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Abstract 

In this study, the effect of caffeine on the concentrations of amyloid-beta proteins present 

in patients with late-onset Alzheimer’s disease was investigated. The two types of these proteins, 

amyloid-beta 1-40 and 1-42, are known to aggregate and cause plaques among neurons 

throughout the brain, disrupting neuron function and therefore inhibiting cognitive abilities that 

translate to the rest of the body. Data on transgenic mice experimentation was obtained through 

systematic literature review, and results of a statistical analysis expressed a negative correlation 

between the concentration of caffeine and concentration of amyloid-beta, suggesting that 

caffeine may play a role in reducing the levels of amyloid-beta proteins in the brains of patients 

with late-onset Alzheimer’s disease. 

 

Introduction 

Alzheimer’s Disease 

Alzheimer’s disease is a neurodegenerative disease currently affecting close to six 

million Americans. It is the sixth leading cause of death with a 145% increase in recorded cases 

and no apparent cure (Alzheimer’s Association, 2019). The disease itself is characterized by 

neuron death, which prevents nerve communication and signaling in the brain, reducing brain 

activity (Bright Focus Foundation, 2017). The disruption in cognitive function stemming from 

cell death and hampered communication is caused by the accumulation of harmful proteins that 

have the tendency to cluster together, forming extracellular plaques and intracellular 

neurofibrillary tangles (Murphy & LeVine, 2010). Being that the aggregation of these toxic 

proteins occurs both between and within neurons, it very easily prevents neurons from sending 
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signals to each other and through the rest of the central nervous system (National Institutes of 

Health, 2016). As a result, the development of the disease affects both the brain and the body.  

 

 

Fig. 1 Neurons in a normal brain and an Alzheimer’s-affected brain shown side by side. Neurons in the 
Alzheimer’s brain are interlaced with amyloid-beta plaques, and the insides of the cells have tangles 

(American Health Assistance Foundation, 2004). 
 

Types of Alzheimer’s 

The most prominent type of Alzheimer’s disease is late-onset Alzheimer’s, comprising 

97% of all cases in the United States. Symptoms typically become present in people aged sixty to 

sixty-five (Alzheimer’s Association, 2019). Because aging is associated with the natural 

deterioration of the brain, it is typical for the risk of Alzheimer’s to increase with age; at over 

sixty-five years old, a person’s risk of developing the disease doubles every five years (Isik, 

2010). The remaining 3% of Alzheimer’s cases fall under early-onset, where symptoms develop 
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in patients under the age of sixty-five. Early-onset Alzheimer’s is known to have genetic markers 

increasing the susceptibility of the brain to develop causes of the disease (Koedam et al., 2010).  

 

Symptoms and Progression 

The main symptoms of Alzheimer’s negatively affect brain function and communication 

throughout the central nervous system. The resulting cognitive impairment causes the loss of 

memory, critical thinking, judgment, reasoning, and physical ability, as well as the onset of 

psychological and behavioral problems (National Institutes of Health, 2016). The severity of 

these general symptoms depends on the progression of the disease; the higher its progression, the 

worse the symptoms become. 

 

Fig. 2 The effects of tangles and plaques from Fig. 1 on neurons and the brain. Affected neurons become 
diseased, axon connection is blocked, and brain mass decreases as a result of apparent neuron 

nonfunction. Typical symptoms of Alzheimer’s disease are then induced. (Allied Academies, 2019). 
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Alzheimer’s disease progresses in four main stages. The first, preclinical, is characterized 

by changes occurring in the brain before symptoms show and can last for varying amounts of 

time, typically many years (Johns Hopkins Medicine, 2019). During this time period, noticeable 

symptoms of Alzheimer’s are not present, but developments of the disease, including harmful 

protein buildup resulting in the tangling and blocking of affected neurons, take place. The length 

of the preclinical stage may be affected by social and environmental stressors ranging from 

mental and physical activity to changes in the molecular level that aid the brain in compensating 

for damage caused by plaque buildup (Very Well Health, 2018). Once the brain is no longer able 

to tolerate the onset present in the preclinical stage, the disease progresses to the early stage. 

