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ABSTRACT 
 
The cause of cognitive dedifferentiation has been suggested as specific to late-life abnormal cognitive decline 
rather than a general feature of aging. This hypothesis was tested in two large cohorts with different 
characteristics. Individuals (n = 2710) were identified in the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
research database (n = 1282) in North America, and in the naturalistic multi-site MemClin Project database (n = 
1223), the latter recruiting from 9 out of 10 memory clinics in the greater Stockholm catchment area in Sweden. 
Comprehensive neuropsychological testing informed diagnosis of dementia, mild cognitive impairment (MCI), 
or subjective cognitive impairment (SCI). Diagnosis was further collapsed into cognitive impairment (CI: MCI or 
dementia) vs no cognitive impairment (NCI). After matching, loadings on the first principal component were 
higher in the CI vs NCI group in both ADNI (53.1% versus 38.3%) and MemClin (33.3% vs 30.8%). Correlations of 
all paired combinations of individual tests by diagnostic group were also stronger in the CI group in both ADNI 
(mean inter-test r = 0.51 vs r = 0.33, p < 0.001) and MemClin (r = 0.31 vs r = 0.27, p = 0.042). Dedifferentiation 
was explained by cognitive impairment when controlling for age, sex, and education. This finding replicated 
across two separate, large cohorts of older individuals. Knowledge that the structure of human cognition 
becomes less diversified and more dependent on general intelligence as a function of cognitive impairment 
should inform clinical assessment and care for these patients as their neurodegeneration progresses. 
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INTRODUCTION 
 
The age dedifferentiation hypothesis suggests that as 
humans age we become more reliant on general 
intelligence (g) for the different cognitive functions [1]. 
This is a somewhat contested idea in the geriatric field 
where it has been suggested that underlying pathology 
accounts for dedifferentiation [2]. Based on early 
research on dedifferentiation of cognitive abilities in later 
life, [3] this hypothesis suggests that the influence of g on 
cognitive test performance increases as the biological 
constraint that comes with old age renders specific 
cognitive abilities more similar [4]. When 
dedifferentiation is combined with the (i) known 
differentiation of cognitive functioning that occurs due to 
skill specialization from young age to adulthood, and (ii) 
stability of adult cognitive functioning from 18-65 years 
of age, [5] a conceptual U-type lifespan plot can be 
drawn (Figure 1) similar to Craik and Bialystok [6]. 
 
In the neuroscience literature, age-related neural 
dedifferentiation is a fairly robust phenomenon [7]. 
However, ascribing aging itself causal agency for 
dedifferentiation is probably too coarse [6]. Studies 
have shown substantial cognitive dedifferentiation in 
older samples but only in those with suspected [8] or 
diagnosed [9] abnormal neurodegenerative decline. An 
age indifferentiation hypothesis has also been proposed 
that stresses the stability of cognitive ability over time 
[10]. Aside from aging, other potential causes of 
dedifferentiation have been described, such as 
educational attainment [11]. Control for education and 
other potential confounders is needed if one wants to 
estimate the unique contribution of neurodegeneration 
to dedifferentiation [8]. 
 
Dedifferentiation seems in part specific to abnormal 
cognitive decline and, consequently, of specific interest 
for clinical geriatric populations. Among patients with 
subjective cognitive complaints seeking healthcare, 
subjective cognitive impairment (SCI) is distinguished 
from cognitive impairment (CI) – i.e. either Mild 
Cognitive Impairment (MCI) or dementia diagnosis – 
through comprehensive multidisciplinary investigation at 
a specialized hospital unit, usually a Memory Clinic [12] 
To our knowledge, the dedifferentiation hypothesis has 
not been tested in a large, ecologically valid and 
representative sample of memory clinic patients. 
Dedifferentiation in these patients, whom have all 
undergone the memory clinic investigation and been 
diagnosed as either CI (MCI or dementia) or No CI 
(SCI), can be studied and the association of CI with 
dedifferentiation estimated. 
 
