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Abstract: Alzheimer’s disease accounts for approximately 50% to 80% of all causes of dementia. Co-

existence of AD with other diseases causing dementia poses a diagnostic challenge as we are still far 

from diagnosing AD accurately and hence to manage it appropriately. Neuroimaging techniques, not 

only help diagnose AD but also consistently features in diagnostic and research criteria for AD as 

biomarkers. Molecular biomarkers including Positron emission tomography (PET) and Single Photon 

emission computed tomography (SPECT) and structural biomarkers including Magnetic Resonance 

Imaging (MRI) have been used in various therapeutic and prognostic studies in AD. This review 

highlights the recent advances in the neuroimaging biomarkers including molecular biomarkers (PET 

and SPECT) and structural biomarkers (MRI) for AD. For the purpose of this review, molecular 

biomarkers have been further subcategorized into non-specific radiotracers (FDG-PET and SPECT) 

and specific amyloid and tau related radiotracers. The aim of this review is to discuss the recent 

advances and evidences on molecular and structural biomarkers of AD. 

Keywords: Alzheimer’s disease; neuroimaging biomarkers; molecular biomarkers; structural 

biomarkers 

 

Introduction 

Alzheimer’s dementia (AD) is the most common cause of dementia accounting for 

approximately 50- 80% of all causes of dementia (Kanekar and Poot, 2014). AD is characterised by 

cognitive decline especially memory impairment followed by impairment in other cognitive 

domains, with histopathological features of amyloid deposition and intra-neuronal tau deposition in 

senile plaques and neurofibrillary tangles respectively(Humpel, 2011). The incidence of AD increases 

with age and  doubles every 5 years after the age of 60 (Corrada et al., 2010). With increasing life 

expectancy world-wide prevalence of AD is expected to increase exponentially increasing the 

urgency of accurate diagnosis in order to initiate management strategies early to help prevent 

progression of cognitive decline and reduce the morbidity (Rasmussen and Langerman, 2019; 

Wattamwar and Mathuranath, 2010). AD often coexist with other diseases that cause dementia and 

despite advancement in diagnostic techniques, we are still far from diagnosing AD accurately and 

managing appropriately. Neuroimaging not only supports diagnosis of AD as the cause of dementia 

but also consistently features in the diagnostic criteria for probable AD (Jack et al., 2018).  

The currently available therapeutic strategies can alleviate behavioural disturbances in AD but 

drugs to halt disease progression are still elusive (Bachurin et al., 2017). The complex aetiology and 

pathology of AD may be responsible for unsuccessful attempts at disease modifying therapy 

(Mattsson et al., 2015). Imaging biomarkers play an important role not only in visualising the typical 

abnormalities of AD for diagnosis and monitoring disease progression but also in therapeutics of AD 

by predicting response to novel AD drugs (Hampel et al., 2017). National Institute on Aging and 

Alzheimer’s Association (NIA-AA) in 2011, incorporated biomarkers in the diagnostic criteria of AD 

(McKhann et al., 2011; Wong et al., 2021). Further, the International Working Group (IWG) in 2014 
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categorised biomarkers for AD into diagnostic and prognostic biomarkers, focussing on MRI and PET 

biomarkers.(Dubois et al., 2014) 

 

Figure 1. Showing examples of established biomarkers in AD; Hippocampal volumes on MRI(A) and 

temporoparietal defects on FDG-PET (B). 

Recently, NIA-AA, has updated the recommendations for pre-clinical, mild cognitive 

impairment (MCI) and AD diagnosis and categorised neuroimaging and cerebrospinal fluid (CSF) 

biomarkers into AT(N) groups. The A denotes Amyloid deposition (A), T denotes pathological 

fibrillary tau and N signifies neurodegeneration (Jack et al., 2018, 2016).  

The recent shift towards different imaging biomarkers in AD research has made it necessary for 

us to review imaging biomarkers in AD which not only include molecular biomarkers but also MRI 

biomarkers. This review highlights the recent advances in the imaging biomarkers including 

molecular biomarkers (PET and SPECT) and structural biomarkers (MRI) for AD. The aim of this 

review is to discuss the recent advances and evidences for molecular and structural imaging 

biomarkers of AD. 

