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Abstract

The ketogenic diet (KD) is recognized as minimum carbohydrate and maximum fat
intakes, which leads to ketosis stimulation, a state that is thought to metabolize fat
more than carbohydrates for energy supply. KD has gained more interest in recent
years and is for many purposes, including weight loss and managing serious diseases
like type 2 diabetes. On the other hand, many believe that KD has safety issues and
are uncertain about the health drawbacks. Thus, the outcomes of the effect of KD on
metabolic and non-metabolic disease remain disputable. The current narrative review
aims to evaluate the effect of KD on several diseases concerning the human health.
To our best knowledge, the first report aims to investigate the efficacy of KD on
multiple human health issues including type 2 diabetes and weight loss, cardiovas-
cular disease, kidney failure and hypertension, non-alcoholic fatty liver, mental prob-
lem, oral health, libido, and osteoporosis. The literature searches were performed in
Databases, PubMed, Scopus, and web of Science looking for both animal and human
model designs. The results heterogeneity seems to be explained by differences in diet
composition and duration. Also, the available findings may show that proper control
of carbohydrates, a significant reduction in glycemic control and glycated hemoglobin,
and weight loss by KD can be an approach to improve diabetes and obesity, hyperten-
sion, non-alcoholic fatty liver, PCOS, libido, oral health, and mental problem if isoca-
loric is considered. However, for some other diseases like cardiovascular disease and
osteoporosis, more robust data are needed. Therefore, there is robust data to support
the notion that KD can be effective for some metabolic and non-metabolic diseases
but not for all of them. So they have to be followed cautiously and under the supervi-

sion of health professionals.
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1 | INTRODUCTION

Ketogenic diet or keto diet (KD) is known as a low-carbohydrate (5%-
10%), medium-protein (15%-20%), and high-fat (75%) diet (Sukkar
etal.,2021). The diet was initially invented in the early twentieth cen-
tury and used to treat children with refractory epilepsy. Nowadays,
it is one of the most widely followed diets for weight loss as well as
some other metabolic disorders as a nutritional intervention therapy
(Hermanussen et al., 2018). Ketogenesis commences with fatty acid
(FA) lipolysis into free FA that are taken from adipose tissue to he-
patocyte and further converted into acetyl coenzyme A (CoA). Under
limited sugar conditions, acetyl coenzyme A is converted by activity
of thiolase enzyme to acetoacetyl CoA. p-hydroxy-p-methylglutaryl
CoA is then synthesized from acetoacetyl CoA. At the final stage,
three main ketone bodies are produced by the mitochondria which
are acetone, acetoacetate, and 3-p-hydroxybutyrate. Acetone is
eliminated by the exhale via lungs or by urination. Coincidentally,
3-pB-hydroxybutyrate and acetoacetate diffuse into the blood cir-
culation but not reaching liver. Ketolysis has to happen to generate
ketone bodies. During this process, the two aforementioned ketone
bodies circulating in the blood are changed back through succinyl
CoA: 3-oxoacid CoA transferase into acetyl CoA and then ace-
tyl CoA acetyltransferase. Next, through the Krebs cycle, Acetyl
CoA is further metabolized to generate 22 ATP/molecules (Weber
et al., 2020).

Based on the diet composition, there are a number of KD classi-
fications including classical KD, medium-chain triglyceride KD, low
glycemic index treatment KD, Atkins KD, and modified Atkins KD.
They are all entitled to KD; however, their protein, carbohydrate,
and fat content are different. However, others are just classified
into one single classification (Trimboli et al., 2020). In recent years,
the evidence has increasingly accumulated regarding using different
types of low-carb diet (LCD) mainly KD as a therapy for a number of
diseases. Particularly using very low-calorie KD is a promising ap-
proach for metabolic diseases including obesity but this should be
personalized and side effects should be taken into account (Barrea
etal.,2022). As mentioned earlier, the diet has been used for decades
to treat epilepsy. But recently, the interest in using LCD and/or KD as
a therapeutic interventional option for many metabolic diseases has
significantly increased. Moreover, it has an effective potent in mit-
igating a number of metabolic diseases such as type 2 diabetes and
obesity (Tay et al., 2014), cardiovascular disease (Cicero et al., 2015),
renal function and hypertension (Omozee & Osamuyimen, 2019),
polycystic ovary syndrome (Mavropoulos et al., 2005), and others.
On the other hand, many believe that KD has safety issues and is
uncertain about the drawbacks. The outcomes of the effect of KD
on metabolic and non-metabolic disease remain debatable (Zhang
etal., 2021).

Therefore, this review highlights the impact (negative and posi-
tive) of following KD on some metabolic and non-metabolic diseases
including cardiovascular diseases, diabetes, hypertension, PCOS,
Libido, and skeletal muscle based on human and animal model
experiments.
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2 | METHODS
2.1 | Study selection

For study selection, a systematic literature search was conducted
in PubMed, Scopus, and Web of Science database according to the
PRISMA guidelines (Moher et al., 2010). The KD defined is the diet
with no more than 50g carbohydrates daily. Ketogenic OR ketogenic
diet OR keto diet OR ketogenous diet OR ketotic diet OR very low-carb
diet. The researches were assessed by assessing the title and the
summary (abstract) from September 2022 to September 2023. The
potential eligible studies were retrieved to evaluate for inclusion
criteria.

2.2 | Study eligibility criteria

For eligibility criteria, all human and animal model trial publications
using KD in English language during our review period were included.
Keto diets were used as keywords in order to avoid confusion. We in-
cluded studies conducted on animal and human models, guidelines,
case reports, reviews, and meta-analyses were also included focus-
ing on Diabetes Mellitus OR diabetes AND Cardiovascular disease OR
Kidney failure OR Hypertension OR Tooth decay OR Osteoporosis OR
Fatty liver. The included studies were evaluated individually, and the
risk of bias was assessed for each study. Studies using the same re-

sults or duplicate studies were excluded.

2.3 | The data extraction

The data extraction for the studies was done for the studies by se-
lecting interested measures (publication year, study duration, KD
composition, and BMI; Figure 1). The impact of KD is on some clinical
parameters (systolic and diastolic blood pressure, BMI and weight,
lipid profile, (triglyceride, total cholesterol, LDL, and HDL)), glycemic
parameters (fasting insulin, fasting glucose, HbA1lc, HOMA-IR, skel-
etal structure, PCOS (Hyperinsulinemia, hyperandrogenism)), mental
and psychiatric parameters (mood stabilization and anxiety score),
hepatic profile liver enzyme levels as alanine aminotransferase (ALT),
and aspartate aminotransferase (AST).

3 | RESULTS

3.1 | Theimpact of KD on metabolic diseases

3.1.1 | Type 2 diabetes and weight loss

Type 2 diabetes is one of the most common metabolic diseases,
and the number of type 2 diabetic people is increasing worldwide

(Ong et al, 2023). According to the data, approximately
425 million people are diagnosed with diabetes globally. In the
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FIGURE 1 Elucidates the impact of KD on overall metabolic disorders including non-alcoholic fatty liver, type 2 diabetes, obesity, and
polycystic ovary syndrome through reducing inflammation, increasing energy expenditure and satiation, and reducing weight. KB, ketone

bodies; TEF, thermo-effect of food.

case of continuing this trend, it is expected that this number would
increase to 629 million ranging from 20 to 79years old (Bolla
et al., 2019). One of the key managements of the type 2 diabetes
is nutrition and healthy diet. During the past decades, several
types of diets have been recommended by nutritionists, dieticians,
and health professionals. Among these diets, KD (LCD) is gaining
popularity due to its impact on losing weight and managing other
metabolic problems like type 2 diabetes.

Several studies have shown that LC including KD can be useful in
managing DM (Castro et al., 2018). Studies have shown that following
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KD can be useful in terms of metabolic disease through controlling
insulin, reducing weight, and increasing satiation (Table 1). There
are a number of studies showing the comparison between LC and/
or KD and other diets (Goldstein et al., 2011; Hussain et al., 2012;
Westman et al., 2008). The majority of the studies have pointed out
that LC and KD can be useful in reducing the risks of type 2 diabe-
tes. Different mechanisms have been proposed where KD can be a
promising diet to reduce the fasting blood glucose and glycated he-
moglobin. Furthermore, KD can substantially lose body weight and
fat and consequently improve insulin resistance.
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The current review has detected that the HbAlc of diabetes
under KD has been improved and even significantly reduced to
0.6%, 0.9%, and 1.3% in comparison to the control group based on
the clinical trials. Furthermore, studies (Walton et al., 2019) and
(Hussain et al., 2012) have revealed that diabetes under KD have
experienced declined HbA1c levels from 8.9% to 5.6% (p<.0001)
and from 7.8% to 6.3%, respectively. Moreover, researchers have
declared that the maintenance of HbA1lc effect could be achieved
by long-term counseling, with a significant reduction from 7.6%
to 6.3% after 1year, major changes observed in the first 70days
(Hallberg et al., 2018), or from 7.5% to 5.9% after 15months
(Webster et al., 2019), or from 6.6 to 6.1 for 12months (Saslow,
Daubenmier, et al., 2017) or from 7.2% to 6.3% for low carb ver-
sus 7.4% to 6.3% for high carb (p<.001) (Wycherley et al., 2016).
The glycemic fluctuation looks to be maintained with a KD. A re-
cent study by Tay et al. (2015) revealed a significant stability in the
glycemic status in groups under low-carb intervention; as a result,
their blood sugar was majority fixed in the glycemic range (p=.07).
KD has been also linked with significant normalization of fasting
plasma glucose and mean blood sugar values, in both short-period
and long-period clinical trials. Therefore, the studies are more co-
herent in relation to DM and weight loss. It can be seen that weight
loss is more prevalent and more promised by KD and blood glucose
is more controlled that can benefit DM patients.

Bariatric surgery (BS) as a way of reducing weight for se-
verely obese patients is often conducted when other methods are
failed to reduce weight such as diet, exercise, and drugs (Barrea
etal.,, 2023; Zebari et al., 2022). However, KD can be used as a use-
ful tool for preoperative weight reduction in bariatric surgery es-
pecially in short-time conditions. For instance, a very-low-calorie
KD can lead to considerable weight loss, and potential improve-
ment in surgical risks before BS as well as reduction of hunger and
feeling of rapid satiety (Colangeli et al., 2022). Furthermore, re-
search concluded that patients conducted BS following very-low-
calorie KD had better surgical outcomes in terms of lower stay
at hospital, metabolic, and nutritional status that positively influ-
enced tissue healing after bariatric surgery (Albanese et al., 2019).
It can be understood that following KD can improve diabetes
symptoms and blood glucose is better controlled. This is through a
number of reasons mainly correlated with weight loss and reduc-
ing carbohydrate consumption.

3.1.2 | Cardiovascular disease and dyslipidemia

Cardiovascular disease is one of the most prevalent diseases in the
world, and one of the main etiologies of cardiovascular disease is
dyslipidemia (Malekpour et al., 2023). The impact of KD on some
lipid profile and biomarkers is presented in Figure 2 (Jornayvaz &
Francois, 2017). The authors stated that the differences in KD com-
position used in both models, it accounts for significant differences
in results. High plant fat content is more positively affected but ani-
mal fat has negative effects.

RIGHTSE LI MN iy

Numerous studies have been conducted on both animal and
human models with various study periods. For example, KD in an-
imals for 2weeks showed no significant effect on TG and fatty acid
levels (Murata et al., 2013). In another study, the impacts of two
types of KD were used on the fat level of mice; the first type was
78.7% fat and the other one was 92.8% fat; the researchers found
that the latter one had lower high lipoprotein lipase (HDL) and higher
triglyceride (TG) level but not significantly different and no results
on low lipoprotein lipase (LDL) stated (Bielohuby et al., 2013). In an-
other study, two groups of mice were fed with KD and standard mice
diets for 5weeks, the results found that LDL in both groups was sim-
ilar (Jornayvaz et al., 2010). In a long-term study (7-20 weeks), mice
were fed with KD found to have twofold increase in their plasma
TG and total cholesterol (Douris et al., 2015; Ellenbroek et al., 2014).
However, in a 6-week trial, mice fed with KD had lower total choles-
terol and TG compared to other diets (Holland et al., 2016).

Onthe other hand, in human model, following KD had improved and
caused physiological benefits such asimproving HDL level (Brinkworth
et al,, 2009; Foster et al., 2003, 2010; Sharman et al., 2002; Tay
et al., 2014), decreasing total cholesterol (Dashti et al., 2006), reduc-
ing TG (Dashti et al., 2006; Foster et al., 2010; Samaha et al., 2003;
Tay et al., 2014), and decreasing LDL level (Dashti et al., 2006). In an-
other study in 2012, it was found that KD led to decreased HDL, tri-
glycerides, HbA1c, fasting plasma glucose, and increased HDL (Santos
et al., 2012). In contrast, in some studies, LDL was increased signifi-
cantly (Stern et al., 2004) and non-significantly (Westman et al., 2008).
In another research for 12months, no significant differences were
found in relation to serum cholesterol except in third month conven-
tional diet had lower LDL level (Foster et al., 2003). It is interesting that
the effect of KD on dyslipidemia might be related to ethnicity. In the
study by Samaha et al. (2003), the authors found that Black individuals
had lost less weight and higher TG compared to white subjects when
consumed KD for 6 months with no significant difference in terms of
HDL, LDL, and total cholesterol level.

Overall from the aforementioned studies, it can be understood
that the impact of KD on dyslipidemia as a risk factor for cardiovas-
cular disease in animal and human models is inconclusive. In the first
case, it seems that lipid profile to be worsening and in latter one
more improving. This difference can be attributed to the dissimilar-
ity in terms of the KD composition used in both models. In animal
model studies, mainly saturated fat-rich diets are used, whereas in
human models mainly unsaturated-rich diet are followed.

