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Introduction: Subjective Cognitive Decline (SCD) can progress to mild cognitive impairment (MCI) and Alzheimer’s disease (AD) dementia and thus may represent a preclinical stage of the AD continuum. However, evidence about structural changes observed in the brain during SCD remains inconsistent.

Materials and methods: This cross-sectional study aimed to evaluate, in subjects recruited from the CompAS project, neurocognitive and neurostructural differences between a group of forty-nine control subjects and forty-nine individuals who met the diagnostic criteria for SCD and exhibited high levels of subjective cognitive complaints (SCCs). Structural magnetic resonance imaging was used to compare neuroanatomical differences in brain volume and cortical thickness between both groups.

Results: Relative to the control group, the SCD group displayed structural changes involving frontal, parietal, and medial temporal lobe regions of critical importance in AD etiology and functionally related to several cognitive domains, including executive control, attention, memory, and language.

Conclusion: Despite the absence of clinical deficits, SCD may constitute a preclinical entity with a similar (although subtle) pattern of neuroanatomical changes to that observed in individuals with amnestic MCI or AD dementia.
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1. Introduction

The neuropathological onset of Alzheimer’s disease (AD), the most common cause of dementia, may occur several decades before the emergence of clinical symptoms. Regarding cognitive impairment, the following cognitive stages have been proposed: cognitively unimpaired (CU, corresponding to a control group), subjective cognitive decline (SCD), mild cognitive impairment (MCI), and AD dementia.

Within the AD continuum, SCD has been proposed as a possible preclinical stage that includes a subset of CU individuals with normal performance in standardized cognitive tests (adjusted for age, sex, and education), who report subjective cognitive complaints and who have an increased risk of future objective cognitive decline (1). SCD is characterized by two main criteria: (1) a self-experienced persistent decline in cognitive capacity, relative to a previously normal cognitive status, which is unrelated to an acute event; and (2) normal performance on standardized cognitive tests used to classify MCI, adjusted for age, sex, and education (1, 2). As the disease progresses, cognitive deficits arise and can lead to MCI, a syndrome in which cognitive impairment can be objectively measured by neuropsychological examinations (3), and daily life activities are preserved, although cognitive difficulty may have a mild functional impact on more complex activities of daily life (4).

In recent years, there has been growing interest in assessing the rate of conversion of people diagnosed with preclinical AD to dementia. It has been demonstrated that people with subjective memory complaints, but not objective impairment, are two times more likely to develop dementia than individuals without subjective memory complaints. The annual conversion rates in these individuals are 6.6% to MCI and 2.3% to dementia, compared with 1% in those without subjective memory complaints (5). Thus, the early detection of individuals at risk of converting to AD dementia will have important implications for the early prevention of cognitive impairment through the implementation of pharmacological and/or non-pharmacological interventions. SCD thus represents a pre-symptomatic stage of interest and in which it may be possible to identify early brain changes that emerge before the onset of clinical symptoms.

Neuroimaging techniques with high spatial resolution, such as structural magnetic resonance imaging (sMRI), enable accurate in vivo examination of subtle changes that may affect the brain structure of individuals with preclinical AD. Thus, Schwarz et al. (6) proposed the “AD signature index,” a neuroimaging biomarker that covers brain regions that are highly vulnerable to displaying neurodegenerative changes related to AD dementia. Assessment of the AD signature in possible preclinical stages such as SCD is of interest for examining the potential association between SCD and the development of AD dementia.

However, sMRI studies on SCD have reported inconsistent findings. Some studies have shown that individuals with SCD display a pattern of structural changes similar to those observed in subjects with amnestic MCI or AD dementia and involving medial temporal lobe (MTL, e.g., hippocampus, entorhinal cortex), frontal and posterior parietal regions (7–9), suggesting that SCD may represent a preclinical stage between normal aging and MCI. By contrast, other studies did not find any significant neuroanatomical differences between individuals with SCD and control subjects (10, 11), suggesting that microstructural changes in SCD may not be easy to detect.

