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Background: High-intensity interval training (HIIT) is an emerging exercise strategy and is considered to be a recipe for health promotion. This study aimed to systematically identify collaboration networks, track research trends, highlight current hotspots, and predict future frontiers in HIIT and its applications in health promotion since the start of the new century.

Methods: Relevant original publications were obtained from the Science Citation Index Expanded of the Web of Science Core Collection (WoSCC) database between 2001 and 2020. CiteSpace and VOSviewer software were used to perform bibliometric visualization and comparative analysis of involved indexes that included countries, institutions, journals, authors, references, and keywords.

Results: A total of 572 papers were included, and the trend of annual publications showed a remarkable growth. The United States and the University of Exeter were the most productive country and institutions, respectively, with 107 and 18 publications, respectively. European Journal of Applied Physiology took the lead in the number of published articles, and Medicine and Science in Sports and Exercise ranked first in the cocitation counts. Barker AR and Gibala MJ were considered as the most productive and the most highly-cited authors.

Conclusions: “Health risks,” “adolescent,” and “aging” are the three noteworthy topics during the evolution of HIIT-health promotion (HIIT-HP) research. The current research hotspots of HIIT and its practices in the health promotion domain lies in “metabolic diseases,” “cardiovascular diseases,” “neurological diseases,” and “musculoskeletal diseases.” The authors summarize that “prevention and rehabilitation,” “micro and molecular level,” and “cognition and mental health” are becoming frontiers and focus on the health topics related to HIIT in the upcoming years, which are worthy of further exploration.
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INTRODUCTION

The rising prevalence of several chronic diseases (1–5) [e.g., obesity, type 2 diabetes (T2D), and hypertension] worldwide has been described as global puzzles and public health problems (6–8). The relationship between exercise and health promotion has been gradually explored and studied. In 2007, the American College of Sports Medicine and the American Medical Association colaunched a health promotion program named “exercise is medicine” (9). High-intensity interval training (HIIT), in various forms, is an emerging training method that generally refers to repeated sessions of relatively brief intermittent exercise, often performed with an “all-out” effort or at an intensity close to VO2 peak (10–12). Billat defined HIIT as a method that involves repeated short-to-long bouts of high-intensity exercise interspersed with recovery periods (13). With the transition and development of the basic science of physiology, a series of major advancements in exercise training has spurred in the field of sports science, and among them, HIIT is one of the most effective training methods. Many studies have shown that HIIT can enhance cardiorespiratory and metabolic function and, in turn, the fitness of the athletes (13–15). Prior evidence also showed that a sufficient volume of HIIT can increase peak oxygen uptake (VO2 peak) and the maximal activity of mitochondrial enzymes in skeletal muscles (16, 17). In contrast to other training techniques, such as moderate-intensity continuous training (MICT) and resistance training (RT), HIIT is a time-efficient, universally applicable, and enjoyable strategy. In recent years, HIIT is not only used for elite athletes training but is also considered as an exercise prescription or complementary therapy for the rehabilitation of related chronic diseases. Therefore, it has been significantly developed and widely applied to the field of exercise science and health promotion over the last 20 years.

Scholars have conducted a number of reviews (18–22) on various aspects of HIIT in different contexts, but some defects still needed to be improved: (i) most reviews used the meta-based methodology, although it can support the effects of HIIT from the evidence-based medicine level, while this type of review cannot provide an overview of all applications of HIIT in the fields of health promotion; (ii) the samples in some systematic reviews were mainly based on subjective screening, and the sample size was rather small; (iii) the included research objects were not comprehensive (such as only a review of randomized controlled trials) or were concentrated only on specific and limited aspects.

Bibliometric is a quantitative analysis strategy that involves mathematics and statistics to identify publications on a particular topic (23, 24). Based on comprehensive indexes like journals, authors, countries, and institutions, it can conduct an in-depth evaluation of the research trends and the focus of a certain field (25–27). Previous studies have shown that tracing knowledge diffusions and using cluster analysis can provide a rounded overview in several interdisciplinary research (28–30). Moreover, the results of the bibliometric evaluation can provide suggestions for future research and decision-making. CiteSpace is a java-based scientific mapping software developed by Chen (Drexel University, Philadelphia, PA, USA) for bibliometric and comparative analysis (31). VOSviewer is another scientometric tool for creating maps based on network data and for visualizing and exploring these maps. By presenting numerous data in the form of knowledge maps, the productivity of authors and institutions, geographic distributions, and cooperative relations can reflect the development of a discipline and research tendency. CiteSpace and VOSviewer have been recently applied in various fields, such as medical treatment, cognitive function, and pain management (32–34).

