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 

Abstract—In today's world, everyone has become so busy in 
their to-do tasks and daily routine that they tend to ignore some of the 
basal components of our life, including exercise and diet. This 
comparative study analyzes the pathways of the relationship between 
exercise and brain plasticity and also includes another variable diet to 
study the effects of diet on learning by answering questions including 
which diet is known to be the best learning supporter and what are 
the recommended quantities of the same. Further, this study looks 
into inter-relation between diet and exercise, and also some other 
approach of the relation between diet and exercise on learning apart 
from through Brain Derived Neurotrophic Factor (BDNF). 

 
Keywords—Basolateral amygdala, brain derived neurotrophic 

factor, brain plasticity, diet, exercise, mediterranean diet. 

I. INTRODUCTION 

XERCISE is shown to have brought various benefits to 
humanity. Some of the known direct advantages of 

exercise are the prevention of chronic health diseases, 
improvement in insulin sensitivity, enhancement in skin 
health, and also it is shown to boost our energy, and hence 
leading to weight loss. Studies have shown that exercise not 
only facilities in boosting our energy but also helps in the 
process of learning and memory consolidation [3]. However, 
failure to exercise has consequences of its own. Some of them 
include osteoporosis in which bones become brittle, poor 
posture, increased risk to coronary heart disease, a condition 
caused by the building of layers of fats and lipids in our heat 
arteries leading to blockage. Nearly 1.4 billion (27.5%) of the 
people do not do enough exercise on a week to week basis 
leading to a sedentary life. What is more devastating is that 
these numbers have not changed much since 2001. A person is 
classified as inactive if he/she is unable to meet to do at least 
150 minutes of moderate exercise or 75 minutes of vigorous 
exercise weekly as guided by the World Health Organization. 
One thing also must be noted that this physical inactivity does 
not seem to be guided by a lack of resources. A survey was 
conducted which found out that in high-income countries, 
36.8% of the adult population does not get enough sufficient 
exercise, followed by 26% in middle-income countries and 
16.2% in the low-income nations [4]. 

Everyone in this world follows a particular diet, be it 
healthy or junk. It is to be noted that good health does not just 
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come with physical activity; preferably, a combination of diet 
and exercise produces the best results [5]. Unhealthy dietary 
habits are developing various problems like hypertension, type 
2 diabetes at young ages [6]. Certain substances in the diet 
lead to those conditions, which include alcohol, saturated fats, 
trans fats, salt, sugar. According to WHO, total fat intake 
should be below 30% of the total energy intake. Out of that, 
saturated fats should be less than 10%, and trans fat less than 
1%. Also, sugar is advised to not exceed 10% and no more 
than 5 g of salt per day [7]. Despite this, one in 5 deaths 
globally is because of poor diet [8]. 

Brain plasticity is referred to as the ability of the brain to 
modify its existing connections to accommodate gained 
knowledge. With the increase in brain plasticity, there is also 
an increment in the learning process since it becomes easier to 
form new neural connections [2]. In this research, we check 
the effect of exercise and diet on brain plasticity in 2 regions 
of the brain: the basolateral amygdala (BLA) and 
hippocampus. BLA is the region associated with the formation 
of fear and emotional memory [9], and the hippocampus is 
considered to play a crucial role in the long term and short 
term memory consolidation [10]. It is the central connecting 
point between the relation of exercise and diet, and brain 
plasticity is a protein called BDNF [1]. Recent studies have 
shown the paradoxical nature of BDNF in the two different 
regions of the brain: BLA and hippocampus [11]. Of course, 
there are other factors as well that play a significant role in 
brain plasticity like oxidative stress and inflammation, which 
are caused due to poor diet and increased stress levels, which 
will be discussed later in this paper [12]. It has also been 
found that hippocampus is associated with conditional 
conditioning while the amygdala was associated with cued 
conditioning [13]. 

Depression is also taken into account as a mediator between 
the chosen variables. This is because studies have shown that 
depression tends to down-regulate neurogenesis and hence 
also negatively impacts learning [14]. So, it becomes 
imperative not to ignore this central linker. 

