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SUMMARY

Neurodegeneration due to Alzheimer’s disease (AD) can progress over decades before

dementia becomes apparent. Indeed, patients with mild cognitive impairment (MCI)

already demonstrate significant lesion loads. In most cases, MCI is preceded by subjective

cognitive decline (SCD), which is applied to individuals who have self-reported memory-

related complaints and has been associated with a higher risk of future cognitive decline

and conversion to dementia. Based on the schema of a well-received model of biomarker

dynamics in AD pathogenesis, it has been postulated that SCD symptoms may result from

compensatory changes in response to b-amyloid accumulation and neurodegeneration.

Although SCD is considered a prodromal stage of MCI, it is also a common manifestation in

old age, independent of AD, and the predictive value of SCD for AD pathology remains con-

troversial. Here, we provide a review focused on the contributions of cross-sectional and

longitudinal analogical studies of biomarkers and neuroimaging evidence in disentangling

under what conditions SCD may be attributable to AD pathology. In conclusion, there is

promising evidence indicating that clinicians should be able to differentiate pre-AD SCD

based on the presence of pathophysiological biomarkers in cerebrospinal fluid (CSF) and

neuroimaging. However, this neuroimaging approach is still at an immature stage without

an established rubric of standards. A substantial amount of work remains in terms of repli-

cating recent findings and validating the clinical utility of identifying SCD.

Introduction

Neurodegeneration due to Alzheimer’s disease (AD) can progress

over decades before dementia becomes apparent. Indeed, patients

with mild cognitive impairment (MCI) already demonstrate signif-

icant lesion loads [1,2]. MCI refers to an intermediate state

between normal aging and dementia that has been used for the

early detection of emerging dementia. The National Institute on

Aging-Alzheimer’s Association has emphasized the relevance of a

subtype of MCI known as amnestic mild cognitive impairment

(aMCI) in this regard [3]. In terms of clinical presentation, aMCI is

characterized by slight memory impairment with relative preser-

vation of other cognitive domains. aMCI is often found to be a

prodromal state of AD, presaging subsequent conversion to AD

[4,5]. Notably, in a prospective, longitudinal inception study [6], a

10–15% annual conversion rate to AD among subjects with aMCI

was observed.

In most cases, MCI is preceded by subjective cognitive decline

(SCD). The term SCD, coined in 1982 [7], is applied to individuals

who have self-reported memory-related complaints, such as hav-

ing difficulty with remembering names and recalling where one

has placed things, but exhibit a normal range neuropsychological

test performance. SCD has been associated with a higher risk of

future cognitive decline and conversion to dementia [8]. Based on

the schema of a well-received model of biomarker dynamics in

AD pathogenesis [9], it has been postulated that SCD symptoms

may result from compensatory changes in response to b-amyloid

accumulation and neurodegeneration. Accordingly, in 2014, the

SCD initiative [10] proposed that SCD be considered stage 3 of

preclinical AD, which is described as the stage in which the first
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changes in cognition emerge, before MCI can be detected [11].

Furthermore, the SCD Initiative proposed a broad research criteria

for pre-MCI SCD, which includes two presentations. First of all,

the subjects had to report self-experienced persistent decline in

cognitive compared to previous statue and unrelated to an acute

event. Secondarily, they have normal age-, gender-, and educa-

tion-adjusted performance on standardized cognitive tests, which

are used to classify MCI [10].

It should be noted, however, that although SCD is considered as

a prodromal stage of MCI, it is also a common manifestation in old

age, independent of AD [12]. Furthermore, SCD has been associ-

ated with depression or personality traits [13,14] as well as

numerous other conditions, including psychiatric conditions, neu-

rological and medical disorders, substance abuse, and medication

use. Hence, the predictive value of SCD for AD pathology remains

controversial. Nevertheless, researchers have begun to examine

the specific features of SCD that may distinguish its occurrence in

association with preclinical AD. Anatomic, pathologic, and bio-

chemical studies have generated a convergence of evidence sup-

porting the notion that SCD can be the result of the

neurodegenerative processes of AD [15–18]; and community-

based studies have shown some predictive value of SCD for cogni-

tive decline and dementia [12,19]. However, this controversial

association is further complicated by the fact that different

research groups have used different strategies and terminologies

(e.g., subjective memory complaints, subjective memory impair-

ment, and subjective cognitive impairment), making it difficult to

compare results across studies directly. Here, we provide a review

focused on the contributions of cross-sectional and longitudinal

analogical studies of biomarkers and neuroimaging evidence in

disentangling under what conditions SCD may be attributable to

AD pathology.

