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A B S T R A C T   

Background: People with subjective cognitive decline (SCD) may be at increased risk for Alzheimer’s disease 
(AD). However, not all studies have observed this increased risk. This project examined whether four common 
methods of defining SCD yields different patterns of atrophy and future cognitive decline between cognitively 
normal older adults with (SCD+ ) and without SCD (SCD− ). 
Methods: Data from 273 Alzheimer’s Disease Neuroimaging Initiative cognitively normal older adults were 
examined. To operationalize SCD we used four common methods: Cognitive Change Index (CCI), Everyday 
Cognition Scale (ECog), ECog + Worry, and Worry. Voxel-based logistic regressions were applied to deformation- 
based morphology results to determine if regional atrophy between SCD− and SCD+ differed by SCD definition. 
Linear mixed-effects models were used to evaluate differences in future cognitive decline. 
Results: Results varied between the four methods of defining SCD. Left hippocampal grading was more similar to 
AD in SCD+ than SCD− when using the CCI (p = .041) and Worry (p = .021) definitions. The right (p=.008) and 
left (p=.003) superior temporal regions had smaller volumes in SCD+ than SCD− , but only with the ECog. SCD+
was associated with greater future cognitive decline measured by Alzheimer’s Disease Assessment Scale, but only 
with the CCI definition. In contrast, only the ECog definition of SCD was associated with future decline on the 
Montreal Cognitive Assessment. 
Conclusion: These findings suggest that the various methods used to differentiate between SCD− and SCD+ in-
fluence whether volume differences and findings of cognitive decline are observed between groups in this 
retrospective analysis.   

1. Introduction 

Alzheimer’s disease (AD) accounts for 50–75% of the 50 million 
people worldwide living with dementia (International Alzheimer’s 
Disease, 2020). People with AD experience progressive declines in 
cognitive functioning, including memory and thinking, with symptoms 
interfering with daily functioning (Alzheimer’s Association, 2021). 
These symptoms may occur because of brain pathology, including 
excessive amyloid and tau build-up and neurodegeneration (Serrano- 

Pozo et al., 2011). This neuropathology may be present for many years 
before the onset of symptoms (Craig-Shapiro et al., 2009; Sperling et al., 
2011). Much of the current AD research has been devoted to finding an 
early biomarker that can identify individuals with preclinical AD. 

Individuals meeting criteria for preclinical AD may also report sub-
jective cognitive decline (SCD), i.e., perceived deficits in memory and/ 
or cognitive functioning in the absence of objective cognitive decline 
(Jessen et al., 2014), up to 15 years before the onset of AD symptoms 
(Reisberg et al., 2010). SCD increases the likelihood of progression to 
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clinically probable AD by up to five times (Rabin et al., 2017) and people 
with SCD show increased neurodegenerative pathology compared to 
cognitively normal older adults without SCD. Nevertheless, results 
suggesting atrophy in people with SCD compared to those without SCD 
are inconsistent. For example, while Jessen et al. observed atrophy in the 
bilateral entorhinal cortex and not the hippocampus (Jessen et al., 
2006), Striepens et al. reported reduced volume in both the bilateral 
entorhinal cortex and bilateral hippocampus in people with SCD relative 
to people without SCD (Striepens et al., 2010). 

Different methods used to classify SCD may underly the conflicting 
results. Jessen et al. recruited participants who sought medical help for 
their self-reported feeling of worsening memory with an onset in the last 
5 years (Jessen et al., 2006), while Striepens et al. recruited participants 
who had both self and informant confirmation of memory impairment 
within the last 10 years (Striepens et al., 2010). The latter may be closer 
to clinical decline as informant confirmation is a feature of SCD plus 
(people with SCD who have features that make them more likely to 
progress to AD) and might be a better predictor of objective performance 
as disease severity progresses (Amariglio et al., 2015; Rabin et al., 
2017). 

Inconsistencies in defining SCD have led to the development of the 
Subjective Cognitive Decline Initiative (SCD-I) (Jessen et al., 2020; 
Jessen et al., 2014). This group developed a broad definition of pre-MCI 
SCD for research, which includes normal performance on cognitive tests 
but self-experienced persistent decline in cognition compared to a pre-
viously normal status not explained by MCI/AD, psychiatric conditions, 
neurological diseases, medical disorders, medications, or substance 
abuse. Other important features that may improve SCD identification 
include the study setting, Apolipoprotein E (APOE) status, memory vs 
non-memory domain complaints, informant confirmation, and worry. 
Specific features that increase the likelihood of preclinical AD (SCD plus) 
include 1) SCD in memory (rather than other domains), 2) onset within 
the last 5 years, 3) age of onset ≥ 60 years, 4) worry/concern with SCD, 
and 5) feeling of worse performance than others of the same age. 

Despite the SCD-I working groups’ recommendations (Jessen et al., 
2020; Jessen et al., 2014), an SCD definition has not been universally 
implemented, resulting in a concern about the lack of standardization. A 
recent review shows that since the recommendations by the SCD-I were 
released, only five out of over forty studies examining structural changes 
in people with SCD identified SCD using the working group recom-
mendations (see Wang et al., 2020 for review). The review by Wang 
et al. (2020) reports that some studies use specific questionnaires to 
define SCD, such as the Cognitive Change Index (CCI; Saykin et al., 
2006), Everyday Cognition Scale (ECog; Farias et al., 2008), or Memory 
Assessment Clinics Questionnaire (MAC-Q; Crook et al., 1992) while 
others use one or two questions (e.g., do you have memory decline?; are 
you worried about this decline?), and some use memory clinic consul-
tation to define people with SCD. Only moderate correlations have been 
found between the ECog and the Blessed Memory scale (van Harten 
et al., 2018) or between the MAC-Q and the Subjective Memory Com-
plaints (SMC) scale (Vogel et al., 2016), suggesting that the question-
naires may be measuring different cognitive constructs leading to 
misidentification of people with SCD in both research and clinical 
settings. 

