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SI methods  

S.1 Data analysis pipeline 

The study was conducted in two phases: Firstly, the functional connectivity (FC) of HIPsub (HIPe, HIPc, and HIPc) 

network was evaluated so as to assess altered FC patterns in SCD subjects. Secondly, we analyzed the changes in episodic 

memory (EM) and the FC of HIPsub in SCD subjects before and after 2 weeks of rTMS treatment in a sham-controlled 

design. Figure S1 displays the data analysis pipeline conducted in this study. 

 

Fig. S1. Schematic of the data analysis pipeline. 

Abbreviations: CN, healthy controls; SCD, subjective cognitive decline; MRI, magnetic resonance imaging; HIPsub, 

hippocampal subregion; HIPe, hippocampal emotional region; HIPc, hippocampal cognitive region; HIPp, hippocampal 

perceptual region. 



S.2NBH-ADsnp database for the NBH-ADsnp database 

Data used in this study were obtained from the Nanjing Brain Hospital-Alzheimer’s Disease (AD) Spectrum Neuroimaging 

Project (NBH-ADsnp) database (in-home website: http://192.168.8.100) (Nanjing, China). NBH-ADsnp was derived from 

the AD Spectrum Neuroimaging Project that was launched in January 2018 by the Institute of Brain Functional Imaging, the 

Affiliated Brain Hospital of Nanjing Medical University (Nanjing, China). NBH-ADsnp was initiated by Prof. Jiu Chen 

(MD, PhD) and Prof. Xiangrong Zhang (MD, PhD), both from the Affiliated Brain Hospital of Nanjing Medical University. 

Prof. Jiu Chenserved as the principal investigator of NBH-ADsnp. The database was named by Dr. Jiu Chen's research 

group (discussed by Chen Xue, Guanjie Hu, Wenwen Xu, Wan Liu, Wenzhang Qi, Siyu Wang, Jiani Xu, Shanshan Chen, 

and finally verified by both Jiu Chen and Xiangrong Zhang).  

NBH-ADsnp is an observational study, which includes cross-sectional and longitudinal follow-up components. The goal of 

NBH-ADsnp was to identify early neuroimaging biomarkers in the preclinical AD spectrum [subjective cognitive decline 

(SCD), amnestic mild cognitive impairment (aMCI), amnestic mild cognitive impairment (naMCI), and AD] in order to 

predict disease progression within the spectrum, and to provide imaging-based targets for individualized intervention so as 

to prevent disease deterioration from preclinical to advanced stages of AD. Initially, several hundreds of older adults, all 

Han Chinese and right-handed, were recruited from varioushospitals and local communities by word-of-mouth 

advertisements. The database used a standardized clinical evaluation protocol that includes a medical history interview, 

neurologic examination, a battery of neurocognitive assessments, and a resting-state MRI scan (T1, T2, 3D T1, DTI, and 

BOLD) for all participants (healthy controls (CN), SCD, naMCI, aMCI, and AD). All subjects and their study partners 

completed the informed consent process. The protocols of the study were reviewed and approved by the responsible Human 

Participants Ethics Committee of the Affiliated Brain Hospital of Nanjing Medical University (No. 2018-KY010-01, No. 

2020-KY010-02, and No. ChiCTR1900022287). 

 

Inclusion and Exclusion criteria 

Inclusion criteria for SCD subjects were based on published SCD criteria, as proposed by the Subjective Cognitive Decline 

Initiative (SCD-I) [1], which we also described in our previously published article[2]. The inclusion criteria for our database 

is as follows: (a) self-reported persistent memory decline, which was confirmed by an informant; (b) a Subjective Cognitive 

Decline Questionnaire (SCD-Q) score > 5 [3-5]; (c) performance within the normal range on MMSE and MoCA (adjusted 

for age and education); (d) Clinical Dementia Rating (CDR) = 0; (e) subjects aged between 50 and 80 years old;and (f) 

HAMD scores of less than 7.  

Inclusion criteria for CN were as follows: (a) no memory complaints; (b) normal cognitive performance matched for age 

and education; (c) CDR=0; (d) MMSE ≥ 26; and (e) subjects aged between 50 and 80 years old[2, 6]; and (f) HAMD scores 

of less than 7. 

 

http://192.168.8.100)/


S.3 Neuropsychological assessments for the NBH-ADsnp database 

Neuropsychological assessments were performed as described in our previous research papers [2, 6-9]. All subjects had a 

standardized clinical interview and underwent comprehensive neuropsychological assessments by 3 neuropsychologists (Dr. 

