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Abstract
Introduction: False memory, observed as intrusion errors or 
false positives (FPs), is prevalent in patients with Alzheimer’s 
disease, but has yet to be thoroughly investigated in pa-
tients with amnestic mild cognitive impairment (a-MCI) with 
Alzheimer’s disease pathology (ADP). We analyzed false ver-
sus veridical memory in individuals with a-MCI and mea-
sured the utility of false memory for ADP discrimination. 
Methods: Patients with a-MCI who received neuropsycho-
logical testing and amyloid PET were included. Patients were 
categorized into “with” and “without ADP” groups according 
to PET results. Memory tests assessed veridical and false 
memory, and the verity of patient responses was analyzed. 
A logistic regression model was used to evaluate false mem-
ory efficiency in discriminating ADP, and the sensitivity and 
specificity at the optimal level were estimated using the re-
ceiver-operating characteristic curve. Results: Thirty-seven 
ADP and 46 non-ADP patients were enrolled. The ADP group 
made more FPs in the recognition tests, and their response 
verity was significantly lower in every delayed memory test. 
No group difference, however, was observed in the veridical 

memory. The logistic regression analysis demonstrated that 
as the FPs increased, the risk of ADP increased 1.31 and 1.36 
times in the verbal and visual recognition tests, respectively. 
The discriminatory accuracy of the FPs was estimated “low” 
to “moderate” in the visual and verbal recognition, respec-
tively, with an optimal cutoff above 2.5. Conclusion: In-
creased false memory was the only feature to discriminate 
ADP from non-ADP in individuals with a-MCI. Further studies 
regarding false memory and its mechanism are warranted.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Memory impairment has been widely recognized as a 
clinical presentation of prodromal Alzheimer’s disease 
(AD). Biomarker studies have demonstrated that AD pa-
thology (ADP) is more prevalent in individuals with am-
nestic mild cognitive impairment (a-MCI) [1]. However, 
a-MCI is caused by various etiologies, such as vascular 
lesion [2], Parkinson’s disease [3], dementia with Lewy 
bodies [4], or frontotemporal dementia [5]. Besides, it is 
difficult to discriminate ADP within patients with a-MCI 
using the traditional approach of quantifying what the 
patient remembers in the given learning list [6]. Thus, 
there is a need for more thorough comprehension of the 
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distinctive amnestic features in individuals with MCI due 
to AD.

Phenomenologically, in combination with loss of ve-
ridical memory, increased false memory has been indi-
cated in patients with AD [7]. False memory describes the 
phenomena of incorrect memory that is mistaken as fac-
tual, derived from the imagination, contaminated by ex-
ternal stimulus or distorted by current knowledge, faith, 
or emotion. These memories are detected as intrusion er-
rors in recall tests or false-positive responses to a recogni-
tion test. Despite their frequent occurrences, the litera-
ture on false memory in AD is very limited, with even less 
attention given to those at the MCI stage [8–11]. These 
days, a-MCI can be decisively separated into groups with 
ADP and non-ADP using amyloid PET as the National 
Institute on Aging and Alzheimer’s Association (NIA-
AA) research framework guidelines encouraged [12].

We aimed to identify increased false memory in pa-
tients with a-MCI with ADP, who were at the predemen-
tia status, and to investigate whether false memory could 
discriminate ADP in individuals with a-MCI.

Methods

Study Design and Participants
A retrospective study was conducted in patients who visited the 

Department of Neurology at Asan Medical Center in Seoul, South 
Korea, with the chief complaint of cognitive impairment from July 
2015 to January 2019. Patients with cognitive impairment who re-
ceived neuropsychological evaluation and amyloid PET were 
screened. Of the total 100 patients at level 3 of the global deteriora-
tion scale (GDS), those with a-MCI were enrolled. a-MCI was de-
fined by the results of verbal and visual memory tests, in which one 
or more subtest’s Z scores were below –1 by norms based on age 
and years of education in either immediate or delayed recall or 
recognition tests. Patients were excluded if they had other medical 
conditions that may lead to cognitive decline, assessed by sero-
logical tests including a complete blood count, chemistry battery, 
vitamin B12, folate, syphilis, HIV serology, and thyroid function 
tests. Patients with psychiatric disorders or a history of drug abuse 
and those with structural brain lesions confirmed by brain imaging 
studies were also excluded.

