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Purpose: Despite their high prevalence in Alzheimer’s disease (AD), and the increasing level 

of concern they have generated, subjective memory complaints (SMCs) are poorly understood. 

This study investigated the accuracy with which SMC can separate mild cognitive impairment 

(MCI) and early AD from cognitive normal (CN), and explored whether the discrimination 

ability is similar to or better than that of the Mini-Mental State Exam (MMSE).

Patients and methods: This study recruited 175 CN subjects, 52 with MCI, and 66 with 

probable AD aged 60 years or older. To test the independent contributions of SMC and MMSE 

scores to the classification of cognitive status (CN vs MCI or early AD), logistic regression 

analyses were performed, adjusting for the following potential confounding variables: age, 

gender, Frontal Assessment Battery score, modified Hachinski Ischemic Scale score, and 

apolipoprotein E ε4 status. Receiver operating characteristic (ROC) curve analyses were used 

to determine the discrimination accuracy of SMC and MMSE scores, and area under the ROC 

curve (AUROC) was also calculated.

Results: In the highly educated ($7 years), nondepressed (Geriatric Depression Scale #15) 

subgroup, SMC showed good accuracy in discriminating cognitively impaired subjects from CN 

after adjusting for potential confounding variables (the AUROC of the adjusted SMC was 0.841 

for MCI discrimination, and it was 0.858 for MCI plus early AD discrimination). Both SMC 

and MMSE scores significantly contributed to differentiating between CN and MCI (OR=2.372, 

95% CI=1.086–5.177; OR=0.730, 95% CI=0.566–0.941, respectively) after adjusting for the 

same covariates. However, in the highly educated and nondepressed subgroups, SMC showed 

significant predictive power for MCI from CN (OR=3.119, 95% CI=1.190–8.176; OR=3.328, 

95% CI=1.320–8.396, respectively), whereas MMSE scores did not.

Conclusion: Our findings support the usefulness of SMC, which was comparable or even 

superior to MMSE scores, for detecting MCI or early AD.

Keywords: subjective memory complaint (SMC), Alzheimer’s disease (AD), mild cognitive 

impairment (MCI), cognitively normal (CN), discrimination accuracy

Introduction
Subjective memory complaints (SMCs) represent a type of concerns made by people 

with cognitive difficulties, and are very common in elderly individuals.1 In community-

based studies, their reported prevalence was 25%–50%, and more than half of 

elderly individuals with SMCs were worried about incipient dementia, specifically, 

Alzheimer’s disease (AD).2,3 Despite their high prevalence and the concerns they 

generate, SMCs are a poorly understood symptom.

It is not clear whether SMCs are merely a normal age-related process.4 Several 

recent cross-sectional studies have reported that SMCs were more often related to 

depression than to poor performance on objective cognitive tests.5,10,11 Furthermore, age, 
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gender, level of education, vascular burden, apolipoprotein E 

(ApoE) ε4 status, and executive dysfunction correlated with 

anosognosia are all risk or confounding factors associated 

with SMCs.1,5–10

However, increasing numbers of recent longitudinal 

studies11–14 have suggested that SMCs may be an earlier 

manifestation of the pathological process in AD than of 

mild cognitive impairment (MCI).15 As the pathology of AD 

evolves in the brain several years before the onset of MCI, 

the subjective perception of specific experienced memory 

impairment that differs from cognitively normal (CN) aging 

may cause SMCs with a specific form in a pre-MCI stage 

of subsequent AD.16 Furthermore, in the earliest AD stage, 

increased compensatory neuronal effect probably related to 

SMCs may facilitate still normal performance on objective 

cognitive tests.17

Various studies have shown that SMCs are useful for 

predicting cognitive decline in the elderly. To evaluate SMCs, 

some studies used one question,5,12,18 whereas others used two 

or more questions.18,19 Studies can be categorized accord-

ing to the baseline cognitive status of the subjects (CN,5,12 

MCI,12 and non-dementia)12,18,19 or their final disease status 

(AD,5,12 dementia).18,19 Many studies have also identified the 

confounding factors of SMCs including depression,5,12 age,5,12 

gender,5,12 level of education,5,12,20 vascular burden,10 ApoE 

ε4 status,12,21,22 and executive dysfunction.7

The Mini-Mental State Exam (MMSE)23 has become 

a widely used objective cognitive screening test for AD 

dementia in both clinical and research settings. Indeed, the 

MMSE has many uses, ranging from examining cutoff scores 

for identifying AD24 to examining the prediction of incident 

AD dementia in non-demented individuals.25 However, the 

MMSE has poor sensitivity in MCI screening,26 and little 

is known about differences in the accuracy of SMCs and 

MMSE scores for screening for MCI.