It can be summarized that the results of both animal and human
models depend on the KD component of the diet. Consuming higher
saturated fatty acids might increase lipid profile particularly LDL. On
opposite, diet low in saturated fat can improve lipid profile (HDL and
TG and total cholesterol) and insulin level.

3.1.3 | Fatty liver (hon-alcoholic)

Non-alcoholic fatty liver disease (NAFLD) is a non-communicable
and preventable disease that is known for hepatic adiposity potential

85U8017 SUOWILIOD BAITEID) 3|edldde ayp Aq peussnob are ssoiie O ‘8sn JO Sa|nJ o} Afeiq8UIIUO 3|1 UO (SUONIPUOD-PUE-SWLBY/LI0D" AB 1M ARe.q 1[I |UO//SANL) SUORIPUOD PUe SWB | 3U188S *[7202/0T/62] Uo ARidiaulluo A8|IM ‘TdN HeulH bei| Aq £/8€°€US1/200T 0T/I0p/LI0o A3 | 1m: Arelq 1 puljuoj/sdny woly papeo|umod ‘€ ‘v20z ‘2L T/870C


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Ffsn3.3873&mode=

GALALI ET AL.

1450
—I—Wl LEY-

Keto diet

e LDL
cholesterol
e HblAc
e Triglyceride
e Total
cholesterol
e Fasting glucose

e Insulin
HOMA-IR/

FGF21

e AST

e Liver
diacylglycerol

e Liver
triglyceride

e DI, cholesterol
ALT

e HDL cholesterol

e Total cholesterol

e HOMA-IR/
QUICKI

FIGURE 2 The impact of KD on lipid profile of two different models. In general, the studies have shown that in animal model total
cholesterol and HDL and HOMA-IR/QUICKI are decreased, no effect of ALT, and LDL AST, liver diacetylglycerol, and triglyceride increased.
However, in human model except LDL, other biomarkers like Hb1Ac, tryglyceride, total cholesterol, fasting glucose, insulin, and HOMA-IR/

QUICKI decreased.

development of inflammation, fibrosis, and cancer. So, it is considered
one of the main chronic hepatic diseases. The initial stage of NAFLD
is liver steatosis, wherein intrahepatic TG level exceeds 55mg/g
liver (Fabbrini et al., 2010). One of the main recommended dietary
strategies to manage this case is weight loss. KD has been linked to
address this problem in several studies, although sometimes might
worsen the case due to high fat content and increased cholesterol
levels.

A meta-analysis study of 10 researchers concluded the impact
of LCD on NAFLD stated that volunteers who followed LCD had
significantly lower intrahepatic TG but no liver enzymatic changes
(Haghighatdoost et al., 2016). Furthermore, KD can be more useful
if applied than caloric restriction diet. A 2-week clinical trial on the
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effect of LCD and low caloric diet on TG in NAFLD patients was
conducted, and the results revealed that intrahepatic level of TG was
greatly reduced in patients following LCD (Browning et al., 2011).
Recently, in a very comprehensive review conducted on the impact
of KD diet on NAFLD, the authors have concluded that the impacts
of the KD on NALFD results are all positive but calories should be
restricted in order to increase fat oxidation (Watanabe et al., 2020).

There are a few mechanisms, whereby the effect of KD may help
with NAFLD (Figure 3). First, increase in fat oxidation as a result of
low level of insulin, lipogenesis, and low carbohydrate consumption
(Paoli et al., 2013). Second, food consumption control due to satiety
induced by ketone bodies (Figure 3). Third, KD also leads to micro-
biome change and produces more folic acid as well as suppresses
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FIGURE 3 Elucidates the impact of KD
non-alcoholic fatty liver.
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inflammation and oxidative stress (Mardinoglu et al., 2018). Histone
acylation also believed to impart anti-inflammatory traits. Another
mechanism is GPR109A activation that possesses anti-inflammatory
traits, and NLRP3 inhibition plays a role in pro-inflammatory cyto-
kine activation including interleukins as well as fibrosis causing pyro-
ptosis (Youm et al., 2015). The studies overall indicate that following
KD can help reduce the NAFLD through restricting calorie consump-
tion, weight loss, and increasing fat oxidation.

3.1.4 | Kidney failure and hypertension

Kidney failure and hypertension are alarmingly increasing in the
community as a metabolic syndrome. Yet, there are a number of
people who follow KD in order to control hypertension due to their
problems in their kidneys. Furthermore, consuming relatively exces-
sive amount of protein in KD is required to be taken into serious con-
sideration. There are various animal and human and animal-based
model researches studying the impact of KD/LCD on the kidney and
blood pressure (Table 2).

A previously published systematic review about the impact of
very LC diet on normal kidney function reported that the impact was
very scarce (Rolland et al., 2013). In an animal model, it was found
that diet induces ketosis ameliorates renal cyst in polycystic kidney
disorder (Torres et al., 2019). In human, KD is linked with decrement
of both blood systolic and diastolic pressures (Samaha et al., 2003).
A 12-month study showed a better improvement in blood pres-
sure (both blood systolic and diastolic) after following KD com-
pared to following low-fat diet by using orlistat (Mayer et al., 2014).
Furthermore, a study showed systolic pressure improvement after
following 3months of KD, beyond this period until a year no other
improvement was noticed (Cicero et al., 2015).

Although data on the effect of LCD diet on the renal function
are relatively limited, it is worth shedding light on particularly in
the long term. One of the most widely expressed concerns is kid-
ney stone development which is noticed in data on pediatric epi-
lepsy (McNally et al., 2009). There is no a conclusive guideline in
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relation to protein consumption. But it is recommended between 0.8
(Ko et al., 2017) and 1.4g/body kg (Bakris, 2005). Taking excessive

amounts of animal protein might induce and promote kidney stones

Microbiome

(Tracy et al., 2014) particularly red meat is harmful, but it is dose
dependent (Lew et al., 2017); other sources including dairy products,
eggs, and seafood are less detrimental and plant-based proteins po-
tentially protective (Chauveau & Lasseur, 2019). Another factor is
acidosis which might affect calcium availability. Furthermore, tak-
ing high amount of fat and protein and low fruits and vegetables
as practiced by Western diet promoted the risks of albuminuria (Lin
et al., 2010). In a study among 12,000 participants for 23years, it
was observed that high protein consumption was linked to the 23%
increased risk of CKD. Other studies have observed similar results
(Lew et al., 2017; Mirmiran et al., 2020).

KD in patients with CRD can be of particular concern because of
high protein content. It has been reported that those who daily con-
sume high protein content of more than 1.5g/kg might compromise
glomerular filtration rate (Ko et al., 2020). Furthermore, consuming
high protein develops hyperfiltration, a health condition when blood
flow to glomerulus increases and damages them (Kim & Jung, 2020).
Moreover, KD diet may increase ketone body and acidosis and con-
sequently worsen kidney diseases in CRD (Banerjee et al., 2015). A
case report stated that a 6-year decline in renal function was im-
proved by changing high-carbohydrate diet to low-carbohydrate and
high-fat diet (Nielsen et al., 2006). Thus, the physiological benefits of
KD in patients with blood pressure and kidney failure are controlled
by the KD composition and the duration. The results indicated that
patients with kidney problems should be cautious using KD. It is par-
ticularly important to be supervised under nutritional expertise in

order to avoid negative consequences.

3.1.5 | Polycystic ovary syndrome

Polycystic ovary (PCOS) is female metabolic and reproductive system
syndrome. The prevalence of the disease is up to 10% globally and
represents up to 70% of infertility in women of reproductive age
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(Walters et al., 2018). So far, the exact mechanism and etiology of
the PCOS is not fully understood; however, several mechanisms
have been proposed including heredity and environmental causes
such as unhealthy dietary habit, low childbirthweight, physically
inactive, obesity, and sleep apnea (Patel, 2018).

Recent dietary intervention has been suggested to clinically
reduce the symptoms of PCOS including hormonal imbalance, ab-
normal menstruation, and ovulation. Thus, dietary behavior changes
play a significant role in ameliorating the clinical signs and symptoms
of PCOS.

LCD has been documented to effectively lose weight and
help with management of infertility in obese individuals (Goss
et al., 2014; Marsh et al., 2010). Very earlier studies showed low-
carbohydrate KD restored LH/FSH ratio and testosterone level,
insulin, and weight in PCOS (Mavropoulos et al., 2005). In a meta-
analysis of randomized controlled trials, the data showed that the
LCD can be one of the crucial interventions to improve the clinical
symptoms of PCOS (Zhang et al., 2019). A pilot study of 11 women
(BMI more than 27) who were clinically diagnosed with PCOS
showed that following KD improved weight management and in-
fertility over 6-month study (Mavropoulos et al., 2005). Earlier
studies also stated that following LCD was significantly improved
abnormalities in their reproductive system (Stamets et al., 2004).
Recently, a study of 17 obese women with PCOS was registered
for diet intervention; the authors have concluded that KD had pos-
itive effect on PCOS results in a short period of time (Cincione
et al., 2021). In the same year, another group of researchers stud-
ied the impact of LCD on PCOS in women. They found that the
diet was effective and feasible to positively influence control gly-
cemia and weight in PCOS (Missel et al., 2021). In more recent
study, Mediterranean diet with LC is affective in restoring men-
strual cycle and hormonal level in PCOS patients suggested for
the treatment of overweight women with PCOS (Mei et al., 2022).
Thus, the studies all refer that LCD and KD can be a suitable nutri-
tional intervention to mitigate PCOS symptoms.

Several mechanisms have been suggested by which LCD improves
reproductive abnormalities in PCOS patients. LCD improves insulin
resistance. It is well documented that hyperinsulinemia and insulin
resistance is a crucial factor in the progress of hyperandrogenism,
abnormal metabolism, and menstrual cycle and anovulation in both
obese and non-obese PCOS patients (Kujawska-Luczak et al., 2018).
Hyperandrogenism is caused by hyperinsulinemia which induced ad-
renal and ovarian glands to produce more androgen and limit hepatic
production of SHBG. Furthermore, hyperinsulinemia also affects
reproductive system by limiting follicular progression and fertility
(Bates & Legro, 2013; Faghfoori et al., 2017). LCB can also restore
carbohydrate metabolism, ovarian dysfunction, and gonadotropin
abnormalities in PCOS through inositol metabolism which is cyclo-
hexanol stereoisomer related to vitamin B complex family member.
The imbalance between the two inositols such as myoinositol and
D-chiro-inositol can cause insulin resistance. Thus, inositol metabo-
lism misregulation can cause hyperinsulinemia and ameliorate insu-
lin sensitivity, follicles, and PCOS development (Lagana et al., 2018).
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Consequently, LCD can reset inositol balance and as a result leads to
decrease androgen level, increase insulin resistance, restore men-
strual cycle, and improve infertility and oocytes in PCOS patients.
The results indicated that the KD and\or LCD can be an effective
way to reduce the symptoms of PCOS. This is because KD possesses
an affective impact on controlling insulin level in the body.

3.2 | Non-metabolic diseases

3.2.1 | Oralhealth

The progress of dental cavities majorly depends on the fermentable
carbohydrates. Similarly, restricting carbohydrates is believed to re-
duce the chances of inflammation of gingival which is periodontal
disease prerequisite (Nyvad & Takahashi, 2020). Moreover, although
there are not enough clinical data regarding KD and oral health,
however, there is a growing evidence suggesting that restricting
simple and processed carbohydrate can greatly reduce the possible
inflammation of gingival (Woelber et al., 2019).

There are very little data available about the impact of KD/LCD
on oral health. However, a few studies highlighted these effects. In
6-week non-controlled trial study, the influence of KD on oral health
was studied. The authors found no significant differences in any
measured parameters. However, the results cannot be generalized
because the participants were healthy and had a proper oral hygiene
(Woelber et al., 2021). LCD rich in nutrients significantly decreases
gingival inflammation and periodontal disease. In another study, 10
volunteers were put on Paleo diet that encourages low carbohydrate
consumption for 4 weeks without accessing to oral hygiene; the re-
searchers found that mean bleeding reduced from 34.8% to 12.6%
and periodontal pocket depths improved to 0.2mm. It is believed
that this is because of not consuming simple sugar (Baumgartner
etal., 2009).

There are a few mechanisms that carbohydrate might change the
gingival inflammation. It has been reported that limit of carbohydrate
consumption limits teeth erosion by acid. Also, higher consumption
of sugar leads to microbial imbalance and inflammation and re-
stricts the periodontal ligament cell proliferation. Furthermore, low-
carbohydrate diet can decrease caries, formation of calculus, and
gingivitis by more than half (Woelber et al., 2016). However, more
research is needed to confirm or refute the benefits or detrimen-
tal effects of KD/LCD on oral health. The overall results refereed
that the KD can be an appropriate way to reduce oral problems;
this is through reducing simple and quickly digested and fermented

carbohydrates.

3.2.2 | Libido and sex drive

Studies have shown that diet has a direct relationship with health,
and its influence is undeniable (Katz & Meller, 2014). Sex drive is part
of one's health that can be affected by diet. For instance, research
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in this regard has shown that unhealthy diets might lead to differ-
ent metabolic syndromes such as diabetes and low level of human
sex hormone regulator: testosterone (La et al., 2018). It has been
reported that high amount of docosapentaenoic acid intake found
mainly in fish decreased females’ risk of an ovulation (Mumford
etal., 2016).

There are not many studies on some diets like KD on libido.
However, a few studies have shown that calorie restriction and
weight loss can have positive impact on libido (Khoo et al., 2010).
In a study on obese female individuals, it has been reported that
ketosis significantly improved general women's sexual ability
(Castro et al., 2018). On the other hand, to compare low fat and
LCD for weight loss, the results indicated that out of 29 only 1
participant experienced low sex drive (LeCheminant et al., 2007).
A study compared KD and Western diet in relation to sex drive,
the outcomes referred that in KD group the level of testosterone
was higher (Silva, 2014). A recent study found that KD improved
testosterone level (Wilson et al., 2020). In another study, KD
group not just had better testosterone level but also had better
function of testicular (Mongioi et al., 2020). Studies also reported
the association between KD and improvement of sexual drive and
functions (Dhatariya, 2016; McDonald & Cervenka, 2019). In a
very recent study, obese and diabetic adults with chronic diseases
experienced better sexual function. However, in another study,
free serum testosterone increased, and attached testosterone to
protein was increased (Abboud et al., 2021).