Patients were divided into groups depending on the presence 
of ADP, measured by fluorine-18 [18F]-florbetaben PET. The 
memory test results were then compared between the 2 groups.

[18F]-Florbetaben PET
[18F]-florbetaben PET was performed at Asan Medical Center 

for β-amyloid plaque confirmation, a diagnostic feature of AD. 
This technique is known as one of the latest imaging study mea-
sures to aid the early differentiation of AD based on its high sensi-
tivity and specificity [13]. Discovery 690/710/690 Elite (GE Health-
care, Milwaukee, WI, USA) was used to obtain the images, and 
scanning was conducted 90–110 min after intravenous adminis-

tration of 300 MBq florbetaben. The images were regarded as am-
yloid negatives when categorized as brain amyloid plaque load 1 
and as positives when it was 2 or 3, based on the predefined re-
gional cortical tracer binding and the brain amyloid plaque load 
system.

Assessment of Memory Impairment
Using the Seoul Neuropsychological Screening Battery 2nd 

Edition [14], trained psychologists conducted neuropsychological 
evaluations. The immediate and delayed recall tests and recogni-
tion tests from the Seoul Verbal Learning Test (SVLT) and the 
Rey-Osterrieth Complex Figure Test (RCFT) were used in this 
study.

In the SVLT immediate recall test, 12 learning items were ver-
bally presented; the list comprised 3 semantic categories (flowers, 
kitchen utensils, and stationery) with 4 items per category. Three 
learning trials were conducted, and the patient’s score was based 
on the sum of their correct responses (CRs). The delayed recall test 
was conducted 20 min later and the same scoring method applied. 
Following this, the recognition test was conducted: 12 learning and 
12 nonlearning items were presented, with half of the nonlearning 
list semantically related to the learning list (flowers, utensils, sta-
tionery); the patient had to decide whether the items belonged to 
the previous learning list.

The patients drew what they could remember in the RCFT im-
mediate recall test, which took place directly after the RCFT copy 
task. The delayed recall test was then conducted within 20 min of 
the immediate recall test. Patient outcomes were scored based on 
the standard protocol. The RCFT recognition test followed the de-
layed recall test: 24 items were presented, composed of 12 correct 
and incorrect elements of the RCFT figure; the patient decided 
whether each component belonged to the previously presented fig-
ure.

The SVLT and RCFT recall test scores were used to evaluate 
veridical memory directly. The number of true positive responses 
(TPs) and recognition discriminability (the patient’s ability to dis-
criminate veridical items from lures) were also used.

To analyze false memory in recall tests, intrusion errors (IEs) 
in the SVLT immediate and delayed recall tests were counted, ad-
ditionally. Also, the new variable of “the verity of recall test re-
sponses (VRecall)” was computed to numerically present the verity 
of the responses: the lower the verity of the responses due to intru-
sion errors, the lower the VRecall (Table 1). Additionally, false-pos-
itive responses (FPs) in the SVLT and RCFT recognition tests were 
assessed. In particular, “false positive responses to the semanti-
cally related items (FP-Rs)” and “false positives to the semanti-
cally unrelated items (FP-URs)” in the SVLT recognition test were 
analyzed. The new variables “verity of positive responses in recog-
nition test (VP)” and “verity of negative responses in recognition 
test (VN)” were then computed to present the verity of positive and 
negative responses numerically. A lower VP indicated a lower ver-
ity of positive responses, whereas a lower verity of negative re-
sponses gave a lower VN (Table 1).

