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Calorie restriction or dietary restriction: how far they 
can protect the brain against neurodegenerative 
diseases?

Tayana Silva de Carvalho*

Abstract  
Finding the correct nutritional intervention is one of the biggest challenges in treating 
patients with neurodegenerative diseases. In general, these patients develop strong 
metabolic alterations, resulting in lower treatment efficacy and higher mortality rates. 
However, there are still many open questions regarding the effectiveness of dietary 
interventions in neurodiseases. Some studies have shown that a reduction in calorie 
intake activates key pathways that might be important for preventing or slowing down the 
progression of such diseases. However, it is still unclear whether these neuroprotective 
effects are associated with an overall reduction in calories (hypocaloric diet) or a specific 
nutrient restriction (diet restriction). Therefore, here we discuss how commonly or 
differently hypocaloric and restricted diets modulate signaling pathways and how these 
changes can protect the brain against neurodegenerative diseases.  
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Introduction 
Epilepsy is one of the oldest known neurodiseases, at which time 
the treatment was based on lower food intake (Magiorkinis et al., 
2014). Almost a century later, other neurodegenerative diseases 
such as Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, 
and stroke, have been reported in middle-aged and elderly people. 
Unfortunately, these diseases still lack pharmacological and non-
pharmacological treatments. Therefore, recent studies have started 
to consider calorie restriction and dietary restriction as possible 
candidates for being added to the therapy as a non-pharmacological 
treatment (Pasinetti et al., 2007; Srivastava and Haigis, 2011; de 
Carvalho et al., 2019a; Verrotti et al., 2020).   

However, due to the complexity of these diseases, it is not easy to 
modify the dietary intake of neurologic patients, since > 20% of 
epileptic patients, 12.6–59.8% of Alzheimer’s disease (AD) patients, 
17.2–40% of Parkinson’s disease (PD) patients, 8% of multiple sclerosis 
(MS) patients, and 6–62% of stroke patients are undernourished 
or at risk of undernutrition on the onset of neurological symptoms 
(Crepin et al., 2009; Foley et al., 2009; Sheard, 2014; Redondo Robles 
et al., 2019). During the disease time course, these patients normally 
develop eating and swallowing problems, resulting in marked weight 
loss,  nutritional deficiencies, poor prognosis, stronger neurological 
symptoms, and lower therapeutic efficacy (Foley et al., 2009; Bouziana 
and Tziomalos, 2011; Sheard, 2014). 

On the other hand, eutrophic patients, who restricted their calories 
or one kind of nutrient either before the onset of the disease or 
during the treatment, had a better prognosis. This occurs because 
restrictive diets are able to activate important metabolic pathways 
associated with protection (Manzanero et al., 2011; de Carvalho et 
al., 2019a, b, 2020; Phillips, 2019).

Therefore,  as summarized in Figure 1 ,  in the absence of 
undernutrition, calorie restriction or dietary restriction can be 
considered as a therapy for all the above-mentioned neurodiseases. 

Nevertheless, it is unknown which restrictive diet can be better 
applied for each neurodisease, in which a restrictive diet is more 
effective for reducing neurological symptoms, and which signaling 
pathways these diets can use to promote neuroprotection. Based 
on these questions, the present study aimed to discuss the possible 
neuroprotective effects of these diets across different neurodisease 
conditions. 
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Figure 1 ｜ An illustrative relationship between dietary intake and 
neurological diseases. 
Neurological diseases such as epilepsy, Alzheimer, Parkinson, multiple 
sclerosis, and stroke can activate important catabolic pathways that result in 
undernutrition. In this context, a reduction of nutrients is harmful, might not 
show protective effects, and must be excluded from the non-pharmacological 
strategy. However, patients with unaltered nutritional conditions can undergo 
this approach, being a useful strategy for applying together with the current 
pharmacological interventions for such diseases.
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Search Strategy and Selection Criteria 
Studies cited in this review published from 2000 to 2021 were 
searched on the PubMed database using the following keywords: 
Neurological diseases, undernutrition, Alzheimer ’s disease, 
Parkinson’s disease, multiple sclerosis, epilepsy, calorie restriction, 
dietary restriction, and neuroprotection.

Understanding the Differences between Calorie 
Restriction and Dietary Restriction
Before discussing the potential neuroprotective effects of calorie 
restriction or dietary restriction on neurodiseases, it is important to 
conceptually define them (Table 1). 

body function (Lee et al., 2016). These concepts are summarized in 
Table 1.

Interestingly, even when the definition is mixed, particularly between 
very low dietary intake and dietary restriction, several previous 
studies found a high association between lower calorie intake and 
reduced neurological disease progression (Love, 2005; Pasinetti et al., 
2007; Srivastava and Haigis, 2011; Van Cauwenberghe et al., 2016; 
de Carvalho et al., 2020). These associations are discussed in detail in 
the following sections.  

The Role of Calorie Restriction and Dietary 
Restriction on the Neurological Symptoms  
Regardless of nutritional status, during the aging process or at the 
onset of different neurodiseases, it is common to observe changes 
in brain volume, adenosine triphosphate production, neuropeptide 
levels, inflammatory and neurotransmitter activity, reactive oxygen 
species formation, neuronal loss, and plaque deposition (Landi et 
al., 2016; Moore et al., 2018). In the face of these alterations, it is 
clear that changes in diet need to be carefully applied to preserve 
brain function. In addition, there are two important aspects to be 
considered: (1) how far dietary interventions can protect against 
neurological symptoms and (2) how these interventions play a role 
in the course of epilepsy, Alzheimer’s disease, Parkinson’s disease, 
multiple sclerosis, and stroke. In this context, this section summarizes 
and discusses what is already known about the impact of calorie 
restriction and dietary restriction on the progression of neurological 
symptoms.