The mechanism of KD affecting libido is now comprehensively
known; however, some factors have been linked to that. First, KD
can reduce blood glucose and insulin level, re-balance hormonal
level in women, and reduce risks of PCOS, thus leading to more fa-
vorable sexual drive. Second, KD can improve mood and address
its related issues including low level of serotonin, deficiency of
gamma-aminobutyric acid (GABA), mitochondrial dysfunction, insu-
lin resistance, and inflammation (Brietzke et al., 2018). Despite that,
KD might temporarily slow down libido due to some side effects of
low carb consumption rather than the negative impact of KD on li-
bido. Moreover, previous studies have shown that KD can address
problems associated with low level of serotonin, GABA, inflamma-
tion, oxidative stress, and insulin resistance (Brietzke et al., 2018).
Therefore, the success that one can get from this diet is to improve
mood and increase self-confidence. The results might conclude that
KD can reduce libido at the beginning due to side effects, but once
the person adapts to the diet it can boost sex drive through losing

weight and gaining more confidence.

3.2.3 | Mental and psychiatric problem

It is common understanding that KD was first used for the treatment
of epilepsy. Today, several studies have shown that KD can be used
as a technique to reduce mental and psychiatric problems. The
available data and evidence show the intervention of KD for several
mental and psychiatric disorders including Alzheimer, anorexia
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nervosa, autistic spectrum disorder (ASD), bipolar disorder, major
depressive disorder, schizophrenia, and narcolepsy (Table 3). The
data have shown that KD can stabilize mood, decrease anxiety,
and several other mental and psychiatric parameters. However, the
benefits remain on level of inheritance to the diet.

Studies proposed a number of mechanisms by which KD atten-
uates mental and psychiatric disorder symptoms. It is deemed that
KD modifies GABA to glutamate, changes and balances the level
of GABA, and consequently reduces delusions and hallucinations
in schizophrenia patients (Wtodarczyk et al., 2018). Furthermore,
KD might decrease oxygen-reactive species and inflammation in
the brain which consequently attenuates the symptoms of brain-
related diseases including Alzheimer (Gasior et al., 2006). Moreover,
KD controls apoptosis and hence neuronal excitability and re-
duces frequency of epilepsy (Utamek-Koziot et al., 2019). Several
metabolic alterations related to epilepsy can also benefit ASD via
positive modifications in the microbial community in the gut (Lee
et al., 2018). Additionally, KD can acidify the plasma and decrease
intracellular calcium and sodium that is believed to stabilize mood
in patients with bipolar disorder (Phelps et al., 2013). Finally, KD is
known to induce hypoglycemia and activate orexin-containing neu-
rons. Hence, it improves the sleepiness in patients with narcolepsy
(Husain et al., 2004). The results have shown more coherent evi-
dence about the benefits of KD for the mental problem particularly

epilepsy and stabilizing mood.

3.2.4 | Osteoporosis and skeletal system

The influence of KD on bone in animal models is a bit different.
In a study feeding mice for KD for 3months, it has been reported
that KD led to substantial bone density loss, and decreased appen-
dicular bone biochemical role but less influence on axial bone (Ding
et al.,, 2019; Saito et al., 2016). In animal studies, ultrastructure of
micro-CT showed that at the dose of 100mg/kg, KB showed sig-
nificantly affected osteoporosis prevention by reducing concentra-
tion of calcium as an indirect indicator of reduced UBR activity and
increased bone volume in ratio to total ratio of volume (BV/TRV)
(Davie et al., 1986). It is not surprising that diet including KD has a
direct impact on the body's health including skeletal structure and
bones. In vitro data have shown that osteoblast (OBL) known as unit
of bone remodeling (UBR), alkaline phosphate, and bone mineral
content (BMC) are revealed to be controlled by the types of pre-
dominant ketone bodies (KB). Furthermore, the mineralization activ-
ity of OBL is known to be down-regulated by 3-p-hydroxybutyrate
(3BOHB) and up-regulated by acetoacetate.

In animal studies, it also has been stated that cortical and abnor-
mal cancellous and low BMD were detected under KD experiment
(Wu et al., 2017) (Table 4). A more up-to-date study, every other
day KD (EODKD), and a combination of intermittent fasting and KD
as a novel nutritional intervention for epileptic individuals, but the
effects were not understood clearly (Hartman et al., 2013). It was
seen that EODKD generated more ketones than KD in cerebrospinal
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and serum fluid (Wang et al., 2017). In more recent study, the au-
thors compared different KDs using a number of rats groups, stan-
dard diet, intermittent KD, and continuous KD. After 12weeks of
treatment, body fat percentage and bone BMD were measured by
DEXA, and micro-CT was used to assess bone mechanical and mi-
crostructure properties and some other bone parameters. The re-
sults showed that both KD and EODKD had higher fat percentages
and ketone levels but less body weight compared to the control. On
the other hand, both KD and EOKDK compromised both mechan-
ical properties and bone mass. So, EODKD increased ketosis but
did not have any detrimental effect on mechanical or bone strength
(Xu et al., 2019). However, other studies showed that KD results in
less bone stiffness and strength (Ding et al., 2019). Similarly, a study
showed that using different standards and KDs in mice, KD diet has
caused significant bone loss (Wu et al., 2019) (Table 4). Therefore, it
can be understood that the effect of KD in human and animal models
is different depending on the KD composition, experimental experi-
ment design, and duration.

In both human and animal models, the effect of KD or LCD
on osteoporosis and skeletal system has been investigated. The
results seem to be inconclusive not just between the two models
but also among human models. For instance, in very earlier re-
search, it was found that the epileptic children following KD and
using anticonvulsant drugs for a year caused bone mass density
(BMD); however, it could be reversed by taking Vit D supplements
(Hahn et al., 1979). In a short-term study of 6 months of KD among
seven volunteers, the researchers did not find any change in bone
mineral content (BMC) (Bertoli et al., 2002). After that, in a more
comprehensive study, the influence of KD on 25 epileptic chil-
dren, it was reported that the children were diagnosed with lower
BMC baseline (age standardized) and lumbar spine decreased by
0.6 SD annually and Z-score referred to positive BMC based on
age and BMI (Bergquvist et al., 2008) (Table 4). Furthermore, BMC
was seen to decline when children followed KD. In contrast, in a
5-year study of KD in Glucose Transporter 1-deficit patients, no
negative effect on BMC was seen in both baseline and during the
diet (Sheth et al., 2008). In another human model of 66 overweight
and obese volunteers to compare LCD and isocaloric low-fat diet,
the results showed no significant differences between the two
diets (Brinkworth et al., 2016). But a more recent study found a
decrease in bone markers in athletes who followed KD for nearly a
month (Heikura et al., 2020). Based on the above-mentioned stud-
ies, it can be summarized that KD has more profound effects on
children than adults. This can be attributed to the impact of KD on
the skeletal development stages. Therefore, health professional
bodies and International KD study group consensus recommend
close monitoring, particularly using Dexa of children during KD
treatment (Bertoli et al., 2014; Simm et al., 2017).

4 | CONCLUSION

This comprehensive review summarizes the impact of KD on some
metabolic and non-metabolic diseases. It is obvious that KD has
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caused and still ongoing debate. The studies show that KD could
be useful in reducing mental and psychiatric problems and cause
more stable mood and less anxiety. It can also be useful in reduc-
ing glucose and insulin resistance. Similar to that it helps with sex
drive. Also in both short- and long-term keto diets, it can improve
hunger, fat oxidation, and weight loss. KD can also help PCOS by
balancing hormones and insulin resistance. However, it is duration
and KD fat-type dependent. However, the impact of KD on cardio-
vascular diseases, kidney and hypertension, non-alcoholic fatty liver,
and skeletal structure needs more studies, and there is no robust
evidence. Some show negative impact and some show significant ef-
fects due to difference in animal and human model, and it is dose and

duration dependent.

AUTHOR CONTRIBUTIONS

Yaseen Galali: Project administration (equal); writing - original
draft (equal). Salih M. S. Zebari: Conceptualization (equal). Ahmed
Aj. Jabbar: Software (equal). Holem Hahm Balaky: Writing - re-
view and editing (equal). Bashdar Abuzed Sadee: Resources (equal).

Hamed Hassanzadeh: Supervision (equal); validation (equal).

ACKNOWLEDGMENTS
The authors acknowledge the technical support of Salahaddin
University-Erbil and Cihan University-Erbil.

FUNDING INFORMATION

There is no financial support associated with this work.

CONFLICT OF INTEREST STATEMENT
There is no conflict of interest to declare.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

Yaseen Galali "' https://orcid.org/0000-0001-5346-4755

Ahmed Aj. Jabbar "= https://orcid.org/0000-0001-9689-4018
Bashdar Abuzed Sadee " https://orcid.org/0000-0001-7588-7388
Hamed Hassanzadeh "= https://orcid.org/0000-0001-8810-8590

REFERENCES

Abboud, M., AlAnouti, F., Georgaki, E., & Papandreou, D. (2021). Effect
of ketogenic diet on quality of life in adults with chronic disease: A
systematic review of randomized controlled trials. Nutrients, 13(12),
2-18.

Albanese, A., Prevedello, L., Markovich, M., Busetto, L., Vettor, R.,
& Foletto, M. (2019). Pre-operative very low calorie ketogenic
diet (VLCKD) vs. very low calorie diet (VLCD): Surgical impact.
Obesity Surgery, 29(1), 292-296. https://doi.org/10.1007/51169
5-018-3523-2

Andersen, R. E., Wadden, T. A., & Herzog, R. J. (1997). Changes in bone
mineral content in obese dieting women. Metabolism, 46, 857-861.

Bakris, G. L. (2005). Preventing hypertensive kidney disease: The critical
role of combination therapy. American Journal of Hypertension, 18(4
SUPPL), 93-94. https://doi.org/10.1016/j.amjhyper.2004.11.016

85U8017 SUOWILIOD BAITEID) 3|edldde ayp Aq peussnob are ssoiie O ‘8sn JO Sa|nJ o} Afeiq8UIIUO 3|1 UO (SUONIPUOD-PUE-SWLBY/LI0D" AB 1M ARe.q 1[I |UO//SANL) SUORIPUOD PUe SWB | 3U188S *[7202/0T/62] Uo ARidiaulluo A8|IM ‘TdN HeulH bei| Aq £/8€°€US1/200T 0T/I0p/LI0o A3 | 1m: Arelq 1 puljuoj/sdny woly papeo|umod ‘€ ‘v20z ‘2L T/870C


https://orcid.org/0000-0001-5346-4755
https://orcid.org/0000-0001-5346-4755
https://orcid.org/0000-0001-9689-4018
https://orcid.org/0000-0001-9689-4018
https://orcid.org/0000-0001-7588-7388
https://orcid.org/0000-0001-7588-7388
https://orcid.org/0000-0001-8810-8590
https://orcid.org/0000-0001-8810-8590
https://doi.org/10.1007/S11695-018-3523-2
https://doi.org/10.1007/S11695-018-3523-2
https://doi.org/10.1016/j.amjhyper.2004.11.016
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Ffsn3.3873&mode=

GALALI ET AL.

—Wl LEYJﬂ

Banerjee, T., Crews, D. C., Wesson, D. E., Tilea, A. M., Saran, R., Rios-
Burrows, N., Williams, D. E., Powe, N. R., & Centers for Disease
Control and Prevention Chronic Kidney Disease Surveillance Team.
(2015). High dietary acid load predicts ESRD among adults with
CKD. Journal of the American Society of Nephrology, 26(7), 1693-
1700. https://doi.org/10.1681/ASN.2014040332

Barbosa-Yafez, R. L., Dambeck, U., Li, L., Machann, J., Kabisch, S., &
Pfeiffer, A. F. H. (2018). Acute endothelial benefits of fat restriction
over carbohydrate restriction in type 2 diabetes mellitus: Beyond
carbs and fats. Nutrients, 10(12), 1859. https://doi.org/10.3390/
nul10121859

Barrea, L., Verde, L., Schiavo, L., Sarno, G., Camajani, E., lannelli, A.,
Caprio, M., Pilone, V., Colao, A., & Muscogiuri, G. (2023). Very low-
calorie ketogenic diet (VLCKD) as pre-operative first-line dietary
therapy in patients with obesity who are candidates for bariatric
surgery. Nutrients, 15(8), 1907. https://doi.org/10.3390/NU150
81907

Barrea, L., Verde, L., Vetrani, C., Marino, F., Aprano, S., Savastano, S.,
Colao, A., & Muscogiuri, G. (2022). VLCKD: A real time safety study
in obesity. Journal of Translational Medicine, 20(1), 23. https://doi.
org/10.1186/512967-021-03221-6

Bates, G. W.,, & Legro, R. S. (2013). Longterm management of polycys-
tic ovarian syndrome (PCOS). Molecular and Cellular Endocrinology,
373(1-2), 91-97. https://doi.org/10.1016/).MCE.2012.10.029

Baumgartner, S., Imfeld, T., Schicht, O., Rath, C., Persson, R. E., & Rutger
Persson, G. (2009). The impact of the stone age diet on gingival
conditions in the absence of oral hygiene. Journal of Periodontology,
80(5), 759-768. https://doi.org/10.1902/JOP.2009.080376

Bazzano, L. A., Tian, H., Kristi Reynolds, L., Yao, C. B., Liu, Y., Chen,
C. S, Klag, M. J., Whelton, P. K., & He, J. (2014). Effects of low-
carbohydrate and low-fat diets: A randomized trial. Annals of Internal
Medicine, 161(5), 309-318. https://doi.org/10.7326/M14-0180

Bergqvist, A. G. C., Schall, J. I, Stallings, V. A., & Zemel, B. S. (2008).
Progressive bone mineral content loss in children with intracta-
ble epilepsy treated with the ketogenic diet. The American Journal
of Clinical Nutrition, 88(6), 1678-1684. https://doi.org/10.3945/
AJCN.2008.26099

Bertoli, S., Striuli, L., Testolin, G., Cardinali, S., Veggiotti, P., Salvatori, G.
C., & Tagliabue, A. (2002). Nutritional status and bone mineral mass
in children treated with ketogenic diet. Recenti Progressi in Medicina,
93(12), 671-675.

