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Does high intensity training influence depressive disorders and anxiety in adults.

Abstract
Background: A person's mood is characterised as a pervasive and long-lasting feeling that affects practically every aspect of their conduct in the outside world. Mood disorders are characterised by significant emotional disruptions (severe lows called depression or highs called hypomania or mania). Major depressive disorder, and disruptive mood dysregulation disorder are examples of these conditions. These are frequent psychiatric diseases that lead to higher morbidity and mortality rates. To date there lacks retrospective evidence on the influence of high intensity training on the symptoms of chronic mood disorders. Therefore, we synthesised randomised control trials to explore the influence high intensity training has on symptoms in comparison to other exercise interventions.  Methods: MEDLINE, SPORTDiscus, ProQuest, PubMed and Cochrane Library were used to look for articles that examined the question. After the titles and abstracts were examined, the complete evaluation process began, which included analysing the quality of the text in the papers and then extracting the data. This systematic review comprised 5 studies with a total of n=250 participants. High-intensity interval training, high-intensity exercise, high-intensity weight training, and aerobic interval training were used in the studies. Results: Each study was described by gathering and presenting data such as publication details, study population, intervention characteristics, outcomes, and whether the intervention was successful. There were some trends in meta-analyses that HIIT exercise had a favourable influence on depressed symptoms, but no significant differences amongst interventions. Conclusion: Our results suggest that HIIT improves depression and depressive symptoms in adults to a moderate degree. Adults diagnosed with anxiety should be encouraged to engage in physical activity.






1. Introduction
In 2016, the World Health Organization (WHO) named depressive disorders as the third leading cause of years lost due to disability, indicating that they have a significant economic burden (WHO, 2016).
Depression is characterised by a marked change in mood, such as sadness or irritation, as well as a variety of psychophysiological changes, such as disturbed appetite and sleep, loss of ability to enjoy pleasure, slowed speech and action, and suicidal thoughts (Minghetti et al., 2018). Physical health problems, such as diabetes and cardiovascular disease, are frequently co-morbid with mental illness in severe and long-term mental illnesses such as significant depression. The presence of comorbid physical illness is linked to increased mortality. Critically, this population's life expectancy is 15 years lower than that of those without mental illness owing to a higher frequency of physical health disorders such cancer and cardiometabolic disease (Czosnek et al., 2018). 
Most individuals with chronic severe depression are misdiagnosed, receive incorrect or inadequate treatment, or receive no treatment at all (Sing et al., 2005). A previous meta-analysis of antidepressant trials revealed high dropout rates (about 25%) and rates of adverse events (roughly 60%) throughout a 5-week average treatment period. As a result, finding effective and less harmful treatments is a top focus in research, especially for people who are less tolerant of antidepressants (Salzman, Schneider et al. 1993).
As a result, reducing these risk factors is frequently prioritised in attempts to lessen the burden of comorbid cardiometabolic disease. International acknowledgement of the necessity of addressing physical inactivity among people with mental illness is growing. Physical activity (PA) can have a direct impact on mental health symptoms across the range of mental disease, in addition to improving physical health (Bigarella et al., 2021). It's recognisable that PA is seen as a viable intervention for reducing the burden of mental illness. However, there is a lack of widespread adoption of PA as part of routine care for persons with mental illnesses (Czosnek et al., 2018). Even though the evidence-base has progressed to the point where government and non-government organisations have endorsed the role of PA in mental health therapy, this is still the case (Bigarella et al., 2021). Because of the lack of consensus and the importance of intensity in physical training randomised controlled trials are needed to see if high intensity training influences chronic mood disorders, in comparison to other exercise interventions. 
Researchers are researching techniques and adapting existing methodologies to improve evidence use in healthcare, acknowledging these challenges. There is no single methodology that is ideally suited to attaining this goal, but one adaptation is a systematic review. The ability to completely summarise the evidence-base and deliver generalised findings (Cochrane Library, 2014) to better inform decision-making needs is a benefit of this strategy. Given the aforementioned, we performed a systematic review of RCTs to identify the literature, examining the influence high intensity training has on the symptoms of severity in people diagnosed with chronic mood disorders.
2. Methods

