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Abstract: Introduction:Few robust studies have analyzed association between cognitive tests and 21

the marital status of Mild Cognitive Impairment (MCI) group with ADNI dataset. To test the 22

hypothesis that Rey Auditory Verbal Learning test (RAVLT) cognition performance with marital 23

status is associated with greater odds of MCI group than either RAVLT independently, we used 24

TADPOLE data to evaluate cross-sectional associations between RAVLT performance in immediate 25

response, learning, forgetting, and perception of forgetting with marital status and MCI. Methods: 26

Subjects with MCI and Normal Cognition were included. Logistic regression models indicate 27

associations between four RAVLT subgroups (low and high performance of immediate response, 28

immediate response with learning, performance of immediate response with learning and forgetting, 29

performance of immediate response with learning, forgetting and perception of forgetting) and 30

MCI group. Models adjust for age, sex, race, marital status, ethnicity, education, APOE4 genotype, 31

hippocampus, whole-brain, ventricles and ICV. Results: The sample (n=6560) had a mean age of 77 / 32

67 years, 44% were female, 58% in MCI group. Only all RAVLT subgroups test with age 61 to 70(OR 33

0.26, 95% CI 0.15-0.45), age 71 or older(OR 0.07, 95% CI,0.04-0.12), race:black/african american(OR 34

0.13, 95% CI 0.03-0.52)race:more than one(OR 0.05, 95% CI 0.01-0.24), marital status:never married(OR 35

0.2, 95% CI 0.12-0.34). Conclusion: Studies are needed to evaluate other cognitive test with missing 36

data within TADPOLE dataset as modifiable risk factor for MCI. 37

Keywords: Cognitive Test; Education; Cognitive Impairment; Dementia 38

1. Introduction 39

Alzheimer disease (AD) is a progressive and irreversible disease that severely impairs 40

memory and cognition [1] and leads to dementia in millions of people across the world 41

[2]. Neuropathological confirmation is a typical avenue for AD diagnosis, in particular 42

for people manifesting criteria for dementia [3]. Early and mild cognitive deficits can 43

be identified during mild cognitive impairment (MCI), the preclinical transitional period 44

between ordinary aging and the diagnosis of early AD [4–7]. Indeed, almost 50% of patients 45

with MCI will ultimately develop AD within a few years[8]. 46
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Learning and memory are essential functions since they allow adaptive behavior and 47

enhance survival [1]. There is strong evidence that neurobehavioral test results, long- 48

term cognitive decline, and dementia risk significantly vary among different race/ethnic 49

populations, with lower scores found in African Americans compared to white [8–12]. 50

The Rey Auditory Verbal Learning Test (RAVLT) is a standard periodic verbal memory 51

test used in clinical practice to evaluate memory dysfunction in the elderly [13]. RAVLT 52

assesses a participant’s ability to encode, consolidate, store, and retrieve verbal information 53

[1,14,15]. RAVLT learning score (V-I) is a crucial tool in predicting the progression from 54

MCI to AD dementia [16–20]. 55

In African Americans, the relationship between acculturation and neuropsychological 56

test performance following traumatic brain injury was previously investigated. Hierarchical 57

regression analyses suggested the close association between a low level of acculturation 58

and significant poor performance in various neuropsychological tests, including the RAVLT 59

test [21]. 60

In Northern Manhattan, the neuropsychological test performance was also measured 61

in non-Hispanic African American and white non-demented elders. Measuring different 62

parameters such as verbal/nonverbal learning, memory, and abstract reasoning revealed a 63

significantly lower score in African American participants compared with its counterpart 64

white elders [22] 65

Meanwhile, several factors may decrease the onset of cognitive decline, and educa- 66

tion stands as one of the potential influencing factors. Indeed, highly educated people 67

accomplish advanced levels of cognitive performance in almost all domains of cognition. 68

In contrast, low level of education is suggested as a risk factor for the onset of Alzheimer’s 69

disease [3–6,23]. 70

The level of education is commonly employed as an indicator of the cognitive reserve 71

[5,7,9]. The cohesive relationship between a higher level of education and a lower risk of 72

dementia validates this notion. Prospective studies, on the other hand, imply that this link 73

is primarily due to the link between education and cognitive function rather than the level‘ 74

of cognitive change [10–14]. 75

The concept that education contributes to cognitive reserve is controversial. Indeed, 76

data analysis of various studies, including the Religious Orders Study/Memory and Aging 77