II. EXERCISE AND THE BRAIN PLASTICITY 

Studies have shown that exercise aids in the process of 
learning. To trace back the relation between these two, a study 
measured levels of BDNF since it leads to neuron 
proliferation. Exercise leads to increased BDNF in both the 
amygdala and hippocampus [15]. To analyze the effects of 
continuous vs. intermittent exercise, one study included mice 
who ran on a spinning wheel either continuously or on 
alternative days, and the BDNF levels in the hippocampus 
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were measured. There was an increase of 174% in regular 
exercising group and a 160% increase in the intermittent 
exercising group as compared to the control group, which did 
not exercise at all. Some of the experiments are also conducted 
to strengthen further the claim that the expression of BDNF in 
the hippocampus leads to enhancement in learning. This 
enhancement is also dependent on various other factors, one of 
which is the intensity. Rats were either underwent low 
intensity or high-intensity workout, and BDNF was injected in 
both groups. It was seen that there was an enhancement in 
memory persistence in those who performed low-intensity 
exercises, but such a difference was not seen in the high-
intensity performers. This also proves that up to a specific 
limit of intensity of exercise, the injected BDNF can play a 
role in proliferation, or else, the exercise itself produces 
sufficient BDNF and does not any external source [1]. 

 
TABLE I 

EFFECTS OF DIFFERENT EXERCISES ON DIFFERENT TYPES OF LEARNING 

TYPES OF MEMORY Aerobic Anaerobic Yoga 

Visuospatial memory YES N/A N/A 

Verbal Memory NO YES N/A 

Concentration NO N/A N/A 

Positive thoughts YES N/A YES 

Spatial memory N/A YES N/A 

Executive Functions YES YES N/A 

Prevention from cognitive decline YES YES YES 

III. DIFFERENT TYPES OF EXERCISES AND THEIR EFFECT ON 

THE TYPE OF MEMORY 

A. BDNF and the Hippocampus 

To mention the specific forms of exercise that show the 
improvement in learning via the hippocampus, one research 
conducted found that endurance training resulted in an 
increase in visuospatial memory but did not show significant 
differences in verbal memory and the concentration as 
compared to the control group which did not exercise at all 
[71]. The study also found that there was an increase in 
positive thoughts through endurance training. It might be a 
misconception among many that only the aerobic exercises 
provide the benefits of enhanced learning. This is provided by 
research, which showed that aerobic exercise improved 
planning scores in previously overweight individuals by 
aerobic exercise training intervention, which depicts to 
enhance the functions necessary for cognitive development 
[65]. However, anaerobic exercises also do not fall behind in 
supplying the benefits. A study assessed divided healthy 
individuals into three groups: the first performing high impact 
anaerobic sprints, the second performing low-intensity aerobic 
exercises, and the third at rest. The study found that the 
sprinters had 20% faster vocabulary learning as compared to 
the other two groups [66]. This claim is further established by 
another study that compared the effects of resistance training 
to moderate training in individuals aged 65-75. Resistance 
training resulted in better verbal and spatial memory [67]. 
Another study conducted consisted of women aged 65-75, 
who either performed resistance training with eight reps for 40 

minutes, and the other performed mixed balanced exercises for 
60 minutes. The resistance trainers were further categorized as 
one who exercised either once a week or twice a week. There 
was an improvement in executive functions like planning, 
decision making, and multi-tasking for both once a week and 
twice a week resistance trainees [67]. 

A study inferred from the meta-analysis that aerobic 
exercise did not seem to increase the hippocampal volume of 
the brain. However, when the study included participants and 
made them undergo aerobic training, the results showed an 
increase in the volume, more specifically the left hippocampal 
volume. This increase in the volume is essential as the volume 
of the neural mass in this region decreases with aging leading 
to cognitive decline. The exercise slows the attenuation of this 
neural mass rather than increasing its mass. It was also found 
that there was no increase in the brain volume in people 
suffering from depression or mild cognitive impairment [68]. 
One study has linked increased hippocampal volume with 
better fitness, more specifically cardiorespiratory fitness [69]. 
It must also be noted that individuals who have a history of 
physical or sexual abuse in the past or childhood have 
decreased left hippocampus size. In several other cases as 
well, we have found that the left hemisphere of the 
hippocampus is vulnerable to size changes. BDNF levels in 
the sprinters were also found higher relative to the other two 
groups resulting in the more short term learning success [70]. 

