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ABSTRACT

Objective: We studied the biomarker signatures and prognoses of 3 different subtle cognitive
impairment (SCI) groups (executive, memory, and multidomain) as well as the subjective memory
complaints (SMC) group.

Methods: We studied 522 healthy controls in the Alzheimer’s Disease Neuroimaging Initiative
(ADNI). Cutoffs for executive, memory, and multidomain SCI were defined using participants who
remained cognitively normal (CN) for 7 years. CSF Alzheimer disease (AD) biomarkers, composite
and region-of-interest (ROI) MRI, and fluorodeoxyglucose-PET measures were compared in these
participants.

Results: Using a stringent cutoff (fifth percentile), 27.6% of the ADNI participants were classified
as SCI. Most single ROI or global-based measures were not sensitive to detect differences
between groups. Only MRI-SPARE-AD (Spatial Pattern of Abnormalities for Recognition of Early
AD), a quantitative MRI pattern-based global index, showed differences between all groups,
excluding the executive SCI group. Atrophy patterns differed in memory SCI and SMC. The CN
and the SMC groups presented a similar distribution of preclinical dementia stages. Fifty percent
of the participants with executive, memory, and multidomain SCI progressed to mild cognitive
impairment or dementia at 7, 5, and 2 years, respectively.

Conclusions: Our results indicate that (1) the different SCI categories have different clinical prognoses and biomarker signatures, (2) longitudinally followed CN subjects are needed to establish
clinical cutoffs, (3) subjects with SMC show a frontal pattern of brain atrophy, and (4) patternbased analyses outperform commonly used single ROI-based neuroimaging biomarkers and are
needed to detect initial stages of cognitive impairment. Neurology® 2015;85:144–153
GLOSSARY
Ab 5 b-amyloid; AD 5 Alzheimer disease; ADNI 5 Alzheimer’s Disease Neuroimaging Initiative; aHV 5 adjusted hippocampal
volume; CN 5 cognitively normal; FDG 5 fluorodeoxyglucose; HC 5 healthy control; MCI 5 mild cognitive impairment; MRISPARE-AD 5 MRI Spatial Pattern of Abnormalities for Recognition of Early Alzheimer Disease; PET-HCI 5 PET hypometabolic convergence index; p-tau181 5 tau phosphorylated at threonine 181; ROI 5 region of interest; SCI 5 subtle cognitive
impairment; SCINIB 5 subtle cognitive impairment with normal neuronal injury biomarkers; SMC 5 subjective memory
complaints; SNAP 5 suspected nonamyloid pathology; t-tau 5 total tau; WMI 5 white matter hyperintensity.

Supplemental data
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The development of different neuropsychological batteries and biomarkers and their use in different cohorts have led to the study of earlier stages of dementia. Therefore, mild cognitive
impairment (MCI) was defined as a stage that may precede Alzheimer disease (AD) or other dementias. MCI is characterized by moderate cognitive impairment without impairment of daily
living activities,1 that can be further categorized based on the cognitive profile into amnestic and
nonamnestic MCI subtypes. Biomarkers correlate with neuropathologic hallmarks of AD2–4 and
a model of biomarker and clinical changes extending from normal cognition to AD dementia has
been proposed.5 Based on the recent recognition that b-amyloid (Ab) deposition and biomarker
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changes reflecting this occur several years
before the onset of cognitive symptoms, preclinical AD stages were recently proposed. The
assumption that there are stereotypical
sequential changes affecting Ab and neurodegeneration biomarkers followed thereafter by
the appearance of subtle cognitive impairment
(SCI) led to a 3-stage pathologic model for the
onset of cognitive impairment and progression
to MCI and AD dementia.6 However, the
study of cognitively normal (CN) individuals
led to the definition of 2 new categories that
did not fit this model, namely, those with suspected nonamyloid pathology (SNAP)7 and
those with SCI who show normal neuronal
injury biomarkers (SCINIB)8 (table e-1 on
the Neurology® Web site at Neurology.org).
Both categories might include non-AD causes
of cognitive impairment. The distributions of
the presumed non-AD preclinical dementia
groups and the corresponding longitudinal
outcomes have been studied in several different cohorts.7–13 However, none of the studies
explored clinical implications and biomarker
correlates of the different cognitive domains,
which could have important clinical and diagnostic implications, as extensively as for
MCI.14 To answer this, we compared the clinical, biomarker, and longitudinal outcomes of
subjects with SCI due to executive, memory,
or combined impairments.
METHODS Participants. 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 by the National Institute on Aging, the
National Institute of Biomedical Imaging and Bioengineering,
the Food and Drug Administration, private pharmaceutical
companies, and nonprofit organizations15 as detailed in the
ADNI Manuscript Citations protocol (http://adni.loni.usc.edu/
wp-content/uploads/how_to_apply/ADNI_Manuscript_Citations.
pdf and supplementary material) (see additional information in
http://www.adni-info.org).
A total of 522 healthy controls (HCs), 106 of them with subjective memory complaints (SMC), were included in this study
(table 1 and e-Methods). HCs without SMC are further referred
in this report as CN participants. Data were downloaded November 2, 2014. Three hundred seventy-one participants had CSF
Ab1–42, total tau (t-tau), and tau phosphorylated at threonine
181 (p-tau181) data available, which were obtained from
UPENNBIOMK.csv, UPENNBIOMK5-7.csv (all the measurements for each participant were selected from a single file). Four
hundred thirty-eight and 460 participants had adjusted hippocampal volume (aHV) measures and MRI-SPARE-AD (Spatial
Pattern of Abnormality for Recognition of Early AD)16,17 values,
respectively. Finally, 306 and 301 participants had data on