Molecular Biomarkers 

The molecular biomarkers which are commonly used for diagnostic, prognostic or therapeutic 

purposes in AD can be further subcategorized into non-specific radiotracers, such as FDG-PET , blood 

flow SPECT and Dopamine Transporter Scan (DaT scan) and specific radiotracers including amyloid 

and tau radiotracers. 

Molecular Biomarkers with Non-Specific Radiotracers 

Radioactive tracers such as 18F fluoro-deoxy glucose and 99m Tc-labelled tracer HMPAO (d, 1, 

hexamethylpropylene amine oxime) are used for brain FDG PET and cerebral blood flow SPECT 

respectively. To differentiate dementia subtypes in clinical and research settings, patient specific 

information provided by these techniques is useful. In research settings, these techniques provide 

details of molecular and pathophysiology of the diseases causing dementia. Details of non-specific 

radiotracers in AD are provided below. 

FDG-PET 

FDG-PET has been a well-established and  extensively used neuroimaging tool to aid in clinical 

diagnosis of neurodegenerative conditions including AD as hypo-metabolism in certain brain regions 
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corresponds to neuronal loss and functional impairment (Minoshima et al., 2021; Ou et al., 2019; 

Sperling et al., 2011). Reduced cerebral blood glucose uptake on FDG-PET in the areas of 

neurodegeneration, can help distinguishing AD from other causes of dementia (Dave et al., 2020; 

Mosconi, 2013; Tripathi et al., 2014) and is considered as molecular imaging biomarker for AD(Bouter 

et al., 2018; Ou et al., 2019). Hypo-metabolism on FDG-PET precedes the detectible atrophy on 

structural MRI in AD and is a more sensitive technique to detect early neurodegenerative disease 

(Kljajevic et al., 2014; Matsunari et al., 2007; Salmon et al., 2024). Moreover, characteristic temporo-

parietal hypo-metabolism can be seen on FDG-PET even before structural changes in people with AD 

(Martin-Macintosh et al., 2016; Tripathi and Murray, 2021). With advancement in AD pathology, 

FDG-PET can detect extension of cortical hypometabolism to the frontal lobes, especially prefrontal 

association cortex and anterior cingulate gyrus(Brown et al., 2014). Moreover, it has been established 

that hippocampal, posterior cingulate cortex and precuneus hypo-metabolism is seen in early stage 

of AD (Bailly et al., 2015; Ishii et al., 1998). Other neocortical areas are involved via brain networks 

and the disease progresses in stereotypical pattern (Brown et al., 2019).  

 

Figure 2. An example of FDG-PET imaging in typical AD showing temporo-parietal defects in form of diagonal 

band. 

Sensitivity and specificity of 99% and 98% respectively have been reported for FDG-PET to 

distinguish people with AD from normal subjects. However, the specificity of FDG-PET to 

distinguish AD from other causes of dementia, including Dementia with Lewy Bodies (DLB) and 

Frontotemporal dementia (FTD) were reported to be 71% and 65% respectively, while sensitivity 

remains 99% (Marcus et al., 2014; Mosconi et al., 2008). Recently, FDG-PET has been included as an 

independent biomarker in the ATN framework for AD diagnosis as hypo-metabolism on FDG-PET 

predicts greater atrophy, poorer cognitive function, and a higher conversion to AD from mild 

cognitive impairment (MCI)(Ou et al., 2019). Notably, conversion to AD from MCI can be predicted 

from a similar glucose uptake pattern as AD on FDG-PET (Ishii K, 2014). Moreover, higher rate of 

progression and associated cognitive decline can be predicted from severity and progression of hypo-

metabolism on FDG-PET in MCI patients. Thus, FDG PET  has not only diagnostic value but also 
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prognostic value in people with AD(Dubois et al., 2023; Heyer et al., 2024; Landau et al., 2011; Zhang 

et al., 2012). 

