
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

122,000 135M

TOP 1%154

4,800

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by IntechOpen

https://core.ac.uk/display/322437792?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Chapter 5

Low-Carbohydrate High-Fat (LCHF) Diet: Evidence of Its
Benefits

Parijat De and Sagnik Mukhopadhyay

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.73138

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

Benefits

Parijat De and Sagnik Mukhopadhyay

Additional information is available at the end of the chapter

Abstract

Current dietary recommendations state that there is insufficient evidence to prescribe 
an exact percentage of calories from carbohydrate, protein and fat for people with 
diabetes from the choice of a variety of popular diets currently available. Over the 
years, many a research has focused on the relative importance of the right propor-
tion of carbohydrates and fat combination in a balanced diabetic diet. Jury is still out 
regarding the relative merits and demerits of a diabetic diet – low carbohydrate, high 
fat or low fat, high carbohydrate diet. Evidence from various studies suggest that 
low carbohydrate diets improve cardiovascular (CVD) risk through lowering HbA1c 
levels, improving blood pressure and body weight. There is also a positive effect on 
lipid profile and reversal of non-alcoholic fatty liver disease (NAFLD). Whilst there 
are some significant metabolic benefits of LCHF diet, it is accepted that there needs to 
be more long-term studies before it can be used in daily clinical practice.This chapter 
focuses on basic physiology and metabolism of carbohydrate and fat content in normal 
and diabetic patients and a review of the literature on these two diet combinations 
with current thoughts and evidence on this core issue affecting insulin utilization and 
metabolic profile.

Keywords: carbohydrate, fat, diabetes, metabolic syndrome, insulin, insulin resistance, 
weight gain, lipids, NAFLD, cardiovascular disease

1. Introduction

Diet in diabetes has always been an area of much discussion. This is even more so now as 
there has been a lot of interest and research focusing on the relative contributions of carbo-

hydrate and fat in diabetic diet affecting the overall metabolic profile. An area of confusion 
in diabetes diet is carbohydrates—Should one eat carbohydrates and to what extent or avoid 
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them? Another area that has traditionally always been important, although poorly under-
stood, is the amount and type of fat that needs to be consumed; a lot of research is currently 
focussed on this matter.

It is currently unclear as to the exact percentage of calories that is required from carbohy-
drate, protein and fat in the diet for the diabetes patient—this should be based on metabolic 
needs and targets for the preferred individual. There are a variety of popular diets (low carb, 
intermittent fasting, low fat, ketogenic, mediterranean, vegetarian, DASH, very low calo-
rie, Adkins, 5:2 and commercial food points) for patients to choose from in order to make 
informed decisions about their diet.

Over the years, many researches have focused on the relative importance of the right pro-
portion of carbohydrates and fat combination in a balanced diabetic diet with some recent 
research challenging traditional viewpoint of the importance of one over the other. Jury is still 
out regarding the relative merits and demerits of a diabetic diet—low-carbohydrate high-fat 
or low-fat high-carbohydrate diet.

Low-carbohydrate high-fat (LCHF) diets are an upcoming although a debatable topic in 
current nutrition. Since the publication of Dr. Atkins’ Diet Revolution in 1972 [1], LCHF 
diets have divided the opinion of medical fraternity significantly. Some believe that these 
diets effectively treat type 2 diabetes mellitus (T2DM), obesity and metabolic syndrome 
[2, 3], while others consider them too non-conventional and in conflict with current glob-
ally accepted dietary guidelines that advocate low-fat high-carbohydrate (LFHC) diets to 
reduce the risk of cardiovascular disease [4, 5]. Given such conflicting opinions, the medi-
cal profession may be unsure how to advise on the right diet for the individual patient 
with diabetes.

This chapter focuses on the basic physiology and metabolism of carbohydrate and fat in 
patients with diabetes and reviews the literature on these two diet combinations with current 
thoughts and evidence on this core issue affecting insulin utilisation in the individual with 
diabetes.

The aim of this chapter is to provide current thinking and evidence behind LCHF diets and 
in the process and to provide clinicians with additional evidence to inform their clinical deci-
sion-making and understanding the potential benefits of these eating plans for at least some 
patients.

