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A B S T R A C T   

Background: Subjective cognitive decline (SCD) has been postulated as an early marker of Alzheimer’s Disease 
(AD) but it can also be associated to other non-AD pathologies such as Vascular Dementia (VaD). Nevertheless, 
there is scarce data about SCD as a potential harbinger of cerebrovascular pathology. Thus, we conducted a 
systematic review and meta-analysis on the association between SCD and cerebrovascular damage measured by 
neuroimaging markers. 
Method: This study was performed following the PRISMA guidelines. The search was conducted in 3 databases 
(PubMed, Scopus and Web of Science) from origin to December 8th, 2021. Primary studies including cognitively 
unimpaired adults with SCD and neuroimaging markers of cerebrovascular damage (i.e., white matter signal 
abnormalities, WMSA) were selected. Qualitative synthesis and meta-analysis of studies with a case-control 
design was performed. 
Results: Of 241 articles identified, 21 research articles were selected. Eight case-control studies were included for 
the meta-analysis. A significant overall effect-size was observed for the mean WMSA burden in SCD relative to 
controls, where the WMSA burden was higher in SCD. 
Conclusion: Our findings show the potential usefulness of SCD as a harbinger of cerebrovascular disease in 
cognitively healthy individuals. Further research is needed in order to elucidate the role of SCD as a preclinical 
marker of vascular cognitive impairment.   

1. Introduction 

Subjective cognitive decline (SCD) is defined by self-reported 
cognitive impairment that cannot be detected by an objective neuro
psychological evaluation (Jessen et al., 2020). The conceptual frame
work for SCD published in 2014 by the SCD-Initiative (SCD-I) promoted 
the interest in the study of cognitive complaints since it postulates SCD 
as an early marker of Alzheimer’s Disease (AD) (Jessen et al., 2014). 
Subsequently, most researchers in the field have focused on the pro
gression from SCD to AD (Jessen et al., 2020); (Parfenov et al., 2020). 
Hence, SCD has mainly been studied in individuals from memory-clinic 

cohorts (Slot et al., 2018) and mainly operationalized based on semantic 
memory complaints (Rabin et al., 2015). However, SCD may refer to 
other cognitive domains besides memory (Rabin et al., 2015) and 
research have shown that cognitive complaints can be associated also 
with non-AD pathologies, such as cerebrovascular disease (CVD) (Slot 
et al., 2018; Diaz-Galvan, Ferreira et al., 2021). In fact, longitudinal 
studies have demonstrated that the proportion of SCD individuals who 
progress to vascular dementia is almost as high as that of SCD in
dividuals who progress to AD (Slot et al., 2018). 

Cerebrovascular damage is frequently found in cognitively unim
paired older people, in the form of white matter signal abnormalities 

* Correspondence to: Division of Clinical Geriatrics, Center for Alzheimer Research, Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, 
NEO, Floor 7, Blickagången 16, 14 152, Stockholm, Sweden. 

E-mail address: nira.cedres@ki.se (N. Cedres).  

Contents lists available at ScienceDirect 

Ageing Research Reviews 

journal homepage: www.elsevier.com/locate/arr 

https://doi.org/10.1016/j.arr.2022.101757 
Received 2 August 2022; Received in revised form 5 October 2022; Accepted 9 October 2022   

mailto:nira.cedres@ki.se
www.sciencedirect.com/science/journal/15681637
https://www.elsevier.com/locate/arr
https://doi.org/10.1016/j.arr.2022.101757
https://doi.org/10.1016/j.arr.2022.101757
https://doi.org/10.1016/j.arr.2022.101757
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arr.2022.101757&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Ageing Research Reviews 82 (2022) 101757

2

(WMSA) assessed with Magnetic Resonance Imaging (MRI) (Cedres 
et al., 2021; Riphagen et al., 2018). The term WMSA refers to abnormal 
changes in the intensity of cerebral white matter observed on MRI, and it 
has been proposed as one of the neuroimaging markers for small vessel 
disease (SVD) (Wardlaw et al., 2013). WMSA have been associated with 
cerebrovascular damage that causes disruption in the axonal structure. 
WMSA can be measured as white matter hyperintensities or hypo
intensities depending on the MRI sequence. On T1 sequences, WMSA are 
observed as hypointensities, while on T2/FLAIR sequences, WMSA are 
observed as hyperintensities (Cedres et al., 2021; Riphagen et al., 2018). 
In the general population, both hyper- and hypointense WMSA have 
shown associations with other markers of CVD, and they are strongly 
correlated with each other (Cedres et al., 2021; Hilal et al., 2017; 
Maillard et al., 2012; Nordahl et al., 2006). 

WMSA burden increases with age and is linked to cognitive 
dysfunction in clinical and population-based cohorts (Longstreth et al., 
1996; Ferreira et al., 2018; Hilal et al., 2017; Radanovic et al., 2013). 
Furthermore, the presence of WMSA has been associated with an 
increased risk of future ischemic stroke, as well as higher mortality 
(Ghaznawi et al., 2021). These findings indicate that cerebrovascular 
pathology has clinically relevant consequences. Thus, WMSA is an 
important marker that might be useful when screening for individuals at 
risk for future cognitive impairment associated with CVD (Wardlaw 
et al., 2013). However, the question of whether SCD reflects underlying 
cerebrovascular damage and what impact it has on clinical progression 
remains unclear. 

