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Abstract

Over the past few decades, there has been a major increase in type 2 diabetes (T2D) prevalence, a long-
term medical condition in which your body doesn't use insulin properly in most regions of the world. After
adjusting for the impact of aging populations, diabetes prevalence in adults (85-95% T2D) almost doubled
between 1980 and 2020 worldwide. Increases were more pronounced in low- and middle-income countries
and in men compared to women. The aim of this study is to evaluate the performance of a very low-calories
ketogenic diet (VLCKD) as an effective nutritional approach for both TD2 and obesity. A ketogenic diet (KD)
positively affects blood glucose levels, body weight, glycosylated hemoglobin, neurological disorders, and
plasma lipid profiles. We combined ClinicalTrials.gov data and data from PubMed from 2020 to 2022. Only
published papers that met the requirements of reporting clinical trials investigating an adult sample of T2D
obese patients were included. The review shows the beneficial therapeutic value of a VLCKD in the
management of T2D and long-term obesity and its capacity to help achieve disease remission. Evidence
from the literature underlines the need to redefine guidelines to offer a dietary and low-carb option to
combat insulin resistance (IR) and related diseases.
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Introduction

Lifestyle modification, with a focus on healthy eating, weight control, and regular physical activity, is
increasingly considered essential for maintaining good health in adults and children and preventing
metabolic diseases When recommending healthy food choices, a ketogenic diet (KD) has been shown to be a

© The Author(s) 2024. This is an Open Access article licensed under a Creative Commons Attribution 4.0 International
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution
and reproduction in any medium or format, for any purpose, even commercially, as long as you give appropriate credit to the

original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.

Explor Foods Foodomics. 2024;2:313-25 | https://doi.org/10.37349/eff.2024.00039 Page 313


https://orcid.org/0000-0001-7971-4660
https://orcid.org/0000-0003-0718-5450
https://orcid.org/0009-0009-5315-3055
mailto:lemassonpaola@gmail.com
mailto:maria.delia01@unipa.it
https://doi.org/10.37349/eff.2024.00039
https://www.clinicaltrials.gov/
http://crossmark.crossref.org/dialog/?doi=10.37349/eff.2024.00039&domain=pdf&date_stamp=2024-07-17

good alternative to a western diet mainly as a therapeutic option in the treatment of obesity, type 2
diabetes (T2D) and other morbid conditions, with good results in terms of weight loss and control of the
main metabolic parameters, at least in the short and medium term [1].

Diabetic patients show abnormalities in their lipid profile. In the diabetic patient, there is an increase in
the level of both the low-density lipoprotein (LDL) fraction of cholesterol and very LDL (VLDL), with a
simultaneous capacity of the high-density lipoprotein (HDL) level. These alterations in the lipid profile
contribute to cardiovascular risk [2, 3]. Hyperglycemia and an abnormal lipid profile cause glycation,
oxidation, hydroxylation, and methylation, leading to chronic inflammation.

Protein glycation is the primary cause of diabetes complications. Glycated hemoglobin, or HbAlc, is an
essential measure of glycemic control, and dietary carbohydrate restriction improves HbA1c significantly
[4, 5].

The main requirement for optimal diabetes management remains glycemic control along with
moderate weight control. In this context, it has been found that dietary carbohydrate restriction utilizing a
KD is very successful in lowering body weight and enhancing T2D. As a result, the goal of this review paper
is to learn about the present state of information regarding the advantages and potential hazards of
employing low-calories ketogenic diets (LCKDs) in the treatment of T2D [6].

Previous meta-analyses have shown the positive impact of a very LCKD (VLCKD) on weight loss in
obese patients [7, 8], as well as in experimental studies [9]. Nevertheless, there is still little evidence of the
use of a VLCKD as an important and secure method for the long-term treatment of the disease known as
T2D. Some studies have shown that lifestyle changes and a weight reduction program using VLCKDs led to
better results than a traditional low-calories diet (LCD) [10]. The first phase of insulin secretion has been
shown to recover with the use of a VLCKD, which led to a considerable decrease in the demand for
hypoglycemic medications such as insulin [11]. The use of VLCKDs has recently been recognized by the
American Diabetes Association (ADA) as a legitimate treatment approach for the care of individuals with
T2D and obesity [12].

