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Introduction:  

In spite of the vast advances in understanding both the genetic and molecular 

components  of  Alzheimer’s  disease  (AD),  this  disease  remains  quite  elusive  in  its  diagnosis  

and treatment.  AD is easily identified by its two pathological hallmarks, although this cannot 

occur unless post-mortem analysis of the brain is completed.      Both  the  Abeta  (Aβ)  protein,  

the main component of amyloid plaques, and the tau protein, the component of 

neurofibrillary tangles, were identified over 20 years ago [1].  These proteins are now being 

implemented in various diagnostic strategies that involve their quantitation in blood, 

cerebrospinal fluid (CSF) and even neuroimaging [2-4].  For this reason, these two proteins 

are at the centre of early diagnostic development and remain as the two most reliable 

Alzheimer’s  disease  biomarkers [5].  The question then becomes: What is the best and most 

accurate method of measuring these 2 important AD biomarkers? 

In this review, we will discuss the scientific findings that suggest the importance and 

value in measuring CSF biomarkers as compared to other AD diagnostic methods that are 

currently in use or in development.  In general, blood biomarker assays are the new trend but 

just  aren’t  to  the  diagnostic  standard  the way CSF biomarkers are in terms of specificity and 

sensitivity at the moment.  These assays are estimated to be at least 5 years away from being 

clinically significant.  Neuroimaging techniques are more precise but can be quite expensive 

and limited in terms of their availability to patients both clinically and even more so for 

research purposes.  Although the procedure used to obtain CSF is controversial, the advances 

that have been made to improve this medical technique will be discussed.  Lumbar punctures 

are performed routinely in the clinical setting, but the idea is to present the importance of 

implementing a routine collection of CSF for research practice.   Finally, a new program has 

been put into place fairly recently that will help to practice quality control procedures, to 

standardize not only the methods of CSF collection, but the handling of the samples 
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themselves in terms of storage and assaying methods [6]. This will be to ensure that the most 

is made from these valuable and precious samples as well as to reach universal standard cut-

off values for Aβ & tau in the CSF. 

The heart of the CSF controversy in research has to do with the lack of immediate benefit 

to the research participant combined with the invasive CSF collection technique but it is 

important to note that the benefits from collecting CSF biomarkers for the future are immense 

and are already being realized in other countries.   

 

Why diagnose early? 

 Alzheimer’s  disease  accounts  for  about  70%  of  all  dementia  cases.      At  present,  this  is  

estimated to result in 28 million people with AD worldwide.   Due to an increase in both life 

expectancy and ageing populations, this figure is expected to increase to 90 million people by 

the year 2050 [7].   According  to  the  World  Alzheimer’s Report from 2010, for all dementia 

cases, this translates into a worldwide cost of US$604 billion dollars, a figure that includes 

informal care, social care, and medical care.  An interesting analogy to arise from this report 

suggests that if dementia were a country in this world, it would have the 18th largest 

economy, ranking after Turkey.  It also exceeds both Walmart and Exxon Mobile, two very 

large companies, in revenue figures for the year [7].  

 It has recently been predicted that a modest one year delay in AD onset could reduce 

the number of cases predicted for 2050, by 10%, in other words 9 million people.  Prevention 

strategies and early diagnostic techniques are receiving more attention in the research world, 

for this reason and more.  It is believed that available AD treatments are ineffective as 

perhaps they are administered when the disease process is far too advanced, and therefore, it 
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is too late [2, 8].   Also, clinical diagnoses cannot occur until the patients are symptomatic 

and again, far too advanced for intervention strategies to be effective.   This emphasizes the 

need for a prevention strategy and therefore, the identification of biomarkers reflecting early 

pathological changes before irreversible neuronal damage occurs [8, 9]. 

 Biomarkers are substances used as an indicator of a biological state; they can define a 

normal biological process, a disease process or they can be used to assess pharmacologic 

responses to therapeutic interventions.  Biomarkers can be found in biological fluids such as 

the blood and cerebrospinal fluid (CSF) [2].  Biomarkers should be both sensitive and 

specific towards defining a disease process in a patient.  These are terms that will be used and 

should be defined.  Sensitivity refers to the capacity of a biomarker to identify patients who 

have the disease, while specificity refers to the ability of a biomarker to identify patients who 

do not have the disease [10].  As a general rule, the sensitivity and specificity of biomarker 

assays used clinically should exceed 80%. 

 The  measurement  of  both  Aβ  and  tau  in  CSF  has long been considered  the  ‘gold  

standard’  of  early  diagnostic methods due to its highly sensitive and specific results in 

identifying  Alzheimer’s  disease [11].  

 

Cerebrospinal Fluid  - The  ‘gold  standard’ 

 CSF is in direct contact with the brain and therefore provides the most significant 

source of proteins that can potentially reflect the biochemical changes occurring in the brain.  

