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Appendix 1: A supplementary description of the method  

 

Database Introduction 

The ADNI was started in 2004 and is a multicenter project involving approximately 50 

medical centers and universities in the United States and Canada to identify and track Alzheimer’s 

disease early [40, 41]. The ADNI provides multidomain data, including demographics, neuroimaging, 

CSF biomarkers, genetics, cognitive tests and functional ability [8]. In ADNI, we downloaded data 

files in the format of .csv through different data columns under the “Study Data” module in the 

“Download” area.  

HABS, a longitudinal observational study, aims to illuminate the earliest changes in 

molecular, functional and structural imaging markers that mark the conversion from cognitive 

normal to cognitive decline in preclinical Alzheimer’s disease [42]. HABS data were obtained by 

filling in the research information and related data demand application through the webpage and 

receiving the data form via email after obtaining approval. 

As longitudinal programs, participants in the ADNI and HABS were followed up at multiple 

time points each year.  

 

Participants 

All participants in the ADNI provided written informed consent. All participants in the ADNI 

provided written informed consent, and the criteria for inclusion and exclusion of participants are 

provided and approved by the ADNI website. Participants from the ADNI-1, ADNI-GO and 

ADNI-2 cohorts were included in the primary analysis.  

Diagnostic data came from the following files compiled by ADNI, 

“DXSUM_PDXCONV_ADNIALL”. The general inclusion/exclusion criteria for MCI 

participants in the ADNI are as follows: 1) a memory complaint; 2) MMSE scores between 24-30 

(inclusive); 3) objective memory loss measured by education adjusted scores on Wechsler 



Memory Scale Logical Memory II; 4) a CDR of 0.5; 5) absence of significant levels of 

impairment in other cognitive domains; 6) essentially preserved activities of daily living; and 7) an 

absence of dementia. Data from different domains derived from different files in the ADNI 

database were combined based on the participant ID and visit codes to form a total dataset. 

 

Risk factors 

Numerous previous studies have shown that risk factors, such as older age [43,44], genetics 

[45,46], having a family history of Alzheimer’s disease [47,48], education [49-51], systolic or diastolic 

blood pressure [13-16], having a family history of cardiovascular disease [1], and cognitive tests [8] 

are related to the onset and progression of AD.  

We considered multidomain data, including demographic characteristics, genetics, cognitive 

tests, vital signs and medical history, all of which were of the domains of interest in this study. 

For demographics, we considered age, years of education and race. Age and years of 

education were considered continuous variables, while race was classified as a categorical variable. 

Information on each risk factor was obtained from the “PTDEMOG” file. 

For genetics, we focused on a family history of dementia (FHD) and apolipoprotein E 

genotype 4 (APOE ε4). Researchers have identified several genes that increase the risk of AD, 

with the APOE ε4 gene having the greatest effect on the risk of AD progression [1]. A recent study 

also showed that APOE is slightly specific in different clinical stages and is slightly exacerbated in 

late mild cognitive impairment (LMCI) [17]. Studies have shown that those who have a parent 

(first-degree relative) with AD are more likely to suffer from the disease than those who have no 

first-degree relative with AD [18]. The family history of dementia and APOE ε4 data were obtained 

from “FHQ” and “APOERES” files, respectively. Participants were identified as carriers of APOE 

ε4 upon registration and admission to the ADNI program [52].  

For cognitive tests, the Mini-Mental State Examination (MMSE) and the Clinical Dementia 

Rating (CDR) were included in subsequent analysis. In previous studies of univariate analysis and 

multivariate modeling that affected the progress of AD and MCI, the most frequently used 

cognitive test indicators were the MMSE and CDR scores [17, 19-21]. In this study, the baseline 



MMSE and CDR scores of participants were used to describe baseline characteristics, while the 

MMSE and CDR scores of the follow-up endpoint were used for modeling. The MMSE and CDR 

data were obtained from “MMSE” and “CDR” files, respectively. 

For physical exams, we included systolic blood pressure and diastolic blood pressure. In 

studies exploring risk factors for cardiovascular disease, hypertension and prehypertension have 

been found to be associated with an increased risk of AD progression [13-16]. Longitudinal studies 

have also found that longer duration and/or higher or lower blood pressure are associated with the 

risk of AD onset and progression in old age [22-25]. In this study, the baseline systolic and diastolic 

blood pressure of participants were used to describe baseline characteristics, while the systolic and 

diastolic blood pressure of the follow-up endpoint were used for modeling. Data for physical 

exams were obtained from VITALS files. 

 

Data preparation 

Data were collected from the ADNI database according to the inclusion and exclusion criteria, 

and the data files of different predictors were combined into a total dataset. There are two ways to 

combine a horizontal database with the file “DXSUM_PDXCONV_ADNIALL”, where the 

diagnostic data are located as the basic table: 1) demographic and other static data are merged with 

the base table through the participant ID (RID). 2) Dynamic data, such as vital signs and cognitive 

tests that changed over time, are combined with the diagnostic data table through two keywords, 

RID and the visit codes (VISCODE). 