During the early stage, patients experience mild symptoms of Alzheimer’s, primarily short-term 

memory trouble, difficulties in organizational skills, misplacing or losing objects, mild mood 

swings, and growing anxiety, but are self-aware and able to recognize such shortcomings 

(Alzheimer’s Association, 2019). Following further progression and increased plaque buildup, 

neuron function becomes increasingly compromised and moderate onset of the disease is 

initiated (Johns Hopkins Medicine, 2019). Typically the longest period of Alzheimer’s 

development, symptoms are more pronounced than previous stages and patients have greater 

difficulty performing day-to-day tasks involving bodily coordination. Memory loss is more 

apparent, and personality and psychological differences become noticeable. Many patients in the 

moderate stage have problems recognizing familiars, experience paranoia, behave impulsively, 

are agitated, and have extreme mood swings (Alzheimer’s Association, 2019). The last stage of 

Alzheimer’s disease is the late to severe stage, where present symptoms worsen and physical 

changes occur. As plaques and diseased neurons become common throughout the brain, 



CAFFEINE ON REDUCING AMYLOID-BETA CONCENTRATION         6 

cognitive function degenerates and patients lose bodily control and upkeep (National Institutes of 

Health, 2016). During this stage, patients lose both conscious and unconscious control over 

themselves as the brain is unable to regulate the body internally. At this point, patients are unable 

to communicate and experience loss in motor control, increased fatigue, loss of bowel and 

bladder control, little to no memory function, hallucinations, and seizures. Because unconscious 

body control shuts down, the immune system is weakened and as a result, most patients will die 

at the severe stage from the onset of viral or bacterial infections (Alzheimer’s Association, 

2019). 

 

Social Effects 

In addition to direct health detriments, Alzheimer’s disease affects both patients and 

healthy citizens nationwide through caretaking and federal work that take time and monetary 

resources to fund. Over $350,000 per patient is put into providing individuals living with the 

disease with adequate care (National Institutes of Health, 2016). Due to its effects on the ability 

to control the body, patients living with moderate to severe Alzheimer’s typically seek personal 

care to aid in aspects of daily life, including physical activity, eating, and bowel movements. 

Eighty-three percent is unrecorded and unpaid, but approximated at 18.5 billion hours and $234 

billion annually (Alzheimer’s Association, 2019). Additionally, Alzheimer’s disease poses a cost 

to the government through federally-funded healthcare institutions. The establishment of 

hospitals, hospices, research institutes, and healthcare organizations Medicare and Medicaid 

totaled $277 billion in 2018, is expected to reach $290 billion in 2019, and is projected for $1.1 

trillion in 2050 (Alzheimer’s Association, 2019). The already detrimental effects of Alzheimer’s 
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disease are only cemented by its far-reaching influence into the social and economic spheres of 

the United States. 

 

Amyloid-Beta Proteins 

The proteins that make up toxic extracellular plaques in Alzheimer’s disease are 

amyloid-beta proteins. Their structure allows them to clump together to form aggregations of 

proteins that are large enough to disrupt neuron function (Hardy & Selkoe, 2002).  

 

 

 

Fig. 3 Three-dimensional structure of amyloid-beta protein. Its shape and structure allows it to clump 
together to form increasingly complex protein plaques. (Meyer et al., 2017) 

 

Amyloid-beta are formed from a larger parent polypeptide, amyloid precursor protein 

(APP), that is found in the central nervous system. Normally, it functions as a membrane protein 

regulating neuronal development, signaling, intracellular transport, and behavior (Chen et al., 



CAFFEINE ON REDUCING AMYLOID-BETA CONCENTRATION         8 

2017). Starting the formation of amyloid-beta plaques, the enzyme beta-secretase cuts amyloid 

precursor protein, cleaving it into soluble APP variants and terminal protein fragments. The 

enzyme gamma-secretase then cuts the terminal protein fragments into amyloid-beta peptides 