Another exciting relation BDNF shows is its ability to cause 
a reduction in weight. This means, more the expression of 
BDNF in the hippocampus, higher the weight reduction [1]. 

B. BDNF and Amygdala 

Amygdala is also one of the forebrain structures composed 
of several nuclei, one of which is BLA [16]. The impact of 
exercise on BLA is not that straight. An experiment was 
conducted in which mice ran either on a treadmill or a 
spinning wheel, and the two parts of the brain: the amygdala 
and hippocampus were observed. The results showed that both 
exercises up-regulated the synaptic proteins (TrkB and SNAP-
25) in the hippocampus leading to increased plasticity, but 
only the spinning wheel increased spine density and dendritic 
field in BLA [17]. One study recorded the effects of regular 
exercise in the BLA and found that the density of 5-
hydroxytryptamine 2A receptor (5-HT2A) increased, which is 
known to have an anti-depressive effect [18]. Regular exercise 
also decreased adenosine A2A receptors in the BLA which are 
known to blunt its anxiolytic effects [19]. 5-HT2A receptor is 
also known to produce anti-inflammatory effects. 
Furthermore, the 5-HT2A receptor was also associated with 
increased BDNF levels in the various other regions of the 
brain and has shown to increase the learning [20]. However, 
studies have also shown that an increase of BDNF in the 
amygdala induces anxiety-like behaviors [11]. Malfunctioning 
of the amygdala leads to the development of the bipolar 
disorder [21]. Some studies report that bipolar disorder leads 
to an increase in the amygdala volume and decrease in the 
hippocampal volume [22], whereas one study says that it leads 
to a reduction in the amygdala volume [23]. One reason for 
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the conflicting ideas could be the age factor. The latter study 
was focused on adolescents, while the former had a mean age 
of around 35 years. 

C. Overexpression of BDNF in the Hippocampus 

Although we have so far shown the positive effects of 
BDNF on learning, examining the effects of overexpression of 
BDNF and learning, the researches show that overexpression 
of BDNF hinders learning by stimulating inhibitory pathways. 
It also found that too little of the BDNF also negatively 
impacts learning [72]. To validate this claim, several 
experiments were conducted. One of which was the passive 
avoidance test, testing short term and long term memory. This 
test included two types of mice, the wild type (WT) mice 
without the overexpression of BDNF, and the transgenic mice 
with overexpression of BDNF. In this test, the apparatus 
consisted of bright lightroom and the darkroom. This test was 
done in two cases. The first consisted of a bright room with 
double the size of the darkroom, whereas in the second case, 
the size of the rooms was almost the same. Both the mice were 
left in the bright room, and the door to the darkroom was 
opened. As the mice moved to a dark room, they experienced 
a small electric shock. Their latency to enter the darkroom was 
assessed in 3 cases to test their short term and long term 
memory: In the initial condition when they first entered the 
darkroom and experienced shock, 24 hours after the initial 
condition which meant the 24 hour recall, and after 10 days of 
the training, which corresponded to long term memory. The 
results showed that the wild type mice had higher latency 
before entering the darkroom as compared to the transgenic 
mice proving that overexpression of BDNF hinders in 
learning.  

In order to see the effects of overexpression on the short 
term memory, we included one more case consisting of equal-
sized rooms and tested their latency after 1 hour of training. 
The results again showed that overexpression of BDNF was 
the culprit in both short term and long term memory 
formation. Also, we have earlier seen BDNF results in 
decreased bodyweight so that we might assume its 
overexpression results in a significant decrement in the body 
weight. However, the study has also shown that 
overexpression of BDNF provides only a small contribution 
towards the overall weight loss. It has also been noted that 
decreased BDNF levels do not correspond to increased body 
weight. Hence overexpressed BDNF proves to be not so 
beneficial apart from acting as an anti-depressant [1]. 