The combined dataset was preprocessed according to the following three steps. Step 1: 

Process missing values and check outliers. Participants with missing values of predictors were 

directly excluded if one of the following three conditions was met: 1) There is no quantitative 

correspondence between variables shown by previous studies, so it is impossible to infer the 

missing value of a variable from the value of one or more variables. 2) It is not clinically 

meaningful to infer the missing value of a certain predictor based on the value of several 

predictors or the value of multiple time points of the predictor itself. 3) Predictors with missing 

values accounted for more than 10%. Step 2: Unify data units, split data with the same name and 



different meanings, and merge data with different names and synonyms. In the case of multiple 

units of quantitative data, select one of the most commonly used units and uniformly convert it to 

the value under this unit. Step 3: Re-encoding the value of the categorical variable. One of the 

most common values was selected as the basic value and was assigned a value of 0. The rest were 

assigned to other integers greater than zero according to the degree or other criteria. 

Referring to previous studies, the original risk factors we selected included age, years of 

education, handedness, retirement status, years of retirement, family history of dementia, APOE ε4 

status, systolic blood pressure, diastolic blood pressure, history of cardiovascular disease, MMSE 

and CDR. To avoid being completely data-driven, the following three methods were used to 

screen the risk factors that were eventually included in the model: 1) according to previous studies, 

the risk factors that were clinically significant and had been proven to be associated with increased 

MCI risk were selected; 2) based on univariate analysis, risk factors with statistical significance 

(P<0.1) were preliminarily screened; and 3) based on multivariate analysis, risk factors with 

statistical significance (P<0.1) in the model were screened out. 
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Appendix 2: Baseline demographic and clinical characteristics 

by gende 

 

eTable 1. Baseline demographic and clinical characteristics by gender 

 

Risk factor Female 

(n = 240) 

Male 

(n = 231) 

Standardized difference 

 

Age 73.89±5.15 75.08±5.93 0.216 † 

Race    

0.018 white 218(90.8) 211(91.3) 

others 22(9.2) 20(8.7) 

Education 15.64±2.71 17.08±2.53 0.551 † 

APOE ε4 carriers 
   

0.117 † 

no 165(68.8) 171(74.0) 

yes 75(31.2) 60(26.0) 

FHD    

0.254 † no 109(45.4) 134(58.0) 

yes 131(54.6) 97(42.0) 

Systolic blood pressure 133.96±17.64 132.59±15.36 0.083 

Diastolic blood pressure 72.59±9.46 72.78±9.39 0.020 

MMSE 29.12±1.11 28.99±1.15 0.111 † 

CDR    

0.000 0.0 240(100.0) 231(100.0) 

0.5 0 0 

 

Data are presented as mean±SD or number of risk factors(%). 

†Standardized difference = difference in means or proportions divided by standard error; 

imbalance defined as absolute value greater than 0.10 

Abbreviations: FHD, family history of dementia; MMSE, the Mini-Mental State Examination score; 

CDR, the Clinical Dementia Rating score. 



Appendix 3: Univariate Cox regression analysis by gender  

 

eTable 2. Univariate Cox regression analysis by gender 

 

 

Risk factors 

Female Male 

β 

coefficient 

SE P value β 

coefficient 

SE P value 

Age 0.024 0.0.35 0.494 0.059 0.025 0.019 † 

Race -0.090 0.532 0.866 -0.585 0.475 0.219 

Education (years) -0.066 0.059 0.266 -0.056 0.055 0.311 

APOE ε4 carriers 
0.778 0.332 0.019 † 0.153 0.314 0.627 

FHD -0.218 0.334 0.514 -0.130 0.285 0.649 

Systolic blood 

pressure 

0.004 0.008 0.572 0.002 0.009 0.795 

Diastolic blood 

pressure 

0.021 0.017 0.220 -0.005 0.014 0.710 

MMSE -0.282 0.094 0.003 † -0.306 0.063 0.000 † 

CDR 2.950 0.483 0.000 † 2.721 0.358 0.000 † 

† Significant (p < 0.05) difference between the 2 groups. 

Key: FHD, family history of dementia; MMSE, the Mini-Mental State Examination score; CDR, the 

Clinical Dementia Rating score. 

 



Appendix 4: Multivariable Cox proportional hazards 

regression coefficients (adjusted for age) for 12-year risk of 

normal participants developing MCI 

 

eTable 3a. Multivariable Cox proportional hazards regression coefficients (adjusted for age) for 

12-year risk of female normal participants developing MCI 

 

Risk factors β coefficient 

 

SE p value 

 

HR 95.0% CI of HR 

Age 0.021 0.041 0.612 1.021 0.942--1.107 

APOE ε4 0.207 0.342 0.545 1.230 0.629--2.405 

MMSE -0.039 0.100 0.698 0.962 0.791--1.170 

CDR 2.857 0.499 0.000† 17.415 6.545--46.339 

S0(12) = 0.929 (average 12-year survival).  

P value of the overall model: P < 0.000. 

βvalues are expressed per 1 unit increase for continuous variables and for the condition present 

in dichotomous variables. 

Key: MMSE,the Mini-Mental State Examination score; CDR,the Clinical Dementia Rating score. 