Biochemical Biomarkers

Because SCD is not a simple symptom, it alone may never be suffi-

cient to diagnose preclinical AD. Thus, to improve recognition of

AD conversion, there is a need for reliable biomarkers of AD

beyond the presence of SCD. A number of studies, reviewed

below, have reported the presence of biomarkers in patients with

SCD that resemble those found in patients with aMCI and AD,

supporting the view that it may be possible to recognize AD ear-

lier, even before aMCI can be detected.

Several protein biomarkers in cerebrospinal fluid (CSF) have

been shown to provide good diagnostic accuracy and prediction

of conversion from MCI to AD pathology, including amyloid-

b42 (Ab42), total tau (t-tau), and phosphorylated tau (p-tau)

[20,21]. Patients with AD differ from those healthy controls in

that they tend to show an early decrease in CSF levels of

Ab42, followed by later increases in CSF levels of t-tau and p-

tau [15]. However, these CSF biomarkers did not differ

between subjects with SCD and healthy controls, but it is pos-

sible that this negative finding was due to insignificant statisti-

cal power. In a larger study, Visser et al. [22] investigated the

prevalence of AD-predicting CSF profile and cognitive evolu-

tion in three groups of patients: SCD, aMCI, and nonamnestic

MCI. They found that the CSF profiles of patients in all three

groups who showed subsequent cognitive decline were

consistent with the AD-predicting profiles, with these profiles

are more common in these groups than in healthy controls

(i.e., low Ab42 and high tau levels). These findings suggest that

patients with SCD might be in the early stages of AD, although

clinically detectable cognitive decline might not become appar-

ent for many years. Interestingly, Rolstad et al. [23] reported

that CSF levels of Ab42 could be used to predict semantic

memory test performance in both an MCI group and a control

group, whereas tau levels reflected the performance of individ-

uals in the MCI group. Meanwhile, in a group of patients with

MCI, Rami et al. [24] found a positive correlation between

Ab42 levels and memory performance, but an inverse correla-

tion between tau levels and memory performance. These find-

ings again suggest that Ab42 decline may be linked to early

cognitive changes, whereas tau-related changes may reflect an

intermediate stage of AD pathology. Together, the above-

reviewed studies suggest that, in the continuum from healthy

aging to AD dementia, memory performance is first related to

Ab42 levels and then related to t-tau and/or p-tau levels,

before becoming independent of CSF biomarker levels after

dementia has set in.

Structural Neuroimaging

Structural MRI

Medial temporal atrophy had been thought to be the most promi-

nent prodromal MRI marker of progression toward AD, and hip-

pocampal atrophy is the most consistent [25]. According to the

study by Villemagne et al. [2], there may be a prolonged preclini-

cal phase of AD in which b-amyloid deposition, hippocampal atro-

phy, and behavioral memory impairment can be detected

17.0 years, 4.2 years, and 3.3 years before the onset of dementia

(clinical dementia rating score 1), respectively.

Evidence is accumulating in relation to the associations

between SCD and structural brain changes (Table 1). Using mag-

netic resonance imaging (MRI), van der Flier et al. [26] found that

SCD patients had a lesser left hippocampal volume than healthy

controls. In a subsequent MRI study, volumetric reductions were

found in SCD patients that were analogous to changes observed in

patients with aMCI, including reductions in medial temporal and

frontotemporal regions [27]. Moreover, they found that the

degree of atrophy observed was related to the magnitude of the

patients’ self-reported cognitive complaints. In a longitudinal

study of SCD patients, Scheef et al. [28] found a trend toward an

association between a smaller right hippocampal gray matter vol-

ume and subsequent cognitive decline. Recently, Cherbuin et al.