We conducted a systematic review of the current evidence on the 
association between SCD and WMSA as a marker of cerebrovascular 
damage. Furthermore, we evaluated whether WMSA were more severe 
in SCD compared to controls without SCD, using a meta-analytical 
approach. To further characterize the SCD individuals in the presence 
of underlying cerebrovascular damage, we also described the findings in 
the context of other important features in SCD, such as the origin of the 
sample (i.e., memory clinic vs. general population), type of complaints 
exhibited (i.e., memory vs. other cognitive domains), other biomarkers 
of disease (when available), sex, and age; as well as compared the SCD 
group with other clinical entities such as MCI, AD or Vascular Dementia 
(VaD). 

2. Methods 

2.1. Search strategy 

The current study was performed in accordance with the PRISMA 
statement, which provides a detailed guideline for reporting systematic 
reviews and meta-analyses in health science (Moher et al., 2009). We 
consulted the electronic databases of PubMed, Scopus and Web of Sci
ence. The search strategy (Supplementary table S1) was performed in 
December 2021 and includes studies with no limit of time. The search 
strategy was built for each database using a combination of the medical 
subject headings (MeSH) and free terms for “subjective cognitive 
decline” and “white matter signal abnormalities” to be seen in the title 
and abstract. 

2.2. Studies selection 

Inclusion criteria for the current systematic review were original 
research articles that: (1) included cognitively unimpaired adults with 
subjective cognitive complaints who meet the criteria for SCD according 
to the SCD-I (Jessen et al., 2014); (2) evaluated the direct association 
between SCD and the WMSA burden, the association between SCD and 
WMSA burden over time, or compared WMSA burden between SCD 
individuals and a reference group (i.e. control group or clinical group), 
using neuroimaging techniques; and (3) were published in English or 
Spanish. The inclusion criteria for the meta-analysis were studies that: 
(1) included a control group without subjective cognitive complaints 

and without objective cognitive impairment, neurological diseases or 
history of substance abuse; (2) provided the sample size, mean and 
standard deviation of a WMSA measure for the SCD and control groups. 
Study selection was performed by a single researcher (H.P.), including a 
second researcher (N.C.) when necessary. We excluded: (1) case-studies, 
reviews, and animal model studies; (2) studies including cognitively 
impaired participants, psychiatric disease, neurologic disease, or sub
stance abuse among the SCD participants or with the absence of infor
mation about these aspects; (3) studies that did not investigate the direct 
association between SCD and WMSA (Fig. 1). 

A total of 240 articles were identified in the initial search. After 
removing duplicates (n = 152) and applying the inclusion/exclusion 
criteria (see Fig. 1), 21 research articles were selected. Of those, 8 case- 
control studies were selected for the meta-analysis. When an article did 
not contain the necessary information for the meta-analysis, means and 
standard deviation were calculated when possible, otherwise the au
thors were contacted with a request to provide the information. 

2.3. Data extraction, risk of bias, and methodological quality 

Data extraction was performed by a single researcher (H.P.). A 

Fig. 1. PRISMA flow-chart diagram of the selection process for study inclusion.  
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second researcher (N.C.) verified these data with the original sources to 
guarantee the accuracy of the information extracted. A data extraction 
sheet was created covering the following aspects: authors’ names and 
publication year, study design, type of subjective cognitive complaints 
reported (e.g. memory, attention, language, executive functions, etc.), 
type of WMSA measure (i.e. hyperintensities vs. hypointensities), neu
roimaging modality (i.e. CT, T1-weighted MRI, T2-weighted MRI, FLAIR 
MRI), type of WMSA assessment (i.e. visual scale, automatic segmen
tation, manual, semi-automatic segmentation), origin of the study 
sample (i.e. clinic vs. community-based cohort), sample size, predomi
nant sex (female vs. male) in SCD, average age of the SCD group, and 
mean and standard deviation (SD) of WMSA (i.e. including controls, 
SCD, and cognitively impaired participants, when available). 

To assess the methodological quality of the studies included, we used 

the FLC 3.0 tool (http://www.lecturacritica.com/en/), which allows for 
a qualitative estimation of the studies through a series of questions 
referring to different methodological aspects of each investigation. 

2.4. Statistical analysis 

A meta-analysis was conducted using Metafor package (Viechtbauer, 
2010) for R version 2.4–0. A case-control meta-analysis was performed, 
including those studies which facilitated information about the mean 
and standard deviation of WMSA, as well as sample size, in an SCD group 
and controls (n = 8). For those studies that used the same cohort, we 
chose the study with the largest sample size. The random effects 
regression model was used to calculate the effect size of the differences 
between the groups (i.e., SCD vs. controls). Cochran Q was used to 

Table 1a 
Description of the selected studies.  

Reference (year) Desing Sample origin Cohort Sample 
size in SCD 

Mean age (years) in 
SCD 

% Women in 
SCD 

Education (years) 
mean in SCD 

Rhodius-Meester et al. 
(2017) 

Cohorts, 
longitudinal 

Alzheimer clinic Memory clinic  906 62 ± 9 45 % 5 ± 1 

Paízková et al. (2017) Cross- 
sectional 

Memory clinic Memory clinic  46 69.09 ± 6.44 57 % 15.22 ± 3.25 

Lamar et al. (2011) Cohorts, 
longitudinal 

Memory clinic Derwert memory clinic  12 60.06 ± 8.9 41.6 % – 

Caillaud et al. (2020) Cross- 
sectional 

Memory clinic and 
community-based 

CIMA-Qa  67 72.3 ± 5.1 62.6 % 15.2 ± 3.2 

Nobili et al. (2008) Cross- 
sectional 

Cognitive disorders 
centre 

DESCRIPAb  15 67.2 ± 6.4 43.5 % 10.3 ± 4.1 

Van Rooden et al. 
(2018) 