Statistical Analysis
All statistical analyses were conducted using SPSS PASW Sta-

tistics 18.0 (SPSS Inc., Chicago, IL, USA), and the level of statistical 
significance was set at p ≤ 0.05. The Kolmogorov-Smirnov test was 
performed to examine the assumption of abnormality before 
group comparisons were conducted according to the results of the 
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Table 1. Variables used in the analysis

Recall test
SVLT CR, the number of correct responses

0–36 in the immediate recall test, 0–12 in the delayed recall test 
IE, the number of intrusion errors
VRecall, the verity of responses in the recall test, (CR − IE)/(CR + IE), –1–1a, b

RCFT The scores of drawing, 0–36

Recognition test
SVLT Percent recognition discriminability, 100 × (TP + TN)/24, 0–100

TP, the number of true positives, 0–12
FP, the number of false positives, 0–12
FP-R, the number of false positives to the semantically related items, 0–6
FP-UR, the number of false positives to the semantically unrelated items, 0–6
VP, the verity of positives, (TP − FP)/(TP + FP), –1–1a, c

VN, the verity of negatives, (TN − FN)/TN + FN), –1–1a, d

RCFT Percent recognition discriminability, 100 × (TP + TN)/24, 0–100
TP, the number of true positives, 0–12
FP, the number of false positives, 0–12
VP, the verity of positives, (TP − FP)/(TP + FP), –1–1a, c

VN, the verity of negatives, (TN − FN)/(TN + FN), –1–1a, d

a In each calculation of the VRecall, VP, and VN, in case of “CR = IE = 0,” “TP = FP = 0,” and “TN = FN = 0,” 
each variable was replaced by 1, to comply with the nonparametric estimation procedure. b When the CR is fixed, 
the more the IEs, the lower the VRecall. When IE = 0, VRecall = 1, when CR = IE, VRecall = 0, and when CR = 0,  
VRecall =–1. c When the TP is fixed, the more the FPs, the lower the VP. When FP = 0, VP = 1, when TP = FP,  
VP =0, and when TP = 0, VP = –1. d When the TN is fixed, the more the FNs, the lower the VN. When FN = 0,  
VN = 1, when TN = FN, VN = 0, and when TN = 0, VN = –1.

Table 2. Group comparisons of characteristics and the level of global cognitive functions depending on ADP in 
patients with a-MCI

ADP (n = 37) Non-ADP (n = 46) p value

Mean age (SD), years 71.1 (7.6) 71.0 (8.3) 0.944
Females, n (%) 20 (54.1) 27 (58.7) 0.824
Median years of education (IQR) 12.0 (7.0 to 16.0) 12.0 (9.0 to 16.0) 0.845
ApoE ε4 carrier, n (%)a 16 (69.6) 7 (17.9) <0.001
Median K-MMSE (IQR) 27.0 (24.0 to 28.0) 26.5 (24.0 to 29.0) 0.592
Median CDR-SOB (IQR)b 1.5 (1.0 to 2.5) 1.5 (1.0 to 2.0) 0.297
Z score of SNSB-II cognitive domain score

Median attention (IQR) –0.30 (–0.50 to 0.39) –0.49 (–0.86 to 0.07) 0.102
Median language (IQR) –0.46 (–1.58 to 0.25) –0.13 (–1.33 to 0.46) 0.227
Median visuospatial (IQR) –0.15 (–1.27 to 0.45) –0.55 (–1.44 to 0.35) 0.397
Median memory (IQR) –1.99 (–2.96 to –1.53) –1.54 (–2.09 to –1.04) 0.037
Median frontal/executive (IQR) –1.00 (–2.08 to 0.07) –0.79 (–1.70 to 0.10) 0.387

ADP, Alzheimer’s disease pathology; a-MCI, amnestic mild cognitive impairment; ApoE ε4, apolipoprotein 
E ε4; CDR-SOB, Clinical Dementia Rating Scale – Sum of Box; IQR, interquartile range; K-MMSE, Korean 
version of Mini-Mental Status Examination; SD, standard deviation; SNSB-II, Seoul Neuropsychological 
Screening Battery-II. a An ApoE genotype test was carried out in a total of 23 patients with ADP and 39 with non-
ADP. b Every patient’s CDR score is the same at 0.5.
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amyloid PET analysis. The parametric independent sample t test 
and the nonparametric Mann-Whitney U test were then carried 
out. Cross-tabulation analysis was performed to compare categor-
ical variables such as the sex ratio, the ratio of apolipoprotein E 
(ApoE) ε4 carriers as a risk factor for AD, and IE’s prevalence in 
the SLVT recall tests.

