
Yadav & Mandhan Biological Forum – An International Journal 15(1): 75-81(2023) 75

ISSN No. (Print): 0975-1130
ISSN No. (Online): 2249-3239

Scope of Low Carbohydrate Diets as Therapeutics
Monika Yadav and Vibha Mandhan*

Department of Botany, BMU, Rohtak (Haryana), India.

(Corresponding author: Vibha Mandhan*)
(Received: 19 November 2022; Revised: 18 December2022; Accepted: 26 December, 2022; Published: 06 January, 2023)

(Published by Research Trend)

ABSTRACT: The low-carbohydrate diets were recently used to treat various illnesses. The low-
carbohydrate diets have emerged as a substitute for medicines. Weight reduction and its maintenance are
the key targets to dietary modulations. Meal replacements can be beneficial in improving the efficacy of
dietary modulations. The nutrient-enriched diet needs to be used for the long term to show promising
health outcomes. Additionally, dietary interventions have been used in various illnesses such as
cardiovascular diseases, diabetes, kidney health, neurological disorders, as well as acne. Thus, it becomes
mandatory to remove conventional medications from dietary habits and add nutrient-enriched foods to
avoid the harmful side effects of conventional therapies. Dietary modification becomes the need of the hour
for healthy well-being. Additionally, the keto diets suffer various challenges such as causing various human
illnesses, disregulated eatings, and social isolation. This review highlights the role of ketogenic diets as
therapeutics for various human disorders.
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INTRODUCTION

Over the years, various studies have demonstrated the
use of a low-carbohydrate ketogenic diet for relieving
various illnesses. The ketogenic diets were found
efficient in mitigating epilepsy (Ułamek-Kozioł et al.,

2019). The addition of the Atkins diet and various other
dietary modifications has popularized the need for
dietary modulations for a healthy life (Churuangsuk et
al., 2020). Diet has shown promising effects on various
clinical disorders (Merrill et al., 2020) (Table 1).

Table 1: Targeted functioning of ketogenic diet in various disorders.

Disease Targeted mechanism Reference

Cardiovascular disorder
Reduction in blood insulin and increase

in LDL production
( Paoli et al., 2011)

Weight loss
Reduction in appetite, lipid synthesis,

increased lipid metabolism
(Kreider et al., 2011)

Diabetes
Reduction in blood insulin and

increased mitochondrial homeostasis
(Leow et al., 2018)

Polycystic ovary syndrome
Reduced blood insulin and reduced
activity of insulin-like growth factor

(Mavropoulos et al., 2005)

Acne
Reduced activity of insulin-like growth

factor
(Paoli et al., 2012)

Neurological disease
Reduction in blood insulin and

increased mitochondrial homeostasis
(Stafstrom and Rho 2012)

As dietary modifications are more economic than
conventional pharma-based medications, more research
needs to be done to prepare a standardized dietary
regime for a healthy body (Merrill et al., 2020). The
low-carbohydrate ketogenic diet includes more proteins
and low carbohydrates (approximately 50g per day)
(Veech, 2004). The significance of ketogenic diets can
be traced back to the early 1920s (Owen et al., 1967)
when it was first used to treat epilepsy (Kessler et al.,
2011). Additional research efforts were done to explore
the effects of ketogenic diets on metabolism. Low
carbohydrate diets reduce insulin levels which further
reduce fat deposition and lipid synthesis. Insulin

activates the formation of energy molecules from
carbohydrates through enzyme activation (Owen et al.,
1967). As the central nervous system depends on
glucose for energy, alternative approaches such as
acetyl coenzyme A production needs to be targeted for
CNS health (Owen et al., 1967). During fasting as well
as low-carbohydrate dietary intake, the energy
molecules such as acetoacetate, acetone, and
hydroxybutyric acid are produced in the liver
mitochondria (Fukao et al., 2004). The normal levels of
free acetoacetate are metabolized by muscles but the
overproduction of acetoacetic acid leads to its
conversion to ketone bodies that cause ketonuria and
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ketonemia. The formation of acetone and its removal
from the lungs causes bad breath. Additionally, even
though blood glucose levels are reduced, it stays within
acceptable levels due to the presence of glucose from
two sources: glucogenic amino acids and glycerol
liberated during triglyceride breakdown (A. Paoli et al.,
2011). Several recent studies have explored the role of
ketogenic diet in maintaining healthy body
(Churuangsuk et al., 2020). In-line with the current
efforts, this review focuses on the therapeutic roles of
the low-carbohydrate diets in various human disorders.
Additionally, the challenges and drawbacks of the
ketogenic diets have also been highlighted in detail.