The goal of the current study was to examine whether brain atrophy 
and future cognitive decline observed between cognitively normal older 
adults with and without SCD vary between four common methods of 
differentiating SCD. Many current findings report that cognitive healthy 
older adults with SCD show a pattern of volumetric atrophy similar to 
that of people with AD (Peter et al., 2014; Sánchez-Benavides et al., 
2018). The most consistent atrophy differences observed between 
cognitive healthy older adults with and without SCD are observed in the 
hippocampus (Cantero et al., 2016; Rogne et al., 2016; Yue et al., 2018; 
see Wang et al., 2020 for review) especially in those who progress to MCI 
or AD (Verfaillie et al., 2016). Studies examining prediction of MCI and 
AD observed that the ventricles are sensitive to changes observed 

between normal aging and MCI (Chou et al., 2009) and the amygdala 
and superior temporal regions are of importance for progression from 
SCD to MCI (Yue et al., 2021). Based on these findings we looked spe-
cifically at the hippocampus, amygdala, lateral ventricles, and superior 
temporal regions as several studies have suggested that these regions 
may be sensitive to progression to MCI and AD in the cognitively healthy 
older adult population (Chou et al., 2009; Wang et al., 2020; Yue et al., 
2021). 

2. Methods 

2.1. Alzheimer’s disease Neuroimaging Initiative 

Data used in the preparation of this article were obtained from the 
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni. 
loni.usc.edu). The ADNI was launched in 2003 as a public–private 
partnership, led by Principal Investigator Michael W. Weiner, MD. The 
primary goal of ADNI has been to test whether serial magnetic resonance 
imaging (MRI), positron emission tomography (PET), other biological 
markers, and clinical and neuropsychological assessment can be com-
bined to measure the progression of mild cognitive impairment (MCI) 
and early Alzheimer’s disease (AD). Participants were selected from the 
ADNI-2 cohort because ADNI2 was the first cohort to introduce the CCI 
questionnaire and define participants with significant memory concerns. 
For consistency with current research standards, we use the term sub-
jective cognitive decline. Participants were between 55 and 90 years old at 
the time of recruitment. The study received ethical approval from the 
review boards of all participating institutions. Written informed consent 
was obtained from participants or their study partner. 

2.2. Participants 

While there are 420 cognitively normal controls in the ADNI-2 
cohort, only 280 participants were included as they had an MRI scan 
within 6 months of a fully completed SCD questionnaire. The partici-
pants were separated into either cognitively normal controls without 
subjective cognitive decline (i.e., negative for subjective cognitive 
decline, or SCD− ) or cognitively normal controls with subjective 
cognitive decline (i.e., positive for subjective cognitive decline, or 
SCD+; not to be confused with SCD plus as defined by Jessen et al. 
(2014). Neither group had objective evidence of cognitive impairment 
on cognitive tasks nor the Clinical Dementia Rating or any signs of 
depression. As four separate definitions of SCD were used to differentiate 
the participants into either the SCD− or SCD+, participants varied be-
tween each analysis as the criteria for SCD differed. Demographic in-
formation, by group, for each definition is presented in Table 1. The four 
SCD+ groups were defined as follows:  

• CCI: Participants were considered SCD+ if they had self-reported 
significant memory concern as quantified by a score of ≥ 16 on the 
first 12 items (representing memory changes) on the CCI. This score 
was selected based on previous research by Saykin et al. (2006) and 
because it is used by ADNI as a criterion to identify participants with 
significant memory concern (Risacher et al., 2015).  

• ECog: Participants were considered SCD+ if they endorsed any item 
on the ECog with a score ≥ 3. A score of ≥ 3 was used as it represents 
consistent SCD which has been shown to improve prognostic value of 
SCD for incident MCI (van Harten et al., 2018).  

• ECog + Worry: Participants were considered SCD+ if they had self- 
reported consistent SCD+ on any item from the ECog (again ≥ 3) 
as well as indicated worry/concern about their cognitive decline.  

• Worry: Participants were considered SCD+ if they indicated worry/ 
concern about their memory/thinking abilities, irrespective of their 
CCI or ECog scores. 
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2.3. Structural MRI acquisition and processing 

All participants were imaged using a 3T scanner with T1-weighted 
imaging parameters (see http://adni.loni.usc.edu/methods/mri-tool/m 
ri-analysis/ for the detailed MRI acquisition protocol). Baseline scans 
were downloaded from the ADNI public website. 

T1w scans for each participant were pre-processed through our 
standard pipeline including noise reduction (Coupé et al., 2008), in-
tensity inhomogeneity correction (Sled et al., 1998), and intensity 
normalization into range [0–100]. The pre-processed images were then 

both linearly (9 parameters: 3 translation, 3 rotation, and 3 scaling) 
(Dadar et al., 2018) and nonlinearly (1 mm3 grid) (Avants et al., 2008) 
registered to the MNI-ICBM152-2009c average template using the Cer-
brA atlas (Manera et al., 2020). The quality of the linear and nonlinear 
registrations was visually verified by an experienced rater. Only seven 
did not pass this quality control step and were discarded. 

2.4. DBM and SNIPE 

DBM analysis was performed to measure local anatomical differences 
in the brain by estimating the Jacobian determinant of the inverse 
nonlinear deformation field as a proxy of atrophy (Avants et al., 2008). 
DBM was used because this method has increased sensitivity to 
subcortical atrophy compared to voxel-based morphometry (Scanlon 
et al., 2011). Scoring by Nonlocal Image Patch Estimator (SNIPE) was 
used to measure the extent of AD-related change in the hippocampus 
using the linearly registered preprocessed T1-weighted images (Coupé 
et al., 2012b). DBM and SNIPE methods have been are described in 
detail previously (Dadar et al., 2020b). SNIPE was employed because it 
has been shown to be sensitive to subtle changes in the brain in normal 
controls that volumetric measures are unable to detect (Coupé et al., 
2012a; Coupé et al., 2015). 

2.5. Statistical analysis 

Analyses were performed using MATLAB R2019b. Independent 
sample t-tests were completed on the demographic information pre-
sented in Table 1. Volume and grading differences between SCD− and 
SCD+ participants were analyzed with logistic regressions with ROI 
volume as the dependent variable and controlled for age, sex, and 

education. Separate logistic regressions were run for the four separate 
SCD definitions for each ROI. These analyses were completed with and 
without APOE ε4 status and amyloid positivity because of their associ-
ation with increased risk for AD (Rabin et al., 2017). 

Linear mixed-effects models were conducted to examine whether 
SCD diagnosis would influence future cognitive scores. A total of 1421 
time points for 273 participants were included for Alzheimer’s Disease 
Assessment Scale–Cognitive Subscale (ADAS-13) and 820 time points for 
273 participants were available for Montreal Cognitive Assessment 
(MoCA) in the following model:    

This model examined the association between CognitiveScore 
(measured by either ADAS-13 or MoCA) and Diagnosis. The categorical 
variable of interest was Diagnosis, indicated by SCD− or SCD+ status 
based on each definition. The models also included Time from baseline, 
sex, and years of education as covariates. Participant ID was included as 
a categorical random effect. All continuous variables were z-scored 
before being entered into the model. To express unit change over time of 
ADAS and MoCA scores, the estimate from the model was then multi-
plied by the standard deviation of the scores divided by the standard 
deviation of the time at baseline. 