[29] found that SCD at follow-up, but not at baseline, was associ-

ated with longitudinal hippocampal atrophy over 4 years, suggest-

ing that SCD tends to follow rather than precede cerebral changes.

Moreover, Peter et al. [30] found that the gray matter volumetric

pattern observed in subjects with SCD often resembled that in

patients with AD more than that in healthy control subjects, and

that resemblance of the AD-like pattern in subjects with SCD was

predictive of episodic memory decline. Stewart et al. [31] also

noticed that the presence of hippocampal and gray matter atrophy

and white matter lesions was predictive of SCD (including SCD

with MCI) 4 years later.
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These longitudinal study results are consistent with the view

that SCD may represent a pre-MCI stage of compromise, at least in

some individuals. Furthermore, these studies underscore the util-

ity of employing multivariate pattern recognition approaches to

identify subtle brain changes over time.

Recent evidence taking APOE genotype into account has sup-

ported the notion that SCD may be a harbinger of AD pathol-

ogy. Striepens et al. [32] compared episodic memory

performance and volumes of medial temporal lobe structures

between subjects with and without SCD, subdivided by APOE

Table 1 Overview of structural neuroimaging studies in SCD

Study Methods Subjects

Subjects numbers

(Male) Main results

van der Flier et al. 2004 [26] sMRI SCD

NC

20

28

1. SCD has smaller left hippocampal volumes than controls

2. The reduced volume of left hippocampus in SCD had a

moderate association with memory score

Saykin et al. 2006 [27] sMRI SCD

aMCI

NC

40

40

40

1. SCD and aMCI showed similar patterns of decreased GM

relative to the NC on whole-brain analysis

2. The degree of GM loss was associated with extent of both

subjective and objective memory deficits

Stewart et al. 2011 [31] sMRI

4-year

follow-up

SCD

NC

Total 1336 1. There was a significant association between baseline SCD

and subsequent hippocampal volume change

2. Associations between SCD and prior CSF or hippocampal

volume changes were stronger for new-onset SCD over

the follow-up period

Striepens et al. 2011 [32] sMRI SCD

NC

21

47

1. APOE e4 carriers with SCD performed worse on the episodic

memory and showed smaller left hippocampal volumes

2. The interaction of SCD and APOE genotype was significant

for episodic memory and right and left hippocampal

Scheef et al. 2012 [28] sMRI

FDG-PET

SCD

NC

31

56

1. SCD showed hypometabolism in the right precuneus and

hypermetabolism in the right medial temporal lobe

2. SCD showed reduced GM volume in the right hippocampus

Cherbuin et al. 2014 [29] sMRI

4-year

follow-up

SCD

NC

Total 305 1. SCD at follow-up was associated with longitudinal

hippocampal atrophy

2. SCD tends to follow rather than precede cerebral changes

Peter et al. 2014 [30] SVM

4-year

follow-up

SCD

NC

24

53

1. Individuals with SCD showed greater similarity to an AD GM

pattern compared with control

Lamar et al. 2011 [37] MRI-LA SCD

aMCI

NC

12

20

11

1. SCD showed a steeper learning slope compared to NC

and aMCI

2. White matter burden contributed to SCD performance

variance in learning slope only

Bartley et al. 2011 [38] PVH/DWMH SCD

NC

30

30

1. SCD was not significantly associated with the severity of

WMH in either the periventricular or deep white matter

areas

Selnes et al. 2012 [33] sMRI/DTI SCD

MCI

NC

16 (11)

50 (24)

21 (16)

1. WM tracts underlying the posterior cingulate, retrosplenial,

and middle temporal cortices had higher DR and MD in

SCD compared to NC

Wang et al. 2012 [34] DTI SCD

MCI

NC

29

28

35

1. SCD demonstrated intermediate changes of all diffusivity

measures, with values falling between those of the MCI

and NC except FA of left parahippocampal

Wang et al. 2013 [35] DTI SCD

MCI

NC

22

28

19

1. SCD demonstrated significantly higher nodal efficiency than

the NC and MCI in the parahippocampal region

2. The significant differences were found for the values of

degree, strength, and nodal efficiency (NC>SCC>MCI)

