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Abstract 

Despite the fact that Alzheimer’s disease (AD) is the most common form of 
dementia, its underlying pathogenesis has not yet fully known. As an intricate and 
multifactorial disease, finding a potential therapy intercepting its pathological 
process is still out of reach. With an increase in evidence of the success of gut 
microbiota modulation as a therapy to other diseases, one should consider the same 
possibility in AD. Therefore, this literature review focuses on exploring the 
possibility of dietary intervention as an innovative therapy for AD by modulating the 
gut microbiota composition based on recent researches. The method used to 
assemble this literature review is by performing a comprehensive literature search 
with corresponding keywords. The result shows that Mediterranean dietary 
intervention, characterized by the high intake of omega-3 polyunsaturated fatty acids, 
antioxidant nutrients, and vitamins, has shown to be beneficial for brain functions 
development which targets the gut-brain axis. However, a higher level of evidence-
based research is still needed to confirm further the findings in hope for a future 
implementation of this new insight as a therapy for AD and to unfold the gut 
microbiota role in it.  
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Introduction 

Alzheimer’s disease (AD) prevalence 
accounts for 50-75% of all forms of 
dementia, making it the most common 
form worldwide.1 In April 2016, the 
World Health Organization (WHO) 
reported that there were 47.5 million 
people suffering from dementia, in 
which the older age group had a 
greater proportion and an impaired 

normal day-to-day activity.2 In 
Indonesia, with a rising number of 
elderly population; 7.6% in 2010 to 
8.03% in 2014 of the total population; 
the estimation of people living with 
AD will be double by the year 2030, 
and reach the sum of 4 million people 
in 2050.3  

Unfortunately, with this alarming rate 
of increase in prevalence, the cause of 
the disease itself has yet to be fully 



elucidated, let alone its therapy. The 
beta-amyloid (Aβ) plaque which 
represents one of the hallmarks of AD 
is believed to be a marker of upstream 
process instead of the cause. On the 
contrary, in cases of AD caused by 
amyloid precursor protein (APP) gene 
mutation, the Aβ plaque buildup is 
considered to be a primary process.4 
With this long-standing debate and the 
fact that AD is a multifactorial 
disease,5 a potential therapy for it is 
still far from being reached. However, 
in the light of other proven therapeutic 
approaches addressing the role of gut 
microbiota in irritable bowel syndrome 
patients, such as fecal microbiota 
transplantation and probiotics, gut 
microbiota modulation could hold 
promising insights to other diseases.6 
Recent studies suggest that gut 
microbiota could play a role in the 
onset of AD through the gut-brain 
axis.7 Aging process characterized by 
chronic pro-inflammatory response 
disrupts the balance and composition 
of gut microbiota.7 This decreased of 
gut microbiota diversity can lead to 
changes in brain function and in host 
behavior.8 Intriguingly, one study has 
proven that antibiotic-induced changes 
of gut microbiota diversity in a murine 
model of AD decreases its Aβ plaque 
deposition.9 

Thus, the focus of this literature review 
is to highlight the intricate relationship 
between gut microbiota and AD 
pathogenesis as well as the possibility 
of gut microbiota composition 
alteration as a potential therapy of AD. 

Materials and Methods 

A comprehensive literature search was 
performed in January 2017 using 
Google Scholar. This database was 
searched with combinations of the 
terms ‘Alzheimer Disease’, ‘Gut 

Microbiota’, ‘Gut-brain axis’ and 
‘Diet’.  

