
Supplementary Material 
 
Distinct Cognitive Trajectories in Late Life and Associated Predictors and Outcomes: A 
Systematic Review 
 

 

Methods 

Protocol registration 

 The protocol of this systematic review was registered with the International Prospective 

Register of Systematic Reviews (PROSPERO) (registration ID: CRD42020156754). The study 

was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) statement and followed the PRISMA checklist [1] (Supplementary 

Table 5).  

 

Eligibility criteria 

 Any studies involving human adults (18 years or above) in the general population were eligible. 

Studies exclusively involving participants at high risk of unfavorable health outcomes or specific 

patient samples (e.g., individuals with dementia, cognitive impairment, cancer, vascular or 

psychiatric diseases) were not eligible. There were no selection criteria related to gender or 

ethnicity.  

 Studies were eligible if they investigated trajectories of cognitive function with a 

prospective/longitudinal design. A cognitive trajectory was defined as the course of cognitive 

function over time or age, including assessing cognitive function using three or more waves of 

data. Eligible studies must also have two or more classes of cognitive trajectories identified with 

a hypothesis-free and data-driven approach, rather than based on any pre-specified factor (i.e., 



male versus female). There was no restriction on the cognitive domain, which was assessed, nor 

the test used for the assessment.  

 For studies that investigated the association between cognitive trajectories and specific 

predictive factors, there was no restriction on what factors were included. The predictive factors 

to be analyzed could range from demographics, socioeconomic factors, lifestyle and health 

behaviors, to genetic factors and biomarkers.  

 

Search strategies 

 A systematic search was conducted in two databases via Ovid, MEDLINE and EMBASE, from 

inception until 6 November 2019. After consultation with a professional librarian, a wide range of 

keywords and subject headings were used including 1) cognition, cognitive function, 2) trajectory, 

classification, subgroup, maintain or pattern, 3) longitudinal, prospective, longitudinal or follow-

up. The literature search was restricted to human studies published in English. The detailed search 

strategies are presented in Supplementary Table 1.  

 

Study selection 

 Three reviewers (ZW, AZZP, and TA) independently conducted initial screening based on the 

titles and abstracts. ZW screened all the identified articles. AZZP and TA screened a subsample 

of 60% and 40% respectively in parallel. Articles preliminarily meeting the selection criteria were 

further assessed by full-text reading. Discrepancies of the screening results between the three 

reviewers were resolved through discussion and consultation with a fourth reviewer (JR). 

 

 



Information extraction 

 Three reviewers independently extracted the relevant information from each eligible article 

using a standardized data extraction form. This included information on 1) place of recruitment 

and name of the study, 2) the characteristics of the study sample (size, age, gender, ethnicity), 3) 

inclusion criteria of the studies and their source cohorts, 4) methods of cognitive assessment, 5) 

number of waves cognitive function was assessed, 6) maximum length of follow-up, 7) statistical 

methods, 8) number and description of trajectory classes, 9) factors considered, 10) predictors or 

outcomes associated with the patterns of trajectories. Discrepancies were resolved by discussion 

and consultation.  

 

Quality assessment 

 Quality of each selected study was assessed using a modified version of the Newcastle-Ottawa 

Scale (NOS) for cohort studies [2]. The NOS is a star-based scale commonly used to assess the 

risk of bias in terms of several aspects including the selection of participants, accuracy of exposure 

ascertainment and outcome measurement, comparability between subgroups, demonstration of 

temporality, and follow-up and attrition. A higher number of stars indicates higher quality and 

lower risk of bias. A modified NOS was used for quality assessment so that it would be more 

applicable to the types of studies included in this review.  

 

Data synthesis 

 There was high heterogeneity across the included studies, especially in terms of the tools used 

for cognitive assessment (over 10 different cognitive tests and 17 composite scores, measured at 

different time-points), methodology used to determine the trajectories (the latent class growth 



analysis follows a flexible framework in which the modelling parameters are pre-specified and 

largely dependent on the research assumptions), as well as the predictors and outcomes associated 

with cognitive trajectories. Therefore, a meta-analysis could not be undertaken and a narrative 

synthesis of the main findings is presented. 

