
Review article

A systematic review of multivariate studies in cognitive aging: Introducing 
the concept of cognitive organization

E. Garcia-Cabello a, A. Habich e, Y. Molina a, L. Perestelo-Pérez b,c,d, J. Barroso a, D. Ferreira a,e,*
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A B S T R A C T

Despite ample research on cognitive aging, it is still largely unknown whether cognition is organized in a distinct 
manner, with different cognitive domains and subcomponents interrelating with each other. It is also unknown 
whether this cognitive organization is stable or changes with increasing age. Following the PRISMA guidelines 
statement, we conducted a systematic review of multivariate studies of cognitive aging with the aim to identify a 
potential cognitive organization in healthy aging. We consulted Embase, PsycInfo and Medline electronic da
tabases from 2000 to October 2025. The methodological quality of the included studies was analysed using CASP 
tools and a narrative synthesis of the selected articles was performed. We screened 1518 references and a total of 
14 research articles met selection criteria and were included. We found convergent findings across studies 
suggesting a cognitive organization of four factors: memory, language, executive functions, and processing speed. 
This cognitive organization was rather consistent across studies, cohorts, and methodologies. A fifth factor for 
visuospatial abilities was identified in several studies. Some studies reported that processing speed may influence 
age-related changes in the direct performance of other cognitive domains. However, the current evidence did not 
allow concluding on the effect of age in this cognitive organization. Therefore, it is yet to be clarified whether 
this cognitive organization remains invariant throughout age. Advancing in our understanding of cognitive aging 
can result in a more accurate and personalized clinical assessment and intervention in people at risk of cognitive 
impairment.

1. Introduction

Psychological processes, specifically, cognitive abilities, refer to 
functional properties of the individuals that are not directly observed 
although are inferred from behaviour (Sivan and Benton, 1999). 
Traditionally, cognitive abilities have been classified into receptive 
functions, memory and learning, thinking, and expressive functions, and 
have been examined through neuropsychological assessment (Lezak 
et al., 2012). In the field of aging, cognitive abilities have been widely 
studied. Most of the research has focused on a specific cognitive test or 
variable such as attention, memory, language, processing speed, or ex
ecutive functions. Studies assess how each of these tests or variables 
change over time or compare them across age groups using univariate 
methods for data analysis (Ferreira et al., 2015; Harada et al., 2013; 

Lachman, 2004; Oschwald et al., 2019; Salthouse, 2009; Schaie, 2005; 
Schroeder and Salthouse, 2004; Tisserand and Jolles, 2003; West, 2001). 
These univariate studies have made important contributions towards 
understanding cognitive aging, helping to characterize the effect of age 
on different cognitive domains and cognitive subcomponents. However, 
univariate methodological approaches assess cognitive functions in 
isolation. Such an approach contrasts with the network perspective 
(Ferguson, 2022), which postulates that different cognitive functions are 
interrelated with each other and, therefore, age-associated changes in 
some functions may affect other cognitive functions.

More recently, several studies have applied multivariate methods for 
investigating cognitive aging (Habeck et al., 2015; Hoogendam et al., 
2014; Machado et al., 2018; Nielsen and Wilms, 2015; Viroli, 2012). 
These multivariate studies provide a more comprehensive 
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understanding of how various factors interact and influence cognitive 
functions during aging. In this regard, age was found to be strongly 
associated with changes in brain structure, especially in cortical thick
ness of frontal and parietal regions, and with cognitive performance, 
particularly in executive functions, processing speed and visual memory 
(Machado et al., 2018). These results suggest that certain brain regions 
and cognitive functions are particularly vulnerable to the aging process 
in cognitively healthy adults (Habeck et al., 2015; Hoogendam et al., 
2014; Machado et al., 2018; Nielsen and Wilms, 2015; Viroli, 2012). 
However, these studies are not exclusively limited to cognitive variables; 
they also incorporate demographic, clinical, and neuroanatomical var
iables in their analyses. Including only cognitive variables in multivar
iate analyses could provide valuable information on how cognitive 
domains and different cognitive subcomponents are organized and 
interrelate with each other, forming what could be called the “cognitive 
organization” in healthy aging. Furthermore, it is not known whether 
that cognitive organization is stable or changes across ages, perhaps 
supporting the hypothesis of increasing correlations between cognitive 
domains at older ages (Baltes et al., 1980; Hülür et al., 2015).

The current systematic review synthesizes multivariate studies on 
cognitive aging. We hypothesized that different multivariate studies 
would converge into identifying a specific “cognitive organization” 
across studies, and we assessed whether that organization would be 
stable or change across ages.

2. Method

The present systematic review was carried out following the guide
lines and recommendations of the PRISMA 2020 statement (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) (Page et al., 
2021).

2.1. Inclusion and exclusion criteria

Participants: We included studies that recruited participants who 
were cognitively healthy, where the cohort had an average age of 20 
years or older, and with participants having or not having a pharma
cological treatment. We excluded studies that reported data on partici
pants who met criteria for mild cognitive impairment, dementia, had 
cerebrovascular pathology (e.g. stroke), history of brain injury, mental 
disorder, intellectual disability or any other disease, pathology or con
dition that influences cognitive performance, or reported substance 
abuse.

Outcomes: We included studies with broad neuropsychological 
evaluations that include more than two cognitive domains (e.g. atten
tion, memory, language, executive functions, visuoperceptive, visuo
spatial and/or visuoconstructive functions). We excluded studies that 
evaluated only one or two cognitive domains or that only applied in
struments for screening limited to an estimate of global cognitive status.