The present study thus tested the dedifferentiation 
hypothesis as a function of CI in two cohorts, each of 

considerable size and each including both individuals 
with CI and NCI, but with important differences 
regarding their geographical location (ADNI: North 
America [13], MemClin: Sweden) [12], diagnostic 
setting (research setting; clinical setting), sample 
selection, and data characteristics. After controlling for 
age, education, and sex, we hypothesized that as CI 
comes into play, dedifferentiation is greater and the 
influence of g on cognitive test performance is higher. 
We also expected dedifferentiation to be more clear in 
the ADNI database compared to MemClin since ADNI 
applied a set of additional exclusion criteria to a  
priori differentiate diagnostic groups whereas 
MemClin did not have such exclusion but instead by 
design includes patients that are the most difficult to 
diagnostically differentiate requiring full memory 
clinic investigation. 
 
RESULTS 
 
Summary statistics for patients subgrouped by dataset 
and by group are available in Table 1. Within each 
dataset, patients with CI were older, had completed 
fewer years of education, more likely male, and 
performed worse on psychometric tests, compared to 
NCI patients. Across datasets, patients were similar in 
age but ADNI patients had more years of education. 
ADNI patient counts were more evenly dispersed across 
groups relative to MemClin. In addition, differences in 
psychometric performance across CI and NCI groups 
were slightly more pronounced in ADNI compared to 
MemClin. 
 
Table 2 shows a higher proportion of variance in 
psychometric test scores explained by PC1 for the  
CI group vs NCI, across both ADNI and MemClin. 
Applying the Kaiser rule retained one less PC  
for the CI group vs NCI in ADNI. However,  
equal amount of PCs were retained across groups  
in MemClin. Regarding individual PC1 test loadings 
for key cognitive domains, the averages were  
slightly higher and less variable across domains  
for the CI group vs NCI in ADNI but not in  
MemClin. 
 
All informative test pair correlations (105 for ADNI; 
190 for MemClin) sorted from weakest to strongest 
magnitude stratified by database and group are 
depicted in Figure 2 showing dedifferentiation by 
impairment in both datasets, i.e. generally stronger 
linear associations between test pairs among CI vs NCI 
patients (ADNI: mean inter-test r = 0.51 vs r = 0.33, 
 p < 0.001) and MemClin: r = 0.31 vs r = 0.27,  
p = 0.042). We also see that the dedifferentiation 
pattern is more pronounced in ADNI compared to 
MemClin but present in both. 
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DISCUSSION 
 
After controlling for age, education and sex through 
propensity score matching, dedifferentiation was 
specifically associated with cognitive impairment in the 
present study. This was shown in two large, high-
quality cohorts that differed in several aspects; the 
research oriented ADNI and the naturalistic cohort 
MemClin. Our findings are in line with previous studies 
showing age-related dedifferentiation of cognitive 
abilities, yet does not focus on aging with respect to 
dedifferentiation. Instead, our findings corroborate 
previous research highlighting the role of impairment of 
cognitive functions as explanatory for cognitive 
dedifferentiation in the latter portion of life, rather than 
explained by aging per se [8, 9]. 
 
Research on dedifferentiation, as the phenomenon is 
defined and investigated with data, predominantly 
focuses on cognitive change processes that are global in 
their nature. There are however more specific and also 
subtle changes to human cognition in late life. 
Cognitive reorganization has been suggested, [14] as 
well as findings suggesting that differentiation and 
dedifferentiation processes can be simultaneously 
ongoing as part of a cognitive restructuring process that 
is compensatory to newly developed cognitive 
deficiency [15]. There is also the concept of cognitive 
reserve suggesting interindividual differences with 
regards to the amount of complex cognitive activity 
experienced during life. This experience in turn 
determines interindividual differences in accumulated 
cognitive reserve which functions as a flexible and 

active buffer to cognitive decline, for some but not for 
others, as neurodegeneration progresses [16]. There are 
likely both fixed and modifiable factors producing 
variability in cognitive reserve across individuals that 
may in turn influence dedifferentiation caused by 
neurodegeneration. In our study we did control for 
education and thus also controlled for cognitive reserve 
by proxy so the present findings can hardly be 
explained by cognitive reserve. One can conclude that 
more research on these largely interlinked cognitive 
processes and their relationship with dedifferentiation is 
needed. 
 