2. Glycaemic index (GI) and diabetes

Carbohydrates have a direct influence on blood sugar levels—diabetes diet therefore tends to 
focus either on carbohydrate portion size or the speed at which carbohydrates are absorbed 
by the body. Patients with diabetes are generally advised to follow a low GI diet rather than 
a low-carb diet.
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The glycaemic index [6] categorises food dependant on the rate at which the body breaks it 
down to form glucose. High GI foods (white bread, potatoes and biscuits) are those that are 
quickly broken down into glucose. Low GI foods (whole grain bread, milk, leafy vegetables) 
are typically those that are broken down more slowly by the body. A low glycaemic index diet 
is beneficial for people with diabetes in keeping their glycaemic control more stable since they 
are less likely to cause rapid surges in blood glucose levels compared to high GI foods. Low 
GI food keeps one more satisfied and makes one feel less hungry before the next meal. Other 
advantages of lower GI foods include a higher nutritional value, a varied diet and reduced 
immediate demand for insulin following eating.

3. Carbohydrate controlled diets

A carbohydrate controlled diet is a diet in which carbohydrate intake is either limited or set 
at a particular value, to help stabilise blood glucose levels in patients with diabetes. Examples 
of such diets are low-carbohydrate diets, Atkins diet, ketogenic diets, low-carb high-fat diet 
(LCHF), South beach diet and the Zone diet.

3.1. Fixed carbohydrate diet

This is a diet where intake of carbohydrate is pre-set, thereby offering less flexibility in terms 
of meals through the day. It is simple to follow and offer consistency and is especially useful 
for those on fixed-dose insulin regimens. People with type 1 diabetes do need to have compe-
tence in carbohydrate counting.

3.2. Restricted carbohydrate diets

Low-carbohydrate diets are a form of restricted carbohydrate diet. Restricted carbohydrate 
diets set a limit on how much carbohydrate can be consumed over the course of a day or for 
each meal. This can help reduce hunger and prevent wide swings in blood glucose levels 
responsible for causing hunger.

If carbohydrate and calorie intake is kept low enough, this form of dieting can not only help 
maintain good glucose control but also help promote regular ketosis and aid weight loss. It is 
important to maintain a healthy balance of nutrients including fruit and vegetables.

3.3. Low-carbohydrate diet

Many people with diabetes, both type 1 and type 2, are following a low-carb diet because of its 
benefits in improving diabetes control, weight loss, flexibility and simplicity. Carbohydrates, 
like proteins and fats, provide energy to help fuel the body. Carbohydrate is the nutrient 
which has the greatest effect on blood sugar levels and requires insulin to be produced by the 
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body. Lowering sugar levels reduces need for insulin and this can also help reduce insulin 
resistance and improve metabolic profile.

Insulin is also being the fat storage (anabolic) hormone in the body; thus, reducing insulin in 
the body with a low-carb diet can help with losing weight. People also generally reduce their 
calorie intake. This together with the satiating influence of fat helps with further weight loss. 
However, people on medications, such as insulin, sulphonylurea or glinides, should be care-
ful about hypoglycaemia.

Low-carbohydrate diets have been said to provide diabetes patients with more energy levels 
through the day. There is less craving for sugary and snack foods. As a result of lower glucose 
results and improved HbA1c, there is clearer thinking process and less ‘brain fog’. People 
have also found that low-carb diets can improve cholesterol and triglyceride levels.

There are various ways of following a low-carbohydrate diet—one will need to cut down 
on common foods like bread, pasta, rice, potatoes and sweet processed foods. There 
are a number of other ways to replace starchy foods—such as using swede or celeriac 
instead of potato and using cauliflower instead of rice. A healthy low-carb diet should 
also have a strong vegetable intake and moderate protein (unprocessed meat) and fat 
intake from natural sources (to provide a balance of monounsaturated, polyunsaturated 
and saturated fat).

In 2015, Diabetes UK launched the Low Carb Program [7], which has helped thousands of 
people with type 2 diabetes to improve their diabetes control and reduce their dependency 
on diabetes medication.

The counterargument against low-carb diets for people with diabetes is that there is not 
enough evidence to support the effectiveness and safety of low-carbohydrate diets in the 
medium to long term. However, more and more research and evidence seems to be favouring 
low-carb diets in general.

Diabetes UK has put together a position statement [8] to explain how low-carb diets might be 
used to help manage diabetes using the best level of evidence from systematic reviews, meta-
analyses and randomised controlled trials.