Linear regressions were also completed to examine whether SCD 
definition influenced amyloid levels between SCD− and SCD+. Amyloid 
status was not available for three participants, thus data from 270 par-
ticipants was used in the model: 

Amyloid ∼ Diagnosis + Age + Sex 

This model examined the association between Amyloid and Diagnosis. 
The categorical variable of interest was Diagnosis, indicated by SCD− or 
SCD+ status based on each definition. The model also included age and 
sex as covariates. 

Based on previous research, we selected only 4 specific regions 
apriori (i.e., hippocampus, amygdala, ventricles, and superior temporal 
region) to be used when examining atrophy changes. For that reason, 
correction for multiple comparisons were not completed. The threshold 
of p < .05 was used to determine statistical significance. 

Table 1 
Demographic and clinical characteristics for cognitively normal older adults with and without subjective cognitive decline for the four definitions of SCD.  

Demographic information CCI ECog ECog þ Worry Worry 
SCD−
n = 176 

SCD+
n = 97 

SCD−
n = 130 

SCD+
n = 143 

SCD−
n = 177 

SCD+
n = 96 

SCD−
n = 149 

SCD+
n = 124 

Age 73.50 ± 6.27 72.44 ± 5.59 72.56 ± 6.21 73.63 ± 5.86 72.94 ± 6.17 73.43 ± 5.84 72.97 ± 6.17 73.29 ± 5.93 
Education 16.55 ± 2.54 16.77 ± 2.59 16.58 ± 2.65 16.67 ± 2.48 16.63 ± 2.57 16.63 ± 2.56 16.64 ± 2.52 16.61 ± 2.62 
AV-45 1.11 ± 0.18 1.13 ± 0.19 1.10 ± 0.16 1.13 ± 0.19 1.11 ± 0.18 1.14 ± 0.19 1.10 ± 0.17 1.14 ± 0.19 
APOE ε4 + 51 (29%) 29 (30%) 38 (29%) 42 (29%) 54 (30%) 26 (27%) 44 (30%) 36 (30%) 
Amyloid Positivity 61 (35%) 42 (43%) 46 (35%) 57 (40%) 59 (33%) 44 (46%) 49 (33%) 54(44%) 
Male sex 86(48%) 61 (41%) 64 (49%) 64 (45%) 88(50%) 38 (40%) 83(51%) 50(40%) 
ADAS-13 9.05 ± 4.44 8.79 ± 4.23 8.79 ± 4.23 9.19 ± 4.19 8.93 ± 4.57 8.84 ± 3.77 8.99 ± 4.77 8.78 ± 3.67 
MoCA 25.75 ± 2.37 25.65 ± 2.58 26.12 ± 2.35 25.36 ± 2.47* 25.83 ± 2.37 25.50 ± 2.58 25.82 ± 2.36 25.58 ± 2.56 
MMSE 29.02 ± 1.23 29.01 ± 1.22 29.12 ± 1.13 28.93 ± 1.30 29.06 ± 1.20 28.95 ± 1.28 29.08 ± 1.17 28.95 ± 1.30 

Values are expressed as mean ± standard deviation, or number (percentage %). APOE ε4+, amyloid positivity, and male sex are represented as total number of sample 
and percentage of sample. Bold text used to highlight statistically significant differences between SCD− and SCD+ . CCI = Cognitive Change Index. ECog = Everyday 
Cognition Scale. SCD− = Cognitively normal older adults without subjective cognitive decline. SCD+ = cognitively normal older adults with subjective cognitive 
decline. ADAS-13 = Assessment Scale–Cognitive Subscale. MoCA = Montreal Cognitive Assessment. MMSE = Mini Mental Status Examination. *Represents the only 
significant difference between groups, a difference in MoCA score between SCD− and SCD+. 

CognitiveScore ∼ Diagnosis + Age BL + Sex + Education + TimeFromBL*Diagnosis + (1|RID)
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3. Results 

3.1. Demographics 

Table 1 shows the demographic information and clinical character-
istics for all participants using the four SCD definitions. No statistically 
significant differences in mean age, education, or male:female ratio 
between groups were observed for any definition. Only one significant 
difference in clinical characteristics was observed between the groups. 
Using the ECog, those defined as SCD+ exhibited lower MoCA scores 
than SCD− at baseline. Fig. 1 displays a Venn diagram of the participant 
overlap between the different methods of defining SCD. 

Table 2 provides demographic information for the 91 participants 
who were SCD− with all definitions and the 71 participants that were 

SCD+ with all definitions. In this comparison the SCD− participants are 
very specific while the SCD+ participants are very sensitive. Despite this 
high sensitivity and specificity of groups, the demographic information 
between the participants did not differ (i.e., no significant differences in 
mean age, education, or male:female ratio). With regards to clinical 
characteristics, those who were SCD+ with all definitions had a higher 
amyloid positivity than those who were SCD− (45% of sample vs 35% of 
sample). 

3.2. SNIPE analysis 

Table 3 summarizes the results of the logistic regression models for 
both SNIPE and DBM analysis. Fig. 2 shows significant t-statistic values 
obtained for the categorical diagnosis variable (SCD+ or SCD− ) for only 
the regions tested (left/right hippocampus, amygdala, and superior 
temporal gyrus). Green regions indicate ROIs examined but not signifi-
cantly different between the groups. There was an effect of diagnosis on 
grading in the left hippocampus for both the CCI definition of SCD (OR 
= 0.74, 95% CI = − 0.60 – − 0.01, p = .04) and Worry (OR = 0.72, 95% 
CI = − 0.62 – − 0.05, p = .02), with an approaching significant effect for 
ECog + Worry definition (OR = − 0.27, 95% CI = − 0.56–0.02, p = .065). 