Clinical perspective 
 
To our knowledge, this is the first time cognitive 
impairment as explanatory variable for dedifferentiation 
is found in two large and separate cohorts in which each 
patient’s cognition has been thoroughly examined and 
diagnosed. The present study therefore puts particular 
emphasis on the dedifferentiation phenomenon in the 
context of geriatric care and its patient population in 
abnormal cognitive decline, i.e. patients with MCI or 
dementia. 
 
One important issue that the present study highlights 
pertains to the cognitive profile of a patient, and whether 
this profile of performance on psychometric tests is 
relatively similar across cognitive domains gauged by the 
tests. Clinicians often reason that an “even” profile is a 
sign of healthy cognitive functioning, and vice versa. The 
present study problematizes such reasoning as it suggests 
that an even cognitive profile can de facto be due to 

 

 
 

Figure 1. Conceptual plot for the degree of dependence of cognitive test scores on general intelligence (g) as a function of 
cognitive development and specialization in young age, stability in adult age, and decline in old age. The present study focus is 
highlighted. 
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Table 1. Descriptive statistics in ADNI and MemClin within each dataset stratified as CI 
and NCI. 

 
ADNI  MemClin 

CI (n = 884) NCI (n = 398)  CI (n = 1071) NCI (n = 152) 
Age (yrs) 74.33 (7.40) 74.24 (5.68)  78.32 (6.00) 75.32 (5.70) 
Education (yrs)  15.76 (2.86) 16.40 (2.68)  12.22 (3.59) 13.54 (3.74) 
Male sex 517 (58.8) 188 (47.2)  551 (51.4) 61 (40.1) 
Diagnosis, three class      
   Dementia*/AD 503 (56.9) 0 (0.0)  331 (30.9) 0 (0.0) 
   MCI 381 (43.1) 0 (0.0)  740 (69.1) 0 (0.0) 
   CN/SCI 0 (0.0) 398 (100.0)  0 (0.0) 152 (100.0) 
Key psychometric tests      
   AVLT 1 4.05 (1.57) 5.48 (1.73)  3.55 (1.68) 5.64 (1.73) 
   AVLT delayed recall 2.64 (3.42) 7.85 (3.76)  3.98 (3.22) 10.11 (2.96) 
   TMT B / TMT 3 142.97 (81.77) 82.86 (41.07)  84.87 (38.93) 46.62 (16.62) 
   MMSE 26.30 (2.73) 29.07 (1.16)  26.67 (2.46) 28.91 (1.36) 

Data are mean (SD) and count (%). Psychometric tests are raw scores. *MemClin includes other 
subtypes, most frequently AD, vascular dementia, and mixed dementia. ADNI, Alzheimer’s 
Disease Neuroimaging Initiative; MemClin, Memory Clinic project; AD, Alzheimer’s disease; 
AVLT, Rey Auditory Verbal Learning Test; CI, Cognitive impairment; NCI, No cognitive 
impairment; CN, Cognitively normal; MCI, Mild cognitive impairment; MMSE, Mini Mental State 
Examination; SCI, Subjective cognitive impairment; TMT, Trail-Making Test. 

 

Table 2. Principal component analysis (PCA) in the separate ADNI and MemClin datasets by CI 
vs NCI groups after matching. 

 
ADNI  MemClin 

CI (n = 392) NCI (n = 392)  CI (n = 143) NCI (n = 143) 
% variance explained by PC1 53.1 38.3  33.3 30.8 
N factors with eigenvalues > 1 2 3  5 5 
Individual test loadings on PC1      
   Working memory  
   (AVLT 1) 0.24 0.27  0.28 0.27 

   Episodic memory  
  (AVLT delayed recall; AVLT 5) 0.26 0.32  0.28 0.29 

   Executive function  
   (TMT B; TMT 3) 0.24 0.13  0.18 0.19 

   General  
   (MMSE) 0.25 0.10  0.20 0.18 

Patients have been propensity score matched 1:1 without replacement on age, education and sex. PCA 
was thereafter performed through single value decomposition. Values are calculated with imputed and 
propensity score matched data controlling for age, education, and sex. ADNI, Alzheimer’s Disease 
Neuroimaging Initiative; MemClin, Memory Clinic Project; AVLT, Rey Auditory Verbal Learning Test; CI, 
Cognitive impairment; NCI, No cognitive impairment; MMSE, Mini Mental State Examination. 