Therefore, although SMCs and the MMSE scores con-

tribute independently to screening for predicting AD, it 

remains unclear whether SMCs are equal to or superior to 

MMSE scores in terms of their screening accuracy for MCI 

and early AD. Therefore, this study investigated the discrimi-

nation accuracy of SMC for separating MCI and early AD 

from CN, and explored whether the discrimination ability is 

similar to or better than that of the MMSE.

Methods
Subjects
The study subjects were recruited from individuals registered 

in a program for the early detection and management of 

dementia at four centers in Seoul, Republic of Korea (two 

public health centers, one senior citizens’ welfare center, and 

one dementia clinic) from September 2005 to March 2014. 

The study included 175 CN individuals, 52 with MCI, and 

66 with AD living in the community. All subjects were aged 

60 years or older.

The inclusion criteria were as follows. 1) Early AD 

subjects were diagnosed according to the probable AD 

criteria of the National Institute of Neurological and Com-

munication Disorders and Stroke/Alzheimer’s Disease and 

Related Disorders Association (NINCDS-ADRDA)27 and 

the dementia criteria of the fourth edition of the Diagnostic 

and Statistical Manual of Mental Disorders (DSM-IV),28 

MMSE scores between 20 and 26, and a clinical dementia 

rating (CDR) scale29 score of 0.5 or 1.0. 2) MCI subjects 

were diagnosed according to current consensus criteria15 

and the criteria for MCI introduced by the German Study 

on Aging, Cognition and Dementia in primary care patients 

(AgeCoDe)30 and Alzheimer’s Disease Neuroimaging 

Initiative (ADNI):31 a) memory complaint corroborated by an 

informant; b) an objective memory impairment as evidenced 

by a performance score on a delayed recall task 1.5 SD 

below the respective age-, education-, and gender-specific 

normative mean;32 c) essentially preserved general cognitive 

function; d) largely intact functional activities; and e) absence 

of dementia, MMSE scores between 24 and 30, and a CDR 

of 0.5. 3) CN subjects were diagnosed if they did not show 

MCI or dementia and has MMSE scores between 24 and 

30 and a CDR of 0.

The exclusion criteria for all subjects were as follows: 

1) any serious medical, psychiatric, and neurologic disorders 

other than MCI or AD that could affect mental functioning; 

2) evidence of focal brain lesions on magnetic resonance 

imaging (MRI), including lacunes and white matter hyper-

intensity lesions of grade 2 or more by the Fazekas scale;33 

3) the presence of severe behavioral or communication 

problems that would make a clinical examination difficult; 

4) the absence of a reliable informant; and 5) inability to 

read Korean (ie, inability to read ten words on the Word List 

Memory from the CERAD neuropsychological battery).34–36 

All Individuals with minor physical abnormalities (eg, dia-

betes with no serious complications, essential hypertension, 

mild hearing loss, or others) were included.

The Institutional Review Board of Seoul National University 

Hospital, Republic of Korea, approved the study, and subjects 

or their legal representatives gave written informed consent.

Clinical assessments
SMC was assessed with one question: “Do you think 

that your memory is poorer than that of other people of a 
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similar age?” This question is one item from Subjective 

Memory Complaints Questionnaire (SMCQ),19 and responses 

were restricted to either “Yes” or “No”; which enhanced 

the feasibility and inter-rater reliability of this question for 

elderly populations.

All subjects were examined according to the CERAD 

protocol by psychiatrists with advanced training in dementia 

research. The CERAD clinical assessment battery included 

the CDR, the Blessed Dementia Scale-Activities of Daily 

Living (BDS-ADL), a general medical examination, neuro-

logical examination, laboratory tests, and brain MRI or com-

puted tomography. The CERAD neuropsychological battery, 

administered by experienced clinical psychologists, included 

verbal fluency test, 15-item Boston Naming Test, the MMSE 

in the Korean version of the CERAD assessment packet 

(MMSE-KC),37 the Word List Memory (ten-item word list, 

three presentations), the Word List Recall test (verbal delayed 

recall after 10 minutes), and the Word List Recognition and 

Constructional Recall test. The standard administration of 

the CERAD battery has been described in detail. Reliable 

informants were interviewed to acquire accurate information 

regarding the cognitive, emotional, and functional changes 

and the medical history of the subjects.

The Korean version of the Frontal Assessment Battery 

(FAB), a short bedside test to assess the presence and 

severity of dysexecutive syndrome affecting both cognitive 

and motor behavior, was also administered by experienced 

clinical psychologists or nurses. The FAB consists of six 

subtests: conceptualization, mental flexibility, motor pro-

gramming, sensitivity to interference, inhibitory control, and 

environmental autonomy. Global performance on these six 

subtests yields a composite score summarizing the severity 

of executive dysfunction.