THERAPEUTIC ROLE OF THE KETOGENIC
DIET

Cardiovascular system. There is concrete evidence
that a low-carbohydrate ketogenic diet has a positive
impact on cardiovascular risk factors. Previous worries
have been raised about their superior effectiveness in
comparison to "balanced" diets and long-term safety, as
well as widely negative opinions related to possible
negative effects on triglyceride and cholesterol levels.
Nonetheless, the bulk of modern research has come to
support the idea that cutting carbohydrates to a level
that activates physiological ketosis can indeed lead to
positive outcomes on blood lipid profiles (Volek et al.,
2009). Specifically, the low-carbohydrate ketogenic
diet outcome seems to be particularly pronounced on
triglyceride levels (Paoli et al., 2011), but it has also
been observed to bring about lower total cholesterol and
higher levels of high-density lipoprotein (Paoli et al.,
2011).Furthermore, researchers have observed that a
low-carbohydrate ketogenic diet amplifies the mass and
size of low-density lipoprotein-cholesterol particles
(Volek et al., 2005), which is suspected to reduce the
chance of cardiovascular disorder since smaller low-
density lipoprotein molecules tend to be more
atherogenic. Additionally, there are direct consequences
of diet on the general production of endogenous
cholesterol. 3-hydroxy3-methylglutaryl-CoA reductase,
an essential enzyme in cholesterol biosynthesis and a
goal of statins, is activated by insulin, so a rise in blood
glucose and thus of insulin levels will cause an increase
in endogenous cholesterol manufacture.
Weight loss
Meal replacement. The best method assumed for
weight loss is the replacement of current meals as it is
considered a safe way without any side effects (Davis et
al., 2010). The diets are decided based on sufficient
nutrient uptake (Ditschuneit and Flechtner-Mors, 2001).
The high-fat diets can be replaced by low-calorie,
nutrient-dense meals such as low-fat foods. The liquids
containing low-energy components can be used as
weight loss regiments. In a study, two groups were
made- one with intense physical activity and the other
with planned dietary modifications. Both groups were
found to have similar effects (LeCheminant et al.,
2005). Low-fat meal usage has shown a good impact on
weight management during obesity (Davis et al., 2010).
In a study, 100 patients were divided into two groups-
one with a low-energy diet and the other with the same