Bertoli, S., Trentani, C., Ferraris, C., De Giorgis, V., Veggiotti, P., &
Tagliabue, A. (2014). Long-term effects of a ketogenic diet on body
composition and bone mineralization in GLUT-1 deficiency syn-
drome: A case series. Nutrition (Burbank, Los Angeles County, Calif.),
30(6), 726-728. https://doi.org/10.1016/J.NUT.2014.01.005

Bielohuby, M., Matsuura, M., Herbach, N., Kienzle, E., Slawik, M.,
Hoeflich, A., & Bidlingmaier, M. (2010). Short-term exposure to
low-carbohydrate, high-fat diets induces low bone mineral density
and reduces bone formation in rats. Journal of Bone and Mineral
Research, 25(2), 275-284. https://doi.org/10.1359/JBMR.090813

Bielohuby, M., Sisley, S., Sandoval, D., Herbach, N., Zengin, A., Fischereder,
M., Menhofer, D., Stoehr, B. J. M., Stemmer, K., Wanke, R., Tschop,
M. H.,, Seeley, R. J., & Bidlingmaier, M. (2013). Impaired glucose tol-
erance in rats fed low-carbohydrate, high-fat diets. American Journal
of Physiology. Endocrinology and Metabolism, 305(9), E1059-E1070.
https://doi.org/10.1152/AJPENDO.00208.2013

Bolla, A. M., Caretto, A., Laurenzi, A., Scavini, M., & Piemonti, L. (2019).
Low-carb and ketogenic diets in type 1 and type 2 diabetes.
Nutrients, 11(5), 962. https://doi.org/10.3390/NU11050962

Bonjour, J. P, Theintz, G., Buchs, B., Slosman, D., & Rizzoli, R. (1991).
Critical years and stages of puberty for spinal and femoral bone
mass accumulation during adolescence. The Journal of Clinical
Endocrinology and Metabolism, 73(3), 555-563. https://doi.org/10.
1210/JCEM-73-3-555

RIGHTSE LI MN iy

Brietzke, E., Mansur, R. B., Subramaniapillai, M., Balanza-Martinez, V.,
Vinberg, M., Gonzélez-Pinto, A., Rosenblat, J. D., Ho, R., & Mclntyre,
R. S.(2018). Ketogenic diet as a metabolic therapy for mood disor-
ders: Evidence and developments. Neuroscience and Biobehavioral
Reviews, 94, 11-16. https://doi.org/10.1016/J.NEUBIOREV.2018.
07.020

Brinkworth, G. D., Noakes, M., Buckley, J. D., Keogh, J. B., & Clifton, P.
M. (2009). Long-term effects of a very-low-carbohydrate weight
loss diet compared with an isocaloric low-fat diet after 12 mo. The
American Journal of Clinical Nutrition, 90(1), 23-32. https://doi.org/
10.3945/AJCN.2008.27326

Brinkworth, G. D., Wycherley, T. P., Noakes, M., Buckley, J. D., & Clifton,
P. M. (2016). Long-term effects of a very-low-carbohydrate weight-
loss diet and an isocaloric low-fat diet on bone health in obese
adults. Nutrition, 32(9), 1033-1036. https://doi.org/10.1016/J.NUT.
2016.03.003

Browning, J. D., Baker, J. A., Rogers, T., Davis, J., Satapati, S., & Burgess,
S. C. (2011). Short-term weight loss and hepatic triglyceride re-
duction: Evidence of a metabolic advantage with dietary car-
bohydrate restriction. The American Journal of Clinical Nutrition,
93(5), 1048-1052. https://doi.org/10.3945/AJCN.110.007674

Campbell, I. H., & Background, H. C. (2019). Ketosis and bipolar disorder:
Controlled analytic study of online reports. BJPsych Open, 5(4), e58.
https://doi.org/10.1192/BJ0O.2019.49

Castro, A. ., Gomez-Arbelaez, D., Crujeiras, A. B., Granero, R., Aguera,
Z., Jimenez-Murcia, S., Sajoux, I., Lopez-Jaramillo, P., Fernandez-
Aranda, F., & Casanueva, F. F. (2018). Effect of a very low-calorie
ketogenic diet on food and alcohol cravings, physical and sexual
activity, sleep disturbances, and quality of life in obese patients.
Nutrients, 10(10), 1348. https://doi.org/10.3390/NU10101348

Chauveau, P., & Lasseur, C. (2019). Plant-based protein intake and kid-
ney function in diabetic patients. Kidney International Reports, 4(5),
638-639. https://doi.org/10.1016/J.EKIR.2019.03.013

Chmiel, 1. (2022). Ketogenic diet in therapy of bipolar affective disorder
- Case report and literature review. Psychiatria Polska, 56(6), 1-19.
https://doi.org/10.12740/PP/ONLINEFIRST/136356

Cicero, A. F. G., Benelli, M., Brancaleoni, M., Dainelli, G., Merlini, D.,
& Negri, R. (2015). Middle and long-term impact of a very low-
carbohydrate ketogenic diet on cardiometabolic factors: A multi-
center, Cross-sectional, clinical study. High Blood Pressure &
Cardiovascular Prevention, 22(4), 389-394. https://doi.org/10.1007/
$40292-015-0096-1

Cincione, R. 1., Losavio, F., Ciolli, F., Valenzano, A., Cibelli, G., Messina,
G., & Polito, R. (2021). Effects of mixed of a ketogenic diet in
overweight and obese women with polycystic ovary syndrome.
International Journal of Environmental Research and Public Health,
18(23), 12490. https://doi.org/10.3390/1JERPH182312490

Colangeli, L., Gentileschi, P., Sbraccia, P., & Guglielmi, V. (2022). Ketogenic
diet for preoperative weight reduction in bariatric surgery: A nar-
rative review. Nutrients, 14(17), 3610. https://doi.org/10.3390/
NU14173610

Cox, N., Gibas, S., Salisbury, M., Gomer, J., & Gibas, K. (2019). Ketogenic
diets potentially reverse type Il diabetes and ameliorate clinical
depression: A case study. Diabetes & Metabolic Syndrome: Clinical
Research & Reviews, 13(2), 1475-1479. https://doi.org/10.1016/J.
DSX.2019.01.055

Danan, A., Westman, E. C,, Saslow, L. R., & Ede, G. (2022). The keto-
genic diet for refractory mental illness: A retrospective analysis of
31 inpatients. Frontiers in Psychiatry, 13, 14-21. https://doi.org/10.
3389/FPSYT.2022.951376

Dansinger, M. L., Gleason, J. A., Griffith, J. L., Selker, H. P., & Schaefer,
E. J. (2005). Comparison of the Atkins, Ornish, Weight Watchers,
and Zone diets for weight loss and heart disease risk reduction: A
randomized trial. JAMA, 293(1), 43-53. https://doi.org/10.1001/
JAMA.293.1.43

85U8017 SUOWILIOD BAITEID) 3|edldde ayp Aq peussnob are ssoiie O ‘8sn JO Sa|nJ o} Afeiq8UIIUO 3|1 UO (SUONIPUOD-PUE-SWLBY/LI0D" AB 1M ARe.q 1[I |UO//SANL) SUORIPUOD PUe SWB | 3U188S *[7202/0T/62] Uo ARidiaulluo A8|IM ‘TdN HeulH bei| Aq £/8€°€US1/200T 0T/I0p/LI0o A3 | 1m: Arelq 1 puljuoj/sdny woly papeo|umod ‘€ ‘v20z ‘2L T/870C


https://doi.org/10.1681/ASN.2014040332
https://doi.org/10.3390/nu10121859
https://doi.org/10.3390/nu10121859
https://doi.org/10.3390/NU15081907
https://doi.org/10.3390/NU15081907
https://doi.org/10.1186/S12967-021-03221-6
https://doi.org/10.1186/S12967-021-03221-6
https://doi.org/10.1016/J.MCE.2012.10.029
https://doi.org/10.1902/JOP.2009.080376
https://doi.org/10.7326/M14-0180
https://doi.org/10.3945/AJCN.2008.26099
https://doi.org/10.3945/AJCN.2008.26099
https://doi.org/10.1016/J.NUT.2014.01.005
https://doi.org/10.1359/JBMR.090813
https://doi.org/10.1152/AJPENDO.00208.2013
https://doi.org/10.3390/NU11050962
https://doi.org/10.1210/JCEM-73-3-555
https://doi.org/10.1210/JCEM-73-3-555
https://doi.org/10.1016/J.NEUBIOREV.2018.07.020
https://doi.org/10.1016/J.NEUBIOREV.2018.07.020
https://doi.org/10.3945/AJCN.2008.27326
https://doi.org/10.3945/AJCN.2008.27326
https://doi.org/10.1016/J.NUT.2016.03.003
https://doi.org/10.1016/J.NUT.2016.03.003
https://doi.org/10.3945/AJCN.110.007674
https://doi.org/10.1192/BJO.2019.49
https://doi.org/10.3390/NU10101348
https://doi.org/10.1016/J.EKIR.2019.03.013
https://doi.org/10.12740/PP/ONLINEFIRST/136356
https://doi.org/10.1007/S40292-015-0096-1
https://doi.org/10.1007/S40292-015-0096-1
https://doi.org/10.3390/IJERPH182312490
https://doi.org/10.3390/NU14173610
https://doi.org/10.3390/NU14173610
https://doi.org/10.1016/J.DSX.2019.01.055
https://doi.org/10.1016/J.DSX.2019.01.055
https://doi.org/10.3389/FPSYT.2022.951376
https://doi.org/10.3389/FPSYT.2022.951376
https://doi.org/10.1001/JAMA.293.1.43
https://doi.org/10.1001/JAMA.293.1.43
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Ffsn3.3873&mode=

GALALI ET AL.

1460
—I—Wl LEY-

Dashti, H. M., Al-Zaid, N. S., Mathew, T. C., Al-Mousawi, M., Talib, H.,
Asfar, S. K., & Behbahani, A. I. (2006). Long term effects of keto-
genic diet in obese subjects with high cholesterol level. Molecular
and Cellular Biochemistry, 286(1-2), 1-9. https://doi.org/10.1007/
$11010-005-9001-X

Dashti, H. M., Mathew, T. C., Khadada, M., Al-Mousawi, M., Talib, H.,
Asfar, S. K., Behbahani, A. I., & Al-Zaid, N. S. (2007). Beneficial ef-
fects of ketogenic diet in obese diabetic subjects. Molecular and
Cellular Biochemistry, 302(1-2), 249-256. https://doi.org/10.1007/
s11010-007-9448-z

Davie, M. W. J., Abraham, R. R., Hewins, B., & Wynn, V. (1986). Changes
in bone and muscle constituents during dieting for obesity. Clinical
Science (London, England: 1979), 70(3), 285-293. https://doi.org/10.
1042/CS0700285

Dhatariya, K. (2016). Blood ketones: Measurement, interpretation, lim-
itations, and utility in the management of diabetic ketoacidosis. The
Review of Diabetic Studies: RDS, 13(4), 217-225. https://doi.org/10.
1900/RDS.2016.13.217

Ding, J., Xiaolin, X., Xiuhua, W., Huang, Z., Kong, G., Liu, J., Huang, Z.,
Liu, Q. Li, R, Yang, Z., Liu, Y., & Zhu, Q. (2019). Bone loss and bio-
mechanical reduction of appendicular and axial bones under ke-
togenic diet in rats. Experimental and Therapeutic Medicine, 17(4),
2503-2510. https://doi.org/10.3892/ETM.2019.7241

Douris, N., Melman, T., Pecherer, J. M., Pissios, P., Flier, J. S., Cantley, L.
C., Locasale, J. W., & Maratos-Flier, E. (2015). Adaptive changes in
amino acid metabolism permit normal longevity in mice consuming
a low-carbohydrate ketogenic diet. Biochimica et Biophysica Acta,
1852 (10 Pt A), 2056-2065. https://doi.org/10.1016/J.BBADIS.
2015.07.009

Ellenbroek, J. H., van Dijck, L., Tons, H. A., Rabelink, T. J., Carlotti, F.,
Ballieux, B. E. P. B., & de Koning, E. J. P. (2014). Long-term ketogenic
diet causes glucose intolerance and reduced f- and a-cell mass but
no weight loss in mice. American Journal of Physiology. Endocrinology
and Metabolism, 306(5), E552-E558. https://doi.org/10.1152/
AJPENDO.00453.2013

El-Rashidy, O., El-Baz, F., EI-Gendy, Y., Khalaf, R., Reda, D., & Saad,
K. (2017). Ketogenic diet versus gluten free casein free diet in
autistic children: A case-control study. Metabolic Brain Disease,
32(6), 1935-1941. https://doi.org/10.1007/511011-017-0088-Z/
METRICS

Evangeliou, A., Vlachonikolis, I., Mihailidou, H., Spilioti, M., Skarpalezou,
A.,Makaronas, N., Prokopiou, A., Christodoulou, P., Liapi-Adamidou,
G., Helidonis, E., Sbyrakis, S., & Smeitink, J. (2003). Application of a
ketogenic diet in children with autistic behavior: Pilot study. Journal
of Child Neurology 18(2), 113-118. https://doi.org/10.1177/08830
738030180020501