To the best of our knowledge, studies on the health benefits of HIIT have sprung up over the past two decades, whereas a few of them are engaged in collecting global data, evaluating the emerging trends, and conducting reviews of HIIT–health promotion (HIIT-HP) fields from the perspective of visualization and bibliometric analysis. Hence, the cooperative network, research trend, current status, and future frontier in this field are unknown and urgently need to be explored. This is the first study that pioneers the use of bibliometric strategy into the investigation of the HIIT-HP domain. This study is anticipated to help researchers extract hidden information for further studies in exercise and health-related fields and provide them with valuable guidance in selecting frontier topics by answering the following central questions:

(i) Which countries, institutions, journals, authors, and references lead the research trend in global HIIT-HP fields?

(ii) What are the current hotspots and major domains that HIIT can be used in health promotion nowadays?

(iii) Where are the frontiers and perspectives of related health topics in the future of HIIT?



MATERIALS AND METHODS


Data Acquisition and Search Strategy

All research materials were retrieved from the Science Citation Index Expanded (SCI-E) of the WoSCC database on May 15, 2021. We completed the search within the same day to avoid any bias caused by database updates. The reason for using this database is that SCI-Expanded in WoSCC contains comprehensive citation index records, which includes numerous influential and high-quality journals all over the world. Additionally, a previous study indicated that Web of Science had better accuracy than Scopus and some other databases (35). Therefore, it is a comprehensive and authoritative database for literature mining, especially in the field of natural science (36).

The following methods were conducted for search publications: topic words = [(“high intensity interval training” OR “high-intensity interval training” OR “high intensity intermittent training” OR “high-intensity intermittent training” OR “high intensity interval exercise” OR “high-intensity interval exercise” OR “high intensity intermittent exercise” OR “high-intensity intermittent exercise” OR “HIIT” OR “HIIE”) AND (“health” OR “public health” OR “health promotion” OR “health management”)], time span = 2001–2020. Referring to the previous bibliometric studies (37, 38), we only selected “articles or reviews” for analysis, and the language was limited to “English”; other document types and non-English articles were excluded. Basic information for each research was gathered into text documents, such as countries, institutions, journal sources, authors, and references. The detailed search strategy and inclusion criteria in this study are summarized in Figure 1.


[image: Figure 1]
FIGURE 1. The summary of the flowchart and study design.




Analysis Tool

CiteSpace and VOSviewer were used to conduct statistical analyses on the literature. This analysis drew a series of progressive visualization knowledge domains to detect emerging trends, hidden implications, and landmark literature. Parameters consisting of publication amount, impact factor, centrality, and occurrence/citation burst were applied. Impact factor (IF) is recognized as an international standard criterion for evaluating the impact of a journal (39), and the impact factors in this review are based on the Journal Citation Reports (2019). Centrality is an index for measuring the importance of a node in a network, and a node with a large size typically indicates high occurrence or citation frequency as a pivotal point (31, 40, 41). Occurrence burst denotes a term that frequently occurs over a given period, which can be considered as research hotspots (41, 42). Microsoft Excel 2016 software was applied to describe and predict the publication trend of HIIT researches. The function model was set as follows: f(x) = ax3 + bx2 + cx + d, in which x represented the year of publication and f(x) demonstrated the cumulative amount of publications. The reason for using a cubic polynomial function instead of linear, logarithmic, or other functions was that it can effectively and accurately capture information about publication trends (43). The reason for not applying the exponential function was to prevent the occurrence of no publication in potential years. Through the methods mentioned above, we can have a profound understanding of the research history, current status, and future prediction of HIIT studies in the health promotion field.




RESULTS


Analysis of Publication Outputs

Since there was no publication before 2004, we started the calculation at the beginning of 2005. A total of 572 records (including 494 articles and 78 reviews) satisfied the search criteria and were used for further analysis. The relationship between the number of articles per year and the development tendency on HIIT research in the health promotion field is shown in Figure 2. The overall trend of publications increased from 2 in 2005 to 142 in 2020. The number of publications on HIIT has increased remarkably within the last two decades, and the growth trend model (R2 = 0.9893) demonstrates that more research on the applications of HIIT in the health promotion domain is ongoing and that this field seems to be progressive and promising.


[image: Figure 2]
FIGURE 2. The output of publications and growth trends of HIIT in health promotion fields.