Various clinical trials have used FDG-PET for treatment response evaluation in people with AD 

(Chen et al., 2010; Høilund-Carlsen et al., 2023) and as an imaging biomarker for measurement of 

outcome and participant selection in AD and other dementia related therapeutic trials.(Chow et al., 

2013; Potkin et al., 2001). 

SPECT 

SPECT is a molecular imaging modality using gamma-emitting radiotracers, the distribution in 

the body is detected using a gamma camera(Sharp PF, 2005). SPECT highlights blood flow in different 

brain regions to evaluate brain and neurological conditions. The radiotracer 133Xe was the first to be 

used for brain perfusion in 1990 and that has been followed by use of various other radiotracers such 

as HMPAO (hexamethyl propylene amine oxime), and ECD (ethylcysteinate-dimer), which are static 

radiotracers in contrast to 133Xe, which is a diffusible radiotracer. However, SPECT should only be 

used as an aide to the diagnosis of a dementia subtype. The exceptions are Parkinson’s disease 

dementia and Dementia with Lewy bodies, where Dopamine transporter imaging (DaT) with 

DaTscanTM (Ioflupane 123-I SPECT), has been found to be useful at confirming an underlying .pre-

synaptic dopaminergic deficit(Antonini et al., 1997).  

ECD and HMPAO- SPECT 

SPECT is being widely used for cerebral blood flow (CBF) studies and help identify functional 

abnormalities relevant to Alzheimer’s disease(Holman et al., 1992).99mTc-ECD and 99mTc-HMPAO are 

the two most commonly used static radiotracers (Catafau, 2001), having several  technical, economic 

and logistical advantages over other radiotracers (Devous, 2005).  99mTc-ECD has in vitro chemical 

stability lasting several hours after reconstitution, faster blood clearance and a high signal to noise 

ratio making it an efficient technique to elucidate brain functions in various neurological disorders 

including cerebrovascular disease (Brass et al., 1994) and Alzheimer’s disease (Waldemar et al., 1994). 

In addition, 99mTc-HMPAO another tracer in which 99mTc is attached with a chelating agent HMPAO 

and useful for the detection of regional blood flow in the brain and hence used in diagnostic 

evaluation of dementias. It has greater specificity in comparison to the clinical criteria in 

differentiating AD from other dementias and can help in differential diagnosis of AD(Dougall et al., 

2004; Imokawa et al., 2024; Talbot et al., 1998)  

Notably, SPECT radiotracers are relatively less expensive and having a longer half-life than the 

radiotracers commonly used in PET, enabling more flexibility in tracer provision, administration and 

imaging time. SPECT has been widely studied, and it may be used for diagnostic work up of people 

with diseases causing dementia. Earlier, concerns were raised regarding SPECT use due to image 

quality, artefacts and difficulty in quantifying blood flow, but emerging technology sorted out the 

shortcomings. Data from the large cross -sectional studies has been used to make inter-subject 

comparisons using t or z statistics in order to eliminate individual variations in positions, shape and 

size (Matsuda et al., 2007). The sensitivity and specificity of rCBF SPECT in differentiating AD from 

VaD are 74.5 and 72.4%, AD from FTD are 79.7 and 79.9%, AD from DLB are 70.2 and 76.2%, and AD 

from healthy controls are 76.1 and 85.4% respectively (Jang et al., 2013).  

Hypoperfusion on SPECT has been well correlated with the onset, the severity, clinical features 

and prognosis of AD (Valotassiou et al., 2011). Parietal hypoperfusion is most commonly seen in early 

onset AD (Nitrini et al., 2000) and late onset AD is characterised by medial temporal lobes 

hypoperfusion (Kemp et al., 2003). Some studies have found hypoperfusion in temporoparietal 

regions to correlate with mini mental score in people with AD(Rodriguez et al., 1999). Notably, frontal 

lobe hypoperfusion has been negatively correlated with cognitive functions and positively correlated 

with rate of progression of the disease.(Nishimura et al., 2007). However, median survival time for 

people with AD has been negatively correlated with left temporal lobe hypo-perfusion (Claus et al., 
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1999). Thus, blood flow SPECT can be considered as a biomarker in AD (Gunes et al., 2022; Ito et al., 

2017), depicting the disease much earlier than the clinical manifestation (Valotassiou et al., 2018).  

