Acute effects of fan therapy on exercise-induced breathlessness in healthy adults and people living with chronic respiratory disease: a systematic review
ABSTRACT
Background: Exercise-induced breathlessness is a common complaint in the general population and a highly prevalent symptom in adults living with chronic diseases, often acting as an important barrier to engaging in physical activity. Fan therapy can reduce breathlessness at rest, yet its acute effects during exercise have not been systematically explored. Methods: A literature search encompassing three electronic databases (PubMed, Scopus, Embase) from inception to January 2025 was conducted to identify randomized controlled trials comparing fan therapy during and after an acute exercise bout to a control condition, on dyspnea and exercise capacity. Relevant conference abstracts were considered. Risk of bias was assessed via the Physiotherapy Evidence Database scale. The PRISMA guidelines were followed. Results: A total of six studies, including one conference abstract, met eligibility criteria. Five records involved 79 adults with chronic respiratory disease, all presenting a respiratory disease, and the remaining record included 10 healthy individuals. The results were generally consistent, showing that fan therapy significantly reduces exercise-induced breathlessness (n=2 studies), decreases breathlessness during recovery (n=5), and enhances exercise capacity (n=2). The methodological quality was good for half or retrieved studies and poor-to-fair in the other half. Conclusion: Fan therapy might relieve dyspnea and improve exercise capacity during and after an acute bout of exercise in patients with chronic respiratory disease. Future high-quality research should confirm these findings and consider assessing fan therapy effects in other populations. PROSPERO number: CRD42023475117
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INTRODUCTION
[bookmark: _Hlk194391277]Dyspnea or breathlessness is defined as “a subjective experience of breathing discomfort that consists of qualitatively distinct sensations that vary in intensity” [1]. More recently, it has also been described as “a symptom that conveys an upsetting or distressing experience of breathing sensation awareness” [2]. The unpleasantness of dyspnea elicits three main associated sensations: respiratory effort, chest tightness and air hunger [3]. In the general adult population, the global prevalence of dyspnea is estimated at around 10%, though with high heterogeneity [4]. Obesity is the most prominent risk factor for exertional dyspnea in daily life [5]. Notably, older and middle-aged adults with obesity are more likely to experience dyspnea than younger adults with obesity [6]. Advancing age also plays a role, as it increases the likelihood of experiencing breathlessness, along with cardiac or respiratory diseases [4,7]. Among individuals aged 65 years or older, 30% report activity-induced breathlessness, including walking on flat or sloping ground [8]. 
The prevalence of dyspnea increases considerably in people living with chronic disease [9]. For instance, over 80% of patients with chronic obstructive pulmonary disease (COPD) experience some degree of activity limitation due to breathlessness [10]. Indeed, dyspnea is the primary symptom limiting exercise in patients with COPD [11,12]. Activity-related and exercise-induced dyspnea together fosters sedentary and fear-avoidance behavior [13]. This vicious cycle exposes patients to deconditioning and many comorbidities such as diabetes and cardiovascular diseases, which subsequently compromises their quality of life and increases the risk of mortality [14–17]. Managing dyspnea is thus of paramount importance.
[bookmark: _Hlk174381512]Due to the multidimensional nature of dyspnea, non-pharmacological approaches play an important role in the management of breathlessness. Interventions such as menthol and fan therapy have been proposed to alleviate the sensation of dyspnea. This effect is believed to be mediated through the stimulation of trigeminal afferent neurons via the activation of transient receptor potential melastatin 8 (TRPM8) channels [18,19]. Fan therapy works by providing a direct sensation of airflow on the face, which stimulates these TRPM8 channels. Consequently, the activity of brain regions involved in the central neural processing of breathlessness is altered, thereby decreasing the perception of dyspnea [18].
[bookmark: _Hlk174381466][bookmark: _Hlk174381498][bookmark: _Hlk174381693]Fans are relatively inexpensive, widely available and easy-to-use self-administered tools for managing breathlessness [20,21]. Consequently, fan therapy is a suitable option to support activity of daily living in people who limit their efforts due to dyspnea. However, the current literature has mainly investigated the effects of fan therapy on dyspnea at rest in people with terminal cancer or chronic refractory dyspnea [20,22]. Whether fan therapy can alleviate exercise-induced dyspnea, enhance post-exercise recovery, or improve exercise capacity has not been systematically explored. Therefore, this systematic review aims to investigate the acute effects of fan therapy during and post-exercise in healthy adults and in people living with chronic disease.

METHODS
Protocol and registration
A systematic review was conducted according to the protocol registered in the Prospero database (CRD42023475117) and followed the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines [23]. 