Design of studies: We included studies published in either Spanish or 
English (checked at screening phase), that were cross-sectional or lon
gitudinal, and that applied any multivariate methodology to cognitive 
data. We included studies that allowed analysing the interrelationship 
between multiple cognitive variables, in a hypothesis-free manner. The 
different methodologies included graph theory as well as methods that 
observed a structure or organization between variables (e.g. factor 
analysis, principal components analysis, analysis of latent structures and 
structural equations). Studies that observed the effect of age on the 
mentioned cognitive organization were also included. Confirmatory 
factor analysis based on hypothesis-driven cognitive organizations were 
excluded.

Studies that performed analysis on the subjects (profile or cluster 
analyses) were excluded, as our interest was on the cognitive variables. 
We only included primary studies while we excluded single case studies, 
systematic reviews, and meta-analyses.

2.2. Search strategy

The search was carried out from 2000 to October 13th, 2025 in three 
databases (Embase, PsycInfo and Medline). This was done in two phases. 
A first search was carried out on November 16th, 2022, and an updated 
search was carried out on October 13th, 2025. We did not search for 
unpublished/grey literature to address potential publication bias. The 
following terms were used individually and combined: “Cognitive 
Aging”, “Healthy Aging”, “Graph theor*, Multivariate Analysis, Factor 
Analysis, Statistical, Principal Component Analysis (Search strategy can 
be found into supplementary material). As for Medical Subject Heading 
(MeSH) terms, we used “Cognitive Aging”, “Healthy Aging”, “Multi
variate Analysis”, “Factor Analysis”, and “Principal Component Anal
ysis” (please see Supplementary Table 1 for a complete description of 
search strategy and hits for each database). The other terms were 
searched by title/abstract. No language restrictions were applied to limit 
the search, although language exclusion criteria were applied in the 
screening phase.

2.3. Study selection and data extraction

The electronic search results from the different databases were im
ported into Zotero and duplicates were removed. The screening process 
was conducted separately for the original search in 2022 and the update 
in 2025. Screening in the original search was performed by a single 
reviewer (EG-C), and all the selected articles were independently veri
fied by a senior researcher with extensive experience in systematic re
views (DF), who confirmed their eligibility. Screening in the update was 
performed blindly and independently by two reviewers (EG-C and AH). 
Disagreements were resolved by a senior researcher (DF). Screenings 
were first carried out on titles and abstracts and, subsequently, on full 
text. Two reviewers independently extracted data from each included 
study using a standardized data extraction form in Microsoft Excel using 
the following variables: first author, year of publication, number of 
participants, mean age, SD and range, % de female, years of education 
(mean and SD), cognitive measures, type of methodological approach, 
and main results.

2.4. Risk of bias and quality assessment of the include studies

The evaluation of risk of bias and methodological quality of the 
selected studies was carried out using the Critical Appraisal Skills Pro
gram (CASP) tool from the Oxford Centre for Triple Value Healthcare 
(Critical Appraisal Skills Programme, 2023). This is a flexible tool that 
enables the analysis of internal and external validity, describing the 
main characteristics of the studies (objectives, method, results…) and 
determining the quality and biases of studies with heterogeneous 
designs.

For the current review, cohort sheets were used and completed ac
cording to the objectives and results of interest. Each sheet consisted of 
12 questions divided into three sections (validity; precision and power of 
results; and external validity and consistency with previous evidence). 
These questions had multiple responses: Yes, No or Don’t Know/Cańt 
tell (Table 1). Quality assessment was undertaken by two independent 
reviewers (EG-C and AH) and possible discrepancies were solved by a 
senior researcher (DF).

2.5. Concepts and decision criteria

This study proposes the term “cognitive organization” as a concept 
that reflects how cognitive domains and cognitive subcomponents are 
organized and interrelate with each other. The cognitive organization 
was operationalized through the solutions or structures of factorial 
analysis, principal component analysis and structural equations models, 
as well as through the modular solution of graph theory analysis. Spe
cifically, the cognitive organization was extracted at the level of 
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structure effects instead of level effects. The studies included in this 
systematic review used different methodological approaches (see 
Table 2). Consequently, the decision criteria for identification of 
cognitive domains reported in each study and integration across studies 
were theoretical rather than based on cross-study consistency metrics. 
Assignment to cognitive domains representing the cognitive organiza
tion was based on the original nomenclature provided by the study 
authors supported by inspection of the cognitive variables contributing 
to each factor, component or module. This was carefully reviewed and 
mapping from studies to domains in this review were done by an expert 
judgement upon consensus agreement of two co-authors (EG-C and DF) 

using standard principles of construct validity in neuropsychological 
assessment (Lezak et al., 2012).

3. Results

The two searches returned 2070 references in the three databases 
and 4 through review of reference lists and manual searches. After 
removing duplicates, 1518 references were screened by title and ab
stract and 215 preselected studies were assessed on full text for eligi
bility. Fourteen references finally met our selection criteria and were 
included in the present systematic review. Fig. 1 shows the flowchart of 

Table 1 
Main characteristics of the included studies.

Participants Method

n Age, 
mean (SD)

Age, 
range

Sex, 
% female

Years education, mean 
(SD)

Cognitive measures, 
n

Methodological 
approach

Blujus et al. (2025) 679 33.5 (1.7) 30–38 NR 12.7 (2.3) 15 FA
Finkel et al. (2005) 778 62.2 (9.2) 50–89 60.0 1.6a 11 FA
Finkel et al. (2007) 806 NR 50–89 59.0 NR 11 PCA
Garcia-Cabello et al. (2021) 334 57.8 

(11.2)
37–78 56.0 NR 47 GT

Hatahet and Seghier (2024)b 163 | 120 NR 18–34 | 
60–89

57.0 | 55.0 > 12.0c 14 FA

Hernández-Gamboa et al. (2023) 238 69.2 (5.1) 55–85 68.5 NR 14 FA
Hollinshead et al. (2022) 943 67.3 