D. Paradoxical Nature of BDNF in Both Brain Regions 

Recent studies have also found that BDNF plays different 
roles depending on the region it is expressed. Taking into 
account the intervention of stress, researchers exposed mice to 
chronic and acute stress and measured changes in the BDNF 
levels in the BLA and hippocampus. Under acute stress, no 
changes were observed in the BDNF in the hippocampal 
region, but under chronic stress, there was a decrement in the 
BDNF levels. In the BLA, under both acute and chronic stress 
conditions, BDNF levels showed increment as there was 

increased spine density and dendritic growth. Moreover, under 
acute stress, these increased levels stayed up for at least ten 
days after 24 hours of stress exposure. In the case of chronic 
stress, BDNF levels stayed up for 21 days. In the 
hippocampus, the BDNF showed up-regulation after ten days 
and 21 days for acute and chronic stress, respectively. They 
were able to postulate these results as they did two tests on the 
21st day: two-tone shock pairing and open field test, in which 
they showed enhanced fear conditioning due to long freezing 
time and decreased exploration in the open field [11]. This 
study also proves the fact that BDNF is transient; that is, it 
requires continuous stimulation order to stay at high or low 
levels [24], [25]. Discussion of stress is relatable over here 
because recent studies have shown that stress as short as 
lasting for few hours impairs cell to cell communication, 
which is vital for learning. It is also to be noted that depression 
leads to decreased hippocampal volume hence affecting neural 
plasticity [26]. 

Earlier, we looked at the overexpression of BDNF in the 
hippocampus. Further research shows that the overexpression 
of BDNF in the hippocampus is, in fact, the expression of 
BDNF in BLA. A study found that the BDNF over-expressing 
mice mentioned earlier showed increased BLA spine density, 
an indicator of expression of BDNF. This effect was also 
proved in an experiment in which there was increased BDNF 
mRNA after 1 hour of exposure to intermittent water-
immersion stress [27]. 

The fact that BDNF expression in the amygdala leads to 
impairment may mislead to believe that BLA plays only a 
negative role in memory formation through the hippocampus. 
However, extensive studies have also demonstrated that BLA 
is sometimes essential for memory consolidation related to 
emotions in the hippocampus. This was seen in the inhibitory 
avoidance test, that inducing histone deacetylase inhibitors in 
the dorsal hippocampus that enhance memory depends on the 
functionally intact BLA [28]. 

IV. DIET AND THE BRAIN PLASTICITY 

The food we eat also plays a significant role in the process 
of learning. A study analyzed the effects of a western diet rich 
in saturated fats and refined sugar (High Fat Sugar (HFS) diet) 
on the brain structure. They found that two months of HFS 
diet was enough to reduce the hippocampal BDNF levels and 
hence impacted the spatial memory consolidation. Another 
relationship that the study demonstrated was consumption of 
HFS to be inversely related to the BDNF levels [29].The 
nutrient dense food and the unhealthy food both impact the 
hippocampal volume in independent ways. Lower intake of 
nutrient dense food and higher intake of unhealthy food 
decrease the hippocampal volume [30]. Another study divided 
rats into two groups: one fed with corn starch diet and the 
other with a high sucrose diet for 20 days. On the 21st day, the 
rats were either given their usual meal or opposite meal, and 
their oxytocin activity was observed. They found out that 
chronic sucrose intake interferes with the activity of the 
anorexigenic oxytocin system, hence reducing satisfaction. 
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This leads to overeating and hence, weight gain [31]. Another 
experiment also showed an active link in the oxytocin and 
sucrose ingestion, that mice lacking oxytocin expression genes 
had a higher preference for sugar-rich diet [32]. 

There are numerous misconceptions involved with diet and 
health. One of the most common beliefs is that if an individual 
is healthy but mostly sedentary, he/she will not be affected by 
the high-fat diet. It turns out that the previously healthy but 
sedentary individuals, when exposed to a high-fat diet even for 
one week, performed worse on tasks measuring attention, and 
speed of retrieval than they had before diet consumption [33]. 