Among to the other neurodiseases, epilepsy is the one, who has the 
closest and oldest relation with food intake as a treatment. Fasting 
and lower meat intake were the first recommended treatments for 
this disease (Magiorkinis et al., 2014). Several studies have shown 
that fasting, ketogenic, and enriched medium-chain triglyceride diets 
when combined with pharmacological treatment can inhibit seizure 
susceptibility, increase seizure threshold, and have anticonvulsive 
effects (Greene et al., 2001; Verrotti et al., 2020). Likewise, calorie 
restriction can also reduce seizure occurrence, but this intervention 
might be effective only in a short time, once that even in lower 
amounts, there are some macronutrients that need to be completely 
avoided during the seizures. Interestingly, both calorie and dietary 
restriction can induce a fast response after being imposed, showing 
that the metabolic shift has a huge impact on seizure control. 
However, considering the number of improvements promoted by 
dietary restriction in this particular disease, it is worth noting that 
this approach is the most effective intervention against seizures when 
compared to calorie restriction, as summarized in Table 2 (Stafstrom, 
2004). 

Systematic reviews have shown that lower intake of carbohydrates 
and hypocaloric diets can protect against cognitive decline and 
cortical thickness changes (Smith and Blumenthal, 2016; Staubo et 
al., 2017; Bianchi et al., 2019). Similarly, a hypoprotein diet could also 
successfully promote neuroprotection, as described in Table 2 (Van 
Cauwenberghe et al., 2016). However, it is still necessary to clarify 
how long it is possible to maintain these positive effects.  

In a Parkinson disease model, animals under calorie restriction for 
6 months had better motor activity, higher basal ganglia response, 
and greater neuronal survival (Maswood et al., 2004). A protective 
effect was also observed in animals fed with a hypoprotein diet 
(Table 2) (Wang et al., 2017). However, a hypoprotein diet also has 
a detrimental role in the pharmacological therapy for PD, as this 
diet can interfere with levodopa absorption (Wang et al., 2017). This 
influence can directly impair motor function and leads to dyskinesia 
in a long-term (Wang et al., 2017). 

In patients with MS, a reduction of up to 22% in calorie intake 
leads to lower depressive scores (Fitzgerald et al., 2018). Likewise, 
intermittent fasting can delay neurodegeneration by reducing 
demyelination, inflammation, and axonal damage processes (Table 2) 
(Katz Sand, 2018; Foolad et al., 2019). However, in this case, dietary 
restriction seems to play a more effective role in symptoms than 
calorie restriction.

In stroke models, calorie and dietary restriction interventions are 
associated with better neurological recovery, spatial learning, and 
cognitive improvements, followed by reduced brain infarction after 
short-or long-term dietary intervention (Roberge et al., 2008; Ran 
et al., 2015; de Carvalho et al., 2019a, b, 2020). On the other hand, 

Table 1 ｜ Summary of nutritional changes promoted by hypocaloric diet 
or dietary restriction

Parameters Hypocaloric diet or calorie restriction

Macronutrients redistribution Low-calorie diet: Equal reduction
Very low-calorie diet:  Equal reduction

Amount of Calorie reduction Low-calorie diet: Up to 40% less
Very low-calorie diet:  > 60% less or 800 kcal 
(total intake)

Weight loss Low-calorie diet: Not severe
Very low-calorie diet:  Severe

Undernutrition Low-calorie diet: In general not
Very low-calorie diet: Yes 

Intervention time Low-calorie diet: Suitable for long term
Very low-calorie diet: Short term

Body function Low-calorie diet: Preserved or improved
Very low-calorie diet: Harmful in long term

Parameters Dietary restriction or food restriction

Macronutrients redistribution Dietary restriction: Restriction of one 
nutrient followed by macronutrients 
redistribution
Fasting: Suppression of food intake

Amount of Calorie reduction Dietary restriction: Up to 30% less or 
unaltered 
Fasting: Up to 60% less

Weight loss Dietary restriction: Not severe
Fasting: Marked loss, but not severe

Undernutrition Dietary restriction: In general not
Fasting: In general not

Intervention time Dietary restriction: Suitable for long term
Fasting: Short term

Body function Dietary restriction: Preserved or improved 
Fasting: Preserved or improved

Calorie restriction diet (hypocaloric diet) can be primarily described 
as an overall reduction in the total amount of calories from all 
macronutrients (Atkinson, 1989). However, this overall reduction in 
calories can be subclassified as a “low-calorie diet” or a “very low-
calorie diet.” In which, a “very low-calorie diet” represents an intake 
of less than 800 kcal. This lower intake is mostly associated with 
severe nutritional depletion, resulting in a metabolic risk, namely 
undernutrition (Atkinson, 1989). A “low-calorie diet,” instead, has a 
moderate reduction (up to 40% of the total amount of calorie intake) 
that keeps offering enough nutrients for the whole body function, 
being normally namely as calorie restriction or hypocaloric diet 
(Atkinson, 1989). These concepts are summarized in Table 1.