3.3. Atlas-based DBM analysis 

There were few anatomical differences detected by DBM. Only the 
right (OR = 0.72, 95% CI = − 0.58 – − 0.09, p = .008) and left (OR =
0.68, 95% CI = − 0.64 – − 0.01, p = .003) superior temporal regions were 
influenced by diagnosis when using the ECog-based definition. A 
trending effect of diagnosis was also observed in the right amygdala (OR 
= 0.79, 95% CI = − 0.49 – 0.01, p = .064) for the ECog analysis. No other 
structures were significantly different for SCD+ and SCD− groups using 
the ECog definition. No structures were found to be different using the 
other SCD definitions. 

3.4. Amyloid & APOE status 

As can be observed in Table 4 when amyloid positivity and APOE ε4 

Fig. 1. Venn Diagram representing the 
overlap of subjective cognitive decline (SCD) 
diagnosis between the four definitions of 
SCD. There was a total of 273 participants in 
the sample, 91/273 (33%) were SCD− with 
all definitions. The remaining 182 partici-
pants are shown in the Venn Diagram with 
the number of participants, the percentage of 
the overall SCD+ sample, and the fraction of 
the sample that was amyloid positive. Over-
all, there were 72/182 (40%) SCD partici-
pants that were amyloid positive. For the 
four SCD definitions, there were 97 SCD+
subjects defined by CCI, 143 SCD+ defined 
by ECog, 96 SCD+ defined by ECog &Worry, 
and 124 defined by Worry only. Finally, only 
39% (n = 71) of the 182 SCD+ subjects are 
common between the four definitions.   

Table 2 
Demographic and clinical characteristics for older adults who were SCD− and 
SCD+ with all definitions.  

Demographic information All four definitions 

SCD−
n = 91 

SCD+
n = 71 

Age 72.75 ± 6.29 72.90 ± 5.70 
Education 16.58 ± 2.67 16.73 ± 2.58 
AV-45 1.08 ± 0.15 1.13 ± 0.19 
APOE ε4+ 24 (26%) 20 (28%) 
Amyloid Positivity 31 (35%) 42 (45%) 
Male sex 48(48%) 61 (41%) 
ADAS-13 8.77 ± 4.75 8.72 ± 3.86 
MoCA 26.16 ± 2.37 25.45 ± 2.71 
MMSE 29.14 ± 1.07 28.97 ± 1.33 

Values are expressed as mean ± standard deviation, or number (percentage%). 
APOE ε4+, amyloid positivity, and male sex are represented as total number of 
sample and percentage of sample. SCD− = Cognitively normal older adults 
without subjective cognitive decline. SCD+ = cognitively normal older adults 
with subjective cognitive decline. ADAS-13 = Assessment Scale–Cognitive 
Subscale. MoCA = Montreal Cognitive Assessment. MMSE = Mini Mental Status 
Examination. 
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status were included in the models, the differences due to diagnosis on 
volume did not significantly change. Amyloid positivity was signifi-
cantly associated with grading for all SNIPE analyses, except for the 
ECog definition. On the other hand, APOE status was not associated with 
volume change in any of the ROIs or SCD definitions. Levels of amyloid 
did not differ between SCD− and SCD+ in any of the analyses (see 

Table 5). APOE ε4+ status did not differ between SCD− and SCD+
populations or between SCD+ groups between the four definitions. 

3.5. Cognitive Follow-up 

Fig. 3 displays the cognitive scores over time for ADAS13 and MoCA. 

Table 3 
Logistic regression model results showing differences between cognitively healthy older adults with and without subjective cognitive decline.   

CCI ECog ECog þ Worry Worry Only 

SNIPE     
Grading rHC ß=− 0.03, t = − 0.19, p = .85, OR =

0.97 
ß=− 0.23 t = − 1.69, p = .09, OR =
1.26 

ß=0.09 t = 0.65, p = .51, OR =
1.10 

ß=0.08 t = 0.57, p = .56 OR = 1.08 

Grading lHC ß¼− 0.30, t ¼ − 2.04, p ¼ .041, OR 
¼ 0.74 

ß=− 0.13, t = − 0.94, p = .34, OR =
0.87 

ß=− 0.27, t = − 1.84, p = .065, OR 
= 0.76 

ß¼− 0.33, t =− 2.31, p ¼ .021, OR 
¼ 0.72 

Volume rHC ß=0.05, t = 0.41, p = .67, OR = 1.10 ß=− 0.01, t = − 0.09, p = .93, OR =
1.02 

ß=0.06, t = 0.46, p = .64, OR =
1.06 

ß=− 0.02, t = − 0.19, p = .85, OR =
0.98 

Volume lHC ß=0.15, t = 1.15, p = .25, OR = 1.16 ß=− 0.02, t = − 0.15, p = .88, OR =
0.98 

ß=0.07, t = 0.54, p = .59, OR =
1.07 

ß=0.06, t = 0.47, p = .64, OR = 1.06 

DBM- Volume     
Right amygdala ß=− 0.11, t = − 0.88, p = .38, OR =

0.89 
ß=− 0.24, t = − 1.85, p = .064, OR =
0.79 

ß=0.02, t = 0.16, p = .87, OR =
1.02 

ß=0.11, t = 0.96, p = .34, OR = 1.11 

Left amygdala ß=0.02, t = 0.12, p = .90, OR = 1.02 ß=− 0.18, t = − 1.42, p = .15, OR =
0.83 

ß=0.11, t = 0.92, p = .36, OR =
1.12 

ß=0.16, t = 1.43, p = .15, OR = 1.18 

Right lateral 
ventricle 

ß=0.05, t = 0.39, p = .70, OR = 1.05 ß=0.14, t = 1.07, p = .29, OR = 1.15 ß=0.11, t = 0.95, p = .34, OR =
1.12 

ß=0.04, t = 0.38, p = .70, OR = 1.04 

Left lateral ventricle ß=0.02, t = 0.17, p = .86, OR = 1.02 ß=0.16, t = 1.20, p = .23, OR = 1.17 ß=0.18, t = 1.56, p = .11, OR =
1.21 

ß=0.09 t = 0.86, p = .38, OR = 1.10 

Right superior 
temporal 

ß=− 0.15, t = − 1.22, p = .22, OR =
0.86 

ß¼− 0.33, t =− 2.64, p ¼ .008, OR 
¼ 0.72 

ß=− 0.14, t = − 1.18, p = .24, OR =
0.87 

ß=0.03, t = 0.26, p = .79, OR = 1.03 

Left superior 
temporal 

ß=− 0.14, t = − 1.10, p = .27, OR =
0.87 

ß¼− 0.39, t =− 3.00, p ¼ .003, OR 
¼ 0.68 

ß=− 0.19, t = 1.58, p = .11, OR =
0.83 

ß=0.02, t = 0.15, p = .88, OR = 1.02 

CCI = Cognitive Change Index. ECog = Everyday Cognition Scale. rHC = right hippocampus. lHC = left hippocampus. OR = Odds ratio. Bolded values represent either 
significant or approaching significant differences between SCD+ and SCD− . 

