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An Investigation and Critical Review of Low-Carbohydrate Diets for Weight Loss

The upward trajectory of obesity rates, significantly escalated between 1993 and 2001, with figures remaining excessively high (Koliaki, Dalamaga and Liatis, 2023). The most up to date figures in the United Kingdom, indicate that, 29% of adults are living with obesity whilst 64% are overweight or living with obesity (NHS Digital, 2024). 
Modifying nutritional behaviours can influence weight loss, however, with many perceived barriers to nutritious eating, such as, lack of education, skills, time, finances and social support, quick fix weight loss strategies are appealing (Spadine and Patterson, 2022). 
The encouragement of fad diets for rapid and convenient weight loss, with the absence of physical activity are frequently advertised in the media, creating dieting instability, claiming to be the answer to the global weight epidemic, repeatedly lacking scientific evidence to support such claims (Tahreem et al., 2022). These diets are often extreme, although temporary and frequently deviate from expert knowledge, highlighting safety concerns, a weight-loss strategy that frequently exhibits in the media and social platforms is the Low-Carbohydrate Diet (LCD) (Jauho et al., 2023). This essay will explore and critique the LCD for weight loss. 
In recent years, the LCD has emerged with numerous convincing claims attracting individuals, “Ditch the carbs! People who follow low-carb diets maintain weight loss for longer”, “Eat more protein and less carbs if you want to lose weight and feel less hungry”, (Best, 2018; Morrison, 2024).
LCDs were originally noted for their potential to reduce weight when William Banting wrote a letter, highlighting his own achievement on such diet in 1863 (Churuangsuk et al., 2018). It repopularised in 1972, with the publication of a book by Dr Atkins, promoting LCD as a preference for the metabolism for weight loss, obesity rates at this time rose in line with the fashionable low-fat diet, making the newly marketed LCD a fashionable new area of weight loss (Landry, Crimarco and Gardner, 2021). 

LCDs are focused on a lower intake of macronutrient carbohydrate to protein and fat, to this date, no concrete definition has been developed for the diet, LCDs are commonly used as an umbrella term for the popular, keto, south beach and paleo diets (Modi and Priefer, 2020). Diverse extremes of carbohydrate intakes are observed in these diets, some are very low-carbohydrate diets (VLCD), specifically encouraging no more than 20-50g per day, or <10% of total calorie intake, LCDs encourage <130g/day or 26% of total calorie intake (Giugliano et al., 2018).
An examination will be made on the impact of LCDs on appetite suppression and glycaemic control for weight loss, in addition to the safety of the LCD for individuals. Broader issues do exist such as it’s effect on athletic performance (Barkell, 2022) and ecological and ethical sustainability (Barber et al., 2021), however due to the scope of the essay these will not be examined.
The Government dietary recommendations for carbohydrates for good health and wellbeing are at least 330g/day for Males, and 267g/day for Females, in 2015 an update highlighted that 50% of daily energy should come from carbohydrates, a large difference to the LCD and VLCD recommendations (Public Health England, 2016). Based on the evidence, an analysis will be made on the practical implications of the diet with future suggestions made. 