Cross- 
sectional 

Memory clinic and 
community-based 

Detroit, MI, United States 
and Leiden, 
Netherlands  

25 68 ± 9.1 (45–84) 72 % 3 

Kramberger et al. 
(2017) 

Cross- 
sectional 

Memory clinic Karolinska University 
Hospital, Huddinge, 
Estocolmo, Suecia  

194 58 (40–82) 62 % – 

Auning et al. (2015) Cross- 
sectional 

Memory clinic –  22 58.5 ± 6.5 (45–68) 59.1 % – 

Claus et al. (2016) Cross- 
sectional 

Memory clinic Terggoi Hospital, 
Blaricum, Netherlands  

333 71.8 ± 10.2 56 % 4.7 ± 1.4 

Niemantsverdriet 
et al. (2018) 

Cohorts, 
longitudinal 

Memory clinic BeDeCoc  102 68.6 ± 9.8 54 % – 

Sacuiu et al. (2018) Cohorts, 
longitudinal 

Community-based PPSWd and H70 studye  300 74.9 ± 5.7 78.7 % > 6 education years 
(36.2 %) 

Hong et al. (2019) Cross- 
sectional 

Dementia clinic –  31 73.00 ± 4.66 
(A+SCD) and 67.83 
± 6.92 (A-SCD) 

73.9 % (A- 
SCD) and 
62.5% 
(A+SCD) 

9.85 ± 5.43 (A-SCD) 
and 8.25 ± 2.66 
(A+SCD) 

Cedres et al. (2019) Cross- 
sectional 

Community-based GENICf  223 58.5 ± 11.5 54.3 % Education levelh (0/1/ 
2/3/4), %= 1.2/11.8/ 
34.9/22.7/29.4 

Scarapicchia et al. 
(2019) 

Cross- 
sectional 

Cognitive disorders 
investigation centre 

ADNI-2g  19 72.2 ± 5.2 52 % 16.3 ± 3.16 

Chau et al. (2020) Cross- 
sectional 

Memory clinic –  8 69.5 ± 7.5 75 % – 

Benedictus et al. 
(2015) 

Cohorts, 
longitudinal 

Memory clinic Amsterdam Dementia 
Cohort  

334 62 ± 10 47 % – 

Diaz-Galvan, Ferreira 
et al., 2021 

Cross- 
sectional 

Community-based GENICf  399 60.50 62.5 % – 

Kang et al. (2021) Cross- 
sectional 

Memory clinic Samsung Medical Center 
in Seoul, Korea  

294 69.9 ± 8.4 34.01 % 11.3 ± 4.9 

Hong et al. (2022) Cross- 
sectional 

Dementia clinic –  31 73.78 ± 4.52 
(A+SCD) and 68.27 
± 6.92 (A-SCD) 

55.6 % 
(A+SCD) and 
68.2 % 
(A-SCD) 

7.33 ± 2.18 (A+SCD) 
and 9.80 ± 5.20 
(A-SCD) 

Smith et al. (2021) Cross- 
sectional 

Memory clinic COMPASS-NDi  35 69.4 ± 6.2 74.3 % – 

Diaz-Galvan, Cedres 
et al., 2021 

Cross- 
sectional 

Community-based GENICf  123 56.9 ± 11 55 % Education levelh (0/1/ 
2/3/4), %= 4/42/26/ 
29 

Note: SCD, subjective cognitive decline; TD, typical deviation; aCIMA-Q: Quebec Consortium for the Early Identification of Alzheimer’s disease; bDESCRIPA: Devel
opment of screening guidelines and criteria for predementia Alzheimer’s disease.; cBeDeCo: Belgian Dementia Council; dPPSW: Prospective Population Study of 
Women; eH70 study: community-based study of normative aging in people over 70 years of age; fGENIC: community-based study from Canary Islands, Spain; gADNI-2: 
Alzheimer’s Disease Neuroimaging Initiative.; hEducation level: iliterate (0), acquired Reading and/or writing skills (1), primary level (2), secondary level (3), uni
versity level (4) iCOMPASS-ND: Comprehensive Assessment of Neurodegeneration and Dementia. 
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measure the heterogeneity between studies. Additionally, the I2 statistic 
was used to describe the percentage of the heterogeneity across studies. 
An I2 < 40 % was considered indicative of low heterogeneity; an I2 

between 40 % and 60 % was considered indicative of moderate het
erogeneity; and an I2 > 60 % was considered indicative of high het
erogeneity. To determine publication bias, visual inspection of the 
funnel plot and regression analysis were carried out including the 
standard error of the effect sizes as a predictor. All results were inter
preted at a 95 % confidence interval (CI). Table 1a. 

3. Results 

3.1. Main characteristics of the studies and methodological quality 

A total of 21 research articles were included in this systematic review 
(table 1). Among the 21 studies, 15 included participants from memory 
clinics; four studies included community-based participants; and two 
studies included both memory clinic and community-based cohorts 
(Fig. 2A). The sample sizes of the SCD group ranged from 8 to 906 
participants across the studies. The age of the SCD individuals ranged 
from 40 to 84 years, and the majority of participants were women 
(Fig. 2A). Regarding the assessment of SCD, all studies were based on 
self-reported cognitive complaints. Ten studies evaluated cognitive 
complaints in multiple domains (i.e., memory, language, orientation, 
attention, and/or executive functions; activities of daily living); six 
studies evaluated memory complaints exclusively; and five studies did 
not report the specific domain of the cognitive complaint (see Table 1b, 
column “type of complaints”; Fig. 2A). Two studies included biomarker 
data about cerebral amyloid deposition using Positron Emission To
mography (PET) and further classified the SCD individuals into amyloid- 
positive SCDs and amyloid-negative SCDs. 