 

dedifferentiation of cognitive abilities. Most clinicians 
are well-aware that a cognitive test profile that is similar 
across domains but significantly worse across these 
domains relative to normative test scores usually  

signifies some form of cognitive decline. If however 
dedifferentiation presents itself early on for a patient, 
it might obscure a serious condition if the clinician 
applies the “even profile” heuristic when presented 
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with a cognitive profile that is a bit lower in 
performance relative to applicable test norms but 
similar across cognitive domains. Simply because AD 
is very common, and because the classic AD profile is 
uneven with fairly distinct underperformance on 
episodic memory tests, does not allow for diagnostic 
heuristics to be applied insofar that possible 
dedifferentiation is ignored. Further, if a cognitive 
profile of a patient is even because of dedifferentiation 
and then also coupled with inadequately estimated 
premorbid cognition, proper diagnosis of MCI could 
be substantially delayed for patients initially classified 
as cognitively healthy or with only subjective cognitive 
impairment. 
 
Cognitive status conditions are difficult to diagnose and 
require thorough examination by a multidisciplinary 
team at a memory clinic to achieve sufficient diagnostic 
accuracy for the most difficult to separate patients.  

In clinical practice, stronger dedifferentiation with 
progressing neurodegeneration means that impaired 
patients depend to a greater extent on their general 
intelligence because their task specific skills developed 
earlier in life are deteriorating. This suggests that 
important lessons are to be learned regarding how these 
patients become, for instance, cognitively overburdened 
in concrete daily situations, during which they 
previously could offload their cognitive ability through 
skill heuristics but which are no longer accessible, or 
not as easily accessible to them. 
 
Limitations and strengths 
 
All observational research is limited by possibly 
remaining residual confounding. This includes our 
study, since there may be other factors than cognitive 
impairment that produces dedifferentiation of cognitive 
abilities in late life. Factors such as biological age [15], 

 

 
 

Figure 2. Sorted correlation strengths across all informative test pairs in the ADNI (n = 105) and MemClin (n = 190) datasets. 
Notice that inverse test scores (e.g. TMT) had been rescaled prior and that the assumption of positive manifold is slightly violated (a few 
negative correlations), possibly due to stochasticity. ADNI, Alzheimer’s Disease Neuroimaging Initiative; MemClin, Memory Clinic Project; CI, 
Cognitive Impairment; NCI, No Cognitive Impairment; TMT, Trail-Making Test. 
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cognitive reserve [17], or brain compensation [18] might 
also produce dedifferentiation, and we cannot exclude the 
possibility that compensatory mechanisms co-exist with 
cognitive impairment, especially in the early phases. We 
were not able to directly control for all these factors in 
the present study, but through propensity score matching 
on age, education, and sex, it is reasonable to assume that 
we control for the bulk of such possible confounding 
indirectly. Control for premorbid ability was not deemed 
necessary as years of education was controlled for and is 
considered a good proxy for premorbid ability. 
Moreover, the different prevailing retrospective methods 
for estimating premorbid ability; using education and 
demographics, or semantic knowledge test performance 
(e.g. WAIS-IV Information), or a specific pronunciation 
type test (e.g. NART [19], ISW [20]), have their 
respective limitations such as overestimation and 
conceptual biases. More research is likely needed in 
which other potential confounders are controlled for, 
simultaneously being wary of the modelling pitfall of 
overadjustment bias, i.e. controlling for intermediary 
variables situated on the suggested causal path from 
cognitive impairment to dedifferentiation. Our study was 
also limited by data being cross-sectional. There are 
longitudinal measurements on some variables in both 
ADNI and MemClin but a more complete recording of 
psychometric performance across time is needed to study 
dedifferentiation over time within individuals. Another 
important feature in our study was the multiple 
dimensions for which the ADNI and MemClin cohorts 
differ. For instance, ADNI is a North American research 
database, employing in part different psychometric tests, 
brain imaging techniques, diagnostic methods, and 
patient inclusion procedures compared to the Swedish 
MemClin database. Because of these differences, the two 
datasets could not be combined and analysed as a whole. 
We could however use the strengths of this study feature 
by investigating, and also finding, dedifferentiation  
in the two datasets separately, leveraging their  
individually fairly large size and generally high quality of 
measurements. Another important difference relates  
to differing sampling procedures for which ADNI 
deliberately sampled healthy controls whereas MemClin 
controls where SCI patients. The pattern of 
dedifferentiation was also more pronounced in ADNI 
compared to MemClin. Importantly, MemClin is a new 
large-scale naturalistic database with high ecological 
validity and generalizability to the clinical geriatric 
population in its specialized care setting provides both a 
rare strength, and a complement to the excellent ADNI 
database for conducting such studies as the present one. 
 