Result and Discussion 

AD Pathogenesis Hypothesis 

AD becomes manifested when genetic, 
lifestyle, and environmental factors 
play their role together, such as 
smoking, obesity, lack of physical 
activity, and certain genes including 
PS1, PS2, and APP genes. That is why 
until now scientists have not fully 
understood the real cause of AD since 
the pathogenesis itself is a complex 
“cascade” which takes place in the 
brain over a long course of time.9  

According to the amyloid cascade 
hypothesis (see Figure 1), the increase 
of Aβ peptide, which is produced via 
altered processing of APP, gives rise to 
a series of events which results in the 
formation of plaques, neurofibrillary 
tangles of hyperphosphorylated tau, 
and neuronal death. Formation of Aβ 
peptide requires β- and γ-secretases, in 
which presenilin proteins (PS1 and 
PS2) play role in catabolizing APP.11 

This neuronal death then causes the 
typical AD clinical dementia 
syndrome.4 Nonetheless, although this 
Aβ plaque buildup is considered as the 
main hallmark of AD, it does not 
always apply to all cases. This was 
already proven through failures of 
most clinical trials which target the 
elimination of Aβ levels.11 One study 
even suggests a shift of perspective, to 
see Aβ plaque buildup as a 
physiological response of the body, 
since in healthy brain, it is needed for 
synaptic plasticity and memory. In this 
new vision, therapy targeting Aβ 
plaque elimination might worsen the 
side effects, making the need of 
finding the true pathogenesis of AD 
become more imperative than ever.12  



Correlation of Gut Microbiota with 
Hypothalamic-pituitary Axis, 
Neurotransmitters, and AD 

The gut is home to most of the 
symbiotic microbes. These microbes 
can be divided into three dominant 
genus, which are Bacteroides, 
Prevotella, and Ruminococcus. Each 
genus has its own metabolism 
properties. Bacteroides are good at 
fermenting carbohydrates and protein. 
Prevotella can degrade plant 
polysaccharides and mucin 
glycoprotein in the gut mucosal layer 
as well as interact with immune 
system. Ruminococcus are great in 
degrading mucins and help epithelial 
cells in sugar uptake.13,14 

Various animal studies have 
discovered that gut microbiota have 
effects on animal’s behavior, including 
anxiety-like behavior and spontaneous 
motor activity. Moreover, it can also 
affect biochemical composition in the 
brain.15 Responsiveness to stress and 
many physiologic activities are 
regulated by hypothalamic-pituitary-
adrenal (HPA) axis, an important part 
in the neuroendocrine system. In the 
germ free mice, there is abnormal 
HPA. However, that abnormalities 
could be reversed by colonization of 
germ free mice with microbiota from 
specific probiotic Bifidobacterium 
infantis. Therefore, gut microbiota has 
influence in regulating the activity of 
HPA and nervous system 
development.16 

Disruption of rapid gut microbiota 
colonization during childhood and 
adolescence can affect the gut-brain 
axis signals and the health in the whole 
life. This condition occurs because 
childhood and adolescence are critical 
periods for brain development. 
Alteration of gut microbiota in the 

adulthood period may also affect the 
brain function and behavior.17 

In addition, disruption in the gut 
barrier can cause disturbance in the 
brain blood barrier. The epithelial 
lining of the mucosal layer of the gut 
are connected through tight junction 
which limits the permeability of the 
gut.18 Disturbance in this structure can 
be caused by inflammation, such as 
those triggered by lipopolysaccharide 
(LPS).19,20 LPS can only enter the 
circulation when there is alteration of 
the tight junction.19 Studies also found 
that LPS can cause prolonged elevation 
of Aβ and hippocampal deficits.20 
Thus, LPS plays a role in Aβ 
accumulation in the brain and AD 
progression.21,22 

Gut microbiota also perform key roles 
in the production of neurotransmitters. 
Some of the neurochemicals we know 
can be synthesized in the gut. For 
example, Lactobacillus brevis and 
Bifidobacterium dentium can produce 
GABA by metabolizing glutamate.23 
The increase of GABA in 
gastrointestinal tract is correlated with 
the increase of GABA in CNS.24,25 

NMDA, a receptor for glutamate, are 
expressed significantly less in germ 
free mice. This indicates that 
disturbance in the gut microbiota can 
decrease the expression of NMDA 
receptor in hippocampus.26 The other 
example is serotonin which is 
synthesized mostly in the gut. The gut 
microbiota plays an important role in 
synthesizing serotonin. Animals and 
human clinical trials suggest that 
selective serotonin reuptake inhibitors 
could reduce the Aβ protein production 
in the brain, indicating that the increase 
of extracellular serotonin levels can 
effectively reduce Aβ plaque formation 
and thereby reduce the risk of AD.27 