PET-fluorodeoxyglucose (FDG) hypometabolic convergence
index (PET-HCI)18 and posterior cingulate cerebral metabolic rate
for glucose (posterior cingulate PET) available, respectively. The
diagnosis of AD dementia was established based on the National
Institute of Neurological and Communicative Disorders and
Stroke–Alzheimer’s Disease and Related Disorders Association criteria for probable AD,19 whereas participants with MCI did not
meet these AD criteria and had largely intact general cognition and
functional performance and met predetermined criteria for MCI.1
ADNI-1, ADNI-GO, and ADNI-2 participants were recruited in
different waves at different times so the available follow-up varies
between cohorts. Median follow-up was 6 years (first and third
quartiles: 3.0 and 7.4) and 1.9 years (first and third quartiles: 0.5
and 2.0) for ADNI-1 and ADNI-GO/2 participants, respectively
(figure e-1). Percentages of participants lost to follow-up were
56.3% in ADNI-1 and 8.2% in ADNI-GO/2.

Standard protocol approvals, registrations, and patient
consents. Protocols were submitted to institutional review
boards for each participating location and their written unconditional approval was obtained and submitted to Regulatory Affairs
at the ADNI Coordinating Center before commencement of the
study. Written informed consent for the study was obtained from
all participants and/or authorized representatives.

CSF collection and Ab1–42 measurement. After an overnight
fast, lumbar puncture was performed in the morning. The multiplex xMAP Luminex platform was used to measure Ab1–42,
t-tau, and p-tau181 (Luminex Corp., Austin, TX) using INNOBIA AlzBio3 immunoassay kit–based reagents (for research
use–only reagents; Innogenetics, Ghent, Belgium). Information
on the procedures and standard operating procedures was
described previously20,21 (supplementary material and online at
http://www.adni-info.org/).
MRI and FDG-PET acquisition and processing. At each
performance site, 1.5-tesla (T) (ADNI-1) and 3T (ADNIGO/2) nonaccelerated sagittal volumetric, 3-dimensional
magnetization-prepared rapid-acquisition gradient echo MRIs
were acquired (http://adni.loni.ucla.edu). Only images that
passed the quality-control evaluations were included. Cortical
gray matter volumes were processed using FreeSurfer software
package version 4.4 (for 1.5T MRI scans) and 5.1 (for 3T
MRI scans) image processing framework (http://surfer.nmr.
mgh.harvard.edu/).22,23 The aHV was calculated as previously
described to account for differences between different field
strengths and software packages.8 The MRI-SPARE-AD index
captures brain atrophy related to AD.16,24 ODVBA (optimally
discriminative voxel-based analysis) was applied for voxel-based
analysis.25
A standardized protocol was followed to reconstruct the
acquired FDG-PET data with the use of measured attenuation
correction and the specified reconstruction algorithm for each
scanner type (http://adni.loni.ucla.edu/). Images were downloaded and preprocessed using SPM5 by investigators at Banner
Alzheimer’s Institute (http://www.fil.ion.ucl.ac.uk/spm). We calculated the PET-HCI,18 a pattern-based summary score, and the
cerebral metabolic rate for glucose for the posterior cingulate.
Definition of preclinical dementia stages and biomarker
and cognitive cutoffs. The CN participants were classified in
SCI groups based on their composite memory26 and executive
function scores.27 To define the cutoffs, we identified ADNI1 CN participants with a follow-up of at least 7 years (n 5 117);
81 remained clinically stable after at least 7 years of follow-up
(70%), whereas 27 participants progressed to MCI (23%) and
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Table 1

