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A Critical Review on the Evidence of Plant-Based Diets Preventing Obesity
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Introduction 
Society is currently battling against an obesity epidemic which is now seen as one of the world’s most prevalent public health issues to date. Most recent statistics provided by Public Health England (2018) show that one in five adults (26%) are now classified as obese, this has increased by a staggering 15% since 1993. This is an obstinate crisis that is having a serve effect on individuals health, the public and the economical system. The estimated amount spent on obesity and its related health issues was £6.1 billion (Public Health England, 2017). U.S. Department of Health and Human Services (2001) believes that overweight and obesity rates are associated to diseases that are significantly linked to lifestyle, and particularly dietary habits and choices.
[bookmark: _Hlk531875273]Tuso et al., (2013) clarifies that many previous diets have been recommended over the decades to try and help curb the obesity crisis that is also causing chronic comorbidities. However, a plant-based diet has been less commonly suggested despite strong evidence and growing literature favouring this dietary lifestyle. Lea et al., (2006) shows a willingness to the public to embrace this type of diet as a form of healthy living with many perceived benefits specifically weight loss. However, many professionals are sceptical and are not promoting plant-based diets as a first line of treatment for obesity and chronic co-morbidities. Though, this could be due to a lack of awareness and knowledge of plant- based diets and the perceived benefits they may have. 
Therefore, the aim of this paper is for the author to identify and critically review the evidence regarding the use of plant-based diets to prevent obesity and its comorbidities. The paper will review both interventional and observational studies and evaluate previous systematic and meta-analysis. The author will then conclude the paper on whether plant-based diets should be considered as a method to help reduce and prevent obesity rates, based on highly reliable peer-reviewed evidence. 
Definition of Plant-Based Diets   
The definition of a plant-based diet is provided by the BDA (2017) as a diet based on foods derived from plants, including vegetables, wholegrains, legumes, nuts, seeds and fruits, with few or no animal products.  A healthy plant-based diet is aimed to enhance the consumption of nutrient dense plant foods while minimizing the intake of processed foods, oils and animal foods sometimes including dairy and egg products (Blaney, 2009). In the review of the literature Winston (2009) explains that the typical plant-based diet is generally higher in dietary fibre, magnesium, potassium, folic acid and vitamins C and E. A plant-based diet tends to be lower in saturated fat, salt and cholesterol long chain n-3 (omega-3) fatty acids. Therefore, Lea et al., (2006) truly believes that these plant-based diets are the way forward to help curb the obesity crisis and help with the co-morbidities that are closely linked. 
It is further clarified by the BDA (2017) that different types and variations of plant-based diets that being used today. Tuso et al., (2013) explains that the term plant-based is sometimes confused with the term vegetarian or vegan. Therefore, for the purpose of this paper the definitions of various diets and examples of food exclusions/ inclusions have been summarised below (Tuso et al., (2013) & Turner-Mcgrievy et al., (2015). 
Summary of Plant-Based Terms and Food Sources
	
	

	Vegan diet
	Excludes all animal products specifically meat, seafood, poultry, eggs and dairy products. Does not require a consumption of whole foods or restriction of fat or refined sugars.


	Vegetarian diet
		Excludes meat, fish, or poultry but does contain eggs and dairy, in addition to plant-based foods, such as fruits, vegetables, whole grains, and legumes/beans


	




	Lacto-ovo vegetarian:
	



	Omnivorous Diet

	
	






	Excludes meat, seafood, and poultry but includes eggs and dairy   products.

	



Does not exclude meat, fish or dairy from the diet.



The Benefits of Plant-Based Diets to Control Obesity    
For the author to assess the evidence in relation to the benefits of plant-based diets and obesity prevention, both observational and interventional studies have been reviewed. These studies examine body weight based on individual dietary patterns. These patterns encompass some of the varied plant-based diets that have been summarised above. 