Xue, Qi, and Liu). The evaluation included the Mini Mental State Examination (MMSE), Montreal Cognitive Assessment 

(MoCA), Mattis Dementia Rating Scale (MDRS), Auditory Verbal Learning Test - immediate recall (AVLT-IR), Auditory 

Verbal Learning Test – 5-min delayed recall (AVLT-5-min-DR), Auditory Verbal Learning Test –20-min delayed recall 

(AVLT-20-min-DR), Logical Memory Test –immediate recall (LMT-IR), Logical Memory Test –20-min delayed recall 

(LMT-20-min-DR), Rey-Osterrieth Complex Figure Test –20-min delayed recall (ROCFT-20min-DR), Clock Drawing Test 

(CDT), Rey-Osterrieth Complex Figure Test (ROCFT), Verbal Fluency Test (VFT), Digit Span Test (DST), Digital Symbol 

Substitution Test (DSST), Trail-Making Tests A and B (TMT-A and B), Stroop Color and Word Test A, B, and C, and 

Semantic Similarity (Similarity) test. These tests were used to evaluate general cognitive function, episodic memory, 

information processing speed, executive function, and visuo-spatial function. 

 

S.4 Image acquisition 

The NBH-ADsnp data acquisition process was also depicted in our former articles[2, 9-11]. All MRI data were acquired 

using a 3.0 Tesla Verio Siemens scanner with an 8-channel head-coil at the Affiliated Brain Hospital of Nanjing Medical 

University (Nanjing, China). Resting-state functional images were collected while participants were instructed to rest with 

their eyes open, not to fall asleep, and not to think of anything in particular. The gradient-echo echo-planar imaging 

(GRE-EPI) sequence included 240 volumes. The parameters were as follows: repetition time (TR) = 2000 ms, echo time 

(TE) = 30 ms，number of slices = 36, thickness = 4.0 mm, gap = 0 mm, matrix = 64×64, flip angle (FA) = 90°, field of view 

(FOV) = 220 mm×220 mm, acquisition bandwidth = 100 kHz, voxel size = 3.4×3.4×4 mm3. The imaging process took 

approximately 8 minutes. 

S.5 fMRI image preprocessing 

The image processing procedures were performed as previously described by Yan et al.[12]. All fMRI data were 

preprocessed using MATLAB 2015b (http://www.mathworks.com/products/matlab/) and DPABI image processing 

software[13]. The first ten volumes were discarded in order to reduce the instability of MRI signal. Corrections were 

performed for the intra-volume acquisition time differences among slices and inter-volume motion effects during the scan 

(slice timing correction and head motion correction) [14, 15]. Participants with excessive head motion (cumulative 

translation or rotation > 3.0 mm or 3.0°) were excluded from further analyses. Individual functional and structural images 

were then co-registered. We used the Diffeomorphic Anatomical Registration Through Exponentiated Lie Algebra 

(DARTEL) algorithm to normalize and segment the structural images into GM, WM and cerebrospinal fluid (CSF) 

partitions[16]. Next, weused a Friston 24-parameter model (i.e., 6 head motion parameters, 6 head motion parameters one 

time point before, and the 12 corresponding squared items) to regress out head motion effects from the realigned data [17]. 

The WM, CSF, global signals and linear trend wereregressed as nuisance covariates [18]. After realignment, slice timing 

correction, and co-registration, framewise displacement (FD) was calculated for all resting state volumes [14]. All volumes 

with a FD greater than 0.2 mm were regressed out as nuisance covariates [18]. Any scan with 50% of volumes removed was 

http://www.mathworks.com/products/matlab/


additionally discarded [18]. After nuisance covariate regression, functional images were normalized by DARTEL into MNI 

space (resampling voxel size, 3 × 3 × 3 mm³) and then spatially smoothed by a Gaussian kernel of 6 mm3 full-width at half 

maximum (FWHM) to reduce spatial noise[10]. Temporal band-pass filtering (0.01–0.1 Hz) was applied to reduce the effect 

of low-frequency drifts and high-frequency physiological noise[12, 19]. Voxels within a group GM mask, created by 

DARTEL, were used for further analyses.  

 

S.6 Definition of hippocampal subregions 

The definition of HIPsub employed throughout our study was originally designated by Robinson et al. [20] and Bai et 

al.[21], who used coactivation-based parcellation to reveal a subspecialization in the hippocampus by a data-driven method. 