CONCLUSIONS 
 
Dedifferentiation of cognitive abilities in late life was 
investigated and identified in two large and independent 

cohorts. Through adjustment for age, education, and 
sex, an independent association of cognitive impairment 
on dedifferentiation was found. The meta-cognitive 
aspect of dedifferentiation is important and should be 
accounted for by clinicians as they diagnose, treat, and 
care for their patients. 
 
MATERIALS AND METHODS 
 
Study population 
 
We included patients from the Alzheimer’s Disease 
Neuroimaging Initiative (ADNI, n = 1282) [13] and the 
Memory Clinic Project (MemClin, n = 1223) [12]. The 
diagnostic procedures for ADNI [21] and MemClin 
have previously been described [12]. For ADNI, the 
diagnosis procedure relied on subjective and objective 
cognitive measures but was independent of biomarker 
information. For MemClin, diagnosis was determined at 
multidisciplinary consensus meetings based on 
cognitive testing, neurological examination, brain 
imaging, biomarkers and other routine clinical measures 
as available [12, 22, 23]. The diagnosed cognitive 
statuses of dementia, MCI, and SCI were collapsed into 
two classes: CI and NCI. CI represents impairment of 
clinically diagnosed severity whereas NCI represents no 
objective impairment. 
 
Cognitive variables 
 
The administered neuropsychological batteries of ADNI 
and MemClin are described elsewhere [12, 14] and 
covered similar cognitive domains and subdomains with 
some differences by original design. Importantly however, 
across main analysis comparisons of dedifferentiation in 
on CI vs NCI variables were identical in each database. 
Unless further defined, psychometric tests are total raw 
scores. Some psychometric variables were reverse coded 
as needed. Psychometric tests are separated with semi-
colon (;) and subtests belonging to the same test are 
separated with dash (/) as follows. 
 
From ADNI we selected patient performance on 15 
variables: the Mini Mental State Examination (MMSE); 
Clock test; Copy test; Rey Auditory Verbal Learning 
Test (AVLT) trial 1/2/3/4/5/total score/delayed recall/ 
recognition; semantic fluency (animals); Trail-Making 
Test (TMT) A/B; and Boston Naming Test spontaneous 
recall. 
 
From MemClin we selected 20 variables: MMSE; 
Wechsler Adult intelligence Scale 4th edition (WAIS-IV) 
Information; Block design; Digit Span total/forward/ 
backward; AVLT 1/2/3/4/5/total score; Rey Complex 
Figure copy; Delis-Kaplan Executive Function System 
(D-KEFS) Verbal fluency FAS/semantic fluency/shifting 
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(correct answers)/shifting (correct shiftings); and TMT 
1/2/3. TheHiveDB was used for MemClin data 
management [24]. 
 
Statistical analyses 
 
All analyses were mirrored and run separately in both 
ADNI and MemClin. Due to missing data some variables 
were excluded (cut-off > 25% missing). Remaining 
missing data sorted by % missing of total (in ADNI: TMT 
B [1.9], NART [0.7], sex [0.3], age [0.3], edu [0.3] and in 
MemClin: AVLT total [23.8], D-KEFS TMT 3 [22.8], 
RCFT copy [22.6], WAIS-IV Block design [20.9], D-
KEFS TMT 1 [20.7] was deemed acceptable, assumed to 

be missing at random (MAR) and imputed with k Nearest 
Neighbour (kNN) [25, 26] applying the unweighted 
Gower distance metric [27] with k set to three. 
 