Regarding other populations included in the studies apart from SCD, 
10 studies included a group of healthy individuals without subjective 
cognitive complaints as a control group (Table 1b, column “comparison 
groups”). Likewise, 12 studies compared SCD individuals with cogni
tively impaired patients who had a clinical diagnosis of AD (n = 4), MCI 
(amnesic or non-amnesic) (n = 9), VaD (n = 2), or had other comorbid 
pathology (n = 3) (Auning et al., 2015; Caillaud et al., 2020; Chau et al., 
2020; Claus et al., 2016; Hong et al., 2019; Kramberger et al., 2017; 
Lamar et al., 2011; Niemantsverdriet et al., 2018; Nobili et al., 2008; 
Paízková et al., 2017; Rhodius-Meester et al., 2017; Smith et al., 2021). 

Regarding the type of WMSA measure used (see Table 1b), 5 studies 
included measures based only on WM hypointensities (Cedres et al., 
2019; Claus et al., 2016; Diaz-Galvan, Ferreira et al., 2021; Sacuiu et al., 
2018; Smith et al., 2021), 10 studies used WM hyperintensities (Auning 
et al., 2015; Caillaud et al., 2020; Hong et al., 2019, 2022; Kang et al., 
2021; Kramberger et al., 2017; Lamar et al., 2011; Nobili et al., 2008; 
Paízková et al., 2017; Scarapicchia et al., 2019) and six combined both 
types of measures (Benedictus et al., 2015; Cedres et al., 2019; Chau 
et al., 2020; Niemantsverdriet et al., 2018; Rhodius-Meester et al., 2017; 
Scarapicchia et al., 2019) (see Fig. 2B). Regarding WMSA assessment, 13 
studies used only visual rating scales such as the Fazekas scale (Fazekas 
et al., 1987) (n = 6), the Leukoaraiosis Scale of Junque (Junque et al., 
1990) (n = 1), the Age-Related White Matter Changes (ARWMC) scale 
(Wahlund et al., 2001) (n = 2) and other in-house visual rating scales 
(n = 4). Five studies used automatic segmentation tools for volume such 
as FreeSurfer (http://surfer.nmr.mgh.harva rd.edu/) (n = 3), 
MSmetrix-cross (Steenwijk et al., 2017) (n = 1), and Brain Software 
Library (n = 1); and 3 studies combined automatic segmentation tools 
for volumes and visual scales: FreeSurfer and Fazekas visual rating scale 
(n = 1), volBrain pipeline (Manjón and Coupé, 2016) and Hachinski 
scale (Hachinski et al., 1974) (n = 1), and an in-house automatic 

Fig. 2. Main characteristics of the included studies. Panel (a) Sample origin, sex distribution and cognitive complaints characteristics. Panel (b) Type of WMSA 
intensity and assessment. M: male; F: female; WMSA: white matter signal abnormalities. 

H. Pitti et al.                                                                                                                                                                                                                                     



Ageing Research Reviews 82 (2022) 101757

5

segmentation tool and Fazekas visual rating scale (n = 1) (see Fig. 2B). 
All the studies used MRI as the neuroimaging method, except for three 
studies that used CT. Among the MRI sequences, a FLAIR (n = 8) was the 
most frequently used sequence, followed by 3D-T1-weighted (n = 2), 
and T2-weighted (n = 1) sequences. Some studies based their assess
ment of WMSA on more than one MRI sequence: three combined 3D-T1 
and FLAIR, two combined T1, T2 and FLAIR, one combined T2 and 
FLAIR. 

3.2. Quantitative analysis of the association of SCD with WMSA 

Eight studies were eligible for the extraction of quantitative data (i. 
e., presented values for sample size, and mean and standard deviation of 
WMSA assessment in SCD and control individuals). The studies 
comprised a total of 2637 SCD individuals. Our analyses showed low-to- 
moderate heterogeneity across studies (Q7 = 14.20; p = 0.048; I2 = 42.5 
%) (i.e. I2 between 25 % and 50% (Huedo-Medina et al., 2006)). The 
estimated average standardized mean difference based on the 

random-effects model was equal to − 0.40 [CI 9 5% − 6.62, − 0.19] 
showing a moderate global effect size (Fig. 3). Thus, SCD participants 
had a higher WMSA burden compared to controls (i.e. the SCD group 
showed an increased cerebrovascular damage compared to individuals 
without cognitive complaints). The standardized mean difference for 
each study ranged between − 1.07 and 0.37, showing moderate to high 
differences between SCD and control individuals in four of the eight 
studies included (Fig. 3) (Caillaud et al., 2020; Cedres et al., 2019; 
Niemantsverdriet et al., 2018; Nobili et al., 2008). 

Regarding publication bias, a mixed-effect meta-regression model 
was carried out for distribution testing and a funnel plot was generated. 
Visual inspection of the funnel plot (Fig. 4) showed that only one study 
produced estimates of effect size outside of the established confidence 
intervals. Furthermore, the regression model showed that the distribu
tion of studies was not significantly asymmetric (z = 0.885; p = 0.38), 
which suggests a low risk of publication bias across all studies. 

Table 1b 
Description of the selected studies (continuation).  