Selnes et al. 2013 [36] CSF/DTI/

sMRI

SCD

MCI

NC

11 (9)

43 (20)

21 (9)

1. DTI indices FA, DR, and MD predict cognitive decline and

medial temporal lobe atrophy

sMRI, structural magnetic resonance imaging; SCD, subjective cognitive decline; NC, normal control; aMCI, amnestic mild cognitive impairment; GM,

gray matter; CSF, cerebrospinal fluid; FDG-PET, [18F]fluorodeoxyglucose positron emission tomography; AD, Alzheimer’s disease; WM, white matter;

SVM, support vector machine; MRI-LA, diffuse leukoaraiosis on MRI; PVH/DWMH, periventricular hyperintensities/deep white matter hyperintensities;

DTI, diffusion tensor imaging; DR, radial diffusivity; FA, fractional anisotropy; MD, mean diffusivity.
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genotype. They found that among subjects with SCD, the APOE

e4 allele carriers performed worse on an episodic memory test

and had smaller left hippocampal volumes than noncarriers.

Meanwhile, among subjects without SCD, APOE e4 allele carri-

ers had better episodic memory and larger right hippocampal

volumes than noncarriers. There was a significant interaction

between self-reported SCD and APOE genotype for episodic

memory and right and left hippocampal volumes. These findings

support the notion that APOE e4 is a risk factor for AD that

otherwise, in the absence of AD pathogenesis. Moreover, the

interaction between SCD and APOE genotype is consistent with

the hypothesis that SCD may be a precondition of AD and sug-

gests that the co-occurrence of SCD with the APOE e4 allele

may be an indicator of AD risk.

Diffusion MRI

Recently, several research groups have begun to investigate

SCD-associated white matter changes using diffusion MRI

analyses. Selnes et al. [33] observed prominent white matter

tract degeneration in patients with SCD and MCI that was at

least partly independent of adjacent gray matter atrophy. Simi-

lar findings were presented by Wang et al. [34], which showed

the degree of white matter tract degeneration in bilateral para-

hippocampal in SCD was intermediate to the MCI and healthy

controls groups. Furthermore, to evaluate the connectome pat-

terns in SCD and MCI, Wang et al. found significant group dif-

ferences in degree, strength, and nodal efficiency as well as

differences in precuneus, orbitofrontal, and middle frontal cor-

tex path lengths. The SCD group demonstrated higher nodal

efficiency as compared to healthy control and MCI groups in

the parahippocampal region [35]. The authors postulated that

the changes observed in the SCD group relative to controls,

particularly the enhanced nodal efficiency, could reflect a com-

pensatory mechanism [35]. Selnes et al. [36] found that diffu-

sion MRI findings could be combined with CSF biomarker

results to predict future cognitive change and medial temporal

lobe atrophy. Lamar et al. [37] found that a greater leukoarai-

osis load (i.e., more white matter hyperintensities in MRI

assumed to be due to small vessel disease) was associated with

poorer learning in individuals with SCD. However, when Bart-

ley et al. [38] conducted a cross-sectional study investigating

whether SCD was associated with white matter changes, they

found no evidence of an association. Thus, it remains to be

clarified whether, and if so to what extent, white matter

changes contribute to SCD.

In summary, there is a convergence of structural neuroimaging

findings that support the view of a progression from SCD to MCI

in the evolution of neurodegeneration leading to clinical AD.

Functional Neuroimaging

Findings from functional neuroimaging studies of SCD have com-

plemented the findings of structural neuroimaging findings. Note-

worthy contributions of evidence with regard to fluoro-2-

deoxyglucose (FDG)-position emission tomography (PET), func-

tional MRI (fMRI), and Pittsburgh Compound B (PiB)-PET are

summarized below (Table 2).