(11.1)
17–95 72.4 14.9 (3.0) 21 PCA

Krueger et al. (2009) 66 71.1 (8.1) 55–87 83.0 6.9 (3.6) 18 PCA
Leritz et al. (2016) 120 68.1 (9.6) 43–85 61.7 14.8 (2.7) 14 FA
Nevado et al. (2021) 7623 72.7 (9.0) NR 66.0 16.0 (6.0) 12 GT
Oh et al. (2014) 83 74.4 (6.6) 60–96 63.9 17.0 (1.9) 17 PCA
Salthouse et al. (2015) 297 NR 20–79 54.0 16.3 (NR) 12 FA
Salthouse and Ferrer-Caja 

(2003)d
204 49.5 (5.9) 20–91 66.0 15.9 (2.5) 15 SEM

Salthouse and Ferrer-Caja 
(2003)e

259 51.4 (NR) 19–94 NR NR 11 SEM

Salthouse and Ferrer-Caja (2003)f 206 53.3 
(15.4)

18–84 NR NR 12 SEM

Wright et al. (2021) 220 53.0 (9.0) NR 55.0 14.5 (5.0) 16 GT

The table shows the main characteristics of the participants and method used in each study. a In the study by Finkel et al. (2005), educational level is reported instead of 
years of education, with the minimum being primary studies (score = 0) and the maximum being university studies (score = 4). b Hatahet and Seghier (2024) included 
two age groups - data in the table is reported for each age group separately (younger | older). c In the study by Hatahet and Seghier (2024), a minimum of 12 years of 
education was an inclusion criterion. In the study by Salthouse and Ferrer-Caja (2003), three cohorts are used (d,e,f). NR refers to not reported. Abbreviations: FA 
= Factorial analysis; PCA = Principal component analysis; SEM = Structural Equations Model; GT = Graph theory.

Table 2 
Evaluation of the quality of the studies with the CASP scale.

Questions

Studios 1 2 3 4 5a 5b 6a 6b 7 8 9 10 Total
Blujus et al. (2025) Y Y Y Y Y Y Y Y Y Y Y Y 12
Finkel et al. (2005) Y Y Y Y Y Y Y Y Y N Y CT 10
Finkel et al. (2007) Y Y Y Y Y Y Y Y Y N Y CT 10
Garcia-Cabello et al. (2021) Y Y Y Y Y Y CT CT Y Y Y CT 9
Hatahet and Seghier (2024) Y Y Y Y N N CT CT Y Y Y Y 8
Hernández-Gamboa et al. (2023) Y Y Y Y Y Y CT CT Y Y Y Y 10
Hollinshead et al. (2022) Y Y Y Y Y Y Y Y Y Y Y CT 11
Krueger et al. (2009) Y Y Y Y N N N N Y Y CT Y 7
Leritz et al. (2016) Y Y Y Y Y Y N N Y N CT CT 7
Nevado et al. (2021) Y Y Y Y Y Y CT CT Y Y Y Y 10
Oh et al. (2014) Y Y Y Y Y Y N N Y N Y CT 8
Salthouse et al. (2015) Y Y Y Y N N N N Y N Y CT 6
Salthouse and Ferrer-Caja (2003) Y Y Y Y Y Y N N Y N Y CT 8
Wright et al. (2021) Y Y Y Y Y Y CT CT Y Y Y S 10

The table reflects the quality of the studies evaluated using the “Critical Appraisal Skills Program (CASP)” scale. The scale consists of 12 multiple response questions 
scored as Yes (Y), No (N) or Cańt tell (CT). The total score for each study is the sum of the yeses and a higher total score reflects a higher level of quality. Items scored as 
“No” or “Can’t tell” were scored as zero and, therefore, did not add up to the final quality score. The specific questions are: 1. Does the study focus on a clearly defined 
topic?; 2.Was the recruitment of the cohort carried out in an acceptable manner?; 3.Was the exposure measured appropriately to minimize potential bias?; 4.Were the 
measurement of results carried out accurately to reduce possible bias?; 5a.Have the authors identified the most relevant confounding factors?; 5b.Have the authors 
taken confounding factors into account in the design and/or analysis?; 6a.Was the follow-up of the participants sufficiently complete?; 6b.Was the follow-up of the 
participants long enough?; 7.Do you believe the results?; 8. Can the results be applied to the local population?; 9.Do the results of this study coincide with other 
available evidence?; 10.Does this study have implications in practice?
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the study selection process.

3.1. Characteristics of the included studies

The main characteristics of the fourteen studies are shown in Table 2. 
Regarding the participants, this systematic review gathered a total 
sample of 13,139 subjects, with an average age of cohorts ranging be
tween 23 years (Wright et al., 2021) and 74 years (Oh et al., 2014). The 
studies covered a wide range of ages, with the shortest age range being 8 
years (Blujus et al., 2025) and the largest age range being 78 years 
(Hollinshead et al., 2022). Regarding sex distribution, most studies 
included around 60 % women, while one study reported up to 83 % 
women (Krueger et al., 2009). Most of the studies assessed education 
throughout years of education, with an average of 14 years across 
studies. Some studies assessed educational attainment instead (Finkel 
et al., 2005; Garcia-Cabello et al., 2021) or did not report any measures 
of education (Finkel et al., 2007; Hernández-Gamboa et al., 2023; 
Salthouse and Ferrer-Caja, 2003). All the studies recruited participants 
from the community except Nevado et al. (2021) and Wright et al. 
(2021), which recruited participants in clinical settings.