Publications on HIIT can be divided into three stages: the initial stage (2005–2012), the second stage (2012–2016), and the third stage (2016–2020). Before 2012, the annual publication remained at a low level, while it exceeded 10 for the first time in 2012. After that, the amount of literature published gradually showed a continuous upward trend and broke through 50 for the first time in 2016. From the perspective of annual publications, we consider the years 2012 and 2016 to be the critical turning points. In terms of the development of HIIT, in 1920, a famous runner named Paavo Nurmi had already used HIIT in his training routines (12). After that, many scholars contributed to the popularization of this specific training format in the previous century. However, their publications were not widely recognized and promoted. In the early 2000s, Laursen and Jenkins (16) reviewed the scientific basis for HIIT and suggested that the optimal HIIT program intensity, duration, and recovery needed further exploration, which pointed out the direction for future HIIT research. In 2012, Gibala et al. (44) indicated that HIIT can not only be applied to train athletes but can also served as an effective alternative way to traditional endurance-based training in preventing health burdens associated with a couple of chronic diseases. This discovery prompted the application of HIIT intervention in the prevention and rehabilitation of chronic diseases, which also contributed to the advancement and application of HIIT technology.



Analysis of Countries and Institutions

A total of 56 countries/regions were involved in HIIT and its applications in the health promotion domain. The details of the top 10 countries and institutions are presented in Table 1. The United States and the United Kingdom were in the dominant positions, with 107 and 106 publications, respectively. Australia was the third productive country and published 88 literatures totally, followed by Canada (63 publications) and Spain (51 publications). The contributions by the top four countries were all above 50, which indicated that they made major contributions in research achievements. As shown in Figure 3A, the collaborations among these countries were generated by CiteSpace. In the matter of centrality (the purple outer ring of the circle), the wider the circle, the higher is the centrality. According to the definition of centrality (31), the countries shown on the map had close collaborations with each other and produced tremendous academic influence.


Table 1. Ranking of top 10 countries and institutions involved in the HIIT-HP domain.
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FIGURE 3. The map of countries (A), institutions (B), and world distribution (C) of publications in the HIIT-HP field.


A total of 270 institutions participated in the application of HIIT in the health promotion field. As listed in Table 1, the University of Exeter was the leading institution in the quantity of published works (18 publications), followed by the Norwegian University of Science and Technology (16 publications), the University of British Columbia (15 publications), the University of Copenhagen (15 publications), and the University of Newcastle (15 publications). The network map of institution cooperation was generated using CiteSpace (Figure 3B). In terms of centrality, the Norwegian University of Science and Technology (0.08) was the first-tier institution. Besides that, the University of British Columbia, the University of Copenhagen, and the University of Saõ Paulo shared the same centrality (0.06) and took the lead in cooperation as well. Additionally, the distribution of the countries and regions participating in HIIT-HP research all over the world is displayed in Figure 3C, and the scholars of this field were mainly distributed in North America, Europe, and Asia.



Analysis of Journals and Co-cited Journals

A total of 234 scholarly journals published articles on the application of HIIT in the health fields. As shown in Table 2, the top 10 journals accounted for almost a third of the total publications, European Journal of Applied Physiology (IF 2019 = 2.580) published the highest amount of articles (26 publications, 4.55%), followed by Frontiers in Physiology and Medicine and Science in Sports and Exercise. Compared with other journals, the contributions of the top three journals were all above 20 publications and 4% proportions, thus signifying that they had a special position in HIIT-HP fields. Among the 10 journals with the largest amount of literature published, the average IF of these 10 journals was 2.718, whereas the impact factors from only three journals exceeded 3.0. It seemed that publishing HIIT-related topics in a high-impact-factor journal could not be an easy task.


Table 2. Ranking of top 10 journals and co-cited journals involved in the HIIT-HP domain.

[image: Table 2]

In cited journal list, Medicine and Science in Sports and Exercise ranked first with 464 co-citation counts, Sports Medicine and PLOS ONE also contributed 364 and 346, respectively. The high citation counts, to some extent, can illustrate that these journals had academic competitiveness and were considered mainstreams in the HIIT-HP field. The network map of cited journals was plotted by CiteSpace with 538 nodes and 3,724 links. Figure 4A presents that the distribution of the focus of the periodical publication is extremely extensive, including sports science, physiology, rehabilitation medicine, public health, and several comprehensive interdisciplinary research. As the cited journals offer a theoretical basis for the citing journals, these diverse trajectories indicate that the disciplinary center of the journals moved from a single subject to multidisciplinary clusters.


[image: Figure 4]
FIGURE 4. The map of co-cited journals (A); a dual-map overlay of journals that published literature in the HIIT-HP field (B).


Figure 4B shows a dual-map overlay of journals that published literature related to HIIT-HP fields. This approach uses two graphs at the same time. On the left are the categories of citing journals, and on the right are the disciplines of cited journals. Citation links can display the ins and outs of citations data sets. As the citing journals put forward views on the basis of the cited journals, this map can reflect the citation relationship between disciplines to some extent. In general, there are mainly two citation paths, the light orange path presents that literature published in “Molecular, Biology, Immunology” journals preferred to quote journals mostly in the fields of “Health, Nursing, Medicine.” The grass green path shows that articles published in “Medicine, Medical, Clinical” and “Neurology, Sports, Ophthalmology” journals tended to cite journals primarily in the “Sports, Rehabilitation, Sport” domain.



