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Topic: The Effects of Intermittent Fasting on Weight Management
Introduction
	In recent years, the global prevalence of obesity has significantly increased and is currently deemed one of the most crucial public health concerns (Zang, He and Xue, 2022). The disease is associated with increased morbidity and mortality and high healthcare costs (Obert et al., 2017) and according to World Health Organisation (2023), over 4 million people die each year as a result of being overweight or obese. As obesity rates climb, there is an increased focus on dietary interventions which achieve weight loss and improve health and lifestyle (Welton et al., 2020). More specifically, Zhang et al. (2022) stated that there has been growing interest in identifying dietary strategies that limit the energy intake to specific periods of the day or extend the gap between meals. One such strategy is known as Intermittent Fasting (IF), which can also be termed a “fad diet” – a diet popularized in the mainstream without the endorsement of scientific investigations (Anderson, 2023). This particular diet focuses on eating only within a certain period of time and then abstaining from food and drink for an extended period. (Malinowski et al., 2019). Despite the growing popularity of fad diets like IF for weight loss, there are limited studies that actually suggest these particular interventions are effective and lead to long-term weight loss (Obert et al., 2017). Also, it is not clear whether intermittent fasting can be applied to long-term clinical treatment, and whether it has significant long-term side effects or not (Zang, He and Xue, 2022). Thus, the purpose of this paper is to examine the evidence for intermittent fasting in aiding weight loss, as well as to critically review the benefits and potential risks of IF on overall health.

Mechanisms – How does Intermittent Fasting Work?
As stated previously, Intermittent Fasting is a unique dietary strategy defined as periods of eating, alternated with periods of not eating or fasting (Varady et al., 2021). IF works through a metabolic switch, where the body periodically switches from liver-derived glucose to adipose cell–derived ketones during fasting periods (Patikorn et al., 2021). In relation to weight management, this metabolic switch represents a change from lipid synthesis and fat storage to mobilization of fat in the form of free fatty acids and fatty acid-derived ketones (Varady and Hellerstein, 2008). Fasting activates adaptive cellular responses including improved glucose regulation, increased stress resistance, suppressed inflammation, and the removal or repair of damaged molecules to fight against oxidative and metabolic stress (De Cabo and Mattson, 2019). Simply put, IF works by prolonging the period when the body has burned up the calories consumed during last meal and begins burning fat (Johns Hopkins Medicine, 2023).