All the studies used numerous cognitive measures related to different 
cognitive domains. The average number of cognitive variables used was 
16 measurements, with a minimum of 11 cognitive variables (Finkel 
et al., 2005, 2007; Salthouse and Ferrer-Caja, 2003) and a maximum of 
47 cognitive variables (Garcia-Cabello et al., 2021). It should be noted 
that, among the cognitive measures included in the different studies, 
most are mainly related to verbal memory, processing speed, language, 
and executive functions. The most common methodology for analysis 
was factor analysis (Blujus et al., 2025; Finkel et al., 2005; Leritz et al., 
2016; Hatahet and Seghier, 2024; Hernández-Gamboa et al., 2023;
Salthouse et al., 2015), followed by principal component analysis 

(Finkel et al., 2007; Hollinshead et al., 2022; Krueger et al., 2009; Oh 
et al., 2014) and graph theory (Garcia-Cabello et al., 2021; Nevado et al., 
2021; Wright et al., 2021). Only one study used structural equation 
modelling (Salthouse and Ferrer-Caja, 2003).

3.2. Risk of bias and quality of included studies

All studies were scored as medium or medium-high methodological 
quality according to the CASP tool. Studies had a clearly defined topic 
and carried out an adequate recruitment and used measures that allow 
them to minimize possible biases and obtain plausible results that 
coincide with the evidence available (Blujus et al., 2025; Finkel et al., 
2005, 2007; Garcia-Cabello et al., 2021; Hatahet and Seghier, 2024;
Hernández-Gamboa et al., 2023; Hollinshead et al., 2022; Krueger et al., 
2009; Leritz et al., 2016; Nevado et al., 2021; Oh et al., 2014; Salthouse 
et al., 2015; Salthouse and Ferrer-Caja, 2003; Wright et al., 2021). 
Furthermore, given their cross-sectional design, the studies did not 
follow-up the cohorts apart from the studies by Finkel et al. (2005), 
(2007) that had a longitudinal design. Some studies were scored to not 
adequately identify and control for possible confounding factors 
(Hatahet and Seghier, 2024; Krueger et al., 2009; Salthouse et al., 2015), 
compared to those that included sex, race, educational level, 
beta-amyloid deposits, or genetic or cerebrovascular factors as cova
riates (Blujus et al., 2025; Finkel et al., 2005, 2007; Leritz et al., 2016;
Oh et al., 2014; Salthouse and Ferrer-Caja, 2003).

3.3. Qualitative analysis and synthesis

3.3.1. Cognitive organization
Several studies applied multivariate methodology as the main or 

secondary objective of the study (Blujus et al., 2025; Finkel et al., 2005, 

Fig. 1. Flow diagram of the included studies.
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2007; Garcia-Cabello et al., 2021; Hatahet and Seghier, 2024; Hernán
dez-Gamboa et al., 2023; Hollinshead et al., 2022; Nevado et al., 2021; 
Salthouse et al., 2015; Salthouse and Ferrer-Caja, 2003; Wright et al., 
2021). The remaining studies carried out this analysis with the purpose 
of reducing the dimensionality of their data for subsequent analyses 
(Krueger et al., 2009; Leritz et al., 2016; Oh et al., 2014).

Table 3 and Fig. 2 summarize the evidence in terms of the cognitive 
organization obtained in each of the studies. Table 3 includes a vote- 
counting approach to identify the most frequent number of factors 
identified, stratified by methodological approach. Regardless of the size 
of the samples, the methodological approach or the cognitive measures 

included, all the studies reflected the existence of a robust cognitive 
organization. With regards studies employing factor analysis, most 
studies reported a cognitive organization composed of four factors 
(Blujus et al., 2025; Finkel et al., 2005; Hernández-Gamboa et al., 2023; 
Salthouse et al., 2015). Nevertheless, two studies identified three factors 
(Hatahet and Seghier, 2024; Leritz et al., 2016). Studies using principal 
component analysis showed a cognitive organization characterized by 
four factors (Finkel et al., 2007; Hollinshead et al., 2022) or five factors 
(Krueger et al., 2009; Oh et al., 2014). With regard to graph theory, 
Nevado et al. (2021) and Wright et al. (2021) reported an organization 
of four factors, and Garcia-Cabello et al. (2021) reported a cognitive 
organization of five factors after controlling for the effect of age and 
cognitive reserve. Finally, Salthouse and Ferrer-Caja (2003) used 
structural equation modelling to analyse what cognitive organization 
best adjusted with age, showing that it was a hierarchical model of four 
first-order factors and a general second-order factor.

In summary, most studies reported a cognitive organization of four 
factors, whereas three studies reported an organization of five factors 
(Garcia-Cabello et al., 2021; Krueger et al., 2009; Oh et al., 2014) and 
two studies reported an organization of three factors (Hatahet and 
Seghier, 2024; Leritz et al., 2016).

Regarding the associations between different cognitive factors, 
Salthouse and Ferrer-Caja (2003) found that all cognitive factors were 
similarly associated with themselves, forming a general factor. Blujus 
et al. (2025) found moderate to strong correlations between all cognitive 
factors, except for a weak correlation between episodic memory and 
perceptual reasoning. Finally, Finkel et al. (2005) found a significant 
association between processing speed and other cognitive factors. Spe
cifically, the processing speed factor was a main indicator of longitu
dinal change in visuospatial and verbal memory factors, while 
visuospatial and verbal memory factors were not main indicators of 
change in the processing speed factor (Finkel et al., 2007).

3.3.2. The effect of age on the cognitive organization
Two studies found differences in the cognitive organization in rela

tion to the age (Garcia-Cabello et al., 2021; Wright et al., 2021). Spe
cifically, both studies found that late middle age individuals were 
characterized by a modular organization of four factors, while older age 
individuals showed a modular organization of three factors. However, 
four studies observed that the cognitive organization did not vary when 
comparing groups of different ages (Finkel et al., 2005, 2007; Hatahet 
and Seghier, 2024; Salthouse and Ferrer-Caja, 2003) or when following 
a group over time in a longitudinal design (Finkel et al., 2005).