Reference (year) Lesión mesure 
(scale/software) 

Sequence Type of complaints Comparison groups 

Rhodius-Meester et al. 
(2017) 

Visual scale (Fazekas) 3D-T1 and FLAIR Memory, language, attention and executive 
functions 

MCI and AD 

Paízková et al. (2017) Visual scale (Fazekas) FLAIR Memory Control and aMCI 
Lamar et al. (2011) Visual scale (Leukoaraiosis Scale of 

Junque) 
T2 Memory Control and aMCI 

Caillaud et al. (2020) Automatic segmentation (volBrain 
pipeline) and visual scale (Hachinski 
scale) 

FLAIR Memory Control and MCI 

Nobili et al. (2008) Visual scale (ARWMC) FLAIR Memory and other domains Control, aMCI and naMCI 
Van Rooden et al. (2018) Automatic segmentation (Hafkemeijer, A., 

2014) and visual scale (Fazekas) 
T1, T2 and FLAIR Memory Control 

Kramberger et al. (2017) Visual scale (Fazekas) FLAIR Non-specific MCI and AD 
Auning et al. (2015) Automatic segmentation (FreeSurfer) and 

visual scale (Fazekas) 
FLAIR Non-specific MCI 

Claus et al. (2016) Visual scale (Fazekas) CT Memory MCI, AD, VaD, other 
dementias, other 
pathologies 

Niemantsverdriet et al. 
(2018) 

Automatic segmentation (MSmetrix-cross) 3D-T1 and FLAIR 
(optional) 

Non-specific Control, MCI and AD 

Sacuiu et al. (2018) 4-point visual rating scale CT Memory or executive functions Control 
Hong et al. (2019) 3-point visual rating scale FLAIR Activities of daily living, attention, language, 

visuospatial function, memory and executive 
functions 

A+SCD and A-SCD 

Cedres et al. (2019) Automatic segmentation (FreeSurfer) 3D-T1, T2 and 
FLAIR 

Orientation, memory, language, attention and 
visoperceptive functions 

– 

Scarapicchia et al. 
(2019) 

Automatic segmentation (Brain Software 
Library) 

T2 and FLAIR Memory Control 

Chau et al. (2020) Visual scale (Fazekas) 3D-T1 and 3D- 
FLAIR 

No information Control, type II diabetes, 
VaD and AD 

Benedictus et al. (2015) Visual scale (Fazekas) T1, T2 and FLAIR Memory, language, attention, executive functions 
general cognition 

– 

Diaz-Galvan, Ferreira 
et al., 2021 

Automatic segmentation (FreeSurfer) 3D-T1 Memory, orientation, executive functions, face 
recognition, language production, language 
comprehension, 
word-finding, reading and writing 

Control 

Kang et al. (2021) Visual scale (WMH visual rating scale) FLAIR Attention, language and related function, 
visuospatial function, memory, frontal/executive 
function. 

MCI and dementia 

Hong et al. (2022) 3-point visual rating scale FLAIR Activities of daily living, attention, language, 
visuospatial function, memory and executive 
functions 

A+SCD and A-SCD 

Smith et al. (2021) Visual scale (ARWMC) CT Non-specific AD, V-MCI, MCI and PD/ 
LBD 

Diaz-Galvan, Cedres 
et al., 2021 

Automatic segmentation (FreeSurfer) 3D-T1 Memory, orientation, executive functions, language 
and visuoperception 

– 

Note: 3D-T1, 3D-T1-weighted; T1, T1-weighted; T2, T2-weighted; FLAIR, fluid attenuated inversion recovery; DTI, diffusion tensor imaging; ARWMC, Age-Related 
White Matter Changes scale; Periventricular/Deep WMH, Periventricular/Deep White Matter Hyperintensities (i.e., periventricular/deep white matter hyper
intensities); MCI, mild cognitive impairment; aMCI, amnesic mild cognitive impairment; naMCI, non-amnesic mild cognitive impairment; AD, Alzheimer disease; VaD, 
vascular dementia; A+SCD, amyloid-positive SCD; A-SCD, amyloid-negative SCD; V-MCI, vascular mild cognitive impairment; PD/LBD, Parkinson’s disease/Lewy 
body dementias. 
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3.3. Qualitative report of WMSA in SCD 

Four studies out of 21 included community-based participants 
(Cedres et al., 2019; Diaz-Galvan, Cedres et al., 2021; Diaz-Galvan, 
Ferreira et al., 2021; Sacuiu et al., 2018). Cedres et al. (2019) used an 
automatic segmentation measure of WMSA volumes and reported a 
significant association between the number of cognitive complaints and 
the volume of WMSA, indicating that more complaints were associated 
with greater WMSA volumes (Cedres et al., 2019). In the same cohort (i. 
e., GENIC-Database), (Diaz-Galvan, Cedres et al., 2021) also used an 
automatic segmentation of WMSA volumes and confirmed that more 
complaints were associated with greater WMSA volumes in a smaller 
sample. In addition, WMSA were associated with concurrent worse 
white matter integrity assessed on Diffusion Tensor Imaging (DTI) from 
MRI. Sacuiu et al. (2018) used a visual scale to assess WMSA burden and 
found an association between the presence of WMSA and cognitive 
complaints, also indicating increased WMSA burden in the SCD group. 
Further, Sacuiu et al. (2018) reported an increased risk of future 

cognitive impairment in these individuals (12-year follow-up). Finally, 
using the GENIC-Database, Diaz-Galvan et al. (2021) found that in
dividuals reporting amnestic+multiple domains SCD (amSCD; i.e., in
dividuals reporting amnestic complaints together with complaints 
regarding other cognitive domains) showed increased WMSA burden 
compared to controls. Additionally, we found a study from ADNI 
(Scarapicchia et al., 2019) that showed no significant differences in 
WMSA volume between the SCD group and the control group using an 
automatic segmentation measure for hyperintensities. In brief, we found 
that regardless of the type of WMSA measure (i.e., hyper/
hypointensities) studies using community-based samples show associa
tions between cognitive complaints and WMSA burden, as well as risk of 
future cognitive decline in SCD individuals with high WMSA burden. 