2.1  Search strategy 

Based on the PRISMA criteria, a systematic search of, randomised controlled trials up to the 11th of January 2022. Searches were made on the databases - MEDLINE, SPORTDiscus, ProQuest, PubMed, and Cochrane Library. A primary search with the term “high intensity interval training” was combined with MeSH terma and synonyms: “HIIT” OR “Sprint interval training”, OR “high intensity interval exercise”, OR “HIIE” AND secondly with terms: “chronic mood disorders”, and further MeSH terms:  “depression”, OR “clinical depression”, OR “persistent depressive disorder”, OR “seasonal affective disorder OR “SAD”, OR “manic-depressive disorder”, OR “premenstrual dysphoric disorder”, OR “cyclothymia”, OR “postpartum depression” OR “major depression. Information was gathered from peer reviewed literature to discover whether high intensity training influences chronic mood disorders in adults. The full copies of the articles found by the search were considered to meet the inclusion criteria.

2.2  Selection Criteria

Studies were included if they included information on the effectiveness of high intensity exercises application on chronic mood disorders.  A trial was defined as a randomised control trial (RCT) if the allocation of participants to treatment and comparison groups was described as randomised and published in peer reviewed journals, with full text available. Chronic mood disorders had to be diagnosed by a medical professional and, measured by either the Beck Depression Inventory (BDI) or Hamilton Rating Scale of Depression (HRSD). Participants were healthy (healthy defined as no chronic disease, or co-morbidities), and had no contraindication to exercise; and studies that looked at a wide variety of ages in the adult population (18+).

2.3 Evaluation of methodological quality

The PEDro scale was used to measure the quality of the work (Physiotherapy Evidence Database). This scale has a high level of reliability when it comes to scoring RCTs (Cashin and McHauley, 2020). The PEDro scale has 11 criteria to ascertain that the scientific method is strictly followed, resulting in unbiased experimental design, methodology, analysis, and reporting of results. Items 2 to 11 contribute to internal validity and are given 1 point if met, as indicated in Table 1. Item 1 is about external validity and is not included in the final score. Furthermore, a total PEDro score of 8/10 is optimal for studies evaluating complicated interventions (e.g., exercise) (Cashin and McHauley, 2020).

2.3 Data synthesis

Meta-analyses were carried out using RevMan (Review Manager) 5.4.1. To see if high intensity training influenced depression.  Two meta-analyses were carried out, one for studies including the BDI as an outcome measure (Borges et al., 2019; Borrega-Mouquinho et al., 2021; Minghetti., 2018) and the other for studies using HRSD (Sing et al., 2005; Plag et al., 2020). A fixed-effect model was used to derive weighted mean values, index of heterogeneity and 95% confidence intervals from the outcomes. For RCTs not including standard deviations or standard error, RevMan calculator was used based on the calculations provided in the Cochrane Handbook to provide the relevant data required to carry out the meta-analyses.

3. Results

3.1 Search and selection

After a thorough selection process (Figure 1) 5 studies were accepted. Details of the process is included in the flow chart illustrating the different stages of study search and selection included in the systematic review. During the first search on the database, 197 titles and abstracts were discovered. 10 of these were used for full text review. Once the exclusion criteria were applied only 5 studies fit the criteria which were included in the systematic review (Borrega-Mouquinho, et al., 2021; Sing et al., 2005; and Borges et al., 2019; Plag et al., 2020; and Minghett et al., 2018). The other studies were excluded for one of the following: 1) BDI or HRSD were not the outcome measure; 2) study focused on adolescents; 3) study was not an RCT; 4) Study focused on other mental illness.


 197 titles and abstracts discovered on databases MEDLINE, SPORTDiscus, ProQuest, PubMed, Cochrane Library, and PEDro
10 full texts reviewed

5 papers met the inclusion criteria

187 excluded:

· Design not relevant
· Participants were not healthy
· No intervention or not relevant 
5 excluded:

· Beck Depression Inventory or Hamilton scores was not an outcome
· Focused on adolescents 
· Focused on other mental illness


	















Figure 1. A flow chart illustrating the different stages of study search and selection


