The role of exercise in reducing risk factors for CVD. A Systematic review.
Abstract:
There is previous research suggesting that physical activity can improve cardiovascular disease (CVD) risk factors including hypertension, obesity, and high cholesterol. The aim of this systematic review was to determine which form of activity is best for treating CVD risk factors. Papers were located through online university libraries and other online resources such as Cochrane library. After the screening process, 10 studies were used that fit the eligibility criteria, all targeting adult populations. 1 study examined the effects of low intensity exercise, 3 studies tested the influence of moderate intensity exercise, 3 studies examined the effect of vigorous/high intensity exercise, 1 study tested Baduanjin exercise, 1 tested domestic physical activity and 1 paper tested low, moderate, and high intensity exercise. 8 of these studies found exercise to improve CVD risk factors whereas the remaining 2 papers found their exercise interventions to be ineffective. Most studies in this review tested adults with high CVD risk factors but no diagnosed CVD condition meaning future research will need to be conducted on CVD patients as they may respond to the exercise differently. 












Introduction:
Cardiovascular disease (CVD) mainly includes stroke, coronary heart disease and heart failure (Kilkenny et al, 2017, p. 1372) and is now the leading cause of death worldwide accounting for over 12% of mortalities from the last decade (Joseph et al, 2017, p. 678). In Australia alone, 95% of adults experience at least 1 of the major risk factors for developing CVD (Kilkenny et al, 2017, p. 1372). These factors include high blood pressure, obesity, lack of exercise and high cholesterol numbers but other genetic based variables such as gender and family history also increase your risk (Bataclan et al, 2015, p. 1). Your gender and genetics are unable to be changed but, lifestyle behaviours on the other hand such as smoking, poor diet and lack of physical activity can all be improved and regular aerobic exercise has been shown to lower the risk of developing CVD for a long time now (Leung et al, 2008, p. 1010). CVD treatment costs the NHS alone £7 billion per year making finding cheaper treatment and prevention strategies more important than ever (Kearney, 2019, p. 1924). Exercise and physical activity have long been seen as a method for improving cardiovascular health and CVD risk factors however, there are still gaps in the research and contradicting evidence making it hard to prescribe the most effective activity for an individual (Lopes et al, 2020, p. 1732). 
How does physical activity influence hypertension?
High blood pressure, known as hypertension, is considered the most important modifiable risk factor for CVD and individuals are only diagnosed with hypertension when their resting blood pressure values are consistently above 140 mmHg/ 90 mmHg (Börjesson et al, 2016, p. 356). Hypertension is linked with promoting atherosclerosis, a natural build up of hardened plaque on the inside of the artery wall (Larkin, 2005, p. 26). This build up of plaque has potential to block blood vessels around the heart (coronary arteries) causing myocardial infarctions or around the brain causing a stroke (Larkin, 2005, p. 26). Lifestyle changes such as quitting smoking, managing diet, exercising more regularly, and taking medication are common in treating patients with hypertension (Islam et al, 2021, p. 2). Lopes et al (2020) conducted a study to confirm how even moderate and even light intensity exercise can reduce blood pressure after just one single session. In a longer follow up study, Xu et al (2021) found that long term engagement in vigorous physical activity lowered blood pressure variability which also associated with increased risk of CVD.
How does exercise improve obesity?
Obesity can be classified as having a BMI above 30kg/m2 and is shown to be the result of a poor diet consisting of energy dense food with added sugar and poor-quality fats combined with a sedentary lifestyle (Chartrand et al, 2022, p. 2). Obesity (particularly abdominal) has a clear relationship with the increased risk of CVD with waist circumference, waist: hip ratio and waist: height ratio being good indicators for predicting CVD (Xue et al, 2021, p. 1420). Weight loss interventions do not only use diet alone as weight regain can be likely, so physical exercise programmes are encouraged in addition to a reduced energy intake (Okura et al, 2005, p. 1259). Straight et al (2018) tested how a 6-month exercise and nutrition intervention would improve body fat and muscle mass compositions of obese older women and found that absolute fat mass and total body weight reduced by 2.4kg and 3.5% respectively. However, this study did use both physical activity and diet manipulation to produce a response and the research behind using aerobic activity alone in reducing abdominal obesity is unclear (Okura et al, 2005, p. 1259).
How does exercise improve cholesterol?
There is a direct relationship between high cholesterol (dyslipidaemia) and coronary heart disease and exercise has long been shown to improve the symptoms of dyslipidaemia and physical fitness of those with it (Mann et al, 2014, p. 211). However, the optimal mode, time and intensity of the exercise is still to be identified (Mann et al, 2014, p. 211-212). For example, an 8-week aerobic training plan did not reduce cholesterol concentrations in older, overweight, and obese men but a reduction in the cholesterol absorption marker was found (Mashnafi et al, 2021, p. 112). This shows that there is a lack of research into what kind of exercise will improve the risk factors associated with CVD. 
Therefore, the primary aim of this systematic review was to identify which intensity of exercise is best for reducing blood pressure, cholesterol, and body fat percentages in adults with 1 or more of these risk factors. A secondary aim was to determine if some forms of physical activity do not aid in the reduction of risk factors for CVD. 