Interventional studies                          
There have been recent meta-analyses on clinical interventional trials in the last three years that have assessed the use of plant-based diets in achieving significant weight loss. 
An analysis by Barnard et al., (2015) reviewed a total of fifteen clinical trials that observed individuals following a plant-based diets for at least four weeks without energy intake restrictions. Key findings showed that plant-based diets were associated with a mean weight loss of -3.4 kg in participants who had the intention to complete the examination and -4.6kg in those who completed the examination. The study also found that the participants gender and age were significantly associated with the weight change. Barnard et al., (2015) associated older participants with a greater weight change when completed examinations took place. Additionally, studies that had a smaller group of female participants were also associated with greater weight loss in both the intention and completed examination. 
Huang et al., (2016) also conducted a meta-analysis of clinical trails among individuals assigned to plant-based diets compared with omnivore diets. Among the twelve studies that were reviewed, the participants who were randomized to some type of vegetarian diet lost an average -2.02kg more than those participants assigned a non-vegetarian omnivore diet. Six of the twelve studies involved an energy restriction and predictably, the average weight loss was greater among the energy-restricted vegetarian diets than the non-restriction vegetarian diets. The other analyses conducted indicated that participants who followed a vegan diet lost more weight than those who followed a vegetarian diet (mean of -2.5kg vs -1.5kg). In addition, Huang et el., (2016) review found that the weight loss for subjects with a follow-up procedure of <1 year was greater (-2.05kg) than those with follow up of ≥1 year (-1.13kg). 
Furthermore, McGrievy et al., (2014) and Turner -McGrievy et al., (2015) also assessed the use of varied plant-based diets for weight loss using meta-analyses. The key findings from the above authors have all reported a significant amount of weight loss among individuals that follow a plant-based diet. From reviewing the above evidence, it is apparent that the use of plant-based diets has shown to be a significant way of individuals losing weight. However, there are some present limitations identified that suggests future research is needed. 
Research from these interventional study’s has shown a lack of plant-based diets being assessed for aiding weight loss in more diverse populations such as racial/ethnic minority groups, males, younger adults, children and older adults. Baratsis et al., (2017) systematic review explained that studies regarding weight loss interventions solely concentrating on older adults/ seniors (age 65 years +) are limited. Baratsis et al., (2017) further explains that in general when standard diet approaches have been conducted within this population studies have been always been low-to-moderate quality. Therefore, some studies results could be biased as they are assessing a small majority of the population. Consequently, more studies are needed with wider ranges of the population to assess if there are any differences within other people’s reaction to weight loss through a plant-based diet. 

Another limitation that has been distinguished from previous trails conducted is that very few have identified or reported the physical activity levels of participants. In the review of literature Barnard et al., (2015) only assessed three studies that addressed changes in physical activity. Two of these studies by Dansinger et al., (2005) & Gardner et al., (2007) seen an increased amount of physical activity being performed during their interventions. The other by Nicholson et al., (1999) reported that physical activity remained unchanged throughout the intervention. However, more research needs to be reviewed regarding this factor as this limitation could have caused a biased result. Some could argue that weight loss was more significant due to the increased amount of physical activity being performed, helping to burn calories resulting in weight loss. 

There is a wide discrepancy of what can be defined as a plant-based diet, they are generally defined by the food sources they do not include i.e. meat, fish, eggs or dairy versus what they do include fruit, nuts, wholegrains and vegetables. Therefore, a group of researchers (Satija et al., 2016) recently developed a plant-based diet index (PDI). This works by giving a positive score to plant-based foods and a negative score to animal foods consumed in the diet. To help the quality of future research regarding weight loss a practical implication could be to include a PDI method helping to correctly assess a plant-based diet against other types. 

Furthermore, Haung et al., (2016) identified that plant-based diets for the treatment of weight loss needed to be more frequently tested beyond an 18-month timescale. This will help to enable long-term health effects and diet sustainability to be assessed. This information could help future research identify if plant-based diets have more negative effects such as individual nutrient deficiencies or positive effects such as combating co-morbidities or preventing the risk of obesity in society. 