Dopamine Transporter SPECT 

SPECT investigating the striatal dopamine transporter (DAT) status have been used widely in 

uncertain parkinsonian syndromes(Scherfler and Nocker, 2009). Despite, no changes in DaT-SCAN 

in AD on comparison to controls, it is helpful in differentiating AD from DLB. In DLB, there is 40-

70% loss of striatal dopamine and dopaminergic cells resulting in loss of dopaminergic 

transporter(Vaamonde-Gamo et al., 2005). Dopamine transporter SPECT  can thus be useful in 

differentiating neuro-degenerative Parkinsonian syndromes (PS) from non-dopamine deficiency 

aetiologies including drug induced parkinsonism and essential tremor (AKDEMİR et al., 2021; 

Plotkin et al., 2005), with sensitivity and specificity of over 90% (Brigo et al., 2014). 

 

Figure 3. Normal DAT scan (a)for comparison. DAT scan of a patient with DLB(b)showing lack of tracer uptake 

in the putamen bilaterally.AxialT2- weighted image (c) of the same patient shows non-specific generalised 

supratentorial volume loss. Reproduced with Permission (Bhogal et al., 2013). 

Specific Radiotracers 

A growing class of radiotracers targeting specific protein aggregates for amyloid-β (Aβ) and tau 

are providing new avenues for research in AD diagnosis, as these radiotracers directly label the 

underlying disease pathologies. Amongst the two-specific type of tracers, tau tracers are emerging as 

preferential for the researchers for therapeutic and prognostic evaluation in AD clinical trials due to 

failure of agents targeting amyloid pathology. Thus, in this review we provide a brief summary of 

amyloid PET and greater detail about tau PET. 

Amyloid PET 

Pittsburg Compound B (PIB) a 11-C labelled PET tracer was first to be used as an amyloid specific 

radiotracer (Klunk et al., 2004)  and demonstrated amyloid deposition precedes clinical 

manifestation of AD by 15 years. (Jack et al., 2013; Villemagne et al., 2013). However,  recently, this 

has been refuted and proposed that cognitive decline precedes amyloid deposition (Elman et al., 

2020), thus, opening a new avenue in research to look beyond our understanding of amyloid in AD. 

The Amyloid imaging task force (Johnson et al., 2013) has clearly stated that amyloid PET should 

only be used if there is diagnostic ambiguity and tracers can improve diagnostic accuracy. However, 

recently it has been reported that initiation and discontinuation of medications in management of AD 

can be influenced by the use of amyloid PET imaging in clinical practice (Kim et al., 2018). 

PiB binds specifically with insoluble fibrillary Aβ and  cortical binding of PiB  has been seen in 

more than 90% of people with AD (Rabinovici and Jagust, 2009). Following PIB several other 18F-

labelled PET tracers such as [18F]Flutemetamol, [18F]Florbetaben and [18F]Florbetapir have emerged 
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as potential tools to aid in  AD diagnosis and are widely used for research purposes ( Filippi et al., 

2018). The 18F-labelled PET tracers have half-life of 110 minutes and thus overcoming the 

disadvantage of PIB, as PIB has a shorter half-life of 20 minutes resulting in practical difficulties for 

clinical and research use.  U.S. FDA has provided its approval for use of [18F]Florbetapir in 2012,  for 

exploring AD or other causes of cognitive impairment and followed by approval of [18F]Flutemetamol 

and [18F]Florbetaben by U.S. FDA in 2013 and 2014 respectively ( Filippi et al., 2018). Amyloid PET 

has been found to be more sensitive but less specific than FDG-PET in distinguishing AD from other 

causes of dementia such as FTD (Rabinovici et al., 2011). Despite the association of amyloid 

deposition with AD, it has also been consistently found in cognitively healthy people (Jansen et al., 

2015), raising the question of whether amyloid deposition is a pathognomonic or necessary feature 

for the diagnosis of AD.   