Interestingly, although the cognitive organization did not differ 
across age, these studies found an effect of age on the direct performance 
of the different cognitive factors. Salthouse et al. (2015) found a decline 
in general cognitive performance throughout age, with this decline 
being most notable around age 65. In relation to memory, several studies 
reported a negative association with age (Krueger et al., 2009; Leritz 
et al., 2016; Salthouse and Ferrer-Caja, 2003), characterized by a 
continuous and moderate decline over time (Finkel et al., 2005). 
Furthermore, Oh et al. (2014) found a negative correlation between age 
and performance in visual memory. Regarding processing speed, a 
negative association with age was reported in two studies (Krueger et al., 
2009; Salthouse and Ferrer-Caja, 2003), characterized by a pronounced 
slowing with increasing age (Finkel et al., 2005). In relation to executive 
functions, Leritz et al. (2016) reported no significant associations be
tween age and performance in working memory. Regarding language, 
Krueger et al. (2009) reported a negative association with age, while 
Leritz et al. (2016) could not confirm this result. Furthermore, a longi
tudinal study reported that language remained stable throughout age, 
although a modest decline was observed at age 65 (Finkel et al., 2005). It 
is possible that all these changes occur at the same pace across cognitive 
domains without affecting (Garcia-Cabello et al., 2021; Wright et al., 
2021) or just minimally affecting the cognitive organization with 
increasing age (Finkel et al., 2005, 2007; Salthouse and Ferrer-Caja, 

Table 3 
Synthesis of the most relevant results by methodological approach.

Number of 
factors

Cognitive factors

FA - Factorial analysis ​
Blujus et al. (2025) 4 Semantic Memory, Episodic Memory, 

Perceptual Reasoning, and Executivea

Finkel et al. (2005) 4 Language, Visuospatial, Verbal 
Memory, and Speed

Hatahet and Seghier 
(2024)

3 Semantic Memory, Episodic Memory, 
and Executive

Hernández-Gamboa 
et al. (2023)

4 Executive, Verbal Memory, 
Contextualized Memory, and Speed

Leritz et al. (2016) 3 Verbal Memory, Executive, and 
Language

Salthouse et al. (2015) 4 Verbal Memory, Language, Executive, 
and Speed

FA - vote counting 4
PCA - Principal component analysis ​
Finkel et al. (2007) 4 Language, Visuospatial, Verbal 

Memory, and Speed
Hollinshead et al. (2022) 4 Executivea, Verbal memory, 

Visuospatial, and Contextualized 
Memory

Krueger et al. (2009) 5 Verbal Memory, Language, Working 
Memory, Spatial, and Speed

Oh et al. (2014) 5 Verbal Memory, Visual Memory, 
Language, Working Memory, and 
Executive

PCA - vote counting 4 and 5
GT - Graph theory ​
Garcia-Cabello et al. 

(2021)
5 Verbal Memory, Visuospatial Memoryb, 

Executivec, Processing Speed, and 
Procedural Memory

Nevado et al., (2021) 4 Executive, Language, Attention, and 
Memory

Wright et al. (2021)d 4 Verbal Memory, Executive, Language, 
and Visuospatial

GT - vote counting 4
SEM - Structural equations model
Salthouse and 

Ferrer-Caja (2003)
4 Verbal Memory, Visuospatial, 

Executive, and Speed

The table shows the number and names of the cognitive factors found in each 
study. Due to the variability of methodological approaches and reported metrics 
across studies, the synthesis was done theoretically using expert judgment 
through consensus agreement between two co-authors. The visuospatial factor 
includes both visuoperceptive, visuospatial and visuoconstructive components. 
Vote counting refers to the most frequent number of factors reported within each 
methodological approach. a The Executive factor was reported as Executive- 
Speed by both Blujus et al. (2025) and Hollinshead et al. (2022). Both studies 
included five and six tests, respectively, for executive functions that also tapped 
on processing speed/attention. b The Visuospatial Memory factor was reported 
as Visual-Visuospatial Memory by Garcia-Cabello et al. (2021). This factor 
included seven tests of visuospatial memory also tapping on visuoperceptive, 
visuospatial and visuoconstructive components. c The Executive factor was re
ported as Executive-Premotor by Garcia-Cabello et al. (2021). This factor 
included six tests of executive functions and two tests related to premotor 
functions. d In Wright et al. (2021), factors were not explicitly labelled; instead, 
they were described in terms of the cognitive components they comprised. The 
reported factors labels were agreed upon by two co-authors in this systematic 
review for the theoretical synthesis.
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2003).

4. Discussion

The main objective of this systematic review was to review the sci
entific evidence about a potential “cognitive organization” and assess 
whether that organization differs with age.

In general, regardless of the cohort, the age range, the cognitive tests 
used, or the analytical method used, we consistently identified a 
cognitive organization mainly made of four factors: verbal memory, 
language, executive functions, and processing speed. A fifth factor 
including visuospatial components was observed in several studies 
(Blujus et al., 2025; Finkel et al., 2005, 2007; Garcia-Cabello et al., 2021; 
Hollinshead et al., 2022; Krueger et al., 2009; Salthouse and Ferrer-Caja, 
2003; Wright et al., 2021). The vote-counting approach showed that 
principal component analysis studies provided four to five factors 
(components), instead of four as indicated by the other three method
ological approaches. The possibility to find four versus five factors may 
also be beyond methodological approach and be explained by a ten
dency to use a greater number of tests with verbal content or to assess 
cognitive domains traditionally related to the left hemisphere of the 
brain. The reason for the coherence of these factors across studies could 

be related to differentiated neural network systems underpinning the 
different factors: prefrontal circuits for the executive factor (Alexander 
et al., 1986), medialtemporal circuits for the memory factor (Squire and 
Bayley, 2007), left-predominant fronto-temporal networks for the lan
guage factor (Zhang et al., 2014), right-predominant fronto-tempor
o-parietal networks for the visuospatial spatial factor (Nowrangi et al., 
2014) and the integrity of the white matter of the brain for the pro
cessing speed factor (Kloppenborg et al., 2014). While we excluded 
confirmatory factor analysis based on hypothesis-driven cognitive or
ganizations, it is worth noting that Gaynor et al. (2025) tested 12 
a-priori defined organizations. The authors found that the four-factor 
model was the best-fitting model. This model was represented by 
episodic memory, executive function, language and attention. Further
more, this four-factor model was similar across race/ethnicity groups. 
Other confirmatory factor analyses reported results on four (Rizio and 
Diaz, 2016; Siedlecki et al., 2012) or five (Mungas et al., 2014) factor 
solutions.