Diabetes UK suggests that low-carb diets can be safe and effective for people with type 2 
diabetes. They can help with weight loss and glucose management and reduce the risk of 
cardiovascular disease. So, they recommend a low-carb diet for some people with type 2 
diabetes. But there is no consistent evidence that a low-carb diet is any more effective than 
other approaches in the long term, so it shouldn’t be seen as the diet for everyone. Currently, 
there is no strong evidence to say that a low-carb diet is safe or effective for people with type 
1 diabetes. Because of this, Diabetes UK does not recommend low-carb diets to people with 
type 1 diabetes.

Evidence for low-carb diets in children reports adverse effects such as poor growth, a greater 
risk of cardiovascular disease and psychological problems. So, low-carb diets are not recom-

mended for children with diabetes.
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4. The controversy about high fat intake

Consuming fats have very little direct effect on blood glucose levels, and as a result does not 
lead to an increase in insulin levels. The principle of LCHF diet is to replace carbohydrate 
intake with fat, thus reducing insulin levels and increase the body’s ability to utilise its own 
fat stores for energy.

Metabolic syndrome is a conglomeration of three or more risk factors (elevated waist cir-

cumference, elevated triglycerides, low HDL-c, high blood pressure and elevated glucose). 
Metabolic syndrome is a condition of insulin resistance and can lead to obesity, type 2 diabe-

tes, fatty liver and many other conditions [9]. A LCHF dietary approach can be used to reduce 
insulin levels and therefore can also be an effective method for treating or preventing the 
metabolic syndrome [10].

With LCHF diets, there is an increased intake from fats and proteins, and concerns have been 
raised about the potential dangers of their increased intake. As has been shown a number 
of times in the past [11–15], a reduction in dietary carbohydrate intake does not necessarily 
cause a concomitant increase in total fat and protein intake. The absolute amounts of energy 
intake often remain very similar, as total energy intake decreases on LCHF diets (although 
proportional amounts of energy supplied from fat and protein increase). Nevertheless, it is 
this absolute or relative increase in fat intake that causes a lot of anxiety within the medical 
profession.

Current dietary guidelines do not define a specific limit in terms of fat intake [16, 17]. 
Moreover, a few articles in the lay and scientific literature suggest that the intake of total fat 
(mainly, saturated fats) may not need to be limited [2, 18, 19]. American Diabetes Association 
position statement for type 2 diabetes recommends that a total fat intake of 20–35% may be 
desirable for reducing the risk of obesity and suggests minimising carbohydrate intake, but it 
has refrained from specifying ideal amounts of macronutrients [16].

The diet heart hypothesis based largely on Ancel Keys’ original Seven Countries Study [20] 

suggested that saturated fat intake is the direct cause of coronary atherosclerosis. This theory 
is now being questioned as it is not supported by current evidence [21–31], which finds no 
association between saturated fat intake and all-cause mortality or progression of coronary 
atherosclerosis [32]. Instead, higher fat intakes have been associated with lower rates of isch-

aemic stroke in men [33] as evidenced by a continued decline in coronary mortality in the 
Japanese with high blood cholesterol levels [34] and high fat intake [35]. To the contrary, it 
has been shown that LCHF diets sometimes show significant improvements in coronary risk 
factors [36–39] and the fear of adverse effects from the increased (saturated) fat intake on this 
diet would appear to be groundless.

Benefits of replacing saturated fats with dietary polyunsaturated fats may not be as strong 
[40–44] and even harmful [44, 45]. Again, there is no evidence to suggest that the intake of 
moderate amounts of red meat has detrimental effects on conventional coronary risk factors 
[46, 47].
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5. Low-carbohydrate high-fat (LCHF) diet

Low-carb high-fat diets are gaining popularity in Europe, especially Scandinavia, having orig-
inated in Sweden. The LCHF diet has been popularised by Swedish GP Dr Annika Dahlqvist, 
who has been recommending a low-carb high-fat diet to her patients for some years now. As 
this was a somewhat revolutionary concept, she had her opposition. The story goes that she 
was investigated by the Swedish Health authorities for any wrong doing but investigations 
cleared her based on their findings that her methods were scientifically sound [48].

As the name suggests, the diet suggests eating high fat and low carbohydrate foods. The 
LCHF diet is different to the Atkins diet as there are no ‘stages’ to work through, so the diet 
can be followed indefinitely. People are encouraged to eat full fat versions of dairy food and 
fatty meats with fat on rather than removing it.