 

Figure 4. Axial image of an amyloid PET-CT using 11C-PIB in a patient with Progressive Supranuclear Palsy(A) 

and Alzheimer’s disease (B). Patient in a shows normal distribution of the tracer, whereas the patient with AD 

shows a high tracer uptake in the cortices of the frontal, temporal and occipital lobes consistent with a heavy 

amyloid burden. Reproduced with permission (Bhogal et al., 2013). 

Although, it is difficult to ascertain timing of amyloid deposition but it is believed to begin at 

preclinical stage(Jack et al., 2013) but amyloid PET has shown cortical uptake of amyloid tracers in 

the cingulum, precuneus and frontal, parietal and lateral temporal cortices in people with AD(Wolk 

and Klunk, 2009). Moreover, amyloid PET has a prognostic value as people with MCI having positive 

findings on amyloid PET have higher chances of conversion to AD and those who are negative on 

amyloid PET have higher negative predictive value for conversion to AD from MCI (Echeveste et al., 

2025; Nordberg et al., 2013; Okello et al., 2009). It has also been noted that the rate of cognitive decline 

is directly proportional to amyloid deposition in people with MCI(Huijbers et al., 2015) and amyloid 

PET may help identifying people at risk of cognitive decline and disease progression(Wahlster et al., 

2013).  

Amyloid tracers have also been used recently quite frequently to monitor the therapeutic 

response of the amyloid based drugs. Primary endpoints in these trials are usually measures of 

cognitive function such as the Alzheimer’s Disease Assessment Scale - Cognitive Subscale (ADAS-

cog) (Rosen et al., 1984) or the Clinical Dementia Rating Scale (CDR) (Morris et al., 1997) but due to 

cognitive reserve and ceiling and floor effects of psychometric tests, the clinical presentations usually 

differ between people with AD(Podhorna et al., 2016; Stern, 2012). Recently,  18- Florbetapir PET  
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has been used in the PRIME study to evaluate treatment response of human monoclonal antibody on 

participants with prodromal or mild AD participants, which depicted a dose- and time-dependent 

Aβ plaques reduction (Sevigny et al., 2016). For the last few decades, most research has slavishly 

focussed on Aβ as a target for treatment of AD. However, most of the novel therapeutic agents 

targeting Aβ have failed to improve cognitive function or slow cognitive decline (Oxford et al., 2020; 

Zhang et al., 2023). 

Tau PET 

Tau protein helps stabilise the microtubules which are essential for intracellular transport and 

cytoskeletal support. In its pathological state tau becomes hyper-phosphorylated and accumulates 

intra-neuronally as Neuro-Fibrillary Tangles (NFTs). The tau propagates intra-neuronally by release 

of intracellular pathological tau into extracellular space, taken up by recipient neurons and 

subsequently forms intracellular aggregates in recipient neurons (Takeda, 2019).  

 

Figure 5. A schematic diagram to illustrate tau propagation hypothesis. Neuron to neuron transmission of tau 

in AD showing release of pathological tau in extracellular space from donor neuron and further taken up by 

recipient neuron following post translational modifications and in turn form intracellular aggregates. Adapted 

with permission from (Takeda, 2019). 

Moreover, clinical severity of dementia is closely associated with tau deposition in comparison 

to amyloid deposition (Arriagada et al., 1992; Bierer et al., 1995). Notably,  Braak’s pathologic staging 

of AD corresponds with the distribution of NFTs and this is correlated with cognitive impairment 

(Braak and Braak, 1991). The distribution of NFTs and its correlation with brain atrophy further 

justify close association of tau protein with neurodegenerative conditions like AD (Whitwell et al., 
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2008). Furthermore, Clinico-pathological studies reveals close association of tau pathology with loss 

of neurons and synaptic activity, the correlates of cognition.(Nelson et al., 2012).Recently, tau 

pathology was reported to be present much earlier than amyloid pathology  in younger AD subjects 

and points towards role of tau in the initial stages of AD and the initiation of the disease process 

(Yang et al., 2024; Yoshida et al., 2019). After onset of cognitive impairment in AD tau pathology 

progresses at a faster rate(Braak and Braak, 1991), thus, PET imaging could have an important role in 

evaluating prognosis of the disease.  