Analysis of Authors and Co-cited Authors

Three hundred and sixty-six authors contributed to the total number of papers. The top 10 authors involved in HIIT-HP research are shown in Table 3. These authors have published a total of 81 papers, accounting for 14.16% of all published papers on HIIT-HP research. Barker AR and Williams CA ranked first concerning publication output (12 publications), followed by Jung ME and Little JP with 9 publications. The top five co-cited authors were Gibala MJ, Wisloff U, Tjonna AE, Little JP, and Gillen JB. These authors were active authors in the field of HIIT-HP research.


Table 3. Ranking of top 10 authors, co-cited authors, and co-cited references in the HIIT-HP domain.

[image: Table 3]

Table 3 presents the top 10 most co-cited references as well. These references prepared the ground and accelerated the development of research in the HIIT-HP field. The top co-cited reference was authored by Weston KS and was published in the British Journal of Sports Medicine (one of the most influential journals in sports medicine), which reported the effects of HIIT in patients with lifestyle-induced cardio-metabolic disease (45). The co-cited count of articles ranked 2–8 also exceeds 40, which to some extent hints that the achievements of these research studies in this field are highly recognized. Cooperation between authors and co-cited authors is analyzed for the identification of potential partnerships. Connections represent cooperation relationships among nodes, and the thickness of the connection represents the closeness of cooperation. The merged network of authors in Figure 5A is composed of 366 nodes and 696 links. In this figure, the cooperation network of the author is further divided into three smaller clusters, which are scattered and led by several superstar authors. Figure 5B illustrates the connections between co-cited authors (nodes = 558, links = 3,288). The knowledge maps of the authors of these papers and co-cited authors can offer crucial information on influential research groups and potential partners, enabling researchers to establish cooperation.


[image: Figure 5]
FIGURE 5. The map of cooperation network of the authors in the HIIT-HP field (A); the map of the connections of the co-cited authors in the HIIT-HP field (B).




Analysis of Reference Co-citation

Reference co-citation analysis is one of the significant indices in bibliometric studies, which is usually applied to explore research focuses in a given academic field (46). Articles and their co-citation relevant data were used to create major clusters, and then knowledge domains of these clusters were constructed by analyzing reference co-citation. All kinds of research related to the HIIT-HP field between 2000 and 2020 were grouped into a number of major clusters. Each cluster was associated with the citation index, achievement field, and critical literature series within a period, making a grand spectacle of distinct specialty or thematic concentration. The timeline view for the major clusters, which illustrates the time interval and research advance in the progress and evolution of the subdomain of each cluster, is shown in Figure 6A. In CiteSpace, the modularity value (Q-value) and the weighted mean silhouette value (S-value) are regarded as the evaluation strategies to assess the standard of clustering, and a mean of Q > 0.5 and S > 0.7 implies that the cluster is convincing. In Figure 6A, the value of Q equals 0.6382 and that of S equals 0.8141, which further verifies the rationality of this clustering strategy.


[image: Figure 6]
FIGURE 6. The timeline view map based on the reference co-citation analysis in the HIIT-HP field (A); top 50 references with the strongest citation burst in the HIIT-HP field (B).


We used the log-likelihood ratio (LLR) strategy to generate reference co-citation clustering, with the type of selection using “Keywords Option,” since the creator of CiteSpace software suggested that the LLR algorithm performed best for covering the “uniqueness and coverage” of labels and keywords detection and can accurately present the classification of all clusters. Here, we introduced the following three noteworthy topics, “Health Risks,” “Adolescent,” and “Aging,” which have been of wide concern recently and would be discussed in depth in the discussion part.

References with the strongest citation burst are considered as the research basics of frontiers in the upcoming years (47, 48). As shown in Figure 6B, the top 50 references were identified in terms of their strongest citation bursts. Among these references, Gibala et al. (44) provided insights on the utility of HIIT for improving physiological adaptations in health and disease and highlighted suggestions for future research. Little et al. (49) focused on investigating the role of HIIT in reducing hyperglycemia and increasing muscle mitochondrial volume in patients with T2D. Burgomaster et al. (50) analyzed and compared the similar metabolic adaptations of humans during the low-volume sprint interval and traditional endurance training from a physiological point of view. In recent years, high burst articles showed that HIIT had a positive role in treating chronic diseases caused by an unhealthy lifestyle. Two reviews focusing on the effectiveness of HIIT in the treatment of cardiovascular-related disease published in the British Journal of Sports Medicine by Batacan et al. (51) and Weston et al. (45) with burst strength as 7.02 and 5.33 represented a strong research hotspot.