We also reviewed the associations between the different cognitive 
factors. We reported that Blujus et al. (2025) found moderate to strong 
correlations between all cognitive factors except for a weak correlation 
between episodic memory and perceptual reasoning. This weak corre
lation is consistent with classical models proposing partial interactions 

Fig. 2. Summary of cognitive factors. This figure synthesises the data reported across studies. Due to the variability of methodological approaches and reported 
metrics across studies, the synthesis was done theoretically. Firstly, using expert judgment through consensus agreement of two co-authors, we represented the 
reported cognitive domains into the outer ring of the figure. While we used the terminology and original labels provided by most of the studies, some labels were 
slightly modified for clarity, harmonization of terms and to facilitate theoretical assessment of cross-study consistency. The outer ring thus depicts the factors ob
tained by each individual study based on their original multivariate analysis (structure effects level). Secondly, we theoretically mapped the outer ring into broader 
cognitive factors represented in the inner ring. This was done in a manner that study-specific factors in the outer ring could be combined across studies with different 
methodologies. The legend reports the percentage of studies that reported each cognitive factor, ordered from highest to lowest representation.
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between cognitive systems for verbal and visuospatial processing 
compared to other cognitive systems (Baddeley, 2000). Meanwhile, 
Finkel et al. (2005) and Garcia-Cabello et al. (2021) found a significant 
association between processing speed and all the other investigated 
cognitive factors. This result supports the hypothesis that processing 
speed may be an influential factor of age-related cognitive change 
(Salthouse, 1996). However, it should be noted that this significant as
sociation could also be explained by the role of global white-matter 
integrity in cognition (Madden et al., 2009). Therefore, a shared 
neurobiological substrate underlying cross-domain performance could 
be modifying these associations. Future research should control the ef
fect of potential cross-domain factors when investigating the cognitive 
organization or test their possible mediating effect on the association 
between cognitive domains.

Regarding the effect of age on the “cognitive organization”, the 
literature addressing this question is limited and results are mixed. On 
the one hand, two studies found differences in the cognitive organiza
tion across age groups (Garcia-Cabello et al., 2021; Wright et al., 2021). 
On the other hand, three studies reported that the cognitive organization 
did not vary when comparing groups of different ages (Finkel et al., 
2007; Hatahet and Seghier, 2024; Salthouse and Ferrer-Caja, 2003) or 
when investigating a population longitudinally over time (Finkel et al., 
2005). This discrepancy could be related to the methodology (graph 
theory analysis in the first two studies), which may reflect a greater 
capacity of the technique to detect age effects on the dynamics of the 
cognitive organization, compared to that capacity of analytical methods 
employed in the other three studies. Specifically, both Garcia-Cabello 
et al. (2021) and Wright et al. (2021) found that the middle age group 
was characterized by a modular organization of four factors, while the 
older age group showed a modular organization of three factors. This 
result could reflect a dedifferentiation pattern in cognitive performance 
(Garrett, 1946). The term dedifferentiation refers to an age-related shift 
from a specialized (differentiated) cognitive organization towards a 
more interconnected and less specialized organizationin later life (Baltes 
et al., 1980), possibly driven by age-related brain changes and 
compensatory mechanisms (Baltes and Lindenberger, 1997; Hülür et al., 
2015). In such framework, fluid intelligence has been suggested to 
decline with age whereas crystallized intelligence may remain stable or 
increase (Lindenberger, 2001). Consequently, it has been proposed that 
the age-related dedifferentiation may primarily affect fluid cognitive 
processes. Therefore, the changes in cognitive organization observed in 
later life and discussed in this paragraph may reflect increasing inter
dependence among fluid domains rather than a uniform loss of 
specialization across all cognitive domains. Garcia-Cabello et al. (2021)
reported that this dedifferentiation was characterized by a stronger as
sociation of processing speed with other cognitive factors with 
increasing age. Similarly, Finkel et al. (2007) and Salthouse and 
Ferrer-Caja (2003) reported that processing speed contributed to the 
performance of other cognitive functions in their cohort.

The studies reporting that the “cognitive organization” may remain 
invariant with age used different methodological approaches and are 
relatively older (Finkel et al., 2005, 2007; Salthouse and Ferrer-Caja, 
2003). The findings from these studies are in line with a review from 
2006 that suggested that cognitive variables were organized into the 
same cognitive factors throughout life (Salthouse and Davis, 2006). 
However, while the effect of age on the “cognitive organization” has not 
been widely reported, numerous studies have indicated an effect of age 
on direct cognitive performance. Specifically, the negative effect of age 
on memory, executive functions, visuospatial functions, and processing 
speed is well established in the literature (Ferreira et al., 2015; Harada 
et al., 2013; Lachman, 2004; Oschwald et al., 2019; Schaie, 2005; 
Schroeder and Salthouse, 2004; Tisserand and Jolles, 2003; West, 2001). 
In the current study, we suggest that it is possible that all these direct 
changes occur at the same pace across cognitive domains without 
affecting or just minimally affecting the “cognitive organization” with 
increasing age. Hence, longitudinal studies using multivariate methods 

should clarify whether the “cognitive organization” changes across ages. 
Some concrete examples of methodologies that could be tested in future 
work are multi-wave invariance to test if cognitive organization (a given 
factor solution) is consistent across different time points; assess longi
tudinal changes in graph modularity based on individual single-subject 
cognitive networks; or coupling loadings stability to network metrics.