Project (ROSMAP)[24] and Bronx Aging Study, have emphasized the significant role of 78

a higher level of education in managing the onset of cognitive decline. In contrast, other 79

studies contradicted this correlation [25–27]. Also, data analysis generated by the Religious 80

Orders Study revealed the role of higher levels of education in reducing the negative 81

association of AD pathology with the level of cognition-leading death [28]. 82

The community-based longitudinal study, Kungsholmen Project, is one of the studies 83

that highlighted the influence of education on dementia incidence using data of demo- 84

graphic variables such as sex, age, and educational level [29,30]. Participants of this study 85

were assigned to three categories of schooling 8 years of school, 8-10 years, and the uni- 86

versity for those with 11 years of education. Data analysis for this study suggests that 87

participants with a low level of education are at high risk of developing dementia or AD, 88

especially women. 89

Married people have more frequent social communication which decrease the risk of 90

dementia. Those individuals have potential to cope with neuropathological impairment, 91

maintain cognitive skill and daily activity[31,32]. In contrast, divorced people always 92

facing stress that led to increased risk of dementia [33,34]. Furthermore, age, race, and sex 93

of married people are also driving cognitive impairment [35–37] 94

2. Materials and Methods 95

2.1. The TADPOLE Data Study Participants 96

Data used to test the hypothesis was used from the Alzheimer’s Disease Predic- 97

tion of Longitudinal Evolution (TADPOLE) which brings data in collaboration with the 98

Alzheimer’s Disease Neuroimaging Initiative (ADNI) [38]. TADPOLE provide a list of indi- 99

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 October 2022                   doi:10.20944/preprints202210.0384.v1

https://doi.org/10.20944/preprints202210.0384.v1


3 of 13

viduals previously recruited to the Alzheimer’s Disease Neuroimaging Initiative (ADNI). 100

These individuals have all provided data within earlier ADNI studies and have agreed 101

to provide follow-up data. Each feature in TADPOLE is a likely outcome measure for 102

clinical trials: CN - Cognitively normal; MCI - mild cognitive impairment; or AD - probable 103

Alzheimer’s Disease. TADPOLE contains many types of biological markers, some with 104

missing data but very informative. 105

Crucial biomarkers with ADNI-TADPOLE are: 106

• Target outcomes: DX, ADAS13, Ventricles; 107

• Cognitive tests: CDRSB, ADAS11, MMSE, RAVLT-immediate; 108

• MRI measures: Hippocampus, WholeBrain, Entorhinal, MidTemp; 109

• PET measures: FDG, AV45; 110

• CSF measures: (amyloid-beta level in CSF), TAU (tau level),(phosphorylated tau level); 111

• Risk factors: APOE4, AGE. 112

2.2. Outcome: Normal Cognitive vs. MCI 113

The main outcome is the presence of normal cognition or MCI [38]. Mild cognitive 114

impairment (MCI) is a critical phase between normal cognitive aging and advanced decline 115

cognitive abilities[39]. However, we have a particular group in the dataset that reverse 116

the disease from MCI to Normal cognitive[38]. Transitional cognitive decline is pervasive 117

in Alzheimer’s disease (AD) participants. Therefore, cognitive decline can be based on 118

subjective report by the individual or participant in MCI group[40]. 119

TADPOLE dataset is the result of several ADNI phases. The first phase, ADNI-1, 120

collected in 2004. In total, 821 participants, which MCI was prevalent. The second and 121

third phase, ADNI-GO and ADNI-2, with additional 200 early MCI participants. Since 122

2016 we have ADNI-3 that is actively enrolling up to 1200 additional participants in normal 123

cognitive (NC), mild cognitive impairment (MCI) and Alzheimer’s Disease group (AD) 124

[41] 125

2.3. Rey Auditory Verbal Learning Test (RAVLT) 126

Rey Auditory Verbal Learning Test (RAVLT) is a snap-episodic of measurements on 127

memory. RAVLT can detect changes associated with cognitive decline in abnormal aging 128