Dietary restriction, however, has a broader definition, consisting of a 
restriction of one particularly nutrient (macro or micro) or a periodic 
feeding restriction (fasting) (Lee et al., 2016). Under controlled 
conditions, dietary restriction does not lead to undernutrition, 
but it can induce marked changes in metabolism in the long term. 
This is because a restriction of one nutrient leads to macronutrient 
redistribution, reducing the number of nutrients that can be harmful 
to a particular disease or health condition. On the other hand, fasting 
can reduce up to 60% of the total amount of food intake, but this 
needs to be applied in a short period of time to not endanger whole 
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several studies using severe restriction (0–2% protein or 60% calorie 
less intake) showed impaired brain and neurological recovery even 
after short-time diet treatment (Bobyn et al., 2005; Smith et al., 
2014; Alaverdashvili et al., 2015, 2017, 2018). Therefore, we can 
conclude that the level of restriction and intervention time are two 
critical points to be considered before choosing between calorie 
restriction and diet restriction in stroke models. 	

Even so, in the anabolic stage, calorie restriction and dietary 
restriction can efficiently reduce the neurological symptoms in all 
the neurodiseases mentioned above (Table 2). This improvement 
indirectly increases the quality of life and reduces the progression of 
the disease, which is an important achievement in diseases without 
cure. However, it is not surprising that in all the aforementioned 
diseases, significant weight loss was observed during the diet 
interventions. This is a side effect that has to be deeply considered, 
because neurodiseases can lead to catabolism, particularly at later 
time points. Consequently, at this stage, all the nutrients will be 
recruited to maintain cell survival instead of offering energy to 
fight against neurological symptoms. Therefore, this metabolic shift 
demands more knowledge about the involved signaling pathways, in 
order to judge how far calorie restriction and dietary restriction can 
be safely applied in each neurodisease. 

Neuroprotective Signaling Pathways Activated 
by Calorie and Dietary Restriction: Differences 
and Similarities
Beyond body weight control, calorie and dietary restriction can also 
induce further molecular changes that might be decisive for the 
progression of neurodisease. However, it is important to understand 
how differently or similarly these restrictive diets can change the 
signaling pathways in every neurodisease before deciding on one 
(Table 3).

Mechanistically, several studies have shown that calorie restriction 
activates sirtuins. Upregulation of this protein optimizes metabolism. 
At the brain level, this optimization reduces neuronal loss, rescues 
blood flow, maintains cellular metabolism, inhibits inflammatory 
pathways, and stimulates antioxidant activity. Several studies have 
shown that sirtuins play an important role in AD, PD, Epilepsy’s 
disorder, and stroke diseases by inducing neuroprotection (Srivastava 
and Haigis, 2011; Zhang et al., 2018; Chuang et al., 2019; Foolad 
et al., 2019). However, de Carvalho et al. (2019a) showed that the 
activation of sirtuins is not exclusively done by calorie restriction, 
as was believed before, but also by moderate reduction of protein 
intake (dietary restriction). This latter result indicates that Sirtuin 
upregulation can be a common protection route offered by calorie 
and dietary restriction. 

Similarly, all the above-mentioned diseases showed an upregulation 
of brain-derived neurotrophic factor after calorie or dietary 
restriction intervention (Maswood et al., 2004; Van Cauwenberghe 

et al., 2016; de Carvalho et al., 2020; Li et al., 2020). Along with this 
upregulation, increased energy expenditure in strategic brain regions 
and greater neurotransmitter activities were observed (Rothman et 
al., 2012). This improvement might slow down brain damage and 
delay the progression of the disease. 

Nevertheless, it is possible that calorie restriction and dietary 
restriction activate more neurodisease-related pathways. For 
example, in epilepsy disease, most of the protective effects are 
attributed to increased ketosis promoted by glucose restriction 
(Greene et al., 2001; Verrotti et al., 2020). Under ketosis, cells are 
less stimulated, resulting in lower frequencies of hyperpolarization, 
glutamatergic and adrenergic receptor activation, higher stimulation 
of GABA receptors, and increased expression of glutamic acid 
decarboxylase isoforms (Stafstrom, 2004). At the molecular level, it 
was found less DNA methylation, reactive oxygen species formation, 
and increased growth factors (brain-derived neurotrophic factor and 
glial cell line-derived neurotrophic factor) activity and autophagy (Li 
et al., 2020). 

In AD models, experimental and clinical studies have shown 
that calorie restriction increases the production of antioxidants 
and anti-apoptotic proteins, boosts histone deacetylase activity, 
reduces accumulation of amyloid-β plaques, activates astrocytes, 
controls insulin pathways, raises brain-derived neurotrophic factor 
levels, increases DNA repair, and inhibits the mechanistic target 
of rapamycin pathway (Van Cauwenberghe et al., 2016). These 
alterations are detrimental to neuronal survival, tau phosphorylation, 
and Aβ-induced cell death (Van Cauwenberghe et al., 2016). 
However, a typical rebound effect induced by lower calorie intake 
was reported by McGuire and Ishii (2018), who observed that 
patients with mid-life obesity and a later life weight loss had an 
inefficient leptin transport up to the blood-brain-barrier. This lower 
level of leptin reduces the insulin-degrading enzyme, decreases 
Aβ clearance and production, increases tau phosphorylation, and 
impairs hypothalamic activity. All these alterations can trigger a 
chain reaction, leading to cognitive loss (McGuire and Ishii, 2016). 
In terms of dietary restriction, a reduction in protein intake (dietary 
restriction) was mostly associated with lower DNA damage, but not 
with further protective signaling pathways (Van Cauwenberghe et 
al., 2016). In contrast, a hypoglycemic diet induces synaptogenesis, 
impairs the microbiome associated with AD-related Aβ pathogenesis, 
upregulates neurotrophic factors, reduces neurotoxicity and amyloid 
deposition, and downregulates tau-bearing neurons by controlling 
the insulin signaling pathways (Bianchi et al., 2017; Cox et al., 2019). 
In this context, AD patients can benefit from both diet interventions 
unless they show nutritional disturbances such as undernutrition.