The process of mastication involves the crushing of food, 
mixing it with saliva, and the formation of a ball like a bolus 
that is ingested. There has been a correlation between 
mastication and memory formation. Long term exposure to 
soft diet leads to memory impairments. One such study fed 
chow pellets to the control group and a liquid diet to the 
experimental group. Afterward, they noted that mice on the 
liquid diet performed significantly lower than the control on 
the passive avoidance test. Although the BDNF levels in the 
hippocampus were found higher in the experimental group, the 
TrkB receptors (to which the BDNF binds and enhances brain 
plasticity) were found to be lower. Hence, this resulted in 
decreased neurons in the hippocampus [34]. However, the 
opposite of this does not hold: hard food is not the food that 
leads to the most increase in learning. A study analyzed the 
effects of the varying hardness of food on the number of 
pyramid cells (multipolar neurons [35]) and the BDNF levels 
in the hippocampus. The control group was fed with regular 
food, 1st group with soft food, and the 2nd with hard food. 
The control group had the highest number of pyramidal cells 
and the BDNF levels in the hippocampus compared to the 
other 2 [36]. Another study put the results of this study into 
the Eight Arm Radial Maze test, which is related to spatial 
memory. The results were consistent and found that the 
control group (the one fed with regular food) showed the 
highest spatial memory. However, these results do not mean 
that hard food has detrimental effects [37]. One study showed 
that the hard food diet and enriched environment leads to the 
recovery of spatial memory in aged mice by bringing it to the 
levels of the control group [38]. 

There are multiple hypotheses people adapt to solving the 
current issue related to obesity. One study analyzed the effects 
of eating quantity with the duration it was fed, and eliminated 
the variable of “healthiness of diet.” They either food-deprived 
the mice or fed it with a western diet and further divided them 
into subgroups depending on the duration of their diet. The 
results showed that being food deprived even for 48 hours 
reduced the BDNF levels. The positive energy balance created 
by the western diet leads to increased BDNF levels and body 
weight. A possible reason for this increase could be to 
suppress the weight gain by the body since it increases the 
anorexigenic activity suppressing the food intake. This all 
explains the decrease of BDNF in the underfed group as, in 
this case, BDNF reduction leads to the activation of orexigenic 
activity, which promotes appetite consumption. It was also 
mentioned that this BDNF increase was because of the leptin 

hormone. However, after three weeks of western diet 
consumption, BDNF levels declined because of the 
development of leptin resistance. The BDNF levels noted in 
this experiment, however, were neither in the hippocampus 
and nor in the BLA [39]. Increased leptin levels are also 
associated with increased depressive symptoms [40]. 

A. Diet and Depression 

As we reviewed earlier, the discussion of depression is vital 
since it directly influences the brain plasticity. Intake of high 
intakes of fruit, vegetables, fish, and whole grains may be 
associated with reduced depression risk [41]. One study via 
questionnaire could trace out that there exists a relation 
between habitual diet quality and depression-like disorders 
[42]. To test the relation between the quantity of fat in the diet 
and the damage done on brain plasticity, one study fed mice 
either western diet with 40% of the fat or high-fat lard diet 
with 60% fat. Although both the groups had increased 
adiposity and fasting blood glucose, only the high-fat lard diet 
showed symptoms of oxidative stress due to decreased 
antioxidant response [43]. Increased oxidation stress has been 
associated with diseases like Alzheimer’s disease, and also a 
decrease in working memory and executive skills [44]. 

One study on the yeast S. pombe revealed that increased 
glucose uptake activated the pathways that lead to increased 
stress sensitivity and decreased cell survival. It also promoted 
aging and inhibited stress defense mechanisms. It also found 
that decreased glucose intake leads to increased oxidative 
stress resistance and hence provided increased longevity [45]. 