FDG-PET

Using [18F]fluorodeoxyglucose positron emission tomography

(FDG-PET), Mosconi et al. [39] found that subjects with SCD had

lower metabolic rates for glucose bilaterally in the parahippocam-

pal gyrus and middle temporal gyrus, as well as lower rates in the

left inferior parietal lobe, inferior frontal gyrus, fusiform gyrus,

and thalamus, and in the right putamen. The greatest SCD-associ-

ated reduction (18%) was observed in the parahippocampal

gyrus. In an FDG-PET follow-up study comparing an SCD group

to a healthy control group, Scheef et al. [28] found that the SCD

group, at baseline, already showed hypometabolism in the right

precuneus and hypermetabolism in the right medial temporal lobe

relative to the control group. Moreover, reduced glucose metabo-

lism in the right precuneus of SCD subjects at baseline was associ-

ated with subsequent declines in episodic memory performance,

supporting the concept that SCD may be the earliest manifestation

of AD.

Reduced neural metabolism, as evidenced by FDG-PET, has also

been observed in subjects with SCD relative to controls in parahip-

pocampal parieto-temporal regions, the frontal inferior twist spin-

dle, and thalamus of SCD subjects [40]. Interestingly, these

findings replicate the pattern found in healthy subjects with a

genetic risk of AD (family history or APOE e4 homozygote) and in

patients with MCI [40].

PiB-PET

The development of PiB-PET represents a potential breakthrough

technology for AD research. Postmortem amyloid plaque histology

has been the gold standard of AD diagnoses. However, the discov-

ery of PiB as an in vivo amyloid tracer shows great promise of pro-

viding a more definitive AD diagnostic tool in living patients.

Chetelat et al. [41] found that b-amyloid deposition evidenced

via PiB-PET correlated with local brain atrophy in subjects with

SCD but not in healthy controls. Interestingly, Perrotin et al. [42]

observed increased amyloid deposition, demonstrated by PiB-PET,

in right prefrontal regions, the anterior cingulate cortex, right pre-

cuneus, and cingulate cortex of healthy cognitively normal elderly

subjects with SCD (i.e., reduced memory confidence) relative to

that observed in controls. The authors concluded that the subjects’

reduced confidence might be related to the observed amyloid

deposition, the neuropathological hallmark of AD.

fMRI

Researchers have used fMRI to examine the relationships between

SCD, cognitive task performance, and concurrent brain activity.

In a small study (N = 10 per group), Rodda et al. [43] found that

although subjects with SCD performed as well as healthy controls

on an encoding task, they exhibited more activation in the dorso-

lateral prefrontal cortex than the controls (see Figure 1). In a sub-

sequent study, they observed increased activation in the bilateral

thalamus, caudate, and posterior cingulate and the left hippocam-

pus and parahippocampal gyrus, relative to controls, in subjects

with SCD performing a divided attention conditions task (see

Figure 2) [44]. As in their previous study, task performance did

not differ between the SCD and control groups.
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However, other researchers have reported more nuanced

changes with regard to activation in subjects with SCD. For exam-

ple, employing an associative face-profession episodic memory

task (encoding, recall, and recognition components) and a work-

ing memory task, Erk et al. [45] found reduction in right hippo-

campal activation accompanied but increased activation of the

right dorsolateral prefrontal cortex in patients with SCD relative

to controls, although, as in the aforementioned studies, no task

performance differences were detected between the groups.

Locally increased activation in individuals with SCD, but with no

clinically detectable performance deficits, might reflect a form of

compensation, similar to what occurs in patients with MCI. In par-

ticular, SCD may involve functional alterations in hippocampal

integrity that reflect early neuronal dysfunction together with

compensatory mechanisms that preserve memory performance.