Therefore, we selected only the left HIPsub as regions of interest (ROI) (Fig. S2a) based on these past studies[21]. In the 

current article, the left hippocampus was defined as three subregions locatedon the anterior part involved in emotional 

processes (HIPe), middle part involved in cognitive processes (HIPc), and posterior part involved in perceptual function 

(HIPp). It's worth noting that we removed the overlapping areas between adjacent clusters (Fig. S2b) as presented by Bai et 

al. [21], which could have affected the subsequent analysis. Non-overlapping clusters were then selected as ROIs for further 

analysis (Fig. S2c). 

 

 

Fig. S2. Schematic diagram of hippocampal subregions (sagittal views) in the left hemisphere. (A) The selected 

hippocampal subregions were based on recent studies published by Robinson et al. [20] and Bai et al.[21], who used 

coactivation-based parcellation to reveal a subspecialization in the hippocampus by a data-driven method. Hippocampal 

subregions included HIPe (blue), HIPc (red), and HIPp (green). (B) The magenta area and yellow area indicated 

overlapping areas between HIPe and HIPc, and between HIPc and HIPp, respectively. (C) HIPe, HIPc, and HIPpwere 

considered for further analysis. Abbreviations: HIPe, hippocampal emotional region; HIPc, hippocampal cognitive region; 

HIPp, hippocampal perceptual region. 

S.7 rTMS protocol 

rTMS was employed to stimulate the precuneus of all SCD participants using a Magstim Rapid2 magnetic stimulator with a 

70-mm figure-8-shaped coil. The Pz site of the 10–20 electroencephalogram system was used to locate the precuneus, and 

the intersection tip of the two coil loops was placed at the Pz site tostimulate the precuneus [22].  

rTMS was then applied at a frequency of 10 Hz, using total trains of 1000 stimuli (1000 pulses) and at an intensity of 100% 



of the motor threshold (MT). The MT was defined as the lowest intensity producing motor evoked potentials of greater than 
50 μV in at least 5 out of 10 trials in the relaxed first dorsal interosseous (FDI) muscle of the contralateral (right) hand[23]. 
All participants received a total of 25 sessions of either rTMS or sham stimulation over the precuneus. Daily session 
consisted of a 4 s stimulation with an interval of 56 s. The entire session lasted for 25 minutes each day. The subjects 
received 5 sessions per week for 4 weeks (Monday-Friday for a 4-week period). In the sham rTMS group, the stimulation 
coil was flipped over (180 degrees from the original position) to provide an identical sound. The flipped coil also induced a 
tapping sensation on the scalp. 

S.8 Statistical analysis 

The present study combined neuropsychological tests into 4 cognitive domains and transformed the raw scores into 4 

composite Z scores [8, 10] in order to increase statistical power by reducing random variability. First, for each 

neuropsychological test, the individual raw scores were transformed to Z scores, according to the mean and standard 

deviation for all subjects. Notably, for tests measured by timing, including TMT-A, TMT-B, Stroop A, Stroop B, and Stroop 

C, the raw scores were defined as the reciprocal of the time required for the test. Then, each cognitive domain’s composite Z 

score was determined by averaging the Z scores related to the tests. We divided these tests into 4 cognitive domains: 

episodic memory (3 tests, including AVLT-20-min DR, LMT-20-min DR, and CFT-20-min DR), information processing 

speed (4 tests, comprising DSST, TMT-A, Stroop A, and Stroop B), visuospatial function (2 tests, including CFT and CDT), 

and executive function (5 tests, consisting of VFT, DST-backward, TMT-B, Stroop C, and Similarity). 



SI results 

S.1 Distinct functional connectivity patterns of HIPsub (HIPe, HIPc, and HIPp) 

Fig. S3 shows distinct functional connectivity patterns of HIPe, HIPc, and HIPp. 

 

 

Fig. S3. Seed-based intrinsic connectivity maps derived from hippocampal-subregion seeds (HIPe, HIPc, and HIPp) in CN 

and SCD subjects. Results from one-sample T-test are displayed using TFCE-FWE-corrected p < 0.001 and cluster extent k > 

100 voxels (2700 mm3).A, B, and Cindicate intrinsic connectivity maps derived from HIPe, HIPc, and HIPp, respectively.  

Abbreviations: CN, healthy controls; SCD, subjective cognitive decline; HIPe, hippocampal emotional region; HIPc, 

hippocampal cognitive region; HIPp, hippocampal perceptual region; L, left hemisphere; R, right hemisphere, ROI, region 

of interest. TFCE, threshold-free cluster enhancement; FWE, family wise error. 



S.2 Changes of depression scores pre- v.s. post-rTMS (or sham rTMS) 

 

Fig. S4 Changes of depression scores before and after real-rTMS or sham-rTMS. 