LCKDs

In the clinical field, the first documented use of a KD to treat specific pathologies dates back to the 1920s,
when Wilder et al. [13] used it to control seizures in pediatric patients with forms of epilepsy that were not
treatable with the drugs available at that time. Such use returned to the fore in the 1990s and has become
increasingly widespread [14].

In the 1960s and 1970s, with the overweight and obesity pandemic, there were numerous studies on
the use of LCDs, which could lead to a rapid and significant reduction in body weight without affecting lean
mass. Thereafter, different protocols of protein sparing modified fast (PSMF) were proposed. These were
diets characterized by a reduced calorie intake with an almost total absence of carbohydrates and a tailored
intake of proteins aimed at minimizing the loss of muscle mass [15].

In recent years, there has been a renewed interest in this dietary model, with the proposal of promising
protocols regarding its use not only for the treatment of epilepsy and obesity but also for other pathologies,
such as certain types of cancer, some neurological diseases—namely Alzheimer’s and Parkinson’s
disease—various forms of headache, diabetes, and metabolic syndrome [16-18].

A KD primarily consists of high-fat, moderate-protein, and very low-carbohydrate content. The dietary
macronutrients are provided approximately as follows: 55% to 60% fats, 30% to 35% proteins, and 5% to
10% carbohydrates [19].

Most of the energy used by bodily tissues is produced from carbohydrates. The body enters a catabolic
condition and insulin secretion is dramatically lowered when the body is depleted of carbs when carbs are
consumed in an amount less than 50 g/day. The body is forced to undergo several metabolic changes when
glycogen reserves are depleted. When the availability of carbohydrates in the tissues of the body is low, two
metabolic processes come into play: ketogenesis and gluconeogenesis [20, 21].
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The endogenous synthesis of glucose by the body, mainly in the liver from the amino acids glutamine
and alanine, lactic acid, and glycerol is known as gluconeogenesis. Ketogenesis begins producing ketone
bodies (KBs) as an alternative energy source when the availability of glucose further decreases and
endogenous glucose synthesis is unable to meet the body’s needs. The process starts with fatty acid being
broken down in the liver to generate acetyl-CoA and ATP [22], and acetyl-CoA is converted to KBs.
Following the enzymatic metabolism of thiolase, HMG-CoA synthase, and HMG-CoA lyase, KBs are
synthesized in the liver and released into the bloodstream [23]. However, the lack of succinyl CoA:3-
oxaloacid CoA transferase (SCOT) in the liver and red blood cells prevents the utilization of KBs as energy
sources and prevents the cleavage of KBs before they reach other tissues and organs [23]. Due to low blood
glucose feedback during ketogenesis, the stimulus for insulin production is likewise low, which significantly
diminishes the stimulus for storing fat and glucose. The increased breakdown of lipids into fatty acids may
be influenced by other hormonal changes. Acetoacetate, which is produced during the metabolism of fatty
acids, is then changed into acetone and B-hydroxybutyrate. These are the fundamental KBs that develop in
the body throughout the course of a KD. Nutritional ketosis is the term given to this metabolic state. The
body’s metabolism will continue to be in ketosis as long as it is deprived of carbs. Given that KBs are
synthesized in small amounts without causing significant changes to blood pH, the nutritional ketosis state
is regarded as relatively safe. It varies significantly from ketoacidosis, a disease that can be fatal in which
the production of KBs occurs in excessively high concentrations, changing the pH of the blood to an acidotic
state.

KBs are small water-soluble molecules that are freed into the circulation and can be used to produce
energy in most tissues. Ketones are able to pass the blood brain barrier without difficulty and are essential
fuel for the cells of the nervous system when glucose availability is reduced. At the tissue level, the KBs are
further converted into acetyl-CoA and utilized as substrates in the Krebs cycle, a fundamental metabolic
cycle used by cells to produce energy in the presence of oxygen.

When the availability of carbohydrates is reduced, as occurs during a KD, hepatic glycogen stores are
depleted, and the body begins to break down both dietary triacylglycerides and triacylglycerides contained
in adipose cells through the process of lipolysis as the final stage, and monoacylglycerol lipase hydrolyzes
the final fatty acid to generate glycerol and a net total of three fatty acids. Herein, fatty acids are used for
energy production through a process called beta-oxidation that results in a strong accumulation of acetyl-
CoA, whereas glycerol can be involved in the gluconeogenesis process by contributing to overall glucose
production in the liver.