Analysis of Keywords

A map of keywords can present major objects and hot topics of research. VOSviewer software was applied to conduct the co-occurrence network of keywords in this study. We created the map on the basis of bibliographic data with a full counting strategy, setting the minimum number of occurrences of a keyword as four. By using a thesaurus to clean and purify the data, 85 keywords out of the total 1,163 keywords met the threshold and are presented in Figure 7. According to the research categories of keywords, we integrated the classification generated by VOSviewer algorithm and further divided all these keywords into several major clusters with four different colors. In this figure, violet purple, light gray, photo blue, and grass green are represented for the applications of HIIT in “Metabolic Diseases,” “Cardiovascular Diseases,” “Neurological Diseases,” and “Musculoskeletal Diseases,” respectively. These application domains would be further discussed in the next part.


[image: Figure 7]
FIGURE 7. The distribution of the co-occurrence network of keywords in the HIIT-HP field.


The top five keywords with the highest citation burst in HIIT-HP research were low volume (6.14), human skeletal muscle (5.83), sprint interval (5.58), HIIT (5.22), and aerobic fitness (4.48). The values in brackets reflect the strength of burst. Occurrence burst, which indicates the steep increment of a keyword in appearance over a period of time, can reflect development in frontier topics and dynamics in a research field (41, 42, 52). The top 50 keywords with the strongest occurrence burst are shown in Figure 8. In the first decade of the twenty-first century, critical physiological indexes such as skeletal muscle, cardiovascular capacity, respiratory function, and other physical performances induced by HIIT were widely mentioned and studied. Around the year 2015, with the physiological mechanisms of HIIT gradually been recognized, it seemed to be a research trend to apply HIIT to the rehabilitation of chronic diseases. Burst keywords like “heart disease,” “cardiovascular disease,” “obesity,” and other health-related problems were dominant in this period. From 2018 to 2020, keywords with the strongest citation bursts were focusing on the molecular level and mental benefits of HIIT recently, including “gene expression” and “mental health.” This result verifies that “prevention and rehabilitation,” “micro and molecular level,” and “cognition and mental health” are becoming frontiers and focuses in HIIT-HP fields, which are worthy of further exploration.


[image: Figure 8]
FIGURE 8. Top 50 keywords with the strongest citation burst in the HIIT-HP field.





DISCUSSION

High-intensity interval training has become one of the most popular training methods for different groups of people to keep fit all over the world. In country and institution analysis, information about regional distribution presented that HIIT-HP researches are currently ongoing worldwide. Among the top 10 prolific countries, eight are developed countries and only two are developing countries. This implies that developed countries may invest more resources in the field of sports science and medicine. People living in developed regions usually pay more attention to fitness and wellness, so they also have a relatively high quality of life and a longer life span. However, developing countries, such as China, tended to catch up in the field of exercise and health science, especially in the HIIT-HP domain. Moreover, a previous study reported that the United States, China, and Brazil were also among the most productive countries in diabetes-related publications (53). We suppose that a large population base and aging tendency may lead to an increase in health risks, which tends to be an important driving force for these countries to invest resources in health researches.

Discovery and exploration of remarkable authors, references, and journals were carried out in this study. Authors from different regions and institutions who participated in the HIIT research made noteworthy contributions to studies in this field. Figures 5A,B show that the relationship between co-cited authors seems stronger, while the authors have cooperation only in part and lack communication and contact in general. Under the background of interdisciplinary integration, more scholars from different fields should strengthen mutual communication and cooperation and jointly promote the research progress and application of the HIIT method. As shown in Figures 4A,B, the network map and dual-map overlay of journals demonstrate several relevant publishing sources in the HIIT-HP field. Sports science-related journals were still the primary source to publish HIIT research. Physiology, rehabilitation or preventive medicine, and public health journals had a certain interest in this field as well. In addition, comprehensive journals also played an important role in publishing HIIT articles.

