidence-based approaches and adherence
guidance

Beyond general strategies for adults, a growing body of
research has emphasized tailored exercise and nutrition
interventions for specific populations, notably older adults
and children. Aging is associated with significant alterations
in body composition, including reduced lean muscle mass and
increased adiposity, particularly visceral fat, which collectively
elevate the risk of diabetes (70). Aerobic exercise has long
been recommended to improve glucose tolerance and prevent
diabetes, while also benefiting common comorbidities in older
adults such as hypertension, CVD, and osteoporosis (71). In
recent years, resistance training has gained recognition as an

essential component of fitness regimens among the elderly,
enhancing muscular strength, promoting spontaneous physical
activity, and increasing nutritional demands (72, 73). From a
nutritional standpoint, adequate intake of high-quality protein
(1.0–1.5 g/kg/day), vitamin D, and acid–base balance diet are
crucial for maintaining metabolic and musculoskeletal health
(74, 75). Notably, when combined with resistance training,
protein supplementation may synergistically promote greater
improvements in muscle mass and strength among frail older
individuals (76, 77). Moreover, to minimize risks and enhance
adherence in older adults, initial health screenings and structured
warm-up and cool-down routines should be prioritized, with
community-based strategies encouraging lifestyle change (70).

The global rise in childhood overweight and obesity, projected
to reach 30.0% by 2030, has significantly increased the risk of
diabetes in youth (78). Children and young adults with a family
history of diabetes also represent a particularly high-risk group,
with findings from national surveys in the United States, Malaysia,
and Korea showing increased likelihood of developing T2D and
metabolic disorders, often accompanied by modifiable lifestyle risk
factors (79–81). Extensive evidence supports that regular physical
activity can significantly reduce metabolic risk in children (82).
For instance, 13 weeks of daily aerobic exercise (20–40 min) led
to improved insulin resistance, reduced adiposity, and enhanced
fitness in overweight children across sexes and ethnicities (83).
Nutritionally, a balanced diet rich in vitamins and minerals, whole
grains, dairy products, fruits, and vegetables, while limiting the
intake of high-sugar, high-fat, and high-salt foods, is essential
for healthy growth and glycemic control in children (84). In
addition, establishing healthy eating patterns with family support,
such as regular mealtimes, family meals, and avoiding screen-
time eating, can further improve children’s nutritional status (85).
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Moreover, combined diet and exercise interventions have been
shown to reduce diabetes risk by up to 60% in youth with
impaired glucose tolerance and lower the need for medication
in those with T2D (86). To ensure the safety and efficacy of
exercise and nutrition strategies, it is crucial to implement glucose
monitoring, individualized nutritional adjustments, and education
efforts engaging families, teachers, and peers (87). Notably, family
history represents a key criterion for identifying individuals who
should be prioritized for intensive lifestyle modification counseling
by health care providers (79).

Additionally, increasing attention has been paid to women,
particularly during pregnancy, where gestational diabetes (GD)
poses specific challenges and opportunities for intervention to
support both maternal and fetal health (88). A secondary
analysis revealed that women with GD had a 71% higher
risk of developing T2D within three years; however, this
risk could be reduced by approximately 50% through lifestyle
interventions (89). Nutritionally, restrictive diets that severely limit
specific macronutrients should be avoided in GD (90). Instead,
balanced diets emphasizing whole foods (e.g., fruits, vegetables,
legumes, whole grains, lean proteins, and omega-3 fatty acids)
are recommended to promote healthy weight (91). Moreover,
micronutrient-based supplements like probiotics and inositol may
offer convenient and cost-effective support (92). Evidence from
eight randomized controlled trials indicates that combining diet
and exercise interventions leads to superior glycemic outcomes
in GD, reducing both fasting and postprandial glucose levels
(93). Guidelines recommend at least 150 min of moderate-
intensity aerobic exercise per week, with some studies endorsing
the inclusion of resistance training (94, 95). Ensuring safety
during pregnancy is paramount; thus, high-fall-risk sports, supine
exercises after the first trimester, prolonged standing, and scuba
diving should be avoided, with exercise programs individualized by
professionals (96).

4.3 Limitations and considerations

This study offers a systematic and replicable bibliometric
approach, serving as a reliable reference for future investigations.
However, several limitations should be acknowledged. First,
the analysis was restricted to publications indexed in WoSCC
and Scopus. While these sources are considered authoritative
and reliable, this restriction may have led to the omission of
relevant studies from other databases. Second, only English-
language publications from the past two decades were considered,
potentially excluding valuable non-English research and limiting
the generalizability of the findings. Third, only documents classified
as Articles or Reviews were considered, ensuring data quality
and consistency but leaving out other publication types that may
contain significant evidence. Together, these restrictions in data
collection may have contributed to selection bias by overlooking
certain relevant studies. Fourth, the analysis focused on publication
quantity and citation metrics without assessing the quality of
individual studies; all included publications were weighted equally,
which may obscure differences in research impact or validity. Fifth,
citation bias is an inherent limitation of bibliometric analyses,

as highly cited studies may disproportionately influence networks
and thematic trends, potentially exaggerating the prominence of
certain regions or topics. Finally, regional disparities in research
capacity could have affected publication outputs and co-authorship
networks, resulting in uneven representation across countries.
Despite these limitations, the combined use of WoSCC and Scopus,
along with complementary bibliometric tools, helps mitigate some
of these biases and supports the robustness of the overall findings.