When acetyl-CoA is present in large quantities it is used for the synthesis of KBs:

(A) Acetoacetic acid is the direct product of the processes that take place in the liver. It can be
converted into the other two compounds.

(B) Acetone is produced by the decarboxylation of acetoacetate, and it can be converted to pyruvate,
or lactate to produce energy, or it can be excreted through the urine or, being very volatile through
the breath. It is responsible for the fruity odor typical of people in ketosis.

(C) B-hydroxybutyric acid, formed by decarboxylation of acetoacetate, is the most abundant of the
three [24].

The muscle tissues, kidneys, and heart can all readily use KBs that are produced in the body to provide
energy. KBs can also pass the blood-brain barrier, providing the brain with a new source of energy. RBCs
lack mitochondria and hepatocytes have very little SCOT which is necessary for ketolysis. This allows KBs
to be produced in the hepatocytes and consumed in the mitochondria of extrahepatic tissue.

A variety of factors impact the formation of KBs, including the percentage of body fat, resting basal
metabolic rate (BMR), and body mass index (BMI). When compared to glucose, KBs synthesize more
adenosine triphosphate (100 g of glucose yields 8.7 g of ATP); 100 g of B-hydroxybutyrate produces 10.5 g
of ATP. Ketosis therefore allows the body to draw on the large amount of available energy stored in fats as
opposed to the low amount of energy stored in glycogen. The production of KBs, a water-soluble alternative
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to glucose obtained from fat and utilized by the brain, allows the body to continue producing fuel in the
absence of a food source of energy, even when there is a caloric shortage. Additionally, KBs improve
antioxidant capacity and reduce free radical damage [25].

Results

A search of the PubMed database was carried out, spanning literature published from 2020 to 2022. Only
published papers that met the requirements of reporting clinical trials investigating an adult sample of T2D
patients were included. The keywords of the search were “T2D”, “Obesity”, “Very low-calories ketogenic
diet”, and “HbA1c”".

The literature search yielded two studies: one randomized clinical trial [20] and one retrospective
observational study [21]. The characteristics of the included studies are presented in Table 1.

Table 1. Summary of included studies

Study ID Design/sample Intervention Findings Conclusion

Lietal. A 12-week For the KD group: For the two groups, the BMI, TG, In patients with T2D who are

[20] randomized clinical  carbohydrate 30-50 g,  waist, weight, HbA1c, FINS, TC, obese or overweight, a KD can
trial protein 60 g, fat 130 g, FBG, HDL, and LDL were control not only weight but blood

and total calories 1500 + reduced following the intervention lipids and glucose levels as well

Sample: 80 @ ee S0Kcal (P < 0.05). Blood glucose, blood
f 9 . lipid, and body mass drop rates in
patients newly For the control group:

the KD group were substantially

diagnosed with T2D carbohydrate 250-280 g, greater than in the control group

protein 60 g, fat 20 g,

KD:n =30 total calories 1500 + 50 (<009
Control group: n = 30 kcal

Moriconi A 12-month 15 Subjects received a  Significant weight loss was The research confirmed that a

et al. [21] retrospective VLCKD diet, and 15 observed in the VLCKD group at VLCKD is an effective and safe
observational study received an LCD diet, 3 (8.5% from baseline, P = 0.000) tool in the management of T2D
Sample: thirty with the same follow-up  and 12 months (11.5% from and obesity. VLCKDs can result in

atients. with obesit and assessments for the baseline, P = 0.000), while there a decrease, or even suspension,
P d T2D d Y duration of the was no significant change in of pharmacological therapy,
?Jgtween,%ge investigation in both weight in the LCD group (P = potentially causing remission of
years  groups 0.706atT1,P=0.623atT2) the disease

and 75 years
Lo In the VLCKD group, there was a
VLCKD: n =15 significant decrease in HbA1c at
LCD:n=15 both time points, while in the LCD
group, minor and statistically
insignificant changes were
observed

T2D: type 2 diabetes; TG: triglycerides; FINS: fasting insulin; TC: total cholesterol; FBG: fasting blood glucose; VLCKD: very low
carbohydrate ketogenic diet; LCD: low-calories diet; BMI: body mass index; KD: ketogenic diet; HDL: high-density lipoprotein;
LDL: low-density lipoprotein

Findings after pooling the reviewed publications [10-13] demonstrated a substantial decrease in BMI,
weight, HbA1lc percentage, and fasting blood glucose (FBG). The findings of lipid analysis demonstrated a
decrease in cholesterol and triglycerides (TG).