 

  



Supplementary Table 1. Search strategies 

MEDLINE 
1. exp Cognition/ or exp Cognition Disorders/ or cognit*.mp. 
2. (((((((((((trajector* adj5 cognit*) or classif*) adj4 cognit*) or class$2) adj4 cognit*) or 
subgroup*) adj4 cognit*) or maintain*) adj3 cognit*) or pattern*) adj3 cognit*).mp. 
3. exp Longitudinal Studies/ or exp Prospective Studies/ or exp Cohort Studies/ or exp Follow-
Up Studies/ or (longitudinal or prospective or cohort or follow up).mp. 
4. (infant* or infancy or child or children or pregnant wom#n or pregnancy or perinatal or 
pediatric).mp. 
5. 1 and 2 and 3 
6. 5 not 4 
7. exp animals/ not humans.sh. 
8. 6 not 7 
9. limit 8 to English language 
 
EMBASE 
1. exp cognition/ or exp cognitive defect/ or cognit*.mp. 
2. (((((((((((trajector* adj5 cognit*) or classif*) adj4 cognit*) or class$2) adj4 cognit*) or 
subgroup*) adj4 cognit*) or maintain*) adj3 cognit*) or pattern*) adj3 cognit*).mp. 
3. exp longitudinal study/ or exp prospective study/ or exp cohort analysis/ or exp follow up/ or 
(longitudinal or prospective or cohort or follow up).mp. 
4. (infant* or infancy or child or children or pregnant wom#n or pregnancy or perinatal or 
pediatric).mp. 
5. 1 and 2 and 3 
6. 5 not 4 
7. (exp animal/ or nonhuman/) not exp human/ 
8. 6 not 7 
9. limit 8 to English language 

 

  



Supplementary Table 2. Studies excluded from full-text assessment  
Reason for exclusion Study 
Not trajectory analysis (n=12)  
  Clouston SAP et al. [3] 
 Huang F et al. [4] 
 Newman AB et al. [5] 
 Bott NT et al. [6] 
 Aiken-Morgan AT et al. [7] 
 Zammit AR et al. [8] 
 Zammit AR et al. [9] 
 Zammit AR et al. [10] 
 Seil K et al. [11] 
 Hayden KM et al. [12] 
 de Frias CM et al. [13] 
 Burns RA et al. [14] 
No classification of the participants (n=7) 
 Luo Y et al. [15] 
 Clarke PJ et al. [16] 
 MacDonald SW et al. [17] 
 Yamada M et al. [18] 
 Beydoun MA et al. [19] 
 Murayama H et al. [20] 
 Sweet RA et al. [21] 
Classification based on pre-specified factor(s) (n=9) 
 Tampubolon G et al. [22] 
 Dodge HH et al. [23] 
 Hill TD et al. [24] 
 Armstrong JJ et al. [25] 
 Aiken-Morgan AT et al. [26] 
 Racine AM et al. [27] 
 Stephan BCM et al. [28] 
 Okereke OI et al. [29] 
 Li G et al. [30] 
Not trajectory of cognitive function (n=2) 
 Hughes TF et al. [31] 
 Liang J et al. [32] 
Non-general population (n=7)  
 Sun N et al. [33] 
 Laukka EJ et al. [34] 
 Molsberry SA et al. [35] 
 Popov M et al. [36] 
 Baker E et al. [37] 
 Hulur G et al. [38] 
 Agrinier N et al. [39] 

 



Supplementary Table 3. Associated factors of cognitive trajectories  
Authors Association analysis Factors considered Associated factors 
Terrera et al. 
[40] 

n.s. 

 

Baseline coefficient estimates: 
age, gender, education, mobility 
Follow-up covariates: dropout and 
death  

• Coefficient estimates (class-specific) 
Good performers with smooth decline: older age (-), female (-), higher education (+) 
Moderate cognitively impaired with constant sharp decline: older age (-) 
Cognitively impaired with sharp and changing decline: older age (-), good mobility (+) 

Howrey et al. 
[41] 

Logistic regression 
models 

Baseline class membership: age, 
gender, education, language of 
interview, nativity, diabetes, 
overweight, obese, hypertension 
Baseline coefficient estimates: 
social support, married status, 
financial strain, depression, ADLs, 
heart attack, stroke, church 
attendance 

• Class membership 
Stable: reference group 
Slow decline: older age (+), vision impairment (+), female (-), higher education (-), obese (-) 
Rapid decline: older age (+), vision impairment (+), female (-), higher education (-), 
overweight (-), obese (-) 
• Coefficient estimates (class-specific) 
Stable: married (+), church attendance (+), physical limitation (-), depression (-), strain (-) 
Slow decline: married (+), church attendance (+), physical limitation (-), depression (-), heart 
attack (+), stroke (+) 
Rapid decline: being married (+), church attendance (+), physical limitation (-), depression 
(+), strain (+), social support (+) 

Downer et al. 
[42] 

Logistic regression 
models 

Baseline class membership: age, 
gender, education, nativity, marital 
status, living arrangement, hearing 
problem, depression, ADLs, heart 
diseases  
Baseline + follow-up  
coefficient estimates: stroke, PD, 
AD or other dementia 