The revised Korean version of the Geriatric Depression 

Scale (GDS), a reliable, valid questionnaire for screening for 

major (MDD) and minor (MnDD) depressive disorders in 

late life, was administered to all subjects. Its optimal cutoff 

score was 15/16 for both MDD and MnDD.38

The modified Hachinski Ischemic Scale (mHIS), a tool 

widely used to identify vascular burdens in individuals with 

cognitive impairment or dementia, was administered. This 

scoring system comprises eight items, stepwise deterioration, 

somatic complaint, emotional incontinence, history of hyper-

tension, history of strokes, abrupt onset, focal neurologic 

symptoms, and focal neurological signs. The last four items 

earn two points and the others earn one point, resulting in a 

total score of 12.

Because the ApoE ε4 allele, the major genetic risk factor 

for AD,39 is also known to be correlated with SMCs,21,22 

ApoE genotyping was performed according to methods 

described previously.40

A panel consisting of four psychiatrists with expertise 

in dementia research made the clinical decisions including 

diagnosis and CDR after reviewing all of the available 

raw data.

Statistical analysis
Differences in the subjects’ characteristics were examined 

according to diagnosis using ANOVA with post hoc con-

trasts using the Tukey method. Categorical variables were 

compared using the chi-squared test or Fisher’s exact test. 

The characteristics of the SMC-positive and -negative groups 

were compared using Student’s t-test or the chi-squared test. 

To test the independent contribution of SMC and MMSE 

scores to the classification of cognitive status (CN vs MCI 

or early AD), logistic regression analyses were performed, 

adjusting for potential confounding variables including age, 

gender, FAB score, mHIS score, and ApoE ε4 status. A series 

of multiple logistic regression models for MCI and early AD 

discrimination were used to obtain new SMC and MMSE 

scores after adjusting for the same confounding variables. 

We used receiver operating characteristic (ROC) curve 

analysis to determine how well the new SMC and MMSE 

scores discriminated between individuals with MCI or early 

AD and CN. The area under the ROC curve (AUROC) was 

compared using the method of Hanley and McNeil.41

The level of statistical significance was set as a two-

tailed P,0.05. ROC curve analyses were performed using 

MedCalc for Windows, ver 12.1 (MedCalc Software, 

Mariakerke, Belgium). All the other analyses, except ROC 

curve analysis, were performed using SPSS, ver 24 (IBM 

Corporation, Armonk, NY, USA).

Results
Subject characteristics
Table 1 summarizes the subjects’ demographic and clinical 

characteristics. There were no significant differences in 

gender, education, or GDS scores among the CN, MCI, and 

early AD groups. Significant group differences were found 

in age, word list delayed recall (WLR) scores, MMSE scores, 

CDR scores, CDR sum of box (SOB) scores, BDS-ADL 

scores, FAB scores, mHIS scores, ApoE ε4 carrier status, 

and the presence of SMC. Table 2 presents the subjects’ 

characteristics according to SMC status. In the CN group, 

the SMC-positive group had significantly less education and 

higher GDS scores than the SMC-negative group. In the 

MCI, the SMC-positive group had significantly higher GDS 

scores than SMC-negative group. In the early AD group, 
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the SMC-positive group was significantly younger and had 

higher GDS score than the SMC-negative group.

Logistic regression analyses for cognitive 
status according to SMC or MMSE scores
Table 3 shows the results of the logistic regression analyses 

for cognitive status according to SMC or MMSE scores after 

adjusting for potential confounding variables including age, 

gender, FAB scores, mHIS scores, and ApoE ε4 status.

CN vs MCI
Both SMC and MMSE scores significantly contributed 

to differentiating between CN and MCI (OR=2.372, 

95% CI=1.086–5.177; OR=0.730, 95% CI=0.566–0.941, 

respectively) after adjusting the variables. However, in the 

highly educated ($7 years) and nondepressed (GDS #15) 

subgroups, SMC showed significant predictive power 

for MCI (OR=3.119, 95% CI=1.190–8.176; OR=3.328, 

95% CI=1.320–8.396, respectively), whereas MMSE scores 

did not. Furthermore, in the highly educated, nondepressed 

Table 1 Subject characteristics

CN
n=175

MCI
n=52

Early AD
n=66

P-value

Age, years 70.47±5.84 72.52±6.59 74.41±7.34 ,0.001c

Gender, 
male/female

75/100 20/32 24/42 0.619

Education, years 11.02±4.70 10.85±4.10 11.33±4.12 0.827
Education 0.449

$7 134 (76.6) 36 (69.2) 52 (78.8)
,7 41 (23.4) 16 (30.8) 14 (17.7)