Fabbrini, E., Sullivan, S., & Klein, S. (2010). Obesity and nonalcoholic
fatty liver disease: Biochemical, metabolic, and clinical implica-
tions. Hepatology (Baltimore, Md.), 51(2), 679-689. https://doi.org/
10.1002/HEP.23280

Faghfoori, Z., Fazelian, S., Shadnoush, M., & Goodarzi, R. (2017).
Nutritional management in women with polycystic ovary syn-
drome: A review study. Diabetes & Metabolic Syndrome, 11(Suppl 1),
S429-5432. https://doi.org/10.1016/).DSX.2017.03.030

Foster, G. D., Wyatt, H. R., Hill, J. O., Makris, A. P., Rosenbaum, D.
L., Brill, C., Stein, R. |, Mohammed, B. S., Miller, B., Rader, D. J.,
Zemel, B., Wadden, T. A., Tenhave, T., Newcomb, C. W., & Klein,
S. (2010). Weight and metabolic outcomes after 2years on a low-
carbohydrate versus low-fat diet: A randomized trial. Annals of
Internal Medicine, 153(3), 147-157. https://doi.org/10.7326/0003-
4819-153-3-201008030-00005

Foster, G. D., Wyatt, H. R, Hill, J. O., McGuckin, B. G., Carrie Brill, B.,
Mohammed, S., Szapary, P. O., Rader, D. J., Edman, J. S., & Klein, S.
(2003). A randomized trial of a low-carbohydrate diet for obesity.
The New England Journal of Medicine, 348(21), 2082-2090. https://
doi.org/10.1056/NEJMOA022207

RIGHTSE LI MN iy

Gardner, C. D., Kiazand, A., Alhassan, S., Kim, S., Stafford, R. S., Balise, R.
R., Kraemer, H. C., & King, A. C. (2007). Comparison of the Atkins,
Zone, Ornish, and LEARN diets for change in weight and related
risk factors among overweight premenopausal women: The A TO
Z weight loss study: A randomized trial. JAMA, 297(9), 969-977.
https://doi.org/10.1001/JAMA.297.9.969

Gasior, M., Rogawski, M. A, & Hartman, A. L. (2006). Neuroprotective
and disease-modifying effects of the ketogenic diet. Behavioural
Pharmacology, 17(5-6), 431. https://doi.org/10.1097/00008877-
200609000-00009

Goday, A., Bellido, D., Sajoux, I., Crujeiras, A. B., Burguera, B., Garcia-
Luna, P. P,, Oleaga, A., Moreno, B., & Casanueva, F. F. (2016). Short-
term safety, tolerability and efficacy of a very low-calorie-ketogenic
diet interventional weight loss program versus hypocaloric diet in
patients with type 2 diabetes mellitus. Nutrition & Diabetes, 6(9),
€230. https://doi.org/10.1038/nutd.2016.36

Goldstein, T., Kark, J. D., Berry, E. M., Adler, B., Ziv, E., & Raz, I. (2011).
The effect of a low carbohydrate energy-unrestricted diet on
weight loss in obese type 2 diabetes patients - A randomized
controlled trial. E-SPEN, the European e-Journal of Clinical Nutrition
and Metabolism, 6(4), e178-e186. https://doi.org/10.1016/j.eclnm.
2011.04.003

Goss, A. M., Chandler-Laney, P. C., Ovalle, F.,, Goree, L. L., Azziz, R.,
Desmond, R. A., Wright Bates, G., & Gower, B. A. (2014). Effects
of a eucaloric reduced-carbohydrate diet on body composition
and fat distribution in women with PCOS. Metabolism: Clinical
and Experimental, 63(10), 1257-1264. https://doi.org/10.1016/J.
METABOL.2014.07.007

Haghighatdoost, F., Salehi-Abargouei, A., Surkan, P. J., & Azadbakht, L.
(2016). The effects of low carbohydrate diets on liver function tests
in nonalcoholic fatty liver disease: A systematic review and meta-
analysis of clinical trials. Journal of Research in Medical Sciences: The
Official Journal of Isfahan University of Medical Sciences, 21(4), 53.
https://doi.org/10.4103/1735-1995.187269

Hahn, T. J., Halstead, L. R., & DeVivo, D. C. (1979). Disordered mineral
metabolism produced by ketogenic diet therapy. Calcified Tissue
International, 28(1), 17-22. https://doi.org/10.1007/BF02441213

Hallberg, S. J., McKenzie, A. L., Williams, P. T., Bhanpuri, N. H., Peters,
A. L., Campbell, W. W., Hazbun, T. L., Volk, B. M., McCarter, J.
P., Phinney, S. D., & Volek, J. S. (2018). Effectiveness and safety
of a novel care model for the management of type 2 diabetes
at 1 year: An open-label, non-randomized, controlled study.
Diabetes Therapy, 9(2), 583-612. https://doi.org/10.1007/s1330
0-018-0373-9

Hammond, K. M., Sale, C., Fraser, W., Tang, J., Shepherd, S. O., Strauss, J.
A., Close, G. L., Cocks, M., Louis, J., Pugh, J., Stewart, C., Sharples,
A. P., & Morton, J. P. (2019). Post-exercise carbohydrate and en-
ergy availability induce independent effects on skeletal muscle cell
signalling and bone turnover: Implications for training adaptation.
The Journal of Physiology, 597(18), 4779-4796. https://doi.org/10.
1113/JP278209

Hartman, A. L., Rubenstein, J. E., & Kossoff, E. H. (2013). Intermittent
fasting: A ‘new’ historical strategy for controlling seizures? Epilepsy
Research, 104(3), 275-279. https://doi.org/10.1016/J.EPLEPSYRES.
2012.10.011

Heikura, I. A, Burke, L. M., Hawley, J. A., Ross, M. L., Garvican-Lewis, L.,
Sharma, A. P., McKay, A. K. A., Leckey, J. J., Welvaert, M., McCall, L.,
& Ackerman, K. E. (2020). A short-term ketogenic diet impairs mark-
ers of bone health in response to exercise. Frontiers in Endocrinology,
10, 880. https://doi.org/10.3389/FENDO.2019.00880/FULL

Herbert, M. R., & Buckley, J. A. (2013). Autism and dietary therapy: Case
report and review of the literature. Journal of Child Neurology, 28(8),
975-982. https://doi.org/10.1177/0883073813488668

Hermanussen, M., Bilogub, M., Lindl, A. C., Harper, D., Mansukoski,
L., & Scheffler, C. (2018). Weight and height growth of malnour-
ished school-age children during re-feeding. Three historic studies

85U8017 SUOWILIOD BAITEID) 3|edldde ayp Aq peussnob are ssoiie O ‘8sn JO Sa|nJ o} Afeiq8UIIUO 3|1 UO (SUONIPUOD-PUE-SWLBY/LI0D" AB 1M ARe.q 1[I |UO//SANL) SUORIPUOD PUe SWB | 3U188S *[7202/0T/62] Uo ARidiaulluo A8|IM ‘TdN HeulH bei| Aq £/8€°€US1/200T 0T/I0p/LI0o A3 | 1m: Arelq 1 puljuoj/sdny woly papeo|umod ‘€ ‘v20z ‘2L T/870C


https://doi.org/10.1007/S11010-005-9001-X
https://doi.org/10.1007/S11010-005-9001-X
https://doi.org/10.1007/s11010-007-9448-z
https://doi.org/10.1007/s11010-007-9448-z
https://doi.org/10.1042/CS0700285
https://doi.org/10.1042/CS0700285
https://doi.org/10.1900/RDS.2016.13.217
https://doi.org/10.1900/RDS.2016.13.217
https://doi.org/10.3892/ETM.2019.7241
https://doi.org/10.1016/J.BBADIS.2015.07.009
https://doi.org/10.1016/J.BBADIS.2015.07.009
https://doi.org/10.1152/AJPENDO.00453.2013
https://doi.org/10.1152/AJPENDO.00453.2013
https://doi.org/10.1007/S11011-017-0088-Z/METRICS
https://doi.org/10.1007/S11011-017-0088-Z/METRICS
https://doi.org/10.1177/08830738030180020501
https://doi.org/10.1177/08830738030180020501
https://doi.org/10.1002/HEP.23280
https://doi.org/10.1002/HEP.23280
https://doi.org/10.1016/J.DSX.2017.03.030
https://doi.org/10.7326/0003-4819-153-3-201008030-00005
https://doi.org/10.7326/0003-4819-153-3-201008030-00005
https://doi.org/10.1056/NEJMOA022207
https://doi.org/10.1056/NEJMOA022207
https://doi.org/10.1001/JAMA.297.9.969
https://doi.org/10.1097/00008877-200609000-00009
https://doi.org/10.1097/00008877-200609000-00009
https://doi.org/10.1038/nutd.2016.36
https://doi.org/10.1016/j.eclnm.2011.04.003
https://doi.org/10.1016/j.eclnm.2011.04.003
https://doi.org/10.1016/J.METABOL.2014.07.007
https://doi.org/10.1016/J.METABOL.2014.07.007
https://doi.org/10.4103/1735-1995.187269
https://doi.org/10.1007/BF02441213
https://doi.org/10.1007/s13300-018-0373-9
https://doi.org/10.1007/s13300-018-0373-9
https://doi.org/10.1113/JP278209
https://doi.org/10.1113/JP278209
https://doi.org/10.1016/J.EPLEPSYRES.2012.10.011
https://doi.org/10.1016/J.EPLEPSYRES.2012.10.011
https://doi.org/10.3389/FENDO.2019.00880/FULL
https://doi.org/10.1177/0883073813488668
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Ffsn3.3873&mode=

GALALI ET AL.

—Wl LEYJﬂ

published shortly after World War I. European journal of clinical nu-
trition, 72(12), 1603-1619.

Holland, A. M., Kephart, W. C., Mumford, P. W., Mobley, C. B., Lowery,
R. P., Shake, J. J., Patel, R. K., Healy, J. C., McCullough, D. J., Kluess,
H. A., Huggins, K. W., Kavazis, A. N., Wilson, J. M., & Roberts, M. D.
(2016). Effects of a ketogenic diet on adipose tissue, liver, and serum
biomarkers in sedentary rats and rats that exercised via resisted
voluntary wheel running. American Journal of Physiology. Regulatory,
Integrative and Comparative Physiology, 311(2), R337-R351. https://
doi.org/10.1152/AJPREGU.00156.2016

Husain, A. M., Yancy, W. S., Carwile, S. T., Miller, P. P., & Westman, E. C.
(2004). Diet therapy for narcolepsy. Neurology, 62(12), 2300-2302.
https://doi.org/10.1212/WNL.62.12.2300

Hussain, T. A., Mathew, T. C., Dashti, A. A., Asfar, S., Al-Zaid, N., & Dashti,
H. M. (2012). Effect of low-calorie versus low-carbohydrate keto-
genic diet in type 2 diabetes. Nutrition (Burbank, Los Angeles County,
Calif.), 28(10), 1016-1021. https://doi.org/10.1016/j.nut.2012.01.
016

Jornayvaz, C. K., & Francois, R. (2017). Effects of ketogenic diets on car-
diovascular risk factors: Evidence from animal and human studies.
Nutrients, 9(517), 1-16.

Jornayvaz, F. R., Jurczak, M. J,, Lee, H. Y., Birkenfeld, A. L., Frederick, D.
W., Zhang, D., Zhang, X. M., Samuel, V. T., & Shulman, G. I. (2010).
A high-fat, ketogenic diet causes hepatic insulin resistance in mice,
despite increasing energy expenditure and preventing weight gain.
American Journal of Physiology. Endocrinology and Metabolism, 299(5),
E808-E815. https://doi.org/10.1152/AJPENDO.00361.2010

Katz, D. L., & Meller, S. (2014). Can we say what diet is best for health?
Annual Review of Public Health, 35, 83-103. https://doi.org/10.
1146/ANNUREV-PUBLHEALTH-032013-182351

Khoo, J., Piantadosi, C., Worthley, S., & Wittert, G. A. (2010). Effects of
a low-energy diet on sexual function and lower urinary tract symp-
toms in obese men. International Journal of Obesity (2005), 34(9),
1396-1403. https://doi.org/10.1038/1J0.2010.76

Kim, S. M., & Jung, J. Y. (2020). Nutritional management in patients with
chronic kidney disease. The Korean Journal of Internal Medicine,
35(6), 1279-1290. https://doi.org/10.3904/KJIM.2020.408

Ko, G. J., Rhee, C. M., Kalantar-Zadeh, K., & Joshi, S. (2020). The effects
of high-protein diets on kidney health and longevity. Journal of the
American Society of Nephrology, 31(8), 1667-1679. https://doi.org/
10.1681/ASN.2020010028/-/DCSUPPLEMENTAL

Ko, J., Gang, Y. O., Tortorici, A. R., & Kalantar-Zadeh, K. (2017). Dietary
protein intake and chronic kidney disease. Current Opinion in Clinical
Nutrition and Metabolic Care, 20(1), 77-85. https://doi.org/10.1097/
MCO.0000000000000342

Kraft, B. D., & Westman, E. C. (2009). Schizophrenia, gluten, and low-
carbohydrate, ketogenic diets: A case report and review of the liter-
ature. Nutrition and Metabolism, 6(1), 1-3. https://doi.org/10.1186/
1743-7075-6-10/METRICS

Kujawska-Luczak, M., Szulinska, M., Damian Skrypnik, K., Musialik, E.,
Swora-Cwynar, M., Kregielska-Narozna, L., Markuszewski, M. G., &
Bogdanskis, P. (2018). The influence of orlistat, metformin and diet
on serum levels of insulin-like growth factor-1 in obeses women
with and without insulin resistance. Journal of Physiology and
Pharmacology: An Official Journal of the Polish Physiological Society,
69(5), 737-745. https://doi.org/10.26402/JPP.2018.5.08

La, J., Roberts, N. H., & Yafi, F. A. (2018). Diet and men's sexual health.
Sexual Medicine Reviews, 6(1), 54-68. https://doi.org/10.1016/j.
sxmr.2017.07.004