The diet, because of its low requirement for insulin, has been recognised by the Swedish govern-
ment as being suitable for people with type 2 diabetes and as helpful to individuals looking to 
lose weight or maintain a healthy weight. Lower carbohydrate consumption will invoke lower 
insulin release and thus lower storage of fat and rise in blood sugar levels [49, 50]. However, as 
the major contributors to hyperglycaemia in type 2 diabetes include a combination of insulin 
resistance and an inability of pancreatic β-cells to secrete enough insulin [51], it is important to 
clarify the impact of LCHFD on these important aspects of metabolic regulation.

Studies have shown that insulin-stimulated glucose uptake into muscle and adipose tissue is 
significantly improved by weight loss on a LCFD diet [52, 53]. LCHFD diet has not necessar-
ily been shown to result in weight reduction in animal studies, regardless of effects on body 
weight. To the contrary, it has been shown to cause an increased accumulation of lipids in the 
liver, which negatively affects insulin’s ability to reduce hepatic glucose production [54–56]. 
Thus, from animal studies at least, the proposed benefits versus potential negative effects 
of an LCHFD on blood glucose control are not very clear. Moreover, whether LCHFDs will 
prove beneficial for improving glucose control in type 2 diabetes in the longer term will also 
depend on their impact on glucose-induced insulin secretion.

It is still not very clear that very low carbohydrate intake improves metabolic profile in every 
diabetes patients, and we need further scientific evidence for this [2, 36]. Although LCHFDs 
have been shown to reduce post-meal glucose excursions but without any improvement in 
β-cell function or mass [49, 50, 57], high-dietary fat has been shown, in multiple animal stud-
ies, to cause impairments in the ability of insulin to reduce blood glucose resulting in glucose 
intolerance [58, 59]. Thus, these results from animal studies do not support the recommenda-
tion of an LCHFD for use in prediabetes; rather, interventions aimed specifically at reducing 
obesity and improving insulin sensitivity need to be pursued.

6. What foods are encouraged in LCHF diet plan?

Reduced carbohydrate diets are those that have carbohydrate intakes below the Dietary 
Guidelines for Americans (DGA) recommendations (of 45–65% of total energy intake). ‘Low’ 
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carbohydrate is defined as less than 130 g per day, whereas ‘very low’ carbohydrate is less 
than 50 g per day [60]. Although individual responses vary, ketosis usually occurs in people 
who restrict their carbohydrate intake to below 20–50 g/day with some degree of protein 
restriction (nutritional ketosis).

Contrary to what many people think, most LCHF diets are not high in protein. In fact, for 
every 100 g of protein consumed, 56 g of glucose can be produced [61]; thus, having too 
much can affect blood glucose and undermine the principle of LCHF. Protein can also directly 
stimulate insulin resistance. Moderate protein consumption, 2–3 portions per day, is therefore 
usually recommended. Protein can also increase satiety, i.e. it can help you to feel fuller.

When carbohydrate is restricted, it is important to increase the levels of fat consumed—a 
low carbohydrate AND low fat diet inevitably lead to hunger. Fat should be consumed to 
satiety. Healthy natural sources of fat include olive oil, butter, grass-fed meats, eggs and 
dairy products. There is no need to be afraid of fats, including saturated fats and cholesterol, 
though trans-fats and hydrogenated or partly hydrogenated vegetable oils (often found in 
junk foods) should be avoided!

A LCHF diet should also include a lot of green leafy vegetables, although consumption of 
starchy vegetables (such as potatoes and other root vegetables) and fruit should be limited 
due to their higher carbohydrate content.

According to the Banting diet eating plan [62], foods that can be consumed liberally on 
the LCHF diet include dairy like natural yoghurt, cheese, cream, butter, along with meat, 
fish, eggs, vegetables and olive oil. Foods that can be consumed in moderate amounts are 
bean and lentils, nuts, almonds and sunflower seeds, fruits (not dried fruit), chocolate with 
a high cocoa quantity (65–90%), sausages and moderate amounts of alcohol. Foods to be 
avoided are potato; rice; bread; flour and corn-based products; cereal-based products, such 
as pasta, pastry, biscuits and breakfast cereals; sweets and cakes; sugary drinks; margarines 
and omega-6 based oils such as corn, sunflower, safflower, soybean and peanut oil. More 
information about the LCHF diet can be found in the book, ‘Diabetes, No thanks’ [63]—
description of one man’s journey from his diagnosis of diabetes to controlling his diabetes 
with the diet alone.