[40]. Previous work with ADNI data, we found RAVLT was one of most important measure 129

in the prediction model (Ensemble Learning Model with Feature Selection), which in part, 130

explains our interest towards RAVLT. 131

2.4. Performance for RAVLT 132

Rey’s auditory verbal learning test (RAVLT) show in previous studies a significant 133

role in early diagnosis of AD [17] as well as it has been demonstrated to be significant in 134

differentiating AD from psychiatric disorders [42–44]. In our study, we focused in MCI 135

participants. Previous research found no corresponding association between "early" or 136

"late" MCI. Also, a large proportion of false-positives diagnostic errors [45]. 137

RAVLT evaluates a wide diversity of functions: short-term auditory-verbal memory, 138

rate of learning, learning strategies, retroactive, and proactive interference, presence of 139

confabulation of confusion in memory processes, retention of information, and differences 140

between learning and retrieval. 141

We hypothesized that RAVLT performance with education level is associated with 142

greater oddss of MCI than either RAVLT performance independently. RAVLT had shown 143

in testing intelligent or gifted students higher scores than typical students [46] Although, 144

intelligent is studied in more robust and holistic view than just memorizing. ADNI partici- 145

pants are elderly people who needs this evaluation short-term memory, working memory 146

and long-term memory to deal with basic life. 147

ADNI Participants are given a list of 15 unrelated words repeated over five different 148

trials and are asked to repeat. Another list of 15 unrelated words are given and the 149

participant must again repeat the original list of 15 words and then again after 30 minutes. 150
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Approximately 10 to 15 minutes is required for the procedure (not including 30 min. 151

interval) [18]. 152

Our study with logistic regression assess four RAVLT subgroups:low and high perfor- 153

mance in test for immediate response, and we start adding other three subgroups; learning, 154

forgetting and perception of forgetting to the final model. 155

A modified model adjust for age, sex race, engagement, ethnicity, education, APOE4 156

genotype, hippocampus, whole-brain, ventricles and ICV was constructed with low and 157

high performance RAVLT test. 158

2.5. Main Confounders 159

Statistical analyses adjusted for the following sociodemographic covariates: age, 160

sex(male or female), race(White, Black or African American, Asian, American Indian 161

or Alaska Native, or Native Hawaiian or Other Pacific Islander), APOE4 genotype(0, 162

1 or 2 alleles), ethnicity(not Hispanic or Latino, Hispanic or Latino, or unknown), En- 163

gagement(Married, Never Married, Unknown, Widowed), Education(Elementary, High 164

School, Occupational Program, College, Post-College), Hippocampus(Volumetric measure- 165

ments), Wholebrain( Volumetric measurements), Ventricles(Volumetric measurements), 166

ICV(Volumetric measurements) 167

2.6. Analytical Sample 168

Our analytical sample from Tadpole longitudinal analysis used baseline follow up 169

visit data from three "standard" data sets, derived from ADNI-1, ADNI-GO, and ADNI-2. 170

Standard data sets are: 171

• D1 - a comprehensive longitudinal data set for training; 172

• D2 - a comprehensive longitudinal data set on rollover subjects for forecasting; 173

• D3 - a limited forecasting data set on the same rollover subjects as D2; 174

The initial analytical sample considered all participants with baseline cognitive and 175

educational data, we have 12741 participants from standard datasets. Participants with 176

dementia and reverse MCI to Normal were excluded (6141), leaving 6600 participants in 177

total. The final analytical sample consisted of 6560 participants (figure 1). 178

Figure 1. Diagram of analytical sample
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(a) Race (b) Hippocampus

Figure 2. Relatively concentrate distributions of race:black, marital status:never married and hip-
pocampus measure vs RAVLT test

2.7. Descriptive Analysis of Significant Exposure Variables 179

The RAVLT is comprised of 5 repeated learning trials of the same 15 word list, with 180

immediate and delayed recall trials after 3 and 30 minutes, respectively, as well as recogni- 181

tion testing. Much of the work examining memory deficits in AD has focused on either 182

summing words recalled across all learning trials for a measure of total encoding [47] or 183

delayed recall measures or has sometimes regarded list learning performance as a single 184

composite measure representing episodic memory. 185

Figure 2 shows RAVLT immediate response test as a sum of five trails. Participants 186

that never married in black race shows a relatively concentrated distributions. However, 187

significant relationship between both with respect RAVLT as we show in table 2. 188