Characteristics of the participants included in the study
SCI category
p Value

CN

SMC

Executive

Memory

Multidomain

307

71

51

66

27

Age, y

73.9 (5.5)

71.6 (5.2)

77.3 (5.5)

75.0 (6.3)

78.0 (5.7)

,0.0001b,c,d

Sex, % male

45.0

35.0

41.2

74.2

74.1

,0.0001e,d

APOE e4, %

27.1

33.8

23.5

30.6

33.3

Fifth percentile, no.
a

0.66

SMC, %

—

—

28.3

21.1

22.2

ADAS-Cogf

8.0 (5.3–10.0)

7.0 (5.0–9.0)

10.3 (8.0–12.8)

13.0 (11.0–15.0)

15.0 (14.3–18.0)

,0.0001c,e,d

MMSEf

29.0 (29.0–30.0)

29.0 (29.0–30.0)

29.0 (29.0–30.0)

29.0 (28.0–30.0)

28.0 (27.0–29.0)

,0.0001e,d

Memoryf

1.04 (0.77–1.37)

1.07 (0.84–1.37)

0.83 (0.64–1.02)

0.29 (0.14–0.43)

0.28 (0.05–0.38)

,0.0001c,e,d

Executivef

0.90 (0.50–1.42)

0.92 (0.48–1.33)

20.22 (20.49 to 20.12)

0.63 (0.25–0.93)

20.29 (20.55 to 20.17)

,0.0001c,e,d

273

65

69

67

48

Age, y

73.6 (5.5)

71.3 (5.2)

76.8 (5.5)

74.6 (5.6)

77.5 (6.2)

,0.0001b,c,d

Sex, % male

43.6

33.8

39.1

76.1

70.8

,0.0001e,d

APOE e4, %

27.6

32.3

27.5

28.6

29.1

10th percentile, no.
a

1.0

0.95

SMC, %

—

—

23.2

23.9

18.8

ADAS-Cogf

7.3 (5.0–10.0)

7.0 (5.0–9.0)

9.7 (7.0–11.7)

13.0 (11.0–15.0)

15.0 (12.0–18.0)

,0.0001c,e,d

MMSEf

29.0 (29.0–30.0)

29.0 (29.0–30.0)

29.0 (29.0–30.0)

29.0 (29.0–30.0)

28.0 (27.0–29.0)

,0.0001d

Memoryf

1.08 (0.81–1.40)

1.11 (0.86–1.42)

0.89 (0.74–1.11)

0.37 (0.18–0.47)

0.31 (0.09–0.45)

,0.0001c,e,d

Executivef

0.95 (0.58–1.46)

0.93 (0.53–1.35)

20.12 (20.29 to 20.06)

0.70 (0.46–1.12)

20.11 (20.48 to 0.06)

,0.0001c,e,d

0.81

Abbreviations: ADAS-Cog 5 Alzheimer’s Disease Assessment Scale–Cognitive Subscale; CN 5 cognitively normal; MMSE 5 Mini-Mental State Examination; SCI 5 subtle cognitive impairment; SMC 5 subjective memory complaints.
The p values were based on analysis of variance except sex and APOE, which were based on Fisher exact test.
a
Mean (SD).
b
CN and SMC comparison, p , 0.05.
c
CN and executive SCI comparison, p , 0.05.
d
CN and multidomain SCI comparison, p , 0.05.
e
CN and memory SCI comparison, p , 0.05.
f
Median (1st quartile–3rd quartile).

