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Introduction
Intermittent fasting (IF) has been practised for many centuries in many religions such as Christianity and Islam as a form of sacrifice, self-discipline and gratitude (El-Banna and El-Garawany, 2016). However, in recent times IF has become a popular diet strategy implemented for weight loss and for its health benefits.  IF is a term used to describe a period of fasting and non-fasting. During a fasting period, little to no calories are permitted. Drinking black coffee, tea or water are typically suggested to help with the fast (Tufts Health & Nutrition Letter, 2017).  There is numerous amount of information available to the public on IF, including books and web sites explaining the different variations of fasting and diet recommendations (Practice Applications, 2015). The most studied types of IF are:
1. Alternate Day of Energy Restriction (ADER) – Fasting on two or three days of the week. For example, the 5:2 diet allows 500 calories for women and 600 calories for men on the two days of fasting, and allows the usual calorie intake for the remaining five days.
2. Time Restricted Feeding (TRF) – Also known as prolonged night fasting. This method involves restricting your calorie intake to a shorter time window than usual. An example of this is the 16:8 diet, which includes limiting your calorie intake to 8 hours with a 16 hour fast. Other variations include restricting calorie intake to a time window of 4-12 hours. 
(Tufts Health and Nutrition Letter, 2017; Skaznik-Wikiel and Polotsky, 2014).  

Intermittent fasting and weight loss
 Several studies have found that IF leads to a reduction in calorie intake and promotes overall weight loss, and therefore controls obesity, similarly to a calorie restricting (CR) diet (Davis, et al., 2015). Currently, the most common form of weight loss is CR, which involves reducing calorie intake by 15%-60% of the recommended intake every day (Varady, 2011). Therefore, many individuals find this regime hard to follow. Resultantly, IF has gained popularity in the last decade as it is stated to be a more achievable approach to weight loss as it requires individuals to reduce calorie intake to two days of the week (ADER) or to a specific time frame of the day (TRF), without having to calorie count (Anastasiou et al., 2015; Del Corral et al., 2009; Gabel et al., 2018).  Gabel et al., (2018) conducted a study to investigate the effects of an 8-hour time restricted feeding on weight loss in obese adults. The research found a decrease in body weight and calorie intake after a period of twelve weeks (Gabel et al., 2018). However, it is unclear which type of IF is most beneficial for weight loss, as majority of previous studies have only looked at ADER (Barnosky et al., 2014; Davis et al., 2016; Headland et al., 2016; Hoddy et al., 2014; Trepanowski, et al., 2017). 
  Seimon et al., (2015) displayed that IF is an effective way of losing weight in a short period of time. However, Sadeghirad et al., (2014) found that individuals who participate in a fasting may quickly re-gain the weight if it is not continued, similarly to most diets available (Malgorzata and Polotsky, 2014). There are concerns that IF is quickly becoming another diet fad which can cause several problems (Collier, 2013). Typically, individuals already eating a diet poor in all nutrients are more likely to participate in a fast, and eating less food may lead to vitamin and mineral deficiencies and muscle loss. This can later cause malnourishment if taken to an extreme (Collier, 2013).  Another issue is that those who promote IF may unintentionally encourage bad eating behaviours, such as temptations to binge. For example, articles of the 5:2 diet picture people eating high calorie fatty foods, such as burgers, chips and cakes during the five non-fasting days of the week, as a reward for fasting on two of the days (Pinnock, 2013). Therefore, if individuals cannot remain a healthy diet full of nutrients on the days off it is not seen as sustainable in the long-term. 

Intermittent fasting and health
There is a large amount of research supporting the health benefits of IF. However, most of the research has been conducted on animals (Collier, 2013). The small number of human research conducted shows that IF may have a positive impact on certain measures of cardiovascular and metabolic health, including type 2 diabetes and cancer (Patterson, et al., 2015). However, it is not clear whether this impact is due to IF per se, or if it is from the result of losing weight during the fast (Seimon, et al., 2015). IF has also been recognised for increasing lifespan with reduction in calorie intake, as well as maintaining a long duration of the diet (Mattson and Wan, 2015).