Search strategy
The search strategy, from inception to January 2025, screened the following database: PubMed, Embase and Scopus. The key terms used in the different database were: “exercise”, “physical activity”, “fan”, “dyspnea”. The search strategy was adapted to each database. The details of the search strategy are provided in Supplementary Table.
The focused question was designed based on the PICOS format (population [P]; intervention [I], comparison [C], outcomes [O] and study design [S]) and was developed as follows: What is the impact of fan therapy on exercise-induced breathlessness, breathlessness recovery, and exercise capacity in healthy adults and adults living with chronic disease?
Eligibility criteria
Studies were considered eligible if they included the following criteria:
· [bookmark: _Hlk194320098]Participants: Adults with any chronic disease (i.e. non-communicable disease, which are conditions not primarily caused by acute infections and that tend to have long durations, progress slowly, and often require ongoing management and treatment [24]) or healthy adults
· Intervention: Studies were included if the intervention involved fan therapy (using a home fan or handheld fan) during or immediately after an acute bout of exercise or physical activity, and if acute effects (measured during or immediately after, or up to one hour post-activity) of fan therapy were assessed.
· Control: The control group could include a group with no fan therapy, sham therapy (e.g. rigged or fake fan) or usual care. If the control group was associated with another active intervention (e.g. positive expiratory pressure therapy, pharmacological therapy), the article was excluded.
· Outcomes: Dyspnea scores during and immediately after an acute exercise bout, dyspnea at recovery (i.e. time needed to return to baseline dyspnea or absolute dyspnea levels at a specific recovery time point) and exercise capacity (e.g. time to task failure on a constant workload exercise), including functional exercise capacity (e.g. distance on the six-minute walking test [6MWT]) were reported. The differences between intervention and control arms were reported when available.
· [bookmark: _Hlk194313228]Study design: Prospective randomized controlled trials, including cross-over designs, or quasi-randomized controlled trials, were included. Conference abstracts were included if less than an arbitrary cut-off of six full-text articles were retrieved.
[bookmark: _Hlk194391615]Studies were excluded if they were not available in English or in French.
Study selection and data extraction
[bookmark: _Hlk194313350]All retrieved references were imported into Zotero software, and duplicates were removed. Titles and abstracts were independently screened and reviewed by two investigators (CP and JDP) to identify articles that fulfilled the inclusion criteria. Another reviewer (WP) was consulted in case of disagreements. To ensure a comprehensive review, a manual search was also conducted by examining the reference list of records initially included in the review.
The following information was extracted from each study by two investigators (CP and JDP): study details (authorship, publication date and study design); sample characteristics (sample size, age, sex, health status, dyspnea score); intervention description (type, intensity, duration); assessment procedures; outcome measures; results; and dropouts. Meta-analysis was not conducted due to the heterogeneity of the population, duration of interventions, and evaluation procedures. Therefore, this review focuses only on a descriptive and qualitative synthesis of the identified studies.
Risk of bias of the studies
The methodological quality of the studies and conference abstracts included in this review was assessed by two investigators (WP and JDP) using the Physiotherapy Evidence Database (PEDro) scale for randomized controlled trials (RCTs) [25]. The scale includes 11 quality criteria divided into three categories: external validity (criterion 1), internal validity (criterion 2 to 9), and statistical reporting (criterion 10 to 11). For each study, a point was awarded if a criterion is fulfilled. The first criterion did not contribute to the total score and thus the maximal score was 10. The methodological quality of the studies was considered as ‘poor’ when the score was 3 or below, ‘fair’ when the score was equal to 4 or 5, ‘good’ when the score ranged from 6 to 8, and ‘excellent’ when the score reached 9 or 10 [25].
RESULTS
Selection of articles
The literature search identified a total of 457 records, including one manually searched. After removing duplicates, 350 records remained. Title and abstract screening led to the exclusion of 341 additional records. Out of the remaining records, full-text reading led to the exclusion of three additional full-text articles. Finally, six records were eligible (one conference abstract [26] and five full-text articles [27–31]) and therefore included in the systematic review. Figure 1 details the whole selection process.
Methodological Quality of the Included Studies
Details of the scoring are provided in Table 1. Among full-text articles, one study demonstrated poor methodological quality [27], one study showed fair methodological quality [31], and the remaining three studies were considered as having a good methodological quality [28–30]. Regarding the conference abstract, it was rated as poor methodological quality [26]. Most unmet criteria were due to absence of information about characteristics of group at baseline and the failure to blind participants, therapists, and assessors. 