In the same direction, PD animals under calorie restriction showed 
numerous improvements, such as  increased dopaminergic 
neuron survival in the substantia nigra, followed by higher levels 
of dopamine, dopamine metabolites, brain-derived neurotrophic 
factor (1/2-fold), and glial cell line-derived neurotrophic factor (3-
fold) at the striatum level  (Maswood et al., 2004). These positive 

Table 2 ｜ Neurological symptoms improvements induced by calorie or dietary restriction in Epilepsy’ disease, Alzheimer’s disease, Parkinson’s disease, 
Multiple sclerosis’s disease and Stroke’s disease

Neuro-disease Calorie restriction Dietary restriction Effective diet approach References

Epilepsy ↓ Seizure events ↓ Seizure susceptibility
↑ Seizure threshold
↑ Neuroprotective effects 

Dietary restriction: Hypoglicemic diet
Fasting, Ketogenic Enriched medium-
chain triglyceride diets

Greene et al., 2001; Stafstrom, 
2004; Magiorkinis et al., 2014; 
Verrotti et al., 2020

Alzheimer ↓ Cognitive loss
↑ Cortical thickness 

↓ Cognitive loss
↑ Cortical thickness
↑ Neuroprotective effect 
(hypoprotein diet)

Dietary restriction: Hypoglicemic or 
Hypoprotein diet
Calorie restriction: hypocalorid diet

Van Cauwenberghe et al., 2016; 
Smith and Blumenthal, 2016; 
Staubo et al., 2017; Bianchi et al., 
2019

Parkinson ↑ Motor activity
↑ Basal ganglia response
↑ Neuronal survival

↑ Neuroprotective effect 
(hypoprotein diet)

Dietary restriction: Hypoprotein diet
Calorie restriction: Hypocaloric diet

Maswood et al., 2004; Wang et 
al., 2017

Multiple Sclerosis ↓ Depressive scores ↑ Neuroprotective effect (Fasting) Dietary restriction: Fasting
Calorie restriction: Hypocaloric diet

Fitzgerald et al., 2018; Katz Sand, 
2018; Foolad et al., 2019

Stroke ↓ Neurological 
symptoms
↓ Cognitive loss 
↑Spatial learning
↓ Brain infarction
Severe calorie restriction: 
↓ Brain recovery
↑ Neurological deficits

↓ Neurological symptoms
↓ Cognitive loss 
↑ Spatial learning
↓ Brain infarction
Severe protein restriction: 
↓ Brain recovery
↑ Neurological deficits

Dietary restriction: Hypoprotein diet
Calorie restriction: Hypocaloric diet

Roberge et al., 2008; Ran et al., 
2015; de Carvalho et al., 2019a, b, 
2020
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effects are potentially supported by increased ghrelin activity in 
the hypothalamus, mitochondrial biogenesis, and pAMPK activity, 
particularly in dopamine neurons (Bayliss et al., 2016). However, 
in the case of fasting, ketone bodies also helped to preserve 
mitochondrial adenosine triphosphate function, inhibit interleukine 
1β, reduce insulin resistance, and increase the production of short-
chain fatty acid bacteria production (Jackson et al., 2019).  

Surprisingly, in MS, calorie and dietary restriction activate specific 
pathways that are beyond metabolism and are more anti-
inflammatory-related (Katz Sand, 2018). An experimental study 
recently proved that calorie restriction can increase oligodendrocyte 
generation in animals cotreated with cuprizone, resulting in 
increased remyelination potential (Mojaverrostami et al., 2020). 
Calorie restriction reduces gut dysbiosis, resulting in lower levels 
of pro-inflammatory markers and lipopolysaccharide production 
and decreased cross-reactive immunity (Riccio and Rossano, 2015). 
After fasting, lower levels of infiltrated immune cells in the spinal 
cord, decreased CD4+ T cell accumulation, and apoptosis events in 
oligodendrocytes, and increased Treg and corticosteroid production 
were observed (Katz Sand, 2018; Bai et al., 2021). Therefore, the 

dietary restriction can develop a more sophisticated protection using 
the metabolic shift to control the anti-inflammatory effects.  

In stroke models, the upregulation of glucose-regulated protein 
78, heat shock protein 70, Glutathiona peroxidase-3, superoxide 
dismutase-2, and heme oxygenase-1 protein expression as well as the 
inhibition of mechanistic target of rapamycin have been associated 
with the neuroprotective effects induced by calorie restriction and 
dietary restriction (Manzanero et al., 2011; Ahn et al., 2018; de 
Carvalho et al., 2019a, 2020). In this condition, it is believed that 
calorie restriction and dietary restriction increase brain resistance 
against ischemia. These diets, per se, are already an insult that 
can teach brain cells to function under a limited nutrient source 
(Manzanero et al., 2011). In post-conditioning intervention, only 
a single study showed that calorie restriction can induce positive 
effects such as increased neurogenesis and angiogenesis, reduced  
inflammation, and moderately improved motor function in the long 
term (de Carvalho et al., 2020). However, it is important to highlight 
that stroke patients develop dysphagia, and this symptom can be a 
huge limitation for the use of any kind of restrictive diet after stroke.