In 2022, 60 obese diabetes patients participated in a 12-week randomized clinical study carried out by
Li et al. [20]. The participants were randomly divided into two sections, each with 30 cases: the KD section,
which received the KD, and the control section, which received the standard diabetic diet. Body weight,
blood lipids, blood glucose, uric acid, and insulin levels were measured prior to and following the
intervention along with the observation of relevant significant changes over the 12-week duration of each
dietary pattern.

Following the intervention (P < 0.05), LDL-cholesterol (LDL-C), BMI, weight, waist circumference,
fasting insulin (FINS), HbAlc, TG, HDL cholesterol (HDL-C), total cholesterol (TC), and FBG all showed a
decrease in the two groups, with a more significant rate of decrease in the KD group than in the control
group. Uric acid (serum uric acid), however, revealed an increasing trend in the KD group, whereas it did
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not change significantly (P > 0.05) in the control group. The long-term willingness to follow the KD was
lower than for the routine diabetes diet.

In 2022, Moriconi et al. [21] conducted a 12-month retrospective observational study on 30 obese
diabetic patients in the Diabetes Unit of the Division of Endocrinology of Rome. Fifteen patients received a
VLCKD, while 15 patients received an LCD, and both groups were subjected to identical evaluations and
follow-ups over the duration of the study [21].

After 3 and 12 months, significant weight reduction was seen in the VLCKD group, but in the LCD
group, no significant weight change was noted. Anthropometric measurements [waist circumference (WC),
hip circumference (HC), and BMI] were considerably lower in the VLCKD group, whereas these parameters
remained substantially unaltered in the LCD group. Overall cholesterol declined in the VLCKD group at all
follow-ups, whereas the lipid profile in the LCD group remained mostly unaltered. HbA1lc was substantially
reduced in the VLCKD group at both times, while minor and statistically insignificant effects and changes
were reported in the LCD group.

In the VLCKD group, anti-diabetic medications were reduced or completely stopped. Nearly 50% of the
participants in the LCD group required more anti-diabetic drugs, indicating a clear link between failing to
follow a food plan and needing more pharmacological therapy.

A review of meta-analyses and clinical trials by Dynka et al. [26] paid particular attention to the effect
of a KD on the prophylaxis and treatment of diabetes mellitus and showed a beneficial effect of the
ketogenic nutritional model on HbA1c, glucose, insulin, and other metabolic values in diabetic patients. The
impact of the KD on the pharmacotherapy of T1D and T2D was shown and contrasted with the standard
recommended nutritional management plan for this disease [26].

Impact of a KD on the pharmacotherapy of T1D and T2D

It was demonstrated in several scientific studies that: a KD can decrease insulin requirements in patients
with T1D using insulin pumps [27]; patients using treatment with sodium-glucose cotransporter 2
inhibitors should discontinue them before starting a KD because of the increased risk of developing diabetic
ketoacidosis [28]; those receiving treatment with glucagon-like 1 peptide receptor agonists in the course of
a KD should be closely supervised, and their administration may have to be discontinued because of an
increased risk of hypoglycemic episodes and diabetic ketoacidosis [29]. In the case of metformin, no
evidence of generic contraindications has been shown [30]. In the ketogenic nutritional model, it is,
therefore, possible to suspend or reduce pharmacotherapy and the possibility of disease remission has also
been suggested, therefore a KD in patients with T2D appears to be a promising strategy that can be used to
improve blood glucose control. Continuous status follow-up of these patients’ health remains important.

Impact of a KD on the course of T1D

There exists a major gap in the research literature on the impact of a KD on diabetes; studies on the topic
are scarce often because of concerns regarding ketoacidosis in diabetic patients. Frequently, the
physiological condition of nutritional ketosis is regarded as a risk factor for ketoacidosis, which can develop
as the result of T1D complications. These two notions should be clearly distinguished. Ketoacidosis is the
simultaneous occurrence of very high serum concentrations of KBs (15-25 mmol/L) and glucose (250
mg/dL and higher), which leads to a dangerous decrease in blood pH value to a level below 7.3. The
physiological condition of nutritional ketosis is characterized by a low value within the normal range
(70-99 mg/dL) of glucose concentration and a slight concentration (compared with ketoacidosis) of KBs
(usually within the range of 0.5-3 mmol/L) and causes no reduction in blood pH value. In the case of either
healthy patients or those with T2D, concerns about developing ketoacidosis following the adoption of a KD
are without scientific basis.