Logistic regression analysis of the backward stepwise elimina-
tion using the likelihood ratio was performed using memory test 
results to explore the usefulness in estimating ADP. The variables 
that were entered into the model were as follows: demographics 
such as age, sex, and years of education; and memory test variables 
such as the CRs and IEs in the SVLT immediate and delayed recall 
tests, the score from RCFT immediate and delayed recall tests, and 
the TPs and FPs in SVLT and RCFT recognition tests. The sensi-
tivity and specificity of the tests’ variables for differentiating in AD 
were analyzed at the optimal level on the receiver-operating char-
acteristic curve.

Results

A total of 201 individuals who underwent both amy-
loid PET and cognitive battery were enrolled. After the 
GDS screening, those at GDS level 2 (n = 20), whose 
memory deterioration was regarded as subjective, and 
those at GDS levels 4 and 5 (n = 64, and 17, respectively), 
whose cognitive deterioration level was moderate or se-
vere, were excluded. Of the 100 patients with MCI at GDS 
level 3, 17 patients with non-a-MCI were excluded, leav-
ing a total of 83 patients with a-MCI enrolled.

Among the 83 participants, 36 were male and 47 were 
female, and their mean age was 71.0 years (SD 7.9). The 
median years of education were 12.0 (IQR 9.0–16.0), and 
the median Korean version of the Mini-Mental State Ex-
amination was 27.0 (IQR 24.0–28.0).

Table 3. Group comparisons of memory test results in patients with a-MCI depending on ADP

ADP (n = 37) Non-ADP (n = 46) p value

SVLT immediate recall
Median CR (IQR) 15.0 (11.0 to 17.0) 15.0 (11.0 to 17.0) 0.593
Median IE (IQR) 2.0 (1.0 to 5.0) 2.0 (1.0 to 3.25) 0.091
Cases with IE occurrencea, % 31 (83.8) 36 (78.3) 0.586
Median VRecall (IQR) 0.7 (0.5 to 0.9) 0.8 (0.7 to 0.9) 0.377

SVLT delayed recall
Median CR (IQR) 2.0 (0.0 to 3.5) 2.5 (1.8 to 4.0) 0.073
Median IE (IQR) 1.0 (0.0 to 2.0) 1.0 (0.0 to 3.0) 0.799
Cases with IE occurrencea 27 (73.0) 31 (67.4) 0.636
Median VRecall (IQR) 0.0 (–0.3 to 0.3) 0.2 (0.0 to 0.7) 0.030

SVLT recognition
Median recognition discriminability, % (IQR) 70.8 (66.7 to 79.2) 79.2 (70.8 to 84.4) 0.041
Median TP (IQR) 9.0 (7.0 to 11.0) 9.0 (7.0 to 11.0) 0.608
Median FP (IQR) 3.0 (2.0 to 5.0) 2.0 (1.0 to 3.0) <0.001

FP-R, median (IQR) 2.0 (2.0 to 4.0) 1.0 (1.0 to 3.0) 0.014b

Median FP-UR (IQR) 0.0 (0.0 to 1.5) 0.0 (0.0 to 0.0) 0.044
Median VP (IQR) 0.5 (0.3 to 0.7) 0.7 (0.5 to 0.8) 0.001
Median VN (IQR) 0.5 (0.3 to 0.8) 0.5 (0.3 to 0.7) 0.938

RCFT immediate recall
Median raw score (IQR) 6.0 (4.0 to 11.0) 9.0 (4.9 to 12.6) 0.258

RCFT delayed recall
Median raw score (IQR) 6.0 (3.8 to 9.0) 8.5 (4.9 to 12.0) 0.073