WLR 5.97±1.49 1.83±0.90 1.74±1.52 ,0.001a,c

MMSE 26.67±1.80 25.58±1.55 22.02±1.54 ,0.001a,b,c

CDR 0/0.5/1 175/0/0 0/52/0 0/50/16 ,0.001
CDR SOB 0.00±0.00 1.37±0.63 3.52±1.40 ,0.001a,b,c

BDS-ADL 0.00±0.00 1.21±0.52 2.88±1.25 ,0.001a,b,c

GDS 11.43±6.93 11.29±6.56 11.29±6.58 0.984
GDS 0.861

.15 47 12 17
#15 128 40 49

FAB 14.58±2.09 13.81±2.26 11.98±3.62 ,0.001b,c

mHIS 1.03±1.59 1.31±1.96 0.56±0.70 0.023b

ApoE ε4 carrier 23 (18.4) 19 (36.5) 20 (36.4) ,0.001
SMC +/− 72/103 28/24 41/25 0.010

Notes: Data are presented as mean±SD or number (%). Cutoff score of GDS is 15/16 
for both minor depressive disorder and major depressive disorder. Comparison 
of three diagnostic groups was done by ANOVA with post hoc contrasts using 
Tukey’s methods: aCN vs MCI; bMCI vs AD; cCN vs AD. Chi-square test was used 
to compare gender, categorized education, CDR, categorized GDS, ApoE e 4 carrier 
status and SMC positivity.
Abbreviations: CN, cognitively normal; MCI, mild cognitive impairment; AD, 
Alzheimer’s disease; WLR, word list delayed recall; MMSE, Mini-Mental State 
Examination; CDR, clinical dementia rating; SOB, sum of box; BDS-ADL, blessed 
Dementia Scale-Activities of Daily Living; GDS, Geriatric Depression Scale; FAB, 
Frontal Assessment Battery; mHIS, modified Hachinski Ischemic Scale; ApoE, 
apolipoprotein E; SMC, subjective memory complaint.

subgroup, SMC showed significant predictive power for 

MCI (OR=6.000, 95% CI=1.870–19.248), whereas MMSE 

scores did not. In the low-education and depressed subgroups, 

the effect of neither SMC nor MMSE scores approached 

significance.

CN vs early AD
In both the total sample and highly educated subgroup, SMC 

and MMSE scores both significantly contributed to differ-

entiating between CN individuals and those with early AD 

after adjusting for the relevant variables. In the less educated 

subgroup, neither SMC nor MMSE scores were significant 

in this regard.

CN vs MCI plus early AD
After adjusting the relevant variables, SMC significantly 

predicted MCI plus early AD in the entire group and in all 

subgroups except for the less educated and depressed sub-

groups, whereas the effect of MMSE scores was significant 

in the entire group and all subgroups.

New scores after adjustment for 
potential confounding variables
We used multiple logistic regression analyses to calculate 

new scores for SMC and the MMSE in more educated 

($7 years), nondepressed (GDS #15) subgroup after adjust-

ing for potential confounding variables. The equations for the 

new scores derived from the multiple logistic regressions for 

MCI and early AD screening were as follows:

MCI discrimination
Potential confounding variables-adjusted SMC (adjusted 

SMC) score

	

Logit (case) = �−4.448 + 1.792 × SMC + 0.072 × age  

- 0.196 × gender − 0.205 × FAB - 0.015 

× mHIS + 2.337 × ApoE ε4 �

	

or Pr (case) = �1/(1 + exp[4.448 - 1.792  × SMC - 0.072  

× age + 0.196 × gender + 0.205 × FAB  

+ 0.015 × mHIS - 2.337 × ApoE ε4]) �

Potential confounding variables-adjusted MMSE 

(adjusted MMSE) score

	

Logit (case) = �4.220 – 0.209 × MMSE + 0.028 × age  

+ 0.164 × gender − 0.153 × FAB - 0.058 

× mHIS + 2.086 × ApoE ε4 �
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Table 2 Subject characteristics according to SMC status

CN
n=175

MCI
n=52

Early AD
n=66

P-value

SMC (+)
n=72

SMC (−)
n=103

SMC (+)
n=28

SMC (−)
n=24

SMC (+)
n=41

SMC (−)
n=25

SMC (+) vs 
SMC (−)

Age, years 70.60±5.72 70.38±5.95 70.93±6.03 74.38±6.85 73.02±7.09 76.68±7.30 0.049c