7. Mechanisms for weight loss on the LCHF eating plan

Increased satiety, allowing a lower energy intake without hunger and a specific metabolic 
advantage have been proposed to explain how LCHF diets produce weight loss, despite an 
increased consumption of energy-dense ‘fatty’ foods.

A recent systematic review compared weight loss between participants on ‘LCHF diets’ and 
‘low fat balanced diets’ [64] but excluded all trials that were not isoenergetic. Although the 
original study did not find any differences in weight loss between the different diets, a reanal-
ysis [64] of the same data found a small but significantly great weight loss on the lower car-
bohydrate diet.
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Greater satiety on LCHF diets in persons responding to the diet may result from a number 
of mechanisms, including increased protein intake, which promotes satiety [65]; ketogenesis, 
which suppresses appetite [66] and fewer instances of rebound hypoglycaemia. 

Although still controversial, it has been suggested that LCHF diets may provide a 
metabolic ‘advantage’ favouring greater weight loss, despite the ingestion of an equal 
number of calories. This metabolic advantage could be related to thermogenic effects of 
protein intake, greater protein turnover for gluconeogenesis and loss of energy through 
excretion of ketones in sweat or urine [67, 68]. This state of increased lipolysis with 
reduced lipogenesis contributes to a metabolic milieu theoretically favouring fat loss. 
This effect is dependent on reduced blood insulin concentrations, uniquely produced 
by the LCHF diet.

8. LCHF diets in the management of T2DM

Any diet that reduces carbohydrate load and insulin concentrations will have a beneficial 
effect on diabetes. Therefore, LCHF diets are currently being discussed as a potential first-line 
treatment for T2DM [69, 70].

Three hundred and sixty-three patients, who were overweight and obese, were given either 
a ketogenic LCHF diet or a ‘low calorie, high nutritional value’ diet in a 6-month trial [71]. 
Those with T2DM (102 patients) had significantly lower HbA1c and fasting glucose levels and 
also lost more weight (−12.0% vs. −7.0%) with the LCHF diet.

Thirty-four prediabetic or T2DM patients were randomised to a calorie-restricted diet accord-

ing to American Diabetes Association (ADA) guidelines or a very LCHF diet in another 
3-month trial [72]. HbA1c did not alter in the ADA group, whereas in the very LCHF group, 
there was a significant reduction (6.6–6.0%) in HbA1c, decrease in the use of anti-diabetic 
medications and weight loss (−5.5 vs. −2.6 kg).

Westman et al. [73], in their 24-week trial comparing a very LCHF diet with a low GI diet, 
similarly showed greater decreases in HbA1c (−1.5% vs. −0.5%, p = 0.03) with the very LCHF 
diet, despite more patients reducing or stopping their diabetes medications.

In another study, 115 obese adults with T2DM were randomised to either LCHF or LFHC diet 
for 1 year [74]. Both diets showed significant weight loss and HbA1c reduction. LCHF diet, 
however, resulted in better blood glucose stability, greater reductions in diabetes medication 
requirements and significant improvements in all aspects of lipid concentrations.

Although it could be assumed that all the above positive metabolic changes with an LCHF 
diet is attributable to its associated weight loss, it is also well established that carbohydrate 
restriction in diabetes patients per se improves glycaemic control even in the absence of 
weight loss [75, 76].

Diabetes Food Plan78



9. LCHF diets and cardiovascular risk factors

An understandable concern with any increased dietary fat intake on the LCHF diet is the 
increased risk of future cardiovascular disease. This is largely based on the Ancel Keys’ original 
seven countries study [20], which led to the development of traditional LFHC dietary guidance. 
However, there is good evidence emerging now that LCHF diets significantly alter cardiovas-
cular risk more so than LFHC diets, especially in those with T2DM and metabolic syndrome.

Many RCTs show that LCHF diets lower blood triglyceride [77] and blood apoprotein B 
concentrations significantly more than do LFHC diets [3, 78–81]. Furthermore, no other diet 
increases HDL-C concentrations as effectively as do LCHF diets, which outperform LFHC [79, 
82, 83] low glycaemic index [84] and many other diets.