Based on the above studies, it is possible to affirm that calorie 
restriction and dietary restriction can effectively teach the brain to 
better use the energy source for activating key signaling pathways 
associated with neuroprotection (Table 3). However, considering that 
the brain needs to work under a limited nutrient source under these 
diets, a long-term intervention might be difficult to compensate 
for the nutrient deficit. From this point, the brain starts to show 
signs of exhaustion and catabolism (Bouziana and Tziomalos, 2011; 
Manzanero et al., 2011; de Carvalho et al., 2019b). This means that 
this narrow line can be easily crossed if the patients have 1) some 
previous nutrient deficiency before the diet intervention or the onset 
of the disease or 2) became undernourished during the treatment. 
Consequently, the signaling pathways shift from a protective to an 
apoptotic direction. 

The other critical point is related to the pharmacological intervention, 
because in the case of PD and ED, dietary restriction needs to be part 
of the treatment, which is an unavoidable intervention. However, for 
AD, MS, and stroke diseases, it is important to also consider the effect 
of medications on appetite, gastric function, body weight, nutrient 
absorption, insulin metabolism, gut alterations, and mood changes 
(Hansen et al., 2008; Wang et al., 2017; Klotz et al., 2019). Once that, 
all these alterations can automatically compromise the nutritional 
status and limit any restrictive intervention. In addition, the current 
nutritional status of patients needs to be considered, avoiding severe 
nutritional deficiencies. 

In terms of time, the literature still lacks information regarding 
the safest intervention time. Once that, most clinical studies have 
only performed short-term interventions with a limited number of 
patients. Likewise, experimental studies have mostly used healthy 
animals for up to a few weeks of intervention. However, considering 
the high risk of catabolism, it might be dangerous to use restrictive 
diets up to later stages or for long term use. Thereafter, these diets 
can be applied differently based on the stage of the disease, genetic 
factors, and current metabolic conditions. 

In terms of prevention, calorie restriction can be a successful option 
for retarding the onset of stroke, Alzheimer’s disease, and Parkinson’s 
disease. For this assertive, there are two possible explanations: (1) 
the brain is less exposed to harmful nutrient amounts, reducing the 
power of metabolism in the development of those diseases and (2) 
after calorie restriction, the brain might have a fast recovery or slow 
disease progression, as the brain already knows how to behave under 
an injury. 

In terms of symptom control, restriction of one specific nutrient 
seems to be more effective for epilepsy, Alzheimer’s disease, 
Parkinson’s disease, MS, and stroke. Single nutrient restrictions can 
more specifically modulate brain activity, reduce excitation, modify 
membrane composition, activate non-aerobic pathways, prevent 
cell death, and improve cell response. However, it is important to 
highlight that most of these positive effects are associated with lower 
glucose and protein intake, because both diets can similarly control 
insulin pathways, as described in Table 3. This tight relationship 
between glucose metabolism and neurodegenerative diseases has 
received increasing attention, particularly after recent findings that 
proved that AD can be similarly classified as brain diabetes (type 3 
diabetes) (de la Monte, 2017). A few years later, this insulin signaling 
dysfunction was also found in PD, Epilepsy’s disorder, and stroke 

Table 3 ｜ The summary of signaling pathways activated by calorie or 
dietary restriction in Epilepsy’ disease, Alzheimer’s disease, Parkinson’s 
disease, multiple sclerosis’s disease and Stroke’s disease: similarities and 
differences 

Disease Similarities Differences Reference

Epilepsy Calorie restriction: 
↑ Sirtuins 
↑ BDNF
Dietary restriction: 
↑ Sirtuins 
↑ BDNF

Calorie restriction: 
No further effects 
Dietary restriction: 
↑ Ketosis
↓ DNA methylation
↓ ROS

Greene et 
al., 2001; 
Stafstrom, 
2004; Li et al., 
2020; Verrotti 
et al., 2020

Alzheimer Calorie restriction: 
↑ Sirtuins 
↑ BDNF 
- Controlling of the 
insulin pathway
Dietary restriction: 
↑ Sirtuins 
↑ BDNF
- Controlling of the 
insulin pathway

Calorie restriction: 
↑ HDCA
↓ mTOR pathway
↑ Antioxidant
↓ Apoptosis
↓ Amyloid β-plaques
↓ Activated astrocytes
Dietary restriction:
↓ DNA damage
↑ Ketosis
↑ Synaptogenesis
↑ Microbiome 
response
↑ Neurotrophic factors
↓ Amyloid deposition

Van 
Cauwenberghe 
et al., 2016; 
McGuire and 
Ishii, 2016; 
Bianchi et al., 
2019; Cox et al., 
2019

Parkinson Calorie restriction: 
↑ Sirtuins 
↑ BDNF 
↑ Mitochondrial 
biogenesis
Dietary restriction:  
↑ Sirtuins 
↑ BDNF
↑ Mitochondrial 
biogenesis

Calorie restriction: 
↑ Dopamine and 
dopamine metabolites
↑ pAMPK activity
Dietary restriction:
↓ DNA damage
↑ Ketosis
↓ Pro-inflammatory 
interleukines

Maswood et al., 
2004; Bayliss 
et al., 2016; 
Jackson et al., 
2019

Multiple 
Sclerosis

Calorie restriction: 
↑ Sirtuins 
↑ BDNF 
Dietary restriction: 
↑ Sirtuins 
↑ BDNF

Calorie restriction: 
↑ Remyelination
↓ Gut dysbiosis
Dietary restriction:
↓ Infiltrated cells 
↓ Apoptosis