 

Figure 6. Schematic diagram showing spread of tau pathology starting with entorhinal cortex, then 

hippocampus, posterior temporal and inferior frontal regions. Image adapted with permission from (Braak and 

Braak, 1997). 

Following failure of anti-amyloid therapies, a paradigm shift has been observed in the last 

decade towards tau as therapeutic target and development of several PET tracers to target tau 

pathology (Yang et al., 2024). A variety of PET ligands have ability to detect tau aggregates formed 

in AD with a high affinity(Fleisher et al., 2020; Leuzy et al., 2019). The retention pattern of tau PET 

overlaps with regions brain atrophy(Harrison et al., 2021) and predicts cognitive 

performance(Ossenkoppele et al., 2019).  2-(1-{6-[(2-[18F]fluoroethyl)(methyl)amino]-2-

naphthyl}ethylidene)malononitrile ([18F]FDDNP) was the first PET tau to accomplish imaging in 

humans and high density of NFTs were observed in the hippocampus(Agdeppa et al., 2001; Shoghi-

Jadid et al., 2002). However, FDDNP was reported to bind senile plaques and NFTs equally(Shoghi-

Jadid et al., 2002) and there was a quest to search for a selective tau tracer.  The tracer which 

specifically binds to tau should have high affinity towards paired helical filaments (PHF) to produce 

enough signal to be detected in vivo. Further, the tracer should be more selective towards tau rather 

Aβ as tau is found to be less frequently distributed in the neocortex in comparison to Aβ.(Villemagne 

et al., 2012). Furthermore,(18)F-labeled THK-523 or ((18)F-6-(2-fluoroethoxy)-2-(4-

aminophenyl)quinoline) was the earliest tau specific tracer to target tau in vivo, but unfortunately, 

precluded from  the use in research or clinical trials due to high retention rate in the white 

matter(Fodero-Tavoletti et al., 2011; Villemagne et al., 2014). Several other  18F-labeled arylquinoline 

derivative tau PET radiotracers such as (18)F-THK-5105 and (18)F-THK-5117 were 

developed(Harada et al., 2015; Okamura et al., 2014) but the more recently developed 18F-THK-5351, 

has better imaging characteristics and has higher tau binding affinity and lower white matter 

retention (Harada et al., 2016).  

Furthermore, radiotracers 18F-AV-1451 (also known as T807 and 18F-flortaucipir) and18-F -AV-

680 (also known as T808) the benzimidazole pyrimidine derivatives were developed (Chien et al., 

2013; Zhang et al., 2012) with higher affinity for tau aggregates and lower white matter retention. 

Recently it has been concluded that 18F-flortaucipir has better sensitivity than amyloid PET and help 

detect preclinical cognitive changes in people with AD(Ossenkoppele et al., 2019). Further, region 

based analysis of 18F-flortaucipir, depicted that the spread of tau pathology was consistent with Braak 
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staging.(Cho et al., 2016; Marquié et al., 2017). Recently, FDA has approved first tau PET tracer 18F-

AV-1451(18F-flortaucipir) for estimation of NFTs in people who are being evaluated for AD(Barthel, 

2020). 