 Another pathway through which a poor diet leads to 
inhibitory responses in the brain is through inflammation, 
which has emerged as an essential factor in mood disorders. 
Patients who suffer from mood disorder show elevated plasma 
levels of cytokines such as TNF-α, IL-6, and IL-1β [46]. Other 
studies have shown that high levels of cytokines such as TNF-
α, IL-6, and IL-1β lead to inhibition of neurogenesis in the 
hippocampus. Interestingly, another study showed that 
inflammation was not linked to cognitive decline, and is a 
biomarker for oxidative stress, which does lead to cognitive 
decline [47]. 

In order to check whether the diet rich only in sugar or the 
combination of a diet rich in both fat and sugar produced more 
detrimental effects on the memory, scientists performed a 
study on mice test subjects. For this, researchers [48] 
conducted two experiments, and in both the experiments, they 
included two tests: object (perirhinal-dependent) and place 
(hippocampal-dependent) recognition memory. In the first 
experiment, mice were divided into two groups: one was fed 
with chow and cafeteria food (with 10% of sucrose solution), 
or chow food. The mice fed with both the cafeteria food and 
chow food performed worse on the place recognition but not 
on the object recognition. In the second experiment, the rats 
were fed with cafeteria food with or without sucrose and 
control fed with chow diet with sucrose, and both rats 
performed worse on the place but not on the object. The study 
also found that rats that ate cafeteria food consumed five times 
the food as compared to the control and also showed increased 
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levels of leptin, exhibited hippocampal inflammation and 
oxidative stress markers [48]. However, one interesting 
finding was that the rats who consumed the cafeteria diet 
without added sucrose did not exhibit a significant increase in 
the markers even though they had similar BDNF levels. This 
demonstrated that the diet rich in both fat and sugar had more 
significant detrimental effects even before the weight gain 
[48]. 

B. The Ideal Diet 

One of the most beneficial diets reported by several types of 
research is the Mediterranean (Med) diet. The main 
components of the Med diet include daily consumption of 
vegetables, fruits, whole grains, and healthy fats; weekly 
intake of fish, poultry, beans and eggs; moderate portions of 
dairy products; and limited intake of red meat [49]. One of the 
studies found out that continued adherence to the Med diet 
leads to a protective trend against ischemic stroke, mild 
cognitive impairment, dementia, and particularly Alzheimer’s 
disease. They also reported that even moderate adherence to 
this diet was accompanied by reduced risk for depression and 
cognitive impairment. However, protection against strokes 
was only marginal in this case [50]. Another study published 
that the Med diet in older women did provide an overall 
moderate increase in cognition, but most importantly, it 
prevented cognitive decline with age [51]. Not only limited to 
this, but this diet has also shown to reduce the symptoms of 
metabolic syndrome, which is caused by increased oxidative 
biomarkers. Hence it also reduces oxidative damage [52]. 
With this big array of benefits, some studies have also looked 
at its benefits by combining the Med diet with other diet 
products. One study combined this diet with nuts and studies 
its effect on type 2 diabetes (DM2), which is most commonly 
caused by a sedentary lifestyle. They compared their results to 
the group, which was only fed with Med diet found out that 
Med diet with nuts produced significant results in the 
reduction of depression-like symptoms in the DM2 patients 
[53]. A similar study studied the combination of Med diet with 
olive oil that had profound effects on diabetes, obesity, as well 
as depression. Not limited to this, this combination also 
provides various other properties like acting as antioxidants, 
anti-inflammatory response, and discloses antithrombotic 

properties. Since olive oils are composed of unsaturated fats, 
they are also recommended in diabetic treatments as a low-fat 
alternative [54]. Out of the two combinations mentioned above 
(Med diet+nuts and med diet +olive oil), a study measured the 
plasma BNDF levels in both the cases with just low fat diet as 
the control group on humans suffering from depression. They 
found that although both the groups with the Med diet had 
increased BDNF levels, the Med diet+nut combination 
produced significantly higher results, and hence is the better 
combination [55]. 