(Zheng & Koo, 2011). Since amino acids have one variant molecular group, an R-group, that 

actively interacts with R-groups of other amino acids, the interactions of amino acids in a protein 

determine its shape and function. Once singular amyloid-beta peptides are cut, they begin to 

change shape from such molecular interactions. The amino acid sequence of an amyloid-beta 

peptide is its primary structure. R-group interaction between amino acids gives it a 

two-dimensional secondary structure, where the protein strand is twisted into spring-like alpha 

helices, followed by strips of beta-sheets. Further interaction produces three-dimensional tertiary 

structure, this case being oligomers formed by the twisting of beta-sheets. Individual oligomers 

fold upon each other to reach quaternary structure, the arrangement of multiple folded proteins, 

forming fibrils. Large numbers of fibrils interact and aggregate together into complex clusters 

that form the amyloid plaques present in Alzheimer’s disease (Zheng & Koo, 2011). 
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Fig. 4 The making of amyloid-beta plaques, starting from amyloid precursor protein, from which 
amyloid-beta is formed. Successive protein interactions and folding lead to the accumulated aggregation 

of amyloid-beta, and consequently the formation of plaques. (Drolle, et al., 2014) 
 

From the cutting of amyloid precursor protein, five types of amyloid-beta can be formed, 

ranging from a numerical sequence of thirty-six to forty-three amino acids. In plaques, 

amyloid-beta 1-42 and amyloid-beta 1-40 are the most prevalent types of the protein, with their 

namesake reflecting sequences of forty-two and forty amino acids, respectively. Although their 

sequences differ by two amino acids, both amyloid-beta 1-42 and 1-40 have neurotoxic behavior 

and directly related to Alzheimer’s disease progression (Qiu et al., 2015).  

 

Caffeine and Molecular Antagonism 

Caffeine is a stimulatory molecule commonly found in the beverages coffee and tea. 

Once ingested and present in the brain, caffeine acts as a molecular antagonist by actively 

blocking other molecules from binding to their own receptors. Part of caffeine’s chemical 
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structure is similar in shape and atomic makeup to that of adenosine, a molecule found in the 

brain that aids in energy transfer and regulation, allowing caffeine to be accepted at otherwise 

adenosine-specific receptors (Ribeiro & Sebastião, 2010). Once caffeine binds to adenosine 

receptors, adenosine is blocked from binding and transmitting a signal to be communicated 

throughout the brain. 

 

 

 

Fig. 5 Diagram showing the similarities between caffeine and adenosine molecules. Due to the nitrogen 
groups on both molecules, caffeine is able to bind to adenosine receptors and disrupt the circadian cycle, 
shifting bodily functions and brain behavior as well as incurring hyperactivity among neurons. (Dhinesh, 

2017). 
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Fig. 6 Model of caffeine-adenosine antagonism. Caffeine is shown blocking adenosine molecules from 
binding with adenosine receptors as a result of the similarities between the two molecules in Fig. 5. 

(Institute for Scientific Information on Coffee, 2019) 
 

Once caffeine binds to adenosine receptors, it is able to induce its own effects through 

neuron communication throughout the brain and to the rest of the central nervous system. Since 

caffeine is one of the most widely consumed pharmacologically active substances in the United 

States, it was previously assumed that the ingestion of caffeine had negative effects on the body, 

including cardiovascular detriments, calcium imbalance, increased risk of developing cancer, and 

general cell toxicity. Recent studies, however, have disputed such assumptions by finding 

caffeine to have neuroprotective effects, especially concerning the reduction of cognitive decline 

(Nawrot, 2010; Ritchie, 2007). Studies measuring the results of caffeine consumption and 

presence in the brain have shown there to be anti-inflammatory, anti-oxidative, and 

disease-preventative effects. Through molecular antagonism, it suppresses pro-inflammatory cell 

mediators to reduce detrimental autoimmune responses, prevents cell damage and protein 
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degradation from free radicals, and decreases the risk of developing chronic diseases by 

removing toxic buildup in the brain (Yenisetti et al., 2016). Clinical trials tracking caffeinated 

drink intake, specifically coffee and tea, showed overall increases in cognitive function through 

problem-solving and reasoning or decreases in cognitive decline in patients taking caffeinated 

drinks compared to control groups not taking them (Eskelinen & Kivipelto, 2010). These health 

benefits are being researched to determine if caffeine has a noticeable effect on reducing the 

magnitude of the currently incurable Alzheimer’s and Parkinson’s diseases, as they both stem 

from the buildup of toxic plaques in the brain that disrupt the communication and well-being of 

neurons, and both have no cure. 