4.4 Implications for future research and
practice

This bibliometric analysis highlights several emerging
directions with important implications for future research and
practice in exercise and nutrition for diabetes management.
First, there is a growing shift from a disease-centric approach
toward a life course–oriented paradigm that emphasizes sustained
health promotion and risk prevention across all stages of life
(97). Pregnancy and the surrounding periods (preconception
and postpartum) are particularly critical for shaping maternal
health trajectories and intergenerational outcomes, especially in
Australia’s Northern Territory, where diabetes disproportionately
affects Aboriginal and Torres Strait Islander women (98, 99).
Therefore, the DIABETES Across the LIFECOURSE project
applied a co-design approach to engage women, families,
communities, and health services in identifying priorities and
strategies. Key focuses included improving access to nutritious
foods and opportunities for physical activity, strengthening cultural
connections, enhancing communication about diabetes risks, and
addressing barriers that prevent women from prioritizing their own
health. By enabling collaborative decision-making, this approach
supported self-determination and enhanced the acceptability and
lasting benefits of lifestyle interventions aimed at reducing diabetes
risk (100).

Second, an evolving focus centers on one-on-one health
coaching beyond traditional healthcare settings. Personalized and
interactive support, delivered by peers or professionals, has
been shown to empower patients by enhancing self-efficacy,
accountability, and clinical outcomes, making it essential for
effective diabetes self-management (101). However, traditional
face-to-face coaching poses challenges in scalability, partly
due to its reliance on intensive personal contact and the
associated burden on healthcare resources. To address these
limitations, recent advances have explored technology-assisted
health coaching. Digital diabetes prevention programs, delivered
via internet platforms, mobile applications, or text messaging,
enable scalable information delivery, lifestyle coaching, and peer
support (102). eHealth interventions that integrate behavior
change techniques (BCTs) and dynamic tailoring strategies show
promise in supporting sustainable lifestyle change (103). Looking
ahead, further refinement of digital health coaching and broader
evaluation of its impact on lifestyle behaviors will be essential to
optimize effectiveness and scalability (103, 104).

Third, emerging patterns point to the need to re-evaluate
conventional recommendations in favor of more adaptable
formats. With rapid urbanization and extended working hours,
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opportunities for regular exercise during the workweek are limited.
In this context, flexible approaches such as the “Weekend Warrior”
pattern, characterized by performing all weekly exercise in one
or two days, may provide comparable health benefits while
better accommodating individuals with time constraints and busy
lifestyles (105). Cross-sectional analysis of NHANES 2007–2016
data showed that this pattern correlated with a lower prevalence
of diabetes compared with inactivity, with effects similar to
those observed in regularly active individuals (106). Further, a
prospective NHANES 2007–2018 cohort study among adults with
T2D found that adopting this approach was associated with a
40%–50% reduction in all-cause mortality, again comparable to
regular activity. Importantly, this strategy may be particularly
relevant for adults with diabetes who experience muscle weakness
or exercise intolerance that limits weekday activity, and it can
be implemented through a combination of leisure-time and
occupational activities (107). Recognizing and incorporating such
flexible approaches could improve adherence and expand the reach
of lifestyle interventions (108).

5 Conclusion

Our bibliometric analysis provides a comprehensive
overview of the evolving landscape of research on exercise
and nutrition in diabetes, highlighting key knowledge domains and
emerging trends:

(A) Global contributions: The research landscape features
active global participation, with the United States at the forefront
of productivity and institutional influence. China, South Korea,
Australia, and Canada also play important roles. Notably, Harvard
University and its affiliates are prominent institutional contributors
in this field.

(B) Core journals: Nutrients has emerged as the most prolific
journal in terms of publication volume, while Diabetes Care is
the most frequently cited source. Future research should focus on
publishing in high-impact medical journals to elevate the field’s
academic and translational impact.

(C) Intervention approaches: Mechanistic insights, therapeutic
efficacy, and risk mitigation of different exercise types, nutritional
approaches, and their combined interventions in diabetes have
emerged as prominent areas of research interest.

(D) Complication management: The role of exercise and
nutrition in managing chronic complications of diabetes, including
CVD, PAD, DKD, and DN, has emerged as a major research
focus, with particular emphasis on metabolic benefits, clinical
recommendations, and contraindications.

(E) Population-specific interventions: Tailored exercise and
nutrition strategies for older adults, children, and women with
diabetes have emerged as key areas of research, emphasizing
evidence-based recommendations and diverse strategies to
improve compliance.

(F) Research frontiers: In recent years, cutting-edge strategies
have marked a paradigm shift toward life course orientation,
individualized self-management support, and novel adaptive
interventions for proactive diabetes care.

In summary, our study reveals the strategic trajectory of
exercise and nutrition research in diabetes, offering valuable

insights into its scientific foundation and translational potential.
These findings provide a roadmap for future investigations aimed
at optimizing lifestyle interventions and enhancing personalized
care strategies in diabetes prevention, management, and positive
health promotion.
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