Description of studies
The six records involved a total of 89 adults. Among these records, one study recruited ten healthy individuals [30]. The remaining five studies involved individuals with chronic respiratory diseases [26–29,31], including people with COPD in all studies, a patient living with long COVID [26] in one study, and patients with pulmonary sarcoid, asthma and bronchiectasis in another study [27]. The interventions followed heterogenous protocols across the studies, varying in terms of exercise types, duration, and recovery time provided. The exercise modalities included constant and incremental workload exercise, with various types such as running exercise, cycloergometer exercise, or functional tests such as sit-to-stand, walking, or step tests. Exercise duration was between one and six minutes, and post-exercise recovery time ranged from 10 to 30 minutes. All these studies had a “no fan” control group, except for one that compared fan use on the face versus on the legs [31]. Table 2 summarizes the characteristics of the retrieved studies.
Outcomes
[bookmark: _Hlk194742446][bookmark: _Hlk194996784]Exercise-induced breathlessness was assessed using the modified Borg scale (mBorg) and the Numerical Rating Scale (NRS) [32,33]. Two studies reported exercise-induced breathlessness [28,31]. One trial used both of the scales [28] while the other trial used only the mBorg scale [31]. Five studies evaluated breathlessness during post-exercise recovery [26–30]. Among these, two studies compared the evolution of NRS scores between the fan and control groups each minute during a recovery period of ten minutes [26,30]. The other three studies measured the time taken to return to baseline breathlessness levels [27–29]. Regarding exercise capacity, one trial reported the 6MWT distance [28] while another trial measured exercise duration until exhaustion of a cycle endurance test with constant workload [31]. Detailed measurement procedures and outcomes are provided in Table 3.
Findings
Regarding exercise-induced breathlessness, the two studies included in this review demonstrated a statistically significant difference in breathlessness favoring fan therapy over the control arm [28,31]. 
Out of the five studies that reported on exercise recovery, three (including the one with healthy adults) showed statistically significant differences favoring fan therapy over the control intervention [26,28,30]. The two other studies did not perform statistical analysis to verify the difference between both arms [27,29].
Regarding exercise capacity, one study reported significant results in favor of fan therapy over the control arm for improving distance at the 6MWT in patients with COPD [28]. The other study found that the fan group exercised 1.5 times longer before reaching failure compared to the control group (14.3 ± 12 vs. 9.4 ± 7.6 min ; p=0.03) [31]. 
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DISCUSSION
This systematic review aimed to describe the effects of fan therapy on exercise-induced breathlessness, breathlessness recovery, and exercise capacity in healthy adults and adults living with chronic respiratory disease. Although few studies have addressed these questions, the findings were consistent, showing that fan therapy reduces dyspnea during exercise, alleviates breathlessness during post-exercise recovery, and enhances exercise capacity in individuals living with chronic respiratory disease.
The effects of fan therapy on exercise-induced breathlessness not only holds statistical significance but also carries clinical importance. This is evidenced by most of the observations exceeding the one-point threshold on both the mBorg and the NRS, which is considered to be the minimal clinically important difference (MCID) [34–36]. However, it should be noted that uncertainties remain regarding the true effects of fans during exercise, given that the lower bound of the estimated 95% confidence interval (95% CI) fall below the MCID. Similarly, this review demonstrated that fan therapy alleviates post-exercise breathlessness. However, the clinical significance of these results has yet to be elucidated.
[bookmark: _Hlk194325148]The stimulation of TRPM8 receptors may help reduce the afferent-reafferent mismatch leading to dyspnea. It was hypothesized that activating upper airway and skin receptors could alleviate breathlessness by altering sensory signals transmitted to the sensory cortex [37,38]. This mechanism may lead the brain to perceive the respiratory system as operating more efficiently than it really is [18]. Since then, research has further clarified the role of trigeminal nerve stimulation in breathlessness relief [39]. Activating cold receptors in the upper airway appears to influence inspiratory neural drive in humans, potentially enhancing airflow perception even if actual ventilation remains unchanged [39]. However, this assumption requires further investigation.
[bookmark: _Hlk194313684]The decrease in dyspnea with fan during exercise or at recovery could also be attributed to the activation of certain brain areas and neural structures involved in emotional regulation through trigeminal stimulation [27,40]. The areas associated with dyspnea overlap with those activated by the sensation of cool air on the face, suggesting that neural stimulation from fans could relieve dyspnea [18]. For instance, the amygdala, which is crucial in controlling fear and anxiety in response to perceived threats, plays a significant role in dyspnea brain processing [41]. While physical activity can generate anxiety, the fan may help to regulate the patient’s emotional state, thereby improving respiratory comfort [42]. In keeping with this reasoning and given the potential emotional impact of fan therapy, further studies are needed to assess specifically its acute effects on the affective dimension of dyspnea during and after exercise.