Regarding clinical settings, 15 of 21 studies included samples from 
hospitals and memory clinics. Twelve of them used visual scales for the 
assessment of WMSA (Benedictus et al., 2015; Chau et al., 2020; Claus 
et al., 2016; Hong et al., 2019, 2022; Kang et al., 2021; Kramberger 
et al., 2017; Lamar et al., 2011; Nobili et al., 2008; Paízková et al., 2017; 
Rhodius-Meester et al., 2017; Smith et al., 2021). Most of these studies 
found an association between SCD and greater WMSA burden: 6 studies 
included a group of healthy controls (Caillaud et al., 2020; Nie
mantsverdriet et al., 2018; Nobili et al., 2008; Paízková et al., 2017; 
Scarapicchia et al., 2019; van Rooden et al., 2018) and 9 studies 
compared SCD individuals with patients who had a clinical diagnosis (i. 
e. AD, MCI, or other neurodegenerative disorders) (Auning et al., 2015; 
Benedictus et al., 2015; Claus et al., 2016; Hong et al., 2019, 2022; Kang 
et al., 2021; Kramberger et al., 2017; Rhodius-Meester et al., 2017; 
Wardlaw et al., 2013). In contrast, two studies using visual scales (i.e., 
Leukoaraiosis Scale of Junque or Fazekas) for WMSA in the form of 
hyperintensities (Lamar et al., 2011) and hyper-hypointensities (Chau 
et al., 2020), did not observe any significant differences in the degree of 
WMSA burden between the control group and the SCD group. In studies 
with clinical samples, where SCD is compared to groups with neurode
generative pathologies, cross-sectional studies such as Kramberger et al. 
(2017) found that SCD group and clinical groups (i.e., MCI and AD) had 
a similar WMSA burden. Similarly, Claus et al. (2016), observed that 
11.4 % of SCD participants had a score of 2 on the Fazekas scale (i.e., 
presence of diffuse lesions that comprise entire regions). Smith et al. 

Fig. 3. Effect sizes of the case-control meta-analysis for standardized mean differences in WMSA burden between SCD and control individuals. Global effect size of 
the meta-analysis is represented as a diamond at the bottom. Error bars represent 95% confidence intervals for standardized mean differences from each study. SCD: 
Subjective cognitive decline; SD: standard deviation; WMSA: white matter signal abnormalities. 

Fig. 4. Funnel plot for the visual inspection of publication bias. Each dot 
represents a case-control study included in the meta-analysis. The y-axis rep
resents study precision as measured by the standard error; the x-axis shows 
standardized mean difference between SCD and controls for WMSA volume in 
each study. SCD: Subjective cognitive decline; WMSA: white matter signal 
abnormalities. 
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(2021) found that scores 1 (focal lesions) and scores 2 (confluent lesions) 
were the most frequent in the SCD group according to the ARWMC vi
sual rating scale. A longitudinal study (Benedictus et al., 2015) found 
that the association between complaints and WMSA increased the risk of 
clinical progression towards objective cognitive impairment. In their 
study, Benedictus et al. (2015) showed that 16 % of SCD participants 
progressed to MCI or dementia. Therefore, SCD participants showed 
greater cerebrovascular damage compared to cognitively unimpaired 
individuals without complaints, showing a WMSA burden similar to the 
groups with cognitive impairment (i.e., dementia or MCI) in clinical 
samples. 

Other factors have also been studied in clinical samples. For instance, 
Hong et al. (2019) showed that SCD participants with abnormal levels of 
amyloid pathology had a more severe WMSA burden than those without 
amyloid pathology. Later, in 2021, Hong et al. found in the same cohort 
that the older amyloid-positive SCD participants showed more peri
ventricular WMSA (p = 0.009) compared with amyloid-negative SCD 
participants. Kang et al. (2021) studied which factors were associated 
with amyloid pathology after controlling for WMSA and vice versa. They 
found that amyloid positivity decreased in all groups (including SCD) as 
the severity of WMSA increased. Within the SCD group, 29.9 % had a 
moderate WMSA burden and 12% had a severe WMSA burden. Among 
the studies from clinical settings, only one used automatic segmentation 
of WMSA exclusively (Niemantsverdriet et al., 2018). Even though 
Niemantsverdriet et al. (2018) found that there was no global significant 
effect when including the clinical groups in the model (i.e., controls, 
SCD, MCI, and AD), our meta-analysis showed a significant effect size in 
the WMSA volumes mean difference between SCD and control groups. 
Other three studies using clinical settings based their WMSA assessments 
on the combination of automatic segmentation of WMSA volumes and 
visual rating scales (Auning et al., 2015; Caillaud et al., 2020; van 
Rooden et al., 2018). van Rooden et al. (2018) found higher WMSA 
volumes in people with complaints, and that SCD participants were 
more likely to have higher scores on Fazekas scale, indicating more se
vere damage than participants without complaints. In addition, Auning 
et al. (2015) found that SCD had a higher average score on Fazekas scale 
compared to the MCI group. Caillaud et al. (2020) did not find signifi
cant differences when comparing WMSA burden in SCD and healthy 
controls. However, they found negative correlations between WMSA 
and performance in executive functions in SCD individuals. Larger vol
umes of WMSA were also associated with lower verbal fluency scores 
and with lower scores on the Hayling test (used to assess inhibition). 