3.2  Quality Assessment 
Only one study detailed the allocation concealment method, even though all trials used a random assignment (Sing et al., 2005). All five articles indicated blinding the assessor at the outcome, but only one managed to blind the participants to allocation groups (Borrega-Mouquinho et al., 2021). Although, it is not possible to blind RCT’s of the exercise intervention itself. All studies blinded the participants from the hypothesis, limiting the Hawthorne effect (McCambridge, 2014). In two studies, the purpose to treat analysis was expressed explicitly (Borges et al., 2019; Minghetti et al., 2018). Only one RCT included complete outcome data, indicating that there were no dropouts or deviations from random assignment prior to the analysis (Borges Viana et al., 2019). All of the studies used a medium-sized sample size (n=33-72). Heterogeneity is depicted in three research (Borrega-Mouquinho et al., 2021; Minghetti et al., 2018; Plag et al.,2020). Although two did not, Borges Viana et al (2019) only concentrated on females and Sing et al (2005) only included the ageing population. All the authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest. Exclusion in most studies was the lack of blinding the participants and therapist, and lack of concealed allocation.

Table 1 Detailed description of PEDro scores. 
Study (year published)		PEDro scores	
				1      	2    3    4    5    6    7    8    9    10   11    Total of 2-11
Borges et al (2019)		Yes	1    0    0    0   0    1    1    1     1     1	  6	
Sing et al (2005)             	Yes	1    1    0    0   0    1    1    0     1     1	  6
Plag et al (2020)		Yes	1    0    1    0   0    1    1    0     1     1	  6 
Borrega-Mouquinho (2021)	Yes	1    0    1    1   0    1    0    1     1     1	  7
Minghett et al (2018).        	Yes	1    0    1    0   0    1    0    0     1     1	  4
Total for each item 			5    1    3    0    0    0    3    2     5     5	  30
1. Eligibility criteria and source
2. Random allocation
3. Concealed allocation
4. Baseline comparability
5. Blinding of participants
6. Blinding of therapists
7. Blinding of assessors
8. Adequate follow-up (> 85%)
9. Intention-to-treat analysis
10. Between-group statistical comparisons
11. Reporting of point measures and measures of variability

3.3 Participant Characteristics
The characteristics of the participants are shown in Table 2. The five studies considered in the systematic review yielded a total of n=250 individuals. All five studies did not include a formal description of the population, but four of the studies' participants were adults aged 18 to 65 years old. Only individuals above the age of 60 were included in one study (Sing et al., 2005), which included n=42 participants. Borges et al (2019) had exclusively female participants (n=36) (Table 2).

3.4 Intervention Characteristics

The intervention used in the research is also shown in Table 2. The major intervention in all of the research was some type of high-intensity exercise, such as high intensity interval training (HIIT) (Borges et al., 2019; Borrega-Mouquinho et al., 2021; Plag et al., 2020) The sprint interval training (SIT) intervention was used in the study (Minghett et al., 2018), whereas high intensity resistance training (HIRT) was used in the study (Sing et al., 2005). In terms of frequency and duration, not all trials followed the same protocol. Two studies (Borges et al., 2019; Sing et al., 2005) comprised of 24 sessions three times a week for eight weeks, although Sing et al (2005) included 60-minute resistance sessions, whilst Borges et al. (2019) featured 2, 22–33-minute HIIT sessions. Minghett et al (2018) and Plag et al (2020) both included a lower frequency, with Minghett et al (2018) using 12, 35-minute sessions over 4 weeks and Plag et al (2020) using 6, 30-minute sessions over 12 days. Borrega-Mouquinho et al. (2021) conducted 36, 40-minute sessions six times a week for six weeks. Respectively, not all studies included the same control measures. LIT was used as a control intervention in two trials (Plag et al., 2020; Sing et al., 2005). Whilst Minghett et al (2018) used CAT as the control group, Borges et al (2019) used SIT as the control group, and Borrega-Mouquinho et al (2021) used MIIT as the control group. Three studies include the BDI as a measure (Borges et al., 2019; Borrega-Mouquinho et al., 2021; Minghett et al., 2018) and two use the HRSD (Plag et al., 2020; Sing et al., 2005). 