Fig. 2. Significant t-statistic values obtained for regions of interest for each definition of subjective cognitive decline. Significant t-statistic values obtained for the 
categorical diagnosis variable (Subjective Cognitive Decline; SCD+ and SCD− ) for the four definitions of SCD for the six regions tested (left/right hippocampus, 
amygdala, and superior temporal gyrus). Green regions indicate ROIs that were examined but were not significantly different between the groups. Colder blue colors 
indicate lower DBM values in SCD+ compared to SCD− . A) Cognitive Change Index analysis – smaller left hippocampal grading in SCD+ vs. SCD− . B) Everyday 
Cognition Scale analysis – smaller right hippocampal grading, right amygdala, and right and left superior temporal regions in SCD+ vs. SCD− . C) Everyday Cognition 
Scale + Worry analysis – smaller left hippocampal grading in SCD+ vs. SCD− . D) Worry analysis – smaller left hippocampal grading in SCD+ vs. SCD− . (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Table 4 
Logistic regression model results including APOE and amyloid status showing the differences between cognitively healthy older adults with and without subjective cognitive decline.   

CCI ECog ECog þ Worry Worry Only 

SNIPE     
Grading rHC ß=− 0.007, t = − 0.05, p = .96, OR = 0.99 

Amyloid: ß=0.50, t = 1.78, p = .075, OR = 1.65 
APOE: ß=− 0.23, t = − 0.76, p = .44, OR = 0.80 

ß=0.24, t = 1.76, p = .078, OR = 1.28 
Amyloid: ß=0.21, t = 0.79, p = .43, OR = 1.24 
APOE: ß=0.01, t = 0.23, p = .98, OR = 1.01 

ß=0.12, t = 0.81, p = .42, OR = 1.13 
Amyloid: ß¼0.64, t ¼ 2.28, p ¼ .022, OR ¼ 1.90 
APOE: ß=− 0.35, t = − 1.14, p = .26, OR = 0.70 

ß=0.10, t = 0.72, p = .47, OR = 1.10 
Amyloid: ß=0.50, t = 1.87, p = .061, OR = 1.66 
APOE: ß=− 0.16, t = − 0.54, p = .59, OR = 0.86 

Grading lHC ß¼− 0.30, t ¼ − 1.98, p ¼ .047, OR ¼ 0.74 
Amyloid: ß=0.48, t = 1.72, p = .085, OR = 1.62 
APOE: ß=− 0.23, t = − 0.75, p = .45. OR = 0.80 

ß=− 0.13, t = − 0.92, p = .36, OR = 0.88 
Amyloid: ß=0.17, t = 0.63, p = .53, OR = 1.18 
APOE: ß=− 0.01, t = − 0.05, p = .96, OR = 0.99 

ß=− 0.27, t = 1.78, p = .075, OR = 0.77 
Amyloid: ß¼0.61, t ¼ 2.16, p ¼ .030, OR ¼ 1.83 
APOE: ß=− 0.35, t = − 1.15, p = .25, OR = 0.70 

ß¼− 0.33, t =− 2.26, p ¼ .024, OR ¼ 0.72 
Amyloid: ß=0.48, t = 1.76, p = .078, OR = 1.61 
APOE: ß=− 0.17, t = − 0.57, p = .57, OR = 0.85 

Volume rHC ß=0.04, t = 0.33, p = .74, OR = 1.04 
Amyloid: ß=0.50, t = 1.78, p = .075, OR = 1.64 
APOE: ß=− 0.22, t = − 0.73, p = .46, OR = 0.80 

ß=− 0.01, t = − 0.10, p = .91, OR = 0.99 
Amyloid: ß=0.18, t = 0.66, p = .50, OR = 1.19 
APOE: ß=− 0.01, t = − 0.05, p = .96, 0.99 

ß=0.05, t = 0.36, p = .72, OR = 1.05 
Amyloid: ß¼0.62, t ¼ 2.21, p ¼ .027, OR ¼ 1.85 
APOE: ß=− 0.35, t = − 1.13, p = .26, OR = 0.71 

ß=− 0.03, t = − 0.26, p = .79, OR = 0.97 
Amyloid: ß=0.49, t = 1.83, p = .067, OR = 1.63 
APOE: ß=− 0.17, t = − 0.58, p = .56, OR = 0.85 

Volume lHC ß=0.14, t = 1.12, p = .26, OR = 1.16 
Amyloid: ß=0.49, t = 1.77, p = .076, OR = 1.64 
APOE: ß=− 0.22, t = − 0.74, p = .46, OR = 0.80 

ß=− 0.02, t = − 0.16, p = .87, OR = 0.98 
Amyloid: ß=0.18, t = 0.66, p = .51, OR = 1.19 
APOE: ß=− 0.13, t = − 0.04, p = .96, OR = 0.99 

ß=0.06, t = 0.49, p = .62, OR = 1.07 
Amyloid: ß¼0.62, t ¼ 2.21, p ¼ .027, OR ¼ 1.86 
APOE: ß=− 0.35, t = − 1.14, p = .25, OR = 0.70 

ß=0.06, t = 0.44, p = .66, OR = 1.06 
Amyloid: ß=0.49, t = 1.82, p = .069, OR = 1.63 
APOE: ß=− 0.16, t = − 0.55, p = .58, OR = 0.85 

DBM     
Right amygdala ß=− 0.11, t = − 0.82, p = .41, OR = 0.90 

Amyloid: ß=0.41, t = 1.48, p = .13, OR = 1.51 
APOE: ß=− 0.10, t = − 0.35, p = .73, OR = 0.90 

ß=− 0.23, t = − 1.83, p = .067, OR = 0.79 
Amyloid: ß=0.13, t = 0.47, p = .64, OR = 1.13 
APOE: ß=− 0.02, t = − 0.08, p = .94, OR = 0.98 

ß=0.02, t = 0.18, p = .86, OR = 1.02 
Amyloid: ß=0.13, t = 0.52, p = .60, OR = 1.14 
APOE: ß=− 0.47, t = − 1.72, p = .085, OR = 0.62 