4. Discussion 

This systematic review and meta-analysis investigated the associa
tion between cerebrovascular damage, based on neuroimaging markers, 
and SCD. Our main aim was to synthesize and analyze the current evi
dence on the association between SCD and WMSA to determine the role 
of SCD as a harbinger of CVD. We showed that SCD was significantly 
associated with a higher WMSA burden. This association was found 
significant in most of the studies, including both clinical settings and 
community-based samples and across a wide range of ages (i.e., between 
40 and 84 years old; see Fig. 3). 

Our findings highlight that SCD individuals show more severe cere
brovascular damage compared to cognitively unimpaired people 
without SCD, and seem to have a WMSA burden similar to that cogni
tively impaired groups (i.e., dementia or MCI) regardless of the type of 
WMSA measure (i.e., hyper/hypointensities) and origin of the sample (i. 
e., community-based samples vs. clinical settings). Nevertheless, two of 
the studies including SCD from a clinical setting and a research-oriented 
cohort showed no significant differences between WMSA volumes in 
SCD and the control group (Chau et al., 2020; Lamar et al., 2011). This 
may be due to factors such as low statistical power (i.e., N = 12 and 
N = 8 SCD individuals respectively) or the type of complaints registered 
(i.e., complaints only referring to semantic memory). It has been 

demonstrated that anomic and amnestic subjective cognitive complaints 
in SCD are differently associated with MRI pathological markers (Dia
z-Galvan, Ferreira et al., 2021). While amnestic SCD is associated with 
AD-like brain atrophy patterns, complaints regarding multiple domains 
and/or naming are associated with higher WMSA burden. Thus, by 
restricting the assessment of SCD to the amnestic domain, it may be 
difficult to demonstrate a significant association with a CVD marker. 

The longitudinal studies included confirm that SCD individuals are at 
risk of developing future cognitive impairment (Benedictus et al., 2015; 
Rhodius-Meester et al., 2017; Sacuiu et al., 2018). This observation 
highlights the importance of an early detection of pathologies contrib
uting to neurodegeneration in SCD, such as CVD, as well as interventions 
based on vascular risk factors to prevent future cognitive decline. 
Nevertheless, there is an increased risk of comorbidity in clinical sam
ples since the presentation of other pathologies (e.g., amyloid or tau) is 
much more frequent than in the general population (Slot et al., 2018). In 
fact, Hong et al. (2019); (2021) showed that SCD individuals with 
abnormal levels of amyloid burden had a higher burden of WMSA 
compared to SCD without amyloid burden, in a clinical setting. These 
findings emphasized that special attention is needed to SCD individuals 
from clinical settings, since they may present additional risks for future 
objective cognitive impairment. 

The present systematic review showed that WMSA burden increases 
with age (Cedres et al., 2019; Claus et al., 2016; Hong et al., 2019, 2022; 
Rhodius-Meester et al., 2017). It is however important to consider the 
co-occurrence of cognitive complaints and aging, since these SCD in
dividuals show greater vascular damage than what is expected based on 
their age. The presence of depressive symptoms has also been associated 
with SCD (Cedres et al., 2019; van Rooden et al., 2018). Nonetheless, it 
was recently demonstrated that SCD was associated with higher WMSA 
burden, older age, and increased depressive symptomatology, but the 
depressive symptomatology was independent of WMSA volumes (Cedres 
et al., 2019). 

Regarding performance in neuropsychological tasks, we observed 
that SCD individuals with WMSA showed worse performance in several 
cognitive domains (e.g., memory, attention, executive functions, 
learning, or global cognition), albeit on a subclinical level (Benedictus 
et al., 2015; Caillaud et al., 2020; Cedres et al., 2019; Lamar et al., 2011; 
Niemantsverdriet et al., 2018). From a longitudinal perspective, SCD 
individuals have shown an increased risk to develop vascular-related 
cognitive impairment over time (Slot et al., 2018). In fact, according 
to the study by Slot et al. (2018), VaD is the second type of dementia 
with the highest incidence in SCD, especially in community-based 
samples. The results of the longitudinal studies in this review are in 
line with the findings from Slot et al. (2018), confirming that SCD in
dividuals with high WMSA burden are at increased risk of developing 
vascular cognitive impairment (Benedictus et al., 2015; 
Rhodius-Meester et al., 2017; Sacuiu et al., 2018). The evidence thus 
supports the idea of SCD as a preclinical state, not only of AD, but also of 
VaD. Future research studying the relationship between vascular risk 
factors and cerebrovascular damage may facilitate the design of effec
tive intervention programs to reduce WMSA burden in SCD. A preven
tive intervention through changes in lifestyle, exercise, diet, smoking 
cessation, cognitive stimulation or pharmacotherapy for the treatment 
of vascular risk factors, may be key to minimizing cognitive decline. 

This systematic review has some limitations. Although most of the 
included studies revealed an association between SCD and underlying 
cerebrovascular damage, the meta-analysis data showed low-to- 
moderate heterogeneity and this should be considered when interpret
ing the results. Yet, this was expected given the relatively small number 
of studies included in the meta-analysis (n = 8) and the vulnerability of 
the Q-statistic and I2 index to overestimate the heterogeneity in small 
meta-analyses (Huedo-Medina et al., 2006). The comparison of effect 
sizes that come from different types of WMSA measures (i.e., from visual 
scales to automatic segmentation methods) may have also contributed to 
the heterogeneity across studies. Nevertheless, using a broader number 
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of studies (n = 21) we described into detail the heterogeneity across all 
the selected studies in terms of several contributors to variability of 
WMSA in SCD. The systematic review and qualitative synthesis of all 21 
studies showed that the association between SCD and WMSA was found 
independently of the WMSA measure used. Future meta-analysis 
including a larger number of studies should focus on potential moder
ating effects that factors such as age, sex or cerebrovascular risk factors 
may play in the variability of the association between WMSA and SCD. 
Although all the methods aim to capture the same pathology and have 
been shown to be comparable (Cedres et al., 2021), they are not iden
tical. Another limitation is the risk assessment using FLC 3.0, which, 
although widely accepted as a method for evaluating the quality of 
studies, involves subjective interpretations. Even though some of the 
studies had moderate quality levels, none were excluded. The variability 
in SCD assessment across studies is another source of heterogeneity. 
Some studies operationalized SCD using one cognitive domain whereas 
others used several domains. Furthermore, in some cases the cognitive 
domain to which the complaints refer was not specified. In addition, the 
number of community-based cohort studies was lower than those from 
clinical settings. Hence, future studies focusing on the role of cerebro
vascular damage in SCD from community-based samples are needed, as 
well as using multiple-domain cognitive assessments. 