3. Results 189

Descriptive statistics of the sample among MCI and NL group are presented in Table 1. 190

The sample had a greater concentration of participants 71+, with 58% in MCI group. Study 191

group have a 62% lacked APOE4 alleles, 93% were white, 97% were non-Hispanic, and 62% 192

had MCI. 193

Some significant differences existed between the four stratified RAVLT test (Table 1). 194

Regardless of cognitive test status, participants at risk of MCI were more often male. 195

In logistic regression models of RAVLT subgroups and MCI, for RAVLT alone as a 196

model 1 unadjusted, only immediate response(OR 0.96, 95% CI 0.95-0.97), forgetting(OR 197

0.65, 95% CI 0.60-0.69) and perception of forgetting(OR 1.05, 95% CI 1.04-1.05) test was 198

significantly associated with greater odds of MCI (Table 2). Learning subgroup test was not 199

significantly associated with greater odds of MCI relative to RAVLT alone. Furthermore, in 200

logistic regression models with model 2 adjusted for age and sex as the reference, immediate 201

response(OR 0.95, 95% CI 0.94-0.96), forgetting(OR 0.59, 95% CI 0.55-0.65) and perception 202

of forgetting(OR 1.06, 95% CI 1.05-1.07), and age 61 to 70(OR 0.34, 95% CI 0.22-0.53), age 71 203

or older(OR 0.09, 95% CI 0.06-0.15) were each significantly associated with greater odds of 204

MCI (Table 2). 205

Final model 3 adjusted for sex, race, ethnicity, marital status, education, APOE4, hip- 206

pocampus, wholebrain, ventricles and ICV as the reference, only immediate response(OR 207

0.96, 95% CI 0.95-0.97), learning(OR 0.65, 95% CI 0.60-0.69) forgetting(OR 0.65, 95% CI 208

0.60-0.69), perception of forgetting(OR 1.06, 95% CI 1.05-1.07), age 61 to 70(OR 0.26, 95% CI 209

0.15-0.45), age 71 or older(OR 0.07, 95% CI 0.04-0.12), Race-Black/African American(OR 210

0.13, 95% CI 0.03-0.52), more than one(OR 0.05, 95% CI 0.01-0.24), and marital status-never 211

married(OR 0.2, 95% CI 0.12-0.34) were each significantly associated with greater odds of 212

MCI (Table 2). 213
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Category MCI Group NL Group

Level Totaln, % MCI Groupn, % NL Groupn, %
Chi-squared

P-value

Auditory Verbal Learning Test Performance (RAVLT)

Immediate response 39(31,48 ) 34(28,42) 45(38,52) 2.00E-16
Learning 5(3,7) 4(2,6) 6(4,8) 2.35E-06

Forgetting 4(2,6) 5(3,6) 4(2,5) 2.00E-06
Perception of forgetting 44(23,72) 57(31,86) 31(15,50) 2.00E-06

Sex Male 3690(56) 2373(60) 1317(49) 0.11226
Female 2910(44) 1559(40) 1351(51)

Age
Age 0 to 60 195(3.6) 167(5.3) 28(1.2)

Age 61 to 70 1652(31) 1144(36) 508(23) 7.04E-07
Age 71 or older 3542(66) 1827(58) 1715(76) 2.00E-16

Race

White 6128(93) 3685(94) 2443(92) 0.01202
Black/ African American 271(4.1) 116(3.0) 155(5.8) 0.003855

Hawaiian 5(<0.1) 5(0.1) 0 0.976919
Asian 114(1.7) 73(1.9) 41(1.5) 0.126461

Unknown 12(0.2) 12(0.3) 0 0.944922
More than one 56(0.8) 32(0.8) 24(0.9) 0.000166

Ethnicity
Hispanic/Latino 199(3.0) 124(3.2) 75(2.8) 0.756096

Not Hispanic/Latino 6370(97) 3794(96) 2576(97)
Unknown 31(0.5) 14(0.4) 17(0.6) 0.023799

Engagement

Married 4914(74) 3016(77) 1898(71) 0.887499
Never Married 222(3.4) 81(2.1) 141(5.3) 3.10E-10