ß=0.10, t = 0.94, p = .35, OR = 1.11 
Amyloid: ß=− 0.01, t = − 0.06, p = .95, OR = 0.99 
APOE: ß=− 0.31, t = − 1.23, p = .21, OR = 0.74  

Left amygdala ß=0.03, t=0.23, p=.82, OR=1.03 
Amyloid: ß=0.42, t=1.52, p=.13, OR=1.52 
APOE: ß=− 0.10, t=− 0.33, p=.74, OR=0.91 

ß=− 0.17, t=− 1.39, p=.16, OR=0.84 
Amyloid: ß=0.12, t=0.45, p=.66, OR=1.13 
APOE: ß=− 0.02, t=− 0.06, p=.96, OR=0.98 

ß=0.12, t=0.97, p=.33, OR=1.13 
Amyloid: ß=0.15, t=0.58, p=.56, OR=1.16 
APOE: ß=− 0.48, t=− 1.75, p=.081, OR=0.62 

ß=0.16, t=1.43, p=.15, OR=1.18 
Amyloid: ß=− 0.01, t=− 0.02, p=.98, OR=1.00 
APOE: ß=− 0.31, t=− 1.26, p=.21, OR=0.73 

Right lateral ventricle ß=0.04, t=0.30, p=.76, OR=1.04 
Amyloid: ß=0.41, t=1.48, p=.14, OR=1.51 
APOE: ß=− 0.09, t=− 0.30, p=.77, OR=0.91 

ß=0.13, t=1.05, p=.29, OR= 1.15 
Amyloid: ß=0.12, t=0.46, p=.64, OR=1.13 
APOE: ß=− 0.02, t=− 0.07, p=.95, OR=1.02  

ß=0.10, t=0.80, p=.43, OR=1.10 
Amyloid: ß=0.12, t=0.49, p=.62, OR=1.13 
APOE: ß=− 0.45, t=− 1.65, p=.10, OR=0.63 

ß=0.03, t=0.27, p=.79, OR=1.03 
Amyloid: ß=− 0.03, t=− 0.12, p=.90, OR=0.97 
APOE: ß=− 0.30, t=− 1.19, p=.23, OR=0.74 

Left lateral ventricle ß=0.01, t=0.10, p=.91, OR=1.01 
Amyloid: ß=0.42, t=1.50, p=.13, OR=1.51 
APOE: ß=− 0.10, t=− 0.32, p=.75, OR=0.91 

ß=0.16 t=1.20, p=.23, OR=1.17 
Amyloid: ß=0.13, t=0.47, p=.64, OR=1.13 
APOE: ß=0.03, t=0.09, p=.93, OR=1.03 

ß=0.17 t=1.39, p=.16, OR=1.18 
Amyloid: ß=0.12, t=0.48, p=.63, OR=1.13 
APOE: ß=− 0.44, t=− 1.58, p=.12, OR=0.65 

ß=0.08 t=0.74, p=.46, OR=1.09 
Amyloid: ß=− 0.03, t=− 0.13, p=.89, OR=0.97 
APOE: ß=− 0.28, t=− 1.15, p=.25, OR=0.75 

Right superior temporal ß=− 0.15, t=− 1.21, p=.23, OR=0.86 
Amyloid: ß=0.41, t=1.50, p=.13, OR=1.51 
APOE: ß=− 0.09, t=− 0.30, p=.77, OR=0.92 

ß¼− 0.33, t=− 2.64, p¼.008, OR¼0.72 
Amyloid: ß=0.14, t=0.53, p=.60, OR=1.15 
APOE: ß=0.01, t=0.04, p=.97, OR=1.01  

ß=− 0.13, t=− 1.19, p=.23, OR=0.87 
Amyloid: ß=0.11, t=0.44, p=.65, OR=1.21 
APOE: ß=− 0.47, t=− 1.72, p=.085, OR=0.62 

ß=0.02, t=0.23, p=.82, OR=1.03 
Amyloid: ß=− 0.03, t=− 0.11, p=.91, OR=0.97 
APOE: ß=− 0.30, t=− 1.21, p=.22, OR=0.74 

Left superior temporal ß=− 0.14, t=− 1.04, p=.30, OR=0.87 
Amyloid: ß=0.39, t=1.44, p=.15, OR=1.49 
APOE: ß=− 0.06, t=− 0.19, p=.85, OR=0.94 

ß¼− 0.39, t=− 3.00, p¼.002, OR¼0.68 
Amyloid: ß=0.10, t=0.36, p=.72, OR=1.10 
APOE: ß=0.11, t=0.37, p=.71, OR=1.11 

ß=− 0.18, t=− 1.51, p=.13, OR=0.83 
Amyloid: ß=0.11, t=0.44, p=.65, OR=1.12 
APOE: ß=− 0.45, t=− 1.66, p=.097, OR=0.63 

ß=0.02, t=0.19, p=.85, OR=1.02 
Amyloid: ß=− 0.03, t=− 0.11, p=.91, OR=0.97 
APOE: ß=− 0.30, t=− 1.22, p=.22, OR=0.74 

CCI = Cognitive Change Index. ECog = Everyday Cognition Scale. rHC = right hippocampus. lHC = left hippocampus. Bolded values represent either significant or approaching significant differences between SCD+ and 
SCD− . 
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For the ADAS, the only significant difference was observed when using 
the CCI definition of SCD (ß = 0.18, SE = 0.09, t = 2.10, p = .036), 
indicating SCD+ individuals had 0.40 units more of ADAS13 compared 
SCD− . The model also revealed a significant effect of Age (ß = 0.33, SE 
= 0.04, t = 7.86, p < .001), Sex (ß = 0.35, SE = 0.09, t = 3.98, p < .001), 
and Education (ß = − 0.09, SE = 0.04, t = − 2.23, p = .03). That is, with 
every year of increased age, ADAS13 increases by 0.73, there was a 0.77- 
unit difference between males and females, and every year of education 
decreases ADAS13 scores by 0.20 units. The interaction between Time 
from Baseline and Diagnosis was not significant (t = 1.31, p = .19). No 
other definitions of SCD were associated with cognitive change as 
measured by the ADAS13. 