Gut microbiota also plays role in 
controlling the gut-brain axis by 
modulating signaling and preserving 
normal gut physiology. The gut-brain 
axis itself has effects on amyloid-
enhancing factors, such as serum 
amyloid A and misfolded Aβ, which 
might be implicated in the onset of 
AD. Therefore, disturbance of gut 
microbiota can increase amyloid 
formation and thus worsen the 
progression of AD.28 

The Normalization of Gut 
Microbiota through the Adherence 
Towards the Mediterranean Diet  

Current available treatments of AD are 
symptomatic and are not used for the 
curative or preventive purposes in the 
progression of AD.29 Moreover, these 
treatments are not universally 
beneficial and some are not considered 
clinically significant.30,31  Given the 
lack of pharmaceutical treatment for 
AD, research invested in the 
modification of lifestyle is currently 
growing.32 It is obvious that diet has an 
important influence on the diversity of 
gut microbiota as the diversity of gut 
microbiota in the host highly depends 
on the food consumed.33,34 Studies 
have shown that the alterations of gut 
microbiota have clear effects on 
intestinal homeostasis, gut 
microbiome, immune system, 
physiology, and host metabolic 
pathways.35 

Among various pattern of diets, one 
dietary intervention that has gained a 
fair amount of interest in Alzheimer's 
research is the Mediterranean diet 
(MD).36 This diet is characterized by 
the daily intake of lots of plant food 
including vegetables, fruits, cereals, 
nuts and beans, moderate intake of 
dairy products, with intake of fatty fish 

and olive oil as the source of fat.37 
Human intervention studies have 
shown that high intake of vegetables, 
fruits, and cereals correlates with the 
significant increase of short chain fatty 
acids, which are very important in the 
regulation of several physiological 
processes.4 

Research shows that MD is beneficial 
in the reduction of inflammation 
biomarkers and in the normalization of 
gut microbiota.38,39 This anti-
inflammatory effects of MD are often 
linked with the changes in the 
composition of gut microbiota, 
including the increase of Bacteroides 
genus and the decrease of Bacillaceae 
genus.36 

The consumption of MD, reflected as 
high intake of omega-3 
polyunsaturated fatty acids which are 
found mainly in the fish and olive oil, 
polyphenols contents in the fruits and 
cereals, antioxidant nutrients, as well 
as vitamins, has been proven vital for 
neuronal and brain functions 
development and are able to enhance 
healthy gut microbiota.40-42  

Several studies also suggest that MD 
may delay cognitive decline.42,43 
Although these lines of studies mostly 
are resting exclusively on 
epidemiological studies which link 
nutritional factors with AD, the 
biomarker findings provide biological 
evidence which further support those 
studies. Lower adherence to the MD 
was related to the increased atrophy of 
the key brain regions for AD among 
cognitively normal individuals, as 
depicted in the study of Mosconi L, et 
al45 through the results of MRI scans 
of the subject representative of the 
lower versus higher adherence to the 



MD. 

Conclusion 

In spite of the increasing rate of the 
prevalence of AD, the cause of the 
disease itself remains a mystery, and so 
does its therapy. Recent studies 
suggest that gut microbiota might play 
a role in the onset of AD through the 
gut-brain axis. Mediterranean Diet has 
been shown to delay cognitive decline 
among AD patients. Both of these 
findings further suggest the potential 
approach for the treatment of AD 
through the modulation of gut 
microbiota which can be achieved 
through the adherence to 
Mediterranean Diet. 

Acknowledgement 

Authors would like to greatly thank dr. 
Radhian Amandito, Universitas 
Indonesia, for his exceptional scientific 
discussions. 