 

Figure 7. Parametric 18 F-AV-1451 images across stages. In general, 18 F-AV-1451 SUVr increased throughout 

the cortex and subcortex from stage 0 to stage 4. Participants in stage 0 had tau level corresponding to those of 

normal young adults. A dominating tau elevation in medial temporal regions (Braak I/II ROIs) was shown in 

stage 1. While stage 2 presented increased SUVrs in extramedial temporal regions, stage 3 showed greater SUVrs 

increase in Braak  III/IV ROIs including inferior and lateral temporal lobes. Stage 4 had significantly elevated 

18F-AV-1451 SUVr extending into the neocortex. ROI region of 

interest, SUVr standard uptake value ratio. Reproduced with permission(Chen et al., 2021). 

In addition,  tau PET tracers, such as pyridinyl- butadienyl-benzothiazole derivative 11-C-PBB3 

showing higher sensitivity for tau (Maruyama et al., 2013) and MK-6240, a pyrrolo-pyridine-

isoquinolone amine has significant tau binding capacity without affinity for normal brain 

tissue(Hostetler et al., 2016). Notably, 11-C-PBB3 can be quantified using cortical gray matter as 

reference region for AD and other non-AD taupathies to enhance use in  research (Kimura et al., 

2016). Further, the newer tau  radiotracers such as [18F]RO-948,  and [18F]JNJ64349311 (Declercq et 

al., 2017; Gobbi et al., 2017; Leuzy et al., 2019; Sanabria Bohórquez et al., 2019) have been used to 

detect tau pathology and it is established that the tau pathology is deposited independently of  Aβ 

deposition and deposition in brain and it is related to age (Lockhart et al., 2017; Pontecorvo et al., 

2017; Wuestefeld et al., 2023). Moreover, [18F]RO-948 is also claimed to be promising radiotracer for 

quantitative imaging in people with AD(Kuwabara et al., 2018).  

A recent study suggests that the tau PET is better than amyloid PET and MRI in predicting 

cognitive change and has a role as a prognostic biomarker in preclinical and prodromal stages of 

AD(Ossenkoppele et al., 2021). 

Structural Biomarkers 

Computed tomography (CT) and MRI are two widely used structural imaging technique and 

CT is less expensive, faster and extensively available than MRI, even in underprivileged nations 

(Duchesne et al., 2008). However, CT is mostly used to ruling out other reversible causes of dementia 
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such as tumours or subdural haematoma and help elucidate cortical atrophy and ventricular 

enlargement in AD(Varghese et al., 2013). Cortical atrophy and ventricular enlargement detected on 

CT scan are very late structural changes in AD and hence limit the use of CT as a biomarker for AD. 

MRI, another structural imaging technique can readily detect characteristic structural changes of AD 

such as medial temporal lobe in brain quite early and hence qualify as neuro-imaging biomarker for 

AD(Dickerson et al., 2011; Georgakas et al., 2023; Johnson et al., 2012). 

MRI Biomarkers in AD 

It is imperative to discuss the MRI biomarkers amongst the neuroimaging biomarkers as 

structural MRI is an accessible neuroimaging technique for the evaluation of people with AD and is 

recommended in various diagnostic guidelines. (National Institute for Health and Care Excellence 

(UK), 2018). Hippocampus and medial temporal lobe volume measures on MRI are most validated 

MRI biomarkers for AD but structural and functional connectivity analyses using diffusion tensor 

imaging and resting state fMRI respectively can depict network disruption in AD. Machine learning 

techniques offer opportunities to analyse the value of imaging and other biomarkers in AD. (Kehoe 

et al., 2014).  

For more than a decade, a characteristic atrophy pattern on 3DT1weighted and analysis of the 

location and extent of white matter hyperintensities (WMHs) on T2 weighted MRI have been used to 

distinguish AD from other causes of dementia (Frisoni et al., 2007). Interestingly, not only visual and 

voxel-wise analysis of atrophy pattern on MRI images can predict different causes of dementia from 

AD(Harper et al., 2017) but also location of WMHs in deep and periventricular brain regions are 

characteristic of cerebral small vessel disease(CSVD), secondary to hypertension, while micro-bleeds 

in cortical area are characteristic of Aβ pathology(Haller et al., 2018).  

