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Background: Since subjective cognitive decline (SCD) was standardized in 2014, many
studies have investigated its features. However, the risk of SCD (plus) progressing to
AD is much higher, and yet there have been few studies reporting the risk factors and
neuropsychological assessment characteristics of SCD (plus).

Objective: To characterize SCD (plus) by comparing it with normal control (NC),
amnesic mild cognitive impairment (aMCI), and Alzheimer Disease (AD) regarding
their demographics, lifestyle, family history of dementia, multimorbidity and the
neuropsychological assessments.

Methods: A total of 135 participants were recruited, including 23 NC, 30 SCD (plus), 45
aMCI and 37 AD. Descriptive statistics were provided. A logistic regression model was
used to analyze the affecting factors of SCD (plus), and finally the Receiver Operating
Characteristic (ROC) analysis was applied to distinguish between SCD (plus) and NC.

Results: (1) SCD (plus) group was younger than both the aMCI group and AD group. It
consisted of more participants with mental work and higher body mass index (BMI) than
the AD group. (2) Scores of Auditory Verbal Learning Test - Immediate recall (AVLT-IR)
and AVLT-Long delayed recall (AVLT-LR) decreased in the following order: NC→SCD
(plus)→aMCI→AD. (3) The Area Under Curve (AUC) for discriminating SCD (plus) and
NC group was from 0.673 to 0.838.

Conclusion: Aging is an important risk factor of both NC progressing to SCD (plus), and
SCD (plus) progressing to aMCI or AD. In addition to aging, lower education level and
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lower BMI were significantly associated with greater odds of SCD (plus) progressing
to aMCI or AD patients, whereas mental work was a protective factor of SCD (plus)
progressing to AD. Finally, AVLT is a sensitive indicator of the cognitive decline and
impairment in SCD (plus) in relative to normal controls.

Keywords: Alzheimer Disease, subjective cognitive decline, risk factors, neuropsychological assessment,
objective cognitive features

INTRODUCTION

World Alzheimer Reports showed that there were 47 million
people living with dementia worldwide in 2016 (Alzheimer’s
Disease International, 2016). This number is expected to increase
to more than 131 million by 2050. The total estimated worldwide
cost for dementia is US$ 818 billion, and by 2018 dementia
will become a trillion-dollar disease. However, no effective
modifying therapy has been validated yet, even for mild cognitive
impairment (MCI) (Sperling et al., 2011).

Pre-mild cognitive impairment subjective cognitive decline
(pre-MCI SCD), which has been defined as a self-experienced
persistent decline in cognitive capacity in comparison with a
previously normal status and objective cognitive performance
within normal ranges (Jessen et al., 2014), is the first symptomatic
manifestation of Alzheimer Disease (AD) and has received
increasing attention (Rabin et al., 2015; Fernandez-Blazquez
et al., 2016; Vogel et al., 2016). Individuals present with several
specific features (e.g., age at onset of SCD ≥60 years; complaints
about SCD within the past 5 years; the complainers feel their
performance are not as good as their peers and concerning
associated with SCD, etc.) associated with pre-MCI SCD would
be identified as SCD (plus) (Jessen et al., 2014)∗ – one of the
preclinical stages of AD [See the appendix for the details of
clinical features of SCD (plus)]. To our best knowledge, the
risk of progressing to AD is higher for SCD (plus) than for
SCD (Jessen et al., 2014). Accurate identification of SCD (plus)
is therefore fundamental and crucial for early and successful
intervention, which may help slow down its progression to AD
and improve the prognosis.

Previous studies on SCD demographics showed people with
SCD were younger and had a higher education than patients with
MCI and AD dementia (Jonker et al., 2000; Garcia-Ptacek et al.,
2014). Women were reported to be more likely to have SCD than
men (Jonker et al., 2000). Less physical activity, hypertension,
smoking and depression were found to be associated with the
increase occurrence of SCD (Paradise et al., 2011; Chen et al.,
2014). Also, among workers, those with cognitively demanding
work were more sensitive to the changes of cognitive decline, and
were thus more likely to report SCD (Rijs et al., 2015). Moreover,
Aarts et al. (2011) demonstrated that SCD was related with
multiple comorbidities (e.g., diabetes mellitus, stroke/transient
ischemic attack, myocardial infarction, etc.). Cerebral trauma,
middle-aged obesity, marital status (unmarried and widowed),
born in the countryside, low social contact, and daily drinking
were regarded as the risk factors for cognitive decline (Ao and
Liu, 2004; Williams et al., 2010; Deng, 2014; Hao et al., 2017).
In addition, a few studies showed that lower body mass index

(BMI) associated with sarcopenia, was closely linked with the
development of AD (Sugimoto et al., 2016; Ogawa et al., 2018).
However, all these studies focused either on SCD or pre-MCI
SCD, and little is known about the risk factors for SCD (plus) as a
different category of patients.

Subjective cognitive decline may not a demonstrate
detectable objective impairment when using the standardized
neuropsychological assessment (Rabin et al., 2017), but it is
still unknown about whether those assessments are useful
for identifying SCD (plus). In addition, many studies have
shown the distinction between SCD and MCI or AD, by using
these neuropsychological assessments, such as MoCA, CDT
and AVLT (Fernaeus et al., 2014; Zhao et al., 2015; Vyhnalek
et al., 2017; Wang et al., 2019). Their high sensitivity and
specificity have also been reported previously, suggesting
that those assessments were able to distinguish SCD from
MCI and AD (Vyhnalek et al., 2014; Huang et al., 2018;
Park et al., 2018; Xu et al., 2018). However, little is known
about the diagnostic power of these tools in discriminating
SCD (plus) and NC. Furthermore, according to the diagnosis
framework of SCD or SCD (plus), like NC, their scores of
objective neuropsychological assessments are within the normal
range. However, the chance of SCD (plus) progressing to
MCI or dementia was significantly higher than the normal
controls. Therefore, the distinguishing features between
the SCD (plus) and NC groups are of great significance
to study, as these could be more practically important for
identifying people with SCD (plus) at an early stage and facilitate
early intervention.

Therefore, our current study aims to (1) examine the
relationship between SCD (plus) and the following potential
risk factors including: demographics, family history of dementia,
comorbidities, history of cigarettes smoking and drinking, and
(2) to assess the sensitivity of the standard neuropsychological
assessments on detecting SCD (plus) by comparing its scores
with normal controls (NC), amnesic mild cognitive impairment
(aMCI) and AD dementia. The ultimate purpose is to characterize
SCD (plus) in order to provide more information for its early
identification and intervention.

MATERIALS AND METHODS

Ethics Statement
This study was approved by the Medical Ethics Committee of
Xuanwu Hospital of Capital Medical University, Beijing, China.
Written informed consent was obtained from either participants
or their legally agreed surrogates.
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Participants
One Hundred thirty-five right-handed, Han Chinese subjects,
including 30 SCD (plus), 45 aMCI, and 37 AD patients were
recruited from the memory clinic of the Neurology Department,
Xuanwu Hospital, Capital Medical University, Beijing, China
from December 1, 2010 to June 30, 2016. 23 NC subjects were
recruited from the hospital by advertisements.

Assessment and Diagnosis Procedure
All of the subjects underwent a series of standardized clinical
evaluations, including the Chinese version of Mini-Mental State
Examination (MMSE) (Katzman et al., 1988), Montreal Cognitive
Assessment (MoCA)- the Beijing version (Lu et al., 2011), Clinical
Dementia Rating Scale (CDR) (Morris, 1993), World Health
Organization-University of California Los Angeles Auditory
Verbal Learning Test (AVLT) (Maj et al., 1994), Hachinski
Ischemic Index (HIS) (Hachinski et al., 1975), Hamilton Anxiety
Scale (HAMA) (Tang, 1984), and Hamilton Depression Scale
(HAMD) (Hamilton, 1980).