The findings synthesized in this systematic review support the idea 
that cognition is organized in a rather stable and distinct cognitive 
manner, and that this cognitive organization may change slightly or not 
at all with increasing age. This review also highlights the advantages of 
multivariate methodologies when it comes to describing the associations 
or interrelationships across multiple variables, particularly in the com
plex context of cognitive aging. This approach and the learnings may 
have clinical implications. For example, the knowledge on cognitive 
organization may help clinicians interpret neuropsychological test re
sults in the context of the entire cognitive profile. One clear aspect is the 
importance of processing speed when assessing performance in other 
cognitive tasks. We thus highlight the relevance of including neuro
psychological protocols that comprehensively assess cognition through 
multiple cognitive domains and their subcomponents. Specifically, both 
for clinical and research purposes, the data from our review aligns with 
established principles of neuropsychological assessment that suggest the 
need to represent cognitive domains by at least two cognitive tasks 
(Lezak et al., 2012). This suggestion should be investigated systemati
cally in the context of multivariate analysis on cognitive data, using 
cohorts that also represent ethnic minorities and people with low edu
cation. For example, since cognitive tasks are known to tap on multiple 
cognitive domains, in the context of multivariate analyses, some authors 
have suggested that only one task that includes at least three variables 
representing different cognitive processes may be sufficient (Hatahet 
and Seghier, 2024). Finally, we acknowledge that the field needs to 
continue delving into cognitive organization. Such an effort may help 
increase our current knowledge about compensatory mechanisms in 
cognitive aging, improve clinical interpretation and use of neuropsy
chological tests, and promote personalized programs for the promotion 
of healthy cognitive aging.

This study has some limitations. We provided a comprehensive 
narrative synthesis, which mostly relies on a qualitative descriptive 
analysis. A meta-analysis would have helped further identify the 
cognitive organization in a quantitative way. However, due to the lack of 
quantitative data in most of the primary studies covered, as well as the 
heterogeneity in the methodological approaches across studies, a meta- 
analysis could not be performed. The lack of quantitative data is likely 
because most of the included studies used a multivariate methodology to 
reduce the dimensionality of their cognitive variables, but not to 
explicitly investigate the cognitive organization. We hope that the cur
rent article will stimulate that future studies explicitly investigate the 
cognitive organization in aging. As studies with similar methodologies 
are published, a future prospect would include confirming our current 
findings with a quantitative approach. The different methodological 
approaches and metrics reported across studies also precluded us from 
identifying cognitive domains across studies using consistency metrics 
such as Tucker’s congruence. Instead, we synthesized the domains 
theoretically based on expert judgement upon consensus agreement 
using standard principles of construct validity in neuropsychological 
assessment (Lezak et al., 2012). The different methodological ap
proaches across studies may also explain the discrepancy in age-related 
changes in the cognitive organization. While the two graph theory 
studies reported differences in the cognitive organization across age 
groups, this was not the case by the studies using other methodologies. 
Screening and extraction in the original search from 2022 were done by 
one single reviewer and the selected studies were verified by a second 
reviewer. To minimize risks related to single-reviewer screening, the 
updated review in 2025 was done blindly and independently by two 
reviewers with verification by a third reviewer.

In conclusion, we identified a cognitive organization that is rather 
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stable across studies, cohorts, and methodologies. This cognitive orga
nization includes four factors, i.e. memory, language, executive func
tions, and processing speed. Several studies have also identified a fifth 
factor including visuospatial abilities. This cognitive organization 
should be confirmed in future studies directly investigating the cognitive 
organization. Furthermore, it is yet to be clarified whether this cognitive 
organization remains invariant throughout age, while the current liter
ature shows that aging does have an effect on these cognitive factors 
separately (age-related effects on direct measures of cognitive perfor
mance). Longitudinal studies using a multivariate methodology on a 
sufficient number of cognitive variables are a priority. Advancing in our 
understanding of cognitive aging can result in a more accurate and 
personalized clinical assessment and intervention in people at risk of 
cognitive impairment.
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Chacón-Araya, Y., Moncada-Jiménez, J., 2023. An examination of the validity of 
neuropsychological and physical testing batteries in Latin-American adults aged over 
55 years. Aging Clin. Exp. Res. 35 (12), 3157–3165. https://doi.org/10.1007/ 
s40520-023-02612-7.

Hollinshead, M.G., Botchway, A., Schmidt, K.E., Weybright, G.L., Zec, R.F., Ala, T.A., 
Kohlrus, S.R., Hoffman, M.R., Fifer, A.S., Hascup, E.R., Trivedi, M.A., 2022. 
Cognitive Component Structure of a Neuropsychological Battery Administered to 
Cognitively-Normal Adults in the SIU Longitudinal Cognitive Aging Study. Gerontol. 
Geriatr. Med. 8, 23337214221130157. https://doi.org/10.1177/ 
23337214221130157.

Hoogendam, Y.Y., Hofman, A., van der Geest, J.N., van der Lugt, A., Ikram, M.A., 2014. 
Patterns of cognitive function in aging: the Rotterdam Study. Eur. J. Epidemiol. 29 
(2), 133–140. https://doi.org/10.1007/s10654-014-9885-4.

Hülür, G., Ram, N., Willis, S.L., Schaie, K.W., Gerstorf, D., 2015. Cognitive 
dedifferentiation with increasing age and proximity of death: Within-person 
evidence from the Seattle Longitudinal Study. Psychol. Aging 30 (2), 311–323. 
https://doi.org/10.1037/a0039260.