Methods:
Strategies for searches:
This systematic review follows PRISMA guidelines and to find studies, the UWTSD online library, Cochrane collaboration and google scholar were used within March 2022. The World Health Organisation website was used to find published papers on current guidelines for CVD and their current effectiveness. Reference lists of included studies were screened for other potential studies that fit the criteria. Papers were searched for using key words and phrases including “Physical activity CVD” “Physical activity effect on CVD” “exercise and CVD risk factors” and “Physical activity effect on CVD risk factors”. Filters (Adult, peer reviewed, published after 2003, study on humans and CVD) were applied and searches were aimed at titles and abstracts of the studies not the main body of text. 
Inclusion/ exclusion criteria:
To be included within this systematic review papers had to directly measure the effects of different forms of low, moderate, and high intensity physical activity on the risk factors for CVD on adults over 18. There were no restrictions on gender, upper limit of age or whether the participants had existing CVD. Any study using drug trials or clinical procedures were excluded along with papers that did not directly measure PA. Randomized control trials, follow up trials (4 year minimum), random controlled cross over trials and other population cohort studies were included. Papers had to be peer reviewed and published after January 01st 2003 and be written in English, however there were not exclusions for papers set in other countries. Descriptive statistics were used to summarise results from the studies meeting eligibility criteria. 
Summary of studies found:
This criterion resulted in a total of 43 studies once all filters had been applied and the flow chart shown in Fig 1 demonstrates the process to end with the 10 involved studies. These studies all directly measure the role of exercise and its ability to influence CVD variables such as blood pressure, cholesterol levels and obesity. 
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Fig. 1. Flowchart of study selection.



Results:
Initially, 4180 studies were deemed as potentially important but at the end of the study selection, 43 studies remained. Of these 43 papers, 10 were used in this systematic review with exclusion criteria for the disregarded papers explained in the flow chart seen in Fig. 1. Of the 10 studies used in the results of this review, there are 3 randomised cross over trials (Mashnafi et al, 2021. Zheng et al, 2019. Valsdottir, 2021), 4 cohort studies (Koolhaas et al, 2017. Jefferis et al, 2019. O’Donovan et al, 2018. Zhou et al, 2021) and 3 cross sectional surveys (Sassen et al, 2009. Stamatakis et al, 2007. Zhang et al, 2020) in order of hierarchy.
Interventions:
1 study examined the effects of low intensity exercise (Koolhaas et al, 2017), 3 studies tested the influence of moderate intensity exercise (Mashnafi et al, 2021. Valsdottir et al, 2021. Zhou et al, 2021), 3 studies examined the effect of vigorous/high intensity exercise (Jefferis et al, 2019. Sassen et al, 2009. O’Donovan et al, 2018), 1 study tested Baduanjin exercise (Zheng et al, 2019) and 1 tested domestic physical activity (Stamatakis et al, 2007) and 1 paper tested low, moderate, and high intensity exercise (Zhang et al, 2020). 2 papers examined the effects of regimented interventions lasting 8 or 10 weeks. 1 study measured the effects of an 8-week aerobic exercise intervention, cycling continuously 3 times per week (Mashnafi et al, 2021) whereas the other paper examined the effects of a 10-week cycling intervention where each session was an interval session (Valsdottir et al, 2021).
Outcomes:
8 of these studies discovered significant positive effects of physical activity on CVD risk factors. 2 of these papers identified improvements in blood pressure (Zheng et al, 2019. Zhou et al, 2021), 2 papers found improvements in cholesterol (Mashnafi et al, 2021. Valsdottir et al, 2021) and 4 found improvements in a variety CVD risk markers (blood pressure, body composition, cholesterol, and fitness) (Koolhaas et al, 2017. Jefferis et al, 2019. Sassen et al, 2009. O’Donovan et al, 2018). On the other hand, 1 paper found no improvements in total cholesterol (Mashnafi et al, 2021) and 1 paper found that domestic physical activity, defined as heavy lifting at home by the study, did not improve CVD risk factors (Stamatakis et al, 2007). 
Population groups:
2 papers only tested male participants (Mashnafi et al, 2021. Jefferis et al, 2019), 1 tested only females (Valsdottir et al, 2021) and the other 7 tested population groups of both male and female (Zheng et al, 2019. Koolhaaas et al, 2017. Sassen et al, 2009. Zhang et al, 2020. Stamatakis et al, 2009. O’Donovan et al, 2018. Zhou et al, 2021). Every study tested overweight/obese populations, paper tested hypertensive adults (Zhou et al, 2021) and 1 paper tested CVD survivors (Jefferis et al, 2019). The average age of all 10 studies populations was 55.5 years old. 