calorie diet (replaced with two meals) (Ditschuneit and
Flechtner-Mors 2001). Although weight reduction was
observed in both groups but the second group was
observed with more weight loss and weight
maintenance (Ditschuneit and Flechtner-Mors 2001).
As meal replacement does not affect dietary
satisfaction, dietary habits, appetite, as well as diet
quality, it is an ideal way for weight loss and
management. It was observed that dietary modifications
along with intense physical exercise help in maintaining
weight (Kreider et al., 2011). The dietary modifications
may suffer certain economic issues as certain people
cannot afford nutrient-enriched meals (Ditschuneit and
Flechtner-Mors 2001). Additionally, diet repetitions
may bring out dietary sickness (LeCheminant et al.,
2005).
Addition of nutrient-enriched meals. Weight can also
be managed with the addition of nutrients to the daily
dietary regime. The use of a low-fat, low-carbohydrate,
and high-protein diet may help in body weight
maintenance. Low-protein and high-glycemic index
diets were found more effective in weight loss than the
high-protein and low-glycemic-index diets (Layman et
al., 2009). The high-protein and low glycemic index
diet induced a continued weight loss. Even though less
glycemic index diet accompanies fewer calories, it was
not found effective in weight maintenance (Philippou et
al., 2009). Weight regain can be avoided with the use of
a high protein diet during high content of CRP and
leptin (Redman et al., 2009). Low-energy and medium-
fat diet was found more effective in weight
management than a low-fat diet (Azadbakht et al.,
2007). The appetite could not be controlled due to the
low-energy diet as the satiety signals were found to be
induced. The low-carbohydrate diet and the diet with
high protein and carbohydrates were given to two
different groups of people. The group on a low-
carbohydrate diet was found to regain weight while the
group with a high protein and carbohydrate diet was
found to have continuous weight reduction and lower
appetite. Craving was found to play a significant role in
weight loss (Jakubowicz et al., 2012).
Dietary patterns. The people who sleep early at night,
do more physical activity and consume less sugar
maintain a weight loss regime and are less prone to
weight regain. The efficacy of weight loss, weight
monitoring, and including healthy foods in the diet are
significant for weight management (Phelan et al.,
2010). Lower calorie intake accompanies a lean body
(Vanderwood et al., 2011). A healthy diet must include
low-fat grains, high fiber, fruits, and vegetables
(Raynor et al., 2011). Weight regain differentiates with
differential hunger and cognitive habits (Legenbauer et
al., 2010). Eating habits, continuous eating, and
emotional distress need to be controlled for regular
weight maintenance (Karhunen et al., 2012). Calcium
may help in reducing weight regain (Ochner and Lowe
2007). Additionally, the inclusion of fewer food
varieties can help in avoiding weight regain (Raynor et
al., 2005).
Other dietary changes. Dietary approaches have been
used to avoid hypertension that simultaneously
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maintains body weight (Azadbakht et al., 2011). The
diet must include low-fat products, fruits, and
vegetables. This diet helps in weight loss as well as
weight management due to low-fat dairy products
(Champagne et al., 2011). Similarly, milk protein was
found effective in long-term weight loss maintenance
(Hochstenbach-Waelen et al., 2010). The re-feeding
period is crucial during weight maintenance (Gripeteg
et al., 2010).
Diabetes
Type-1 Diabetes. Ketogenic diets increase glycemic
conditions in diabetic patients and may cause
hyperlipidemia, reduced bone mass, malnutrition, and
amenorrhea. Additionally, they may affect mood
behaviors (McClean et al., 2019). The ketogenic diet
may be beneficial as well as harmful during diabetes.
The ketogenic diet regulates blood glucose (Leow et al.,
2018) and causes hypoglycemia. It can also generate
dyslipidemia, a potential risk in heart patients (Leow et
al., 2018). Reduced ketosis was observed during type-1
diabetes (Kanikarla-Marie and Jain, 2016). Diabetic
patients suffer from ketonuria due to metabolic
deformities. These patients are at a potential risk of
reduced functioning of the brain, liver, and kidney.
Additionally, ketone production causes a high risk of
inflammation, oxidative stress, and NAFLD (Kanikarla-
Marie and Jain 2016).
Type-2 Diabetes. The low-carbohydrate diet decreases
appetite, blood glucose, and thus improves weight loss
(Westman et al., 2008). Improved insulin sensitivity
due to low fat has been observed due to the ketogenic
diet (Goday et al., 2016). In a study where a diet
containing nearly half of the carbohydrates was given to
a group of people and after 4 weeks the diet was shifted
to the ketogenic diet, increased lipoproteins,
cholesterol, and reduced insulin were observed. Thus, a
carbohydrate-enriched diet reduced insulin sensitivity
(Rosenbaum et al., 2019). Further exploration revealed
that a plant-based diet was more effective in improving
insulin content than the animal-based ketogenic diet
and glucose tolerance was affected during the ketogenic
diet as compared to the plant-based diet. A study
showed that insulin sensitivity was retained for 6
months and reversed after 1 year (Foster et al., 2003).
The ketogenic diet reduced glucose formation in
healthy people (Bisschop et al., 2001). Similar
retrograded effects were observed for hemoglobin A1c
during ketogenic diets (Goldenberg et al., 2021). Thus,
dietary modulations can effectively treat diabetes and
reduce the potential risk of conventional medications
(Vilar-Gomez et al., 2019). Thus, weight loss can be
maintained in diabetic patients fed on the ketogenic diet
(Kosinski and Jornayvaz 2017). Conclusively, there are
both short as well as long-term implications of
ketogenic diets on diabetic patients (Brouns, 2018).
Polycystic ovary syndrome. Polycystic ovary
syndrome (PCOS) is the most prevailing disorder in
females causing other disorders such as ovary
dysfunctions, insulin resistance, as well as obesity
(DeUgarte et al., 2005). It is usually accompanied by
obesity (Fauser et al., 2012). PCOS is usually a result
of hyperinsulinemia where high blood insulin increases