Abbreviations: SCD, subjective cognitive decline; HAMD, Hamilton Depression Scale; rTMS, repetitive 

transcranial magnetic stimulation. 

 



Supplementary tables 

Table S1 (related to Table 1). Raw scores and corresponding Z scores of individual neuropsychological 

tests for all subjects. 

Items  CN  SCD 
  n=55   n=38 
MDRS     
Attention raw score 36.75(0.52)  36.53(0.73) 
 Z score 0.29(0.38)  0.13(0.54) 
Initiation/Preservation raw score 36.60(1.24)  36.66(1.58) 
 Z score 0.18(0.57)  0.21(0.73) 
Conceptual raw score 38.42(1.01)  38.37(1.05) 
 Z score 0.22(0.53)  0.19(0.55) 
Construct raw score 5.98(0.13)  5.87(0.41) 
 Z score 0.20(0.31)  -0.06(0.95) 
Memory raw score 23.71(1.29)  22.92(1.75) 
 Z score 0.46(0.67)  0.05(0.91) 
Total  raw score 141.46(2.33)  140.37(3.05) 
 Z score 0.42(0.46)  0.21(0.60) 
Episodic memory     
AVLT-IM raw score 19.15(4.36)  18.66(4.22) 
 Z score 0.35(0.94)  0.25(0.91) 
AVLT-5-min-DR raw score 6.35(2.20)  6.26(1.90) 
 Z score 0.34(0.93)  0.31(0.80) 
AVLT-20-min-DR raw score 6.30(1.94)  6.32(2.12) 
 Z score 0.40(0.73)  0.41(0.80) 
LMT-IR  raw score 6.29(3.25)  5.68(3.31) 
 Z score 0.30(1.00)  0.11(1.02) 
LMT-20-min-DR raw score 4.95(3.07)  4.82(2.83) 
 Z score 0.26(1.06)  0.22(0.98) 
ROCFT-20-min-DR raw score 16.51(5.49)  18.04(6.15) 
 Z score 0.15(0.83)  0.38(0.93) 
Visuospatial function     
ROCFT raw score 34.78(2.11)  35.00(1.43) 
 Z score 0.20(0.78)  0.28(0.53) 
CDT raw score 9.36(1.21)  9.47(0.95) 
 Z score 0.14(1.03)  0.24(0.81) 
Information processing 
speed 

    

DSST raw score 44.16(10.23)  42.42(11.40) 
 Z score 0.39(0.90)  0.23(1.01) 
TMT-A raw score 51.62(12.80)  53.68(13.98) 
 Z score 0.31(1.09)  0.15(0.84) 
Stoop-A raw score 25.06(4.69)  25.74(5.12) 
 Z score 0.22(0.91)  0.12(1.12) 
Stoop-B raw score 41.69(9.85)  41.40(11.22) 
 Z score 0.15(0.93)  0.21(0.96) 
Executive function     
VFT raw score 26.27(6.71)  26.26(6.59) 
 Z score 0.19(0.93)  0.19(0.91) 
DST raw score 12.86(1.70)  13.00(1.71) 
 Z score 0.28(0.90)  0.35(0.91) 
TMT-B raw score 122.56(31.45)  135.32 (42.43) 
 Z score 0.39(0.86)  0.18(1.05) 
Stoop-C raw score 77.62(20.25)  74.68(21.64) 
 Z score 0.14(0.94)  0.33(1.05) 



Similarity raw score 19.06(3.52)  19.50(3.21) 
 Z score 0.34(0.77)  0.44(0.70) 

 

Data are presented as the mean (standard deviation, SD). Abbreviations: CN, healthy controls; SCD, subjective cognitive 

decline; MDRS, Mattis Dementia Rating Scale; AVLT-IR, Auditory Verbal Learning Test – immediate recall; 

AVLT-5-min-DR, Auditory Verbal Learning Test – 5-minute delayed recall; AVLT-20-min-DR, Auditory Verbal Learning 

Test – 20-minute delayed recall; LMT-IR, Logical Memory Test – immediate recall; LMT-20-min-DR, Logical Memory 

Test – 20-minute delayed recall; ROCFT-20min-DR, Rey-Osterrieth Complex Figure Test – 20-minute delayed recall; CDT, 

Clock Drawing Test; ROCFT, Rey-Osterrieth Complex Figure Test; DSST, Digital Symbol Substitution Test; TMT-A, Trail 

Making Test-A; Stroop, Stroop Color and Word Test; VFT, Verbal Fluency Test; DST, Digit Span Test; TMT-B, Trail 

Making Test-B; Similarity, Semantic Similarity Test. In Table S1, no items had significant group differences.