Inclusion criteria for each group: All SCD (plus) subjects met
the criteria for SCD (plus) proposed by SCD-I (Jessen et al.,
2014): (a) presence of self-perceived continuous memory decline
within the last 5 years, confirmed by informant report; (b) onset
age ≥ 60 years old; (c) feeling cognitive decline worse than
their peers and concerned about SCD; (d) normal performance
on both MMSE, MoCA and AVLT after age and education
adjustment; (e) CDR score = 0; (f) no impairment of daily life
activities; and (g) HIS score ≤4.

The aMCI patients met the following criteria (Petersen, 2004):
(a) memory complaint, preferably confirmed by an informant;
(b) objective memory impairment; (c) normal or near-normal
performance on general cognitive function with no or minimum
impairment of daily life activities; (d) CDR score = 0.5; (e)
HIS score ≤4; and (f) failure to meet the criteria of dementia
according to DSM-IV (American Psychiatric Association, 1994).

The diagnosis of AD fulfilled standardized diagnostic criteria
(McKhann et al., 1984; American Psychiatric Association, 1994;
Dubois et al., 2007): (a) met the diagnostic criteria of dementia;
(b) gradual and progressive decline in memory function over
more than 6 months; (c) impaired episodic memory on objective
testing; (d) HIS score ≤4; and (e) hippocampal atrophy
confirmed by structural MRI.

Criteria of NC was defined as: (a) having no report of any
cognition complaint; (b) normal performance on MMSE, MoCA
and AVLT after age and education-adjusted; (c) CDR score = 0;
and (d) no impairment of daily life activities.

Exclusion criteria for all the subjects: (a) a history of stroke
(HIS >4); (b) severe depression and anxiety (HAMD >30, and
HAMA≥29); (c) other CNS diseases which could cause cognitive
decline (e.g., brain tumors, Parkinson’s disease, encephalitis, or
epilepsy); (d) other systemic diseases which could cause cognitive
decline (e.g., thyroid dysfunction, severe anemia, syphilis, or
HIV); (e) a history of psychosis or congenital mental growth
retardation; (f) cognitive decline caused by traumatic brain
injury; or (g) those who could not complete neuropsychological
tests or with contraindication to MRI.

Statistical Analysis
We conducted all analyses using the Statistical Package
for the Social Sciences version 17.0 (SPSS Inc., Chicago,
IL, United States). Descriptive statistics (sociodemographic
characteristics, lifestyle, comorbidities, family history of dementia
and scores of neuropsychological assessments) were calculated
by percentages or median. The χ2 or Kruskal–Wallis test was
used to assess group differences between SCD (plus) and the
other three groups (NC, aMCI and AD group). For the four
groups comparison, p < 0.05 was considered to be statistically
significant, and corrected p′ value (p < 0.007) was used in
the Partitions of Pearson’s chi-square statistics for post hoc
pairwise comparisons. To examine the potential risk factors for
each group in relation to the SCD (plus) group, we performed
multiple logistic regression analysis with the removed backwards
approach by including the sociodemographic characteristics,
lifestyle, comorbidities and family history of dementia as the
independent variables, and diagnosis as the dependent variable.
In addition, odds ratios (ORs) were calculated for each variable.
p < 0.05 was required for variables to be remained in the
model. Finally, we obtained the receiver operating characteristic
(ROC) curves and calculated the area under curve (AUC) of
the characteristic factors that distinguish the NC and SCD
(plus) group.

TABLE 1 | Clinical characteristics of the study sample.

Characteristics N = 135 n (%)

Age, years

≤75 96(71.1)

>75 39(28.9)

Gender

Males 55(40.7)

Females 80(59.3)

Education, years

≥12 94(69.6)

<12 41(30.4)

Job category

Mental work 79(58.5)

Physical work 56(41.5)

BMI, Kg/m2

≤23.9 83(61.5)

>23.9 52(38.5)

Lifestyle

Current smoking 13(9.6)

Current drinking 18(13.3)

Family history of dementia 22(16.3)

Comorbidities

Hypertension 48(35.6)

Cerebrovascular Disease 24(17.8)

Heart disease 12(8.9)

Diabetes 25(18.5)

Hyperlipidemia 40(29.6)

Multimorbidity 43(31.9)

BMI, body mass index; Multimorbidity, accompanied with two or
more diseases above.
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RESULTS

Clinical Characteristics of the
Participants
The clinical characteristics of the total sample were summarized
in Table 1.

Comparisons Between NC, SCD (plus),
aMCI, and AD Groups
The difference between age among the four groups was significant
(p < 0.05). Further pairwise comparison showed that the age of
SCD (plus) was lower than the other two groups (aMCI and AD)
at the corrected test level p′ 1(p < 0.001).

For BMI, the difference among the four groups was also
significant (p < 0.05). For a pairwise comparison, we only found
the number of people with the BMI ≤23.9 Kg/m2 in NC group
(39.1%) was smaller than that in the AD group, but no difference
was shown between SCD (plus) group (46.7%) and AD group
(78.4%) (p > 0.007).

1p′ = 0.05/[k(k−1)/2+ 1] (k = 4), α′ = 0.007.

A family history of dementia was presented in 26.7% of the
SCD (plus) group. The proportion of currently smoking and
drinking in SCD (plus) group was 10.0 and 16.7%, respectively.
No significant differences among the four groups were found for
family history of dementia, smoking and drinking (p > 0.05).

The proportion of having hypertension, cerebrovascular
disease, cardiovascular disease, diabetes, and hyperlipidemia as
multimorbidity in the SCD (plus) group was 40.0, 13.3, 6.7,
23.3, 36.7 and 30.0%, respectively, but again there were no
differences between the SCD (plus) group and the other groups
(p > 0.05) (Table 2).

Comparison of Scores of
Neuropsychological Assessments
Between NC, SCD (plus), aMCI, and AD
The scores of AVLT-First Immediate Free Recall (median AVLT-
IR1 scores = 6) and AVLT-Long Delay Free Recall (median
AVLT-LR = 9) of SCD (plus) group were lower than those of
NC group (median values of AVLT-IR1 and AVLT-LR 7 and 11,
respectively) (p< 0.05). We found no difference of the total score
of MoCA between the SCD (plus) group and the NC group, the
median scores of which was 25.5 and 28.0, respectively (p = 0.08).

TABLE 2 | Comparisons between NC, SCD (plus), aMCI, and AD groups for clinical characteristics.

Characteristics Groups

NC (n = 23) N (%) SCD (plus) (n = 30) N (%) aMCI (n = 45) N (%) AD (n = 37) N (%) P#

Age, years <0.01∗,∗∗

≤75 18(78.3) 29(96.7) 27(60.0) 22(59.5)

>75 5(21.7) 1(3.3) 18(40.0) 15(40.5)

Gender

Males 12(52.2) 13(43.3) 19(42.2) 11(29.7) 0.36

Females 11(47.8) 17(56.7) 26(57.8) 26(70.3)

Education, years 0.06

≤12 15(65.2) 16(53.3) 32(71.1) 31(83.8)

>12 8(34.8) 14(46.7) 13(28.9) 6(16.2)

BMI, Kg/m2 <0.01∗∗∗

≤23.9 9(39.1) 14(46.7) 31(68.9) 29(78.4)

>23.9 14(60.9) 16(53.3) 14(31.1) 8(21.6)