Katz Sand, 2018

Stroke Calorie restriction: 
↑ Sirtuins 
↑ BDNF
↑ GPX3
↑ GRP78 
↑ Hsp70
Dietary restriction: 
↑ Sirtuins 
↑ BDNF
↑ GPX3↑ GRP78 
↑ Hsp70

Calorie restriction: 
↑ SOD2
↑ HO1
Dietary restriction:
↑ GPX3
↓ mTOR

Manzanero et 
al., 2011; de 
Carvalho et al., 
2019a, b, 2020

BDNF: Brain-derived neurotrophic factor; GPX3: glutathione peroxidase 
3; GRP78: glucose regulatory protein 78; HDCA: histidine decarboxylase 
proenzyme; HO1: heme oxygenase 1; Hsp70: 70-kDa heat shock protein; 
mTOR: mechanistic target of rapamycin; pAMPK: phosphorylated AMP-
activated protein kinase; ROS: reactive oxygen species; SOD2: superoxide 
dismutase 2. 
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patients, making this theory more widely applied to other diseases 
(Ruiz-Argüelles et al., 2018; Holscher, 2020; Sekar et al., 2020; Chang 
et al., 2021).       

In the case of treatment efficacy, dietary restriction seems to 
have a more efficient effect than calorie restriction. This applies, 
particularly for ED and PD, as they need to restrict nutrients as a rule 
for controlling the level of brain discharge (seizures) and to increase 
the medicament response (ED and PD) (Wang et al., 2017; Li et al., 
2020).    

In summary, calorie and dietary restriction can be considered an 
optimal non-pharmacological approach for supporting neurodisease 
treatment or for retarding the onset of these diseases. Even 
though, a single diet modification cannot completely prevent their 
development, this approach was more “neuroprotective” than 
overall calorie restriction. Additionally, further studies must be 
conducted to better understand how far these diets can keep the 
positive metabolic response and when could be the best time-point 
to impose this diet as a preventive approach.    

Author contributions: The author confirmed sole responsibility for the 
following: study conception and design, literature analysis and interpretation, 
manuscript preparation, and approved the final version of the manuscript.
Conflicts of interest: The author declares no conflicts of interest. 
Open access statement: This is an open access journal, and 
articles are distributed under the terms of the Creative Commons 
AttributionNonCommercial-ShareAlike 4.0 License, which allows others 
to remix, tweak, and build upon the work non-commercially, as long as 
appropriate credit is given and the new creations are licensed under the 
identical terms.
©Article author(s) (unless otherwise stated in the text of the article) 2022. All 
rights reserved. No commercial use is permitted unless otherwise expressly 
granted.

References
Ahn JH, Noh Y, Shin BN, Kim SS, Park JH, Lee TK, Song M, Kim H, Lee JC, Yong JH, Kang IJ, Lee YL, Won 

MH, Kim JD (2018) Intermittent fasting increases SOD2 and catalase immunoreactivities in the 
hippocampus but does not protect from neuronal death following transient ischemia in gerbils. Mol 
Med Rep 18:4802-4812.

Alaverdashvili M, Li X, Paterson PG (2015) Protein-energy malnutrition causes deficits in motor function 
in adult male rats. J Nutr 145:2503-2511.

Alaverdashvili M, Hackett MJ, Caine S, Paterson PG (2017) Parallel changes in cortical neuron 
biochemistry and motor function in protein-energy malnourished adult rats. NeuroImage 149:275-
284.

Alaverdashvili M, Caine S, Li X, Hackett MJ, Bradley MP, Nichol H, Paterson PG (2018) Protein-energy 
malnutrition exacerbates stroke-induced forelimb abnormalities and dampens neuroinflammation. 
Transl Stroke Res 9:622-630.

Atkinson RL (1989) Low and very low calorie diets medical clinics of North America 73:203-215.
Bai M, Wang Y, Han R, Xu L, Huang M, Zhao J, Lin Yj, Songa S, Chen Y (2021) Intermittent caloric 

restriction with a modified fasting-mimicking diet ameliorates autoimmunity and promotes recovery 
in a mouse model of multiple sclerosis.  J Nutr Biochem 87:108493.

Bayliss JA, Lemus MB, Stark R, Santos VV, Thompson A, Rees DJ, Galic S, Elsworth JD, Kemp BE, Davies 
JS, Andrews ZB (2016) Ghrelin-AMPK signaling mediates the neuroprotective effects of calorie 
restriction in Parkinson’s disease. J Neurosci 36:3049-3063.

Bianchi VE, Locatelli V, Rizzi L (2017) Neurotrophic and neuroregenerative effects of GH/IGF1. Int J Mol 
Sci 18:1-25.

Bianchi VE, Herrera PF, Laura R (2019) Effect of nutrition on neurodegenerative diseases. A systematic 
review. Nutr Neurosci:1-25.

Bobyn PJ, Corbett D, Saucier DM, Noyan-Ashraf MH, Juurlink BH, Paterson PG (2005) Protein-energy 
malnutrition impairs functional outcome in global ischemia. Exp Neurol 196:308-315.

Bouziana SD, Tziomalos K (2011) Malnutrition in patients with acute stroke. J Nutr Metab 2011 doi: 
10.1155/2011/167898.

Chang Y, Kim CK, Kim MK, Seo WK, Oh K (2021) Insulin resistance is associated with poor functional 
outcome after acute ischemic stroke in non-diabetic patients. Sci Rep 11:1229.