To control for confounding of the Dedifferentiation ~ 
CI association, propensity score matching [28, 29] was 
performed prior to main analysis. A logit model was 
constructed estimating the probability for CI with age 
at examination, years of education, and sex as 
predictors. Exposed (CI) where thereafter propensity 
score matched 1:1 with unexposed (NCI) without 
replacement on this probability applying SD = 0.05 
caliper width. Figure 3 plots the matching diagnostics 
and resulting across-group balance in the confounders. 

 

 
 

Figure 3. Propensity score matching diagnostics in the ADNI and MemClin datasets. (A) Patient counts after matching are shown 
as a function of their individual propensity score and overlayed with density plots, stratified by level of cognitive impairment. (B) Mean 
distance followed by single-covariate balance by group calculated before (Unadjusted) and after (Adjusted) matching. ADNI matched: n CI= 
392, n NCI = 392. MemClin matched: n CI = 143, n NCI = 143. ADNI, Alzheimer’s Disease Neuroimaging Initiative; MemClin, Memory Clinic 
Project; CI, cognitive impairment; NCI, no cognitive impairment. 
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Main analysis 
 
After matching, principal component analysis (PCA)  
was performed on the mean centered and unit variance 
scaled psychometric variables through single value 
decomposition. Percentage explained variance in 
psychometric variables by the first unrotated component 
(PC1), a proxy for general cognitive ability, was 
compared across the matched CI and NCI groups 
expecting a smaller % explained variance by PC1 among 
scores in the CI vs the NCI group. We also report n 
components with eigenvalues > 1 (Kaiser criterion) 
expecting fewer selected components by this criterion for 
CI vs NCI. Loadings on PC1 by key psychometric tests 
that tap central cognitive domains were expected to be 
higher in CI vs NCI groups. Supplementary Tables 1, 2 
show PCA analysis by subgroups after propensity score 
matching for both the ADNI and the MemClin cohort. 
 
Correlation coefficients calculated across all informative 
pairings of psychometric variables were thereafter sorted 
from weakest to strongest and assessed by t-test and also 
by visual inspection comparing the strengths of 
correlations across matched CI and NCI groups expecting 
average test-pair correlations to be higher in the CI vs the 
NCI group. 
 
Additional statistics 
 
Unless further explained, bivariate summary statistics 
are presented as mean (SD) for numeric variables and 
count (%) for factors. Statistical significance was set 
to 5%. 
 
Analyses were performed in R version 4.0.1 using 
packages caret, cobalt, corrplot, data.table, dummies, 
factoextra, FactoMineR, foreign, ggplot2, gridExtra, 
haven, MatchIt, matrixStats, mice, readxl, tableone, and 
VIM. 
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SUPPLEMENTARY MATERIALS 
 

 

Supplementary Tables 
 

Supplementary Table 1. Principal component analysis by subgroups after propensity score 
matching, ADNI. 

CI group (n = 392) 
 PC1 PC2 PC3 PC4 PC5 PC6 
Standard deviation 2.8219 1.3263 0.9675 0.9160 0.8132 0.7417 
Proportion of variance 0.5309 0.1173 0.0624 0.0559 0.0441 0.0367 
Cumulative proportion of variance 0.5309 0.6481 0.7106 0.7665 0.8109 0.8473 
Individual test loadings       
     MMSE -0.2520 0.1396 -0.1920 0.1648 0.0883 -0.3796 
     Clock test -0.2030 0.3575 0.1946 0.2835 0.1469 -0.5835 
     Copy test -0.1161 0.3926 0.5224 0.3829 -0.5205 0.2608 
     AVLT 1 -0.2438 -0.0350 0.2880 -0.5600 -0.1158 -0.1179 
     AVLT 2 -0.3024 -0.1348 0.1988 -0.2179 0.0112 0.0164 
     AVLT 3 -0.3122 -0.1978 0.1170 -0.0538 -0.0688 -0.0297 
     AVLT 4 -0.3178 -0.1944 0.0405 0.0427 -0.0366 -0.0579 
     AVLT 5 -0.3133 -0.2110 -0.007 0.0967 0.0227 -0.0274 
     AVLT total -0.3376 -0.1873 0.1156 -0.0969 -0.0328 -0.0432 
     AVLT delayed -0.2597 -0.3144 -0.0800 0.2842 -0.0341 0.1792 
     AVLT recognition -0.2380 -0.1628 -0.2310 0.4567 0.1842 0.2374 
     Semantic fluency Animals -0.2447 0.2077 -0.3321 -0.1575 -0.2641 0.3054 
     TMT A -0.2110 0.3900 0.0924 -0.1281 0.4338 0.4752 
     TMT B -0.2371 0.3590 -0.1082 -0.1179 0.4078 0.0247 
     BNT spontaneous recall -0.1887 0.2703 -0.5576 -0.1300 -0.4681 -0.1346 