Heart Health
  Several studies researched the link between IF and cardiovascular health, and had found an improvement due to lower low density lipoprotein (LDL) cholesterol and blood pressure levels (Trepanowski, et al., 2017; Varady and Hellerstein, 2007; Tinsley and Le Bounty, 2015; Hoddy, et al., 2014). That said, Trepanowski, et al. (2017) conducted a randomized clinical trial to compare the effects of ADER vs CR on body weight and risk indicators for cardiovascular disease. The research found that LDL-cholestrol levels had risen after a year on an alternate ADER regime, which did not result in the CR group. These studies have all looked at ADER as there is very little research on TRF, therefore there is no clear conclusion on whether time restricted feeding has any impact on cardiovascular health (Tinsley and Le Bounty, 2015). Current research is only looking at cholesterol and blood pressure levels, rather than looking at heart disease itself. Majority of the studies carried out are trialled for a short period of 6 months or less, therefore, further research needs to look at maintaining longer-periods of intermittent fasting to assess whether it can reduce the risk of heart disease (Tinsley and Le Bounty, 2015; Trepanowski, et al., 2017). 
Type 2 Diabetes
  Type 2 Diabetes is closely linked to obesity and the key sratergy to prevent type 2 diabetes is to lose weight (Hamman et al., 2006). Research suggests that even a small percentage of 5%-7% of weight loss can improve several diabetes risk parameters, including fasting glucose, insulin and insulin sensitivity (Anderson and Fernandez, 2013; Wycherley et al., 2012). Studies in human have found that ADER is just as effective as a CR diet. Barnosky et al., (2014) reviewed the effects of CR in comparison to ADER on preventing type 2 diabetes and body weight in pre-diabetic overweight and obese adults. Results found that CR produced more weight loss than IF and ADER after a similar duration of testing. However, both regimes appeared to be effective for weight loss in majority of individuals. In terms of fasting glucose concentration, the results were irregular. Granted that, IF studies found a small decrease in glucose and CR studies reported no effect after a period of 6-12 weeks. The research also found that fasting insulin was highly effective in IF, ADER and CR. Overall, insulin concentrations were reduced by 20%-31% after 8-12 weeks of IF and ADER, and CR found a reduction of 11%-41% after 6-12 weeks. As a result, Barnosky et al., (2014) had concluded that insulin reduction by IF and CR appeared stronger with the extent of energy restricted and amount of weight loss. Similarly, insulin sensitivity had consistent improvements in both IF and CR diets after 3-24 weeks of participating and again appeared to be related to the level of energy restricted and amount of weight loss. However, it is needed to take in to consideration that the research used for Barnosky’s et al., (2014) review are quite diverse in terms of protocols, interventions and populations, making it difficult to get an accurate conclusion from the data. The research had also specifically been carried out on overweight and obese individuals, and therefore the results may not work for a leaner person. With this said, there is no strong evidence to support the benefits of IF over a CR diet. 
  On the other hand, a recent study conducted one of the first trials of TRF on men at high risk of developing diabetes (Sutton et al., 2018). The study found numerous benefits to cardiovascular and metabolic health in relation to TRF, and found that IF’s effects are not completely due to weight loss, this included: improved insulin sensitivity; improved pancreatic function and reduced blood pressure (Sutton et al., 2018). However, this study has only looked at men, therefore it is unknown whether a TRF diet would lower the risk of type 2 diabetes in women. Another limitation of this study, similarly to previous studies, is this trial was held over a short five-week period. For that reason, it is unclear whether this approach would be effective and have the same results after a long period of time. 
Cancer and Chemotherapy 
  Cancer is the second leading cause of death worldwide (Eslami et al., 2012). Epidemiological studies suggest that a poor diet and sedentary lifestyle can affect the initiation, promotion and progression of common cancers (Longo and Fontana, 2010), and can put individuals in high risk of malignant transformation (Calle and Kaaks, 2004). Clinical trials have found that manipulating a patient’s dietary intake can alter molecular pathways to prevent development of cancer (Fair and Montgomery, 2009). The most effective method of IF used to starve cancer cells is getting patients to fast for 24-36 hours every other day, with 3 to 5 days of normal eating in-between (Simone et al., 2013). Among several dietary restriction regimes, IF and CR are the most common methods that are beneficial for cancer prevention (Mengmeng et al., 2014). It has been found that IF can postpone tumor growth by starving tumors of glucose for a short period of time (Simone et al., 2013). Despite of this, a CR or IF regime for humans will not reduce growth promoting insulin unless it is combined with protein reduction (Fontana et al., 2008).
   A study investigating the response of IF in mammary tumor incidence was carried out in rats using different methods of short-term IF. The rats had been categorized into groups of fasting every other day, every two days, every three days and every four days. The results found a stronger impact on mammary tumor incidence in the rats that fasted every other day (Cleary et al., 2011). To support this evidence, a previous study conducted by Shao et al., (1990) found a 20% tumor incidence in IF mice, as opposed to a 70% tumor incidence in those that were fed normally. However, it is uncertain that this method of IF may work for humans as majority of the available studies have only been carried out on animals. In contrast, Saleh et al., (2013) evaluated whether both ADER and CR regimes would alter the molecular profile of triple-negative breast cancer. The research found an average growth delay of 15%-30% in mice following the ADER method, versus a growth delay of 50% in those treated with the CR method. Therefore, the results show that an IF regime is not better than reducing overall calorie intake. 
  A case series report found that a combination of IF with chemotherapy is safe to do and may even weaken or reduce the toxic chemotherapy side effects (Safdie et al., 2009).  A 24-hour period of fasting after chemotherapy may be essential because it has been found that chemotherapy drugs can lead to secondary tumors and cause DNA damage (Premoselli et al., 1998). However, energy restriction may also be unsafe for cancer patients already prone to chronic weight loss as several studies have found that it may take months for patients undergoing energy restriction to reach a protected state (Lee et al., 2012). In contrast, several studies have found that IF may reduce the toxic side effects to chemotherapy without causing any weight loss (Raffaghello et al., 2008; Longo et al., 1997; Wei et al., 2008). 