9 participants progressed to AD (7%). Baseline age (p 5 0.23),
education (p 5 0.46), and sex (p 5 0.76) of these 81 participants
did not differ from the remainder of the CN participants. We
calculated cutoffs for the memory and executive performance
scores in these 81 CN participants using the fifth (0.010 and
0.48, respectively) and 10th (0.19 and 0.54, respectively)
percentiles. Finally, multidomain SCI was defined by the
presence of abnormal values in memory and executive scores.
Assessment of the visuospatial domain was not included because
there were no detailed cognitive assessments for this domain. The
language domain was assessed using the semantic fluency and
Boston Naming tests as previously described.28 There was a small
number of participants with language SCI (because of a large
overlap with the executive SCI) and this group was not
associated with longitudinal outcomes; therefore, results including
this domain are presented in table e-2.
For the classification of HCs into preclinical stages (table e-1),
we selected CSF Ab1–42 as the Ab deposition marker and t-tau
and aHV as neuronal injury biomarkers and therefore only 300
participants who had all measures available were included in these
analyses. We used CSF Ab1–42 as the Ab deposition marker
because it was available for 366 HCs whereas baseline
florbetapir-PET scans were only available for 265 HCs and 8 of
these did not have CSF Ab1–42 measurements. In addition, CSF
146
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Ab1–42 and florbetapir-PET scans show high classification agreement29,30 although the association is limited to the middle range
of values.30 Therefore, one of these measures of Ab burden is
reasonably sufficient to classify subjects. However, because there
is a low agreement between the different neurodegeneration biomarkers,8 we selected these biomarkers based on their association
with CN progression to MCI/dementia.8 CSF Ab1–42 and t-tau
cutoffs were selected based on cutoffs previously established and
validated in a cohort including subjects with autopsy-confirmed
AD.20 The aHV cutoff (404.5) was chosen based on values that
would give 90% sensitivity using a group of 271 participants with
AD dementia for this purpose.7,8 Participants were categorized as
neurodegeneration-positive if any of the 2 included neurodegeneration biomarkers was abnormal. Therefore, CN participants
were classified into the following categories: stage 0,7 stage 1,
stage 2, and SNAP.7 The different SCI groups were classified into
stage 3,6 SNAP, and SCINIB.8

Statistical analysis. For group comparisons of quantitative variables, analysis of variance and linear regression analysis were
applied, depending on the presence of covariates. To achieve a
normal distribution of the residuals, a power transformation
was applied when needed. Age and sex were included as covariates
in the group comparison of biomarker values. Fisher exact test
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was applied for the analyses of qualitative variables. For the analysis of conversion from HC to MCI/dementia, a Cox proportional hazards model that included age, sex, APOE e4 presence,
and education as covariates was used. The proportional hazards
assumption was tested analyzing the correlation between the
Schoenfeld residuals and survival time.31 SCI groups did not meet
the proportional hazards assumption; therefore, we applied a proportional hazards model with a heaviside function. No multiple
comparisons adjustment was applied to p values among groups for
the biomarkers studied here because biomarkers were selected a
priori based on recommendations for the preclinical AD categories and we consider this an exploratory study to define the use of
biomarker for preclinical dementia categories. Significance was
defined as p 5 0.05 type I error.
RESULTS Demographic characteristics and cognitive
scores. As expected, the groups differed in cognitive

impairment, with the 3 SCI groups showing worse
performance than the CN group, but no differences
for the cognitive scores were found between the
SMC and the CN groups (tables 1 and e-2). Male
participants were overrepresented in the memory SCI
and multidomain SCI groups. Conversely, there were
no differences in the percentage of SMC in the different groups.
CSF and neuroimaging biomarkers. Several biomarkers
were altered between groups (tables 2 and e-3).
MRI-SPARE-AD showed the largest differences
between groups, revealing increased brain atrophy in
participants with SMC and memory and multidomain
SCI compared with CN participants. In addition, the
multidomain SCI group presented greater posterior
cingulate FDG-PET hypometabolism and lower CSF
Ab1–42 values compared with the CN group. Finally,
the memory SCI and the SMC groups showed lower
CSF Ab1–42 and higher p-tau181 levels than the CN
group, respectively. Results using the same participants
in all comparisons are presented in table e-4.
Comparison of the ADNI-2 participants’ baseline
MRIs is presented in figure 1.
Preclinical dementia stages and clinical progression.