Tay et al. [79] compared a very LCHF with an LFHC diet over a 1-year period—despite simi-
lar weight loss, there was significantly more lowering of blood TG concentrations (−0.58 vs. 
−0.22 mmol/L) and greater increase in HDL-C concentrations (+0.30 vs. +0.07 mmol/L) with 
the LCHF diet. This has huge connotations for reducing coronary artery disease and would 
be especially beneficial for those with insulin resistance.

A contentious issue regarding the LCHF diet is the variable LDL-C response to the increase in 
dietary fat intake. Some trials show a decrease or non-significant change in LDL-C concentrations 
[38, 85], whereas others report a more marked increase in LDL-C levels [86]. Tay et al. [79], in their 
study, have demonstrated that both LDL-C (+0.6 vs. +0.1 mmol/L) and total cholesterol (+0.7 vs. 
+0.1 mmol/L) concentrations increased significantly more in those following the LCHF diet.

Many other systematic reviews [87] and trials [88] have confirmed similar positive effects on 
overall lipid profile. However, one needs to remember that LDL-C concentrations predicted 
by the Friedewald equation becoming increasingly inaccurate at low blood TG concentrations 
[89] as seen with the LCHF diet. It has been shown that LCHF diets consistently reduce the 
proportion of small, dense LDL particles while increasing the number of large, buoyant LDL 
particles [3, 81, 85, 90–92].

Additionally, LCHF diets have been associated with improvements in flow-mediated arterio-
lar dilation [80], decreased inflammatory biomarkers [14], lower systolic and diastolic blood 
pressures [3], improved glycaemic control with reduced HbA1c, plasma glucose and insulin 
concentrations [87] and preferential reduction in visceral and liver fat—changes in these sur-
rogate markers would be expected to reduce cardiovascular risk significantly [3, 93].

10. LCHF and non-alcoholic fatty liver disease (NAFLD)

Non-alcoholic fatty liver disease (NAFLD) is characterised by elevated TG and low HDL-C 
concentrations with overproduction of VLDL and impaired clearance of TG-rich lipoproteins 
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[94, 95]. It is also recognised that cardiovascular disease is the leading cause of death in NAFLD 
[96]. It has been shown that NAFLD with insulin resistance is the cause of atherosclerotic dis-
ease characterised by many of these features [97]. Since NAFLD is caused by excessive car-
bohydrate, especially fructose intake [98–100], it is postulated that a carbohydrate-restricted 
LCHF diet can reverse NAFLD.

Thus, LCHF diet is likely to benefit patients with high TG to HDL-C ratios and NAFLD, all 
of which are common in the insulin-resistant individual. A recent lifestyle intervention trial 
reduced the prevalence of metabolic syndrome from 58 to 19% among obese and overweight 
patients treated with LCHF for 3–8 months, showing how quickly carbohydrate restriction 
can improve health in those with metabolic syndrome [37].

11. What are the drawbacks of LCHF diet?

As with any dietary approach, there are some caveats to following a LCHF approach. The 
concept of LCHF is relatively new and not everyone is fully familiar with it. The following are 
some of the common concerns.

11.1. Hunger

Some people experience increased hunger on a LCHF diet. However, if they eat fat to true 
fullness, hunger should not be an issue. Lowering insulin levels and reducing insulin resis-
tance can reduce hunger, and also protein and high-fibre green leafy vegetables can reduce 
this sense of hunger [101].

11.2. Lack of variety

It is assumed that eating the same thing all the time following a LCHF diet will reduce variety 
and enjoyment. This can be circumvented as there are a wide variety of meals and foods in 
the LCHF diet to choose from.

11.3. Nutritional deficiencies

It has also been suggested that following a LCHF approach can lead to deficiencies of certain 
vitamins and minerals. However, there is no evidence of this from trials [60]. An LCHF diet 
based on meat, seeds/nuts and dairy should provide a diet rich in all the essential nutrients. An 
online survey found that most people using LCHF diet substituted carbohydrates like bread, rice 
and pasta with green leafy vegetables, thus reducing likelihood of nutritional deficiencies [102].

11.4. ‘Low carb flu’: headache, fatigue and muscle cramping

These are potential side effects of LCHF diets at the start of dieting. This is simply because 
the body is used to using glucose as a primary fuel source and needs some time to adapt to 
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using fats. However, these symptoms may be especially prevalent only in the period of adap-
tation to the diet, after which most subside. Some suggest additional sodium (especially for 
cramping) and fluid intake to minimise side effects, since excretion of water and sodium are 
increased on these diets as a result of reduction in insulin levels with LCHF diet [103].