In T1D, the autoimmune process combined with the breakdown of pancreatic beta cells can be related
to disorders of intestinal homeostasis that may result from a decrease in the number of lactate- and
butyrate-producing intestinal bacteria [31]. A KD results in an increase in $-hydroxybutyrate, which has a
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defensive role in the autoimmunization process of pancreatic cells and inhibits inflammatory states by
decreasing the number of proinflammatory intestinal Th17 cells [32]. The efficacy of a KD was also shown
in an almost four-year-old child with myoclonic-astatic epilepsy and T1D, and no major episodes of
hypoglycemia or ketoacidosis were noted [33]. Other cases of children with T1D on a KD reported
improvements in the glucose profile. Potential risks indicated by the application of this nutritional scheme
in children with T1D are increased TC levels, which, however, based on present knowledge, are of negligible
significance inside this range, and recurrent episodes of hypoglycemia, which may be a real problem. Some
authors report unmet requirements for calcium, magnesium, and phosphorus in children, which, however,
are not attributable to the KD per se, but to an inadequate KD [34]. The outcomes of studies on the
treatment of T1D with a KD in adults are promising, and among the shown benefits we find a significant
decrease in hypoglycemic episodes, HbAlc levels, and postprandial insulin requirements [35]. Total and
HDL-C concentration levels did not change significantly, while TG concentration decreased [36]. These
results were derived by following an LCD without knowing whether this amount was sufficient to induce
ketosis since the level of KBs was not monitored. As a result of the studies conducted, the authors
concluded that a properly conducted KD influences blood glucose control in T1D, with a low rate of adverse
events in both adults and children.

Impact of a KD on the prevention and treatment of T2D

Based on the studies provided, the most important aspect is the significant effect of a KD on glycemic values
in diabetic subjects. The meta-analyses and systematic reviews considered report the effectiveness of a KD
in improving glycemic parameters, body mass, and lipid profiles, a reduction in waist circumference,
glucose concentration, HbAlc and TC, LDL fraction, and TG levels, and an improvement in HDL-C levels.
Better glycemic control and the positive effect of a KD on insulin sensitivity in T2D, as well as a decrease in
the intake of antidiabetic drugs, have also been previously reported. The authors suggested that the diet can
be recommended for T2D [37, 38].

Insulin resistance (IR) has a major role in the pathogenesis of many diseases, such as T2D,
cardiovascular disease, nonalcoholic fatty liver disease, obesity, and neurodegenerative diseases [39]. The
mechanism of IR is not only associated with an alteration of the insulin signaling pathway, but also involves
disruption of multiple metabolic pathways involving carbohydrates, amino acids, lipids, KBs, and even bile
acids. Metabolites of these metabolic pathways can affect insulin sensitivity directly and indirectly.

Several factors associated with lifestyle and diet contribute to IR and a specific condition in which
exposure to a given amount of insulin, which is structurally and functionally normal, induces an abnormal
biological response that is lower than expected. It is closely related to visceral obesity, in which there is an
increased portal flux of free fatty acids that interfere with the hepatic degradation of insulin, inducing a
condition of hyperinsulinemia that, in turn, contributes to the central localization of adipose tissue.
Moreover, hyperinsulinemia leads to a reduction in the surface density of insulin receptors as well as a
decrease in their binding affinity for insulin, with the development of a condition known as IR. It is also
noteworthy that insulin receptors are decreased in muscle cells, but are increased in fat cells.

This explains the cause of hyperglycemia and lipid synthesis: glucose finds it difficult to enter muscle
cells because the density of insulin receptors and the number of glucose transporter-4 (Glut-4) are reduced,
while the opposite occurs in the adipose tissue since the insulin receptors maintain their functionality: the
number of Glut-4 is increased and, entering the adipose cell, they activate lipid synthesis. All this occurs in
the visceral insulin-dependent adipose tissue, with a consequent increase of fat mass in the abdominal area.