This means it is a very relevant indicator of normal brain state and perhaps of 

neurodegenerative disease status as well.  As it is now, AD is mostly diagnosed by 

neuropsychological exams through which other causes of dementia are excluded [12].  A 
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definitive diagnosis cannot be truly confirmed without histopathological (post-mortem) 

observations of both amyloid plaques and neurofibrillary tangles [13].  Cerebrospinal fluid 

has been used to measure these two important proteins as perhaps an early, ‘ante-mortem’  

indicator of pathological changes [11, 14-17].  The first report to detect tau in both normal 

and AD CSF using a sensitive ELISA assay was in 1993. Tau levels were found to be 

significantly increased  in  Alzheimer’s  disease patients [14].  A few years later, this study was 

corroborated by another group, where they found the same increase in tau for AD patients as 

compared to controls.  This group took the study one step further by concluding that these 

increases in tau were independent of age of onset, apoe genotype and clinical stage [16].  In 

this same manner and around the same time, Aβ was also being investigated in CSF [15, 17].  

Specifically  focusing  on  Aβ42,  which  had not yet been reported, a group found a significant 

decrease  of  Aβ42  in  AD  CSF [15].  The  suggested  mechanism  is  that  Aβ  42  is  the  

predominant form that deposits in the brain of AD patients, which would logically result in a 

subsequent  decrease  in  the  measurable/available  Aβ  42  in  the cerebrospinal fluid  [15].  

Researchers  have  speculated  since  the  90’s,  that  the  decrease  in  CSF  Aβ long precedes the 

onset of clinical symptoms and therefore could be used as an early detector of AD.  In other 

words, the decrease in CSF Aβ could indicate an accumulation of this protein in the brain, 

and therefore the onset of AD, prior to the patient suffering from memory problems [15]. 

 Individually, these two biomarkers were not quite specific and sensitive enough to 

separate  those  who  had  AD  from  those  who  didn’t,  so  it  became  of  particular  interest  to  

combine them into one assay.  This  data  showed  that  the  combination  of  low  Aβ  42  and  high  

tau in CSF was indicative of having AD and the specificity for this assay exceeded 90%. 

[11, 15].  Most importantly, these CSF biomarker concentrations have been directly linked to 

(or corroborated by) brain pathology observed at autopsy, where higher numbers of amyloid 

plaques in the cortex and hippocampus were  strongly  associated  with  lower  CSF  Aβ42  levels 
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[18].  This is strong evidence towards establishing a direct link between preclinical biomarker 

changes and actual post-mortem pathology, emphasizing the importance in using and 

studying early diagnostic biomarkers in CSF. 

Due to the high sensitivity and specificity of the  tau/Aβ42  ratio, it has remained as the 

‘gold  standard’  in  early  AD  diagnostics for the past 20 years.   In fact, it has even recently 

been incorporated as part of the clinical recommendations for the diagnostic guidelines of 

AD,  by  the  National  Institute  of  Aging  and  the  Alzheimer’s  Association  [8, 13]. 

 

Other uses for CSF biomarkers 

 In  addition  to  trying  to  diagnose  Alzheimer’s  disease  early,  CSF  biomarkers  are  being  

used to follow the progression of the disease and mostly to predict those healthy people that 

will  go  on  to  have  Alzheimer’s  disease [5, 19].  Typically, only a subset of people in the Mild 

cognitive impairment (MCI) state actually progress to AD and sometimes to other forms of 

dementia.  Therefore, these biomarker techniques are useful in trying to separate these groups 

from one another [8].   

While there are too many studies to cover here, longitudinal studies that follow patients 

over time have been performed in this context.  One study measured CSF biomarkers at 

baseline and 2 years for a cohort of AD patients.  In this AD group, baseline tau levels were 

elevated by up to 60% compared  to  controls  and  baseline  Aβ42  was  decreased  by more than 

50%, as expected.  After a 2 yr follow-up, tau levels in the AD group increased significantly 

by 16%, although the Aβ levels did not change. CSF tau levels remained stable in the control 

group for a total of 4 years.  The tau measurements in the AD group were further correlated 
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with worse cognitive performance as measured by the Mini-mental State Examination 

(MMSE) [20] .    

Another group focused on the ability of these CSF biomarkers to predict cognitive decline 

in healthy elderly people, as it has been shown to do above in AD patients.  About 60 healthy 

controls had CSF biomarker measurements taken at baseline and then they were followed 

over the course of 3 years by using various cognitive tests:  MMSE, the A Quick Test, and 

the memory item of the Quality-of-Life  Alzheimer’s  disease instrument (memQol).  Low 

CSF  Aβ42  levels  were  associated  with  both  the  development  of  memQol  and  a  worse  MMSE  

score [21].    The  combination  of  both  Aβ42  and  p-tau/t-tau measurements was able to predict 

cognitive decline with even greater accuracy.  The overall distribution of the CSF biomarker 

values amongst this healthy group of elderly was not normal and therefore, these varying 

values could be indicative of a preclinical condition that will develop for some but not all 

[21]. 