To optimize the effectiveness of fan therapy, selecting an appropriate fan model may be an important factor to consider and should be guided by several key aspects. The airflow speed seems to be an important parameter. Arguably, higher airflow speeds could potentialize the physiological effects described above as they are associated with greater facial cooling [30]. For instance, Brew et al. found that airflow speed of 1.7 m/s or greater increased the speed of recovery from breathlessness, with the highest airflow speeds (2.5 m/s and 3.3 m/s) giving greatest facial cooling [30]. Besides, few studies consistently demonstrated patients’ preference for fans that delivers higher airflow speed [30,43]. We therefore hypothesize that greater airflow enhances this expected effect on breathlessness. In addition to perceived airflow, factors such as ease of use or noise level may also have an impact on patient’s preference [43].
[bookmark: _Hlk194313836][bookmark: _Hlk194997471][bookmark: _Hlk194329617][bookmark: _Hlk194390514]Only two studies reported the results of fan therapy on exercise capacity in patients with COPD, therefore caution should be taken with the interpretation of the results. With this in mind, using a fan appears to enhance exercise capacity as expressed by the 6MWT distance, although the current effect is uncertain since the 95% CI lower bound is below the MCID of 25 meters [44]. Similarly, the effect of fan therapy on time to sustain a task before exhaustion was reported in a study by Marchetti et al [31]. However, as the study does not explicitly detail the method used to collect respiratory parameters, these findings should be interpreted with caution. Additionally, whether a facemask or mouthpiece was used during cardiopulmonary testing is not defined, and if a mask was used, it may have influenced TRPM8 receptor stimulation in the nasal and upper airways. Considering these uncertainties, if the effect of fan therapy on exercise capacity is true, the observed benefit could be attributed to changes in the breathing pattern when using the fans. It is indeed possible that fan therapy slows down breathing frequency [31]. This, in turn, reduces dynamic hyperinflation, thereby preserving inspiratory capacity during exercise and delaying the reaching of critical inspiratory constraints that could lead to premature exercise termination [31]. The clinical advantage of using a fan during walking activities must be weighed against the requirement for patients to carry it, which engage accessory respiratory muscles for upper limb support. This could impact respiratory function and potentially hinder efforts to manage exertion-induced breathlessness. Further studies are therefore needed to explore alternatives, such as using neck fans, to optimize the benefits of fan therapy.
[bookmark: _Hlk194390844][bookmark: _Hlk194393538][bookmark: _Hlk194392342]This review has several limitations. Despite an extensive systematic search involving respiratory and healthy adults, only six relevant studies were found, including one conference abstract. The heterogeneity between protocols makes it challenging to contextualize and compare the obtained results, especially for outcomes with limited data. Furthermore, the studies were conducted on a small number of participants. This aspect can be attributed to the exploratory nature of these studies. Also, the average methodological quality of these studies was low. For example, blinding issues related to the use of fans could introduce potential biases, as the subjective nature of dyspnea may influence the results. Moreover, the studies included in the review lack assessment of emotional state, which prevents the distinction between these specifics’ aspects and the sensory components of dyspnea. This limitation hinders the full interpretability of results in a context where the fan effect may be more pronounced on the emotional dimension. Therefore, future studies should incorporate validate multidimensional dyspnea scales, such as the Multidimensional Dyspnea Profile (MDP), for a more nuanced understanding of dyspnea [45,46]. To go further, this assessment should also be carried out under standardized level of exertion (iso-time conditions), ensuring measurements are taken at fixed time points across tests [47]. This would help differentiate the true therapeutic effects of fans from confounding factors, such as variations in fatigue or ventilatory constraints. This approach aligns with consensus to treat breathlessness as a complex, multidimensional outcome in cardiorespiratory field [48].
CONCLUSIONS
Fan therapy might provide acute benefits in patients living with chronic respiratory diseases by potentially reducing the intensity of exercise-induced breathlessness, improving dyspnea sensation during the recovery period post-exercise, or enhancing exercise capacity. In healthy individuals, fan therapy might also represent an interesting option for promoting the recovery of dyspnea following exertion, although the data are very scarce. This low-cost and widely available therapeutic option could help mitigate avoidance behaviors typically observed in patients with COPD, thereby supporting their motivation to engage in physical activities or exercises. This is supported by other studies that have shown increased physical activity in patients with COPD [49]. However, high-quality trials with larger sample sizes are needed to confirm these findings and should also consider assessing fan therapy effects in other population.
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