In addition, insulin, by inhibiting lipase activity, decreases the breakdown of fat, leading to difficulty in
losing weight if we do not use dietary therapies that drastically reduce insulin levels. Cells need glucose in
order to function; in the presence of IR, the body tries to re-balance the system by producing greater
amounts of insulin to compensate for the decreased glucose entry into cells. To make things worse, IR is
also responsible for a further increase in insulin secretion, with progressive exhaustion of pancreatic
secretion and consequent progression to overt diabetes.
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A KD is a low-carbohydrate/high-fat and moderately protein diet. When the carbohydrate diet is
limited, insulin secretion is reduced significantly, the gluconeogenesis pathway is activated to provide
glucose needed for energy from non-carbohydrate sources, mainly lactic acid and glycerol, but glucose
derived from gluconeogenesis is not enough to meet the body’s demand, and the major source of energy is
switched to fat intake through hepatic catabolism of fatty acids and KD produced by the liver, which can
cross the blood-brain barrier to contribute energy to the central nervous system [40].

By decreasing the glycemic response created by carbohydrates and improving IR, a KD can improve
both insulin-dependent diabetes mellitus (IDDM)/T1D and T2D. At the moment, the literature has little
available evidence of the effects of KDs on T1D, however, some trials have shown that patients with T1D
could also benefit from a KD [26]; they reported better glucose control with a near-normal HbA1C level
(5.3-5.7%), a lower rate of major adverse effects, but many patients also reported frequent episodes of
hypoglycemia, suggesting that attentive blood glucose monitoring in these patients is essential.

Discussion
Benefits of a KD in T2D patients

These investigations have demonstrated the advantages of a KD for T2D patients, including weight
reduction, a reduction in HbA1C, and an improvement in the blood lipid profile.

Weight loss

Being overweight is a clinical condition characterized by chronic low-grade inflammation, which in turn is
considered the main factor responsible for weight excess-related complications, such as metabolic
syndrome, diabetes, dyslipidemia, psoriasis, and cardiovascular disease [41, 42]. Li et al. [20] conducted a
comparison of the effectiveness of a KD and that of the classic Mediterranean diet and demonstrated that a
KD is more efficient in weight reduction than a low-fat diet. With the drastic reduction in carbohydrate
intake, the body depletes its glucose reserves and starts burning fat for energy, producing KBs. Excessive
lipolytic metabolism is one of the causes of this weight reduction. This process can become significant as
early as 2-4 days after starting the diet. A further possible cause of weight reduction in a KD could be
hypothalamus-induced hunger reduction, although the primary process remains unclear, as KBs act in both
orexigenic and anorexigenic ways. Thus, more research must be carried out to identify the effect of KBs on
appetite and satiety.

Leonetti et al. [43] conducted an observational investigation that demonstrated that a VLCKD was safe
and effective in patients with morbid obesity, with or without T2D, who were scheduled for laparoscopic
bariatric surgery. The introduction of a VLCKD directly prior to bariatric surgery led to a temporary but
substantial pre-operative weight reduction, which reduced the peri-operative risks and challenges of both
surgery and anesthesia, without the potential drawbacks of carbohydrate removal in the immediate
proximity of the surgery [43]. Casanueva et al. [44] also reported that a KD was an excellent approach, to be
considered as a part of a multi-component strategy and under strict medical supervision, whereas Castaldo
et al. [9] reported that a specific very low carbohydrate diet protocol named Oloproteic Diet, is a key
intervention to induce weight loss before bariatric surgery showing beneficial effects on the reduction in
liver volume, the metabolic profile, and intra- and post-operative complications. The authors demonstrated
that caloric deprivation, with an almost complete absence of carbohydrates, could neutralize the anabolic
effect of insulin on fat metabolism.

Reduction of HbA1c levels

One of the primary guidelines-based objectives in the control of T2D is the decrease of HbAlc levels.
Consistently low HbA1lc readings would reduce the likelihood of developing diabetes complications.
Restricting carbs has well-documented and immediate advantages for people with diabetes, but there are
issues surrounding its long-term effectiveness and safety. These advantages can be attained even if weight
reduction is absent [32].
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Histological findings reported by Al-Khalifa et al. [33] in an experimental investigation performed on
rats supported the belief that a VLCKD has a very positive impact on the improvement of the diabetic state
through stabilization of hyperglycemia, which may lead to enhanced B cell activity.