Mental workers 16(69.6) 23(76.7) 25(55.6) 15(40.5) 0.01∗∗

Lifestyle

Current smoking 4(17.4) 3(10.0) 4(8.9) 2(5.4) 0.51

Current drinking 5(21.7) 5(16.7) 5(11.1) 3(8.1) 0.44

Family history of dementia 1(4.3) 8(26.7) 5(11.1) 8(21.6) 0.09

Comorbidities

Hypertension 9(39.1) 12(40.0) 13(28.9) 14(37.8) 0.72

Cerebrovascular disease 3(13.0) 4(13.3) 8(17.8) 9(24.3) 0.61

Heart disease 2(8.7) 2(6.7) 4(8.9) 4(10.8) 0.95

Diabetes 6(26.1) 7(23.3) 7(15.6) 5(13.5) 0.53

Hyperlipidemia 3(13.0) 11(36.7) 16(35.6) 10(27.0) 0.21

Multimorbidity 7(30.4) 9(30.0) 13(28.9) 14(37.8) 0.83

In the last column of this table, p# illustrates the results for among-four-group comparison. Symbols in the brackets demonstrate whether there was difference for
the pairwise comparison: ∗represented a significant difference between the SCD (plus) group and the aMCI group; ∗∗represented a significant difference between the
SCD (plus) group and the AD group; ∗∗∗represented a significant difference between the NC group and the AD group. SCD (plus), subjective cognitive decline (plus);
NC, normal control; aMCI, amnesic mild cognitive impairment; AD, Alzheimer Disease Dementia; BMI, body mass index; Multimorbidity, accompanied with two or
more diseases above.
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TABLE 3 | Comparison between SCD (plus) and NC, aMCI and AD group for scores of neuropsychological assessments.

Variables Groups

SCD (plus)
Percentile 50

(Percentile 25,75)

NC Percentile 50
(Percentile 25,75)

aMCI Percentile
50 (Percentile

25,75)

AD Percentile 50
(Percentile 25,75)

P (SCD vs.
NC)

P (SCD Vs.
aMCI)

P (SCD Vs.
AD)

AVLT-IR1 6.0(4,7) 7.0(6,9) 5.0(4,5) 2.5(1,3) 0.04 <0.01 <0.01

AVLT-IR2 9.0(7,11) 10.0(8,12) 6.0(5,7) 3.5(2,5) 0.10 <0.01 <0.01

AVLT-IR3 11.0(9,13) 12.0(10,14) 7.0(6,9) 5.0(3,6) 0.06 <0.01 <0.01

AVLT-LR 9.0(7,11) 11.0(9,14) 2.0(0,5) 0.0(0,1.75) 0.03 <0.01 <0.01

AVLT-RR 12.5(10.75,14) 13.0(10,14) 7.0(5,10) 4.0(1,6.75) 0.64 <0.01 <0.01

MMSE 28.0(27,29.25) 29.0(27,30) 24.0(21,27) 17.0(12.25,21) 0.87 <0.01 <0.01

MoCA 25.5(25,27.25) 28.0(26,28) 18.0(15,22) 11.0(8,15.75) 0.08 <0.01 <0.01

TMT 1.0(0,1) 1.0(0,1) 0.0(0,1) 0.0(0,0) 0.82 <0.01 <0.01

Duplicate-C 1.0(1,1) 1.0(0,1) 1.0(0,1) 0.0(0,0.75) 0.39 <0.01 <0.01

CDT 3.0(3,3) 3.0(3,3) 2.0(1,3) 1.0(1,1.75) 0.54 <0.01 <0.01

Naming 3.0(3,3) 3.0(3,3) 3.0(2,3) 2.0(1.25,3) 0.07 0.03 <0.01

Digit span 2.0(2,2) 2.0(2,2) 2.0(2,2) 2.0(1,2) 0.07 0.01 <0.01

Alertness test 1.0(1,1) 1.0(1,2) 1.0(0,1) 0.0(0,1) 0.41 0.01 <0.01

Subtraction 7 3.0(3,3) 3.0(3,3) 3.0(2,3) 1.5(0,2) 0.10 <0.01 <0.01

Repeat-S 1.0(1,2) 2.0(1,2) 1.0(0,1) 0.0(0,1) 0.34 0.01 <0.01

VFT 1.0(1,1) 1.0(1,1) 1.0(1,1) 0.0(0,1) 1.00 0.02 <0.01

Abstract test 2.0(1,2) 2.0(1,2) 1.0(0,2) 0.0(0,1) 0.75 <0.01 <0.01

MoCA-DR 3.0(2,4) 3.0(3,4) 0.0(0,1) 0.0(0,0) 0.17 <0.01 <0.01

Orientation 6.0(6,6) 6.0(6,6) 5.0(4,6) 2.0(1,4) 0.78 <0.01 <0.01

The p values represent the comparison between the SCD (plus) group and the other three groups (NC, aMCI, and AD). SCD (plus), Subjective Cognitive Decline (plus);
NC, normal control; aMCI, amnesic Mild Cognitive Impairment; AD, Alzheimer Disease Dementia; AVLT-IR1, Auditory Verbal Learning Test- First Immediate Free Recall;
AVLT-IR2, Auditory Verbal Learning Test-Second Immediate Free Recall; AVLT-IR3, Auditory Verbal Learning Test-Third Immediate Free Recall; AVLT-LR, Auditory Verbal
Learning Test-Long Delay Free Recall; AVLT-RR, Auditory Verbal Learning Test-Recognition Recall; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive
Assessment; CDT, clock-drawing test; TMT, Trail Making Test; Duplicate-C, duplicate cube; Repeat-S, repeat sentence; VFT, verbal fluency test; MoCA -DR, Montreal
Cognitive Assessment-Delay Free Recall.

All the other scores of neuropsychological assessments,
including AVLT-Second Immediate Free Recall (AVLT-IR2),
AVLT-Third Immediate Free Recall (AVLT-IR3), AVLT-
Recognition Recall (AVLT-RR), total scores of MMSE and
MoCA, and single cognitive domain scores of MoCA test
-the Trail Making Test (TMT), copy cube, clock drawing test
(CDT), naming, digit span, alertness test, continuous subtraction
7, repeat sentence, Verbal Fluency Test (VFT), abstract test,
MoCA-Delay Free Recall (MoCA-DR) and orientation test, were
higher in SCD (plus) group compared to those in the aMCI and
AD groups (p < 0.05). However, no significant differences were
found between SCD (plus) and NC group (p > 0.05) (Table 3).

Affecting Factors for NC, SCD (plus),
aMCI and AD Groups
Our results of the multiple logistic regression analysis showed
that aging, years of education, job category and BMI were
affecting factors of SCD (plus). Aging was an important risk factor
for SCD (plus) progressing to aMCI (OR = 0.05, 95% CI = 0.01–
0.41) and AD (OR = 0.03, 95% CI = 0.01–0.39), which also
showed a certain risk effect on the progression of NC to SCD
(plus) subjects (OR = 0.10, 95% CI = 0.01–0.93) (p< 0.05). Mental
work had a protective effect on SCD (plus) progressing to AD
patients (p < 0.05), whereas lower education (OR = 4.43, 95%

CI = 1.03–19.18) and lower BMI (OR = 3.73, 95% CI = 1.08–
12.98) were significantly associated with greater odds of SCD
(plus) progressing to AD patients (p < 0.05) (see Table 4).

ROC of NC and SCD (plus)
We used the ROC curves to evaluate the goodness of the
affecting features and neuropsychological scores, respectively, on
discriminating the SCD (plus) group from the NC group. As
a variable that differed significantly between all the groups, we
first used age as the factor and found its AUC was 0.592 (95%
CI, 0.434–0.750), which was low. To further explore the optimal
discriminating model, we continued to add more factors and we
found that by using age, gender, years of education, job category,
BMI, current smoking, and current drinking, the AUC reached
0.673 (95% CI, 0.524–0.823).