In a recent series of neuroimaging studies, Wang et al. [46]

observed reduced regional cerebral blood flow (rCBF) in bilateral

temporal regions of patients with MCI, but increased rCBF along

midline default mode network (DMN) regions, including the pos-

terior cingulate cortex, in patients with SCD, compared to normal

controls. The results suggest a nonlinear relationship between

rCBF changes and disease progression in preclinical AD. While

hypoperfusion in MCI is consistent with the hypometabolism

observed in FDG-PET, the increased rCBF in the SCD group may

also reflect compensatory responses to neurodegeneration in pre-

clinical stages that could have pathophysiological implications.

Wang et al. [47] examined SCD-related changes in the resting-

state brain activity of subjects with SCD relative to healthy con-

trols and patients with MCI. The SCD group showed more DMN

connectivity in the right hippocampus and precuneus than the

Table 2 Overview of functional neuroimaging studies in SCD

Study Methods Subjects

Subjects numbers

(male) Main results

Mosconi et al. 2008 [39] FDG-PET/CSF SCD

NC

13

15

1. SCD showed reduced CMRglc in PHG and parieto-temporal

2. SCD with the APOE e4 (+) showing the lowest CMRglc in

PHG as compared with all other groups

Chetalat et al. 2010 [41] PiB-PET/sMRI SCD

MCI

AD

NC

49 (25)

34 (17)

35 (20)

45 (25)

1. Global and regional gray matter atrophy were strongly

related to Ab load in SCD but not MCI or AD

2. Global neocortical Ab deposition correlated with atrophy in

hippocampus, medial frontal and parietal areas, and

lateral temporo-parietal cortex

Perrotin et al. 2012 [42] PiB-PET SCD 48 1. SCD with high PiB uptake showed significantly lower

performance than those with low PiB uptake on an

episodic memory measure

2. SCD was significantly correlated with regional PiB uptake in

the right MPFC and ACC and in the right precuneus and PCC

Rodda et al. 2009 [43] Task-related fMRI SCD

NC

10

10

1. SCD showed increased activation in left PFC during encoding

task, where activation strength correlated with memory task

performance

2. SCD demonstrated extended activation in the MPFC and left

medial temporal and occipitoparietal

Rodda et al. 2011 [44] Task-related fMRI SCD

NC

11

10

1. SCD demonstrated increased activation in left medial temporal

lobe, bilateral thalamus, and posterior cingulate and caudate

in divided attention task

Erk et al. 2011 [45] Task-related fMRI SCD

NC

19

20

1. SCD was associated with a reduction in right hippocampal

activation during episodic memory recall in the absence of

performance deficits

2. There may be a compensation by increased activation of the

right dorsolateral PFC

Wang et al. 2013 [46] Resting-state fMRI SCD

MCI

NC

23

18

16

1. Both SCD and MCI showed decreased DMN connectivity in the

right hippocampus compared to controls, as well as SCD

showing greater connectivity than MCI

Wang et al. 2013 [47] ASL SCD

MCI

NC

15

15

16

1. SCD showed increased rCBF in PCC compared with NC

CSF, cerebrospinal fluid; FDG-PET, [18F]fluorodeoxyglucose positron emission tomography; PiB-PET, Pittsburgh Compound B-PET; CMRglc, cerebral

metabolic rate for glucose consumption; sMRI, structural magnetic resonance imaging; fMRI, functional magnetic resonance imaging; ASL, arterial spin

labeling; SCD, subjective cognitive decline; NC, normal control; MCI, mild cognitive impairment; AD, Alzheimer’s disease; PHG, parahippocampal gyrus;

Ab, b-amyloid; MPFC, medial prefrontal cortex; PFC, prefrontal cortex; ACC, anterior cingulate cortex; PCC, posterior cingulate cortex; DMN, default

mode network; rCBF, regional cerebral blood flow.
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MCI group, but demonstrated less DMN connectivity in the right

hippocampus than the control group. Meanwhile, the MCI group

had reduced DMN connectivity in the right hippocampus, para-

hippocampal gyrus, precuneus, and thalamus relative to the con-

trol group [47].

In conclusion, fMRI provides a noninvasive and readily avail-

able method to detect functional alteration in SCD patients, which

may complement the absence of standardized cognitive testing in

discriminating SCD from normal individuals.