• Class membership 
Persistent high: older age (-), physical limitation (-), hearing problem (-), higher education 
(+), not married and living alone (-), depression (-) 
Decline but high: older age (-), physical limitation (-), hearing problem (-), higher education 
(+), not married and living alone (+) 
Decline to low: reference group 
• Coefficient estimates (class-specific) 
General cognitive function 
Persistent high: AD/dementia (-), PD (-); Decline but high: AD/dementia (-); Decline to low: 
AD/dementia (-) 
Memory 
Persistent high: AD/dementia (-); Decline but high: AD/dementia (-); Decline to low: 
AD/dementia (-) 
Non-memory 
Persistent high: AD/dementia (-); Decline but high: AD/dementia (-); Decline to low: 
AD/dementia/stroke (-) 

Yu et al. [43] ANOVA, c2 test, 
Kruskal-Wallis test 

Baseline class membership: age, 
gender, education, cognition, 
depression, social engagement, life 
purpose, physical activity 
Follow-up class membership: 
tangle density, macroscopic 
infarcts, neocortical Lewy bodies, 
hippocampal sclerosis, pathologic 
AD, neuronal density in brainstem 

• Class membership (univariate comparison) 
Compared to other classes, non-decliners had:  

• Younger age at baseline and death, and higher baseline cognitive function 
• Fewer depressive symptoms, more cognitive activity, social activity, physical activity 

and purpose in life 
• Lower proportion of pathologic AD, macroscopic infarcts, neocortical Lewy bodies and 

hippocampal sclerosis, and higher neural density in locus ceruleus  

Chen et al. [44] Logistic regression 
models; mixed models 

Baseline + follow-up class 
membership: BMI, self-rated 
health, depression, mobility, 
ADLs, IADLs, social interaction, 

• Class membership 
High stable: reference group 
Starting high and declining: depression (+), physical limitation (+), smoking (+), diabetes (+) 



emotional support, hypertension, 
diabetes, heart disease, physical 
activity, smoking, drinking 
Baseline covariates: age, gender, 
education 

Starting low and declining: depression (+), physical limitation (+), physical activity (-), 
emotional support (-) 
• Associated time-varying variables (of cognitive trajectory class) 
High stable: reference group 
Starting high and declining: mobility (-), physical limitation (+), depression (+), social 
interaction (-), emotional support (-), physical activity (-), diabetes (+), heart disease (+) 
Starting low and declining: mobility (-), physical limitation (+), depression (+), social 
interaction (-), emotional support (-), physical activity (-), diabetes (+), BMI (-), self-rated health 
(-)  
 
Note: (+) indicates factors being higher/more prevalent at last timepoint versus reference group, 
(-) indicates the opposite.  

Min et al. [45] Logistic regression 
models 

Baseline class membership: age, 
gender, education, marital status, 
depression, ADLs, IADLs, social 
activities, exercise, smoking, 
drinking 

• Class membership 
Stable: reference group 
Sharp cognitive decline: older age (+), depression (+), female (+), higher education (-), social 
activity (-), physical activity (-) 

Lee et al. [46] Logistic regression 
models 

Baseline class membership: social 
activity, education, household 
income, employment status, 
depression, self-rated health, 
ADLs, IADLs, interaction with 
children 
Baseline covariates: age, gender, 
marital status 

• Class membership (gender-specific) 
Male (n=1711) 
High-Maintaining: social activity (+), friendship activity (+), religious activity (+), volunteering 
(+), depression (-), self-rated health (+), baseline cognitive function (+), higher education (+)  
Moderate-Stable: reference group 
Low-Decreasing: friendship activity (-), higher education (-), baseline cognitive function (-) 
Moderate declined to severe impairment: None 
 
Females (n=2018) 
High-Maintaining: baseline cognitive function (+), higher education (+) 
Moderate-Stable: reference group 
Low-Decreasing: social activity (-), religious activity (-), baseline cognitive function (-), higher 
education (-) 
Moderate decline-severe impairment: social activity (-), baseline cognitive function (-), higher 
education (+)  

Park et al. [47] Logistic regression 
models 

Baseline class membership: parent 
& own education, poor family, 
self-rated health, income, marital 
status, nursing home admission, 
relocation, chronic condition, 
ADLs, IADLs, social engagement 
Baseline covariates: age, gender, 
ethnicity  

• Class membership 
Stable High: volunteering & become volunteering (+), self-rated health (-), higher education (+), 
higher income (+), chronic condition (-), increased physical limitation (-), decreased social 
activity (-) 
High-to-Moderate: social activity & increased activity (+), volunteering & becoming volunteer 
(+), higher parent & own education (+), higher income (+), nursing home admission (-), chronic 
condition (-)  
Stable Moderate: reference group 
Moderate-to-Low: volunteering & become volunteering (-), higher education (-), nursing home 
admission (+), chronic condition (-), physical limitation (+), increased physical limitation (+) 
Stable low: volunteering & become volunteering (-), higher education (-), higher income (-), 
physical limitation (+), increased chronic condition (+) 