Conflict of Interest 

The authors do not have any conflict of 
interests 

References 

1. Duthey B. Alzheimer disease 
and other dementias [Internet]. 
WHO; 2013 [cited 2017 Jan 
28]. Available from: 
http://www.who.int/medicines/
areas/priority_medicines/BP6_
11Alzheimer.pdf    

2. WHO. Dementia [Internet]. 
WHO; 2016 [cited 2017 Jan 
28]. Available from: 
http://www.who.int/mediacentr
e/factsheets/fs362/en/  

3. Kemenkes RI. Menkes: lansia 
yang sehat, lansia yang jauh 
dari demensia [Internet]. 
Kemenkes RI; 2016 [cited 2017 
Jan 28]. Available from: 

http://www.depkes.go.id/article
/print/16031000003/menkes-
lansia-yang-sehat-lansia-yang-
jauh-dari-demensia.html  

4. Swerdlow RH. Pathogenesis of 
alzheimer's disease. Clin Interv 
Aging. 2007 Sep;2(3):347. 

5. Carmo Carreiras M, Mendes E, 
Jesus Perry M, Paula Francisco 
A, Marco-Contelles J. The 
multifactorial nature of 
alzheimer’s disease for 
developing potential 
therapeutics. Curr Top Med 
Chem. 2013 Aug 
1;13(15):1745-70. 

6. DuPont HL. Review article: 
evidence for the role of gut 
microbiota in irritable bowel 
syndrome and its potential 
influence on therapeutic 
targets. Aliment Pharmacol 
Ther. 2014 May 
1;39(10):1033–42. 

7. Biagi E, Nylund L, Candela M, 
Ostan R, Bucci L, Pini E, et al. 
Through ageing, and beyond: 
gut microbiota and 
inflammatory status in seniors 
and centenarians. PloS One. 
2010 May 17;5(5):e10667. 

8. Sampson TR, Mazmanian SK. 
Control of brain development, 
function, and behavior by the 
microbiome. Cell Host 
Microbe. 2015 May 
13;17(5):565-76. 

9. Minter MR, Zhang C, Leone V, 
Ringus DL, Zhang X, Oyler-
Castrillo P, Musch MW, Liao 
F, Ward JF, Holtzman DM, 
Chang EB. Antibiotic-induced 
perturbations in gut microbial 
diversity influences neuro-
inflammation and amyloidosis 
in a murine model of 
Alzheimer’s disease. Sci Rep. 
2016;6. 

10. Rodgers AB. Alzheimer's 
disease: unraveling the 



mystery. USA:National 
Institutes of Health; 2008. 

11. Puzzo D, Gulisano W, Arancio 
O, Palmeri A. The keystone of 
Alzheimer pathogenesis might 
be sought in Aβ physiology. 
Neuroscience. 2015 Oct 
29;307: 26-36. 

12. Morris GP, Clark IA, Vissel B. 
Inconsistencies and 
controversies surrounding the 
amyloid hypothesis of 
alzheimer's disease. Acta 
Neuropathol Commun. 2014 
Dec;2(1):135. 

13. Hooper LV, Gordon JI. 
Commensal host-bacterial 
relationships in the gut. 
Science. 2001 
May;292(5519):1115-8. 

14. Arumugam M, Raes J, Pelletier 
E, Le Paslier D, Yamada T, 
Mende DR, et al. Enterotypes 
of the human gut microbiome. 
Nature. 2011 May;473(7346): 
174-80. 

15. Diaz Heijtz R, Wang S, Anuar 
F, Qian Y, Bjorkholm B, 
Samuelsson A, et al. Normal 
gut microbiota modulates brain 
development and behavior. 
Proc Natl Acad Sci. 2011 
Feb;108(7): 3047-52. 

16. Sudo N, Chida Y, Aiba Y, 
Sonoda J, Oyama N, Yu XN, et 
al. Postnatal microbial 
colonization programs the 
hypothalamic-pituitary-adrenal 
system for stress response in 
mice. J Physiol London. 2004 
May;558(1): 263–75. 