NCI group (n = 392) 
 PC1 PC2 PC3 PC4 PC5 PC6 
Standard deviation 2.3962 1.4179 1.1249 0.9771 0.9502 0.8920 
Proportion of variance 0.3828 0.1340 0.0844 0.0637 0.0602 0.0530 
Cumulative proportion of variance  0.3828 0.5168 0.6012 0.6648 0.7250 0.7781 
Individual test loadings       
     MMSE -0.1033 0.2569 -0.0807 0.2215 0.8312 -0.3164 
     Clock test -0.0857 0.4187 -0.4669 -0.2221 -0.0037 0.2391 
     Copy test -0.0427 0.3620 -0.6225 0.0317 -0.1470 0.0698 
     AVLT 1 -0.2725 -0.1185 -0.0793 0.3971 -0.1515 0.1061 
     AVLT 2 -0.3411 -0.1028 -0.0246 0.2235 -0.0387 0.1217 
     AVLT 3 -0.3689 -0.1083 0.0042 -0.0018 -0.0122 0.0360 
     AVLT 4 -0.3658 -0.1307 -0.0038 -0.0182 0.0403 0.0145 
     AVLT 5 -0.3515 -0.0721 -0.0563 -0.1104 0.0426 0.0731 
     AVLT total -0.4055 -0.1252 -0.0336 0.0942 -0.0194 0.0791 
     AVLT delayed -0.3231 -0.1202 -0.0599 -0.2049 0.0512 -0.0404 
     AVLT recognition -0.1926 -0.0750 0.0149 -0.7437 0.0230 -0.3323 
     Semantic fluency Animals -0.1910 0.2635 0.1019 0.2485 -0.1818 -0.5921 
     TMT A -0.1501 0.3627 0.4126 -0.1139 0.1677 0.3251 
     TMT B -0.1276 0.4136 0.3973 -0.0374 -0.0088 0.3469 
     BNT spontaneous recall -0.1220 0.4015 0.1854 0.0170 -0.4408 -0.3316 

The six first PCs are presented from each PCA with values rounded to four decimals. 
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Supplementary Table 2. Principal component analysis by subgroups after propensity score 
matching, MemClin. 