Based on the results of the neuropsychological assessments, we
also performed ROC analysis by using scores of AVLT-LR and
AVLT-IR1 as variables, and the AUCs were 0.679 (95% CI, 0.535–
0.823) and 0.662 (95% CI, 0.506–0.819), respectively. Finally,
we added the clinical features including the demographics and
life styles as variables in the logistic regression in addition to
AVLT-LR or AVLT-IR1, respectively, and we found that the AUC
increased to 0.823 (95% CI, 0.708–0.938) and 0.764 (95% CI,
0.631–0.897). When combining AVLT-IR1, AVLT-LR and clinical

Frontiers in Neuroscience | www.frontiersin.org 5 August 2019 | Volume 13 | Article 846

https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-13-00846 August 13, 2019 Time: 7:30 # 6

Hao et al. Risk Factors and Neuropsychological Assessments of SCD (plus)

TABLE 4 | Affecting Factors for NC, SCD (plus), aMCI and AD groups.

Characteristics NC aMCI AD

OR (95% CI) OR (95% CI) OR (95% CI)

Age, years

≤75 0.10(0.01–0.93) 0.05(0.01–0.41) 0.03(0.01–0.39)

>75 Ref. Ref. Ref.

Education, years

≤12 4.43(1.03–19.18)

>12 Ref. Ref. Ref.

Job category

Mental work 0.25(0.06–0.98)

Physical work Ref. Ref. Ref.

BMI

≤23.9 3.73(1.08–12.98)

NC, normal control; aMCI, amnesic Mild Cognitive Impairment; AD, Alzheimer
Disease Dementia; OR, odds ratios; CI, confidential interval. Ref., this group was
used the reference group.

variables in the regression model, the AUC increased from 0.673
to 0.838 (95% CI, 0.729–0.948) (Figure 1).

DISCUSSION

To the best of our knowledge, the risk of progressing to AD
is higher for SCD (plus) than for SCD, but there have been
few studies reporting its risk factors and neuropsychological
assessment characteristics. This is the first study that reveals the
presence of early episodic memory impairment in SCD (plus)
population in memory clinic by fulfilling all the six items of the
diagnostic framework. This study also characterized the clinical
features and neuropsychological assessments of SCD (plus) in
relative to normal controls, amnestic mild cognitive impairment
(aMCI) and Alzheimer disease (AD).

We identified lower age, longer education period, and more
mental work as the demographic characteristics of SCD (plus)
group, compared with aMCI and AD group, which are in
agreement with the previous studies (Mohs et al., 2001; Sando
et al., 2008; Hebert et al., 2010; Iliffe and Pealing, 2010; Jefferson
et al., 2011; Meng and D’Arcy, 2012; Alzheimer’s Association,
2014; Beydoun et al., 2014; Garcia-Ptacek et al., 2014; Liang
et al., 2018). We also showed that higher BMI was a protective
factor for SCD (plus) progressing to AD patients, which was
consistent with some of the previous studies (Barnes et al., 2009;
Fitzpatrick et al., 2009; Xu et al., 2011; Gustafson and Luchsinger,
2013; Qizilbash et al., 2015). Latent AD may be accompanied
by the metabolic changes that are not yet fully understood.
Yet this phenomenon may be associated with the changes of
body composition with aging, such as the morphological changes
of fat cells and the adipose tissue compartment, diminished
muscle mass, sarcopenia, and somatic frailty. For women who
are affected by the reproductive aging and changes in the sex
hormone milieu, it may be related to the alteration of adipose
tissue. On the contrary, other researchers argued that obesity
increased the risk of dementia (Beydoun et al., 2008; Profenno

et al., 2010; Sellbom and Gunstad, 2012; Loef and Walach, 2013),
which is also greatly correlated with other morbidities, such as
hypertension and diabetes (Luchsinger and Gustafson, 2009).
These inconsistencies may be attributed to the error in the
measurement of adiposity. Besides, other factors (Devore et al.,
2010; Littlejohns et al., 2014; Emmerzaal et al., 2015; Qizilbash
et al., 2015), such as cholesterol levels, age-related regulatory
changes in carbohydrate, lipid or protein metabolism, increased
intake of vitamin E, anti-oxidant and vitamin D may all affect the
relationship between BMI and dementia. It is also possible that
the higher BMI was the result of having olfaction firstly affected
in the progression of AD (Gustafson and Luchsinger, 2013).

Smoking was regarded as a risk factor of dementia (Lee et al.,
2010; Beydoun et al., 2014; Zhong et al., 2015), but we found
no statistical differences between all the groups, which may be
due to the low percentage of smokers in our groups. Also, there
was no significant correlation between alcohol consumption and
cognitive impairment, which was in line with previous findings
(Baumgart et al., 2015).

Earlier studies have found that hypertension in later life
was a protective factor for cognitive decline (Lee et al., 2010;
Beydoun et al., 2014), whereas diabetes, hyperlipidemia and
cerebrovascular disease increased the risk of dementia (Honig
et al., 2003; Profenno et al., 2010; Gudala et al., 2013; Roberts
et al., 2014; Cooper et al., 2015). In our study, we did not find
significant difference of comorbidities including hypertension,
cerebrovascular disease, cardiovascular disease, diabetes and
hyperlipidemia between groups, and this inconsistency might
be due to the following reasons: (1) Those chronic diseases
were not stratified according to the sex, disease duration and
severity. A few studies showed that middle-aged individuals with
hypertension and diabetes for longer than 6 years had a positive
correlation with cognitive decline (Helzner et al., 2009), Sex
difference in the presence of comorbidities which involve the
vascular contributions to the cognitive impairment and dementia
should be considered (Gannon et al., 2018); and (2) our patients
did not co-present as many diseases as they were shown in one
previous study, such as arthritis, prostate disease, lung disease
and so on (Aarts et al., 2011).

In our study, after controlling the clinical characteristic
variables, the SCD (plus) group showed lower scores of AVLT1
and AVLT-LR than those of the NC group (p < 0.05). This
suggests that memory impairment has already presented in SCD
(plus) population at the AD preclinical stage. We also showed
that the combination of AVLT-IR1 and AVLT-LR improved the
diagnostic accuracy of SCD (plus) compared to the condition
when they were used separately, which indicates that AVLT may
allow for distinguishing SCD (plus) form NC individuals. It also
suggests that in order to better identify SCD (plus), episodic
memory should be included as part of the neuropsychological
assessment. Delayed recall in AVLT is considered to be the most
sensitive measure of early AD (Zhao et al., 2012). However,
not all studies have included this test (Yang et al., 2015). Our
SCD (plus) individuals showed slightly worse performance on
the challenging cognitive tasks than individuals without cognitive
complaints (Koppara et al., 2015; Smart and Krawitz, 2015).
Also, compared to no complaints, reduced episodic memory
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FIGURE 1 | ROCs for NC and SCD (plus) group. ROC curves for NC and SCD (plus) group using clinical features, AVLT-IR and AVLT-LR. AVLT-IR1, Auditory Verbal
Learning Test-First Immediate Free Recall; AVLT-LR, Auditory Verbal Learning Test-Long Delay Free Recall; ROC, receiver operating characteristic; CF, clinical
features; RE, reference.

learning effect and poorer performance on psychomotor speed
and language were present in SCD participants (Kielb et al.,
2017). However, a different cutoff value from what is currently

used for discriminating MCI from NC may need to be provided
in the future to differ SCD (plus) from NC with better sensitivity
and reliability. For the global cognition revealed by MoCA and
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MMSE, although the differences between the SCD (plus) and NC
groups were not significant, MoCA showed a higher sensitivity of
assessment compared with MMSE. Thus, MoCA may be helpful
to be included in the SCD (plus) screening scales, but further
verification is needed by follow-up studies.