11.5. Weight loss on LCHF diets is due to increased water loss

Some have suggested that weight loss on LCHF diets is the result mainly of water loss. This 
increased diuresis may be true in the first weeks of carbohydrate restriction [104]. However, 
body composition by DEXA analysis indicates that long-term weight loss on the LCHF diet is 
predominantly the result of the loss of fat mass with some loss of fat-free mass [3].

11.6. Sustainability

Trials show that adherence to LCHF and LFHC diets are similar [13, 72, 105]. On the other 
hand, a recent systematic review found a higher attrition rate from LFHC than from LCHF 
diets [106]. Therefore, sticking to a LCHF diet is perhaps as convenient as any other dietary 
plan and thus may be more sustainable as it tends to reduce hunger without need for specific 
calorie restriction. In fact, studies of long-term adherence of up to a year [38, 39] on the LCHF 
have not identified any evidence of harm.

12. Summary

From the current evidence and above reviews of lower carbohydrate diets, it can be pos-
tulated that LCHF diets reduce insulin resistance, improves glycaemic regulation and has 
positive effects on reducing cardiovascular risk factors, including reducing serum triglycer-
ide, increasing HDL cholesterol, increasing LDL particle size and reducing blood pressure. 
A substantial proportion of individuals have also been shown to discontinue one or more 
diabetes medication.

Low-carbohydrate high-fat (LCHF) diet has been shown to be as effective as other diets for 
weight reduction, through increased satiety and reduction in calorie intake. LCHF diet also 
helps improve glycaemic control in type 2 diabetes mellitus and in otherwise healthy patients 
with insulin resistance.

Some of the benefits of the LCHF diet results from the often large weight loss typically pro-
duced by this diet. Therefore, at least some of the beneficial changes from LCHF diet would also 
be experienced by patients prepared to adhere to any calorie-restricted diet. LCHF diets control 
energy balance through increased satiety and reduced ad libitum energy intake while encour-
aging the ingestion of a nutrient-dense diet by replacing refined foods with natural foods.

LCHF diets have beneficial effects on cardiovascular risk factors through their effect on blood 
lipid concentrations. They decrease triglycerides, apoprotein B and saturated fat levels in 
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blood, together with reduction in small dense LDL particles and increase in HDL-C concen-
trations. Their effect on LDL-C concentration seems to be variable.

LCHF diet, thus far, has proven to be a safe and efficacious strategy for weight loss 
and improved health outcomes especially for those with metabolic syndrome and 
NAFLD. Thus, LCHF diets may be the ideal choice for patients who have struggled to 
lose weight on traditional diets, especially T2DM with or without cardiovascular risk 
factors. A life-long completely carbohydrate-free diet is unlikely to be achievable but 
a LCHF, through reducing post-meal glucose excursions, could potentially have some 
benefit for improving glucose control in diabetes. However, from animal models, it 
has been shown that there are no longer term benefits for β-cell function or glucose 
metabolism.

Notably, most diets are effective at inducing at least short-term weight loss, usually followed 
by some weight regain as adherence diminishes. However, it can be argued that LCHF diets 
perform at least as well as do any other dietary approaches. In practice, beneficial responses 
to any diet is entirely dependent on the degree of patients’ adherence, so a LCHF diet is only 
likely to benefit patients motivated to comply.

A growing understanding that obesity/hypertension/T2DM/non-alcoholic fatty liver disease/
atherogenic dyslipidaemia and metabolic syndrome may all be substantially influenced by a 
high-carbohydrate diet, acting on a single metabolic state, insulin resistance—could revolu-
tionise the dietary management of these conditions over the next few years. It can therefore 
be argued that the LCHF eating plan should form an integral part of medical management for 
all these conditions.

LCHF diet may not be an answer for everyone as every individual metabolic profile is 
different. However, it may present a sensible dietary option for weight loss and health 
improvement in certain group of patients. Despite its numerous benefits, individual 
LDL-C responses need to be monitored and continued emphasis should be placed on 
nutrient-rich choices, avoiding ultra-processed foods. We need more well-designed 
comparative studies to confirm whether the metabolic changes from LCHF diet will be 
sustained long term.
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