Unknown 36(0.5) 31(0.8) 5(0.2) 0.007498
Widowed 824(12) 446(11) 378(14) 0.816086

Education

Elementary 0 0 0
High School 2(<0.1) 2(<0.1) 0

Occupational Program 11(0.2) 1(<0.1) 10(0.4) 0.981215
College 1240(19) 859(22) 381(14) 0.983097

Post-Collage 5347(81) 3070(78) 2277(85) 0.983097

APOE4 alleles
0 4077(62) 2130(54) 1947(73)
1 2102(32) 1429(36) 673(25)
2 417(6.3) 370(9.4) 47(1.8)

Hipocampus Hipocampus 7177(6383,7817) 6958(6129,7687) 7431(6787,7918) 2.00E-16
Wholebrain Wholebrain 1033900(961397,1104800) 1034980(962600,1113680) 1033180(959755,1096880) 3.35E-09
Ventricles Ventricles 32311(21694,46110) 33924(23127,49959) 29415(20203,40820) 0.054315

ICV ICV 1524520(1422670,1640600) 1534150(1436660,1647330) 1505460(1401292,1630490) 0.045143

Table 1. Demographic characteristics of the study population per RAVLT test subgroup

After controlling for confounding negative association variables. Participants with 214

low RAVLT test of immediate response, forgetting, being black, significant hippocampus 215

measurements and never married had 0.94 times the odds of being MCI as compared 216

to RAVLT test alone like Model 1. At the same time, positive association compared to 217

those who have RAVLT test alone, those with RAVLT learning test, being black significant 218

hippocampus measurements and never married had an average 1% higher odds of being 219

MCI, although this relationship was not statistically significant (Table 2). 220

4. Discussion 221

The current study employed Alzheimer’s Disease Prediction Of Longitudinal Evolu- 222

tion (TADPOLE) data to evaluate cross-sectional associations between RAVLT performance 223

in immediate response, learning, forgetting, and perception of forgetting with marital status 224

and MCI. Knowingly, TADPOLE underlines various approaches that are crucial prognostic 225

of future progression of people at risk of AD. To achieve this goal, TADPOLE utilizes a sub- 226

stantial set of multimodal assessments from Alzheimer’s Disease Neuroimaging Initiative 227

(ADNI), which endorse the prediction of the disease progression [48]. 228

Unfortunately, meager robust studies have analyzed the association between RAVLT 229

cognitive tests and the marital status of MCI group with ADNI dataset. Therefore, our 230

current study is an attempt to address the association between the RAVLT performance 231

and MCI using ADNI dataset. RAVLT, a well-known assessment of episodic memory, has 232

been shown to be a helpful neuropsychological tool in distinguishing AD from psychiatric 233

diseases and had a substantial role in identifying AD in its early stages [17,42]. In a clinical 234

setting, RAVLT can differentiate patients with normal aging from persons with MCI and 235

AD [49]. 236

Our logistic regression model for RAVLT fully adjusted revealed a significant associa- 237

tion between three subgroups of RAVLT (immediate response, forgetting, and perception 238

of forgetting) and marital status with MCI. Meanwhile, learning subgroup test revealed 239
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Category MCI Group Model 1: Unadjusted Model 2: Adjusted for Age and Sex Model 3: Fully Adjusted
Level Odds Ratio 95% confident Interval Odds Ratio 95% confident Interval Odds Ratio 95% confident Interval

Auditory Verbal Learning Test Performance (RAVLT)

No Association Reference Reference Reference Reference Reference Reference
Immediate response 0.96 0.95-0.97 0.95 0.94-0.96 0.94 *0.93-0.95

Learning Reference Reference Reference Reference 1.1 **1.05-1.14
Forgetting 0.65 0.60-0.69 0.59 0.55-0.65 0.57 *0.51-0.60

Perception of forgetting 1.05 1.04-1.05 1.06 1.05-1.07 1.06 **1.05-1.07

Sex Male NA NA Reference Reference Reference Reference
Female NA NA Reference Reference Reference Reference

Age
Age 0 to 60 NA NA Reference Reference Reference Reference

Age 61 to 70 NA NA 0.34 0.22-0.53 0.26 *0.15-0.45
Age 71 or older NA NA 0.09 0.06-0.15 0.07 **0.04-0.12

Race

White NA NA NA Reference Reference Reference
Black/ African American NA NA NA NA 0.13 **0.03-0.52