Espeland et al. 
[48] 

Logistic regression 
model 

Baseline class membership: 
education, type 2 diabetes, APOE 
4, AD-PS 

• Class membership 
Consistently high: reference group 
Relative improvement: higher education (-) 
Decline to median: APOE 4 (+) 
Decline to low: higher education (-), APOE 4 (+)  
Consistently low: higher education (-), AD-PS score (+), APOE 4 (+), type 2 diabetes (+) 

Elovainio et al. 
[49] 

Logistic regression 
model 

Baseline class membership: social 
contacts, marital status 
Baseline covariates: age, gender, 
ethnicity, occupation, blood 
measures, alcohol, BMI 

• Class membership 
High: reference group 
Medium: social activity (-) 
Low: social activity (-), being married (-) 

McFall et al. 
[50] 

Random forest analysis Baseline class membership: age, 
gender, education, living status, 
depression, subjective health, 
vision, hearing, pulse pressure, 
peak expiratory flow, grip 
strength, BMI, heart rate, gait, 
balance, physical activity, social 
activity, novel cognitive activity, 
self-maintenance activity 

• Class membership 
• Young old (<72.5 years) 

Stable memory: female (+), higher education (+), social activity (+), don’t live alone (+), higher 
BMI (+) 
Normal memory aging: reference group 
Declining memory aging: novel cognitive activity (-), self-maintenance activity (-), older age (-), 
higher heart rate (+), higher grip strength (+) 
Stable memory aging: female (+), higher education (+), novel cognitive activity (+), self-
maintenance activity (+), lower grip strength (+), living with someone (+), higher BMI (+), 
lower heart rate (+)  
Declining memory aging: reference group 

• Old age (>=72.5 years) 
Stable memory aging: female (+), higher education (+), higher heart rate (+), depression (-) 
Normal memory aging: reference group 
Declining memory aging: novel cognitive activity (-), social activity (-), faster gait speed (-) 
Stable memory aging: female (+), higher education (+), novel cognitive activity (+), social 
activity (+), lower peak expiratory flow (+), faster gait speed (+)  
Declining memory aging: reference group 

Hayden et al. 
[51] 

ANOVA, chi-squared 
test 

Baseline class membership: age, 
gender, ethnicity, education, 
APOE 4, MMSE 
Follow-up associated outcomes: 
visits, follow-up, amyloid burden, 
tangle density 

• Class membership (univariate comparison)  
The class of slow decline, moderate decline and rapid decline had progressively increased age, 
higher education, lower baseline MMSE and higher proportion of APOE 4 carriers.  
• Associated outcomes (of cognitive trajectory class) 
Slow decline: reference group 
Moderate decline: mortality risk (+) 
Rapid decline: mortality risk (+), amyloid burden (+), tangle density (+) 

Ding et al. [52] Logistic regression 
models 

Baseline class membership: age, 
gender, education, BMI 
Baseline covariates: ethnicity, 
diabetes, hypertension, sleep 
apnea, smoking, APOE 4 

• Class membership 
Norm 12.9-Stable: female (+) 
Norm 9.4-Curvilinear decline: reference group 
Norm 9.1-Curvilinear decline: none 
Norm 6.9-Stable: higher education (-) 
Norm 6.2-Linear decline: older age (+), higher education (-) 
Norm 3.3-Linear decline: none 

Tampubolon et 
al. [53] 

Logistic regression 
models 

Baseline covariates: age, gender, 
education, marital status, wealth, 
occupation, social, various health, 

• Associated outcome (of cognitive trajectory class) 
High-Decline (advantaged): risk of incident dementia (-) 
Medium (higher)-Decline: risk of incident dementia (-) 



physical activity, smoking, 
drinking 

Medium (lower)-Decline (disadvantaged): risk of incident dementia (-) 
Low-Decline: reference group 

Han et al. [54] Generalized estimating 
equation Poisson 
models 

Baseline covariates: age, gender, 
education, ethnicity, living status 
Baseline + follow-up covariates: 
depression, chronic conditions  

• Associated outcomes (of cognitive trajectory class) 
No decline: reference group 
Minimal decline: ADL disability (+), IADL disability (+), hospitalization (+), nursing home 
admission (+), mortality risk (+) 
Moderate decline: same as above 
Progressive decline: same as above 
Rapid decline: same as above 

Zahodne et al. 
[55] 

Cox regression models, 
ANOVA 

Baseline covariates: age, gender, 
education, ethnicity, intracranial 
volume 
Baseline + follow-up associated 
outcomes: total hippocampal 
volume, mean entorhinal cortical 
thickness 

• Associated outcome (of cognitive trajectory class) 
Stable-High: risk of incident dementia (-) 
Stable-Low: reference group 
Decline: risk of incident dementia (+), rate of hippocampal atrophy (+) 
Rapid decline: risk of incident dementia (+), rate of hippocampal atrophy (+), hippocampal 
volume (-), entorhinal cortical thickness (-) 
 
Note: rapid decliners smallest hippocampal volume & entorhinal cortical thickness at baseline & 
follow-up.  