Longitudinal change in the MoCA was observed for the ECog defi-
nition of SCD (ß = − 0.27, SE = 0.09, t = − 2.87, p = .004). SCD+ in-
dividuals had 0.77 units less of MoCA than those who are SCD− . This 
model also revealed a significant effect of Age (ß = − 0.28, SE = 0.05, t =
− 6.03, p < .001), Sex (ß = − 0.31, SE = 0.10, t = − 3.32, p = .001), and 
Education (ß = 0.14, SE = 0.05, t = 2.87, p = .004). The interaction 
between Time from Baseline and Diagnosis was not significant (|t| < 1, p 
= .87). Every year of increased age reduces the MoCA by 0.80 units, 
there was a difference of 0.88 units between males and females, and 
every year of education increases MoCA by 0.40 units. 

The ECog + Worry definition of SCD also revealed a significant group 
effect (ß = − 0.22, SE = 0.10, t = − 2.18, p = .03). That is, SCD+ in-
dividuals had 0.63 units less of MoCA than those who are SCD− . Similar 

to the ECog results, this model also revealed a significant effect of Age (ß 
= − 0.29, SE = 0.05, t = − 5.94, p < .001), Sex (ß = − 0.34, SE = 0.10, t =
− 3.39, p < .001), and Education (ß = 0.14, SE = 0.05, t = 2.90, p =
.004). The interaction between Time from Baseline and Diagnosis was 
not significant (t = − 1.10, p = .27). Every year of increased age reduces 
MoCA by 0.83 units, there was a difference of 0.97 units between males 
and females, and every year of education increases MoCA by 0.40 units. 
The CCI and Worry definition of SCD was not significantly associated 
with MoCA scores. 

4. Discussion 

Despite the SCD-I working group report (Jessen et al., 2014), many 
current studies use widely discrepant methodologies for defining SCD, 
resulting in inconsistent findings. This inconsistency makes generaliza-
tions difficult and may contribute to contradictory results in the current 
literature examining the associations between SCD, brain changes, and 
cognitive decline. The current study compares four common methods of 
defining SCD. Table 1 shows that the four definitions do not separate the 
participants differently by demographic variables (age, education, sex), 
biomarker variables (AV-45, APOE ε4+, amyloid positivity) or cognition 
as measured by ADAS013, MoCA or MMSE at baseline with one excep-
tion. The ECog definition separates SCD− from SCD+ for baseline MoCA 
(p < 0.05, uncorrected), but this difference is no longer significant when 
the 36 multiple comparisons are corrected for. 

This study investigated three main questions: 1) What is the overlap 
of SCD+ participants using four different SCD definitions? 2) do SCD−
and SCD+ atrophy differences vary depending on SCD definition? and 3) 
are longitudinal cognitive trajectories of SCD− and SCD+ populations 
different between four definitions of SCD? We observed that these four 
methods do not categorize older adults similarly, as there was little 
overlap between the four definitions (see Fig. 1). Both atrophy differ-
ences and longitudinal cognitive trajectories between SCD− and SCD+
vary depending on the method used to define SCD. 

First, only 39% of the SCD+ participants were common between the 
four definitions. This finding suggests that there are major in-
consistencies in who is identified as having SCD between these methods, 
which may lead to difficulties when a clinician is attempting to deter-
mine which measure to use to predict/screen for AD or future cognitive 
decline. When early treatment becomes available, clinicians could miss 
treatment for some individuals at higher risk of AD while providing 
unnecessary treatment to others. The use of different questionnaires may 
introduce further inconsistencies across care providers and clinics. 

Second, we observed SCD definition dependent SCD− :SCD+ regional 
volume differences. Hippocampal volume was smaller in SCD+ than 
SCD− when using both the CCI and Worry and approached significance 

Table 5 
Linear regression model results showing the group differences in AV-45 between 
SCD− and SCD+.   

Analysis 
1–CCI 

Analysis 
2–ECog 

Analysis3–ECog +
Worry 

Analysis 
4–Worry 
Only 

Intercept ß¼0.71, SE 
¼ 0.13, t =
5.41, p < 
.001 

ß¼0.71, SE 
¼ 0.13, t =
5.56, p < 
.001 

ß¼0.71, SE ¼
0.13, t = 5.43, p 
< .001 

ß¼0.71, SE 
¼ 0.13, t =
5.41, p < 
.001 

Group ß=0.13, SE =
0.02, t =
0.62, p = .54 

ß=0.02, SE =
0.02, t =
1.13, p = .26 

ß=0.02, SE = 0.02, 
t = 0.92, p = .35 

ß=0.03, SE =
0.02, t =
1.39, p = .17 

Sex- 
Male 

ß¼− 0.09, 
SE ¼ 0.02, t 
=− 4.14, p < 
.001 

ß¼− 0.09, 
SE ¼ 0.02, t 
=− 4.14, p < 
.001 

ß¼− 0.09, SE ¼
0.02, t =− 4.15, p 
< .001 

ß¼− 0.09, 
SE ¼ 0.02, t 
=− 4.08, p < 
.001 

Age ß¼0.01, SE 
< 0.01, t =
3.40, p < 
.001 

ß¼0.01, SE 
< 0.01, t =
3.26, p < 
.001 

ß¼0.01, SE < 
0.01, t = 3.40, p 
< .001 

ß¼0.01, SE 
< 0.01, t =
3.38, p < 
.001 

CCI = Cognitive Change Index. ECog = Everyday Cognition Scale. Bolded values 
represent significant differences between SCD+ and SCD− . 

Fig. 3. Longitudinal cognitive change by group for ADAS and MoCA. This figure shows the only significant differences in cognitive score for each definition. 
Longitudinal clinical change of each participant group as well as the group change over time is presented in each image. Red lines = SCD+; Blue lines = SCD− . A) 
Longitudinal change of ADAS scores when defining SCD− and SCD+ based on the CCI. B) Longitudinal change of Montreal Cognitive Assessment (MoCA) scores when 
defining SCD− and SCD+ based on ECog; C) Longitudinal change of MoCA scores when defining SCD− and SCD+ based on ECog + Worry; (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 
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for the ECog + Worry definition. Such decreased hippocampal volume is 
consistent with other SCD studies that included worry (Scheef et al., 
2012), and memory clinic consultation (Kim et al., 2013; Mollica et al., 
2017). However, we did not find hippocampal volume group differences 
when defining SCD+ with the ECog. This finding is also consistent with 
several studies that did not report hippocampal atrophy in people with 
SCD who used multiple questionnaires (Saykin et al., 2006; Shen et al., 
2010). The ECog was sensitive to SCD− :SCD+ group differences in the 
right and left superior temporal regions not observed with the other 
three definitions. A previous study observed that enlarged white matter 
at the banks of the superior temporal sulcus was associated with 
increased progression from SCD to MCI over 7 years (Yue et al., 2021). It 
is thus possible that ECog may be sensitive to early decline several years 
in advance of overt symptoms. These differences provide insight into 
how different definitions of SCD may influence regional atrophy dif-
ferences observed between SCD+ and SCD− . 