 

 

 

Fig. 7 Flowchart showing the effects of adenosine antagonists on the development of Alzheimer’s 
disease. The - and + represent reductions and increases in the symptoms of the correlated diseases, 

respectfully. In Alzheimer’s disease, adenosine antagonists and caffeine reduced brain lesions, cognitive 
impairments, inflammation, and amyloid-beta protein concentration (Rivera-Oliver & Diaz-Rioz, 2014). 
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Caffeine has been shown to reduce the amounts of amyloid-beta peptide in the brain, 

translating well to Alzheimer’s disease because the disruptive plaques in Alzheimer’s patients 

are made of amyloid-beta 1-42 and 1-40 (Panza et al., 2015; Rivera-Oliver & Diaz-Rioz, 2014). 

Researching potential ways to slow the progression and severity of the disease is crucial because 

the scope of Alzheimer’s is increasing exponentially without a present cure, and its effects are 

far-reaching in both patients and indirectly affected citizens. By developing a treatment or cure, 

the mortality rate will decrease, as well as the large amounts of time and money spent annually 

caring for the diseased patients. 

 

Purpose 

The purpose of this study is to investigate a possible correlation between caffeine 

concentration in the brain and the presence of amyloid-beta proteins causing Alzheimer’s 

disease. Amyloid-beta 1-42 and 1-40 are both factors in the pathology of Alzheimer’s, so both 

types of protein are included in this investigation. Since caffeine has been shown to express 

various neuroprotective effects, especially the removal of toxic particles like amyloid-beta 

proteins, it is reasonable to consider whether caffeine has a role in preventing the disease 

development.  

 

Research Question 

Is there a relationship between caffeine concentration in the brain and amyloid-beta 

protein levels that are significant to late-onset Alzheimer’s disease development? 

Hypotheses 



CAFFEINE ON REDUCING AMYLOID-BETA CONCENTRATION         14 

Null hypothesis: There is no significantly identifiable relationship between neural 

caffeine concentration and amyloid-beta protein levels.  

 

Alternative hypothesis: There is a statistically significant relationship between neural 

caffeine concentration and amyloid-beta protein levels that indicates a negative correlation 

between caffeine concentration and amyloid-beta protein levels. 

 

Methods 

Literature & Information Search  

To gather papers for this systematic literature review, the electronic bibliographic 

databases EBSCOhost, Google Scholar, PubMed, ResearchGate, Cochrane Library, JSTOR, and 

AAAS were used. Additional research papers from reference lists of articles obtained were also 

collected. All of the articles used were peer-reviewed, and they either provided background 

information useful for gaining a further understanding of current research on the topic, or they 

offered quantitative data based on conducted experiments The date range of the source 

publications ranged from 1980 to present to gain an understanding of research progress on 

Alzheimer’s disease without including prior studies that may contain inaccurate information due 

to the level of technological and scientific resources at the time. However, this study focused 

solely on articles from 2000 to the present that contained quantitative data relevant to the project 

to maximize the accuracy and information available in current times. The source publications 

accessed were in English. Articles were found by using the search terms “caffeine and 

adenosine”, “caffeine and amyloid-beta”, “caffeine and Alzheimer’s disease”, and “caffeine and 
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neurobiology” in both electronic databases and scientific journals. Peer-reviewed papers 

concerning the molecular structure of caffeine, caffeine-adenosine antagonism, and caffeine and 

amyloid-beta relationships were read through and annotated, and reference lists and 

bibliographies of the papers were analyzed to conduct this review. Furthermore, scientists and 

authors who were experts in neurobiology with a focus in neurodegenerative disease and did lab 

experimentation concerning caffeine and amyloid-beta proteins were noted to potentially contact 

for information or access to other databases and articles.  

 

Literature and Data Collection 

Using the above search criteria to collect peer-reviewed articles, quantitative data was 

compiled from such relevant academic papers testing the effects of caffeine on the presence of 

amyloid-beta 1-40 and 1-42 proteins. The results from a number of articles were studied, 

recorded, and noted for further analysis. The control data was obtained from studies that included 

data on mice with no caffeine treatment and an average of controls for each amyloid-beta protein 

strain was taken to represent one data point. The experimental data consisted of primarily 

quantitative findings, backed up by qualitative trends. Quantitative data detailed amyloid-beta 

measurements following the treatments of mice cells with different dosages of caffeine. 