Zahodne et al. 
[56] 

Logistic regression 
models; Cox regression  

Baseline class membership + 
follow-up associated outcomes: 
age, gender, education, ethnicity, 
depression, APOE 4, stroke 
hypertension, diabetes, heart 
disease 

• Class membership 
Stable-High: female (+), Hispanic (-), African American (-) 
Stable-Low: reference group 
Decline: older age (+), APOE 4 (+), heart disease (+) 
Decliners: reference group 
Rapid decliners: older age (+), diabetes (+) 
• Predictors of incident dementia in each cognitive trajectory class 
Stable-High: older age (+), higher education (-), Hispanic (+), hypertension (-), stroke (+) 
Stable-Low: older age (+), higher education (-), depression (+), heart disease (-) 
Decliners: higher education (-), hypertension (-) 
Rapid decliners: stroke (+), APOE 4 (+) 

Kim et al. [57] Cox regression models Baseline covariates: age, gender, 
education, various health, BMI, 
smoking, drinking, physical 
activity 

• Associated outcomes (of cognitive trajectory class) 
Consistently high: reference group 
Decreased: none 
Increased: none 
Consistently low: mortality risk (+) 

Teipel et al. 
[58] 

Logistic regression 
models 

Baseline class membership: age, 
gender, education, APOE 4, global 
amyloid load, basal forebrain 
volume, total intracranial volume 

• Class membership 
MMSE 
High-Stable: global amyloid load (-), basal forebrain volume (+), higher education (+) 
Medium-Stable: older age (-), higher education (+) 
Low-Decline: reference group 
MBT-BS 
High-Stable: global amyloid load (-), female (+) 
Medium (higher)-Stable: global amyloid load (-) 
Medium (lower)-Stable: global amyloid load (-) 
Low-Stable: reference group 
MBT-List1/2 
High-Stable: global amyloid load (-), basal forebrain volume (+), female (+) 



Medium (higher)-Stable: global amyloid load (-), basal forebrain volume (+) 
Medium (lower)-Stable: basal forebrain volume (+) 
Low-Decrease: reference group 

Lin et al. [59] Logistic regression 
models; Cox regression 
models 

Baseline class membership: age, 
gender, ethnicity, education, 
amyloid-β, t-tau, APOE 4, 
hypertension, obesity 
Follow-up associated outcome: 
global cognitive function, 
depression, daily cognitive 
function, physical function 

• Class membership 
High-Stable/High-Increase: reference group 
High-Major decline: t-tau positive (+) 
Medium-Stable/Low-Minor decline: female (-), APOE 4 (+), amyloid-β (+) 
• Associated outcomes (of cognitive trajectory class) 
High-Stable/High-Increase: reference group 
High-Major decline: impaired general cognitive function (+) 
Medium-Stable/Low-Minor decline: impaired general cognitive function (+), deficits in daily 
cognitive function (+), depression (+), physical limitation (+) 

Graziane et al. 
[60] 

Logistic regression 
models 

Baseline covariates: age, gender, 
education, ethnicity,  
 
Baseline + follow-up class 
membership: depression 
 

• Class membership (association with trajectories of depressive symptoms, ref. is rare) 
Non-persistently low (for each cognitive domain): reference group 
Persistently low (attention): low decreasing (-), low increasing (+),  
Persistently low (EF): low decreasing (+), low increasing (+), moderate (+) 
Persistently low (language): low decreasing (+), low increasing (+), moderate (+), high (+) 
Persistently low (memory): moderate (+), high (+) 
Persistently low (visuospatial skills): low decreasing (+), moderate (+), high (+) 

Sha et al. [61] Logistic regression 
models 

Baseline class membership: night-
time sleep duration, post-lunch 
napping duration, sleep 
disturbances 
Baseline covariates: age, gender, 
education, marital status, 
residence, weight, height, BMI, 
depression, ADLs, smoking, 
drinking, hypertension, diabetes, 
high blood sugar, heart problems, 
dyslipidemia, other diseases 

• Class membership 
EF, Male:  
High-Decline: reference group 
Medium-Stable: 5-7 days sleep disturbances (+) 
Low-Increase: 5-9 h night-time sleep (-), 3-7 days 
sleep disturbances (+),  
EF, Female:  
High-Decline: reference group 
Medium-Stable: ≥30 min. post-lunch sleep (+), 5-7 
days sleep disturbances (-) 
Low-Increase: 0-90 mins post-lunch sleep (+),  
 