Three different biomarkers (CSF Ab1–42, t-tau, and
aHV) were needed for the classification of presumed
AD/non-AD pathology preclinical dementia stages,
i.e., preclinical AD, SCINIB, and SNAP, in the
different clinical groups (tables 3 and e-5). No
differences were found between the different
categories when the NC and the SMC groups were
compared (p 5 0.66). The multidomain SCI group
showed a higher percentage of stage 3 participants
compared with the memory SCI (p 5 0.035) and
there was a trend for the comparison with the
executive SCI (p 5 0.076).
Overall, ADNI-1 CN participants showed a conversion rate to MCI/dementia of 16% by year 5
and 27.5% by year 7 (figure e-1). Conversion from
memory SCI to MCI/dementia reached 50% at

5 years, whereas the same conversion rate was reached
within 2 years for the multidomain SCI cases while
taking 7 years for the executive MCI (figure 1) using
the fifth percentile cutoff. The different SCIs did not
fulfill the proportional hazards assumption, therefore
we created 2 heaviside functions for each category; all
the heaviside functions were associated with a greater
conversion to MCI/dementia except the first heaviside function for executive SCI (table 4). The median
time to conversion was 5, 6, and again 6 years for the
multidomain, memory, and executive groups, respectively, using the 10th percentile cutoff; results of the
survival model are summarized in table 4. The SMC
was not included in the analyses because of short
follow-up.
DISCUSSION In this large sample of ADNI CN participants studied here, 27.6% had SCI, with singledomain memory SCI being the most frequent. The
3 types of SCI groups showed differences in clinical
prognoses and distribution of preclinical dementia
stages, but only the cases with multidomain SCI
showed distinct biomarker profiles when compared
with the CN group because of the lack of sensitivity
of several neurodegeneration biomarkers to detect
changes in the executive and memory SCI groups.
The multidomain SCI had the highest proportion
of participants with stage 3 preclinical AD.
Previous studies had described cognitive and biomarker changes in subjects with pre-MCI,32,33 but it
was only relatively recently that criteria for preclinical
AD stages were established. These criteria provided a
significant new framework for classifying individuals
into 3 distinct categories,6 but neither was specific
recommendation given for the selection of specific
neurodegeneration biomarkers nor were any criteria
defined for neuropsychological cutoffs to be used to
identify the various preclinical stages that might lead
to progression to MCI/dementia. One approach to
the operational implementation of these criteria
selected a cutoff for the neurodegeneration biomarkers that had 90% sensitivity for AD and a clinical cutoff for the composite cognitive score based on
the 10th percentile of the baseline CN controls.7
Thereafter, 3 different studies confirmed that these
categories were associated with the risk of progression
to MCI/dementia.8,12,13 However, 2 of the studies
used nonoverlapping neurodegeneration biomarkers,12,13 whereas only one study included all
the different available neurodegeneration biomarkers.8 The latter found low agreement between
the different neurodegeneration biomarkers, indicating that each study might classify subjects differently.
Whereas the different MCI subtypes have been
studied regarding progression to dementia,14 this
has not been the case for the SCI groups. Therefore,
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0.32 (0.12 to 0.70)
2.0 (2.0 to 2.1)

783.5 (439.6 to 1,374.5)
21.1 (21.6 to 20.7)
—
—
5.6 (5.2 to 6.9)

759.3 (162.8 to 1,284.4)
21.4 (21.8 to 21.1)
0.20 (0.08 to 0.57)
2.1 (2.0 to 2.2)
8.5 (6.8 to 10.6)

MRI-aHV

MRI-SPARE-AD

WMH

Posterior cingulate PET

0.27 (0.11 to 0.57)
2.1 (2.0 to 2.1)