Gender, male/female 29/43 46/57 12/16 8/16 14/27 10/15
Education, years 10.15±4.70 11.62±4.63 11.21±4.53 10.42±3.57 10.98±4.17 11.92±4.04 0.042a

Education
$7 51 (70.8) 83 (80.6) 20 (71.4) 16 (66.7) 30 (73.2) 22 (88.0)
,7 21 (29.2) 20 (19.4) 8 (28.6) 8 (33.3) 11 (26.8) 3 (12.0)

WLR 5.82±1.38 6.07±1.57 1.93±0.94 1.71±0.86 1.93±1.52 1.44±1.50
MMSE 26.46±1.91 26.83±1.72 25.71±1.49 25.42±1.64 22.20±1.49 21.72±1.62
CDR 0/0.5/1 72/0/0 103/0/0 0/28/0 0/24/0 0/31/10 0/19/6
CDR SOB 0.00±0.00 0.00±0.00 1.43±0.60 1.29±0.66 3.40±1.27 3.70±1.61
BDS-ADL 0.00±0.00 0.00±0.00 1.18±0.49 1.25±0.55 2.90±1.26 2.84±1.26
GDS 14.01±7.04 9.63±6.28 13.68±6.57 8.50±5.45 12.68±6.05 9.00±6.88 ,0.001a

0.004b

0.026c

GDS ,0.001a

.15 30 (41.7) 17 (16.5) 9 (32.1) 3 (12.5) 12 (29.3) 5 (20.2)
#15 42 (58.3) 86 (83.5) 19 (67.9) 21 (87.5) 29 (70.7) 20 (80.0)

FAB 14.53±1.94 14.61±2.20 13.96±2.52 13.63±1.95 12.50±3.42 11.12±3.86
mHIS 1.24±1.88 0.89±1.35 1.11±1.34 1.54±2.50 0.59±0.74 0.52±0.65
ApoE ε4 carrier 8 (15.7) 15 (20.3) 9 (32.1) 10 (41.7) 17 (44.7) 3 (17.6)

Notes: Data are presented as mean±SD or number (%). Cutoff score of GDS is 15/16 for both minor depressive disorder and major depressive disorder. Group comparison 
was done by students’s t-test: ain the CN group, SMC (+) vs SMC (-); bin the MCI group, SMC (+) vs SMC (-); cin the AD group, SMC (+) vs SMC (-). Chi-square test was 
used to compare gender, categorized education, CDR, categorized GDS and ApoE e 4 carrier status.
Abbreviations: CN, cognitively normal; MCI, mild cognitive impairment; AD, Alzheimer’s disease; WLR, word list delayed recall; MMSE, Mini-Mental State Examination; 
CDR, clinical dementia rating; SOB, sum of box; BDS-ADL, blessed Dementia Scale-Activities of Daily Living; GDS, Geriatric Depression Scale; FAB, Frontal Assessment 
Battery; mHIS, modified Hachinski Ischemic Scale; ApoE, apolipoprotein E; SMC, subjective memory complaint.

	

or Pr (case) = �1/(1 + exp[−4.220 + 0.209 × MMSE  

- 0.028 × age - 0.164 × gender + 0.153  

× FAB + 0.058 × mHIS - 2.086 × ApoE ε4])�

MCI plus early AD discrimination
Potential confounding variables-adjusted SMC (adjusted 

SMC) score

	

Logit (case) = �−4.566 + 1.947 × SMC + 0.100 × age  

+ 0.013 × gender - 0.288 × FAB - 0.209 

× mHIS + 2.174 × ApoE ε4 �

	

or Pr (case) = �1/(1 + exp[4.566 - 1.947 × SMC - 0.100  

× age - 0.013 × gender + 0.288 × FAB  

+ 0.209 × mHIS - 2.174 × ApoE ε4]) �

Potential confounding variables-adjusted MMSE (adjusted 

MMSE) score

	

Logit (case) = �15.022 - 0.606 × MMSE + 0.108  

× age + 0.367 × gender - 0.107 × FAB 

- 0.225 × mHIS + 1.914 × ApoE ε4 �

	

or Pr (case) = �1/(1 + exp[-15.022 + 0.606 × MMSE - 
0.108 × age - 0.367 × gender + 0.107 × 
FAB + 0.225 × mHIS - 1.914 × ApoE ε4]) �

ROC analysis
An ROC curve was constructed for each score, as shown in 

Figure 1, and the area under each ROC curve was calculated. 