These inconsistent findings have been attributed to several factors, including variations in study settings (community-recruited volunteers or participants from memory clinics), the use of different diagnostic criteria/methods of assessing SCD and differences in MRI strength and/or methodological approaches (e.g., voxel or surface based morphometry, manual or automatic segmentations) (12, 13).

Regarding the variations in study settings, it has been pointed out that, despite some common aspects, the pattern of neuroanatomical changes differs between SCD community-recruited volunteers and individuals with SCD who are recruited from memory clinics (13). Evidence from SCD-community samples indicates an AD-specific pattern of neurostructural changes involving MTL structures (e.g., hippocampus and entorhinal cortex) (14–17) as well as the temporo-parietal cortex (18–20). Individuals from SCD-clinical samples also exhibit neurostructural changes in MTL. In particular, it has been demonstrated that these individuals have reduced hippocampus volume (7, 21–26), although other studies did not replicate these findings (11, 27–34). Moreover, these subjects also have volume reductions and/or cortical thinning in the parahippocampus and the entorhinal cortex (28, 32, 33, 35), but again these findings have not been replicated in other studies (26, 34, 36, 37). In addition to these MTL neuroanatomical changes, there is evidence suggesting that SCD-clinical samples also display neurostructural changes that affect the frontal and parietal lobe as well as subcortical structures such as the thalamus, corona radiata and cholinergic basal nuclei (37, 38). Regarding the frontal and parietal lobe, it has been found that SCD-clinical samples have volume reductions in parietal and frontal lobe regions (21, 29), although these findings have not been replicated in other studies (34). Interestingly, direct comparison of SCD-community and SCD-clinical samples revealed more widespread structural changes in frontal, parietal, temporal (including hippocampus and parahippocampus) lobe regions and the bilateral insula in SCD-clinical samples (39, 40).

Another important factor contributing to the differences in findings is the difficulty in differentiating individuals with cognitive complaints who are undergoing normative aging from those in preclinical (41) stages of AD. In this regard, considering the recommendation by Jessen et al. (2) of the usefulness of “validated cut-off for classifying specific groups of individuals and for quantifying the severity of SCD in a research setting,” Pereiro et al. (42) recently showed that considering a cut-off point in a questionnaire to assess the severity of SCCs, in addition to the two main diagnostic SCD criteria, improves the validity of prediction of progression from SCD to MCI and/or AD dementia (42). Regarding the neuropsychological assessment of SCD, Jessen et al. (2) also pointed out that comprehensive neuropsychological test batteries that assess multiple cognitive domains, for which age, sex, and education-adjusted normative data are available, are preferable to short psychometric tests with limited diagnostic accuracy (2). It is therefore possible that cognitive examination by use of comprehensive neuropsychological test batteries may be more appropriate than short psychometric tests for detecting subtle cognitive changes that may occur in preclinical stages such as SCD.

Finally, as mentioned above, another important source of variability in the findings reported in SCD-related literature may be at least partly due to differences in the neuroimaging methods used. It has been highlighted that, although voxel-based morphometry and surface-based morphometry are the most commonly used, other imaging methods such as manual segmentation of brain structures represents 21% of studies in both SCD-community and SCD-clinical samples (13). By comparing the hippocampal findings obtained using different neuroimaging methods and reported in the SCD literature, Pini and Wennberg (13) concluded that voxel-based morphometry may be more sensitive than manual segmentation for detecting atrophy in the earliest stages of dementia and therefore that these procedures may reveal more consistent evidence regarding gray matter (GM) differences in the hippocampus, a critical region in AD dementia.

Taking all of the above considerations into account, the present study is intended to evaluate the neurocognitive and neuroanatomical changes in clinical sample of individuals who meet the two main diagnostic criteria for SCD, as proposed by the SCD-initiative (SCD-I) Working Group (1), relative to a group comprising control individuals, by extensive neuropsychological evaluation and validated sMRI procedures, respectively. The specific aims were to evaluate the following: (1) between-group differences in gray/white matter volume and cortical thickness; and (2) structural changes in the AD signature index proposed by Schwarz et al. (6). Considering previous findings, we hypothesized that, relative to the control group, individuals with SCD would display reduced volume and cortical thinning in MTL structures, parietal areas and frontal brain regions.