CI group (n = 143)       
 PC1 PC2 PC3 PC4 PC5 PC6 
Standard deviation 2.5793 1.6616 1.3282 1.1957 1.0906 1.0205 
Proportion of variance 0.3326 0.1380 0.0882 0.0715 0.0595 0.0521 
Cumulative proportion of variance 0.3326 0.4707 0.5589 0.6304 0.6898 0.7419 
Individual test loadings       
     MMSE -0.1988 -0.1080 0.0587 -0.1530 0.2559 -0.0030 
     WAIS-IV Information -0.1298 -0.0395 0.1048 -0.1516 0.1234 0.7551 
     WAIS-IV Block design -0.1742 -0.2480 -0.2584 -0.1019 0.3309 0.0431 
     WAIS-IV Digit Span total -0.1450 -0.3873 0.3153 0.2209 -0.0588 -0.1371 
     WAIS-IV Digit Span forward -0.0792 -0.3317 0.3611 0.2444 -0.1733 0.0587 
     WAIS-IV Digit Span backward -0.1210 -0.2652 0.3618 0.2657 0.1127 -0.1494 
     AVLT 1 -0.2829 0.1337 0.0979 0.0761 0.1170 -0.1240 
     AVLT 2 -0.3070 0.1999 0.1075 0.1975 0.1104 -0.1092 
     AVLT 3 -0.2974 0.2651 0.0445 0.1520 -0.0157 0.0118 
     AVLT 4 -0.3033 0.2720 0.0372 0.0623 -0.0658 -0.0244 
     AVLT 5 -0.2765 0.2981 -0.0128 0.0203 0.0028 0.1165 
     AVLT total -0.3386 0.2674 0.0583 0.0998 0.0174 0.0088 
     RCFT copy -0.0668 -0.1565 -0.0032 -0.1243 0.7314 -0.1314 
     D-KEFS verbal fluency FAS -0.2083 -0.2186 0.0862 -0.1674 -0.1854 0.3260 
     D-KEFS semantic fluency -0.2559 -0.1693 0.0231 -0.2147 -0.1335 0.1894 
     D-KEFS semantic fluency shifting        
     (n correct answers) -0.2587 -0.1101 -0.0233 -0.4408 -0.1806 -0.3041 
     D-KEFS sematic fluency shifting        
     (n correct shiftings) -0.2459 -0.1066 -0.0341 -0.4630 -0.2262 -0.2907 
     D-KEFS TMT 1 -0.1558 -0.1980 -0.3632 0.2493 -0.2421 -0.0078 
     D-KEFS TMT 2 -0.1673 -0.1599 -0.4736 0.2316 0.0396 -0.0196 
     D-KEFS TMT 3 -0.1806 -0.2081 -0.4052 0.2607 -0.0422 0.0703 
NCI group (n = 143)       
 PC1 PC2 PC3 PC4 PC5 PC6 
Standard deviation 2.4816 1.7304 1.3896 1.2732 1.1431 0.9989 
Proportion of variance 0.3079 0.1497 0.0966 0.0811 0.0653 0.0499 
Cumulative proportion of variance 0.3079 0.4576 0.5542 0.6352 0.7006 0.7505 
Individual test loadings       
     MMSE -0.1808 0.0205 0.0990 0.0844 -0.2895 0.3132 
     WAIS-IV Information total -0.1336 -0.2211 -0.2660 0.3220 -0.3035 0.0016 
     WAIS-IV Block Design total -0.1521 -0.3192 -0.0710 0.1119 -0.3895 0.0099 
     WAIS-IV Digit Span total -0.2008 -0.2993 0.3490 0.2186 0.1891 -0.0636 
     WAIS-IV Digit Span forward -0.1590 -0.2314 0.4195 0.1737 0.1976 0.0732 
     WAIS-IV Digit Span backward -0.1354 -0.1883 0.4554 0.1949 0.0663 -0.2893 
     AVLT 1 -0.2679 0.1209 0.0926 0.0427 0.1153 0.0244 
     AVLT 2 -0.2987 0.2470 0.0378 0.0316 -0.0670 0.0269 
     AVLT 3 -0.2727 0.3191 0.0107 0.0232 -0.1281 -0.0905 
     AVLT 4 -0.3020 0.2807 0.0031 0.0001 0.0411 -0.0802 
     AVLT 5 -0.2927 0.2702 -0.0095 0.0198 -0.0523 -0.0932 
     AVLT total -0.3404 0.2976 0.0251 0.0267 -0.0233 -0.0582 
     RCFT copy -0.1355 -0.1915 -0.2582 0.3432 -0.3464 -0.1807 
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     D-KEFS verbal fluency FAS -0.1924 -0.0926 -0.0806 0.1030 0.2350 0.6857 
     D-KEFS semantic fluency -0.2502 -0.1383 -0.2887 0.0221 0.2414 0.2829 
     D-KEFS semantic fluency shifting        
     (n correct answers) -0.2437 -0.1726 -0.2865 -0.1547 0.3440 -0.2959 
     D-KEFS semantic fluency shifting        
     (n correct shiftings) -0.2310 -0.2233 -0.3211 -0.1214 0.2617 -0.2950 
     TMT 1 -0.1371 -0.1993 -0.0566 -0.3436 -0.0115 0.1187 
     TMT 2 -0.1711 -0.2340 0.1461 -0.4784 -0.2258 -0.0418 
     TMT 3 -0.1883 -0.1177 0.1792 -0.4917 -0.2875 0.0866 

The six first PCs are presented from each PCA. 