Observational Studies  
A cross-sectional study of analysis of National Health and Nutrition Examination Survey (199902004) by Farmer et al., (2011) was set out with an objective to compare the dietary quality of lacto-ovo vegetarians, nonvegetarians and dieters from both alimentary groups.                             The study additionally assessed whether lacto-ovo vegetarian diets would be effective for individuals when managing their body weight. The key findings concluded that vegetarian diets could be recommended for weight management without compromising a person’s diet quality. Significant results were concluded that lacto-ovo vegetarian diets were evidently nutrient dense and adequate and were consistent with dietary guidelines. 
Kennedy et al., (2001) & Davey et al., (2003) provided analyses of Continuing Survey of Food Intakes by Individuals 1994-1996 which showed dietary fibre was 24% higher and calcium intake was 17% higher in the lacto-ovo vegetarian groups. This group also had a higher intake of magnesium, folate, iron, and vitamins A, C and E. Furthermore, results found that several micronutrients such as vitamin B-12, zinc and folate were lower for the lacto-ovo vegetarians on the day of the survey. This is not an unexpected find as food sources high in these nutrients consist of fish, red meats, poultry and some dairy products that are considered exempt from a lacto-ovo vegetarian diet (Harvard Medical School, 2016). 
Furthermore, protein, total fat and cholesterol also had lower consumptions in lacto-ovo vegetarians in comparison to non-vegetarians. This could explain why average BMIs were lower for the lacto-ovo vegetarian participants as foods high in these nutrients are considered more calorific. Higher consumptions of saturated fatty acids such as those found in cheese, whole milk, butter and fatty meats have been associated with an increased risk of coronary heart disease which is evidently a co-morbidity of obesity (Wise, J, 2016). Therefore, non-vegetarians who are consuming high amounts of fat could potentially be putting their heart health at danger, increasing their weight and ultimately negatively impacting their lives. 
The design of the study included 13,929 participants aged 19 years and older, excluding pregnant and lactating women. Lacto-ovo vegetarians were defined as participants who did not eat meat, poultry or fish on the day of the survey. Farmer et al., (2011) noted that although these participants were not ‘full-time’ vegetarians, their nutritional intake from one day reflected the nutrient content of a lacto-ovo vegetarian. To observe the effect of a 500-kcal deficit, participants who had energy intakes that were at least 500 kcal less than estimated requirements on the specific day of the survey were separated from the vegetarian and non-vegetarian groups and identified as dieters. However, this does not mean that individuals were following any sort of diet for the purpose of losing weight, they had just consumed inadequate calories in one day. The evidence showed that although food and nutrient intakes were similar across the three groups there were fewer significant differences between the two dieting groups. This could suggest that lacto-ovo vegetarian dietary patterns could affect the nutrient density more than energy intake. 
Within the eligible 13,292 participants there were 6,747 males and 6,545 females, which is a strength to the study as it assessed both genders equally. However, there were only 851 participants (6%) who were considered lacto-ovo vegetarians on the day of the survey, the remaining 12,441 participants were classified as non-vegetarian. The individual dietary information was obtained by via multiple pass 24-hr recalls (four steps for 1999-2000 and five steps for 2001-2004). The 24-hr recalls were considered reliable if at least the first four steps were completed, and all the relevant variables associated with the recall contained a value.
Strength, Limitations & Practical Implications of the Study                      
A strength of this study was that individual diet quality was assessed using United States Department of Agriculture’s Healthy Eating Index (HEI-2005) tool. Guenther et al., (2008) explains how this tool assesses food quality using a points system that follows the terms of conformance within federal dietary guidelines. When HEI-2005 was evaluated by Guenther et al., (2008) it was concluded as a valuable measure of diet quality specifically when used with population monitoring, evaluation of interventions and research. 
In relation to the use of 24-hr dietary recalls it has been suggested by (George et al., 2016) that these methods of dietary analysis have been considered a common practice to estimate a person’s dietary intake. However, it has been proposed that it may be necessary to carry up to nine different recalls to determine accuracy and reliability. Shim et al., (2014) assessed varied dietary methods including the 24 hr dietary recalls, food frequency questionnaires and dietary history including food diaries 4-7 days long. The study concluded that the most effective way of collecting this data was to use a mixed method approach to obtain more accurate estimates of dietary intakes than that of an individual method. Therefore, this could be a suggestion if further research would be undertaken regarding weight loss interventions and dietary assessment.                                                              
The way in which Farmer et al., (2011) defined the three groups could have been a limitation to the study as it was based on nutrient consumption of one day. Participants weren’t necessary lacto-ovo vegetarians or dieters, some would argue that average dietary habits and consumptions can change throughout if a person is not always consuming a specific dietary pattern. Therefore, a practical suggestion for future studies could be to design a strict methodology that looks at long-term and actual lacto-ovo vegetarians, dieters and non-vegetarians, this could perhaps result in varied or different conclusions. 