 CSF biomarker research is now extending far beyond the usual suspects of Aβ  and 

tau.  There are many research efforts in place to discover novel CSF biomarker candidates 

that relate to the pathological disease processes associated with AD.  Inflammatory markers 

such as Interleukin-7 (IL-7) and tumor necrosis factor (TNF), and numerous other proteins 

such as vascular endothelial growth factor (VEGF) and pancreatic peptide (PP) are being 

investigated as they have shown potential by being differentially expressed in AD patients 

compared to controls [22].  The goal is to improve upon the accuracy of the current  ‘gold  

standard’  clinical assay used for early diagnosis through the addition of these novel 

biomarkers in the hopes of increasing the sensitivity and specificity marks even higher. 

It is also worth noting that CSF biomarkers are not just the talk of the town for 

Alzheimer’s  disease,  but  are  being  evaluated  for  use  in  Parkinson’s  disease [23], Multiple 
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Sclerosis [24], Schizophrenia [25], and Dementia with Lewy Bodies [26], to name a few.  

Therefore, the need for CSF donations in research is huge, as CSF biomarker research efforts 

are covering vast neurodegenerative territory. 

The Lumbar Puncture 

 The most controversial issue when discussing CSF biomarkers for early AD diagnosis 

has to do with the collection procedure itself.   A debate exists on whether or not this 

technique can and should be used regularly, or if it is still too risky for research practice.  

Clinically, lumbar punctures (LP; commonly referred to as spinal taps) are performed 

routinely for various laboratory analyses to diagnose meningitis, encephalitis or inflammatory 

diseases like Multiple sclerosis as well as to inject spinal anaesthetics or chemotherapy drugs.  

However, from a research perspective, many still feel that the benefits do not outweigh the 

risks.   

 The literature suggests, however, that with the advances made on a clinical level, 

these same improvements can be implemented in research thereby significantly reducing the 

risks.    One  study  in  particular  has  suggested  that  it  is  both  ‘safe  and  acceptable’  to  do,  

according to their results [27].  In a multi-site US study, 342 people underwent 428 lumbar 

punctures.   Side effects such as pain, anxiety and the well-publicized post-lumbar puncture 

headaches (PLPHAS) were quantified and compared.  Overall, pain and anxiety levels were 

low as rated on a visual analog scale but generally were rated higher in the younger normal 

subjects as compared to the older participants.  This theme remains true amongst studies 

looking at PLPHA frequency and severity, where those who are younger are at higher risk, 

especially females [28].  Also, females generally reported more pain than men.  In terms of 

PLPHAs, they were unrelated to factors such as the position during the procedure (seated vs. 

lying) and the frequency of these headaches was lowest in the MCI/AD (over age 60) group 
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than any other subject group.  This  is  a  promising  conclusion  as  far  as  Alzheimer’s  disease  

research is concerned, as all of the participants are older and many have MCI or AD.   

The cause of PLPHAs is described as a continued leak of the spinal fluid from a dural 

defect or hole, ultimately resulting in reduced CSF pressure.  These headaches are not related 

to the volume of CSF withdrawn, which usually does not exceed about 30 mL [27].   Many 

factors have been discussed as contributing factors to PLPHAs including but not limited to 1) 

needle size 2) needle shape and 3) the orientation of the needle in relation to the dural fibers 

upon insertion (parallel vs. perpendicular) [28, 29].   Therefore, one of the most interesting 

points from the aforementioned study suggests that the use of one particular needle, the 

Sprotte 24g spinal needle, is the reason behind these low pain/anxiety measures and low 

incidence of post lumbar puncture headaches [27].   Numerous studies looking at lumbar 

punctures for clinical practice and spinal anaesthesia have concluded the same.  This is 

supported by another group who specifically compared this Sprotte needle, with the Quincke 

needle which is the one typically provided in commercial lumbar puncture kits [30].  Each of 

these needles has a distinct shape; the  Sprotte  needle  having  a  ‘cone-nosed (blunt bullet-tip) 

shape  with  high  flexibility’  and  the  Quincke  needle  being significantly sharper with a 

bevelled edge.    The idea is that the blunt end of the Sprotte needle will carefully separate the 

dural fibers without actually injuring them, or at least reduce the level of injury. The results 

of PLPHAs also depend on the orientation of the needle upon insertion in addition to the 

degree to which the dural fibers are involved/cut.  In general, the Sprotte needle is shown to 

cause a smaller dural leak, which translates into a lower incidence of PLPHAs [27-30]. 