Table S2. Demographic characteristics, clinical measures, and episodic memory of SCD before real and 

sham rTMS treatment. 

Items real rTMS SCD   sham rTMS SCD 

 n=8  n=5 

Age (years) 70.00(6.37)  72.20(5.12) 

Gender (male/female) 4/4  2/3 

Education level (years) 12.13(3.56)  13.20(2.78) 

MMSE 28.50(1.60)  28.00(1.87) 

MoCA 25.25(1.83)  24.80(1.48) 

MDRS 141.00(3.16)  141.80(1.30) 

SCD-Q 6.69(0.92)  6.80(1.20) 

Episodic memory tests    

AVLT-IR 17.25(4.43)  15.00(2.83) 

AVLT-5min-DR 6.00(2.39)  4.60(1.52) 

AVLT-20min-DR 6.38(2.93)  4.20(1.30) 

AVLT-total 29.88(9.16)  24.20(4.82) 

LM-IR 5.00(2.62)  3.80(1.09) 

LM-20-min-DR 3.63(3.34)  2.80(1.92) 

ROCFT-20-min-DR 18.63(6.39)  17.40(4.67) 

Total scores 56.88(14.21)  47.80(7.43) 

 

Data are presented as the mean (standard deviation, SD). Abbreviations: SCD, subjective cognitive decline; MMSE, Mini 

Mental State Examination; MoCA, Montreal Cognitive Assessment; MDRS, Mattis Dementia Rating Scale; SCD-Q, 

Subjective Cognitive Decline-Questionnaire; AVLT-IR, Auditory Verbal Learning Test – immediate recall; AVLT-5min-DR, 

Auditory Verbal Learning Test – 5-minute delayed recall; AVLT-20min-DR, Auditory Verbal Learning Test – 20-minute 

delayed recall; LMT-IR, Logical Memory Test – immediate recall; LMT-20-min-DR, Logical Memory Test – 20-minute 

delayed recall; ROCFT-20min-DR, Rey-Osterrieth Complex Figure Test – 20-minute delayed recall. 

 

 



Table S3 (related to Figure 4). Functional connectivity comparisons of the HIPsub seeds between SCD and 

CN subjects. 

Brain regions L/R  BA MNI F/T values Cluster size 

(mm3) x y z 

HIPefuncational connectivity 

CN v.s. SCD         

Cerebellum Posterior Lobe R  - 6 -51 -45 3.2927 2187 

Fusiform Gyrus L  18 -36 -51 -24 -3.2698 648 

Insula L  13 -39 -18  18 -4.0272 513 

Parahippocampa Gyrus L  34  -21  -9 -15 -3.7454 2214 

HIPcfuncational connectivity 

CN v.s. SCD        
Parahippocampa Gyrus L  34 -30 -15 -24 -3.4989 1350 

Inferior Frontal Gyrus, orbital part R  47 45  27  -6 3.714 1323 

HIPpfuncational connectivity 

CN v.s. SCD         

Middle Temporal Gyrus R  21 48 -81  15 -3.4392 8937 

Middle Temporal Gyrus L  21 -45 -60  -3 -3.8487 9234 

Cingulate Gyrus/Precuneus L  31 -12 -45  36 -2.4823 405 

Insula L  13 -30 -33   0 -3.5957 6372 

Medial Frontal Gyrus L  11 -6  27 -21 2.778 1350 

 

Abbreviations: CN, healthy controls; SCD, subjective cognitive decline; HIPe, hippocampal emotional region; HIPc, 

hippocampal cognitive region; HIPp, hippocampal perceptual region; MNI, montreal neurological institute; L, left 

hemisphere; R, right hemisphere.
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Supplementary table legend 

Table S1 (related to Table 1).Raw scores and corresponding Z scores of individual neuropsychological tests 

for all subjects. 

Table S2.Demographic characteristics, clinical measures, and episodic memory of SCD before real and 

sham rTMS treatment. 

Table S3 (related to Figure 4).Functional connectivity comparisons of of the HIPsub seeds between SCD 

and CN subjects. 

 

Supplementary figure legend 

Fig. S1.Schematic of the data analysis pipeline. 

Fig. S2. Schematic diagram of hippocampal subregionsin the left hemisphere 

Fig. S3 (related to Figure1-3).Seed-based intrinsic connectivity maps derived from hippocampal-subregion 

seeds (HIPe, HIPc, aFdHIPp) in CN and SCD subjects. 

Fig. S4 Changes of depression scores before and after real-rTMS or sham-rTMS. 
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