Table 1. key study description.
	Author
	Title 
	Design 
	Aims 
	Participants 
	Findings 

	Mashnafi et al, 2021
	Effects of an 8-week aerobic exercise
program on plasma markers for cholesterol
absorption and synthesis in older
overweight and obese men
	A randomized, controlled, crossover trial 
Cycling 3 x per week for 8 weeks
	To examine the effects of aerobic exercise on cholesterol metabolism
	19 Caucasian men
BMI between 25 and 35 kg/m2
Sedentary lifestyle
66.8 years old avg
	Total cholesterol was not reduced

Decrease in cholesterol absorption marker campesterol was found

	Zheng et al, 2019
	Baduanjin exercise intervention
for community adults at risk of
ischemic stroke: A randomized
controlled trial
	Randomised control trial
Comparing baduanjin exercise to no exercise
	Examine the effects of baduanjin exercise on CVD risk factors
	Aged between 50-75 and were at high risk of stroke.
60.1 age avg
	The exercise reduced blood pressure and improved anthropometric measures and lowered the risk of stroke

	Koolhaas et al, 2017
	Impact of physical activity on the
association of overweight and obesity
with cardiovascular disease: The
Rotterdam Study
	Prospective cohort study

	Investigate the role of exercise in the relationship between BMI and CVD
	5344 participants over 55 either normal, overweight, or obese. 
57.9 avg
	The benefits of physical activity outweigh the negative impacts of high BMI.
Lower levels of activity increased the risk of CVD across all weight categories
If you are exercising, weight does not increase your risk.

	Jefferis et al, 2019
	Does total volume of physical activity matter more than pattern for onset
of CVD? A prospective cohort study of older British men
	Prospective cohort study
walking
	To investigate how sedentary lifestyle and physical activity are related to the onset of CVD in men over 70
	3137 British male survivors with average age of 78.4 years
	Higher total daily step count was related to lower CVD risk
More minutes in moderate to vigorous intensity exercise was related to lower CVD risk
Total time spent in MVPA was more important than the pattern of exercise

	Valsdottir et al, 2021
	Low-Carbohydrate High-Fat Diet and Exercise: Effect of a
10-Week Intervention on Body Composition and CVD Risk
Factors in Overweight and Obese Women—A Randomized
Controlled Trial
	Randomized control trial for 10 weeks
Cycling intervals 3 x per week
Up to 90% HR max (moderate to vigorous intensity)
	To examine the effect of either low carb diet and exercise on weight loss vs diet alone
	57 obese and overweight women 
Age 40 +/- 3.5
	Exercise increased cardiorespiratory fitness regardless of diet
Normal diet plus exercise resulted in the best body compositions and total cholesterol values.

	Sassen et al, 2009
	Physical fitness matters more than physical activity in
controlling cardiovascular disease risk factors
	Cross-sectional analysis
Walking, cycling and sports

	To compare the importance of physical fitness against the time and intensity of physical activity in combatting CVD risk factors 
	1298 male and female participants aged between 18-62 years (44.8 avg)
Being overweight, hypertensive or high cholesterol
	High intensity physical activity is best associated with CVD risk factors
Physical fitness exerts greater effects on total CVD risk score and each component. 

	O’Donovan et al, 2018
	The Importance of Vigorous-Intensity
Leisure-Time Physical Activity in Reducing
Cardiovascular Disease Mortality Risk in
the Obese
	Follow up study
a pooled
analysis of 11 population-based cohorts.
Domestic, walking and sports
	To investigate the role of
vigorous-intensity physical activity in reducing
CVD mortality risk in the obese
	59,005 participants aged 57 +/- 12 years
46 % male
	Vigorous intensity leisure time is important in reducing CVD mortality risk in obese adults. 

	Stamatakis et al, 2007
	Domestic Physical Activity in Relationship to Multiple CVD Risk Factors
	Cross sectional study
	Investigate the contribution of domestic physical activity (heavy lifting) on obesity and several CVD risk factors
	14,836 adults over 16
48.2 year avg 
	Domestic physical activity, despite high prevalence, did not improve CVD risk factors.