Third, we found different cognitive trajectories between the SCD+
groups using the four definitions. While an association between the CCI 
and future cognitive decline as measured by the ADAS-13 was found, the 
CCI was not associated with cognitive change on the MoCA. On the other 
hand, the ECog definition of SCD was associated with a decline on the 
MoCA, but not on the ADAS-13. The Worry definition was not associated 
with future cognitive decline as measured by either the ADAS-13 or 
MoCA. This finding is further supported by a less significant effect 
observed for the association between ECog + Worry and MoCA scores 
than for the association between ECog and MoCA; suggesting that the 
ECog definition is driving the association between SCD and cognitive 
change for MoCA scores. The differences in cognitive change observed 
between the definitions may be associated with a combination of the 
cognitive test sensitivity to detect cognitive decline early in the AD 
trajectory and the sensitivity of the definitions to classify SCD associated 
with AD. It is possible that the SCD questionnaires may not all be 
associated with future AD progression and are sensitive to other forms of 
decline. 

The mixed group volume differences and cognitive trajectories be-
tween SCD− and SCD+ observed between the four definitions of SCD 
suggest these methods may measure different constructs or types of SCD. 
This hypothesis is further supported with a participant overlap of <40% 
between the four SCD definitions and the different patterns of atrophy in 
the four SCD+ groups. The CCI and Worry methods revealed hippo-
campal volume declines in SCD+ and thus may tap into subjective 
cognitive declines involved with the left hippocampus such as verbal 
memory deficits (Ezzati et al., 2016). Hippocampal declines are 
observed early in AD disease progression. Therefore, the CCI and Worry 
methods may be sensitive to SCD related to AD. When also taking into 
consideration the cognitive trajectories of CCI and Worry, only the CCI 
was associated with future cognitive decline, suggesting this question-
naire may be the most sensitive (of the four measures evaluated here) to 
preclinical AD. 

Reduced volume in the superior temporal region was observed in 
SCD+ relative to SCD− but only using the ECog definition. Thus, the 
ECog may be sensitive to cognitive decline related to the superior tem-
poral regions such as episodic memory coding, language comprehen-
sion, and speech processing (Wang et al., 2016; Yi et al., 2019), 
Although atrophy in the superior temporal region has been observed as a 
sensitive factor for future cognitive decline, this region is not a key 
component underlying AD-related atrophy. It is possible that the ECog is 
sensitive to cognitive decline (as measured by MoCA) associated with 
dementia other than AD. Taken together, the ECog and CCI may be 
sensitive to different subtypes of SCD. Another recent study also iden-
tified multiple SCD subgroups, each characterized by unique patterns of 
brain atrophy (Diaz-Galvan et al., 2021). 

All the methods of defining SCD in this sample had a similar ratio of 
amyloid positivity, amyloid levels, and APOE ε4+ in the participants. 
According to the recent National Institute on Aging Alzheimer’s Asso-
ciation (NIA-AA), SCD is part of the transitional “Stage 2” of AD (Jack 

et al., 2018). In this stage, people should exhibit pathological tau and Aß 
markers. In the current study, none of the methods used to define SCD 
resulted in SCD+ groups with higher levels of pathology when compared 
to the corresponding SCD− groups. This finding suggests that although 
the CCI appears to be sensitive to AD-related atrophy and cognitive 
decline, it may not be sensitive or specific in identifying tau and amyloid 
pathology. 

It should also be mentioned that the image processing employed in 
this study (i.e., DBM and SNIPE) has been developed and extensively 
validated for use in multi-center and multi-scanner studies. These pro-
cessing methods have shown patterns of atrophy in cognitively normal, 
MCI, dementia, and neurodegenerative disease populations, including 
ADNI (Dadar et al., 2020a; Dadar et al., 2020b; Manera et al., 2019; 
Zandifar et al., 2020). These techniques thus have the required sensi-
tivity to reveal group differences between SCD− and SCD+ . Thus, the 
lack of SCD− :SCD+ differences observed in this study is not the result of 
image processing methods that are not sensitive to observe group 
differences. 

There are a few limitations of the current study. We used cross- 
sectional MRI data to predict eventual cognitive decline. Future 
research should use a longitudinal design to determine if the conversion 
rate to MCI from SCD varies in the assigned groups with all four defi-
nitions. This type of study would not only help differentiate between the 
subtypes of SCD, but would also improve our understanding of how the 
questionnaires may be associated with regional atrophy in SCD+ vs. 
SCD− . In the current dataset, the CCI was only administered at screening 
and thus a follow-up using a longitudinal design with the CCI was not 
possible. Another limitation of the current study is the use of a 
population-based cohort. This study design is a limitation because 
people who seek medical help (i.e., memory clinic consultation) for 
memory concerns show more hippocampal atrophy than those who do 
not seek help (Perrotin et al., 2017) and may be more likely to convert to 
MCI (van Harten et al., 2018). Within our sample, all our participants’ 
education levels were quite high, thus limiting extrapolation to more 
representative populations. Atrophy, demographic, and clinical char-
acteristics between the different definitions may have been observable if 
we were able to examine the participants that were only SCD+ with each 
definition (i.e., 11 SCD+ with CCI, 15 SCD+ with worry, and 45 SCD+
with ECog). However, because of the limited participant sample size 
with each definition we were unable to compare the participants from 
these small groups and the 71 SCD− participants with sufficient power. 

5. Conclusion 

The current study compared four commonly used methods of 
defining SCD in the same sample of participants to demonstrate that 
regional atrophy and future cognitive decline observed in SCD+ pop-
ulations depend on the SCD definition used. These findings have sig-
nificant implications for both clinical and research settings where it is 
crucial to use a definition that has high sensitivity and specificity to 
identify individuals in the preclinical stages of AD. Misidentifying peo-
ple who will progress to AD reduces the likelihood of researchers finding 
an early biomarker for AD. This misidentification also reduces the 
chances of clinicians providing effective treatments to slow or stop AD 
progression. Future research needs to determine which questionnaire is 
sensitive to neurodegeneration, future cognitive decline, and tau and 
amyloid pathology to be successful at accurately predicting who will 
progress to AD. 
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