Furthermore, the small sample group of lacto-ovo vegetarians could have affected the reliability of the survey as it could have led to higher variability, which may have directed a bias result. If further research would to be conducted a practical implication could be arranged to have an equal number of participants in each of the sample groups creating a fairer result. 
The study by Larsson & Johansson (2002) had an objective to compare the dietary intake and nutritional status of young Swedish vegan’s and omnivores. Key findings concluded that the dietary habits of vegans varied significantly and did not comply with dietary reference requirements for some essential nutrients. Additionally, Larsson & Johansson (2002) confirmed that in accordance with other findings such as Appleby et al., (1998) male vegans had lower body weights and BMI than male omnivores. In contrast there were no significant differences regarding body weight between female vegan’s vs omnivores. 
The design of the study was made up of 30 vegans specifically aged 16-20 (15 males and 15 females) with a mean age of (17.5 ± 1.0 y). Vegan participants were defined as people eating food only of plant origin and were only included in the study if they had consumed a vegan diet for ≥6 months and were planning to continue. Omnivores participants were defined as people eating food of both plant and animal origin and were included if they had consumed an omnivorous diet for their entire life and were planning to continue this diet long-term. 
Results showed that vegans did have a higher intake of vegetable, legumes and dietary supplements as well as lower intakes of sugary food sources when compared to omnivores. This could be a factor as to why vegan individuals have lower body weights and therefore, lower rates of obesity as these foods are higher in calories. However, vegans had lower than average consumptions of riboflavin, vitamin B-12, vitamin D, calcium, and selenium. The intakes of calcium and selenium were even low with the help and inclusion of a dietary supplement. Evidence shows that having a deficiency in these nutrients can cause health implications such as increased risks of osteoporosis and rickets (Weininger, 2018). 
Dietary assessment was conducted by each participant being asked about customary food intakes during two separate 1-2 hr interviews that were 1-2 weeks apart. The aim of these interviews was to develop a typical eating pattern and assess portion size of food. All food including recipes, drinks and supplements were entered in to a dietary analysis programme (Stor MATs 4_03e) which then uses a Swedish food composition database (Government Offices of Sweden, 2015). Calculated micronutrients were compared with average requirements for lower and higher recommended intakes provided by Nordic Nutrition Recommendations (Sandstorm, et al 1996). 
Strengths, Limitations & Practical Implications of the Study                       
Larsson & Johansson (2002) had various way of validating dietary and nutritional assessments. When validating the participants energy expenditure, it was determined by the doubly labelled water (DBW) method to collect measurements of nitrogen, sodium and potassium excretion using 24 hr urine tests. It has been previously suggested by Bingham (1994) that the DBW method can be used as a non-invasive measure of energy expenditure, with no gain or losses in weight, the energy expenditure should be equal. It is thought that if these samples are provided sufficiently than results can show an accurate measure of a person’s intake. Additionally, this method has helped to curve errors and biased results as there are more than one method of dietary assessment being used (Bingham, 1994).
The participants in Larsson & Johansson (2002) were only defined vegan or omnivores if they had followed a diet for ≥6 months in comparison to Farmer et al., (2011) study that looked at dietary patterns based on one day. The author believes that this was a great strength of the study as it provided a more structed and relevant find. However, the participants were only included if they were between 16-20 years old which is considered as narrow age bracket that disallows comparisons of different diversities (Baratsis J.A. et al. 2017).  Furthermore, the number of participants used in the study could have been a limitation as it can be argued that the small sample size could have influenced the results as there may not have been enough participants to determine a true association between plant-based diets and their effect on a person’s weight or nutritional intake.                                                                            
Conclusion             
To conclude this paper the author has identified some reliable and significant evidence supporting the hypothesis of plant-based diets being used to manage weight whilst meeting nutrient needs. However, few studies have expressed worries that plant-based diets are not providing individuals with adequate intakes of certain nutrients such as calcium, vitamin B-12, zinc and folate. As identified these nutrients are considered vital for individuals good health and optimal nutrition decreasing the risk of health implications. Additionally, the author has identified limitations of studies and believes future research needs to assess more diverse populations as the majority are based on younger adults of a non-diverse population. The author also recommends research to be conducted on longer time scales to identify the long-term effects of following a plant-based diet. The author believes that all limitations should be addressed adequately before plant-based diets are prescribed by health professionals as a good and preventive measure of obesity. 
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