Table 4 shows the AUROC, sensitivity, specificity, and cutoff 

points for SMCs, MMSE scores, adjusted SMCs, and adjusted 

MMSE scores. The ROC curve comparisons between the 

adjusted SMC scores and the SMC, MMSE, and adjusted 

MMSE scores are shown in the following MCI discrimination 

and MCI plus early AD discrimination sections.

MCI discrimination
Among CN individuals and subjects with MCI with high 

levels of education ($7 years) and no diagnosis of depression 

(GDS #15), the AUROC of the adjusted SMC was 0.841, 

indicating good discrimination of subjects with MCI from 

CN individuals. Under the same condition, the AUROC of 

the adjusted MMSE scores was 0.816.
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Table 3 Results of the logistic regression analyses for cognitive impairment status according to SMC and MMSE scores stratified by 
education and GDS

B SE Wald P-value OR (95% CI) χ2 R2a

CN vs MCI
All

SMC 0.864 0.398 4.701 0.030 2.372 (1.086–5.177) 22.632 0.189
MMSE −0.315 0.130 5.885 0.015 0.730 (0.566–0.941) 24.157 0.201

Education $7
SMC 1.137 0.492 5.350 0.021 3.119 (1.190–8.176) 27.081 0.291
MMSE −0.286 0.155 3.388 0.066 0.751 (0.554–1.019) 24.993 0.270

Education ,7
SMC 0.061 0.819 0.006 0.940 1.063 (0.213–5.295) 3.280 0.112
MMSE −0.464 0.339 1.870 0.171 0.629 (0.324–1.222) 5.414 0.180

GDS .15
SMC 1.194 1.467 0.663 0.416 3.300 (0.186–58.475) 10.530 0.416
MMSE −0.899 0.552 2.652 0.103 0.407 (0.138–1.201) 13.324 0.508

GDS #15
SMC 1.203 0.472 6.489 0.011 3.328 (1.320–8.396) 27.535 0.280
MMSE −0.255 0.142 3.206 0.073 0.775 (0.586–1.024) 24.133 0.248

Education $7 and GDS #15
SMC 1.792 0.595 9.078 0.003 6.000 (1.870–19.248) 33.418 0.408
MMSE −0.209 0.166 1.586 0.208 0.811 (0.586–1.124) 24.875 0.317

CN vs early AD
All
SMC 1.520 0.428 12.614 ,0.001 4.570 (1.976–10.571) 63.743 0.427

MMSE −2.829 0.689 16.878 ,0.001 0.059 (0.015–0.228) 175.210 0.888

Education $7
SMC 1.627 0.493 10.887 0.001 5.086 (1.936–13.367) 49.499 0.432
MMSE −6.705 2.958 5.137 0.023 0.001 (0.001–0.404) 151.588 0.949

Education ,7
SMC 1.024 0.964 1.129 0.288 2.785 (0.421–18.431) 17.793 0.495
MMSE −2.751 1.504 3.344 0.067 0.064 (0.003–1.218) 40.747 0.890

CN vs MCI plus early AD
All
SMC 1.191 0.328 13.221 ,0.001 3.292 (1.732–6.257) 61.848 0.330

MMSE −0.668 0.108 38.396 ,0.001 0.513 (0.415–0.633) 107.238 0.519

Education $7
SMC 1.361 0.390 12.212 ,0.001 3.902 (1.818–8.372) 54.625 0.376

MMSE −0.721 0.129 31.197 ,0.001 0.486 (0.378–0.626) 91.474 0.568

Education ,7
SMC 0.544 0.658 0.685 0.408 1.723 (0.475–6.255) 12.038 0.273
MMSE −0.658 0.237 7.691 0.006 0.518 (0.325–0.824) 23.126 0.474

GDS .15
SMC 0.574 0.866 0.440 0.507 1.776 (0.325–9.694) 23.136 0.479
MMSE −1.007 0.340 8.764 0.003 0.365 (0.187–0.711) 39.774 0.714

GDS #15
SMC 1.559 0.401 15.153 ,0.001 4.756 (2.169–10.428) 58.665 0.398

MMSE −0.611 0.119 26.203 ,0.001 0.543 (0.430–0.686) 80.676 0.515

Education $7 and GDS #15
SMC 1.947 0.488 15.908 ,0.001 7.007 (2.692–18.238) 56.619 0.472

MMSE −0.606 0.134 20.501 ,0.001 0.546 (0.420–0.709) 68.375 0.546

Notes: Cutoff score of GDS is 15/16 for both minor depressive disorder and major depressive disorder. Logistic regression analyses were adjusted for age, gender, 
FAB, mHIS, and ApoE ε4. aNagelkerke R2. SMC and MMSE were included in the regression model, respectively.
Abbreviations: SMC, subjective memory complaint; CN, cognitively normal; MCI, mild cognitive impairment; FAB, Frontal Assessment Battery; mHIS, modified 
Hachinski Ischemic Scale; ApoE, apolipoprotein E; MMSE, Mini-Mental State Examination; CDR, clinical dementia rating; SOB, sum of box; B, regression coefficient; 
SE, standard error; OR, odds ratio; CI, confidence interval; GDS, Geriatric Depression Scale; AD, Alzheimer’s disease.
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The discriminatory accuracy of the adjusted SMC scores 

for MCI was significantly better than those of the SMC 

(z=3.389, P=0.0007) and MMSE scores (z=2.688, P=0.0072). 