• Class membership 
EM, Male: 
High-Decline: 5-9 h night sleep (+), 
≥90 minutes post-lunch sleep (+) 
Medium (higher)-Increase: 5-9 h night 
sleep (+) 
Medium (lower)-Decline: no post-
lunch sleep (-), ≥30 min post-lunch 
sleep (+) 
Low-Decline: reference group 
EM, Female:  
High-Decline: <7 h night sleep (-), ≥9 
hours night sleep (+), ≥30 min post-
lunch sleep (+) 
Medium (higher)-Decline: <7 h night 
sleep (-), ≥90 min post-lunch sleep (+) 
Medium (lower)-Decline: <7 h night 
sleep (-), ≥9 h night sleep (+), no post-
lunch sleep (+), 3-7 days sleep 
disturbances (+) 
Low-Decline: reference group 

Marioni et al. 
[62] 
 

n.s. Baseline class membership + 
follow-up associated outcomes: 
gender, education, occupation, 
social engagement 
 

• Class membership 
High baseline cognition: reference group 
Low baseline cognition: higher education (-), intellectual occupation (-), social engagement (-) 
Slow decliners: female (-), higher education (-), social engagement (-) 
Immediate decline: female (-), higher education (-), intellectual occupation (-), social 
engagement (-) 



• Predictors of mortality risk in each cognitive trajectory class 
High baseline cognition: female (-), higher education (+), social engagement (-) 
Low baseline cognition: female (-), social engagement (-) 
Slow decliners: female (-), social engagement (-) 
Immediate decliners: female (-) 

Marioni et al. 
[63] 
 

Chi-squared test and 
ANOVA 

Baseline class membership: age, 
gender, education, marital status, 
depression; IADL, stroke, 
diabetes, cognitive tests (6), social 
network & satisfaction 

• Class membership (univariate comparison) 
• Non-decliners, moderate decliners & fast decliners progressively decreasing cognitive 

scores  
• Fast decliners class was younger than the other two classes.   

• Associated outcomes (of cognitive trajectory class) 
Non-decliners, moderate decliners & fast decliners progressively ↑ risk of dementia & mortality.  

Robitaille et al. 
[64] 

Logistic regression 
models 

Baseline class membership + 
coefficient estimates: age, gender, 
education, height, physical 
activity, cognitive activity 

• Class membership 
High functioning: cognitive activity (+) 
Moderate functioning: physical activity (+) 
Low functioning: reference group 

• Coefficient estimates (class-specific) 
High functioning: None 
Moderate functioning: older age (-) 
Low functioning: higher education (+) 

Hu et al. [65] 
 

Logistic regression 
models 

Baseline class membership: age, 
gender, education, marital status, 
job type, birthplace, residence 

• Class membership 
Slow decline: reference group 
Moderate decline: female (+), higher education (-), rural residence (+) 
Progressive decline: female (+), higher education (-), being married (-), job of housework (+), 
rural birthplace (+) 
Rapid decline: female (+), higher education (-), being married (+), rural birthplace (+) 

Liu et al. [66] 
 

Generalized estimating 
equation 

Baseline covariates: age, gender, 
education, ethnicity, living status; 
depression, chronic conditions 
 

• Associated outcomes (of cognitive trajectory class) 
No cognitive frailty: reference group 
Slow cognitive decline: hospitalization (+), nursing home admission (+), ADL disability (+), 
IADL disability (+), mobility disability (+) 
Rapid cognitive decline: hospitalization (+), nursing home admission (+), ADL disability (+), 
IADL disability (+), mobility disability (+) 
Cognitive frailty: hospitalization (+), nursing home admission (+), ADL disability (+), IADL 
disability (+), mobility disability (+) 

Hochstetler et 
al. [67] 
 

Logistic regression 
models, ANOVA, 
CART 

Baseline class membership + 
CART: age, gender, education, 
various health, amyloid 
disposition, large cognitive battery 

• Class membership (univariate comparison) 
• Compared to the class of lowest baseline-minimal change, the 2 other classes were 

older, more amyloid positive & APOE 4 carriers, more alcohol abusers and lower 
scores on most cognitive tests 

• CART: FAQ was the most predictive variable of latent classes, with an accuracy of 82.3%.  
Barnes et al. 
[68] 
 

Logistic regression 
models 

Baseline class membership: age, 
education, social network, 
physical function & activity, 
IADLs, health, smoking, drinking 

• Class membership  
Cognitive maintainers: absence of diabetes (+), absence of hypertension (+), no smoking (+), no 
IADL difficulties (+), moderate alcohol consumption (+), moderate social networks (+) 
Minor decliners: reference group 
Major decliners: excluded from the analysis 

Yaffe et al. 
[69] 
 