On the basis of the timeline view map of reference co-citation analysis, we could disclose research evolution trends. From Figures 6A,B, three high-frequency topics and clusters were summarized and analyzed. “Health Risks,” “Adolescent,” and “Aging” are three noteworthy topics during the development of HIIT-HP research:

(i) For health risks and factors: In the early stage of HIIT-HP study, scholars mostly focused on the risk factors of health-related problems. The two main factors that cause health risks are excessive energy intake and physical inactivity (54–57). The former gives rise to overweight or obesity risks, and the latter often leads to a sedentary lifestyle. It is almost universally acknowledged that obesity leads to multiple health risks (55, 57). Member states of the WHO appealed for a voluntary target to stop the rise in obesity by 2025, and exercise has been considered as widespread call to counteract overweight in all populations. Compared with MICT or other training methods, HIIT has its unique advantages in treating overweight people. A number of recent research have already proved that HIIT favored better body composition improvements and expended less time to achieve similar effects than MICT in curing obesity (58, 59). When it comes to problems related to a sedentary lifestyle, converging epidemiological evidence demonstrates that a sedentary lifestyle may lead to incompatible chronic diseases (54, 56). From an evolutionary point of view, the adaptation that HIIT-related exercise brings to the body is an excellent strategy against the lifestyle-induced evolutionary mismatch (45, 51).

(ii) For youth and adolescent groups: In the initial development of HIIT, its applications were mostly promoted among young athletes (16, 60). With the development of exercise-training theory, HIIT is no longer a unique recipe for elite athletes, and children and teenagers also have access to this method to keep healthy. Adolescence is a critical period for physical growth and development. In view of the fact that teenagers are still in the growth stage, all-extremity HIIT will have a long-term impact on shaping their cardiopulmonary endurance, skeletal muscle, and circulatory system. The most common model used in HIIT research is the Wingate Test, which asks teenagers to complete an “all out” cycling session of 30 s against high-resistance on a specialized cycle ergometer. After a typical training session with four to six repeats interspersed by 4 min of recovery, the oxidative capacity of skeletal muscle of the youth groups and the maximum enzyme activity or protein content of mitochondria can be improved (61). In addition, metabolic abnormalities and obesity-related problems caused by academic stress, lack of sleep, and a sedentary lifestyle are concerning points in the development of teenagers. Some emerging researches have supported that HIIT can efficiently improve cardio-metabolic capacity in overweight teenagers compared with traditional endurance training (62–64). While HIIT has already been praised in teenagers for its beneficial effects on body composition and cardio-metabolic health, its application to improve cognitive and mental health also has great research potential. One study using neuroimaging methods like functional near-IR spectroscopy detected that acute HIIT can strengthen the cognitive and executive functions of teenagers by increasing the activation of the task-related area of the brain prefrontal cortex (65). In summary, it is promising to promote the application of HIIT in the mind–body shaping of teenagers.

(iii) For elderly groups: The sharp increase of the aging population has become a public issue currently (66, 67). Aging is associated with decreased aerobic fitness, cardiac remodeling, and bone-density loss, which may lead to an increased risk of chronic diseases. It is well-acknowledged that exercise may have the potential to delay the aging process, while weight-bearing activities are frequently limited due to musculoskeletal and balancing problems in the elderly groups. HIIT can be considered as a suitable supplement of strength training method in the elderly, and studies have shown that HIIT can improve the physical performance of the elderly group (68–70). In particular, when referring to the specific practicing strategy, the elderly are recommended to perform HIIT step by step. For example, when first using this method, one can practice for 20 s and rest for 30 s, and several weeks later, one can elevate the HIIT mode to an upgraded level (e.g., vigorous training for 30 s and resting for 15 s). It is better to avoid fatigue of the same muscle group (e.g., high resistance dumbbell bending), and the effective method is to combine HIIT with low-impact movements to reduce the impact on the joints and soft tissues. Additionally, it is worth noting that HIIT plays an important role in the health promotion of post-menopausal women who are more special in the elderly group. Numerous studies focusing on women suggested an increased risk of metabolic diseases in midlife (71, 72), and the management of fitness and weight at the menopause stage is becoming another public health concern (73). Several research studies (74–76) indicated that HIIT can improve health indicators, including inflammatory and adipokine profiles, in post-menopausal women. A recent meta-analysis (77) also showed that cycling HIIT seemed to be better than running in post-menopausal women, and interventions over 8 weeks with three sessions per week should be recognized as a promoted method.

On the basis of the co-occurrence map of keywords, we could not only explore current hotspots but also explore the applications of HIIT in several health promotion fields. From Figure 7, a number of prevalent keywords and noteworthy domains of HIIT-HP research were concluded and analyzed. Here, we further analyzed the following four categories based on the application fields of the HIIT program:

(i) Metabolic diseases: Diabetes, especially T2D and hyperglycemia, is regarded as one of the most common metabolic illnesses (78, 79). In 2014, Francois and his colleagues (80) tried to examine the effects of brief bouts of exercise performed before meals (“exercise snacks”) in the treatment of post-prandial hyperglycemia in individuals with T2D. It did appear that HIIT may lead to greater reductions in post-prandial hyperglycemia when compared with moderate-intensity continuous exercise (80–82). Besides, different studies targeting multiple groups also indicated that HIIT is beneficial for the rehabilitation of T2D problems in a number of perspectives (83–85). One recent review using meta-regression concluded that the mechanism of HIIT for treating T2D lied in reducing both insulin resistance and body weight (86). However, the application of HIIT in the treatment of type 1 diabetes seems less, and the metabolism in preventing and managing other associated cardiovascular complications are still worthy of further study.