The theory and justification of a LCD for weight loss is based on the carbohydrate-insulin model of obesity, originating from the argument that a high-carbohydrate intake induces excess glucose, promoting a build-up of calories in the fat cells, resulting in weight gain (Barber et al., 2021). Based on this, a lower intake of carbohydrates reduces blood insulin and decreases fat storage through promoting a build-up of calories in the lean tissue (Barbet et al., 2021). Reducing sugars and starches, promotes greater fat burning, leading to ketosis, ketone bodies activate fat from adipose tissue to be used as fuel (Wachsmuth et al., 2022).
This was observed in Kalam et al. (2019) study, in which a diet that was focused on a 30% energy intake from carbohydrates, resulted in a 5.5% reduction in body weight over a 3-month period. However, the study did not incorporate a no-intervention control group, making it difficult to establish if the outcome was from the LCD alone or other variables, highlighting the need for randomised controlled studies to fully determine its efficacy. 
Similar findings were then observed in a small sample randomised control trial by Zainordin et al. (2021), 4kg of weight loss occurred over a 12-week period when carbohydrate intake was less than 20g, a reduction in waist circumference and visceral fat was also observed. 
A review of epidemiological evidence by Silveira et al. (2020), suggests that the accumulation of visceral fat around the organs, increases the risk of certain cancers and cardiovascular disease, highlighting the importance of preventing visceral obesity in the population. 
LCD was also shown to reduce visceral fat, whole body fat and body composition in Wachsmuth et al. (2022) study, when following a 20-25% intake of carbohydrates for one week, followed by 2 weeks of VLCD, 5-7% intake with an addition of nutritionist education. Although Wachsmuth et al. (2022) suggests that this could be due to a reduction in insulin, reducing sodium, creating a diuretic affect, possibly resulting in added water loss, often seen in the first few weeks of a LCD, a possible limitation to the study as water loss was not measured. 
Despite this a 3-fold greater increase in visceral fat loss was observed in Goss et al. (2020) study, based on an 8 week, VLCD of <10% energy from carbohydrates in comparison to a low-fat diet of 55% carbohydrates. The VLCD however, was calorie restricted, hindering the conclusion that it was preferably greater, a conflict of interest also occurred in this study with one author sitting on the scientific advisory board to Atkins Nutritional’s, a low-carb diet program (Atkins Nutritionals, 2024).  
Although LCDs seem promising in aiding weight loss, the long-term adherence to such diet and retention in many studies is poor, as a review by Kumar et al. (2022) emphasises that a re-occurring theme is a high dropout rate, with insufficient maintenance weight loss observed. Arguably, participants in Andrissen et al. (2018) study, maintained weight loss with increased fullness and less desire to eat, this is thought to be due to the participants entering a ketogenic state, influencing appetite. Ketosis in a LCD is believed to suppress hunger, not usually seen in other diets, although a current lack of clarity exists behind the exact mechanisms, a reduction in the hormone ghrelin is thought to be one of the rationales, however findings suggest that ketosis occurs on an individual level, making it difficult to give advice on a population level (Deemer et al., 2020). 

The mechanisms of LCDs leading to a decrease in appetite has been shown to aid in weight loss and weight loss maintenance, emphasising it as a favourable strategy (Volek, 2021). Evident in a randomised control trial by Ebbeling et al. (2018), compared to a high-carbohydrate diet, blood biomarkers indicated that ghrelin levels were lower, suppressing appetite with greater total energy expenditure observed through doubly labelled water, a gold standard reference method of measuring total energy expenditure (Burrows et al., 2019). Limitation of this study on a population level, however, is that the study was based on a feeding study making it difficult to translate to free-living people and public health recommendations. 
Ketogenic diets are not in agreement with nutritional recommendations, therefore Roekenen et al. (2024) study aimed to investigate the highest cut-off point for carbohydrate intake, to allow ketosis and appetite suppression to occur. 
Comparing 70g p/day, 100g p/day and 130g p/day for 8-weeks, ketosis was observed in all three groups, however an increase in ghrelin was observed at a 130g, indicating that a diet of 100g p/day can still decrease ghrelin levels. The study also had a 84% retention rate, one of the highest for a LCD study, indicating a feasibility of 100g of carbohydrates, it is important to consider that this study had a small sample of 100 participants, therefore advising that these findings can be replicated on a population cannot be assumed. 

In addition to ghrelin suppressing hunger, the ability of a LCD to regulate blood glucose levels can suppress hunger, particularly after eating, the reduction in hyperglycaemia after consuming a low-carbohydrate meal, increases satiety, a reduction in elevated circulating glucose and insulin concentrations can influence weight loss (Samkani et al., 2018). 
Recent research by Dorans et al. (2022) supports this, following a LCD with an intake of <40g of carbohydrate for 3 months, followed by <60g for the following 3 months, a reduction in blood glucose levels and body weight were observed. A continuous glucose monitoring device was worn, allowing a greater observation of the true association between the LCD and glycaemic control, by providing real-time glucose data (Matabuene et al., 2023). The design of the study arguably prohibited a true observation on the independent effect of the diet on weight loss, as large calorie restriction of 1439kcal, may have led to the weight loss despite the low intake of carbohydrates.
Despite this, consistent findings were identified in a randomised control trial by Chen et al. (2020), as a LCD was shown to improve glycaemic control and reduce waist and hip circumference on 90g/day of carbohydrates, with no restriction on energy on 90 participants. Study also had a high completion rate of 90%, over an 18-month period. The effective completion rate could potentially be due to the carbohydrate intake of 90g, as previously observed in Roekenen et al. (2024) study, with higher levels of carbohydrate intake increasing adherence. It is significant to consider, however that both studies by Doran et al. (2022) and Chen et al. (2020), could have been influenced by support from health care professionals.
Doran et al. (2022) participants were given dietary counselling and recipes, whilst participants from Chen et al. (2020) study were given numerous blood tests and follow-up visits by their family GP, possibly influencing motivation to adhere to the diet, this challenges such adherence and outcomes in a generalised normal setting with no supporting sessions offered. 
Furthermore, Gram-Kampmann et al. (2022), free-living study observed positive reduction in blood glucose levels, weight loss and body mass index, with very minimal support following a LCD with 20% of energy from carbohydrates in comparison to a diet consisting of 50-60% with no restriction on calories. No food was provided to the participants, a very small amount of written material was provided and one initial visit with a dietitian, increasing the validity of the study to be applicable in normal every day settings. It could be concluded that findings from this study could be replicated to promote positive results with a LCD of 20%, however sample size was very small, only 73 participants and glucose measurements were self-reported, possibly resulting in issues of mis-reporting and bias (Ravelli and Schoeller, 2020). Of great significance is safety issues within the study, as the LCD group had an increased frequency of gastrointestinal issues, with complaints of diarrhoea, constipation and abdominal discomfort (Gram-Kampmann et al., 2022). 