In addition, our study found that except for memory
impairment, the other cognitive domains also had begun to
decline from the aMCI stage (p < 0.05). It indicates that once
a patient enters the stage of MCI, other cognitive domains may
also have been damaged. Deng (2014) found that 54.2% elderly in
the a different cohort had cognitive impairment, and the abstract
scores were lower in both the normal control and cognitive
impairment groups. The memory impairment group scored
lower in the domains of execution, visual space, language and
delayed recall. MCI is often characterized by slight but noticeable
deficits in attention, learning and memory, executive function,
processing speed, and semantic language (Storandt et al., 2006;
Saunders and Summers, 2011; Summers and Saunders, 2012),
and the early cognitive impairment of these domain are also
strong predictors of the progression from MCI to AD (Brandt
et al., 2009; Klekociuk et al., 2014). In order to be sensitive
to the impairment of single cognitive domain in SCD (plus),
questionnaires designed for screening patients with cognitive
impairments need to report not only the global cognition scales
(such as MMSE, MoCA), but also the scores of single cognitive
domains, such as language and execution etc.

The limitations of this study are: (1) our sample size is
relatively small, which might be the cause of some of the negative
results between groups. Further investigations with larger sample
sizes are needed; (2) Our study is a cross-sectional survey and
follow-up studies should be performed to further confirm the
final conclusions; (3) We adopted the standardized criteria of pre-
MCI SCD proposed in 2014 by Jessen (Jessen et al., 2014) given
depression and anxiety maybe the early presentations of the SCD
(plus). We admit that using this criterion, some of the subjects
would have mild to moderate anxiety and depression. However,
the present study did not address this issue, which would be of
interest to study further. (4) The diagnosis of SCD (plus) was not
validated by the other tests. For instance, it lacks the completeness
of Aβ-PET, APOEε4, cerebrospinal fluid tau or Aβ examinations,
given that only ∼60% of the included population had genetic

tested and Aβ-PET undertaken; and (5) finally, other related
biomarkers and imaging approaches need to be investigated to
gain more understanding of SCD (plus).

In summary, we characterized the SCD (plus) and unraveled
that aging, shorter education period, physical labor work and
lower BMI are risk factors for SCD (plus) progressing to aMCI or
AD. This study may provide a reference to the inclusion criteria
for the future early interventional studies and may pave the way
for exploring more sensitive neuropsychological assessments for
the cognitive decline in SCD (plus) individuals.

DATA AVAILABILITY

All datasets generated for this study are included in the
manuscript and/or the supplementary files.

ETHICS STATEMENT

This study was approved by the Medical Ethics Committee of
Xuanwu Hospital of Capital Medical University, Beijing, China.
Written informed consent was obtained from either participants
or their legally agreed surrogates.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

This work was supported by the National Key Research
and Development Program of China (2016YFC1306300 and
2016YFC0103000), National Natural Science Foundation of
China (Grant Nos. 61633018, 81801052, 81522021, 81430037,
81471731, and 31371007), Beijing Nature Science Foundation
(7132147), Beijing Municipal Commission of Health and Family
Planning (PXM2018_026283_000002).

REFERENCES
Aarts, S., van den Akker, M., Hajema, K. J., van Ingen, A. M., Metsemakers,

J. F., Verhey, F. R., et al. (2011). Multimorbidity and its relation to
subjective memory complaints in a large general population of older
adults. Int. Psychogeriatr. 23, 616–624. doi: 10.1017/S104161021000
2024

Alzheimer’s Association, (2014). Alzheimer’s disease facts and figures. Alzheimers
Dement. 10, e47–e92.

Alzheimer’s Disease International, (2016). World Alzheimer Report. Available at:
https://www.alz.co.uk/research/world-report-2016

Ao, J., and Liu, Y. (2004). Cognitive decline and related factors of chinese oldest
old. Chin. Ment. Health J. 18, 119–122.

American Psychiatric Association, (1994). Diagnostic and Statistical Manual
of Mental Disorders, 4th Edn. Washington, DC: American Psychiatric
Association.

Barnes, D. E., Covinsky, K. E., Whitmer, R. A., Kuller, L. H., Lopez, O. L., Yaffe,
K., et al. (2009). Predicting risk of dementia in older adults: the late-life
dementia risk index. Neurology 73, 173–179. doi: 10.1212/WNL.0b013e3181a
81636

Baumgart, M., Snyder, H. M., Carrillo, M. C., Fazio, S., Kim, H., Johns, H.,
et al. (2015). Summary of the evidence on modifiable risk factors for cognitive
decline and dementia: a population-based perspective. Alzheimers Dement. 11,
718–726. doi: 10.1016/j.jalz.2015.05.016

Beydoun, M. A., Beydoun, H. A., Gamaldo, A. A., Teel, A., Zonderman, A. B.,
Wang, Y., et al. (2014). Epidemiologic studies of modifiable factors associated
with cognition and dementia: systematic review and meta-analysis. BMC Public
Health 14:643. doi: 10.1186/1471-2458-14-643

Beydoun, M. A., Beydoun, H. A., and Wang, Y. (2008). Obesity and central obesity
as risk factors for incident dementia and its subtypes: a systematic review
and meta-analysis. Obes. Rev. 9, 204–218. doi: 10.1111/j.1467-789X.2008.
00473.x

Frontiers in Neuroscience | www.frontiersin.org 8 August 2019 | Volume 13 | Article 846

https://doi.org/10.1017/S1041610210002024
https://doi.org/10.1017/S1041610210002024
https://www.alz.co.uk/research/world-report-2016
https://doi.org/10.1212/WNL.0b013e3181a81636
https://doi.org/10.1212/WNL.0b013e3181a81636
https://doi.org/10.1016/j.jalz.2015.05.016
https://doi.org/10.1186/1471-2458-14-643
https://doi.org/10.1111/j.1467-789X.2008.00473.x
https://doi.org/10.1111/j.1467-789X.2008.00473.x
https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-13-00846 August 13, 2019 Time: 7:30 # 9

Hao et al. Risk Factors and Neuropsychological Assessments of SCD (plus)

Brandt, J., Aretouli, E., Neijstrom, E., Samek, J., Manning, K., Albert, M. S., et al.
(2009). Selectivity of executive function deficits in mild cognitive impairment.
Neuropsychology 23, 607–618. doi: 10.1037/a0015851

Chen, S. T., Siddarth, P., Ercoli, L. M., Merrill, D. A., Torres-Gil, F., Small,
G. W., et al. (2014). Modifiable risk factors for Alzheimer disease and subjective
memory impairment across age groups. PLoS One 9:e98630. doi: 10.1371/
journal.pone.0098630

Cooper, C., Sommerlad, A., Lyketsos, C. G., and Livingston, G. (2015). Modifiable
predictors of dementia in mild cognitive impairment: a systematic review
and meta-analysis. Am. J. Psychiatry 172, 323–334. doi: 10.1176/appi.ajp.2014.
14070878

Deng, L. Y. Y. L. J. (2014). An analysis of cognitive status for elderly people with
subjective memory complaint in seven community of Shapingba district in
Chongqing city. Chin. J. Behav. Med. Brain Sci. 23, 1120–1123.