RCFT recognition
Median recognition discriminability, % (IQR) 70.8 (62.5 to 83.3) 79.2 (70.8 to 83.3) 0.041
Median TP (IQR) 9.0 (7.0 to 11.0) 9.0 (7.0 to 10.0) 0.601
Median FP (IQR) 3.0 (2.0 to 5.0) 2.0 (1.0 to 3.0) 0.004
Median VP (IQR) 0.4 (0.3 to 0.6) 0.6 (0.5 to 0.8) 0.003
Median VN (IQR) 0.5 (0.2 to 0.8) 0.5 (0.3 to 0.7) 0.752

ADP, Alzheimer’s disease pathology; a-MCI, amnestic mild cognitive impairment; FP, false positives; IE, 
intrusion error; IQR, interquartile range; RCFT, Rey-Osterrieth Complex Figure Test; SVLT, Seoul Verbal 
Learning Test; TP, true positives; VN, verity of negative responses; VP, verity of positive responses; VRecall, verity 
of responses. a The number of cases that exhibited intrusion errors in the test. b Due to Bonferroni correction for 
multiple testing, the p value was set at 0.025.
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Demographics and Clinical Characteristics
Of the total 83 patients, 37 patients had ADP and 46 

did not. Table 2 summarizes the demographics, clinical 
characteristics, and the level of global cognitive function. 
The group comparison analysis showed that the risk of 
carrying ApoE ε4 genes was higher in the ADP group 
than in the non-ADP group (odds ratio = 10.4, χ2 = 16.52, 
p < 0.001). However, there were no significant differences 
in sex ratio, age, and years of education between the 
groups.

The neuropsychological examination indicated that 
the cognitive domain score of memory was lower in the 
ADP group (t [81] = 2.26, p < 0.05); however, there were 
no group differences in the other cognitive domain scores 
in attention, language, visuospatial, and frontal/executive 
domains, as well as the Korean version of the Mini-Men-
tal State Examination and Clinical Dementia Rating scale 
scores. The Clinical Dementia Rating score of both groups 
was 0.5.

Group Comparison of Memory Test Results
The memory tests’ results depending on the groups are 

described in Table 3. The analysis of immediate recall 
tests showed no significant differences. However, the 
ADP group’s VRecall in the delayed recall test was signifi-
cantly lower than that of the non-ADP group (U = 618.5, 
p < 0.05). Also, the median of the delayed recall test in this 

group was 0, indicating that at least half of the ADP group 
patients tended to make as many IEs as they did CRs.

The results of the recognition test indicated that the 
ADP group made more FPs in the SVLT and RCFT 
(SVLT, U = 488.5, p < 0.001; RCFT, U = 629.5, p < 0.05). 
In the SVLT, both ADP and non-ADP groups tended to 
make more FP-Rs than FP-URs. Above all, the FP-R level 
in the ADP group was higher even after Bonferroni cor-
rection for multiple testing comparisons (U = 587.5, p < 
0.025). The ADP group had lower VP, in the SVLT and 
RCFT, compared with the non-ADP group (SVLT, U = 
487.5, p <0.001; RCFT, U = 527.0, p < 0.01). However, 
neither the TPs nor the VN exhibited any differences in 
the SVLT and the RCFT recognition tests.

As for the FPs in the SVLT recognition test, the pro-
portion (%) of the cases outside the normal range was 
54.1% in the ADP group and 18.7% in the non-ADP 
group (χ2 = 4.73, p < 0.05); in the RCFT recognition test, 
the proportion (%) of cases outside the normal range was 
51.4% in the ADP group and 17.4% in the non-ADP 
group (χ2 = 10.78, p < 0.01). There was no difference in 
the other group comparisons (Fig. 1).