Hussain et al. [34] observed that a KD was more efficient than a low-calorie diet in decreasing HbAlc.
This effect is likely because of the KBs’ ability to lower the metabolism of glucose. Nevertheless, the process
of glucose metabolism reduction by KBs still needs to be clarified.

Choi et al. [45] in their meta-analysis explore the effectiveness of a ketogenic protocol in metabolic
control in patients with excess weight or obesity and with or without T2D. They analyse 14 randomised
controlled trials reported in Embase, PubMed, and the Cochrane Library conducted on patients with excess
weight or obesity on a KD for metabolic control. The effects of KDs on glycaemic control were greater for
diabetic patients than low-fat diets, indicated by a reduction in glycated hemoglobin and the homeostatic
model assessment index, while comparable effects were observed for non-diabetic patients. Other authors
confirmed that KDs proved to be more effective than low-fat diets in improving metabolic parameters
associated with glycaemic, weight, and lipid control in patients with excess weight or obesity, especially
those with pre-existing diabetes [45].

A systematic review identified randomised controlled trials lasting at least 6 months. One group of
authors compared the efficacy and safety of a KD characterised by < 50 g carbohydrate or < 10% total
energy from carbohydrates per day versus a control diet [carbohydrates above the VLC/KD threshold] in
adults with pre-diabetes or T2D. The authors showed reductions in HbAlc and TG in subjects with pre-
diabetes or T2D [46]. Westman et al. [47] also concluded, in a randomised study with patients with obesity
and T2D (n = 49), that an LCD led to greater improvements in glycemic control. The intervention led to
improvements in HbA1c, fasting glucose, FINS, and weight loss.

Lipid profile

Cardiovascular disease is a major consequence of T2D. Dyslipidemia is regarded as a cardiovascular disease
risk factor. Numerous investigations, however, have shown that a KD improves lipid profiles. In reality,
research conducted by Li et al. [20] found that a KD reduced LDL and TG levels while increasing HDL levels.
Insulin activates key enzymes in biochemical pathways that store energy derived from carbohydrates, and
in the absence or scarcity of carbohydrates the reduced levels of insulin lead to a reduction in lipogenesis
and in fat accumulation [9].

Conclusions

For people with obesity-related T2D, clinical studies have shown that carbohydrate restriction and weight
loss can improve hyperglycemia, obesity, and T2D. Reducing carbohydrate intake, generally below 50g/day,
leads to increased ketogenesis to provide fuel to the body. Recent clinical research has reinvigorated the
use of a KD for people with obesity and diabetes. The underlying causes of T2D are hyperinsulinemia and IR
leading to a chronic hyperglycemia state in the patient. This is a typical result of increased energy intake
leading to obesity. A KD reduces the glycemic response that comes from dietary carbohydrates and
improves IR. While current treatment of T2D emphasizes drug therapy and a higher carbohydrate diet, a
KD appears to be an effective drug-reducing alternative and may even be a preferred option when drugs are
not available [35].

The KD has recently received much attention for its promise to treat obesity and T2D. Its suitability
will also have to go through an assessment of the risks, benefits, and applicability of the diet to avoid
unnecessary harm and costs to patients [38]. Several dietary patterns have received expert support over
the past half-century, but there are limits to the evidence that precludes any single pattern from being
considered superior to the others. Considering the growing prevalence of obesity, it is critical to objectively
support all approaches that show evidence of net benefit [36].
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To conclude, a KD presents numerous advantages in managing T2D. These advantages include weight
reduction, improved lipid profile, and reduced HbA1c levels. Research shows the beneficial therapeutic
value of a VLCKD in the management of T2D and long-term obesity and its capacity to help achieve disease
remission.

The globalized world suffers varying degrees of IR, as evidenced by the high prevalence of obesity,
metabolic syndrome, prediabetes, and T2D. Numerous studies in the scientific literature demonstrate the
efficacy of low-carbohydrate dietary patterns in the management of IR. Given the abundant and robust
evidence on the efficacy of specific interventions on IR patients and their increasing proportion, there is a
need to redefine guidelines to offer a low-carbohydrate dietary option to combat IR and related pathologies
[47-49]. Further and larger randomized clinical trials are needed to confirm these data.
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