Low intake of dietary fibre is associated with constipation, colon cancer, obesity and type 2 diabetes, including a correlation with mortality (Barber et al., 2020). 
In the most recent report by the Bowel Interest group (2020), cost of constipation to the NHS in 2018-2019 was £168 million, with figures projected to grow, constipation was shown to affect both mental and physical health whilst lowering quality of life. 
It has been shown that individuals on a LCD fail to meet the daily dietary intake of fibre (Storz and Ronco, 2023). 
In a large population-based study, constipation prevalence increased in individuals on a LCD, the lower the carbohydrate intake, greater the prevalence (Li and Tong, 2024). Alternatively, this conflicts with the view held by Offringa et al. (2021) suggesting that total fibre intake can be increased when the LCD is modified, with carbohydrate intake coming from high-quality sources, wholegrains, plants, legumes and non-starchy vegetables, highlighting available strategies and adaptations to reduce constipation in LCD.
In agreement, Roekenen et al. (2024) suggests that to eliminate the possibility of constipation on a LCD, increasing carbohydrate intake to 100g, could allow for more fruits, vegetables and whole grains, reducing the risk of constipation, while inducing ketosis and weight loss. 

Vitamin deficiencies have been identified in Individuals that follow a LCD in comparison to a high-carbohydrate diet, notably thiamine, Churuangsuk et al. (2024) propose from their study that participants had low blood bio-markers of thiamine, although thiamine is found in meat it is often destroyed in cooking, regular intake is needed to increase body stores. Contradictory findings were seen in Banner, Bradley and Clinthorne (2024) study, on assessing three LCD diets, consisting of various levels of carbohydrate, 20g, 40g and 100g, thiamine levels met the recommended intake. Banner and fellow researchers propose that a LCD diet can be followed and can still deliver all recommended reference nutrient intakes. Participants were given well-constructed meal plans, designed by a nutritionist, the study was also short-term, and no blood-biomarkers were taken.  As the LCD diet and vitamin absorption is based on an individual level (Bilezikian et al., 2021), several limitations occur to allow findings to be suggested on a population level. 
Due to a decrease in carbohydrates resulting in an increase in other macronutrients, a LCD has shown to be high in saturated fatty acids, findings from Hooper et al. (2020) review study suggest that a diet high in saturated fat increases the risks of atherosclerosis, decreased intake was shown to reduce cardiovascular events by 17%, increasing plant-based carbohydrates are recommended as favourable strategies to improve cardiovascular health. 
Intervention of a LCD, for three weeks resulted in a 44% increase in mean plasma LDL-C in young healthy adults, showing metabolic stress caused by low-carbohydrate high-fat diet dysregulated LDL-C levels, although large differences did occur between individuals (Retterstøl et al., 2018). 
Additionally, Wachsmuth et al. (2022) study revealed that total cholesterol and LDL increased when following a LCD, adversely a high-carbohydrate diet low in saturated fat decreased total and LDL cholesterol. Several challenges occur when understanding the safety of a LCD as most studies are short-term and do not reveal the source of the intake of other macronutrients, making it difficult to establish if long-term there are changes to cholesterol, increasing cardiovascular risks (Fields et al., 2018). 
The most up to date findings on a review by Naude et al. (2022) assess that for up to two years, LCD show very little if not no differences to cholesterol, no evaluation can take place past a 2-year period as there are no studies that have analysed for longer. 