 Precautions can be taken by each participant themselves, once the procedure is 

concluded.  Patients who have undergone a lumbar puncture are meant to avoid exertion and 

increase their fluid and salt intake.   Additionally, if a PLPHA was to occur, pain 

management treatments are available as well and they normally resolve in 24-48 hours.   



11 
 

 If these clinical measures are adapted and implemented in the research world, then 

there is little reason to consider LPs too hazardous for research use.  Lumbar punctures have 

been studied and improved  upon  since  the  1960’s  as  some  of  these  conclusions  are  from  the  

American Academy of Neurology where they summarized the world literature on LPs from 

1960 to present [28, 29].   

 

Alzheimer’s  Association Quality Control Program 

Taking into consideration the procedure endured by patients and volunteers to obtain 

CSF samples, it goes without saying how precious and invaluable they are.   In this regard, a 

relatively new research program has been put into place to not only standardize the collection 

methods, but also the storage conditions and commercial assays used for these CSF 

biomarker measurements.   Originating in the Clinical Neurochemistry Laboratory at the 

University  of  Gothenburg  in  Sweden  in  conjunction  with  the  American  Alzheimer’s  

Association program, this was developed openly for both clinical and academic laboratories 

around the world [6].  Pooled CSF samples are sent to each of the participating labs, where 

commercially available CSF kits are used to measure the 3 main AD diagnostic proteins:  A-

beta, phospho-tau and total-tau.  To date, forty laboratories are participating and the first 

round  of  results  was  recently  published  in  the  Alzheimer’s  and  Dementia  journal [6].   Inter-

laboratory variability was quite high, which indicates a need for more detailed procedural 

standards.  This first round showed variability within laboratories as well, which could imply 

that the companies providing the kits have some work to do in terms of product consistency.  

As a work in progress, the program will continue and is still open for enrolment.  In the 

publication, it was discussed that a new checklist will be added to inquire each laboratory 

about analytical techniques, in order to narrow down the reasons behind the differences 

observed between laboratories.  The aim is to identify factors such as instruments used, 
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reagent handling and incubation conditions that will provide insight into the variability 

observed in this first round of tests.   It is important to understand that CSF A-beta, p-tau and 

t-tau measurements remain the gold standard for early AD diagnosis and should continue.  

This  program  is  aimed  more  at  ‘establishing  universal  cut-off  levels  for  the  biomarkers’, as 

this remains a difficulty as well.  The conclusions from this ongoing study also emphasize the 

need for individual laboratories to streamline their methods in a more demanding way.  

Together,  the  hope  is  to  ‘increase  the  availability  of  AD  CSF  biomarkers  as  tools  for  

researchers  and  clinicians’ [6, 31]. 

 

Conclusions 

Diagnosing AD early is itself a controversial topic that we do not address here, as 

many believe that adequate therapeutics are not available.  Although this may seem to be the 

case, it is perhaps due to the fact that existing therapies do not have positive results as the 

disease process is too far advanced.  CSF biomarkers could help in preventing the onset of an 

awful and debilitating disease by allowing us to distinguish those who will progress to AD, 

and those patients  who  won’t,  allowing early administration of these currently available 

treatments.  Together, this can prolong a meaningful life and also reduce the burden on 

caregivers as well as the cost of care for these patients. 

The hope of this review was to illustrate the importance of CSF biomarkers and also 

to show how far the clinical world has come in improving what used to be considered a 

dangerous procedure.   Lumbar punctures are performed routinely in both clinics and for 

research in many European countries as well as the US.   Here in Australia, we have the 

AIBL study, or Australian Imaging, Biomarkers and Lifestyle Flagship Study of Aging, 

where over 1000 healthy, MCI and AD participants volunteer for this longitudinal research 
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study [32].  At present, only an estimated 5-10% of these people donate CSF.   In the US, 

however, an equivalent research program known as ADNI or the  Alzheimer’s  Disease  

Neuroimaging Initiative, reportedly have over 60% consent of research participants for CSF 

donation.   The question then becomes, what is the stigma that prevents Australians from 

donating  CSF  for  Alzheimer’s  disease  research? 

It is important to recognize that for over 20  years,  the  ‘gold  standard’  of  early  AD  

diagnosis has not changed and perhaps there is a reason for this.  Current literature suggests 

that neuroimaging enhances this standard, but the limitations around neuroimaging thousands 

of people have not changed.  We must trust what is tried and true.  This review only touches 

upon the scientific value that CSF biomarkers bring to  the  field  of  Alzheimer’s  disease, 

particularly in the area of early diagnosis and prevention.  It is without question that these 

studies need to continue, as we get closer and closer to a more definitive ante-mortem AD 

diagnostic. 
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