Predictors for the Presence of ADP
ADP discrimination results, using the memory test re-

sults obtained from the logistic regression analysis of the 
backward stepwise elimination and likelihood ratio, are 

SVLT immediate recall (+)
SVLT immediate recall (–)

SVLT delayed recall (+)
SVLT delayed recall (–)

SVLT recognition discriminability (+)
SVLT recognition discriminability (–)

SVLT recognition TP (+)
SVLT recognition TP (–)
SVLT recognition FP (+)
SVLT recognition FP (–)

RCFT immediate recall (+)
RCFT immediate recall (–)

RCFT delayed recall (+)
RCFT delayed recall (–)

RCFT recognition discriminability (+)
RCFT recognition discriminability (–)

RCFT recognition TP (+)
RCFT recognition TP (–)
RCFT recognition FP (+)
RCFT recognition FP (–)

67.6% 32.4%
58.7% 41.3%

75.7% 24.3%
76.1% 23.9%

70.3% 29.7%
50% 50%

45.9% 51.1%
34.8% 65.2%

51.1% 45.9%
30.4% 69.6 %

59.5% 40.5%
52.2% 47.8%

70.3% 29.7%
50% 50%

59.5% 40.5%
39.1% 60.9%

37.8% 62.2%
32.6% 67.4%

51.4% 48.6%
17.4% 82.6%

0 50 100

*

**

■ Z≤-1
■ WNL

Fig. 1. The result of qualitative analysis on 
memory tests. Test performance above –1 
Z score was regarded as in the normal 
range. ADP, Alzheimer’s disease patholo-
gy; FP, false positive; RCFT, Rey-Osterrieth 
Complex Figure Test; SVLT, Seoul Verbal 
Learning Test; TP, true positive; (+), the 
ADP group; (–), the non-ADP group. * p < 
0.05. ** p < 0.01.
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shown in Table 4. The outcome variables from the mem-
ory tests used in the analysis were CRs and IEs in the 
SVLT immediate and delayed recall tests, and TPs and 
FPs in the SVLT recognition tests. The outcome variables 
collected from the RCFT were scores from the immediate 

and delayed recall tests, and TPs and FPs in the recogni-
tion tests. Demographic and clinical factors, including 
variables of sex, age, and years of education, were ana-
lyzed.

The final model included the FPs in the SVLT and 
RCFT recognition tests. The estimated model using those 
2 variables was significant at p < 0.01, with its regression 
equation explaining 21.3% of the phenomenon. Accord-
ing to the model, the FP’s odds ratio increased 1.307 and 
1.357 times in the SVLT and RCFT recognition tests, re-
spectively.

Diagnostic Accuracy of False Memory for ADP
Table 5 describes the sensitivity and the specificity of 

the memory test indices at the receiver-operating charac-
teristic curve’s optimal level. The indices that proved ap-
plicable to discriminating ADP in patients with a-MCI 
were the FPs from the SVLT and RCFT recognition tests 
(Fig. 2). The FPs in the SVLT recognition test had a “mod-
erate level” of diagnostic accuracy [15] with a sensitivity 
of 54.1% and a specificity of 73.9% at the optimal cutoff 
of above 2.5. The FPs in the RCFT recognition test showed 
“low” accuracy [15] with a sensitivity of 70.3% and a spec-
ificity of 67.4% at this optimal cutoff of above 2.5. No 
other variables exhibited significant diagnostic accuracy 
for ADP.

Table 4. Estimates for ADP and 95% confidence intervals for the odds ratio in the final logistic regression model

Odds ratio Lower confidence limit Upper confidence limit p value

FP in SVLT recognition test 1.307 1.014 1.684 <0.05
FP in RCFT recognition test 1.357 1.038 1.774 <0.05

ADP, Alzheimer’s disease pathology; FP, false positive; RCFT, Rey-Osterrieth Complex Figure Test; SVLT, 
Seoul Verbal Learning Test.

Table 5. The sensitivity and specificity of indices from memory tests in differentiating ADP in patients with a-
MCI: at the optimal level estimated using ROC curve

Cutoff AUC Standard
error

Asymptotic
significance

Sensitivity, % Specificity, %

FP in SVLT recognition test 2.5 0.713 0.057 0.001 54.1 73.9
FP in RCFT recognition test 2.5 0.683 0.060 0.004 70.3 67.4

ADP, Alzheimer’s disease pathology; a-MCI, amnestic mild cognitive impairment; AUC, area under the curve; 
FP, false positive; RCFT, Rey-Osterrieth Complex Figure Test; ROC, receiver-operating characteristic; SVLT, 
Seoul Verbal Learning Test.