The current literature on LCD, has provided significant insights into the latest existing evidence on the diet as a contributor to weight loss. It could be suggested that LCD potentially might contribute to weight-loss short term in some individuals, however many practical implications occur to provide accurate guidance, particularly in health-care settings for free-living individuals.  
Majority of the studies on LCD, are very small in sample size, with poor adherence to the study and the diet, very little is also known about the maintenance weight-loss with the diet, as there is limited follow-up. Adherence has shown to be greater in studies that have had dietetic support, arguably practically in non-study settings the lack of support will likely result in a further decrease in adherence. 
Another justification for poor adherence to the diet is that for humans the pleasure of eating comes from the palatability of carbohydrates, particularly when consumed with fat, it is likely that a LCD reduces the enjoyment of eating (Barber et al., 2021). 
Health care professionals need to be knowledgeable and aware that following a diet that is not enjoyable can induce de-motivation, reducing engagement to achieve and maintain a healthy body weight, looking at diet history and foods that the individual finds enjoyable needs to be considered (Barber et al., 2021). 
It is difficult to establish a true interpretation or an accurate comparison of findings due to the lack of standard definition or cut offs for LCD to VLCD, an assumption that all studies use the same cut offs cannot be made (Landry, Crimarco and Gardner, 2021). Many studies do not describe the types of carbohydrates or quality such as refined or unrefined, making it difficult to generalise findings for Public Health recommendations (Landry, Crimarco and Gardner, 2021).
The LCD comes with its safety issues, if the diet is not followed by professional guidance, then individuals are at risk of developing further issues such as constipation, which practically could have negative consequences on physical and mental health, as a result caution needs to be taken when advising it as a healthy weight loss diet for the population.   
The complexity of a LCD, and its effects on an individual level results in a lack of overall LCD standard advice that can be given, health care professionals need to be aware that lowering intake of carbohydrates has a cascading effect on other metabolic systems, and it cannot be assumed that carbohydrate changes in isolation can induce weight loss (Barber et al., 2021). 

A future focus is needed on larger-scale longitudinal studies, carried out prospectively to gain knowledge on the long-term effects of LCD on weight loss with clinical outcomes observed. Further research needs to be done to examine its effect in normal, real-life settings with no support such as dietary counselling. 
As a LCD is a specific diet that research suggests works on an individual basis, possibly focusing on healthy dietary patterns rather than specific macronutrients could aid in effective and sustainable weight-loss, such as the Mediterranean diet (Fernandez-Garcia et al., 2020).  Adherence to weight loss could be optimised if a LCD is modified to encourage and emphasise the quality of carbohydrates in the diet rather than quantity, increasing awareness of the overall benefit on a greater intake of plant-based carbohydrates and minimising refined carbohydrates. 
Focusing on a larger view of health, incorporating nutrition education with other lifestyle interventions such as physical activity could increase adherence to changes, focusing on changing individual’s perspectives on a whole lifestyle approach, could form fundamental elements for an overall healthy lifestyle (Barber et al., 2021). 

The argument on the use of a LCD for weight loss is complex, making it challenging to generalise the use of the diet as a weight loss strategy on a population level. Although, many studies have shown that weight loss occurs when in fact following such diet, weaknesses in the studies and limitations of the research, lead it to remain an active matter of debate.
It has demonstrated positive results in reducing visceral fat, which is of importance for decreasing the risks of further disease and its ability to regulate appetite, suppressing hunger and improve glycaemic control. Regardless of this, a lack of evidence supports these findings with the mechanism behind the carbohydrate intake, challenging the idea that it caused by LCD alone and not calorie restriction, water loss or the effects of the other macronutrients. 
Long-term sustainability is also challenged, issues with its adherence and weight-maintenance could potentially create fluctuations in dieting, adding to current issues of dieting instability. 
Additionally, with such limited research in its safety, and lack of definition and clarity, health care providers, public health organisations and the food industry product developers need to acknowledge this matter before promoting the diet. Further research is needed on LCDs, currently health care providers should focus on an individual approach to weight loss and nutrition, specifically focusing on dietary patterns and education. 
Promoting further lifestyle interventions such as physical activity, potentially limiting a smaller amount of refined carbohydrates and increasing plant-based carbohydrates, could sustainably improve individuals outlook on health, reducing the need to follow fad diets. 
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