ovarian hormone release (Tosi et al., 2012). Increased
insulin content impairs the inhibition of progesterone
(Blank et al., 2009). Insulin also increases the adrenal
synthesis of steroids and ACTH release (Moghetti et
al., 1996). Although medications and lifestyle changes
such as exercise may improve the increased insulin
content and help in reducing body weight further
relieving the PCOS symptoms, the exact mechanism of
the ketogenic diet in PCOS is still not understood
(Mavropoulos et al., 2005).
Kidney Health. The low-carbohydrate diet has been
found effective in kidney health (Joshi et al., 2019). But
the ketogenic diet leads to the development of kidney
stones (McNally et al., 2009). As the ketogenic diet
relies on animal-based products, it increases the
chances of kidney stones (Tracy et al., 2014). The
acidity during stone formation further reduces pH and
citrate and increases calcium concentration in the
kidney. Additionally, the ketogenic diet also increases
the albumin levels in urine (Lin et al., 2010). Other
animal proteins were also found to show similar effects
(Mirmiran et al., 2020). Low-protein diet was found
effective in reducing the risk of renal failure (Yan et al.,
2018). The consumption of high proteins causes
hyperfiltration leading to long-term renal damage
(Kalantar-Zadeh and Fouque 2017). The high acidity
due to the ketogenic diet further increases acidosis and
kidney stones (Banerjee et al., 2015). Thus, ketogenic
diets need to be standardized in patients with kidney
failure.
Acne. Acne development is directly related to nutrition
consumption through diet. The high glycemic and milk
protein-enriched foods increase acne development due
to the activation of certain proliferative pathways
responsible for acne (Paoli et al., 2012). Individuals on
traditional diets are comparatively less prone to acne
development due to low glycemic loads (Cordain,
2005) than people on western diets (Smith and Mann
2007). High glycemic food increase acne due to
increased insulin, androgen, and insulin-like growth
factor production. Low glycemic foods improve skin
quality and reduce weight as well as blood glucose
(Smith et al., 2007). Increased insulin levels improve
androgen levels and induce enzyme levels for steroid
synthesis (Kristiansen et al., 1997). Insulin further
improves the activity of insulin-like growth
factors(Powell et al., 1991). Thus, insulin affects
various factors that lead to acne development. Insulin
increases the keratinocyte development within
pilosebaceous ducts, causes disarrangement of follicular
epithelium, increases sebum production due to
androgen induction, and increases skin inflammation
due to the overgrowth of Propionibacterium
acnes(Cordain, 2005). Conclusively, low-carbohydrate
diets may reduce acne development as well as its
progression (Paoli et al., 2012).
Alzheimer’s disease. Alzheimer’s disease is
accompanied by seizures (Palop and Mucke 2009) with
an increase in brain excitability (Noebels, 2011), and an
alteration in mitochondria homeostasis (Kapogiannis
and Mattson 2011). The low-carbohydrate diet is highly
efficient in the clinical treatment of Alzheimer’s disease
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(Henderson et al., 2009). The ketogenic diet relieved
mitochondrial dysfunctioning and protected the neural
cells against beta-amyloids (Kashiwaya et al., 2000).
Less amyloid deposition and less oxidative stress were
observed in Alzheimer’s disease patients fed on the
ketogenic diet (Van der Auwera et al., 2005). More
intensive research efforts need to be done to explore the
beneficial aspects of the ketogenic diet in disease
betrayal.
Parkinson’s disease. The maintenance of
mitochondrial homeostasis by the ketogenic diet helps
in the treatment of Parkinson’s disease (Vanitallie et al.,
2005). The low-carbohydrate diet was found effective
in the healing of the mitochondrial respiratory chain
during the neural disorder (Kashiwaya et al., 2000). A
deep understanding of the mechanism by which diet
influences this change thus becomes mandatory.
Brain trauma. Brain trauma is the initial stage of
epilepsy. As the low-carbohydrate diet relieves
seizures, it helps in healing the clinical implications of
brain injury through the reduction of the severity of
brain injury (Stafstrom and Rho 2012). The low-
carbohydrate diet reduced cortical injury and this
treatment was found dependent on the age and
differential metabolism of brain ketone bodies (Prins et
al., 2005). The low-carbohydrate diet even decreased
cognitive-motor functions after brain trauma
(Appelberg et al., 2009). Further explorations of the
targeted mechanism need to be done for a better
understanding of the role of the ketogenic diet in
healing brain trauma (Schwartzkroin et al., 2010).