Supplementary qualitative data from peer-reviewed articles comprised of brain scan imaging 

visually marking the presence of amyloid-beta, comparing fluorescent imaging from a control of 

no caffeine with experimental caffeine treatment. The quantitative data in particular was amassed 

and interpreted through statistical tests, specifically a one-tailed t-test assuming unequal 

variance.  
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Fig. 8 Flowchart mapping the course of literature search using the specified criteria, starting with 
keyword searches and ending with peer-reviewed papers containing quantitative data. 

 

In each of the peer-reviewed papers from which data were extracted, transgenic mice, 

mice whose brains were manipulated to incur late-onset Alzheimer’s disease, were treated with 

different concentrations of caffeine through controlled water supplies. To gather experimental 

data, varying caffeine treatments resulting from caffeine’s solution in water were prepared with 

differing concentrations, and noted and fed to the mice depending on their designation for testing 

particular concentrations. Control group mice were not administered any caffeine solution. Mice 
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brain cells were then used to determine the level of amyloid-beta protein following caffeine 

administration.  

Only articles using transgenic mice for testing were included in this study to establish a 

baseline of disease consistency; using varied methods for inducing Alzheimer’s in test subjects 

would affect data analysis because the presence of the disease would be influenced by a 

multitude of factors that may play a role in amyloid-beta production and persistence throughout 

neurons. Once symptoms of severe stage Alzheimer’s were expressed, the mice brains were 

harvested and tested for amyloid-beta presence. The determined levels of amyloid-beta 1-40 and 

1-42 following both treatment and control were then used to construct graphs, which the data 

points were extracted from to perform this study’s synthesis and consequent statistical analysis. 

 

Statistical Analysis 

Following literature collection, compiled data from multiple peer-reviewed papers were 

analyzed using a one-tailed t-test assuming unequal variance and a linear regression for each type 

of amyloid-beta protein. A one-tailed t-test, performed on Microsoft’s Analysis ToolPak, was 

chosen because the correlation being looked for was assumed to go only in one direction, that 

being a negative correlation between caffeine concentration and amyloid-beta levels. Unequal 

variances were assumed because the range of each data set, caffeine concentration and 

amyloid-beta levels, varied in magnitude. To interpret the t-test, a p-value of p < 0.05 was 

considered statistically significant, so if a p-value was under 0.05, the null hypothesis was 

rejected and alternative hypothesis accepted.  
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Additionally, a linear regression was also performed on the data to model the relationship 

between caffeine concentration and amyloid-beta levels visually. From a best fit line, an 

R-squared value was calculated, representing the variance of the data from the line. R-squared is 

measured out of 1.00, with such a value meaning a 100% fit with the linear model, so a 

calculated value of R2 > 0.65 was interpreted as having an above average fit. 

 

Results 

Data Analysis 

Out of the nine papers with quantitative data on the correlation between either 

amyloid-beta 1-42 or amyloid-beta 1-40, two had data on only amyloid-beta 1-42 and two had 

data on only amyloid-beta 1-40, with the rest having data on both proteins. Of these nine, two 

had qualitative data in the form of brain imaging showing the protein level difference between 

controlled transgenic mice and those treated with caffeine (Table 1). 
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Table 1. Characteristics of each peer-reviewed article used in the study, marked for having quantitative or 
qualitative data. 

Study Quantitative AB 

1-42 Data 

Quantitative AB 

1-40 Data 

Qualitative Data 

Arendash, et al. (2006) Y Y  

Arendash, et al. (2009) Y   

Arendash & Cao (2010)  Y  

Cao, et al. (2009) Y Y  

Chu, et al. (2012) Y  Y 

Dall’lgna, et al. (2003) Y Y  

Li, et al. (2015) Y Y Y 

Mancini, et al. (2018)  Y  

Zhang, et al. (2014) Y Y  

 