2. Materials and methods


2.1. Participants

The study included 98 individuals over 50 years old (73 women and 25 men), already participating in the Compostela Aging Study (CompAS) and recruited between June 2016 and January 2018. The CompAS is an ongoing longitudinal project (43) which has as its general objective the early detection and progression of cognitive impairment in patients aged + 50 years attending Primary Care Health Centers in Galicia (an autonomous community in NW Spain) with subjective cognitive complaints (SCCs). To date, the CompAS is composed of two cohorts. The first (from 2008 to 2014) included 878 individuals as eligible participants, of which 435 were excluded on the basis of the following exclusion criteria: prior diagnosis of depression or other psychiatric disturbances, according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) criteria (44); prior diagnosis of neurological disease, including probable AD or other types of dementia, according to the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) (45) and DMS-5 criteria (44); previous brain damage or brain surgery; previous chemotherapy; prior diagnosis of diabetes type II; sensory or motor disturbances; and consumption of substances that might affect normal performance of the tasks. The second cohort is composed of 505 eligible individuals, 178 of whom were excluded according to the exclusion criteria. The participants of the current study belong to the second cohort.

Participants gave their written informed consent prior to taking part in the study. The research project was approved by the Galician Clinical Research Ethics Committee (Xunta de Galicia, Spain) and was performed in accordance with the ethical standards established in the 1964 Declaration of Helsinki (46). Ninety-two participants were right-handed, three were left-handed and three were ambidextrous, as evaluated by the Edinburgh Handedness Inventory (47). All participants had normal audition and normal or corrected-to-normal vision.



2.2. Neuropsychological assessment

The participants underwent clinical, neurological and neuropsychological examination conducted respectively by general practitioners, cognitive neurologists and psychologists specialized in aging and dementia. The Spanish version of the Mini Mental State Examination (MMSE) (48) was administered to all participants in order to evaluate their general cognitive functioning, and the Spanish version of the Geriatric Depression Scale (GDS-15) (49) was administered to evaluate depressive symptoms (50). Other clinical instruments frequently used to assess the early cognitive manifestations of AD and other types of dementia were also administrated. Most of these instruments have been used to diagnose impairments in several domains or cognitive processes in MCI (2, 51–54). To evaluate attentional processes, we included the Trail Making Test A (55), which assesses attentional visual-perceptive searching and perceptive-motor processing speed, and the Attention and Calculation CAMCOG-R subscale (Cambridge Cognitive Assessment-Revised) which assesses attentional control (56). In order to assess executive functioning, we used the Trail Making Test B (55), which evaluates working memory and cognitive flexibility (57), the Phonological verbal fluency test (say words starting with “p” in 1 min), which assesses working memory and inhibition (58), and the Executive Function CAMCOG-R subscale, which assesses abstract thinking and categorization. For memory processes, we used the List A Total Recall (immediate memory of words), the Long-Delay Free Recall (long term verbal memory of words) from the California Verbal Learning Test (CVLT) (59; Spanish version by 60) and the Memory CAMCOG-R subscale, which together give a joint measure composed by short delay visual memory for objects and recognition, and recent and remote memory. To evaluate language processes, we included the Boston naming test (BNT) (61), the Spanish version of the Semantic verbal fluency (animals) (58) and the Language CAMCOG-R subscale, which together provide a joint measure of oral comprehension, repetition, naming, and reading comprehension. The Lawton and Brody Index (maximum possible scoring = 8) was used to evaluate Instrumental Activities of Daily Living (IADL) (62).