THE HARMFUL IMPACTS OF KETOGENIC
DIETS

The toxic effects of ketogenic diets include increased
fatigue, constipation, nausea, hypoglycemia, as well as
acidosis (Roehl and Sewak, 2017). Additionally,
hypertriglyceridemia, hypercholesterolemia,
hypomagnesemia, hyperuricemia, hyponatremia,
dehydration, hepatitis, and pancreatitis can also occur
(Włodarek, 2019). The ketogenic diet may also bring
other symptoms such as brain fog, reduced energy, and
irregulations in the heartbeat (Bostock et al., 2020).
Ketogenic diets facilitate bone remodeling in athletes
(Heikura et al., 2020). Even long-term usage of the
low-carbohydrate diet leads to anemia, neurological
pathologies, and decreased bone mass (Hoyt and
Billson 1979). Most people cannot tolerate the long-
term usage of ketogenic diets (Brouns, 2018). Even the
ketogenic diet was found to increase fatality rates (Noto
et al., 2013). The low-carbohydrate and high-protein
diets additionally increase the risk of kidney failure due
to an increased release of nitrogen (Westerterp-
Plantenga et al., 2009). Conflicts still occur among the
studies conferring the harmful and neutral roles of
ketogenic diets on kidney failures(Wakefield et al.,
2011; Martin et al., 2005). It was found that kidneys are
highly adapted to the long-term usage of ketogenic diets
(Welle and Nair 1990). The blood flow was found
affected during a ketogenic diet. Additionally,
metabolic disorders such as obesity, diabetes, and
individuals on kidney transplants are more prone to the

negative impacts of high-protein diets (Praga, 2005).
The reduced kidney functions were also documented in
diabetic patients (Westerterp-Plantenga, 2007). Low-
protein diet was observed to decrease the risk of
albuminuria in diabetic patients (Pijls et al., 1999), but
this protein deprivation in the diet soon needs to be
recovered for normal body functions. The high-protein
and low-carbohydrate diet was even found effective in
reducing nephron damage during diabetes (Westerterp-
Plantenga, 2007; Poplawski et al., 2011). Although
ketogenic diets usually cause acidosis, their beneficial
aspects cannot be neglected.

CONCLUSION

The low-carbohydrate diets are considered key tools to
reduce weight. They are far more beneficial than low-
fat diets but various concerns arise regarding the safety
of ketogenic diets. The ketogenic diets are significant in
providing therapeutic efficacy during various human
disorders such as cardiovascular disease, obesity, acne,
diabetes, PCOS, and neural pathologies. They are a key
factor in the reduction of body weight and their long-
term exposure can even reduce the risk of weight
regain. The low-carbohydrate diet reduces blood
glucose and helps in reducing the risk of diabetes.

FUTURE SCOPE

Further explorations need to be done to assess the
efficacy and safety of ketogenic diets. These diets are
highly efficient in relieving brain disorders such as
epilepsy. But the ketogenic diets may suffer certain
risks such as the rise of low-density lipoproteins as well
as reduced/stunted brain development of the fetus
during pregnancy. Thus, these diets may make the child
prone to certain diseases such as neurological disease,
cardio-vascular diseases, cancer, and diabetes. The
reduced intake of plant-based products may increase the
toxic effects of ketogenic diets. Even these risks can
sometimes overcome the beneficial aspects of low-
carbohydrate diets.
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