Cox regression models Baseline covariates: age, 
education, BMI, depression, 
hypertension, diabetes, smoking, 
drinking, physical activity 

• Associated outcomes (of cognitive trajectory class) 
For both 3MS and TMTB trajectories:  
Best performers: all-cause mortality (-), CVD-cause mortality (-), other-cause mortality (-) 
Middle performers: reference group 
Worst performers: all-cause mortality (+), CVD-cause mortality (+), other-cause mortality (+) 



Yaffe et al. 
[70] 
 

Logistic regression 
models 

Baseline class membership: age, 
gender, ethnicity, education, 
various social and health factors, 
APOE, CRP, IL-6, TNF-α, 
triglycerides, total cholesterol, 
fasting glucose 

• Class membership 
Cognitive maintainers: older age (-), White (+), higher education (+), higher literacy level (+), 
physical activity (+), no smoking (+) 
Minor decliners: reference group 
Major decliners: older age (+), higher education (-), higher literacy level (-), enough social 
support (-), higher BMI (-), APOE 4 (+) 

Yaffe et al. 
[71] 
 

Cox regression models Baseline covariates: age, gender, 
ethnicity, education, self-rated 
health, depression, BMI, stroke, 
hypertension, diabetes, myocardial 
infarct, APOE 4 

• Associated outcomes (of cognitive trajectory class) 
Cognitive maintainers: mortality risk (-), physical disability (-) 
Minor decliners: reference group 
Major decliners: mortality risk (+), physical disability (+) 

Rosano et al. 
[72] 
 

Logistic regression 
models 

Baseline covariates: age, gender, 
education, ethnicity, self-rated 
health, physical activity 
Follow-up class membership: 
medial temporal area, cingulate 
cortex, total brain  

• Class membership  
Cognitive maintainers: medial temporal area (+), cingulate cortex (-) 
Cognitive decliners: reference group 
 

Casaletto et al. 
[73] 
 

Logistic regression 
models 

Baseline class membership: age, 
gender, education, depression, 
APOE 4, cytokine markers (5), 
MRI volumes (7), WMH volume, 
depression, EM, processing speed, 
general cognition, cognitive 
symptoms  

• Class membership 
Processing speed 
Stable: reference group 
Decliners: slower processing speed (+), higher TNFα (+), more cognitive symptoms (+), EM 
Stable: reference group 
Decliners: better baseline EM (+), female (-), higher precuneus (-), higher WMH (-) 

Yokoyama et 
al. [74] 

Logistic regression, 
linear models 

Baseline nuisance variables: age, 
gender, education, total 
intracranial volume, scan type (1.5 
T or 3 T), handedness, APOE 4 

• Class membership  
1. Intergenic SNP rs7109806 most significant with cognitive maintenance.  
2. 4 of top 10 SNPs in high affinity melanocortin receptor  
3. Top 10 SNPs (score) + with grey matter in 3 regions of right executive control network, & 6% 
greater volume with each additional cognitive maintenance allele.  

Proust et al. 
[75] 

Not applicable None Sensitivity=30.9% 
Specificity=99.6% 

Predictive positive value: 80.8% 
Predictive negative value: 96.6% 

Small et al. 
[76] 

Not applicable Baseline 
Predictive accuracy: age, gender, 
education 

Sensitivity=42.9% 
Specificity=94.5% 
 

Predictive positive value=67.6% 
Predictive negative value=86.0% 

n.s., not stated; ADL, activity of daily living; IADL, instrumental activity of daily living; PD, Parkinson’s disease; AD, Alzheimer’s disease; BMI, body mass index; 
APOE, Apolipoprotein E; AD-PS, Alzheimer’s Disease Pattern Similarity; CRP, C-reactive protein; CVD, cardiovascular disease; ANOVA, analysis of variance; 
CART, classification and regression tree; FAQ, Functional Activities Questionnaire; MMSE, Mini-Mental State Examination; TIA, transient ischemic attack; IL-6, 
Interleukin 6; WMH, white matter hyperintensity; MRI, magnetic resonance imaging; EM, episodic memory; SNP, single-nucleotide polymorphism; TNF-α, tumor 
necrosis factor-α 
1) For class membership, (+) indicates the factor is associated with increased odds of the corresponding class, (-) indicates the opposite. 2) For associated 
outcomes of trajectory class, (+) indicates that the class membership was associated with increased odds of the corresponding outcome, (-) indicates the opposite. 
3) For class-specific coefficient estimates, (+) indicates that the factor is associated with better cognitive function in the corresponding class, (-) indicates the 
opposite. 4) For predicting outcomes in individual classes, (+) indicates that the factor is associated with increased odds of the outcome in the corresponding class, 
(-) indicates the opposite.