(ii) Cardiovascular diseases: Blood pressure is closely correlated with cardiovascular health, and hypertension has led to high cardiovascular morbidity and mortality worldwide (87–89). Current guidelines (90, 91) recommend a moderate-intensity approach for most inactive adults with pre-hypertension to established hypertension. However, several studies have found that HIIT provided comparable reductions in resting blood pressure and was associated with greater improvements in dealing with hypertension when compared to MICT (92, 93). More specifically, in lifestyle-induced cardio-metabolic diseases, the mechanism of the benefits of HIIT may due to its central and peripheral adaptations to the body (45). To summarize, exercise prescriptions like HIIT, as well as other health care methods, play a crucial role in achieving blood pressure control in patients with circulation disorders by reinforcing their cardiorespiratory fitness and cultivating healthy lifestyle habits.

(iii) Neurological diseases: Based on the neuromuscular and proprioceptive benefits, HIIT can also be used as counter measures for some neurological diseases. Taking stroke as an example, it has been ranked as the second most common cause of death worldwide from the global burden of diseases, injuries, and risk factors study (94). Previous guidelines suggested that MICT in aerobics can be used as the strategy for improving mobility, aerobic capacity, and cardiovascular health in stroke groups (95, 96). However, recent evidence indicated that HIIT might be more effective than MICT for both aerobic and motor outcomes in these patients (97–99). Furthermore, it was reported that the innate ability of the nervous system to repair itself from damage through neuroplasticity formed the basis of stroke rehabilitation (100, 101). The rationality of using HIIT may be due to its strength to enhance cognitive functions, including upregulating the neuroplasticity markers in the hippocampus and cortex (102–104). HIIT has been proved as a feasible and promising strategy in individuals with stroke symptoms, and further HIIT studies are ongoing in patients with other brain diseases such as Alzheimer's disease and multiple sclerosis.

(iv) Musculoskeletal diseases: Skeletal muscles account for almost half of the human body mass and play essential roles in maintaining health. HIIT program can also be used to prevent sarcopenia, a more common syndrome in middle-aged and elderly patients, which is often combined with muscle mass loss, oxidative stress, chronic low-grade inflammatory status, and adipocytokine dysfunction (105, 106). Both animal and human experiments (106–108) showed that HIIT could modulate changes in inflammatory parameters, adipose tissues, and serum, as well as insulin-like growth factor 1 (IGF-1) levels in the skeletal muscle tissue. One recent research (109) also proved that HIIT was an effective training strategy to improve sarcopenia and skeletal muscle vascularization compared with traditional resistance training.

The detection of the burst keywords, referred to currently, can be used to explore the future development tendency. Hence, by analyzing these burst keywords (Figure 8) in the HIIT-HP field, we summarized the following three topics, which are considered as frontiers and expected to frequently occur over the coming years and signify research trends:

(i) Research on the prevention and rehabilitation: Based on our discussion of current hotspots and applications mentioned above, we can preliminarily find that HIIT can help to prevent or treat health burdens associated with many chronic diseases. Considering that preventive medicine is increasingly emphasized and valued nowadays, exercise intervention plays an important and irreplaceable role in this area. As a highly efficient, multi-stimulated and cost-saving means of exercise intervention, HIIT will possess broad prospects in the field of medicine and rehabilitation under the fast-paced and time-insufficient social background. Moreover, HIIT is characterized by short bursts or vigorous activity, interspersed by periods of rest or low-intensity exercise for recovery (110). So it has almost infinite forms and variables, and the specific physiological performance induced by this form of training is determined by multiple factors, including intensity, duration time, quantity of intervals performed, and activity patterns during recovery. The training performance of different modes and exercise stimuli in diverse subjects is still worthy of investigation in the future.