Within the seven papers that amyloid-beta 1-42 measurements were taken from, eight 

observed caffeine concentrations in units micromolarity (uM) were noted, each with a 

corresponding amyloid-beta level in picograms per milliliter (pg/mL). Within the seven papers 

that amyloid-beta 1-40 measurements were taken from, nine observed caffeine concentrations in 

units micromolarity were noted, each with a corresponding amyloid-beta level in picograms per 

milligram (pg/mg). For both sets of data, multiple amyloid-beta values were gathered for 

caffeine concentration zero, that being the control, and an average of these values were taken to 
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represent one data point. Both types of amyloid-beta experienced a decrease in concentration as 

the concentration of caffeine increased. Since amyloid-beta 1-42 and 1-40 were measured in 

different units, a comprehensive comparison between both was unable to be determined. 

However, each had significant declines in protein levels; there was an observed 98.4 pg/mL 

decrease of amyloid-beta 1-42 from 0 µM to 20 µM of caffeine, and a 1845 pg/mg decrease of 

amyloid-beta 1-40 from 0 µM to 63.3 µM of caffeine (Table 2; Table 3).  

 

Table 2. Amyloid-beta 1-42 levels recorded at changing caffeine concentrations in a range from 0 to 20 
µM. 

Caffeine Concentration (µM) Amyloid-Beta 1-42 (pg/mL) 

0 109.97 

0.1 120.0 

0.25 99.0 

0.5 90.0 

5.15 79.0 

10 49.0 

16.51 21.5 

20 11.62 

 

 

 

 



CAFFEINE ON REDUCING AMYLOID-BETA CONCENTRATION         21 

Table 3. Amyloid-beta 1-40 levels recorded at changing caffeine concentrations in a range from 0 to 
63.34 µM. 

 

Caffeine Concentration (µM) Amyloid-Beta 1-40 (pg/mg) 

0 5646 

0.1 7487.5 

0.25 6062.5 

0.5 5337.5 

4.12 6550 

5.97 6275 

21.63 4650 

57.98 4200 

63.34 3800 

 

After recording the data, a linear regression and a one-tailed t-test assuming unequal 

variance were performed on each set. The eight observed values in the amyloid-beta 1-42 data 

set were plotted on a scatter plot and a best fit line was constructed for the linear regression. The 

slope of the line was calculated to be -4.9287 and the R-squared value was 0.9549, or 95.49% 

linear fit (Figure 9). The following one-tailed t-test calculated a p-value of approximately 0.0014, 

which was below the critical value of 0.05, indicating a statistical significance (Table 4). 
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Fig. 9. Graph depicting amyloid-beta 1-42 levels as concentration increases and a best fit line determined 
from eight observed points. 
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Table 4. Synthesized data table showing a two-sample t-test assuming unequal variances. Variables are 
caffeine concentration measured in micromolarity and amyloid-beta 1-42 protein levels measured in 
picograms per milliliter of extracellular fluid in transgenic mice brains with induced late-onset 
Alzheimer’s. Both one-tail and two-tail p-values provided. 

  

  Caffeine Concentration (µM) Amyloid-Beta 1-42 (pg/mL) 

Mean 6.008 69.137115 

Variance 69.25088343 1694.00832 

Observations 8 8 

Hypothesized Mean Difference 0  

df 8   

t Stat -4.252228705  

P(T<=t) one-tail 0.001395344   

t Critical one-tail 1.859548038  

P(T<=t) two-tail 0.002790688   

t Critical two-tail 2.306004135   

 

The nine observed values in the amyloid-beta 1-40 data set were also plotted and a best 

fit line constructed for the linear regression. The slope of the line was calculated to be -38.171 

and the R-squared value was 0.6792, or a 67.92% linear fit (Figure 10). The one-tailed t-test 

calculated a p-value of approximately 3.3*10-7, indicating statistical significance (Table 5). 
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Fig. 10. Graph depicting amyloid-beta 1-40 levels as concentration increases and a best fit line 
determined from eight observed points. 
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Table 3. Synthesized data table showing a two-sample t-test assuming unequal variance. Variables are 
caffeine concentration measured in micromolarity and amyloid-beta 1-40 protein levels measured in 
picograms per milligram of extracellular fluid in transgenic mice brains with induced late-onset 
Alzheimer’s. Both one-tailed and two-tailed p-values provided. 