Devore, E. E., Grodstein, F., van Rooij, F. J., Hofman, A., Stampfer,
M. J., Witteman, J. C., et al. (2010). Dietary antioxidants and long-term
risk of dementia. Arch. Neurol. 67, 819–825. doi: 10.1001/archneurol.20
10.144

Dubois, B., Feldman, H. H., Jacova, C., Dekosky, S. T., Barberger-Gateau, P.,
Cummings, J., et al. (2007). Research criteria for the diagnosis of Alzheimer’s
disease: revising the NINCDS-ADRDA criteria. Lancet Neurol. 6, 734–746.
doi: 10.1016/s1474-4422(07)70178-3

Emmerzaal, T. L., Kiliaan, A. J., and Gustafson, D. R. (2015). 2003-2013: a decade
of body mass index, Alzheimer’s disease, and dementia. J. Alzheimers Dis. 43,
739–755. doi: 10.3233/JAD-141086

Fernaeus, S. E., Ostberg, P., Wahlund, L. O., and Hellström, A. (2014). Memory
factors in Rey AVLT: implications for early staging of cognitive decline. Scand.
J. Psychol. 55, 546–553. doi: 10.1111/sjop.12157

Fernandez-Blazquez, M. A., Avila-Villanueva, M., Maestu, F., and Medina, M.
(2016). Specific features of subjective cognitive decline predict faster conversion
to mild cognitive impairment. J. Alzheimers Dis. 52, 271–281. doi: 10.3233/JAD-
150956

Fitzpatrick, A. L., Kuller, L. H., Lopez, O. L., Diehr, P., O’Meara, E. S.,
Longstreth, W. T., et al. (2009). Midlife and late-life obesity and the risk of
dementia: cardiovascular health study. Arch. Neurol. 66, 336–342. doi: 10.1001/
archneurol.2008.582

Gannon, O. J., Robison, L. S., Custozzo, A. J., and Zuloaga, K. L. (2018). Sex
differences in risk factors for vascular contributions to cognitive impairment
& dementia. Neurochem. Int. 127, 38–55. doi: 10.1016/j.neuint.2018.
11.014

Garcia-Ptacek, S., Cavallin, L., Kareholt, I., Kramberger, M. G., Winblad, B.,
Jelic, V., et al. (2014). Subjective cognitive impairment subjects in our clinical
practice. Dement Geriatr. Cogn. Dis. Extra 4, 419–430. doi: 10.1159/0003
66270

Gudala, K., Bansal, D., Schifano, F., and Bhansali, A. (2013). Diabetes
mellitus and risk of dementia: a meta-analysis of prospective
observational studies. J. Diabetes Investig. 4, 640–650. doi: 10.1111/jdi.
12087

Gustafson, D. R., and Luchsinger, J. A. (2013). High adiposity: risk factor for
dementia and Alzheimer’s disease? Alzheimers Res. Ther. 5:57. doi: 10.1186/
alzrt221

Hachinski, V. C., Iliff, L. D., Zilhka, E., Du Boulay, G. H., McAllister, V. L., Marshall,
J., et al. (1975). Cerebral blood flow in dementia. Arch. Neurol. 32, 632–637.

Hamilton, M. (1980). Rating depressive patients. J. Clin. Psychiatry 41(12 Pt 2),
21–24.

Hao, L., Wang, X., Zhang, L., Xing, Y., Guo, Q., Hu, X., et al. (2017). Prevalence,
risk factors, and complaints screening tool exploration of subjective cognitive
decline in a large cohort of the chinese population. J. Alzheimers Dis. 60,
371–388. doi: 10.3233/JAD-170347

Hebert, L. E., Bienias, J. L., Aggarwal, N. T., Wilson, R. S., Bennett, D. A., Shah,
R. C., et al. (2010). Change in risk of Alzheimer disease over time. Neurology 75,
786–791. doi: 10.1212/WNL.0b013e3181f0754f

Helzner, E. P., Luchsinger, J. A., Scarmeas, N., Cosentino, S., Brickman, A. M.,
Glymour, M. M., et al. (2009). Contribution of vascular risk factors to the
progression in Alzheimer disease. Arch. Neurol. 66, 343–348. doi: 10.1001/
archneur.66.3.343

Honig, L. S., Tang, M. X., Albert, S., Costa, R., Luchsinger, J., Manly, J., et al. (2003).
Stroke and the risk of Alzheimer disease. Arch. Neurol. 60, 1707–1712.

Huang, L., Chen, K. L., Lin, B. Y., Tang, L., Zhao, Q. H., Lv, Y. R., et al. (2018).
Chinese version of montreal cognitive assessment basic for discrimination
among different severities of Alzheimer’s disease. Neuropsychiatr. Dis. Treat. 14,
2133–2140. doi: 10.2147/NDT.S174293

Iliffe, S., and Pealing, L. (2010). Subjective memory problems. BMJ 340:c1425.
doi: 10.1136/bmj.c1425

Jefferson, A. L., Gibbons, L. E., Rentz, D. M., Carvalho, J. O., Manly, J., Bennett,
D. A., et al. (2011). A life course model of cognitive activities, socioeconomic
status, education, reading ability, and cognition. J. Am. Geriatr. Soc. 59, 1403–
1411. doi: 10.1111/j.1532-5415.2011.03499.x

Jessen, F., Amariglio, R. E., van Boxtel, M., Breteler, M., Ceccaldi, M., Chételat,
G., et al. (2014). A conceptual framework for research on subjective cognitive
decline in preclinical Alzheimer’s disease. Alzheimers Dement. 10, 844–852.
doi: 10.1016/j.jalz.2014.01.001

Jonker, C., Geerlings, M. I., and Schmand, B. (2000). Are memory complaints
predictive for dementia? A review of clinical and population-based studies. Int.
J. Geriatr. Psychiatry 15, 983–991. doi: 10.1002/1099-1166(200011)15:11<983::
aid-gps238>3.0.co;2-5

Katzman, R., Zhang, M. Y., Ouang, Y. Q., Wang, Z. Y., Liu, W. T., Yu, E., et al.
(1988). A Chinese version of the mini-mental state examination; impact of
illiteracy in a Shanghai dementia survey. J. Clin. Epidemiol. 41, 971–978.

Kielb, S., Rogalski, E., Weintraub, S., and Rademaker, A. (2017). Objective features
of subjective cognitive decline in a United States national database. Alzheimers
Dement. 13, 1337–1344. doi: 10.1016/j.jalz.2017.04.008

Klekociuk, S. Z., Summers, J. J., Vickers, J. C., and Summers, M. J. (2014).
Reducing false positive diagnoses in mild cognitive impairment: the importance
of comprehensive neuropsychological assessment. Eur. J. Neurol. 21, e82–e83.
doi: 10.1111/ene.12488

Koppara, A., Frommann, I., Polcher, A., Parra, M. A., Maier, W., Jessen, F., et al.
(2015). Feature binding deficits in subjective cognitive decline and in mild
cognitive impairment. J. Alzheimers Dis. 48(Suppl. 1), S161–S170. doi: 10.3233/
JAD-150105

Lee, Y., Back, J. H., Kim, J., Na, D. L., Cheong, H. K., Hong, C. H., et al.
(2010). Systematic review of health behavioral risks and cognitive health
in older adults. Int. Psychogeriatr. 22, 174–187. doi: 10.1017/S104161020999
1189

Liang, X., Chen, Z., Dong, X., Zhao, Q., Guo, Q., Zheng, L., et al. (2018).
Mental work demands and late-life cognitive impairment: results from the
shanghai aging study. J. Aging Health 31, 883–898. doi: 10.1177/08982643187
65034

Littlejohns, T. J., Henley, W. E., Lang, I. A., Annweiler, C., Beauchet, O., Chaves,
P. H., et al. (2014). Vitamin D and the risk of dementia and Alzheimer disease.
Neurology 83, 920–928.

Loef, M., and Walach, H. (2013). Midlife obesity and dementia: meta-analysis
and adjusted forecast of dementia prevalence in the United States and China.
Obesity 21, E51–E55. doi: 10.1002/oby.20037

Lu, J., Li, D., Li, F., Wang, F., Zuo, X., Jia, X. F., et al. (2011). Montreal cognitive
assessment in detecting cognitive impairment in Chinese elderly individuals: a
population-based study. J. Geriatr. Psychiatry Neurol. 24, 184–190. doi: 10.1177/
0891988711422528

Luchsinger, J. A., and Gustafson, D. R. (2009). Adiposity, type 2 diabetes, and
Alzheimer’s disease. J. Alzheimers Dis. 16, 693–704.