Different Intermittent Fasting Schedules
	Furthermore, there are different approaches to IF that ultimately yield similar results but are worth differentiating. Firstly, Time-restricted Feeding is where carbohydrates, proteins and fats are consumed in a consecutive eight-hour or less period, and the remaining hours of a day are spent fasting (Zhang, 2023). Secondly, the alternate day fasting approach involves alternating fasting days, during which no calories are consumed, and feeding days which foods and beverages are consumed without restriction (Patterson and Sears, 2017). This is said to be one of the most common forms of IF (Rynders et al., 2019). Similarly, Rynders et al. (2019) reported the 5/2 diet as another common form of IF and can also be called Alternate Day Modified Fasting. This involves energy restriction for 2 non-consecutive days per week and unrestricted eating during the other 5 days of the week (Mosley and Spencer, 2013). Figure 1 illustrates these variations of IF.
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Figure 1: Illustration of Popular Variations of Intermittent Fasting (Rynders et al., 2019).
Benefits of Intermittent Fasting 
There is increasing evidence which indicates that IF could be useful in improving overall health in the general population (Moro et al., 2016). Firstly, it can be beneficial for reduced body fat. A study done by Varady et al. (2009) on sixteen obese individuals reported a decrease in fat mass among all participants after just eight weeks of alternate day fasting. Similarly, Eshghinia and Mohammadzadeh (2013) did a study on fifteen women who were considered overweight. The participants also completed an eight-week trial of alternate day fasting which resulted in significant body weight from 84/3 ± 11/44 kg to 78/3 ± 10/18 kg. Notably, weight loss likely occurs since individuals do not fully compensate on non-fasting days for the calorie deficit that occurs on fasting days (Antoni et al., 2016). Furthermore, IF also plays an important role in regulating lipid metabolism as was shown in a randomized, controlled, long-term clinical trial performed with the 5:2 variation of IF (Dedual et al., 2019). The study showed that the metabolic factors were improved in mice with abdominal obesity, indicating a lower cardiometabolic risk after a one-year intervention. Although the study was carried out in mice, the results can be used to mirror what it would be like in humans (Dedual et al., 2019). However, more studies are needed to better determine results in humans.
Moreover, studies suggest that IF can help to reduce cholesterol. A study done by Ahmed et al. (2021) reported that IF may improve the lipid profile and raise the sub-optimal HDL or “good cholesterol” which absorbs cholesterol in the blood. The study consisted of thirty-five participants with low HDL who intermittent fasted for six weeks. The HDL levels significantly increased (Ahmed et al., 2021). In contrast, Varady et al. (2009) did a similar study which resulted in total cholesterol, LDL or “bad cholesterol” and triacylglycerol decreased, but HDL levels remained unchanged.  The difference seen here can be attributed to the fact that both studies followed two different forms of IF. The study done by Ahmed et al. (2021) followed the time-restricted feeding method, while Varady et al. (2009) used the alternate day fasting method. In addition, the study conducted by Eshghinia and Mohammadzadeh (2013) showed that HDL levels increased slightly but was not significant. This study also used the alternate day fasting method. The studies which used the alternate day method show a raise in HDL, whether slightly or significant, and this might be one reason it is considered the most common IF method. Further investigations are needed.
Furthermore, improved insulin sensitivity is said to be another benefit of IF as shown in a study done by Moro et al. (2016). The study consisted of thirty-four resistance trained males who were randomly assigned to the time restricted feeding method. The participants’ blood glucose and insulin levels decreased significantly. In another study to determine whether or not IF influences metabolic disorder in diabetes, Drinda et al. (2019) reported that after IF, nearly half of the 264 subjects in the high-risk category of Type 2 Diabetes switched to the low-risk category, suggesting that periodic fasting dramatically decreased the risks involved.  However, the lack of certainty of performing IF treatment in Type 2 Diabetes patients should be considered (Drinda et al., 2019) and more research is needed to better understand the effect of IF on insulin levels in persons with and without diabetes.
Subsequently, another suggested advantage of IF is improved brain health. Another study on mice suggests this claim where it reported that IF reduced markers of oxidative stress and inflammation in the brain of the mice (Arumugam et al., 2010). Similarly, improved cognitive function of mice was recorded in a more recent study done by Liu et al. (2020). The method used in this study was Alternate day fasting. In yet another study done on mice, 2 hours of time restricted feeding every day for 3 weeks increased long-term memory. Interestingly, these studies all use a different method of IF, but yielded favourable results in terms of brain health. Notably, as stated before, although these studies were done in animals, the results can be used for better understanding how IF works in humans (Li et al., 2023).

Potential Risks and Side Effects of Intermittent Fasting
Despite the reassuring outcomes of IF, there are risks and side effects to be considered. One such considered risk is the adherence challenges. Obert et al. (2017) stated that IF methods may be hard to maintain and therefore may lead to binge eating on non-fasting days.  This can do the opposite of the obvious desired results, and cause even more weight gain. In addition, another adherence challenge can include hypoglycaemia, which is said to be one of the most severe side effects of intermittent fasting (Beshyah et al., 2019). The cross-sectional, multi-country observational study by Beshyah et al. (2019) was carried out to describe the risk of hypoglycaemia during periods of intermittent fasting. The study reported that intermittent fasting due to reduced caloric intake may lead to severe hypoglycaemia, where glucose level in the blood in too low. These two extremes of adherence challenges highlight reasons for caution with regards to IF.
Secondly, impact on nutrient intake and deficiencies is another potential risk of IF. If one already has a diet poor in minerals and vitamins, eating less food could lead to vitamin deficiency and muscle loss (Collier, 2013). Currently, there is lack of research to justify this.  However, it is realistic to caution IF followers on nutrient intake which may cause dire deficiencies. Notably, men and women engaging in IF reported experiencing eating disorder behaviours and results suggest that IF is associated with eating disorder symptomatology (Cuccolo et al., 2022). In contrast, another study showed that an IF or diet was associated with a reduction in numerous symptoms of eating disorders, food craving and adverse mood symptoms in adults (Donaldson, 2019). Clearly, more thorough research is need to come to a concise conclusion.
In addition, a study found one potential downside of IF to be muscle loss (Lowe et al., 2020). This study reported that overweight adults who were assigned to IF for 16 hours daily gained little to nothing from doing so. The study stated that participants only lost about two to three pounds and that the weight they shed was not even body fat, but actually muscle (Lowe et al., 2020). This should definitely be considered when IF, as the participants in this study lost more muscle mass than expected which is especially needed as people age. 
Moreover, there are precautions for specific people such as pregnant women and individuals with and Type 1 Diabetes.  Maternal IF results in detrimental impacts on the mother as well as foetus development with changes in the placental profiles (Alkhalefah et al., 2021). This along with other studies give great caution for pregnant women thinking of IF. It is not recommended based on the study done by Alkhalefah et al. (2020) and a doctor should be consulted before attempt of IF by pregnant women. In terms of Type 1 Diabetes, Al-Ozairi et al. (2019) state that individuals with this disease could safely participate in intermittent fasting if equipped with reliable education and advanced glucose monitoring systems. Also, Xiong et al. (2023) interestingly state that IF can be a potential therapeutic strategy for Type 1 Diabetes-induced cognitive dysfunction. No research was found that explicitly warns persons with Type 1 Diabetes against IF. However, the research shows a need for persons with the disease to be well informed before attempting.