Supplementary Table 4. Quality assessment  

      Selection   Comparability Follow-up     
Authors Cohort AHRQ 

standards 
1. Representativeness 
of the cohort 

2. Outcome of 
interest not 
present at 
start of study 

1. Comparability 
of cohorts, e.g., 
design, control 
for confounders 

1. Ascertainment 
of cognitive 
function 

2. Sufficient 
follow-up for 
outcomes to occur 
(3 waves, 2 year) 

3. Adequacy of 
follow-up (missing 
values in cognitive 
assessment) 

Terrera et al. [40] CC75C Moderate b (*) a (*) a (*) b (*) b (*) a (*) b  
Howrey et al. [41] HEPESE Moderate b (*) a (*) a (*) b (*) b (*) a (*) b  
Downer et al. [42] HEPESE Moderate b (*) a (*) a (*) b (*) b (*) a (*) c  
Yu et al. [43] ROS+MAP Good b (*) a (*) a (*) b (*) b (*) a (*) a (*)  
Chen et al. [44] TLSA Moderate a (*) a (*) a (*) b (*) b (*) a (*) b  
Min et al. [45] KLoSA Good b (*) a (*) a (*) b (*) b (*) a (*) b (*)  
Lee et al. [46] KLoSA Good b (*) a (*) a (*) b (*) b (*) a (*) b (*)  
Park et al. [47] Multiple cohorts Good a (*) a (*) a (*) b (*) b (*) a (*) b (*)  
Espeland et al. [48] WHIMS Moderate c  a (*) a (*) b (*) b (*) a (*) b (*)  
Elovainio et al. [49] Whitehall II Study Moderate c  a (*) a (*) b (*) b (*) a (*) c  
McFall et al. [50] VLS Moderate b (*) a (*) a (*) b (*) b (*) a (*) b  

Hayden et al. [51] ROS Moderate c  a (*) a (*) b (*) b (*) a (*) a (*)  
Ding et al. [52] ADNI Moderate b (*) a (*) a (*) b (*) b (*) a (*) c  
Han et al. [54] PEP Study Good b (*) a (*) a (*) b (*) b (*) a (*) a (*)  
Tampubolon et al. [53] ELSA Good a (*) a (*) a (*) b (*) b (*) a (*) a (*)  
Zahodne et al. [55, 56] WHICAP Moderate b (*) a (*) a (*) b (*) b (*) a (*) b  
Kim et al. [57] KLoSA Good a (*) a (*) a (*) b (*) b (*) a (*) a (*)  
Teipel et al. [58] INSIGHT-PreAD Moderate c  a (*) a (*) b (*) b (*) a (*) b (*)  
Graziane et al. [60] MYHAT Good b (*) a (*) a (*) b (*) b (*) a (*) a (*)  
Lin et al. [59] ADNI Moderate b (*) a (*) a (*) b (*) b (*) a (*) c  
Sha et al. [61] CHARLS Good a (*) a (*) a (*) b (*) b (*) a (*) a (*)  
Marioni et al. [62] PAQUID Good b (*) a (*) a (*) b (*) b (*) a (*) a (*)  
Marioni et al. [63] PAQUID Moderate b (*) a (*) a (*) b (*) b (*) a (*) b  

Robitaille et al. [64] OCTO-Twin Moderate c  a (*) a (*) b (*) b (*) a (*) b  
Hu et al. [65] CLHLS Good a (*) a (*) a (*) b (*) b (*) a (*) a (*)  
Liu et al. [66] PEP Study Good b (*) a (*) a (*) b (*) b (*) a (*) b (*)  



Hochstetler et al. [67] ADNI Moderate b (*) a (*) a (*) b (*) b (*) a (*) c  
Barnes et al. [68] SOF Moderate b (*) a (*) a (*) b (*) b (*) a (*) b  
Yaffe et al. [69] SOF Moderate b (*) a (*) a (*) b (*) b (*) a (*) b  
Yaffe et al. [70] Health ABC Moderate b (*) a (*) a (*) b (*) b (*) a (*) c  
Yaffe et al. [71] Health ABC Moderate b (*) a (*) a (*) b (*) b (*) a (*) b  
Rosano et al. [72] Health ABC Good b (*) a (*) a (*) b (*) b (*) a (*) a (*)  

Casaletto et al. [73] Healthy Aging Study Moderate b (*) a (*) a (*) b (*) b (*) a (*) c  
Yokoyama et al. [74] SOF+MrOS Moderate b (*) a (*) a (*) b (*) b (*) a (*) c  
Proust et al. [75] PAQUID Moderate b (*) a (*) N/A b (*) a (*) c  
Small et al. [76] Kungsholmen Project Moderate b (*) a (*) N/A b (*) a (*) c 

 



    Supplementary Table 5. PRISMA 2009 checklist 
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