	Zhou et al, 2021, 
	The association between daily total
physical activity and risk of cardiovascular
disease among hypertensive patients: a 10-
year prospective cohort study in China
	Prospective cohort study
	Aimed to explore the optimum level of physical activity in treating CVD
	20,179 hypertensive adults 
Between 35 – 74
56.3 years old average
	Being physically active is strongly associated with reduced risk of CVD
The relationship between PA and CVD was U shaped suggesting an optimal level of exercise for preventing CVD in hypertensive adults.

	Zhang et al, 2020
	Physical activity and risk of cardiovascular
disease by weight status among U.S adults
	Cross-sectional survey with follow up
	Aimed to determine the association of physical activity on different weight classes (normal, overweight, obese) and their risk of CVD
	22,476 participants
45.9 years average
	Any level of participation (low, medium, or high) is beneficial in preventing 10-year CVD risk. 
Mode and dose od exercise still needs to be researched. 


					
Discussion:
The aim of this review was to identify which intensity of exercise is best at improving CVD risk factors (blood pressure, obesity, and cholesterol). This systematic review demonstrates that physical activity at low moderate and high intensity can significantly decrease the risk of developing CVD through lowering cholesterol levels, blood pressure and body fat. There is a clear correlation between volume of exercise and fitness and more optimal CVD risk factors along with intensity. Zhou et al (2021) discovered that there is potentially an optimum level of exercise for benefiting those with hypertension. They found there was a ‘U’ shaped relationship between amount of physical activity and CVD where too little and too much exercise resulted in the highest CVD risk. This is the only study in this review that came to this conclusion for example, Jefferis et al (2019) study found higher step count and more minutes spent at vigorous intensity elicits the greatest defence to CVD. Another systematic review analysing the relationship between leisure-time physical activity and cardiovascular mortality found there is a linear correlation therefore opposing Zhou et al (2021) as well (Cheng et al, 2018). This review also shows that the mode of exercise is less important than the intensity. The papers included in this review used a variety of activities such as running, cycling, walking, baduanjin, swimming, squash, tennis, and other sports and each study found improvements in CVD risk factors. However, most studies do conclude that the higher the intensity, the greater the benefit. 
Despite the populations within these studies having different nationalities and CVD history, the risk of developing CVD is lowered in all populations. Cheng et al (2018) discovered the benefits of physical activity are lowered in populations aged over 65 and those with a history of CVD. The only study involved in this systematic review with a population with CVD history found improvements in cholesterol from moderate intensity exercise however, this study was not a comparison between healthy and CVD participants making it difficult to compare the two. One study did compare the effectiveness of dieting with exercise against dieting alone and found there is no benefit to exercising alongside a low carb deficit diet (Valsdottir et al, 2021). 
With this in mind, the results are in line with previous research and stating that physical activity is a suitable form of treatment and prevention for CVD (Oja et al, 2017, p. 769). There is, however, a lack of research into the specifics of the activity regarding the time, intensity and frequency and mode. More research will have to be conducted to prescribe specific exercise plans for independent risk factors. The results from this systematic review do suggest that physical activity of any intensity is better than no exercise at all and vigorous intensity exercise elicits the greatest responses. Considering this, current guidelines should be adapted, and physical activity should be utilised more often as a prescriptive therapy for CVD. 
Limitations:
There are limitations within this systematic review, the most noteworthy being the fact it has not produced new evidence. This study agrees with previous systematic reviews and papers, as mentioned previously, stating that any form of physical activity is beneficial but there is too little research into the specifics of the activity. A more thorough review comparing several different exercises such as walking, cycling and yoga will need to be conducted to establish an optimal training programme for CVD patients. 
Future research:
Consequently, future research will need to be undertaken to understand why certain exercises and activities are better for treating CVD risk factors. Studies into the safety of exercise within the CVD population and cost of exercise will help demonstrate the potential benefits from both a global economic and health standpoint. Comparisons between current CVD prescriptive exercise and other forms of training will also need to be completed to determine the effectiveness of different physical activities. 
Conclusion:
This systematic review aimed to evaluate the effectiveness of physical activity as a treatment for cardiovascular disease and found that low, moderate, and high intensity activities can all manage CVD risk factors such as hypertension, high cholesterol, and obesity. There is a suggested correlation between time spent at higher intensity and reduced risk of CVD however, the specific time and mode of this training still requires more research. Long term follow up studies need to be conducted on CVD patients to understand physical activities specific effect on CVD patients as exercise adaptations may be different between populations.
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