The adjusted SMC score did not demonstrate better discrimi-

nation accuracy for MCI compared with the adjusted MMSE 

scores (z=0.670, P=0.5030; Table 4).

MCI plus early AD discrimination
Among CN subjects and those with MCI plus early AD with 

both high level of education ($7 years) and no diagnosis of 

depression (GDS #15), the AUROC of the adjusted SMC 

scores was 0.858, representing good discrimination of sub-

jects with MCI plus early AD from CN individuals. Under the 

same condition, the AUROCs of the adjusted MMSE scores 

and the MMSE scores were 0.882 and 0.837, respectively.

The adjusted SMC scores showed better discrimination 

accuracy than the SMC scores for MCI (z=4.416, P,0.0001). 

The discrimination accuracy of the adjusted MMSE scores for 

MCI plus early AD was significantly better than that of the 

SMC (z=3.821, P=0.0001) and the MMSE scores (z=2.271, 

P=0.0232; Table 4).

Discussion
We investigated the accuracy with which SMC discriminated 

subjects with MCI and early AD from CN individuals, and 

explored whether the discriminatory ability was similar to 

or better than that of MMSE scores. In the highly educated, 

nondepressed subgroup, SMC showed good accuracy for 

discriminating cognitively impaired subjects from CN 

Figure 1 ROC curves of SMC, MMSE, adjusted SMC, and adjusted MMSE for (A) CN vs MCI and (B) CN vs MCI plus early AD in the highly educated ($7 years), 
nondepressed (GDS #15) subgroup.
Note: “Adjusted” means that the effects of confounding variable, including age, gender, FAB, mHIS, and ApoE ε4 status, were adjusted.
Abbreviations: ROC, receiver operating characteristic; SMC, subjective memory complaint; CN, cognitively normal; MCI, mild cognitive impairment; AD, Alzheimer’s 
disease; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; FAB, Frontal Assessment Battery; mHIS, modified Hachinski Ischemic Scale; ApoE, 
apolipoprotein E.

Table 4 AUROC and cutoff scores for SMC, MMSE, adjusted 
SMC, and adjusted MMSE in the highly educated ($7 years), 
nondepressed (GDS #15) subgroups of CN, MCI, and early AD

CN vs MCI
n=99

CN vs MCI 
plus early AD
n=130

Adjusted SMC
AUROC 0.841a,b 0.858b

SE 0.0434 0.0339
95% CI 0.754–0.907 0.786–0.913
Pr (case) $0.3 $0.4
Sen/Spe 75.86/82.86 81.67/80.00

Adjusted MMSE
AUROC 0.816a,b 0.882a,b

SE 0.0431 0.0353
95% CI 0.726–0.887 0.762–0.896
Pr (case) $0.2 $0.4
Sen/Spe 79.31/60.00 81.67/82.86

SMC
AUROC 0.640 0.673
SE 0.0628 0.0480
95% CI 0.537–0.734 0.585–0.752
Cutoff 0/1 0/1
Sen/Spe 50.00/70.00 52.11/70.30

MMSE
AUROC 0.675 0.837b

SE 0.0576 0.0353
95% CI 0.573–0.766 0.762–0.896
Cutoff 25/26 24/25
Sen/Spe 68.75/59.41 74.65/73.27

Notes: “Adjusted” means that the effects of confounding variable, including age, 
gender, FAB, mHIS, and ApoE ε4, were adjusted. aSignificantly better than MMSE; 
bsignificantly better than SMC.
Abbreviations: SMC, subjective memory complaint; CN, cognitively normal; 
MCI, mild cognitive impairment; AD, Alzheimer’s disease; MMSE, mini-mental state 
examination; GDS, Geriatric Depression Scale; FAB, Frontal Assessment Battery; 
mHIS, modified Hachinski ischemic scale; ApoE, apolipoprotein E; AUROC, area 
under the receiver operating characteristic curves; SE, standard error; Sen/Spe, 
sensitivity/specificity; Pr (case), probability of a case.
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individuals after adjusting for potential confounding vari-

ables, including age, gender, FAB score, mHIS score, and 

ApoE ε4 status. Furthermore, in the highly educated and 

nondepressed subgroups, SMC significantly contributed to 

differentiating between CN subjects and those with MCI after 

adjusting for the same covariates, whereas the MMSE did 

not. According to our results, the SMC score is a sensitive, 

useful tool for detecting early AD.