2.3. Assessment of SCCs and diagnosis of SCD

To evaluate the severity of SCCs, we used a short Spanish version of the Questionnaire for Subjective Memory Complaints (QSMC) (63, 64). This version comprises 7 items each scored on a Likert scale ranging from 1 to 5 (maximum score 35) and was administered to participants and to a family member to assess prospective and retrospective forgetfulness, distractions and difficulties in lexical access and spatial orientation. The QSMC items were as follows: (1) “Do you forget where you left your things?”; (2) “Do you forget names of people you just met?”; (3) “Do you forget names of close relatives or friends?”; (4) “Do you often have a word on the tip of your tongue?”; (5) “Are you lost in familiar places where you have been before?”; (6) “Are you lost in unfamiliar places where you have been a few times?”; and (7) “Do you forget things you planned to do?” The reliability of this QSMC short version, tested in participants from the first cohort of the CompAS (N = 878) was 0.69 (Cronbach’s alpha) for patient score and 0.78 for informant scoring. The cut-off point, which corresponds to the 5% percentile of the total QSMC scoring adjusted for age, has been shown to be a valid measure of SCC severity to predict progression from SCD to MCI and dementia (predictive validity values: Sensitivity = 0.56; Specificity = 0.95; Accuracy = 0.86; NPV = 0.82) and from MCI to dementia (Sensitivity = 0.89; Specificity = 0.87; Accuracy = 0.88; NPV = 0.94) (42).

Study participants were classified according to clinical, neurological and neuropsychological data as SCD (n = 49) or Control (n = 49), at a special meeting of the research team. Participants were diagnosed as SCD when they met the two main criteria proposed by the SCD-initiative (SCD-I) Working Group (1, 2): (1) self-experienced persistent decline in cognitive capacity, especially in memory, relative to a previously normal cognitive status, which is unrelated to an acute event; and (2) normal performance in standardized cognitive tests used to classify MCI, adjusted for age and education. For the first criterion, we asked the participants if they were worried about their failures in attention and memory in the last few years, and we asked the informants for confirmation (or otherwise) of the yes/no answers. In addition, to determine whether the level of SCCs was higher than in other people of the same age, we established the 5% percentile of the total QSMC scoring (patient) adjusted for age as cut-off point. Participants who reported SCCs but did not fulfill the previous SCD criteria and did not exhibit objective cognitive impairment in the neuropsychological tests, according to norms for aged and education, were categorized as controls. Both groups were matched regarding age, gender and years of education. Demographics and between-group differences in the neuropsychological measures (calculated by the corresponding analyses) are summarized in Table 1.


TABLE 1    Mean values and standard deviations (SD, in brackets) of demographic and neuropsychological measures in the control (cognitively unimpaired individuals) and the subjective cognitive decline (SCD) groups.
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2.4. MRI acquisition and data analysis

For structural MRI analysis, a sagittal T1-weighted 3D-MPRAGE sequence (repetition time/echo time = 7.45 ms/3.40 ms, flip angle = 8°; 180 slices, voxel size = 1 × 1 × 1 mm, field of view = 240 × 240 mm2, matrix size = 240 × 240 mm) was acquired with a Philips 3T Achieva scanner (Philips Medical System, Best, The Netherlands), in the University Hospital Complex, Santiago de Compostela, Galicia (Spain).

In order to evaluate differences in gray matter (GM) and white matter (WM) volume between groups, a voxel-based morphometry analysis was conducted in Matlab R2016a by using the Computational Anatomy Toolbox1 implemented in the Statistical Parametric Mapping software (SPM122). After visual quality control, T1-weighted images were manually reoriented to the anterior-posterior commissure, segmented in GM and WM tissues (65) and normalized to the Montreal Neurological Institute space using a customized template built with the DARTEL toolbox (66). Normalized and modulated GM/WM images were then spatially smoothed with a Gaussian kernel of 8 mm Full Width at Half Maximum (FWHM).

Statistical analyses were conducted using the General Linear Model (GLM) approach, and between-group analysis was performed via two sample t-tests including the total intracranial volume and the GDS scores as covariates (the SCD group displayed higher depressive symptoms, but below the 5–7 cut-off score for mild depression, see Table 1). Statistical analyses were conducted considering the whole brain as the volume of interest. Finally, voxel-wise permutation testing (10,000 permutations) was conducted by the Threshold Free Cluster Enhancement (TFCE) method with the TFCE toolbox.3 Results were considered significant at p < 0.05 Family-Wise Error (FWE).