Some of the other diets that have also shown beneficial 
effects include diet rich in vitamin E. One study fed mice 
high-fat diet with or without vitamin E. Although both of the 
groups did show high oxidative stress, it was reduced to a 
great extent in the vitamin E group, but the group on high fats 
showed impairments in the behavior tests. Also, BDNF was 
normalized in the group on the vitamin E [56]. Another way is 
to incorporate omega-three fatty acids in the diet. It has shown 
to normalize the BDNF levels even after Mild Fluid 
Percussion injury, which increases oxidative stress (and 
suppresses BDNF expressing pathways) and hence prevents 
learning disability [57]. Flavonoids, antioxidant-rich berries, 
resveratrol, and a polyphenol that are found in red grapes and 
other fruits also stimulate neurogenesis, decrease oxidative 
stress and pro-inflammatory process [58]. Another new 
combination diet that produces profound effects on 
neurogenesis and BDNF increase is by combining polyphenol 
and polyunsaturated fatty acids. Not only this, but it also 
protects from cognitive decline with aging and 
neurodegenerative diseases like Alzheimer’s Disease [59]. 
Lastly, there is another substance called glutathione, which 
can also be beneficial to include in the diet as it promotes 
neurogenesis (low levels of glutathione correspond to a 
decline in the executive functions [60]). Glutathione can also 
be used in the treatment of bipolar patients, which involves 
high oxidative stress due to the malfunction of BLA [61]. Its 
levels can be naturally increased by consumption of foods like 
vitamin C rich food, and sulfur-rich foods like broccoli, 
Brussels sprouts, cauliflower, kale, watercress, and mustard 
greens [62]. 

 
TABLE II 

DIFFERENT TYPES OF DIETS AND THEIR EFFECTS  

Types of diet Oxidative Stress inflammation obesity BDNF Alzheimer’s disease Depression Other 

Med + + 0 + + +  

Med+olive oil + + + + + + Antithrombotic properties 

Med+nuts + + + + + +  

Vitamin E + + 0 + + +  

Omega 3 fatty acid + + - + + +  

Flavonoids (in berries) + + 0 + + + improves executive function

Polyphenol like Reserveratrol (in red wine) + N/A N/A N/A + +  

Glutathione + + N/A + + +  

Polyphenol+unsaturated fatty acid + + + + + +  

Fat rich diet - - - +/- - -  

Sugar rich diet - - - - - -  

Fat+sugar - - - - - -  

+=positive effects, - =negative effects, 0= no effect, N/A= not applicable. 
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Since many of the studies have discussed the positive 
relation between unhealthy food and poor learning, the reverse 
is not necessarily true, that is healthy food may not always 
result in a cognitive increase. A study analyzed the med food 
eaters were not found to be protective against cognitive 
decline, but a high intake of monounsaturated fats was 
predictive of mild cognitive impairment [63]. 

Finally, looking at the effects when the diet factor combined 
with exercise, the study divided mice into three groups based 
on the diet they received (high fat vs. regular vs. high protein) 
and further divided these groups into whether they had access 
to the running wheel or not. Results clearly showed that high 
protein with the exercising group showed the most benefits in 
BDNF production. In the second experiment, however, they 
tested the quantity of the protein that gave the most benefits 
and proved that 1.5% of leucine (an amino acid) in the diet 
significantly induced BDNF as compared to the group 
receiving a dose of 3% [64]. 

V. CONCLUSION 

 High sucrose diet leads to decreased BDNF. 
 Increased western diet leads to an increase in BDNF, but 

also it leads to an increase in leptin, which is associated 
with increased depressive symptoms and hence, poor 
memory. 

 Stress or depression-like symptoms lead to decreased 
BDNF levels in the hippocampus. 

 Regular exercise leads to more BDNF levels, and the 
amount of BDNF levels depends on the intensity of 
exercise. 

 Different exercises lead to an improvement in different 
memory types, and hence performing mixed exercises of 
mixed intensity exercises is recommended. 

 Only a few types of exercises lead to increased BDNF in 
the amygdala, one of which is a spinning wheel and not 
treadmill running. Regular exercise also increases the 
stress receptors of serotonin, which are known to mediate 
BDNF levels. 