Se
ns

iti
vi

ty

1 – specificity

1.0

0.8

0.6

0.4

0
0 0.2 0.4 0.6 0.8 1.0

0.2

FP in SVLT  
FP in RCFT
Reference line

Fig. 2. The receiver-operating characteristic curve of the number 
of FPs in the SVLT and RCFT recognition tests. FPs, false positives; 
RCFT, Rey-Osterrieth Complex Figure Test; SVLT, Seoul Verbal 
Learning Test.
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Discussion

Patients with a-MCI were categorized into “with” ADP 
and “without” ADP groups according to the results of the 
amyloid PET analysis. Memory test results were com-
pared, focusing on false memory concerning IEs in the 
recall tests and FPs in the recognition tests. In brief, the 
ADP group did not perform as well in memory tests as the 
non-ADP group. The group difference was prominent in 
the level of false memory, but CRs failed to discriminate 
the groups. In the verbal delayed recall test, the ADP group 
had a significantly lower verity of responses, suggesting 
that their responses were more biased towards intrusion 
errors than the non-ADP group. A similar pattern was 
observed in the recognition test, with more FP responses 
in the ADP group than in the non-ADP group. Results 
suggest that the ADP group’s positive responses were 
more likely to be false both in the verbal and visual tests.

This increased false memory production in patients 
with ADP is consistent with AD research previously pub-
lished in the literature. For instance, in a study conducted 
in patients with various causes of dementia, the group 
with lower cerebrospinal fluid Aβ1–42 level (indicative of 
ADP) displayed a higher frequency of FPs in the picture 
recognition test [10]. Additionally, in a retrospective 
study with dementia with Lewy bodies and AD verified 
by autopsy [8], patients with AD generated more IEs in 
delayed cued recall tests and had a higher frequency of 
FPs. They also showed a tendency for positive response 
bias in the CVLT recognition tests compared with pa-
tients with dementia with Lewy bodies. Similar results 
have also been observed in comparative studies between 
patients with progressive supranuclear palsy [9] and 
Huntington’s disease [11] compared with patients with 
AD, which noted that the AD group displayed an in-
creased IE rate and a higher frequency of FPs.

Little is known about the mechanism underlying false 
memory in individuals with ADP, but there seems to be 
a distinctive FP response pattern that can be observed in 
repetitive learning conditions. For example, a previous 
study found that TP responses gradually increased in ev-
ery group across the repetitive learning trials; however, 
the number of FPs gradually decreased in the control 
group, whereas such a pattern was not evident in those 
with medial temporal lobe damage and even steadily in-
creased in the group with Korsakoff syndrome [16]. An-
other study found that the number of TPs increased grad-
ually in the AD, young, and older control groups during 
the repetitive learning trials; in contrast, the increased FP 
tendency was observed only in patients with AD [17].

In this study, there was a difference between the a-MCI 
groups with and without ADP with respect to false memo-
ry production, but not in the sum of CRs. Their different 
veridical and false memory patterns may suggest that sepa-
rate mechanisms exist in correctly affirming the exact the 
learned items and in rejecting the false lures. A previous 
study highlighted that patients with AD exhibited the dis-
tinctive false memory pattern, likely because they failed to 
reject semantic gist information [17]. This suggestion was 
based on the fuzzy-trace theory that proved two distinctive 
memory systems through experiments: verbatim and gist 
traces [18]. The verbatim traces refer to representations in 
which the surface forms of information are encoded as they 
are; on the other hand, the gist traces are conceptual and are 
interpreted at the varied levels of meaning, relations, or pat-
terns (e.g., after reading “spaniel,” various levels of concepts 
can be stored such as “hound,” “cattle,” or “pet”) [18]. Both 
systems contribute to remembrance. However, while the 
verbatim retrieval enables re-experience of the original in-
formation through vivid recollection and helps to inhibit 
false memory, gist retrieval may provoke vulnerability to 
confusion of similar information.