763.4 (408.3 to 1,359.3)
21.1 (21.6 to 20.7)
—
—

778.5 (179.5 to 1,297.1)
21.4 (21.8 to 21.1)
0.22 (0.08 to 0.58)
2.1 (2.0 to 2.2)
8.6 (6.7 to 10.7)

MRI-aHV

MRI-SPARE-AD

WMH

Posterior cingulate PET

PET-HCI

8.6 (7.3 to 10.2)

675.2 (151.2 to 1,196.7)

28.5 (22.0 to 43.4)

8.2 (6.9 to 12.1)

2.1 (1.9 to 2.2)

0.23 (0.08 to 0.39)

21.3 (21.6 to 21.0)

908.0 (306.7 to 1,379.7)

31.4 (19.7 to 42.7)

63.6 (45.9 to 79.2)

196.4 (147.5 to 235.5)

8.2 (7.0 to 11.9)

2.1 (1.9 to 2.2)

0.24 (0.12 to 0.42)

21.2 (21.6 to 20.9)

769.9 (81.6 to 1,371.3)

30.5 (20.1 to 39.3)

60.2 (38.8 to 90.8)

203.0 (148.8 to 238.0)

Mem. SCI

10.3 (7.0 to 14.6)

2.0 (1.9 to 2.0)

0.28 (0.18 to 0.62)

21.1 (21.7 to 20.5)

148.7 (2222.0 to 860.8)

28.3 (19.6 to 36.3)

63.5 (42.8 to 98.8)

171.2 (137.5 to 194.5)

13.2 (7.9 to 16.5)

2.0 (1.9 to 2.0)

0.33 (0.27 to 0.49)

20.7 (21.4 to 20.5)

133.3 (2196.3 to 914.0)

28.3 (20.0 to 34.6)

60.2 (38.8 to 90.8)

174.2 (145.1 to 220.4)

MD SCI

0.03

—

—

0.001

0.60

0.0008

0.95

0.75

0.09

—

—

0.002

0.42

0.0004

0.81

0.72

SMC

0.99

0.24

0.98

0.038

0.59

0.054

0.72

0.10

0.83

0.15

0.46

0.20

0.67

0.29

0.84

0.79

Ex. SCI

p Value CN vs

0.80

0.70

0.84

0.059

0.84

0.08

0.63

0.11

0.47

0.21

0.63

0.015

0.81

0.17

0.50

0.038

Mem. SCI

0.06

0.019

0.55

0.039

0.11

0.76

0.40

0.005

0.007

0.008

0.29

0.0012

0.13

0.72

0.09

0.004

MD SCI

Abbreviations: Ab1–42 5 b-amyloid 1–42; aHV 5 adjusted hippocampal volume; CN 5 cognitively normal; Ex. 5 executive; MD 5 multidomain; Mem. 5 memory; MRI-SPARE-AD 5 MRI Spatial Pattern of Abnormalities for Recognition of Early Alzheimer Disease; PET-HCI 5 PET hypometabolic convergence index; p-tau181 5 tau phosphorylated at threonine 181; SCI 5 subtle cognitive impairment; SMC 5 subjective
memory complaints; t-tau 5 total tau; WMH 5 white matter hyperintensities.
Data are median (1st quartile–3rd quartile). Linear regression models are adjusted for age and sex.

5.5 (5.2 to 6.3)

21.1 (21.5 to 20.6)

30.3 (23.6 to 47.5)

24.1 (18.3 to 37.9)

63.6 (49.8 to 86.4)

57.0 (43.5 to 80.4)

56.4 (44.6 to 78.0)

CSF t-tau

CSF p-tau181

CSF Ab1–42

213.0 (160.0 to 243.5)

203.0 (156.2 to 245.7)

8.6 (6.9 to 10.7)

648.8 (178.0 to 1,288.3)

28.5 (20.0 to 39.6)

211.8 (166.6 to 243.5)

10th percentile

PET-HCI

21.2 (21.5 to 20.6)

30.9 (23.6 to 46.7)

24.4 (18.2 to 38.4)

61.4 (48.1 to 87.9)

59.7 (48.7 to 87.4)

56.4 (45.0 to 78.5)

CSF t-tau

CSF p-tau181

189.0 (142.9 to 228.9)