1

Table 2
Summary Table

Study (Year Published)		Population		Age		Intervention		Control		Outcome Measure 	     Results


Borges et al., 2019		    36F		             24-37		HIIT 3xWeek for 	    SIT		          BDI	           Both HIIT and SIT 
                                                                                                                                  8 weeks. 22-33					                         significantly reduced 
                                                                                                                                  Minute sessions.						           BDI (P < 0.025)


Borrega-Mouqinho et al., 		   45 F          	             18-65                    HIIT 6xWeek for   	   MIIT		          BDI                HITT significantly reduced         
2021                                                     22M                                                            40 minutes over 6						 BDI scores greater than MIT
                                                                                                                                 weeks.								(P < 0.05)




Minghetti et al., 2018		   46F		             18-55	             SIT 3xWeek for 4 		   CAT		          BDI	            BDI scores reduced 
                                                            14M                                                             weeks. 35 minutes					                          Significantly in both
                                                                                                                                 session.							            Groups (P < 0.001).  	 



Plag et al., 2020			   24F                                  41	             HIIT 6x30 minutes	     LIT		         HRSD	         HIIT decreased HRSD
                                                             9M  				             over 12 days.    						         Scores 74% more than
 															                                     LIT.



Sing et al., 2005			    33F			60-85		HIRT for 60 minutes	      LIT		         HRSD	     HRSD scores reduced 50% 
				    27M					3xWeek for 8 weeks.					 in the HIIT group, compared																     to 29% with the LIT group.

F= female, M= males, NR = not reported, HIIT = high intensity interval training, SIT = sprint interval training, MIT = moderate intensity interval training, CAT = continuous aerobic training, LIT = Low intensity training, HIRT = high intensity resistance training, BDI = Beck Depression Inventory, HRSD = Hamilton Rating Scale of Depression.
3.5  Meta-analyses 


Table 3
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Description automatically generated]Becks Depression Inventory
Meta-analysis of high intensity exercise compared to continuous exercise on the Becks Depression Inventory.


Table 4
Hamilton Rating Scale of Depression
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Meta-analysis of high intensity exercise compared to continuous exercise on the Hamilton Rating Scale of Depression.

The studies were considered successful if the scores of the BDI or HRSD were reduced compared to baseline. All 5 studies were successful; The HRSD dropped by 8.12 for HIIT and 3.94 for LIT in the study (Plag et al., 2020). HIIT lowers HRSD scores by 74% greater than LIT. Post-hoc testing revealed substantial improvements in all clinical measures in HIIT from baseline to post with medium to very large effect sizes that were steady or improved further to follow-up (P<0.05). The study (Sing et al., 2005) showed a 50% reduction in the HRSD score was achieved in 61% of the high intensity, compared to 29% of the low intensity (P<0.03). A pairwise within group comparison in the study (Minghetti et al., 2018) demonstrated large effect sizes (SMD=1.1) for both interventions, implying that short-term SIT had similar results to CAT in patients with depression, with both groups' BDI levels significantly reducing (P<0.01). Borges et al. (2018) found that both the HIIT and SIT groups reduced depressive symptoms, with more than half of the participants (61.1%, n = 22) reporting a normal level of depression following the HIIT and SIT interventions. A two-way ANOVA demonstrated a significant influence of time (P<0.025) on depressive symptoms but not between groups in comparison (P<0.548). According to the results of the last study (Borrega-Mouquinho et al., 2021), HIIT and MIT significantly reduced stress, anxiety, and depression, as well as increased resilience (p<0.05). Furthermore, the HIIT group's reductions in BDI scores appear to be higher than the MIT group's (P<0.05). With a medium effect size, Mann–Whitney U-tests revealed that the HIIT intervention significantly reduced depression symptoms more than the MIT intervention (P<0.046).

4. Discussion 

After using a meta-analysis, the systematic review of 5 RCTs involving n=250 healthy participants provided that HIIT compared to other forms of exercise intervention had a positive effect on both the BDI scores and HRSD. Although there was no significant difference among HIIT training in comparison to the control group in BDI scores (P<0.64), but there was in the HRSD group (P<0.002). Regardless of the type of exercise HRSD and BDI scores are improved. It is important to note that the I2 for the BDI meta-analysis was 28% and 0% for the HRSD meta-analysis. Therefore, by quantifying the dispersion of effect size, the I2 values correspond to small amounts of heterogeneity, however it is not an exact measure of absolute heterogeneity.