 

 

eTable 3b. Multivariable Cox proportional hazards regression coefficients (adjusted for age) for 

12-year risk of male normal participants developing MCI 

 

Risk factors β coefficient 

 

SE p value 

 

HR 95.0% CI of HR 

Age 0.028 0.027 0.291 1.029 0.976--1.084 

APOE ε4 0.388 0.321 0.227 1.475 0.786--2.768 

MMSE -0.196 0.067 0.003† 0.822 0.721--0.937 

CDR 2.600 0.367 0.000† 13.461 6.563--27.610 

S0(12) = 0.937 (average 12-year survival). 

P value of the overall model: P < 0.000. 

βvalues are expressed per 1 unit increase for continuous variables and for the condition present 

in dichotomous variables. 

Key: MMSE,the Mini-Mental State Examination score; CDR,the Clinical Dementia Rating score. 

 



Appendix 5: Flow of screening participants in HABS 

 

eFigure 1. Flow of screening participants in HABS 

 

 

290 Participants screened 

287 secondary screened 

3 Excluded 

3 Diagnosted as MCI at baseline 

 

2 Excluded 

2 Progression from CN to AD 

 

167 Females 

166 Included in subsequent  

screening 

1 Did not included in  

subsequent screening 

1 Cases with variable  

missing rate more than 10% 

 

118 Males 

117 Included in subsequent  

screening 

1 Did not included in  

subsequent screening 

1 Cases with variable  

missing rate more than 10% 

 

117 Included in external validation 166 Included in external validation 

Determination of total data set 

Data  

preprocessing 

285 Divided by gender 



Appendix 6: Baseline demographic and clinical characteristics 

by gender in HABS 

 

eTable 4. Baseline demographic and clinical characteristics by gender in HABS 

 

Risk factor Male 

(n = 117) 

Female 

(n = 166) 

Standardized difference 

 

Age 74.60±6.21 73.16±6.15 0.233 † 

Race    

0.196 † white 101(86.3) 131(78.9) 

others 16(13.7) 35(21.1) 

Education 16.02±3.21 15.74±2.85 0.091 

APOE ε4 carriers 
   

0.207 † 

no 91(77.8) 114(68.7) 

yes 26(22.2) 52(31.3) 

MMSE 29.01±1.03 28.99±1.12 0.014 

CDR    

0.024 0.0 116(99.1) 164(98.8) 

0.5 1(0.9) 2(1.2) 

 

Data are presented as mean ± SD or number of risk factors (%). 

†Standardized difference = difference in means or proportions divided by standard error; 

imbalance defined as absolute value greater than 0.10 

Abbreviations: MMSE, the Mini-Mental State Examination score; CDR, the Clinical Dementia 

Rating score. 

16 converted to MCI during follow-up (9.6%) in females, 6 converted to MCI during follow-up 

(5.1%) in males.



Appendix 7: Comparison of the risk of conversion from CN to 

MCI calculated from the scoring systems by sex in HABS 

 

eFigure 2. Comparison of the risk of conversion from CN to MCI calculated from the scoring 

systems by sex in HABS 

 

 

The reason there was no histogram in females: there was no information on such participants 



Appendix 8: The distribution of high and low risk predicted by 

the scoring systems at different ages by sex in HABS 

 

eTable 5. The distribution of high and low risk predicted by the scoring systems at different 

ages by sex in HABS 

 

Age 

(years old) 

Female (n = 166) Male (n = 117) 

High-risk 

(n = 28) 

Low-risk 

(n = 138) 

High-risk 

(n = 16) 

Low-risk 

(n = 101) 

<70 5 (18%) 61 (44%) 3 (19%) 32 (32%) 

70—80 16 (57%) 58 (42%) 7 (44%) 48 (47%) 

>80 7 (25%) 19 (14%) 6 (37%) 21 (21%) 

Female: A risk of greater than 33% is considered high risk. 

Male: A risk of greater than 9% is considered high risk. 



Appendix 9: Comparison of major risk factors between ADNI 

and HABS 

 

eTable 6. Comparison of major risk factors between ADNI and HABS 

 

Risk factor ADNI 

(n = 471) 

HABS 

(n = 283) 

Standardized mean difference 

† 

Event    

0.028 not convert to MCI 382(81.1) 261(92.2) 

convert to MCI 89(18.9) 22(7.8) 

Gender    

0.098 Male 231(49.0) 117(41.3) 

Female 240(51.0) 166(58.7) 

Age 74.00±5.57 74.00±6.21 <0.001 

APOE ε4 carriers 
   

0.024 

no 336(71.3) 205(72.4) 

yes 135(28.7) 78(27.6) 

MMSE 29.00±1.61 29.00±1.49 <0.001 

CDR    

<0.001 0.0 364(77.3) 238(84.1) 

0.5 107(22.7) 45(15.9) 

Follow-up(years) 4±2.67 5±1.34 0.070 

 

Data are presented as mean±SD or number of risk factors (%). 

†Standardized difference = difference in means or proportions divided by standard error; 

imbalance defined as absolute value greater than 0.10 

Abbreviations: MMSE, the Mini-Mental State Examination score; CDR, the Clinical Dementia 

Rating score.



 