Lagana, A. S., Garzon, S., Casarin, J., Franchi, M., & Ghezzi, F. (2018).
Inositol in polycystic ovary syndrome: Restoring fertility through
a pathophysiology-based approach. Trends in Endocrinology &
Metabolism, 29(11), 768-780. https://doi.org/10.1016/).TEM.2018.
09.001

LeCheminant, J. D., Gibson, C. A., Sullivan, D. K., Hall, S., Washburn, R.,
Vernon, M. C,, Curry, C., Stewart, E., Westman, E. C., & Donnelly,

RIGHTSE LI MN iy

J. E. (2007). Comparison of a low carbohydrate and low fat diet
for weight maintenance in overweight or obese adults enrolled
in a clinical weight management program. Nutrition Journal, 6, 36.
https://doi.org/10.1186/1475-2891-6-36

Lee, R. W. Y., Corley, M. J,, Pang, A., Arakaki, G., Abbott, L., Nishimoto,
M., Miyamoto, R., Lee, E., Yamamoto, S., Maunakea, A. K., Lum-
Jones, A., & Wong, M. (2018). A modified ketogenic gluten-free
diet with MCT improves behavior in children with autism spectrum
disorder. Physiology & Behavior, 188, 205-211. https://doi.org/10.
1016/J.PHYSBEH.2018.02.006

Lew, Q. L., Jasmine, T. H., Jafar, H. W., Koh, L., Jin, A,, Chow, K. Y., Yuan, J.
M., & Koh, W. P. (2017). Red meat intake and risk of ESRD. Journal of
the American Society of Nephrology: JASN, 28(1), 304-312. https://
doi.org/10.1681/ASN.2016030248

Lim, S. S., Noakes, M., Keogh, J. B., & Clifton, P. M. (2010). Long-term
effects of a low carbohydrate, low fat or high unsaturated fat diet
compared to a no-intervention control. Nutrition, Metabolism and
Cardiovascular Diseases, 20(8), 599-607. https://doi.org/10.1016/j.
numecd.2009.05.003

Lin, J., Hu, F. B., & Curhan, G. C. (2010). Associations of diet with albu-
minuria and kidney function decline. Clinical Journal of the American
Society of Nephrology: CJASN, 5(5), 836-843. https://doi.org/10.
2215/CJN.08001109

Liu, X., Zhang, G., Ye, X,, Li, H., Chen, X., Tang, L., Feng, Y., Shai, |,
Stampfer, M. J,, Hu, F. B., & Lin, X. (2013). Effects of a low-
carbohydrate diet on weight loss and cardiometabolic profile in
Chinese women: A randomised controlled feeding trial. British
Journal of Nutrition, 110(8), 1444-1453. https://doi.org/10.1017/
S0007114513000640

Malekpour, M.-R., Abbasi-Kangevari, M., Ghamari, S.-H., Khanali, J,,
Heidari-Foroozan, M., Moghaddam, S. S., Azangou-Khyavy, M.,
Rezazadeh-Khadem, S., Rezaei, N., Shobeiri, P., Esfahani, Z., Rezaei,
N., Mokdad, A., Naghavi, M., Larijani, B., & Farzadfar, F. (2023). The
burden of metabolic risk factors in North Africa and the Middle
East, 1990-2019: Findings from the Global Burden of Disease
Study. EClinicalMedicine, 60, 102022. https://doi.org/10.2139/
SSRN.4278537

Mardinoglu, A., Hao, W., Bjornson, E., Zhang, C., Hakkarainen, A.,
Rasanen, S. M., Lee, S., Mancina, R. M., Bergentall, M., Pietildinen,
K. H., Séderlund, S., Matikainen, N., Stdhlman, M., Bergh, P. O.,
Adiels, M., Piening, B. D., Granér, M., Lundbom, N., Williams, K. J.,
... Borén, J. (2018). An integrated understanding of the rapid meta-
bolic benefits of a carbohydrate-restricted diet on hepatic steatosis
in humans. Cell Metabolism, 27(3), 559-571.e5. https://doi.org/10.
1016/)J.CMET.2018.01.005

Marsh, K. A., Steinbeck, K. S., Atkinson, F. S., Petocz, P., & Brand-Miller,
J. C. (2010). Effect of a low glycemic index compared with a con-
ventional healthy diet on polycystic ovary syndrome. The American
Journal of Clinical Nutrition, 92(1), 83-92. https://doi.org/10.3945/
AJCN.2010.29261

Mavropoulos, J. C., Yancy, W. S., Hepburn, J., & Westm, E. C. (2005).
The effects of a low-carbohydrate, ketogenic diet on the polycystic
ovary syndrome: A pilot study. Nutrition & Metabolism, 2, 35.

Mayer, S. B., Jeffreys, A. S., Olsen, M. K., Mcduffie, J. R., Feinglos, M. N.,
& Yancy, W. S. (2014). Two diets with different haemoglobin Alc
and antiglycaemic medication effects despite similar weight loss
in type 2 diabetes. Diabetes, Obesity & Metabolism, 16(1), 90-93.
https://doi.org/10.1111/DOM.12191

McDonald, T. J. W., & Cervenka, M. K. C. (2019). Lessons learned from
recent clinical trials of ketogenic diet therapies in adults. Current
Opinion in Clinical Nutrition and Metabolic Care, 22(6), 418-424.
https://doi.org/10.1097/MC0O.00000000000005%96

McNally, M. A., Pyzik, P. L., Rubenstein, J. E., Hamdy, R. F., & Kossoff, E.
H. (2009). Empiric use of potassium citrate reduces kidney-stone
incidence with the ketogenic diet. Pediatrics, 124(2), e300-e304.
https://doi.org/10.1542/PEDS.2009-0217

85U8017 SUOWILIOD BAITEID) 3|edldde ayp Aq peussnob are ssoiie O ‘8sn JO Sa|nJ o} Afeiq8UIIUO 3|1 UO (SUONIPUOD-PUE-SWLBY/LI0D" AB 1M ARe.q 1[I |UO//SANL) SUORIPUOD PUe SWB | 3U188S *[7202/0T/62] Uo ARidiaulluo A8|IM ‘TdN HeulH bei| Aq £/8€°€US1/200T 0T/I0p/LI0o A3 | 1m: Arelq 1 puljuoj/sdny woly papeo|umod ‘€ ‘v20z ‘2L T/870C


https://doi.org/10.1152/AJPREGU.00156.2016
https://doi.org/10.1152/AJPREGU.00156.2016
https://doi.org/10.1212/WNL.62.12.2300
https://doi.org/10.1016/j.nut.2012.01.016
https://doi.org/10.1016/j.nut.2012.01.016
https://doi.org/10.1152/AJPENDO.00361.2010
https://doi.org/10.1146/ANNUREV-PUBLHEALTH-032013-182351
https://doi.org/10.1146/ANNUREV-PUBLHEALTH-032013-182351
https://doi.org/10.1038/IJO.2010.76
https://doi.org/10.3904/KJIM.2020.408
https://doi.org/10.1681/ASN.2020010028/-/DCSUPPLEMENTAL
https://doi.org/10.1681/ASN.2020010028/-/DCSUPPLEMENTAL
https://doi.org/10.1097/MCO.0000000000000342
https://doi.org/10.1097/MCO.0000000000000342
https://doi.org/10.1186/1743-7075-6-10/METRICS
https://doi.org/10.1186/1743-7075-6-10/METRICS
https://doi.org/10.26402/JPP.2018.5.08
https://doi.org/10.1016/j.sxmr.2017.07.004
https://doi.org/10.1016/j.sxmr.2017.07.004
https://doi.org/10.1016/J.TEM.2018.09.001
https://doi.org/10.1016/J.TEM.2018.09.001
https://doi.org/10.1186/1475-2891-6-36
https://doi.org/10.1016/J.PHYSBEH.2018.02.006
https://doi.org/10.1016/J.PHYSBEH.2018.02.006
https://doi.org/10.1681/ASN.2016030248
https://doi.org/10.1681/ASN.2016030248
https://doi.org/10.1016/j.numecd.2009.05.003
https://doi.org/10.1016/j.numecd.2009.05.003
https://doi.org/10.2215/CJN.08001109
https://doi.org/10.2215/CJN.08001109
https://doi.org/10.1017/S0007114513000640
https://doi.org/10.1017/S0007114513000640
https://doi.org/10.2139/SSRN.4278537
https://doi.org/10.2139/SSRN.4278537
https://doi.org/10.1016/J.CMET.2018.01.005
https://doi.org/10.1016/J.CMET.2018.01.005
https://doi.org/10.3945/AJCN.2010.29261
https://doi.org/10.3945/AJCN.2010.29261
https://doi.org/10.1111/DOM.12191
https://doi.org/10.1097/MCO.0000000000000596
https://doi.org/10.1542/PEDS.2009-0217
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Ffsn3.3873&mode=

GALALI ET AL.

1462
—LWI LEY-

Mei, S., Ding, J., Wang, K., Ni, Z., & Jin, Y. (2022). Mediterranean diet
combined with a low-carbohydrate dietary pattern in the treatment
of overweight polycystic ovary syndrome patients. Frontiers in
Nutrition, 9, 876620. https://doi.org/10.3389/FNUT.2022.876620/
BIBTEX

Mirmiran, P., Yuzbashian, E., Aghayan, M., Mahdavi, M., Asghari, G., &
Azizi, F. (2020). A prospective study of dietary meat intake and risk
of incident chronic kidney disease. Journal of Renal Nutrition, 30(2),
111-118. https://doi.org/10.1053/J.JRN.2019.06.008

Missel, A. L., O'Brien, A. V., Maser, H., Kanwal, A., Bayandorian, H.,
Martin, S., Carrigan, P., McNamee, R., Daubenmier, J., Isaman, D.
J. M., Padmanabhan, V., Smith, Y. R., Aikens, J. E., & Saslow, L. R.
(2021). Impact of an online multicomponent very-low-carbohydrate
program in women with polycystic ovary syndrome: A pilot study.
F&S Reports, 2(4), 386-395. https://doi.org/10.1016/J.XFRE.2021.
08.008

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2010). Preferred
reporting items for systematic reviews and meta-analyses: The
PRISMA Statement. International Journal of Surgery (London, England),
8(5), 336-341. https://doi.org/10.1016/j.ijsu.2010.02.007

Mongioli, L. M., Cimino, L., Condorelli, R. A., Magagnini, M. C., Barbagallo,
F., Cannarella, R., La Vignera, S., & Calogero, A. E. (2020).
Effectiveness of a very low calorie ketogenic diet on testicular
function in overweight/obese men. Nutrients, 12(10), 1-11. https://
doi.org/10.3390/NU12102967

Morrill, S. J., & Gibas, K. J. (2019). Ketogenic diet rescues cognition in
ApoE4+ patient with mild Alzheimer's disease: A case study.
Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 13(2),
1187-1191. https://doi.org/10.1016/).DSX.2019.01.035

Mumford, S. L., Chavarro, J. E., Zhang, C., Perkins, N. J., Sjaarda, L. A.,
Pollack, A. Z., Schliep, K. C., Michels, K. A., Zarek, S. M., Plowden, T.
C., Radin, R. G., Messer, L. C,, Frankel, R. A., & Wactawski-Wende,
J. (2016). Dietary fat intake and reproductive hormone concentra-
tions and ovulation in regularly menstruating women. The American
Journal of Clinical Nutrition, 103(3), 868-877. https://doi.org/10.
3945/AJCN.115.119321

Murata, Y., Nishio, K., Mochiyama, T., Konishi, M., Shimada, M., Ohta,
H., & Itoh, N. (2013). Fgf21 impairs adipocyte insulin sensitivity in
mice fed a low-carbohydrate, high-fat ketogenic diet. PLoS One,
8(7), €69330. https://doi.org/10.1371/JOURNAL.PONE.0069330

Myette-Co6té, E., Durrer, C., Neudorf, H., Bammert, T. D., Botezelli, J. D.,
Johnson, J. D., DeSouza, C. A., & Little, J. P. (2018). The effect of a
short-term low-carbohydrate, high-fat diet with or without post-
meal walks on glycemic control and inflammation in type 2 diabe-
tes: A randomized trial. American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology, 315(6), R1210-R1219.
https://doi.org/10.1152/ajpregu.00240.2018

Neal, E. G., Chaffe, H. M., Edwards, N., Lawson, M. S., Schwartz, R. H., &
Helen Cross, J. (2008). Growth of children on classical and medium-
chain triglyceride ketogenic diets. Pediatrics, 122(2), e334-e340.
https://doi.org/10.1542/PEDS.2007-2410

Nielsen, J. V., Westerlund, P., & Bygren, P. (2006). A low-carbohydrate
diet may prevent end-stage renal failure in type 2 diabetes. A case
report. Nutrition & Metabolism, 3, 23. https://doi.org/10.1186/
1743-7075-3-23

Nyvad, B., & Takahashi, N. (2020). Integrated hypothesis of dental caries
and periodontal diseases. Journal of Oral Microbiology, 12(1), 1-12.
https://doi.org/10.1080/20002297.2019.1710953

Omozee, E. B., & Osamuyimen, O. J. (2019). Effect of high fat ketogenic
diet on some cardiovascular and renal parameters in Wistar albino
rats. International Journal of Biological and Chemical Sciences, 12(6),
2703. https://doi.org/10.4314/1JBCS.V1216.19

Ong, K. L., Stafford, L. K., McLaughlin, S. A., Boyko, E. J., Vollset, S.
E., Smith, A. E., Dalton, B. E., Duprey, J., Cruz, J. A., Hagins, H.,
Lindstedt, P. A., Aali, A., Abate, Y. H., Abate, M. D., Abbasian, M.,
Abbasi-Kangevari, Z., Abbasi-Kangevari, M., Abd ElHafeez, S.,