Asian NA NA NA NA Reference Reference
More than one NA NA NA NA 0.05 **0.01-0.24

Ethnicity
Hispanic/Latino NA NA NA NA Reference Reference

Not Hispanic/Latino NA NA NA NA Reference Reference
Unknown NA NA NA NA Reference Reference

Marital Status

Married NA NA NA NA Reference Reference
Never Married NA NA NA NA 0.2 **0.12-0.34

Unknown NA NA NA NA 5.01 1.53-0.16
Widowed NA NA NA NA Reference Reference

Education

Elementary NA NA NA NA Reference Reference
High School NA NA NA NA Reference Reference

Occupational Program NA NA NA NA Reference Reference
College NA NA NA NA Reference Reference

Post-Collage NA NA NA NA Reference Reference
APOE4 alleles 0 NA NA NA NA 1.81 1.58-2.08

1 NA NA NA NA Reference Reference
2 NA NA NA NA Reference Reference

Hipocampus Hipocampus NA NA NA NA 0.99 0.99-0.99
Wholebrain Wholebrain NA NA NA NA 1 1.00-1.00
Ventricles Ventricles NA NA NA NA Reference Reference

ICV ICV NA NA NA NA Reference Reference

Table 2. Associations between RAVLT test for learning, forgetting, immediate response, and percep-
tion of forgetting and MCI with low and high risk for RAVLT test alone or fully adjusted

a non-significant association. Memory processes is coordinated by a highly complicated 240

network of brain regions [50]. At the same time, aging is substantially implicated in chang- 241

ing brain structure, concomitant with MCI and AD [51–56]. Elderly non-demented people 242

with less vs. high risk of developing MCI or AD can be distinguished by the organized 243

pattern of brain alterations in the early stage of AD [57–59]. Compared with normal aging, 244

age-related dementia usually has a slow and gradual onset; however, atrophy manifests 245

years before the clinical symptoms [60–62]. 246

A previous study indicated a substantial correlation between information provided 247

by RAVLT scores and AD-linked structural atrophy. Indeed, participants from similar 248

groups such as “AD and MCI” or “Normal control and MCI” produced lower predictive 249

performance compared to other groups of subjects with significant structural changes in the 250

brain, such as “AD and Normal Control” [50]. Furthermore, another study on people with 251

prodromal AD (amyloid- and tau-positive amnestic mild cognitive impairment) realized 252

that episodic memory impairment is also triggered by neurodegeneration in numerous 253

cortical networks outside of the standard memory systems [63]. 254

In AD, the pattern of atrophy is not random; instead, it usually develops slowly 255

and follows a well-controlled pathway that starts with the entorhinal cortex and the 256

hippocampus, eventually affecting all cortex regions. Annual atrophy in individuals with 257

MCI was significantly higher than in others with normal aging. A continuous increase in 258

atrophy rate was observed, along with progression to AD [64]. Furthermore, the association 259

between p-tau level and temporal atrophy can be detected in MCI patients but not in 260

healthy old individuals [64]. 261

Knowingly, RAVLT score is a crucial tool in predicting the progression from MCI to 262

AD [10–14]. In consistent, our model 2 adjusted for age and sex as the reference, immediate 263

response, forgetting, and perception of forgetting, and age 61 to 70, 71 were significantly 264

associated with MCI. Studying the typical memory process in cognitively normal people 265

indicated the considerable impact of demographic parameters, particularly age, on RAVLT 266

cognitive assessment [65]. Paradoxically, a minor improvement in the measured RAVLT 267

scores was found when normal aging influence was excluded. This observation was linked 268
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to the impact of AD pathology on MRI and RAVLT, dominating the effects of normal aging 269

[50]. 270

Our analyses also agree with those previously highlighted the role of education 271

level and socio-economic status in maintaining cognitive function and protecting of AD 272

diagnosis. The community-based longitudinal study, Kungsholmen Project, highlighted 273

the influence of education on dementia incidence using data of demographic variables such 274

as sex, age, and educational level [30]. Participants of this study were assigned to three 275

categories of schooling 8 years of school, 8-10 years, and the university for those with 11 276

years of education. Data analysis for this study suggests that participants with a low level 277

of education are at high risk of developing dementia or AD, especially women. 278