Ex. SCI

214.1 (167.9 to 243.4)

SMC

215.0 (172.9 to 243.9)

CSF Ab1–42

CN

Amyloid burden and neurodegeneration biomarkers in CN, SMC, and the different SCI categories

Fifth percentile

Table 2

Figure 1

Atrophy in SCI categories and SMC, and CN progression to MCI/dementia

Atrophy in executive SCI (A), memory SCI (B), multidomain SCI (C), and SMC (D) compared with CN participants in ADNI-2.
(E) Conversion from CN to MCI/dementia stratified by SCI categories. ADNI 5 Alzheimer’s Disease Neuroimaging Initiative;
CN 5 cognitively normal; MCI 5 mild cognitive impairment; SCI 5 subtle cognitive impairment; SMC 5 subjective memory
complaints.

we studied the clinical aspects, biomarker values, and
prognosis of each of the different SCI groups. Previously, cognitive cutoffs have been established based
on the 10th percentile of a composite score in subjects
that were CN at baseline7 or on the 10th percentile of
a composite memory score in subjects followed for

5 years.13 In the present study, the clinical cutoffs
were based on the baseline scores of CN participants
in ADNI who remained stable for at least 7 years.
Although we used the fifth percentile, this corresponded to the 18th and 15th percentile of the memory and executive scores of all the CN participants at
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Table 3

Classification into preclinical dementia stages

Table 4

SCI category
Preclinical AD stage

CN

SMC

Executive

Memory

Multidomain
Heaviside function, wk Hazard ratio (95% CI) p Value

Fifth percentile
Stage 0

73 (37.8)

12 (35.3)

—

—

—

Stage 1

29 (15.0)

7 (20.6)

—

—

—

Stage 2

41 (21.2)

9 (26.5)

—

—

—

Stage 3

—

—

9 (37.5)

12 (36.4)

10 (71.4)

SNAP

50 (25.9)

6 (17.6)

6 (25.0)

7 (21.2)

3 (21.4)

SCINIB

—

—

9 (37.5)

14 (42.4)

1 (7.1)

Total

193 (100)

34 (100)

24 (100)

35 (100)

14 (100)

Fifth percentile
Executive SCI
<160

0.98 (0.22–4.3)

0.98

‡160

3.0 (1.03–8.9)

0.045

<150

4.5 (1.81–11.2)

0.001

‡150

4.2 (2.1–8.3)

Memory SCI

,0.0001

Multidomain SCI

10th percentile
Stage 0

67 (39.9)

11 (35.3)

—

—

—

Stage 1

24 (14.3)

5 (16.1)

—

—

—

Stage 2

34 (20.2)

9 (29.0)

—

—

—

Stage 3

—

—

13 (38.2)

11 (34.4)

14 (53.8)

SNAP

43 (25.6)

6 (19.4)

10 (29.4)

5 (15.6)

8 (30.8)

SCINIB

—

—

11 (32.4)

16 (50.0)

4 (15.4)

Total

168 (100)

31 (100)

34 (100)

32 (100)

26 (100)

Abbreviations: AD 5 Alzheimer disease; CN 5 cognitively normal; SCI 5 subtle cognitive
impairment; SCINIB 5 subjective cognitive impairment with normal neuronal injury biomarkers; SMC 5 subjective memory complaints; SNAP 5 suspected nonamyloid pathology.
Data are n (%).

baseline, respectively. This emphasizes the need for
long follow-up periods to establish clinical cutoffs
based on subjects who remain stable longitudinally,
resulting in a more stringent but more reliable selection of cases rather than criteria based on baseline
scores of any cross-sectionally verified CN subjects,
and the development of sensitive scores to detect the
earliest cognitive changes that precede the onset of
MCI and dementia.34,35
In this study, a wide range of biomarkers was
examined (table 2) although only the multidomain
SCI group showed consistent differences compared
with the CN group. Of note, the MRI-SPARE-AD
method was shown to be different in the SMC and
memory and multidomain SCI groups. The MRISPARE-AD is a quantitative pattern-based classifier
that was developed to classify CN individuals vs those
with AD achieving a high accuracy and a good correlation with clinical measures,17,24 i.e., the higher the
value, the higher the probability of having AD. Moreover, we also showed that MRI-SPARE-AD had a
discriminating capability among CN participants.
Patterns of neurodegeneration seem to be diffuse
but subtle at early stages. Thus, it is possible that a
more specific and sensitive SPARE algorithm focusing on the subtleties of these early stages36 might be
needed to detect the different SCI categories, as
150