(ii) Research on micro-level and molecular level: With the development of life science technology, the current literature can further explain the healthy improvements conducted by HIIT from the molecular level. Previous studies revealed that aerobic-related adaptations of HIIT can include an incremental capacity for musculoskeletal lipid oxidation and rising metabolic transport proteins (50, 61, 111), which are beneficial to the mitigation and rehabilitation of specific diseases. The imbalance between pro- and anti-inflammatory cytokines can lead to diseases related to immunity and metabolism disorders (112, 113). Exercise can influence the immune system by changing the phenotype of leukocytes and producing more skeletal muscle-derived interleukin (IL)-6 and IL-10 (114–116). Studies have suggested longer duration exercises can make these improvements, but what about a short but intensive training program? New findings showed that short-term training like HIIT can also reduce the ability of IL-10 to LPS-induced TNF-α production (117). Furthermore, the metabolic crosstalk between these tissues and the molecular mechanism of these changes are still unclear, and more gene expressions, regulatory factors, and circulatory pathways need to be discovered to prove the systemic adaptations induced by HIIT.

(iii) Research on cognition and mental health: Recently, some researches on psychology and mental health have made further elaboration on the advantages of HIIT from the spiritual level. The increase in awareness of “active health” of people and the change in their attitudes toward HIIT are reinfluencing their perception of this fitness model. As terrible mental health conditions of modern people (such as anxiety, depression, and even suicidal tendencies) increase, research using HIIT strategy to counter depressive symptoms or other mood disorders are explored (118–121). Exercise can trigger the secretion of multiple hormones in the brain, such as brain-derived neurotrophic factor (BDNF, related to memory and information transmission), dopamine (DA, related to attention and satisfaction), norepinephrine (NE, related to complex emotions and motivational awakening), and serotonin (5-HT, which is related to depression, anxiety, impulsivity, and other emotions). Therefore, HIIT can enhance focus and reduce impulsive thoughts, which can mitigate a number of mental and emotional disorders. While HIIT seems to be difficult for beginners, it could evoke experiences of incompetence, failure, and lower self-esteem. Thus, the optimal HIIT regimen and the novel training mode aimed at solving such mental puzzles remain undefined and need more exploration.

Noticeably, under the context of the coronavirus disease 2019 (COVID-19) pandemic (122), isolation may lead to less exercise and more health-related problems. Although outdoor games are typically more available, varied, and usually have more infrastructures, HIIT has its unique advantage that can be performed and completed independently at home in such a special period. With the COVID-19 pandemic, the world faced unprecedented medical challenges. Many of the infected patients suffered from severe respiratory impairment, neurasthenia, and cardiac disability due to the virus. However, evidence has suggested that HIIT may be a potential strategy for cardiac rehabilitation therapy in patients with the COVID-19 infection, which would be beneficial to improving the quality of life and long-term prognosis (123). Moreover, HIIT has similar or even superior effects on a range of physiological performance, immune system, and health-related markers of both healthy individuals and diseased populations.

This review has some limitations. First, in order to meet the data format standard of visualization tools like CiteSpace and VOSviewer, we only extracted data from the WoSCC. However, the SCI-E of the WoSCC database is one of the most extensive and well-recognized global resources, which has been used in several previous high-quality bibliometric studies. Second, this study generated a language- and article-type bias since we only considered “English” literature published as “articles or reviews,” although “English” remains the most common language for publishing academic documents worldwide, and “articles or reviews” are the mainstream types of publications. Last, but not least, the greater amount of publications or cooperation networks are not always more important or inspired. Readers are recommended to focus on both the quality of researches and their citation status if they want to follow certain topics or hotspots.

There are multiple strengths of this research. It is one of the pioneering studies to tackle the specific HIIT topic in health science. Visualization software is used in analyzing the data, which allowed for a more holistic exploration of the literature with appropriate figures and tables. Moreover, the study is closely relevant to the scope of the journal, and it would be beneficial to an audience of freshmen, professional scholars, fitness coaches, doctors, rehabilitation therapists, and any other targeted readers. We sincerely hope that this bibliometric review of global publications can provide an in-depth and broad perspective to advance and expand the applications of HIIT in numerous public health promotion affairs.



CONCLUSION

This study applied a bibliometric and comparative analysis and provided a new century picture for HIIT and its applications in the health promotions field. We offered both a historical and a prospective insight into HIIT strategy and provided information for researchers regarding potential cooperative relationships, popular issues, development trends, and frontier topics. The number of published articles, crucial countries and institutions, published journals, authors and co-cited authors, and cooperative networks were systematically analyzed using hybrid analysis and visualization technologies (Q1). As an emerging exercise intervention to help people maintain health, HIIT has received increasing attention. During the development of HIIT-HP project, “health risks,” “adolescent,” and “aging” are three noteworthy research objects. We suggest that the current research hotspots of HIIT and its practices in the health promotion domain are “metabolic diseases,” “cardiovascular diseases,” “neurological diseases,” and “musculoskeletal diseases” (Q2). In addition, “prevention and rehabilitation,” “micro and molecular level,” and “cognition and mental health” are becoming frontiers and hotspots (Q3), which should receive more attention in the future.
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