Cortical thickness differences were evaluated by surface-based morphometry analysis, with FreeSurfer 6.0 software.4 The automated default preprocessing pipeline was used for cortical reconstruction and volumetric segmentation (67, 68). The preprocessing pipeline included motion correction, skull stripping, transformation into the Talairach space, segmentation of cortical and subcortical GM/WM volumetric structures, intensity normalization, tessellation of the boundary between GM and WM, and topology correction. A quality control protocol was conducted over the FreeSurfer segmentations with the Freeview program. FreeSurfer segmentations were visually inspected on a slice-by-slice basis by an experienced technician, to enhance the reliability of the cortical thickness measurements. Pial surface misplacement errors that included meninges and the skull were manually corrected in all subjects. Moreover, erroneous white matter segmentation due to intensity normalization errors was fixed in seventy-four participants by using control points. All manual editions were conducted following the technical instructions included in the Freeview Guide.5 Final segmentations were supervised by a senior researcher (SGA). Between-group analysis was performed by a GLM including the GDS scores as covariate and applying a Monte Carlo simulation to correct for multiple comparisons with 10,000 iterations, a cluster-forming threshold set at p < 0.005 and a smoothing kernel of 15 mm FWHM. Additionally, p-values were adjusted for both hemispheres applying the Bonferroni correction, and results were considered significant at p < 0.05.

A follow-up ROI analysis was performed over MTL. Hippocampal subfields were automatically segmented with FreeSurfer (69). The following volume measurements were visually inspected before being exported: whole hippocampus including head, body and tail; the parasubiculum; the head and body of the presubiculum, subiculum, CA1, CA3 (CA2 is included in CA3), CA4, granulate cell of the molecular layer of dentate gyrus, hippocampal molecular layer, hippocampal fissure, fimbria and the hippocampus-amygdala transition area. The entorhinal cortex and parahippocampal gyrus volume and all hippocampal subfield volume measurements were adjusted using the estimated total intracranial volume (eTIV) by the residual approach: adjusted_volume = volume_observed–b × (eTIV–mean_eTIV), where mean_eTIV is the average eTIV of all subjects, and b is the coefficient of regression between the observed volume and the eTIV. In comparison with other approaches, the residual adjustment method proved optimal for discriminating between Control subjects and individuals with AD dementia and also between individuals with MCI and patients with AD (70). Between-group analysis was performed using a multivariate GLM including Group as the fixed factor, the adjusted volume measures as dependent variables and the GDS scores as covariate. The Bonferroni method was used to correct for multiple comparisons, and the significance level was set at p < 0.05.

Finally, the AD signature index was computed by averaging the thickness estimates from the entorhinal cortex, inferior temporal gyrus, middle temporal gyrus, inferior parietal lobe, fusiform gyrus and precuneus (6). Between-group differences in the AD signature index were evaluated using a univariate GLM including the Group as fixed factor, the AD signature index as a dependent variable and the GDS scores as covariate. Results were considered significant at p < 0.05.




3. Results


3.1. Between group analysis

The demographic data and results of the neuropsychological examinations are summarized in Table 1. There were no significant differences between the groups regarding age, years of education or gender, but, as expected, there were significant differences in the SCCs. Moreover, there were no significant differences in any cognitive test except in one neuropsychological language test (Semantic Verbal Fluency test). Relative to IADL, both groups scored next to the maximum, but the control group scores were significantly higher than those of the SCD group.

Volume and cortical thickness data are summarized in Table 2 and illustrated in Figure 1. Relative to control subjects, individuals with SCD displayed significant reductions in GM volume in the triangular part of the inferior frontal gyrus, the orbital part of the middle frontal gyrus, the superior and middle frontal gyrus and the superior medial frontal gyrus of both hemispheres, the orbital part of the medial frontal gyrus of the left hemisphere, the bilateral anterior and the right middle cingulate cortex, and the left precentral/postcentral gyrus. Moreover, relative to the control group, the SCD group displayed reductions in WM volume in the left triangular part of the inferior frontal gyrus and the left precentral/postcentral gyrus, as well as cortical thinning in the left inferior and the right middle temporal gyrus, the left entorhinal cortex and the right lateral orbitofrontal cortex.