5. Conclusions 

Our findings show the potential usefulness of SCD when screening for 
individuals at risk for future cognitive impairment associated with CVD. 
The evidence suggests that studies with an emphasis on improving the 
characterization of SCD individuals in the general population with a 
special focus on cerebrovascular risk factors are needed. We summarized 
some of the main characteristics of SCD individuals with cerebrovas
cular damage or underlying CVD. However, further characterization is 
necessary to quickly and effectively identify SCD individuals susceptible 
to developing objective cognitive impairment of vascular origin. It re
mains necessary to further investigate whether the general population 
with SCD is more likely to progress to VaD compared to SCD patients 
from memory clinics. It is also important to elucidate the impact of other 
comorbid underlying pathologies, such as amyloid and tau, in addition 
to cerebrovascular damage in SCD. The findings of the current system
atic review and meta-analysis support the notion of SCD as a preclinical 
marker of future vascular cognitive impairment. In persons with SCD, 
changes in lifestyle, exercise, diet, smoking cessation, cognitive stimu
lation, or pharmacotherapy for the treatment of vascular risk factors, 
may be key to minimizing the risk for future cognitive decline. 
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A., Ader,; H., Leys,; D., Pantoni,; L., Pasquier,; F., Erkinjuntti,; T., & Scheltens,; P. 
(2001). A New Rating Scale for Age-Related White Matter Changes Applicable to 
MRI and CT. http://ahajournals.org. 

Wardlaw, J.M., Smith, E.E., Biessels, G.J., Cordonnier, C., Fazekas, F., Frayne, R., 
Lindley, R.I., O’Brien, J.T., Barkhof, F., Benavente, O.R., Black, S.E., Brayne, C., 
Breteler, M., Chabriat, H., DeCarli, C., de Leeuw, F.E., Doubal, F., Duering, M., 
Fox, N.C., Dichgans, M., 2013. Neuroimaging standards for research into small vessel 
disease and its contribution to ageing and neurodegeneration. Lancet Neurol. Vol. 12 
(8), 822–838. https://doi.org/10.1016/S1474-4422(13)70124-8. 

H. Pitti et al.                                                                                                                                                                                                                                     

https://doi.org/10.1016/j.neurobiolaging.2018.05.028
https://doi.org/10.1212/WNL.0000000000011827
https://doi.org/10.1136/jnnp-2016-315324
https://doi.org/10.1136/jnnp-2016-315324
https://doi.org/10.12779/dnd.2019.18.1.19
https://doi.org/10.1159/000519766
https://doi.org/10.1037/1082-989X.11.2.193
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1016/S1474-4422(19)30368-0
https://doi.org/10.1212/WNL.0000000000011833
https://doi.org/10.1016/j.clinph.2017.05.018
https://doi.org/10.1017/S1355617711001123
https://doi.org/10.1017/S1355617711001123
https://doi.org/10.3389/fninf.2016.00030
https://doi.org/10.3233/JAD-171140
https://doi.org/10.3233/JAD-171140
https://doi.org/10.1007/s00415-008-0897-4
https://doi.org/10.1007/s00415-008-0897-4
https://doi.org/10.1162/089892906775990552
https://doi.org/10.1162/089892906775990552
https://doi.org/10.3233/JAD-160667
https://doi.org/10.3233/JAD-160667
https://doi.org/10.1590/1980-57642020dn14-030007
https://doi.org/10.1590/1980-57642020dn14-030007
https://doi.org/10.3233/JAD-150154
https://doi.org/10.1586/ern.13.45
https://doi.org/10.3389/fnagi.2017.00117
https://doi.org/10.3389/fnagi.2017.00117
https://doi.org/10.1016/j.neurobiolaging.2018.03.029
https://doi.org/10.1016/j.neurobiolaging.2018.03.029
https://doi.org/10.3233/JAD-180073
https://doi.org/10.3233/JAD-180073
https://doi.org/10.3389/fnhum.2019.00429
https://doi.org/10.3389/fnhum.2019.00429
https://doi.org/10.1017/cjn.2021.19
https://doi.org/10.1016/j.nicl.2017.06.034
https://doi.org/10.3233/JAD-180285
https://doi.org/10.3233/JAD-180285
https://doi.org/10.1016/S1474-4422(13)70124-8

	Cerebrovascular damage in subjective cognitive decline: A systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Studies selection
	2.3 Data extraction, risk of bias, and methodological quality
	2.4 Statistical analysis

	3 Results
	3.1 Main characteristics of the studies and methodological quality
	3.2 Quantitative analysis of the association of SCD with WMSA
	3.3 Qualitative report of WMSA in SCD

	4 Discussion
	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Data Availability
	Acknowledgements
	Appendix A Supporting information
	References