Kloppenborg, R.P., Nederkoorn, P.J., Geerlings, M.I., van den Berg, E., 2014. Presence 
and progression of white matter hyperintensities and cognition: a meta-analysis. 
Neurology 82 (23), 2127–2138. https://doi.org/10.1212/WNL.0000000000000505.

Krueger, K.R., Wilson, R.S., Bennett, D.A., Aggarwal, N.T., 2009. A battery of tests for 
assessing cognitive function in older Latino persons. Alzheimer Dis. Assoc. Disord. 23 
(4), 384–388. https://doi.org/10.1097/WAD.0b013e31819e0bfc.

Lachman, M.E., 2004. Development in Midlife. Annu. Rev. Psychol. 55, 305–331. 
https://doi.org/10.1146/annurev.psych.55.090902.141521. PMID: 14744218. 

E. Garcia-Cabello et al.                                                                                                                                                                                                                        Ageing Research Reviews 114 (2026) 102997 

8 

https://doi.org/10.1016/j.arr.2025.102997
https://doi.org/10.1146/annurev.ne.09.030186.002041
https://doi.org/10.1037/0882-7974.12.1.12
https://doi.org/10.1037/0882-7974.12.1.12
https://doi.org/10.1037/0012-1649.16.6.625
https://doi.org/10.1016/j.socscimed.2025.118441
https://doi.org/10.1016/j.socscimed.2025.118441
https://casp-uk.net/casp-tools-checklists/
https://doi.org/10.1016/j.neubiorev.2021.11.024
https://doi.org/10.7334/psicothema2014.192
https://doi.org/10.1007/s10519-005-3281-5
https://doi.org/10.1007/s10519-005-3281-5
https://doi.org/10.1037/0882-7974.22.3.558
https://doi.org/10.3389/fnagi.2021.694254
https://doi.org/10.3389/fnagi.2021.694254
https://doi.org/10.1037/h0056380
https://doi.org/10.1002/alz.70720
https://doi.org/10.1162/jocn_a_00778
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1038/s41598-024-74488-0
https://doi.org/10.1038/s41598-024-74488-0
https://doi.org/10.1007/s40520-023-02612-7
https://doi.org/10.1007/s40520-023-02612-7
https://doi.org/10.1177/23337214221130157
https://doi.org/10.1177/23337214221130157
https://doi.org/10.1007/s10654-014-9885-4
https://doi.org/10.1037/a0039260
https://doi.org/10.1212/WNL.0000000000000505
https://doi.org/10.1097/WAD.0b013e31819e0bfc
https://doi.org/10.1146/annurev.psych.55.090902.141521


Leritz, E.C., McGlinchey, R.E., Salat, D.H., Milberg, W.P., 2016. Elevated levels of serum 
cholesterol are associated with better performance on tasks of episodic memory. 
Metab. brain Dis. 31 (2), 465–473. https://doi.org/10.1007/s11011-016-9797-y.

Lezak, M., Howieson, D., Bliger, E., Tranel, D., 2012. Neuropsychological Assessment (Fifth 
Edit). Oxford University Press, New York. 

Lindenberger, U., 2001. Lifespan theories of cognitive development. In: Smelser, In.N.J., 
Baltes, P.B. (Eds.), International encyclopedia of the social and behavior sciences. 
Elsevier, Oxford, England, pp. 8848–8854.

Machado, A., Barroso, J., Molina, Y., Nieto, A., Díaz-Flores, L., Westman, E., Ferreira, D., 
2018. Proposal for a hierarchical, multidimensional, and multivariate approach to 
investigate cognitive aging. Neurobiol. Aging 71, 179–188. https://doi.org/ 
10.1016/j.neurobiolaging.2018.07.017.

Madden, D.J., Bennett, I.J., Song, A.W., 2009. Cerebral white matter integrity and 
cognitive aging: contributions from diffusion tensor imaging. Neuropsychol. Rev. 19 
(4), 415–435. https://doi.org/10.1007/s11065-009-9113-2.

Mungas, D., Heaton, R., Tulsky, D., Zelazo, P.D., Slotkin, J., Blitz, D., Lai, J.S., 
Gershon, R., 2014. Factor structure, convergent validity, and discriminant validity of 
the NIH Toolbox Cognitive Health Battery (NIHTB-CHB) in adults. J. Int. 
Neuropsychol. Soc. JINS 20 (6), 579–587. https://doi.org/10.1017/ 
S1355617714000307.

Nevado, A., Del Rio, D., Pacios, J., Maestú, F., 2021. Neuropsychological networks in 
cognitively healthy older adults and dementia patients (Advance online publication). 
Neuropsychol. Dev. Cogn. Sect. B Aging Neuropsychol. Cogn. 1–25. https://doi.org/ 
10.1080/13825585.2021.1965951.

Nielsen, S., Wilms, L.I., 2015. Cognitive aging on latent constructs for visual processing 
capacity: a novel structural equation modeling framework with causal assumptions 
based on a theory of visual attention. Front. Psychol. 5, 1596. https://doi.org/ 
10.3389/fpsyg.2014.01596.

Nowrangi, M.A., Lyketsos, C., Rao, V., Munro, C.A., 2014. Systematic review of 
neuroimaging correlates of executive functioning: converging evidence from 
different clinical populations. J. Neuropsychiatry Clin. Neurosci. 26 (2), 114–125. 
https://doi.org/10.1176/appi.neuropsych.12070176.

Oh, H., Madison, C., Villeneuve, S., Markley, C., Jagust, W.J., 2014. Association of gray 
matter atrophy with age, β-amyloid, and cognition in aging. Cerebral Cortex 24 (6), 
1609–1618.

Oschwald, J., Guye, S., Liem, F., Rast, P., Willis, S., Röcke, C., Jäncke, L., Martin, M., 
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