Intermittent Fasting and Ageing 
  Ageing is usually associated with making wrong lifestyle choices, including smoking, drinking and dietary habits and together they increase the risk of developing several chronic diseases and obesity, as mentioned above (Lettieri-Barbato et al., 2016). It has been found that ageing can also be accelerated by obesity (Horvath et al., 2014), as it reduces life and health span and plays a critical role in the onset of age-related diseases, such as Alzheimer’s (Tchkonia et al., 2010). As shown above there are several studies suggesting that energy restricting regimes, like IF and CR, can reverse obesity and prevent several chronic diseases by promoting the same molecular and metabolic adaptations that have been successfully trialled in animal longevity (Lettieri-Barbato et al., 2016). However, it is difficult to assess the effects of IF and CR on lifespan in humans, as majority of the research is carried out on animals. The available research suggests that beneficial effects on ageing are achieved by CR, rather than following an IF regime specifically. 

The Risks of Intermittent Fasting
  IF may also be harmful to some individuals, with numerous significant risks to consider. For example, it may be dangerous for those who are unwell and in need of regular energy and nutrients such as: an individual with a poor appetite, pregnant women, young children and individuals with diabetes who are prone to low blood sugars (Tufts Health and Nutrition Letter, 2017).
  Stice, (2008), found that IF is dangerous for an individual suffering an eating disorder, or with a previous history of one. Research has found that prolonged fasting for 24 hours or more has been linked with bulimia and binge-eating in teenage girls (Stice, 2008). 
  A small amount of research investigated the effects of IF and gender and had found that women tend to report more issues in relation to fasting than men. Martin et al., (2007) found that female rats on an IF regime experienced hormonal changes, negatively affecting reproduction and had also found it to increase stress levels. On the other hand, there were no negative effects to the male rats. Again, more research needs to be carried out on humans to gather stronger evidence.   
  There is evidence to suggest that IF has several side effects for certain individuals. Roky et al., (2000) carried out a research on the effect of Ramadan intermittent fasting on diurnal alertness and oral temperature on ten healthy young individuals. The participants were analysed at six different times of the day on each of these following dates: 6th; 15th; and 28th. The participants were analysed again 18 days after recovery to compare the results. The research found that it leads to a change in sleeping habits, decreased alertness, decreased oral temperature, and decrease in mood state (Roky, et al., (2000). A limitation of this study is that it has only looked at ten young individuals, therefore, these side effects may not apply to all individuals. Future research needs to be carried out on a larger number of participants in different age groups and health statuses. 

Conclusion 
  As a result, IF has been proven to be an effective way to lose weight, improve heart health, and reduce the risk of type 2 diabetes. Majority of the research reviewed for this study has been carried out on rodents, therefore, there is not enough evidence to provide a clear outcome of these health benefits from following an IF regime in humans. Future research should investigate further on the health benefits on humans, male and female. There is also little evidence on prolonged fasting, and whether it achieves the same benefits as short-term fasting. It is essential to investigate in longer-time periods of fasting as it may result in potentially harmful side effects. 
   Again, the research presented suggests that CR is the most beneficial approach to potentially reduce tumor growth and prolong life-span. However, there is no clear evidence on whether IF or CR reduces the risk of cancer or promotes healthy ageing, as there is no reliable human evidence to support this argument and further research is needed to gain a stronger result. 
  It is important to be aware of the risks associated with IF and can be dangerous for curtain individuals that are a low weight, with an eating disorder or a history of one, pregnant, breastfeeding or with certain medical conditions. It is essential for individuals that are unsure to seek advice from a GP or registered Dietitian.
  To conclude, several studies have suggested that IF is no better than reducing dietary intake for overall positive health outcomes, and therefore, it is up to the individual what regime they would prefer to follow. 
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