 

  Caffeine Concentration (uM) Amyloid-Beta 1-40 (pg/mg) 

Mean 17.09955399 5556.388889 

Variance 657.9204254 1411375.174 

Observations 9 9 

Hypothesized Mean Difference 0  

df 8   

t Stat -13.98469076  

P(T<=t) one-tail 3.31332E-07   

t Critical one-tail 1.859548038  

P(T<=t) two-tail 6.62663E-07   

t Critical two-tail 2.306004135   

 

Following the data collection and extraction, it was noted that out of the nine papers 

analyzed, two contained cell imaging showing the effects of caffeine on the amyloid-beta 

proteins and the consequent cell response. This supplementary information was included in this 

study to further express quantitative findings through visual representations. Both papers 

indicated a decrease in amyloid-beta or related symptoms as a result of caffeine treatment, 

although through different aspects. Displayed images in Figure 11 utilized fluorescent 
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biomarkers that highlighted dead neurons in cultures of amyloid-beta presence with no caffeine 

treatment, and amyloid-beta presence with caffeine treatment (Figure 11; Chu et al., 2012). 

Images in Figure 12 used in vitro assays that detected amyloid-beta aggregation with 

administered caffeine solutions with concentrations ranging from 0 µM to 200 µM, and a control 

of no amyloid-beta presence (Figure 12; Li et al., 2015). 

 

Fig. 11 Images of neurons with (Aβ+Caff) and without caffeine treatment (Aβ) compared to neurons with 
no amyloid-beta or caffeine. Dead neurons were marked in yellow and healthy neurons in red (Chu et al., 

2012). 

 

 

Fig. 12 Amyloid-beta aggregation, highlighted in red, in cells treated with increasing caffeine 
concentrations and compared to cells with no aggregation shown (Li et al., 2015). 
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Discussion 

When analyzing both sets of amyloid-beta data, it is clear that increasing caffeine 

concentrations are correlated with decreasing amyloid-beta protein concentrations, as evident in 

Tables 2 and 3, where amyloid-beta 1-42 decreased by 98.4 pg/mL and amyloid-beta 1-40 

decreased by 1845 pg/mg in the given caffeine concentrations. Both of these results support the 

alternative hypothesis, stating that a significant negative relationship between caffeine and 

amyloid-beta exists. Specifically, in data with amyloid-beta 1-42, the linear regression produced 

a trendline (y=-4.9287x+104.87) with an R-squared value of 0.9549, showing an overall 

decrease in amyloid-beta 1-42 with a 95.49% explanatory fit. The R-squared value, being close 

to 1.00, indicates a precise linear model that expresses the change in amyloid-beta 1-42 to 

increasing caffeine concentrations as having a negative correlation. Additionally, running a 

one-tailed t-test to determine the significance of the noticed protein reductions calculated a 

p-value of 0.001, below the accepted critical value of p=0.05, suggesting that the trend in data 

was statistically significant. This analysis of the amyloid-beta 1-42 data supports the alternative 

hypothesis that caffeine and amyloid-beta concentrations have a negative correlation, and rejects 

the null. 

In data concerning amyloid-beta 1-40 proteins, the same linear regression and t-tests were 

performed to find R-squared and p-values. The linear regression model produced a trendline 

(y=-38.171x+6209.1) with an R-squared value of 0.6792, indicating a general decline in 

amyloid-beta 1-40 with a 67.92% fit. The relatively smaller R-squared in this model compared to 

the amyloid-beta 1-42 model is due to the scattered measurements from caffeine concentrations 0 

to 6.0 µM, which were the farthest from the line of best fit. Even so, because the R-squared is 
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greater than the accepted value of 0.65, the linear model is accepted as being fairly accurate, just 

not very precise. In spite of a lower R-squared value, the t-test calculated a p-value of 3.3*10-7, 

which is smaller than that of the amyloid-beta 1-42 model. Since the p-value is below the 

accepted p=0.05, the relationship mapped by the data is statistically significant and supports the 

alternative hypothesis. 