We noted that FPs tended to occur more in the seman-
tically related items than in the unrelated ones across both 
groups. This seemingly supports the fuzzy-trace theory, 
which suggests that gist retrieval may trigger false mem-
ory vulnerability in items that share meanings. Notably, 
the ADP group made more FPs in the semantically re-
lated items, suggesting that a-MCI patients with ADP 
were more vulnerable to semantically related false mem-
ory than a-MCI patients without ADP. In light of the 
fuzzy-trace theory, increased FPs in the ADP group could 
be associated with a defective inhibition process of false 
memory, whether it is due to having a poorer verbatim 
memory or to their relatively strengthened gist system.

According to the complementary learning system 
model [19], encoding and identifying specific details rely 
more on the activation of the hippocampus, whereas the 
medial temporal lobe cortex is more involved in integrat-
ing common nature to the current knowledge and dis-
cerning the familiarity based on the contrasts between 
learning and lure information. Considering this, in-
creased false memory in patients with ADP in this study 
may therefore be related to hippocampal dysfunction or 
relatively elevated medial temporal lobe cortex function. 
It is plausible that our results may be associated with these 
structures given that they are known to present early 
pathological changes in AD [20–22]. Further studies will 
be required to identify the effects that these brain compo-
nents have on increasing false memory in ADP.
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Lastly, we estimated ADP using false memory within 
patients with a-MCI. As a result of the logistic regression 
analysis, the FPs in the recognition tests were indicators 
of ADP’s risk among memory indices. The discrimina-
tory accuracy of FPs in the recognition tests was evalu-
ated as “low to moderate,” at the optimal cutoff of above 
2.5 (AUC of the SVLT recognition test = 0.713; AUC of 
the RCFT recognition test = 0.683). With such discrimi-
natory powers, it seems that the false memory measures 
are insufficient to be directly applied to the clinical scene. 
However, increased false memory still holds value for fur-
ther study: first, we strictly enrolled patients with GDS 
level 3 a-MCI, and at this mildly dysfunctional level, the 
veridical memory level did not effectively differentiate the 
ADP group from the non-ADP groups with a-MCI; 
moreover, our β-amyloid positivity prediction using false 
memory was somewhat comparable with the result from 
130 patients with a-MCI using hippocampal volume 
measures (AUC = 0.723) [6].

The significance of this study is as follows. We recruit-
ed patients with a-MCI from the clinical scene and diag-
nosed their ADP using amyloid PET as NIA-AA research 
framework encouraged [12]. Additionally, we analyzed 
the veridical and false memory separately according to 
the presence of ADP and focused on the verity of memo-
ry in patients with ADP, which had thus far been some-
what overlooked. As a result, we found that the level of 
false memory increased in MCI patients with ADP as in 
AD patients in the literature, suggesting that the false 
memory may serve as an aid to the detection of prodro-
mal AD. Memory distortion can defame even the value of 
correct remembrance and considerably affect the lives of 
individuals with ADP. Research on false memory will 
provide a deeper understanding of memory impairment 
associated with AD and can contribute to guidance on 
cognitive training at a more practical level.

There are also several limitations to this study. Mem-
ory test profiles between patients with and without ADP 
were compared but were based solely on amyloid PET 
analysis. Thus, the nature of non-ADP is unknown. Since 
a-MCI patients without ADP can have various patholo-
gies, further segregation of non-ADP according to its pa-
thology and lesion topography is warranted. More exten-
sive neuroimaging and biomarker utilization may also be 
required. Second, we failed to exclude other concomitant 
pathologies in the ADP group. It is well known that ADP 
in elderly patients often overlaps with vascular disease 
[23] or dementia with Lewy bodies [24], so it will be nec-
essary to compare memory profiles in the future with 
mixed conditions more strictly controlled.

Investigating the underlying mechanism of false mem-
ory will be important in future research. A further study 
incorporating neuroimaging and biomarkers is also war-
ranted to identify brain areas or circuits relevant to ve-
ridical and false memory in patients with ADP, and to 
track changes in the false memory pattern with ADP pro-
gression.
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