In parallel with our analyses, many studies have demonstrated that longitudinal brain 279

changes (as measured by MRI) are linked to changes in cognitive capacities, particularly 280

episodic memory tasks [10–14]. Amyloid deposition is considered major biomarker of 281

the histopathological classification of AD [66]. In neurodegenerative disease, amyloid 282

is projected as the lead of detrimental events that progress to dementia and AD [61]. 283

Neuroplasticity is a well-known cognitive decline that evolves when the brain fails to 284

compensate for accumulating insults. Healthy normal aging and the earliest stages of AD 285

may be related to neuroplasticity [33,47]. In the current study, we also revealed the impact 286

of apolipoprotein 4 (APOE), the most important genetic risk factor for AD that could be 287

implicated in neural plasticity. 288

Various studies outside and inside the united states highlighted the marital status 289

difference as a crucial lead in cognitive impairment and dementia. Studied conducted 290

outside the united states declared that Alzeheimer was substantially more likely to affect 291

single men and women than married people , never-married, and widowed[67–70]. In 292

consistent, a widowhood is considered a risk factor for being diagnosed with Alzehiemer 293

among American old residents [71], however, men were more vulnerable than women 294

[35–37]. Furthermore, a recent study involved old population of 65 or more years old con- 295

firmed these previous studies and found marital status as a protective aspect for cognitive 296

impairment but those who were previously married (widowed and divorced) were at high 297

risk of cognitive impairment [72]. 298

Meanwhile we agree with those previously cited, but as anticipated in many studies, 299

there is some limitations that urge more analysis. Therefore, more variables should be 300

considered in future studies to validate our current models. 301

5. Limitations 302

This study has limitations inherent to cross-sectional studies like not able to address 303

temporality. We measure for two exposure variables: RAVLT and marital status, but in 304

cross-sectional studies exposures variables do not precede certain outcomes. Our use of 305

RAVLT test do not avoid the complexity of having false positives subjects, who having the 306

presence of brain dysfunction, errors occur when intact individuals are labeled as having 307

brain dysfunction. The TADPOLE dataset is not a population-based-sample. We can have 308

by design, people with MCI and dementia over-sampled. We may infer results may not 309

generalize to community-dwelling population. 310

6. Conclusions 311

These design research may suggest that older individuals that never married, being 312

race-black, changes in hippocampus measurements with RAVLT test may be a group at high 313

risk for cognitive impairment. There are significant data on social engagement that point to 314

a protective effect of higher levels of middle and late-life social engagement, reducing the 315

risk of Alzheimer’s disease and related dementias(ADRDs)[]. Our hypothesis is that RAVLT 316

cognition performance with marital status is associated with greater odds of MCI group 317

than RAVLT independently. To this end, we used TADPOLE data to evaluate cross-sectional 318

associations between RAVLT performance in immediate response, learning, forgetting, and 319

perception of forgetting with marital status and MCI. 320
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Our methods involved subjects with MCI and normal cognition. Logistic regression 321

models indicate strong associations among four RAVLT subgroups (1. low and high per- 322

formance of immediate response, 2. immediate response with learning, 3. performance of 323

immediate response with learning and forgetting, 4. performance of immediate response 324

with learning, forgetting, and perception of forgetting) and MCI group. Models were 325

adjusted for age, sex, race, marital status, ethnicity, education, APOE4 genotype, Hip- 326

pocampus, whole brain, ventricles, and ICV. TADPOLE underlines various approaches that 327

are crucial prognostic of the future progression of people at risk of AD. TADPOLES utilizes 328

a substantial set of multimodal assessments from ADNI, which endorses the prediction of 329

the disease progression. 330

Studies are needed to evaluate other cognitive test with missing data within TADPOLE 331

dataset as modifiable risk factor for MCI. 332
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370

Appendix A 371

Appendix A.1 372

The analysis was done using R language. The code and dataset are available on 373

Kaggle. 374

You may follow the following steps to see and/or reproduce the results: 375

1. Click on the Kaggle link (https://www.kaggle.com/code/victorwealth/covariates- 376

association-tadpole) 377

2. Click on Register and complete the signup process to create a Kaggle account or 378

Login if you already possess an account. 379

3. Once logged in, click on Copy Edit to make a copy of the code for your personal 380

use. 381

4. In the copied version, you can either run per cell or run all cells to see the results 382
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