RIGHTSE LI MN iy

Abd-Rabu, R, ... Vos, T. (2023). Global, regional, and national burden
of diabetes from 1990 to 2021, with projections of prevalence to
2050: A systematic analysis for the global burden of disease study
2021. Lancet (London, England), 402(10397), 203-234. https://doi.
org/10.1016/50140-6736(23)01301-6

Ota, M., Matsuo, J,, Ishida, I., Takano, H., Yokoi, Y., Hori, H., Yoshida,
S., Ashida, K., Nakamura, K., Takahashi, T., & Kunugi, H. (2019).
Effects of a medium-chain triglyceride-based ketogenic formula on
cognitive function in patients with mild-to-moderate Alzheimer's
disease. Neuroscience Letters, 690, 232-236. https://doi.org/10.
1016/J.NEULET.2018.10.048

Palmer, C. M. (2017). Ketogenic diet in the treatment of schizoaffective
disorder: Two case studies. Schizophrenia Research, 189, 208-209.
https://doi.org/10.1016/J.SCHRES.2017.01.053

Paoli, A., Bianco, A., Grimaldi, K. A., Lodi, A., & Bosco, G. (2013). Long
term successful weight loss with a combination biphasic keto-
genic Mediterranean diet and Mediterranean diet maintenance
protocol. Nutrients, 5(12), 5205-5217. https://doi.org/10.3390/
NU5125205

Patel, S. (2018). Polycystic ovary syndrome (PCOS), an inflammatory, sys-
temic, lifestyle endocrinopathy. The Journal of Steroid Biochemistry
and Molecular Biology, 182, 27-36. https://doi.org/10.1016/J.
JSBMB.2018.04.008

Phelps, J. R, Siemers, S. V., & EI-Mallakh, R. S. (2013). The ketogenic diet
for type Il bipolar disorder. Neurocase, 19(5), 423-426. https://doi.
org/10.1080/13554794.2012.690421

Rolland, C., Mavroeidi, A., Johnston, K. L., & Broom, J. (2013). The effect
of very low-calorie diets on renal and hepatic outcomes: A system-
atic review. Diabetes, Metabolic Syndrome and Obesity: Targets and
Therapy, 6, 393-401. https://doi.org/10.2147/DMS0.S51151

Romano, L., Marchetti, M., Gualtieri, P., Di Renzo, L., Belcastro, M., De
Santis, G. L., Perrone, M. A., & De Lorenzo, A. (2019). Effects of
a personalized VLCKD on body composition and resting energy
expenditure in the reversal of diabetes to prevent complications.
Nutrients, 11(7), 15-26. https://doi.org/10.3390/nu11071526

Saito, A., Yoshimura, K., Miyamoto, Y., Kaneko, K., Chikazu, D., Yamamoto,
M., & Kamijo, R. (2016). Enhanced and suppressed mineralization
by acetoacetate and p-hydroxybutyrate in osteoblast cultures.
Biochemical and Biophysical Research Communications, 473(2), 537-
544, https://doi.org/10.1016/J.BBRC.2016.03.109

Samaha, F. F,, Igbal, N., Seshadri, P., Chicano, K. L., Daily, D. A., McGrory,
J., Williams, T., Williams, M., Gracely, E. J., & Stern, L. (2003). A low-
carbohydrate as compared with a low-fat diet in severe obesity. The
New England Journal of Medicine, 348(21), 2074-2081. https://doi.
org/10.1056/NEJMOA022637

Santos, F. L., Esteves, S. S., da Costa Pereira, A., Yancy, W. S., & Nunes, J.
P. L. (2012). Systematic review and meta-analysis of clinical trials of
the effects of low carbohydrate diets on cardiovascular risk factors.
Obesity Reviews: An Official Journal of the International Association
for the Study of Obesity, 13(11), 1048-1066. https://doi.org/10.
1111/J.1467-789X.2012.01021.X

Saraga, M., Misson, N., & Cattani, E. (2020). Ketogenic diet in bipolar
disorder. Bipolar Disorders, 22(7), 765. https://doi.org/10.1111/BDI.
13013

Saslow, L. R., Daubenmier, J. J., Moskowitz, J. T., Kim, S., Murphy, E. J.,
Phinney, S. D., Ploutz-Snyder, R., Goldman, V., Cox, R. M., Mason,
A. E., Moran, P., & Hecht, F. M. (2017). Twelve-month outcomes
of a randomized trial of a moderate-carbohydrate versus very low-
carbohydrate diet in overweight adults with type 2 diabetes melli-
tus or prediabetes. Nutrition & Diabetes, 7(12), 304. https://doi.org/
10.1038/541387-017-0006-9

Saslow, L. R., Mason, A. E., Kim, S., Goldman, V., Ploutz-Snyder, R.,
Bayandorian, H., Daubenmier, J., Hecht, F. M., & Moskowitz, J. T.
(2017). An online intervention comparing a very low-carbohydrate
ketogenic diet and lifestyle recommendations versus a plate
method diet in overweight individuals with type 2 diabetes: A

85U8017 SUOWILIOD BAITEID) 3|edldde ayp Aq peussnob are ssoiie O ‘8sn JO Sa|nJ o} Afeiq8UIIUO 3|1 UO (SUONIPUOD-PUE-SWLBY/LI0D" AB 1M ARe.q 1[I |UO//SANL) SUORIPUOD PUe SWB | 3U188S *[7202/0T/62] Uo ARidiaulluo A8|IM ‘TdN HeulH bei| Aq £/8€°€US1/200T 0T/I0p/LI0o A3 | 1m: Arelq 1 puljuoj/sdny woly papeo|umod ‘€ ‘v20z ‘2L T/870C


https://doi.org/10.3389/FNUT.2022.876620/BIBTEX
https://doi.org/10.3389/FNUT.2022.876620/BIBTEX
https://doi.org/10.1053/J.JRN.2019.06.008
https://doi.org/10.1016/J.XFRE.2021.08.008
https://doi.org/10.1016/J.XFRE.2021.08.008
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.3390/NU12102967
https://doi.org/10.3390/NU12102967
https://doi.org/10.1016/J.DSX.2019.01.035
https://doi.org/10.3945/AJCN.115.119321
https://doi.org/10.3945/AJCN.115.119321
https://doi.org/10.1371/JOURNAL.PONE.0069330
https://doi.org/10.1152/ajpregu.00240.2018
https://doi.org/10.1542/PEDS.2007-2410
https://doi.org/10.1186/1743-7075-3-23
https://doi.org/10.1186/1743-7075-3-23
https://doi.org/10.1080/20002297.2019.1710953
https://doi.org/10.4314/IJBCS.V12I6.19
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.1016/J.NEULET.2018.10.048
https://doi.org/10.1016/J.NEULET.2018.10.048
https://doi.org/10.1016/J.SCHRES.2017.01.053
https://doi.org/10.3390/NU5125205
https://doi.org/10.3390/NU5125205
https://doi.org/10.1016/J.JSBMB.2018.04.008
https://doi.org/10.1016/J.JSBMB.2018.04.008
https://doi.org/10.1080/13554794.2012.690421
https://doi.org/10.1080/13554794.2012.690421
https://doi.org/10.2147/DMSO.S51151
https://doi.org/10.3390/nu11071526
https://doi.org/10.1016/J.BBRC.2016.03.109
https://doi.org/10.1056/NEJMOA022637
https://doi.org/10.1056/NEJMOA022637
https://doi.org/10.1111/J.1467-789X.2012.01021.X
https://doi.org/10.1111/J.1467-789X.2012.01021.X
https://doi.org/10.1111/BDI.13013
https://doi.org/10.1111/BDI.13013
https://doi.org/10.1038/s41387-017-0006-9
https://doi.org/10.1038/s41387-017-0006-9
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Ffsn3.3873&mode=

GALALI ET AL.

—Wl LEyw

randomized controlled trial. Journal of Medical Internet Research,
19(2), €36. https://doi.org/10.2196/jmir.5806

Scolnick, B., Zupec-Kania, B., Calabrese, L., Aoki, C., & Hildebrandt, T.
(2020). Remission from chronic anorexia nervosa with ketogenic
diet and ketamine: Case report. Frontiers in Psychiatry, 11, 570944.
https://doi.org/10.3389/FPSYT.2020.00763/BIBTEX

Sharman, M. J., Kraemer, W. J., Love, D. M., Avery, N. G., Gémez, A.
L., Scheett, T. P., & Volek, J. S. (2002). A ketogenic diet favorably
affects serum biomarkers for cardiovascular disease in normal-
weight men. The Journal of Nutrition, 132(7), 1879-1885. https://
doi.org/10.1093/JN/132.7.1879

Sheth, R. D., Binkley, N., & Hermann, B. P. (2008). Progressive bone defi-
cit in epilepsy. Neurology, 70(3), 170-176. https://doi.org/10.1212/
01.WNL.0000284595.45880.93

Shum, L. C., White, N. S, Mills, B. N., de Mesy Bentley, K. L., & Eliseev,
R. A. (2016). Energy metabolism in mesenchymal stem cells during
osteogenic differentiation. Stem Cells and Development, 25(2), 114-
122. https://doi.org/10.1089/SCD.2015.0193

Silva, J. (2014). The effects of very high fat, very low carbohydrate diets
on safety, blood lipid profile, and anabolic hormone status. Journal
of the International Society of Sports Nutrition, 11(Suppl 1), P39.
https://doi.org/10.1186/1550-2783-11-51-P39

Simm, P. J., Bicknell-Royle, J., Lawrie, J., Nation, J., Draffin, K., Stewart, K.
G., Cameron, F. J., Scheffer, I. E., & Mackay, M. T. (2017). The effect
of the ketogenic diet on the developing skeleton. Epilepsy Research,
136, 62-66. https://doi.org/10.1016/).EPLEPSYRES.2017.07.014

Stamets, K., Taylor, D. S., Allen Kunselman, F. R. D., Demers, L. M.,
Pelkman, C. L., & Legro, R. S. (2004). A randomized trial of the ef-
fects of two types of short-term hypocaloric diets on weight loss in
women with polycystic ovary syndrome. Fertility and Sterility, 81(3),
630-637. https://doi.org/10.1016/].fertnstert.2003

Stern, L., Igbal, N., Seshadri, P., Chicano, K. L., Daily, D. A., McGrory, J.,
Williams, M., Gracely, E. J., & Samaha, F. F. (2004). The effects of
low-carbohydrate versus conventional weight loss diets in severely
obese adults: One-year follow-up of a randomized trial. Annals
of Internal Medicine, 140(10), 778-785. https://doi.org/10.7326/
0003-4819-140-10-200405180-00007

Sukkar, S. G., & Muscaritoli, M. (2021). A clinical perspective of low car-
bohydrate ketogenic diets: A narrative review. Frontiers in nutrition,
8, 642628. https://doi.org/10.3389/fnut.2021.642628

Tay, J., Luscombe-Marsh, N. D., Thompson, C. H., Noakes, M., Buckley, J.
D., Wittert, G. A., Yancy, W. S., & Brinkworth, G. D. (2014). A very
low-carbohydrate, low-saturated fat diet for type 2 diabetes man-
agement: A randomized trial. Diabetes Care, 37(11), 2909-2918.
https://doi.org/10.2337/DC14-0845

Tay, J., Luscombe-Marsh, N. D., Thompson, C. H., Noakes, M., Buckley,
J. D., Wittert, G. A, Yancy Jr, W. S., & Brinkworth, G. D. (2015).
Comparison of low- and high-carbohydrate diets for type 2 dia-
betes management: A randomized trial. The American Journal of
Clinical Nutrition, 102(4), 780-790. https://doi.org/10.3945/ajcn.
115.112581

Taylor, M. K,, Sullivan, D. K., Mahnken, J. D., Burns, J. M., & Swerdlow, R.
H. (2018). Feasibility and efficacy data from a ketogenic diet inter-
vention in Alzheimer's disease. Alzheimer's & Dementia: Translational
Research & Clinical Interventions, 4(1), 28-36. https://doi.org/10.
1016/J.TRCI.2017.11.002

Torres, J. A, Kruger, S. L., Broderick, C., Mrug, M., Lyons, L. A., & Weimbs,
T. (2019). Clinical and translational report ketosis ameliorates renal
cyst growth in polycystic kidney disease. https://doi.org/10.1016/j.
cmet.2019.09.012

Tracy, C. R, Best, S., Bagrodia, A., Poindexter, J. R., Adams-Huet, B.,
Sakhaee, K., Maalouf, N., Pak, C. Y. C., & Pearle, M. S. (2014).
Animal protein and the risk of kidney stones: A comparative meta-
bolic study of animal protein sources. The Journal of Urology, 192(1),
137-141. https://doi.org/10.1016/J.JURO.2014.01.093

RIGHTSE LI MN iy

Trimboli, P., Castellana, M., Bellido, D., & Casanueva, F. F. (2020).
Confusion in the nomenclature of ketogenic diets blurs evidence.
Reviews in Endocrine & Metabolic Disorders, 21(1), 1-3. https://doi.
org/10.1007/511154-020-09546-9

Truby, H., Baic, S., DeLooy, A., Fox, K. R., Barbara, M., Livingstone, E.,
Logan, C. M., Macdonald, I. A., Morgan, L. M., Taylor, M. A., &
Millward, D. J. (2006). Randomised controlled trial of four commer-
cial weight loss programmes in the UK: Initial findings from the BBC
‘diet trials’. BMJ, 332(7553), 1309-1314. https://doi.org/10.1136/
BMJ.38833.411204.80

Utamek-Koziot, M., Czuczwar, S. J,, Pluta, R., & Januszewski, S. (2019).
Ketogenic diet and epilepsy. Nutrients, 11, 2510. https://doi.org/10.
3390/NU11102510

Walters, K. A., Bertoldo, M. J., & Handelsman, D. J. (2018). Evidence
from animal models on the pathogenesis of PCOS. Best Practice
& Research. Clinical Endocrinology & Metabolism, 32(3), 271-281.
https://doi.org/10.1016/J.BEEM.2018.03.008

Walton, C. M., Perry, K., Hart, R. H., Berry, S. L., & Bikman, B. T. (2019).
Improvement in glycemic and lipid profiles in type 2 diabetics with a
90-day ketogenic diet. Journal of Diabetes Research, 2019, 8681959.
https://doi.org/10.1155/2019/8681959

Wang, X., Liu,Q.,Zhou, J., Xiuhua,W.,&Zhu, Q.(2017). s Hydroxybutyrate
levels in serum and cerebrospinal fluid under ketone body metabo-
lism in rats. Experimental Animals, 66(22), 177-182.