Although not statistically proven, the supplementary images support the general findings 

of this study. Visually, there is a noticeable difference in both amyloid-beta aggregation and 

amyloid-beta-caused neuron death as caffeine treatments were administered. The amount of dead 

neurons was significantly less in the image showing cells treated with caffeine as compared to 

the image showing no treatment (Figure 11). Additionally, the amount of amyloid-beta 

aggregation lessened in consecutive images of cells with caffeine treatments of increasing 

concentration. Cells with no caffeine showed distinct aggregation, whereas cells with 20 µM 

caffeine showed little to no aggregation (Figure 12). It is important to note, however, that in both 

image series, amyloid-beta presence and resulting symptoms were not completely removed; there 

are both signs of neuron death and aggregation highlighted in each figure (Figure 11; Figure 12). 

This is because it is natural for cell death and amyloid-beta to be apparent in the brain, but much 

larger magnitudes of these characteristics are expressed in Alzheimer’s disease. Even so, the 

qualitative data provides support for the alternative hypothesis without proving it true.  

These findings suggest that the presence of caffeine in the brain does lower amyloid-beta 

1-42 and 1-40 levels, and that subsequently, caffeine may slow the progression of late-onset 

Alzheimer’s disease through its effects on the proteins. 
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Conclusion 

Based on the synthesis of results and statistical analysis thereof, a negative correlation 

between concentrations of Alzheimer’s-inducing proteins and concentrations of caffeine is 

suggested. All the data collected expresses a general negative relationship between the two, with 

the concentration of proteins decreasing as the concentration of caffeine increases. As a result, 

the null hypothesis stating that caffeine does not affect Alzheimer’s through amyloid-beta 

aggregation was rejected, and the alternative hypothesis was accepted, meaning that there is a 

statistically significant relationship between caffeine concentration and amyloid-beta protein 

levels where an increase in caffeine concentration leads to a decrease in amyloid-beta proteins. 

 

Sources of Error 

Since the methods in this study consisted of a systematic literature review and statistical 

analysis, none of the data collected came from a personally controlled study. Within the resulting 

data collection, some sources of error became apparent. All peer-reviewed studies from which 

data were extracted used transgenic mice to induce Alzheimer’s disease within their brains. 

However, the species and genders of mice differed between papers, potentially affecting the 

susceptibility of the mice to Alzheimer’s and how much amyloid-beta protein was produced in 

each, since clinical research has previously shown genetic markers to be a factor in the 

prevalence and severity of the disease. Additionally, the quantitative data extracted from the 

papers used came from graphical approximation, as data points were plotted on graphs and no 

supplementary raw data was made available. As a result, specific data points were approximated 
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and may not be precisely accurate. Caffeine treatment derivatives were also a possible source of 

error, as one study utilized a 95% pure caffeine treatment by extracting caffeine from ground 

coffee, which may have contained residual nutrients or molecules affecting the presence of 

amyloid-beta, whether inhibiting or promoting the protein growth (Chu, et al., 2012). However, 

since the collected data showed a cohesive correlation, the variability in data point accuracy did 

not take away from the general relationship between caffeine concentration and amyloid-beta 

levels, but rather the accuracy of the specific statistical values.  

 

Further Work 

With the correlation suggested in the data above, it would be informative to conduct 

independent lab work to gather further quantitative data. Because this study solely included work 

done on transgenic mice, conducting research on human cell lines or performing clinical trials 

would be beneficial to translate findings to a human audience. Concrete evidence arisen from 

multiple experimental tests ensuring accuracy would reinforce a relationship and increase the 

reliability of results. Additionally, models and simulations could be constructed to illustrate the 

effects of caffeine antagonism on the amyloid-beta proteins themselves to further visualize this 

phenomenon at the cellular level. The data extracted from these peer-reviewed academic works 

can also be used to fuel research in novel drug pathway therapies to treat late-onset Alzheimer’s 

disease and other similar neurodegenerative diseases. Crystallizing caffeine extract to potentially 

slow the growth of amyloid-beta plaques in late-onset patients may pave way for a new and 

effective noninvasive treatment. The quantitative numbers may also be applied to adenosine 
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antagonized brain disorders, specifically other dementias, Parkinson’s disease, or Huntington’s 

disease, as similarities have been found in the relation of antagonized-adenosine receptor caused 

neurodegenerative diseases with other diseases of the same cause.  
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