Maj, M., Satz, P., Janssen, R., Zaudig, M., Starace, F., D’Elia, L., et al. (1994). WHO
neuropsychiatric AIDS study, cross-sectional phase II. Neuropsychological and
neurological findings. Arch. Gen. Psychiatry 51, 51–61.

McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price, D., Stadlan, E. M.,
et al. (1984). Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-
ADRDA work group under the auspices of department of health and human
services task force on Alzheimer’s disease. Neurology 34, 939–944.

Meng, X., and D’Arcy, C. (2012). Education and dementia in the context of
the cognitive reserve hypothesis: a systematic review with meta-analyses
and qualitative analyses. PLoS One 7:e38268. doi: 10.1371/journal.pone.003
8268

Mohs, R. C., Doody, R. S. ,Morris, J. C., Ieni, J. R., Rogers, S. L., Perdomo, C. A., et
al. (2001). A 1-year, placebo-controlled preservation of function survival study
of donepezil in AD patients. Neurology 57, 481-488.

Morris, J. C. (1993). The clinical dementia rating (CDR). : current version and
scoring rules. Neurology 43, 2412–2414.

Frontiers in Neuroscience | www.frontiersin.org 9 August 2019 | Volume 13 | Article 846

https://doi.org/10.1037/a0015851
https://doi.org/10.1371/journal.pone.0098630
https://doi.org/10.1371/journal.pone.0098630
https://doi.org/10.1176/appi.ajp.2014.14070878
https://doi.org/10.1176/appi.ajp.2014.14070878
https://doi.org/10.1001/archneurol.2010.144
https://doi.org/10.1001/archneurol.2010.144
https://doi.org/10.1016/s1474-4422(07)70178-3
https://doi.org/10.3233/JAD-141086
https://doi.org/10.1111/sjop.12157
https://doi.org/10.3233/JAD-150956
https://doi.org/10.3233/JAD-150956
https://doi.org/10.1001/archneurol.2008.582
https://doi.org/10.1001/archneurol.2008.582
https://doi.org/10.1016/j.neuint.2018.11.014
https://doi.org/10.1016/j.neuint.2018.11.014
https://doi.org/10.1159/000366270
https://doi.org/10.1159/000366270
https://doi.org/10.1111/jdi.12087
https://doi.org/10.1111/jdi.12087
https://doi.org/10.1186/alzrt221
https://doi.org/10.1186/alzrt221
https://doi.org/10.3233/JAD-170347
https://doi.org/10.1212/WNL.0b013e3181f0754f
https://doi.org/10.1001/archneur.66.3.343
https://doi.org/10.1001/archneur.66.3.343
https://doi.org/10.2147/NDT.S174293
https://doi.org/10.1136/bmj.c1425
https://doi.org/10.1111/j.1532-5415.2011.03499.x
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1002/1099-1166(200011)15:11<983::aid-gps238>3.0.co;2-5
https://doi.org/10.1002/1099-1166(200011)15:11<983::aid-gps238>3.0.co;2-5
https://doi.org/10.1016/j.jalz.2017.04.008
https://doi.org/10.1111/ene.12488
https://doi.org/10.3233/JAD-150105
https://doi.org/10.3233/JAD-150105
https://doi.org/10.1017/S1041610209991189
https://doi.org/10.1017/S1041610209991189
https://doi.org/10.1177/0898264318765034
https://doi.org/10.1177/0898264318765034
https://doi.org/10.1002/oby.20037
https://doi.org/10.1177/0891988711422528
https://doi.org/10.1177/0891988711422528
https://doi.org/10.1371/journal.pone.0038268
https://doi.org/10.1371/journal.pone.0038268
https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-13-00846 August 13, 2019 Time: 7:30 # 10

Hao et al. Risk Factors and Neuropsychological Assessments of SCD (plus)

Ogawa, Y., Kaneko, Y., Sato, T., Shimizu, S., Kanetaka, H., Hanyu, H., et al. (2018).
Sarcopenia and muscle functions at various stages of Alzheimer Disease. Front.
Neurol. 9:710. doi: 10.3389/fneur.2018.00710

Paradise, M. B., Glozier, N. S., Naismith, S. L., Davenport, T. A., and Hickie, I. B.
(2011). Subjective memory complaints, vascular risk factors and psychological
distress in the middle-aged: a cross-sectional study. BMC Psychiatry 11:108.
doi: 10.1186/1471-244X-11-108

Park, J., Jeong, E., and Seomun, G. (2018). The clock drawing test: a systematic
review and meta-analysis of diagnostic accuracy. J. Adv. Nurs. 74, 2742–2754.
doi: 10.1111/jan.13810

Petersen, R. C. (2004). Mild cognitive impairment as a diagnostic entity. J. Intern.
Med. 256, 183–194. doi: 10.1111/j.1365-2796.2004.01388.x

Profenno, L. A., Porsteinsson, A. P., and Faraone, S. V. (2010). Meta-analysis
of Alzheimer’s disease risk with obesity, diabetes, and related disorders. Biol.
Psychiatry 67, 505–512. doi: 10.1016/j.biopsych.2009.02.013

Qizilbash, N., Gregson, J., Johnson, M. E., Pearce, N., Douglas, I., Wing, K., et al.
(2015). BMI and risk of dementia in two million people over two decades:
a retrospective cohort study. Lancet Diabetes Endocrinol. 3, 431–436. doi: 10.
1016/S2213-8587(15)00033-9

Rabin, L. A., Smart, C. M., and Amariglio, R. E. (2017). Subjective cognitive
decline in preclinical Alzheimer’s disease. Annu. Rev. Clin. Psychol. 13, 369–396.
doi: 10.1146/annurev-clinpsy-032816-045136

Rabin, L. A., Smart, C. M., Crane, P. K., Amariglio, R. E., Berman, L. M., Boada,
M., et al. (2015). Subjective cognitive decline in older adults: an overview of
self-report measures used across 19 international research studies. J. Alzheimers
Dis. 48(Suppl. 1), S63–S86. doi: 10.3233/JAD-150154

Rijs, K. J., Van den Kommer, T. N., Comijs, H. C., and Deeg, D. J.
(2015). Prevalence and incidence of memory complaints in employed
compared to non-employed aged 55-64 years and the role of employment
characteristics. PLoS One 10:e119192. doi: 10.1371/journal.pone.011
9192

Roberts, R. O., Knopman, D. S., Cha, R. H., Mielke, M. M., Pankratz,
V. S., Boeve, B. F., et al. (2014). Diabetes and elevated hemoglobin
A1c levels are associated with brain hypometabolism but not amyloid
accumulation. J. Nucl. Med. 55, 759–764. doi: 10.2967/jnumed.113.
132647

Sando, S. B., Melquist, S., Cannon, A., Hutton, M., Sletvold, O., Saltvedt, I., et al.
(2008). Risk-reducing effect of education in Alzheimer’s disease. Int. J. Geriatr.
Psychiatry 23, 1156–1162. doi: 10.1002/gps.2043

Saunders, N. L., and Summers, M. J. (2011). Longitudinal deficits to attention,
executive, and working memory in subtypes of mild cognitive impairment.
Neuropsychology 25, 237–248. doi: 10.1037/a0021134

Sellbom, K. S., and Gunstad, J. (2012). Cognitive function and decline in
obesity. J. Alzheimers Dis. 30(Suppl. 2), S89–S95. doi: 10.3233/JAD-2011-
111073

Smart, C. M., and Krawitz, A. (2015). The impact of subjective cognitive decline on
iowa gambling task performance. Neuropsychology 29, 971–987. doi: 10.1037/
neu0000204