Chuang YC, Chen SD, Jou SB, Lin TK, Chen SF, Chen NC, Hsu CY (2019) Sirtuin 1 regulates mitochondrial 
biogenesis and provides an endogenous neuroprotective mechanism against seizure-induced 
neuronal cell death in the hippocampus following status epilepticus. Int J Mol Sci 20:3588.

Cox LM, Schafer MJ, Sohn J, Vincentini J, Weiner HL, Ginsberg SD, Blaser MJ (2019) Calorie restriction 
slows age-related microbiota changes in an Alzheimer’s disease model in female mice. Sci Rep 
9:17904.

Crepin S, Godet B, Chassain B, Preux PM, Desport JC (2009) Malnutrition and epilepsy: a two-way 
relationship. Clin Nutr 28:219-225.

de Carvalho TS, Sanchez-Mendoza EH, Melo LMN, Moreira ARS, Sardari M, Dzyubenko E, Kleinschnitz C, 
Hermann DM (2019a) Moderate protein restriction protects against focal cerebral ischemia in mice 
by mechanisms involving anti-inflammatory and anti-oxidant responses. Mol Neurobiol 56:8477-
8488.

de Carvalho TS, Sanchez-Mendoza EH, Melo LMN, Moreira ARS, Sardari M, Dzyubenko E, Kleinschnitz 
C, Hermann DM (2019b) Neuroprotection induced by energy and protein-energy undernutrition is 
phase-dependent after focal cerebral ischemia in mice. Transl Stroke Res 11:135-146.

de Carvalho TS, Sanchez-Mendoza EH, Schultz Moreira AR, Nascentes Melo LM, Wang C, Sardari M, 
Hagemann N, Doeppner TR, Kleinschnitz C, Hermann DM (2020) Hypocaloric diet initiated post-
ischemia provides long-term neuroprotection and promotes peri-infarct brain remodeling by 
regulating metabolic and survival-promoting proteins. Mol Neurobiol 58:1491-1503.

de la Monte SM (2017) Insulin resistance and neurodegeneration: progress towards the development of 
new therapeutics for Alzheimer’s disease. Drugs 77:47-65.

Fitzgerald KC, Vizthum D, Henry-Barron B, Schweitzer A, Cassard SD, Kossoff E, Hartman AL, Kapogiannis 
D, Sullivan P, Baer DJ, Mattson MP, Appel LJ, Mowry EM (2018) Effect of intermittent vs. daily calorie 
restriction on changes in weight and patient-reported outcomes in people with multiple sclerosis. 
Mult Scler Relat Disord 23:33-39.

Foley NC, Salter KL, Robertson J, Teasell RW, Woodbury MG (2009) Which reported estimate of the 
prevalence of malnutrition after stroke is valid? Stroke 40:e66-74.

Foolad F, Khodagholi F, Javan M (2019) Sirtuins in multiple sclerosis: the crossroad of neurodegeneration, 
autoimmunity and metabolism. Mult Scler Relat Disord 34:47-58.

Greene AE, Todorova MT, McGowan R, Seyfried TN (2001) Caloric restriction inhibits seizure 
susceptibility in epileptic EL mice by reducing blood glucose. Epilepsia 42:1371-1378.

Hansen RA, Gartlehner G, Webb AP, Morgan LC, Moore CG, Jonas DE (2008) Effi cacy and safety of 
donepezil, galantamine, and rivastigmine for the treatment of Alzheimer’s disease: a systematic 
review and meta-analysis. Clin Interv Aging 3:211-225.

Holscher C (2020) Brain insulin resistance: role in neurodegenerative disease and potential for targeting. 
Expert Opin Investig Drugs 29:333-348.

Jackson A, Forsyth CB, Shaikh M, Voigt RM, Engen PA, Ramirez V, Keshavarzian A (2019) Diet in 
Parkinson’s disease: critical role for the microbiome. Front Neurol 10:1245.

Katz Sand I (2018) The role of diet in multiple sclerosis: mechanistic connections and current evidence. 
Curr Nutr Rep 7:150-160.

Klotz L, Havla J, Schwab N, Hohlfeld R, Barnett M, Reddel S, Wiendl H (2019) Risks and risk 
management in modern multiple sclerosis immunotherapeutic treatment. Ther Adv Neurol Disord 
12:1756286419836571.

Landi F, Calvani R, Tosato M, Martone AM, Ortolani E, Savera G, Sisto A, Marzetti E (2016) Anorexia of 
aging: risk factors, consequences, and potential treatments. Nutrients 8:69.

Lee JH, Wei ZZ, Cao W, Won S, Gu X, Winter M, Dix TA, Wei L, Yu SP (2016) Regulation of therapeutic 
hypothermia on inflammatory cytokines, microglia polarization, migration and functional recovery 
after ischemic stroke in mice. Neurobiol Dis 96:248-260.

Li RJ, Liu Y, Liu HQ, Li J (2020) Ketogenic diets and protective mechanisms in epilepsy, metabolic 
disorders, cancer, neuronal loss, and muscle and nerve degeneration. J Food Biochem 44:e13140.

Love R (2005) Calorie restriction may be neuroprotective in AD and PD. Lancet Neurol 4:84.
Magiorkinis E, Diamantis A, Sidiropoulou K, Panteliadis C (2014) Highights in the history of epilepsy: the 

last 200 years. Epilepsy Res Treat 2014:582039.
Manzanero S, Gelderblom M, Magnus T, Arumugam TV (2011) Calorie restriction and stroke. Exp Transl 

Stroke Med 3:8.
Maswood N, Young J, Tilmont E, Zhang Z, Gash DM, Gerhardt GA, Grondin R, Roth GS, Mattison J, Lane 

MA, Carson RE, Cohen RM, Mouton PR, Quigley C, Mattson MP, Ingram DK (2004) Caloric restriction 
increases neurotrophic factor levels and attenuates neurochemical and behavioral deficits in a 
primate model of Parkinson’s disease. Proc Natl Acad Sci U S A 101:18171-18176.