We chose a representative item from the SMCQ for our 

study: “Do you think that your memory is poorer than that 

of other people of a similar age?” The selection process 

was as follows. Four items of the SMCQ were designed to 

assess global memory function, and the other ten items were 

designed to assess specific everyday functions. First, we 

assumed that the subjective metacognition of global memory 

function would be a better reflection of the early pathological 

process associated with AD than the items addressing every-

day dysfunction. Among the four SMCQ items, the first 

item, “Do you think that you have a memory problem?” was 

excluded because it is ambiguous, and the second item, “Do 

you think that your memory is worse than 10 years ago?”, 

was dropped due to the possibility of false positives due to 

confusion with the normal aging process. We also excluded 

the fourth item, “Do you feel that your everyday life is dif-

ficult due to memory decline?” because of its association 

with the impairment in the activities of daily living (ADLs) 

in AD. Finally, we concluded that the item we selected was 

the best item in terms of a low probability of false posi-

tives and a low likelihood of reflecting of impaired ADLs.

To clarify the usefulness of SMC for the detection of early 

AD, we applied very strict inclusion criteria for pure AD. 

First, we applied the definition of MCI used by the Word List 

Recall (delayed recall) task as introduced by AgeCoDe30 and 

ADNI31 instead of other episodic memory tests, including the 

Word List Memory, Word List Recognition, and Construc-

tional Recall. There are several pieces of evidence indicating 

that delayed recall, compared with other episodic memory 

tests, is a more AD-specific test that distinguishes subjects 

with AD pathology from those without AD pathology.42,43 

Second, we applied a strict definition of AD, including both 

the probable AD criteria of the NINCDS-ADRDA and the 

dementia criteria of the DSM-IV to improve diagnostic 

accuracy. Finally, as suggested by ADNI,31 we included 

more highly functioning CN, MCI (those presenting with 

MMSE scores $24), and AD (those with MMSE scores $20) 

subjects, because SMCs may be more vulnerable to other 

confounding variables in the case of a lower MMSE score.

There is increasing evidence that SMCs are a reliable indica-

tor of earlier cognitive decline in AD pathology.1,5,9,12,44 Several 

neuroimaging studies have suggested that the mediotemporal 

regions in elderly subjects with SMCs show some indication 

of a degenerative process that mimics that of AD. Studies of 

subjects with SMCs described neuroanatomical features similar 

to those seen in AD subjects, such as a gray matter atrophy 

pattern,45 volume loss in the hippocampal/para-hippocampal 

area, and evidence of amyloid burden.46 Additionally, SMCs 

were accompanied by compensatory neuronal activity that 

preserved performance on objective cognitive tests.17

In the context of detecting AD, however, the validity of 

SMCs is subject to considerable debate because it may also 

be strongly associated with potential confounding variables, 

including depression.47,48 To clarify the relationship between 

SMCs and AD pathology, we also tried to reduce the influence 

of potential confounding variables. The analysis was per-

formed with elderly subjects only after adjusting for confound-

ing variables, including age, gender, vascular burden, ApoE ε4 

status, and executive dysfunction. To detect the independent 

effect of SMC on AD pathology, we also targeted relatively 

educated elderly subjects with neither minor nor major depres-

sive disorder after adjusting for the confounding variables.

There are several limitations to our study. First, we should 

be cautious when interpreting the relationship between SMC 

and AD pathology given our cross-sectional design. Longitu-

dinal studies are needed to demonstrate causality. Second, the 

relatively small sample size might make it difficult to perform 

analyses in the depression subgroup of the group with early 

AD. Finally, we did not directly adjust the main confound-

ing factor, anosognosia (poor awareness of illness), which is 

known to have a negative association with SMCs.49 Instead, 

the FAB, a simple tool for assessing frontal lobe functions, 

was used to control for anosognosia. Our analysis was based 

on the evidence that anosognosia is closely associated with 

frontal lobe dysfunction.50

Conclusion
Our findings support the usefulness of SMC, which was com-

parable or even superior to that of MMSE scores, for detecting 

MCI or early AD. The results also suggested that SMCs are an 

earlier manifestation of the pathological AD process that operate 

independently from potential confounding variables, supporting 

their role as indicators of early AD and predictors of AD.
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