4.1 Methodological quality

The PEDro score of the RCTs included in this systematic review was 5.8 points on average. Six points were awarded to three studies (Borges et al., 2019; Sing et al., 2005; and Plag et al., 2020). One study (Borrega-Mouquinho et al., 2021) received a 7-point score, and one received a 4-point score (Minghett et al., 2018). The most common reason studies were excluded was; they were not RCT’s, they focused on other mental illnesses, did not use BDI or HRSD as an outcome measure or they were focused on adolescents. The results should be interpreted with caution due to methodological flaws in the research. Only one study adequately detailed the allocation concealment approach (Sing et al., 2005) and one other for blinding (Borrega-Mouquinho et al., 2021). Future research will have to pay more attention to the methodological quality.

4.2 Intervention Methods
Despite universal recognition of the benefits of exercise for improving health, general adoption of exercise routines has not been attained, particularly in highly developed countries. According to a recent World Health Organization study, around 27.5 % of the population was classified as sedentary in 2016. (i.e., with insufficient physical activity) (Guthold et al., 2018). HIIT exercise methods demand a shorter exercise period. Although it may be preferable to maintain a high-intensity exercise programme for a longer period, only interval training can be realistically endured by persons with a sedentary lifestyle, obesity, old age, or cardiac illness. HIIT is defined as brief, intermittent bursts of strenuous exercise (less than VO2peak, but typically including 100 percent [70 percent -90 percent] or 85 percent -95 percent of peak heart rate) interspersed with active rest periods (Ito., 2019). The results of this systematic review show that HIIT training does decrease depressive symptoms, but there is no consensus if there is a significant effect in comparison to other forms of exercise. Therefore, it is difficult to draw a firm conclusion from the research because the disparities in results between studies could be due to a multitude of variables.

4.3 Effect of exercise on depression

The effect magnitude and significance of the data varied widely (including non-significant findings), but the overall trend was positive and favoured HIIT interventions. This represents a significant gap in the evidence base, which could impede efforts to translate and apply PA therapies in mental health intervention. Our findings imply that HIIT reduces symptoms of depression and, while acknowledging the current research suggests it is also a safe intervention, based on the outcomes of five RCTs in depression and HIIT. In comparison to no intervention, studies of depression outcomes reveal that exercise has a small to moderate effect size on improving BDI or HRSD scores. Three studies found that HIIT is the most efficient way to reduce depression symptoms (Plag et al., 2020; Sing et al., 2005; Borrega-Mouquinho et al., 2021). However, (Minghetti et al., 2018; Borges et al., 2019) found HIIT improved depressive symptoms bu with no significant differences between groups, indicating that any type of exercise has an impact on depression. Differences in the severity of mental health diagnoses (i.e. serious mental illness) lack of heterogeneity, and the risk of bias are all possible explanations.

5. Limitations
 
Because only English-language literature was retrieved, this systematic review was limited. Furthermore, key research may not have been found using the search terms entered in the databases. Future research may need to pay more attention to the methodological quality of evidence. When evaluating the quality of RCTs, the concealment allocation method is critical to prevent any confounding biases. In comparison to clear reporting of concealed treatment allocation, using an inadequate or ambiguous allocation concealment method may result in greater estimates of treatment effects. Furthermore, when applying intention to treat analysis, several studies did not provide evidence of application. Because those who drop out of the study before the analysis may differ from those who stay in the study, the use of intention to treat is critical. This could lead to inaccurate judgments regarding the treatment's efficacy. Furthermore, inadequate blinding, and a lack of heterogeneity may impair the generalisability of the results.

6. Conclusion
According to the systematic review, HIIT may be more effective in reducing depression symptoms in adults than other exercise interventions. Our findings suggest that HIIT improves depression and depressive symptoms in adults. However, there was no conclusive evidence that HIIT improved depressed symptoms more than other exercise interventions. Although there was no significant difference in effect sizes between exercise modalities, the results for HIIT appear to be more robust. We propose that persons diagnosed with depression, regardless of their cognitive health, have access to physical activity the benefits extend far beyond depressive symptoms. However, to provide clear recommendations, higher-quality experiments are still required.
Future research
Positive effects of high intensity exercise can be achieved after only a few weeks of training, but long-term results can only be obtained by consistent exercise. However, due to the homogeneity of some studies and a lack of high-quality research, no clear conclusions can be reached. More RCTs are needed in various clinical subgroups of chronic mood disorders and (e.g., bipolar, postpartum depression and social anxiety) to assess the benefits of various types of exercise and to determine the optimum amount and intensity of physical activity.
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