17. Hu X, Wang T, Jin F. 
Alzheimer’s disease and gut 
microbiota. Sci China Life Sci. 
2016 Oct;59(10): 1006–23.  

18. Turner JR. Intestinal mucosal 
barrier function in health and 
disease. Nat Rev 
Immunol. 2009 Nov;9(11): 
799-809. 

19. Kelly JR, Kennedy PJ, Cryan 
JF, Dinan TG, Clarke G, 
Hyland N. Breaking down the 
barriers: the gut microbiome, 
intestinal permeability and 
stress-related psychiatric 
disorders. Front Cell Neurosci. 
2015 Oct;9: 392. 

20. Kahn MS, Kranjac D, Alonzo 
CA, Haase JF, Cedillos RO, 
McLinden KA, et al. Prolonged 
elevation in hippocampal A 
beta and cognitive deficits 
following repeated endotoxin 
exposure in the mouse. Behav 
Brain Res. 2012 Apr;229(1): 
176-84. 

21. Deane R, Wu ZH,  Zlokovic 
BV. Rage (yin) versus lrp 
(yang) balance regulates 
alzheimer amyloid beta-peptide 
clearance through transport 
across the blood-brain barrier. 
Stroke. 2004 Nov;35(11 Suppl 
1): 2628-31. 

22. LaRue B, Hogg E, Sagare A, 
Jovanovic S, Maness L, Maurer 
C, et al. Method for 
measurement of the blood-brain 
barrier permeability in the 
perfused mouse brain: 
application to amyloid-beta 
peptide in wild type and 
alzheimer’s tg2576 mice. J 
Neurosci Methods. 2004 
Sep;138(1-2): 233-42. 

23. Barrett E, Ross RP, O’Toole 
PW, Fitzgerald GF, Stanton C. 
Gamma-aminobutyric acid 
production by culturable 
bacteria from the human 
intestine. J Appl Microbiol. 
2012 Aug;113(2): 411-7. 

24. Lanctot KL, Herrmann N, 
Mazzotta P, Khan LR, Ingber 
N. Gabaergic function in 
alzheimer’s disease: evidence 
for dysfunction and potential as 
a therapeutic target for the 
treatment of behavioural and 



psychological symptoms of 
dementia. Can J Psychiat. 2004 
Jul;49(7): 439-53. 

25. Solas M, Puerta E, Ramirez 
MJ. Treatment options in 
Alzheimer’s disease: the gaba 
story. Curr Pharm Des. 
2015;21(34): 4960-71. 

26. Wang T, Hu X, Liang S, Li W, 
Wu X, Wang L, et al. 
Lactobacillus fermentum ns9 
restores the antibiotic induced 
physiological and 
psychological abnormalities in 
rats. Benef Microbes. 
2015;6(5): 707-17. 

27. Cirrito JR, Disabato BM, 
Restivo JL, Verges DK, Goebel 
WD, Sathyan A, et al. 
Serotonin signaling is 
associated with lower amyloid-
beta levels and plaques in 
transgenic mice and humans. 
Proc Natl Acad Sci. 2011 
Sep;108(36): 14968-73. 

28. Pistollato F, Sumalla CS, Elio 
I, Masias VM, Giampieri F, 
Battino M. Role of gut 
microbiota and nutrients in 
amyloid formation and 
pathogenesis of alzheimer 
disease. Nutr Rev. 2016 
Oct;74(10):624-34. 

29. Yiannopoulou KG, 
Papageorgiou SG. Current and 
future treatments for 
Alzheimer’s disease. Ther Adv 
Neurol Disord. 2013 Jan;6(1): 
19-33. 

30. Lanctôt KL, Rajaram RD, 
Herrmann N. Review: Therapy 
for alzheimer's disease: how 
effective are current 
treatments? Ther Adv Neurol 
Disord. 2009 May 1;2(3):163-
80. 