McGuire MJ, Ishii M (2016) Leptin dysfunction and Alzheimer’s disease: evidence from cellular, animal, 
and human studies. Cell Mol Neurobiol 36:203-217.

Mojaverrostami S, Pasbakhsh P, Madadi S, Nekoonam S, Zarini D, Noori L, Shiri E, Salama M, Zibara K, 
Kashani IR (2020) Calorie restriction promotes remyelination in a Cuprizone-Induced demyelination 
mouse model of multiple sclerosis. Metabolic Brain Disease 35:1211-1224.

Moore K, Hughes CF, Ward M, Hoey L, McNulty H (2018) Diet, nutrition and the ageing brain: current 
evidence and new directions. Proc Nutr Soc 77:152-163.

Pasinetti GM, Zhao Z, Qin W, Ho L, Shrishailam Y, Macgrogan D, Ressmann W, Humala N, Liu X, Romero 
C, Stetka B, Chen L, Ksiezak-Reding H, Wang J (2007) Caloric intake and Alzheimer’s disease. 
Experimental approaches and therapeutic implications. Interdiscip Top Gerontol 35:159-175.

Phillips MCL (2019) Fasting as a therapy in neurological disease. Nutrients 11:2501.
Ran M, Li Z, Yang L, Tong L, Zhang L, Dong H (2015) Calorie restriction attenuates cerebral ischemic 

injury via increasing SIRT1 synthesis in the rat. Brain Res 1610:61-68.
Redondo Robles L, Pintor de la Maza B, Tejada Garcia J, Garcia Vieitez JJ, Fernandez Gomez MJ, Barrera 

Mellado I, Ballesteros Pomar MD (2019) Nutritional profile of multiple sclerosis. Nutr Hosp 36:340-
349.

Riccio P, Rossano R (2015) Nutrition facts in multiple sclerosis. ASN Neuro doi: 
10.1177/1759091414568185.

Roberge MC, Hotte-Bernard J, Messier C, Plamondon H (2008) Food restriction attenuates ischemia-
induced spatial learning and memory deficits despite extensive CA1 ischemic injury. Behav Brain Res 
187:123-132.

Rothman SM, Griffioen KJ, Wan R, MP M (2012) Brain-derived neurotrophic factor as a regulator of 
systemic and brain energy metabolism and cardiovascular health. Ann N Y Acad Sci 1264:49-63.

Ruiz-Argüelles A, Méndez-Huerta MA, Lozano CD, Ruiz-Argüelles GJ (2018) Metabolomic profile of 
insulin resistance in patients with multiple sclerosis is associated to the severity of the disease. Mult 
Scler Relat Disord 25:326-331.

Sekar S, Marks WN, Gopalakrishnan V, Greba Q, Snutch TP, Howland JG, Taghibiglou C (2020) Evidence 
for altered insulin signalling in the brains of genetic absence epilepsy rats from Strasbourg. Clin Exp 
Pharmacol Physiol 47:1530-1536.

Sheard JM (2014) Malnutrition and neurodegenerative diseases. Curr Nutr Rep 3:102-109.
Smith PJ, Blumenthal JA (2016) Dietary factors and cognitive decline. J Prev Alzheimers Dis 3:53-64.
Smith SE, Figley SA, Schreyer DJ, Paterson PG (2014) Protein-energy malnutrition developing after global 

brain ischemia induces an atypical acute-phase response and hinders expression of GAP-43. PLoS 
One 9:e107570.

Srivastava S, Haigis MC (2011) Role of sirtuins and calorie restriction in neuroprotection: implications in 
Alzheimer’s and Parkinson’s diseases. Curr Pharm Des 17:3418-3433.

Stafstrom CE (2004) Dietary approaches to epilepsy treatment: old and new options on the menu. 
Epilepsy Curr 4:215-222.

Staubo SC, Aakre JA, Vemuri P, Syrjanen JA, Mielke MM, Geda YE, Kremers WK, Machulda MM, 
Knopman DS, Petersen RC, Jack CR, Jr., Roberts RO (2017) Mediterranean diet, micronutrients and 
macronutrients, and MRI measures of cortical thickness. Alzheimers Dement 13:168-177.

Van Cauwenberghe C, Vandendriessche C, Libert C, Vandenbroucke RE (2016) Caloric restriction: 
beneficial effects on brain aging and Alzheimer’s disease. Mamm Genome 27:300-319.

Verrotti A, Iapadre G, Di Francesco L, Zagaroli L, Farello G (2020) Diet in the treatment of epilepsy: what 
we know so far. Nutrients 12:2645.

Wang L, Xiong N, Huang J, Guo S, Liu L, Han C, Zhang G, Jiang H, Ma K, Xia Y, Xu X, Li J, Liu JY, Wang T (2017) 
Protein-restricted diets for ameliorating motor fluctuations in Parkinson’s disease. Front Aging 
Neurosci 9:206.

Zhang JF, Zhang YL, Wu YC (2018) The role of Sirt1 in ischemic stroke: pathogenesis and therapeutic 
strategies. Front Neurosci 12:1-8.

C-Editors: Zhao M, Zhao LJ, Qiu Y; T-Editor: Jia Y