Sperling, R. A., Jack, C. J., and Aisen, P. S. (2011). Testing the right target and
right drug at the right stage. Sci. Transl. Med. 3, 111c–133c. doi: 10.1126/
scitranslmed.3002609

Storandt, M., Grant, E. A., Miller, J. P., and Morris, J. C. (2006). Longitudinal
course and neuropathologic outcomes in original vs revised MCI and
in pre-MCI. Neurology 67, 467–473. doi: 10.1212/01.wnl.0000228231.
26111.6e

Sugimoto, T., Ono, R., Murata, S., Saji, N., Matsui, Y., Niida, S., et al.
(2016). Prevalence and associated factors of sarcopenia in elderly subjects
with amnestic mild cognitive impairment or Alzheimer disease. Curr.
Alzheimers Res. 13, 718–726. doi: 10.2174/15672050136661602111
24828

Summers, M. J., and Saunders, N. L. (2012). Neuropsychological measures
predict decline to Alzheimer’s dementia from mild cognitive impairment.
Neuropsychology 26, 498–508. doi: 10.1037/a0028576

Tang, Y. Z. M. (1984). Hamilton anxiety scale (HAMA). Shanghai Arch. Psychiatry
12–13.

Vogel, A., Salem, L. C., Andersen, B. B., and Waldemar, G. (2016). Differences
in quantitative methods for measuring subjective cognitive decline – results
from a prospective memory clinic study. Int. Psychogeriatr. 28, 1513–1520.
doi: 10.1017/S1041610216000272

Vyhnalek, M., Nikolai, T., Andel, R., Nedelska, Z., Rubínová, E., Marková, H.,
et al. (2014). Neuropsychological correlates of hippocampal atrophy in memory
testing in nondemented older adults. J. Alzheimers Dis. 42(Suppl. 3), S81–S90.
doi: 10.3233/JAD-132642

Vyhnalek, M., Rubinova, E., Markova, H., Nikolai, T., Laczó, J., Andel, R., et al.
(2017). Clock drawing test in screening for Alzheimer’s dementia and mild
cognitive impairment in clinical practice. Int. J. Geriatr. Psychiatry 32, 933–939.
doi: 10.1002/gps.4549

Wang, Z., Qiao, K., Chen, G., Sui, D., Dong, H. M., Wang, Y. S., et al. (2019).
Functional connectivity changes across the spectrum of subjective cognitive
decline, amnestic mild cognitive impairment and Alzheimer’s disease. Front.
Neuroinform. 13:26. doi: 10.3389/fninf.2019.00026

Williams, J. W., Plassman, B. L., Burke, J., and Benjamin, S. (2010). Preventing
Alzheimer’s disease and cognitive decline. Evid. Rep. Technol. Assess. 1–727.

Xu, W. L., Atti, A. R., Gatz, M., Pedersen, N. L., Johansson, B., Fratiglioni, L.,
et al. (2011). Midlife overweight and obesity increase late-life dementia risk:
a population-based twin study. Neurology 76, 1568–1574. doi: 10.1212/WNL.
0b013e3182190d09

Xu, Y., Chen, K., Zhao, Q., Li, F., and Guo, Q. (2018). Short-term delayed recall
of auditory verbal learning test provides equivalent value to long-term delayed
recall in predicting MCI clinical outcomes: a longitudinal follow-up study. Appl.
Neuropsychol. Adult [Epub ahead of print].

Yang, Y., Xiao, L. D., Deng, L., Wang, Y., Li, M., Ullah, S., et al. (2015). Nurse-led
cognitive screening model for older adults in primary care. Geriatr. Gerontol.
Int. 15, 721–728. doi: 10.1111/ggi.12339

Zhao, Q., Guo, Q., Liang, X., Chen, M., Zhou, Y., Ding, D., et al. (2015).
Auditory verbal learning test is superior to rey-osterrieth complex figure
memory for predicting mild cognitive impairment to Alzheimer’s disease.
Curr. Alzheimer Res. 12, 520–526. doi: 10.2174/156720501266615053020
2729

Zhao, Q., Lv, Y., Zhou, Y., Hong, Z., and Guo, Q. (2012). Short-term delayed
recall of auditory verbal learning test is equivalent to long-term delayed
recall for identifying amnestic mild cognitive impairment. PLoS One 7:e51157.
doi: 10.1371/journal.pone.0051157

Zhong, G., Wang, Y., Zhang, Y., Guo, J. J., and Zhao, Y. (2015).
Smoking is associated with an increased risk of dementia: a meta-
analysis of prospective cohort studies with investigation of potential
effect modifiers. PLoS One 10:e118333. doi: 10.1371/journal.pone.011
8333

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Hao, Xing, Li, Mu, Zhao, Wang, Wang, Jia and Han. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Neuroscience | www.frontiersin.org 10 August 2019 | Volume 13 | Article 846

https://doi.org/10.3389/fneur.2018.00710
https://doi.org/10.1186/1471-244X-11-108
https://doi.org/10.1111/jan.13810
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1016/j.biopsych.2009.02.013
https://doi.org/10.1016/S2213-8587(15)00033-9
https://doi.org/10.1016/S2213-8587(15)00033-9
https://doi.org/10.1146/annurev-clinpsy-032816-045136
https://doi.org/10.3233/JAD-150154
https://doi.org/10.1371/journal.pone.0119192
https://doi.org/10.1371/journal.pone.0119192
https://doi.org/10.2967/jnumed.113.132647
https://doi.org/10.2967/jnumed.113.132647
https://doi.org/10.1002/gps.2043
https://doi.org/10.1037/a0021134
https://doi.org/10.3233/JAD-2011-111073
https://doi.org/10.3233/JAD-2011-111073
https://doi.org/10.1037/neu0000204
https://doi.org/10.1037/neu0000204
https://doi.org/10.1126/scitranslmed.3002609
https://doi.org/10.1126/scitranslmed.3002609
https://doi.org/10.1212/01.wnl.0000228231.26111.6e
https://doi.org/10.1212/01.wnl.0000228231.26111.6e
https://doi.org/10.2174/1567205013666160211124828
https://doi.org/10.2174/1567205013666160211124828
https://doi.org/10.1037/a0028576
https://doi.org/10.1017/S1041610216000272
https://doi.org/10.3233/JAD-132642
https://doi.org/10.1002/gps.4549
https://doi.org/10.3389/fninf.2019.00026
https://doi.org/10.1212/WNL.0b013e3182190d09
https://doi.org/10.1212/WNL.0b013e3182190d09
https://doi.org/10.1111/ggi.12339
https://doi.org/10.2174/1567205012666150530202729
https://doi.org/10.2174/1567205012666150530202729
https://doi.org/10.1371/journal.pone.0051157
https://doi.org/10.1371/journal.pone.0118333
https://doi.org/10.1371/journal.pone.0118333
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-13-00846 August 13, 2019 Time: 7:30 # 11

Hao et al. Risk Factors and Neuropsychological Assessments of SCD (plus)

APPENDIX

Pre-MCI SCD
It is defined as (1) the objective cognitive performance of the individuals to be within the normal range; (2) decline of the self-perceived
cognitive abilities; (3) these subtle cognitive declines should not reach the diagnosis of mild cognitive impairment (MCI) or dementia;
and (4) this should not be caused by any psychiatric disorders or neurological and medical conditions.

SCD (plus)
In addition to meeting the diagnosis of pre-MCI SCD, SCD (plus) also need to meet the following criteria: onset age ≥60 years;
complaints about SCD within the past 5 years; the complainers feel their performance are not as good as their peers and concerning
associated with SCD; a confirmed cognitive decline by the informants; complains were only limited memory problems rather than
other cognitive domains; and presence of the APOE ε4 genotype and biomarker evidence for a potential progression to AD.
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