31. Waite LM. Treatment for 
Alzheimer’s disease: has 
anything changed?Aust Prescr. 
2015 Apr;38(2):60. 

32. Sofi F, Macchi C, Abbate R, 
Gensini GF, Casini A. 
Effectiveness of the 
Mediterranean diet: can it help 
delay or prevent Alzheimer's 
disease? J Alzheimers Dis. 
2010 Jan 1;20(3): 795-801. 

33. Graf D, Di Cagno R, Fåk F, 
Flint HJ, Nyman M, Saarela M, 
et al. Contribution of diet to the 
composition of the human gut 
microbiota. Microb Ecol 
Health Dis. 2015 Feb 4;26. 

34. Hu X, Wang T, Jin F. 
Alzheimer’s disease and gut 
microbiota. Sci China Life Sci. 
2016;59(10): 1006-23. 

35. Rajoka MS, Shi J, Mehwish 
HM, Zhu J, Li Q, Shao D, 
Huang Q, Yang H. Interaction 
between diet composition and 
gut microbiota and its impact 
on gastrointestinal tract health. 
Food Science and Human 
Wellness. 2017 Sep 1;6(3):121-
30. 

36. Sandhu KV, Sherwin E, 
Schellekens H, Stanton C, 
Dinan TG, Cryan JF. Feeding 
the microbiota-gut-brain axis: 
diet, microbiome, and 
neuropsychiatry. Transl Res. 
2017 Jan 31;179: 223-44. 

37. Safouris A, Tsivgoulis G, N 
Sergentanis T, Psaltopoulou T. 
Mediterranean diet and risk of 
dementia. Curr Alzheimer Res. 
2015 Oct 1;12(8):736-44. 

38. Estruch R, Salas-Salvadó J. 
“Towards an even healthier 
mediterranean diet”. Nutr 
Metab Cardiovas Dis. 
2013;23(12): 1163-6. 

39. Marlow G, Ellett S, Ferguson I, 
Zhu S, Karunasinghe N, 
Jesuthasan A, et al. 
Transcriptomics to study the 
effect of a mediterranean-
inspired diet on inflammation 
in crohn's disease patients. Hum 



Genomics. 2013;7(1) :24. 
40. Yehuda S, Rabinovitz S, 

Mostofsky D. Essential fatty 
acids and the brain: from 
infancy to aging. Neurobiol 
Aging. 2005;26(1): 98-102. 

41. Liu T, Hougen H, Vollmer A, 
Hiebert S. Gut bacteria profiles 
of mus musculus at the phylum 
and family levels are 
influenced by saturation of 
dietary fatty acids. Anaerobe. 
2012;18(3):331-337. 

42. Yu H, Zhu J, Pan W, Shen S, 
Shan W, Das U. Effects of fish 
oil with a high content of n-3 
polyunsaturated fatty acids on 
mouse gut microbiota. Arch 
Med Res. 2014;45(3): 195-202. 

43. Scarmeas N, Luchsinger JA, 
Schupf N, et al: Physical 
activity, diet, and risk of 
alzheimer disease. JAMA. 
2009; 302: 627-37 

44. Tangney CC, Kwasny MJ, Li 
H, et al. Adherence to a 
mediterranean-type dietary 
pattern and cognitive decline in 
a community population. Am J 
Clin Nutr. 2011; 93: 601-7. 

45. Mosconi L, Murray J, Tsui 
WH, Li Y, Davies M, Williams 
S, Pirraglia E, Spector N, 
Osorio RS, Glodzik L, 
McHugh P. Mediterranean diet 
and magnetic resonance 
imaging-assessed brain atrophy 
in cognitively normal 
individuals at risk for 
Alzheimer's disease. J Prev 
Alzheimers Dis. 2014 Jun;1(1): 
23. 

46. Reitz C. Alzheimer's Disease 
and the Amyloid Cascade 
Hypothesis: A Critical Review. 
Int J Alzheimers Dis. 2012: 
369808. 

 
 
 

 
 

 
Figure 1. Amyloid cascade 
hypothesis.46 