Watanabe, M., Tozzi, R, Risi, R., Tuccinardi, D., Mariani, S., Basciani, S.,
Spera, G., Lubrano, C., & Gnessi, L. (2020). Beneficial effects of the
ketogenic diet on nonalcoholic fatty liver disease: A comprehen-
sive review of the literature. Obesity Reviews: An Official Journal of
the International Association for the Study of Obesity, 21(8), e13024.
https://doi.org/10.1111/0OBR.13024

Weber, D. D., Aminzadeh-Gohari, S., Tulipan, J., Catalano, L., Feichtinger,
R. G., & Kofler, B. (2020). Ketogenic diet in the treatment of cancer
- Where do we stand? Molecular Metabolism, 33, 102-121. https://
doi.org/10.1016/J.MOLMET.2019.06.026

Webster, C. C., Murphy, T. E., Larmuth, K. M., Noakes, T. D., & Smith, J. A.
(2019). Diet, diabetes status, and personal experiences of individuals
with type 2 diabetes who self-selected and followed a low carbohy-
drate high fat diet. Diabetes, Metabolic Syndrome and Obesity: Targets
and Therapy, 12,2567-2582. https://doi.org/10.2147/DMS0.5227090

Westman, E. C., Yancy, W. S., Mavropoulos, J. C., Marquart, M., &
McDuffie, J. R. (2008). The effect of a low-carbohydrate, ketogenic
diet versus a low-glycemic index diet on glycemic control in type 2
diabetes mellitus. Nutrition & Metabolism, 5(1), 1-9. https://doi.org/
10.1186/1743-7075-5-36

Wilson, J. M., Lowery, R. P,, Roberts, M. D., Sharp, M. H., Joy, J. M.,
Shields, K. A., Partl, J. M., Volek, J. S., & D'Agostino, D. P. (2020).
Effects of ketogenic dieting on body composition, strength, power,
and hormonal profiles in resistance training men. Journal of Strength
and Conditioning Research, 32(12), 3463-3474.

Witodarczyk, A., Wiglusz, M. S., & Cubata, W. J. (2018). Ketogenic diet
for schizophrenia: Nutritional approach to antipsychotic treatment.
Medical Hypotheses, 118, 74-77. https://doi.org/10.1016/).MEHY.
2018.06.022

Woelber, J. P.,, Bremer, K., Vach, K., Kénig, D., Hellwig, E., Ratka-Krtger,
P., Al-Ahmad, A., & Tennert, C. (2016). An Oral health optimized
diet can reduce gingival and periodontal inflammation in humans
- A randomized controlled pilot study. BMC Oral Health, 17(1), 1-8.
https://doi.org/10.1186/512903-016-0257-1/TABLES/3

Woelber, J. P., Gartner, M., Breuninger, L., Anderson, A., Kénig, D., Hellwig,
E., Al-Ahmad, A., Vach, K., Détsch, A., Ratka-Kriger, P., & Tennert,
C.(2019). The influence of an anti-inflammatory diet on gingivitis. A
randomized controlled trial. Journal of Clinical Periodontology, 46(4),
481-490. https://doi.org/10.1111/JCPE.13094

Woelber, J. P, Tennert, C., Ernst, S. F., Vach, K., Ratka-Kriger, P., Bertz,
H., & Urbain, P.(2021). Effects of a non-energy-restricted ketogenic

85U8017 SUOWILIOD BAITEID) 3|edldde ayp Aq peussnob are ssoiie O ‘8sn JO Sa|nJ o} Afeiq8UIIUO 3|1 UO (SUONIPUOD-PUE-SWLBY/LI0D" AB 1M ARe.q 1[I |UO//SANL) SUORIPUOD PUe SWB | 3U188S *[7202/0T/62] Uo ARidiaulluo A8|IM ‘TdN HeulH bei| Aq £/8€°€US1/200T 0T/I0p/LI0o A3 | 1m: Arelq 1 puljuoj/sdny woly papeo|umod ‘€ ‘v20z ‘2L T/870C


https://doi.org/10.2196/jmir.5806
https://doi.org/10.3389/FPSYT.2020.00763/BIBTEX
https://doi.org/10.1093/JN/132.7.1879
https://doi.org/10.1093/JN/132.7.1879
https://doi.org/10.1212/01.WNL.0000284595.45880.93
https://doi.org/10.1212/01.WNL.0000284595.45880.93
https://doi.org/10.1089/SCD.2015.0193
https://doi.org/10.1186/1550-2783-11-S1-P39
https://doi.org/10.1016/J.EPLEPSYRES.2017.07.014
https://doi.org/10.1016/j.fertnstert.2003
https://doi.org/10.7326/0003-4819-140-10-200405180-00007
https://doi.org/10.7326/0003-4819-140-10-200405180-00007
https://doi.org/10.3389/fnut.2021.642628
https://doi.org/10.2337/DC14-0845
https://doi.org/10.3945/ajcn.115.112581
https://doi.org/10.3945/ajcn.115.112581
https://doi.org/10.1016/J.TRCI.2017.11.002
https://doi.org/10.1016/J.TRCI.2017.11.002
https://doi.org/10.1016/j.cmet.2019.09.012
https://doi.org/10.1016/j.cmet.2019.09.012
https://doi.org/10.1016/J.JURO.2014.01.093
https://doi.org/10.1007/S11154-020-09546-9
https://doi.org/10.1007/S11154-020-09546-9
https://doi.org/10.1136/BMJ.38833.411204.80
https://doi.org/10.1136/BMJ.38833.411204.80
https://doi.org/10.3390/NU11102510
https://doi.org/10.3390/NU11102510
https://doi.org/10.1016/J.BEEM.2018.03.008
https://doi.org/10.1155/2019/8681959
https://doi.org/10.1111/OBR.13024
https://doi.org/10.1016/J.MOLMET.2019.06.026
https://doi.org/10.1016/J.MOLMET.2019.06.026
https://doi.org/10.2147/DMSO.S227090
https://doi.org/10.1186/1743-7075-5-36
https://doi.org/10.1186/1743-7075-5-36
https://doi.org/10.1016/J.MEHY.2018.06.022
https://doi.org/10.1016/J.MEHY.2018.06.022
https://doi.org/10.1186/S12903-016-0257-1/TABLES/3
https://doi.org/10.1111/JCPE.13094
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Ffsn3.3873&mode=

GALALI ET AL.

1464
—I—WI LEY-

diet on clinical oral parameters. An exploratory pilot trial. Nutrients,
13(12), 4229. https://doi.org/10.3390/NU13124229

Wu, X., Ding, J., Xiaolin, X., Wang, X., Liu, J., Jiang, J.,, Liu, Q., Kong, G.,
Huang, Z., Yang, Z., & Zhu, Q. (2019). Ketogenic diet compromises
vertebral microstructure and biomechanical characteristics in mice.
Journal of Bone and Mineral Metabolism, 37(6), 957-966. https://doi.
org/10.1007/S00774-019-01002-2

Wu, X., Huang, Z., Wang, X., Zhaozong, F., Liu, J., Huang, Z., Kong, G.,
Xiaolin, X., Ding, J., & Zhu, Q. (2017). Ketogenic diet compromises
both cancellous and cortical bone mass in mice. Calcified Tissue
International, 101(4), 412-421. https://doi.org/10.1007/S0022
3-017-0292-1

Woycherley, T. P., Thompson, C. H., Buckley, J. D., Luscombe-Marsh, N. D.,
Noakes, M., Wittert, G. A., & Brinkworth, G. D. (2016). Long-term
effects of weight loss with a very-low carbohydrate, low saturated
fat diet on flow mediated dilatation in patients with type 2 diabetes:
A randomised controlled trial. Atherosclerosis, 252, 28-31. https://
doi.org/10.1016/j.atherosclerosis.2016.07.908

Xu, X., Ding, J., Xiuhua, W., Huang, Z., Kong, G, Liu, Q., Yang, Z., Huang,
Z., & Zhu, Q. (2019). Bone microstructure and metabolism changes
under the combined intervention of ketogenic diet with intermit-
tent fasting: An in vivo study of rats. Experimental Animals, 63(3),
371-380.

Yancy, W. S., Westman, E. C., McDuffie, J. R., Grambow, S. C., Jeffreys,
A.S., Bolton, J.,, Chalecki, A., & Oddone, E. Z. (2010). A randomized
trial of a low-carbohydrate diet vs orlistat plus a low-fat diet for
weight loss. Archives of Internal Medicine, 170(2), 136-145. https://
doi.org/10.1001/ARCHINTERNMED.2009.492

Youm, Y. H., Nguyen, K. Y., Grant, R. W,, Goldberg, E. L., Bodogai, M.,
Kim, D., D'Agostino, D., Planavsky, N., Lupfer, C., Kanneganti, T.
D., Kang, S., Horvath, T. L., Fahmy, T. M., Crawford, P. A., Biragyn,
A., Alnemri, E., & Dixit, V. D. (2015). The ketone metabolite

RIGHTSE LI MN iy

p-hydroxybutyrate blocks NLRP3 inflammasome-mediated inflam-
matory disease. Nature Medicine, 21(3), 263-269. https://doi.org/
10.1038/NM.3804

Zarnowska, I., Chrapko, B., Gwizda, G., Nocun, A., Mitosek-Szewczyk,
K., & Gasior, M. (2018). Therapeutic use of carbohydrate-restricted
diets in an autistic child; a case report of clinical and 18FDG PET
findings. Metabolic Brain Disease, 33(4), 1187-1192. https://doi.org/
10.1007/511011-018-0219-1/FIGURES/3

Zebari, S. M. S., Mahgoob, N. Q., Qahtan, M. N., Jassim, N. M., Adil, H.
0., & Hashim, A. Q. (2022). Pre and early post-operative iron as-
sessment in obese patients underwent laparoscopic sleeve gasterc-
tomy. Cihan University-Erbil Scientific Journal, 6(2), 153-160. https://
doi.org/10.24086/CUESJ.V6N2Y2022.PP153-160

Zhang, W., Chen, X. G. L., Chen, T,, Jiayu, Y., Chaodong, W., & Zheng, J.
(2021). Ketogenic diets and cardio-metabolic diseases. Frontiers in
Endocrinology, 12(75), 30-39.

Zhang, X., Zheng, Y., Guo, Y., & Lai, Z. (2019). The effect of low carbo-
hydrate diet on polycystic ovary syndrome: A meta-analysis of
randomized controlled trials. International Journal of Endocrinology,
2019, 1-14. https://doi.org/10.1155/2019/4386401

How to cite this article: Galali, Y., Zebari, S. M. S., Aj. Jabbar,
A., Hashm Balaky, H., Sadee, B. A., & Hassanzadeh, H. (2024).
The impact of ketogenic diet on some metabolic and non-
metabolic diseases: Evidence from human and animal model
experiments. Food Science & Nutrition, 12, 1444-1464. https://
doi.org/10.1002/fsn3.3873

85UBD17 SUOLILLIOD SAIERID 3ol dde 3y} Aq pauRA0B 88 S3[ e YO ‘SN J0 S3INJ 104 ARIG1T 3UIIUO A1 UO (SUOIPUCD-PUR-SWLBYW0D A8 | 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SWis | 84} 835 *[7202/0T/62] U0 A%eiqiTauliuo A8|IM IdN HeulH bel| Aq £28€°€Us}/200T 0T/10p/LI00 A8 | im AReiq 1 puljuo//:SdNY WOy papeo|umoq ‘€ ‘¥20Z ‘LLT.8702


https://doi.org/10.3390/NU13124229
https://doi.org/10.1007/S00774-019-01002-2
https://doi.org/10.1007/S00774-019-01002-2
https://doi.org/10.1007/S00223-017-0292-1
https://doi.org/10.1007/S00223-017-0292-1
https://doi.org/10.1016/j.atherosclerosis.2016.07.908
https://doi.org/10.1016/j.atherosclerosis.2016.07.908
https://doi.org/10.1001/ARCHINTERNMED.2009.492
https://doi.org/10.1001/ARCHINTERNMED.2009.492
https://doi.org/10.1038/NM.3804
https://doi.org/10.1038/NM.3804
https://doi.org/10.1007/S11011-018-0219-1/FIGURES/3
https://doi.org/10.1007/S11011-018-0219-1/FIGURES/3
https://doi.org/10.24086/CUESJ.V6N2Y2022.PP153-160
https://doi.org/10.24086/CUESJ.V6N2Y2022.PP153-160
https://doi.org/10.1155/2019/4386401
https://doi.org/10.1002/fsn3.3873
https://doi.org/10.1002/fsn3.3873
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Ffsn3.3873&mode=

	The impact of ketogenic diet on some metabolic and non-­metabolic diseases: Evidence from human and animal model experiments
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study selection
	2.2|Study eligibility criteria
	2.3|The data extraction

	3|RESULTS
	3.1|The impact of KD on metabolic diseases
	3.1.1|Type 2 diabetes and weight loss
	3.1.2|Cardiovascular disease and dyslipidemia
	3.1.3|Fatty liver (non-­alcoholic)
	3.1.4|Kidney failure and hypertension
	3.1.5|Polycystic ovary syndrome

	3.2|Non-­metabolic diseases
	3.2.1|Oral health
	3.2.2|Libido and sex drive
	3.2.3|Mental and psychiatric problem
	3.2.4|Osteoporosis and skeletal system


	4|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