Long-term Effects and Maintenance
	A few studies mentioned a substantial number of participants dropped out due to not being able to stick with it. One such study was done by Ahmed et al. (2021). The study started with forty participants, but only thirty-five completed the trial. This shows that it may be difficult to adhere to the restrictions of IF and maintain to its strict guidelines in the long run. Also, it is difficult to ascertain the risk to benefit ratio of the different intermittent fasting regimens and thus, more research is needed to determine this (Vasim, Majeed and DeBoer, 2022). Sustainability of weight loss achieved through IF is unknown and also demands more large-scale and long-term experiments (Zang, He and Xue, 2022). There is currently no research on the long-term effects of IF, due it is long period of testing.  This also needs to be extensively investigated.

Comparison with Other Fad Diets
	Trepanowski et al. (2017), compared the effects of alternate day fasting vs. daily calorie restriction on weight loss and weight maintenance. This was a randomized clinical trial of obese adults between the ages of 18 and 64 years. Participants were randomized to one of three groups for one year which were alternate-day fasting, calorie restriction, or a no-intervention control. The main outcome was a change in body weight where over the course of 12 months, the control group maintained their weight at the baseline weight, while the alternate day fasting and daily caloric restriction groups both exhibited 4.5% weight loss below the starting weight – very similar to each other. Thus, the study concluded that alternate-day fasting did not yield better or worse results than calorie restriction (Trepanowski et al., 2017). Another study done by Harvie et al. (2013) concluded that intermittent fasting is superior to daily energy restriction in regard to loss of body fat and may result in greater improvement of weight control. This study was done on overweight women between the ages of 20 and 69 years who were randomly placed in either IF or daily energy restriction groups (Harvey et al., 2013).
	Interestingly, despite the popularity of IF weight loss strategies, only a few randomized trials have compared IF with daily calorie restriction, and no randomized trials have compared time restricted fasting to daily calorie restriction (Rynders et al., 2019). Also, many of the IFF trials provided participants with some or all of their food, which significantly limits the applicability to real life (Rynders et al., 2019). Thus, there is a need for more realistic research on IF.

Conclusion
	To conclude, the evidence shows favourable results of different methods of IF in terms of reduction of fat mass, improved lipid profile, improved insulin sensitivity and increased brain health. However, the alternate day fasting method seems to be more favourable than others.  This is still unclear, and more research is needed to determine these aspects of IF. Also, the research show few potential risks to be considered for anyone thinking of attempting IF. Unfortunately, this evidence is sparse, primarily because the duration of assessing intermittent fasting methods is done over an extended period of time (Vasim, Majeed and DeBoer, 2022).
Currently, most of the research on intermittent fasting has been done in animals, while human research is mostly observational (Anderson, 2023). Similarly, Gotthardt et al. (2016) reported that most studies on IF are done on animals (rodents) and more experimental studies need to be done in humans.
Although IF has received a great amount of attention in recent years, the majority of studies have investigated the effects of IF in overweight, obese or dyslipidaemia subject. However, little is known about the effects of such nutritional regimens in athletes, and more specifically, in body builders or resistance-trained individuals (Moro et al., 2016). Thus, more investigations should be carried to better understand this and to aid athletes in potentially improving performance. 
Furthermore, while more research is needed on long-term outcomes and this approach should be avoided in particular health conditions, intermittent fasting should be considered as an option for individuals who have a pattern of unhealthy weight gain using standard eating patterns (Vasim, Majeed and DeBoer, 2022). 
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