With advancement in voxel-based morphometry to extract intracranial volumes including brain 

volume, hippocampal volume, ventricular volume, cortical thickness and cortical surface area has led 

to recognition of these as biomarkers in AD. Shape and volume analysis of  sub-structural changes 

in the hippocampus can distinguish AD from other causes of dementia (Kälin et al., 2017). 

Furthermore, for targeting pre-dementia stages in drug trials, hippocampal volume has been 

validated as a neuroimaging biomarker.(Hill et al., 2014) The pattern of cortical thinning can detect 

pre-symptomatic AD subjects, for example in those at genetic risk of AD and can predict severity of 

symptoms(Dickerson et al., 2009). Furthermore, ventricular volume can also help differentiate AD 

from healthy controls(Jingnan Wang et al., 2008).  
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Figure 8. Illustrations of MRI biomarkers in AD showing hippocampal volume(Green and golden colours) and 

white matter hyperintensities (White and red colours). 

 

Figure 9. Illustrations to show WMHs on MRI in people with AD (Courtesy- Jennifer Waymont, University of 

Aberdeen). 

Resting state fMRI has been assessed as a biomarker to distinguish AD from other causes of 

dementia(Hohenfeld et al., 2018). However, task based fMRI did not show consistent findings 

(Bakker et al., 2015). Resting state fMRI uses measures based on graph-theory(Khazaee et al., 2015) 

or functional connectivity(Chen et al., 2011). Resting state fMRI in AD shows changes in the default 

mode network for interacting brain regions such as hippocampal co-activation (Greicius et al., 2004) 

and increased activation in medial temporal lobe (Dickerson et al., 2004). 

AD has traditionally been considered to be a cortical dementia, but some have demonstrated 

white matter (WM) abnormalities in AD such as gliosis and demyelination and considered WM 

damage to be independent of cortical damage (Esrael et al., 2021; Kim et al., 2008). WM damage and 

axonal deposition of tau may precede the cortical damage (Bendlin et al., 2012; Siger et al., 2009) 

suggesting not only a link between tau pathology and white matter damage but also the implication 
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of tau in initiation of AD pathogenesis. This WM damage can be quantified using diffusion tensor 

imaging (DTI), a MRI based neuroimaging technique, which maps the WM microstructure changes 

in the brain (Croall et al., 2017). Recently, diffuse microstructural changes have been observed in AD 

on DTI (Esrael et al., 2021). 

With regard to the algorithms used for identifying AD from healthy controls, research has been 

conducted using machine learning, deep learning, or a combination of both approaches and even 

some studies combine other modalities such as PET and cerebrospinal fluid (CSF) with MRI to 

differentiate AD from healthy controls and other type of dementias(Xue et al., 2024). Machine 

learning approaches can classify AD from healthy controls using hippocampal volume, with area 

under the curve (AUC) of 0.912 (Sørensen et al., 2016). Exploring areas beyond the hippocampus 

researchers have achieved an AUC of 0.97 using temporal lobe structures including hippocampus, 

para-hippocampal gyri, entorhinal cortex and peri-rhinal cortex (Chincarini et al., 2011). In order to 

distinguish AD from other dementias, machine learning approach achieved an AUC of 0.948 and 

0.731 with DLB for testing and training dataset, respectively (Lebedev et al., 2013). Moreover, an AUC 

of 0.93 has been achieved in differentiating AD from FTD by developing frontotemporal dementia 

index which is a ratio of weighted sum of volumetric indexes of FTD dominant and AD dominant 

structures on MRI (Yu et al., 2021). Hence, it can be concluded that machine learning seems to be 

widely used for classification of AD to differentiate it either from healthy controls or other causes of 

dementia. 

Conclusion 

Imaging biomarkers are of proven utility in supporting a clinical diagnosis of AD in a person 

with dementia, in selecting those to participate in clinical trials, monitoring progression and 

measuring response to treatment. The combination of biomarkers along with other personalised 

variables and genetic variables in convoluted neural network artificial intelligence algorithms that 

have been trained and validated using real-world data are likely to be the most valuable in defining 

who, when, and with what to treat in future. 
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