 Overexpression of BDNF in the hippocampus, though 
acts as an anti-depressant; it hinders in both long term and 
short term memory formation. However, this 
overexpressed BDNF does not hinder with behavioral 
performance. This overexpression also diminishes the 
anorexigenic effect of BDNF. 

 BDNF is known to have a paradoxical nature under 
various degrees of stress. In the BLA under both chronic 
and acute stress, BDNF levels stay high, whereas in the 
hippocampus under chronic stress, they stay low. Hence 
the overexpression of BDNF in the hippocampus is the 
expression of BDNF in the BLA. 

 The expression of BDNF in BLA also plays positive roles 
like stress reduction by increasing and also plays a vital 
role in cued fear conditioning. Inducing histone 
deacetylase inhibitors in the dorsal hippocampus 
improves memory that is also dependent on BLA. 

 A western diet rich in high sugar and saturated fats leads 
to a decrease in hippocampal volumes. Also, long term 

high sugar intake leads to increased appetite intake hence 
leading to weight gain. This increase in the appetite 
consumption also suppresses the BDNF since the 
presence of BDNF is an indicator of lower appetite 
consumption. 

 The consumption of a high-fat diet by healthy but 
sedentary individuals has the same detrimental effect of 
decreased concentration as that of an unhealthy individual 
who is sedentary. 

 Soft and liquid diet leads to reduced BDNF levels if 
consumed for a long. The hard diet is also not the best-
recommended diet. A regular diet is a best-recommended 
diet aiding in neurogenesis. 

 Staying food-deprived for longer durations is not found 
beneficial since it reduces the BDNF levels. Also, 
increasing the western diet increases BDNF because of 
leptin but only up to limited time to decrease the food 
intake. After that limit, the leptin resistance is developed, 
and hence, the BDNF decreases. Since leptin leads to 
hippocampal inflammation, an increased quantity of diet 
is also detrimental. 

 Detrimental effects of unhealthy food are directly related 
to their quantity of intake. 

 Inflammation and oxidative stress both produce 
detrimental effects; however, inflammation does not lead 
to a reduction in executive functions, whereas oxidative 
stress does. However, inflammation leads to activation of 
cytokines that inhibit neurogenesis 

 Sugar, when combined with fats, leads to enhanced leptin 
production, contributing to increased inflammation in the 
hippocampus and oxidative responses than fats alone. 
This also means fat+sugar combination leads to lower 
BDNF expression. 

 Med diet is considered the ideal diet for the prevention of 
dementia, Alzheimer’s disease, cognitive impairment, 
depression-like symptoms, and also reduces oxidative 
stress and inflammation. 

 Combinations of the med diet with various other diets also 
produce enhanced benefits than the med diet alone. For 
example, for treating DM2, the combination of the med 
diet with nuts seems the most beneficial. Hence this 
combination must also enhance BDNF levels to have 
performed the function of an appetite suppressor. 
Combining a med diet with olive oil can be an alternative 
to low-fat food and also produces various benefits like 
reducing oxidative stress and also antithrombotic 
properties. However, in neurogenesis, Med diet+ nuts is a 
better combination. 

 Other products that are considered beneficial hence 
recommended include vitamin E rich diet, omega three 
fatty acid, flavonoids, antioxidant-rich berries, resveratrol, 
and polyphenol. Combining polyphenol and unsaturated 
fats produced enhanced BDNF levels. 

 Another substance called Glutathione, whose deficiency 
causes impairment in executive functions, can also be 
used to fix the bipolar disorder by increasing the 
hippocampal volume and decreasing the amygdala 
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volume in middle-aged people. Glutathione can also 
increase the amygdala volume (in adolescents) depending 
on the age group. 

 There is also a possibility that an unhealthy diet, which 
increases the BDNF due to leptin, also increases the 
BDNF in the BLA as it induces stress. 

 The bidirectional link between an unhealthy diet and 
stress levels does not exist. 

 A combination of a healthy diet, when combined with 
regular exercise, produces additive benefits on the BDNF. 

 The quantity of the healthy diet also matters and is not 
directly related to the increase in the BDNF. For example, 
1.5% of leucine amino acids produce better results than 
3% of it. 
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