Future Directions

Although SCD has attracted a great deal of attention, it remains a

controversial research area due to the fact that there is no objec-

tive clinical assessment sensitive and specific enough to detect it.

Consequently, researchers must rely on participants’ self-reports.

Furthermore, there are concerns regarding SCD group heteroge-

neity across different research groups. Some researchers, for

example, may not exclude people with psychiatric and mood dis-

orders, such as depression, which could raise subjects’ risk of

developing cognitive impairments [48]. Based on their findings in

an extensive review of SCD studies, Abdulrab and Heun proposed

a standardized set of criteria for identification of SCD, as follows:

(1) onset age of >50 years old with the presence of gradual mem-

ory decline that has persisted for ≥6 months; (2) memory has

deteriorated to a state that is worse than any earlier period of life;

(3) memory problems occur frequently; and (4) objective memory

performance within normal range [48]. Based on additional

research findings, this conceptual framework was updated in 2014

to reduce false positives. In particular, it suggested that the onset

age criterion should be raised to >60 years old with onset within

5 years and SCD symptoms being described as worrisome by the

patient. In addition, they suggest that researchers seek indepen-

dent corroborating evidence (i.e., confirmation by an informant)

or risk factors (i.e., APOE e4 allele positivity and/or the presence of

an associated biomarker). Cleary, an early diagnosis is necessary

SCI

–24 –5 19 53

4621–3–20

25 30 34 48

Control

ANOVA:  SCI > control

Figure 1 Group activation maps during

encoding in subjective cognitive decline (SCD)

(top) and controls (middle). Difference map

(bottom) showing increased activation in the

left prefrontal cortex in SCD during verbal

episodic encoding on ANOVA [43].

Figure 2 SCI subjects demonstrated increases in the bilateral thalamus, caudate and posterior cingulate (BA 30), left hippocampus, left parahippocampal

gyrus (BA 30), and bilateral medial cerebellum as compared to controls during a divided attention on ANOVA [44].
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to ensure that patients will benefit from early intervention and

obtain the appropriate treatments in a timely manner.

If individuals with SCD who are at an elevated risk of AD can be

identified, they can potentially be targeted for early intervention

[49]. In particular, the finding that brain atrophy was strongly

related to b-amyloid load in patients with SCD but not in those

with MCI or AD [41] points to there being a strong relationship

between b-amyloid deposition and atrophy very early in the dis-

ease process. If this relationship holds, then administration of

anti-amyloid therapy very early in AD evolution could minimize

synaptic and neuronal loss, and thereby reduce or delay the clini-

cal progression of AD. In a study investigating the effects of

2 months of episodic memory training on brain atrophy in

patients with SCD and healthy volunteers, versus no training,

Engvig et al. [50,51] found that, following the training interven-

tion, the SCD subjects exhibited structural GM volume increases

in brain regions encompassing the episodic memory network,

with a cortical volume expansion that was comparable to that

seen in the trained healthy control group. Therefore, the SCD

phase may be an opportune time to begin behavioral interven-

tions.

Conclusions

Accumulating neuroimaging and biochemical evidence points to

SCD as an early, pre-MCI precursor of dementia and AD

[31,52,53]. Specifically, a pre-AD phase should be suspected in

patients who have SCD together with AD risk factors (e.g., APOE

e4 homozygosity and/or PiB-PET positivity for b-amyloid). Evi-

dence from functional neuroimaging studies suggests that there

may be compensatory mechanisms at work in the brains of indi-

viduals with SCD that allow them to maintain clinically normal

cognitive function despite the presence of mild neuronal damage.

In conclusion, there is promising evidence indicating that clini-

cians should be able to differentiate pre-AD SCD based on the

presence of pathophysiological biomarkers in CSF and neuroi-

maging. Owing to the fact that it is less invasive, those with sus-

pected SCD may be more willing to accept neuroimaging

examinations over CSF extractions. However, the neuroimaging

approach is still at an immature stage without an established

rubric of standards. A substantial amount of work remains in

terms of replicating recent findings and validating the clinical

utility of identifying SCD.
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