Hazard ratio for conversion from
cognitively normal to mild cognitive
impairment/dementia according to the
baseline clinical diagnosis

Neurology 85

<100

11.4 (2.4–55.4)

0.002

‡100

13.7 (4.4–43.3)

,0.0001

10th percentile
Executive SCI
<320

1.6 (0.53–4.7)

0.40

‡320

3.6 (0.70–18.6)

0.13

<190

2.8 (1.10–7.1)

0.030

‡190

5.2 (2.3–11.6)

0.0001

Memory SCI

Multidomain SCI
<100

10.9 (2.6–45.0)

‡100

6.9 (2.7–17.3)

0.001
,0.0001

Abbreviations: CI 5 confidence interval; SCI 5 subtle cognitive impairment.
Analysis adjusted for APOE e4 presence, age, and
education.

opposed to SPARE-AD, which is constructed to
quantify significant AD-like neurodegeneration.
Whereas participants with multidomain SCI showed
larger atrophy than those with memory SCI involving
similar areas, the participants with SMC showed atrophy that mainly affected the frontal pole and orbitofrontal cortex, indicating that it might represent a
different underlying process.
However, biomarkers based on a single region of
interest (ROI) were less discriminating; the aHV
showed no overall differences between groups, and
the posterior cingulate FDG-PET only detected differences in the participants with multidomain SCI.
Alternatively, the lack of discrimination might be
attributable to a mixture of participants with preclinical AD and other comorbidities of preclinical dementia, related to other areas that might be better detected
by other ROIs. White matter hyperintensity values
did not reveal any differences between groups. However, it must be noted that similar to most randomized treatment trials of AD or MCI, a history of
“stroke” or a Hachinski score above 4 is an exclusion
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criterion for ADNI. Because of this, ADNI sites do
not recruit subjects known or expected to have large
amounts of cerebrovascular pathology. Therefore, individuals with heavy cerebrovascular pathology are
not enrolled in ADNI and vascular pathology is
underrepresented, although it is a common finding
in patients with dementia.37,38
An unexpected finding was that the percentage of
participants with SMC did not vary between the different SCI and the CN groups, although it was 10%
higher in the executive SCI group. Larger samples
might be needed to assess whether individuals with
SMC are at higher risk of having SCI. The participants with SMC showed higher p-tau and MRISPARE-AD values, both indicative of pathologic
changes. However, no differences were found regarding the distribution of the different preclinical
dementia categories (table 3). This contrasted with
the SCI groups. The multidomain SCI group
included a higher number of cases with preclinical
AD stage 3 (vs SNAP and SCINIB) when compared
with memory SCI; there was only a trend for the
comparison with executive SCI possibly because of
the small sample size. Thus, the multidomain SCI
category has the strongest association with AD compared with the other categories. Of interest, the 3 SCI
groups showed different risks of conversion to MC/
dementia; 50% of the participants with executive,
memory, and multidomain SCI progressed to MCI/
dementia at 7, 5, and 2 years, respectively. It must be
noted that the same cognitive scores that constitute
the summary cognitive measures are used for the diagnosis of the patients. However, there are differences in
biomarker signatures and prognoses, which indicate
that refinements in categorization of these patients
might be needed to capture the different combination
of biomarkers that underlie the cognitive changes as
well as longer follow-up depending on the involved
pathologic process.
Limitations of this study are the variable availability of biomarkers in the different participants, the
shorter follow-up for ADNI-GO/2 participants, and
the high rate of loss to follow-up in ADNI-1.
Our results indicate that the different SCI categories have different clinical prognoses and biomarkers
signatures, with multidomain SCI being more related
to AD, and that neuroimaging biomarkers based on
single-area ROI might not be sensitive enough for initial stages of cognitive impairment. Further studies
are needed to characterize what underlying pathologies are involved in each specific SCI group.
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