TABLE 2    Brain regions showing significant differences in gray matter (GM) and/or white matter (WM) volume and cortical thickness in the between-group analyses.
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FIGURE 1
Brain regions in which the control group displayed significantly higher gray matter/white matter (GM/WM) volume and cortical thickness than the subjective cognitive decline (SCD) group. Results were considered statistically significant at p < 0.05.


The follow-up ROI analysis revealed that, relative to controls, individuals with SCD displayed a significantly reduced volume in the left hippocampus tail, left head of the subiculum, right fimbria and right parahippocampal gyrus, as well as significant thinning of the left entorhinal cortex and the right parahippocampal gyrus (see Table 3).


TABLE 3    Mean values and standard deviations (SD in brackets) of the adjusted hippocampal subfields measures and the surrounding medial temporal lobe areas.

[image: Table 3]

Moreover, between-groups comparisons revealed that the AD signature index was significantly lower (p = 0.005) in the SCD group (mean: 2.53; SD: 0.10) than in the control group (mean: 2.57; SD: 0.10).




4. Discussion

The present study aimed to evaluate neuroanatomical differences between individuals with SCD and control subjects. The results revealed that individuals with SCD showed subtle structural changes in similar brain regions to those observed in amnestic MCI and AD dementia including MTL, frontal cortex and parietal regions (7–9). These neurostructural changes are located in some regions with important functional roles in several cognitive domains such as executive function, attention, episodic memory and language.

The cognitive performance was generally similar in both groups. However, the SCD group performed the semantic verbal fluency test less well than the control group. This result is consistent with previous evidence of poorer performance in semantic verbal fluency measures in people with SCD relative to control subjects (71). Moreover, the absence of extensive cognitive differences between the two groups was not unexpected. SCD has, by definition, been proposed as a possible preclinical stage of AD in which people display subjective cognitive complaints (SCCs), but in whom objective evidence of cognitive impairment is not usually detected by neuropsychological assessment (1). As Jessen et al. (2) pointed out, neuropsychological assessments for screening SCD are usually conducted using short psychometric tests with limited diagnostic accuracy. However, the use of comprehensive neuropsychological test batteries that assess multiple cognitive domains, and for which age, sex, and education-adjusted normative data are available (2) is preferable. We therefore hypothesized that the exhaustive cognitive assessment conducted in the present study would successfully detect the subtle cognitive differences revealed by the semantic verbal fluency test performance in the SCD group.

The need for accurate detection of neuroanatomical changes before the onset of extensive cognitive deficits in individuals with SCD highlights the importance of using techniques with high spatial resolution (e.g., sMRI) to locate early neurostructural changes in people with SCCs who are at risk of developing AD dementia. This, in turn, could be of interest in regard to implementing future non-pharmacological interventions aimed at preventing cognitive impairment. This is of particular importance if we take into account previous studies demonstrating, for example, that people with subjective memory complaints, but not objective impairment, are two times more likely to develop dementia than individuals without subjective memory complaints (5).

Several of the present study findings suggest that SCD may be related to neurophysiopathological changes that occur in AD. First, SCD participants displayed reduced cortical thickness in the AD signature index. This AD neuroimaging marker captures the cortical thinning of AD vulnerable regions and is therefore consistent with the brain atrophy characteristic of the early stages of AD onward (72). Atrophy in those regions including the AD signature is observed in MCI patients with presence of beta-amyloid deposits (6, 73, 74). Therefore, the results suggest that the psychometric criterion of SCC severity proposed by Pereiro et al. (42) for diagnosis of SCD may be appropriate for early detection of AD, consistent with the prognostic value of progression from preclinical and prodromal stages to AD dementia (42).

The present findings have indeed shown a pattern of neurostructural changes in the SCD group congruent with that described for AD (72). Within the MTL, brain changes were located in the hippocampal tail, the head of subiculum, the entorhinal cortex of the left hemisphere and also in the fimbria and the parahippocampal gyrus of the right hemisphere. Neurodegeneration of MTL is a characteristic feature in the etiology of AD dementia. According to Braak and Braak (72), the earliest presence of neurofibrillary tangle deposition takes place in MTL areas, including the entorhinal cortex, hippocampus and the parahippocampal gyrus. Moreover, MTL plays an essential role in episodic memory, the cognitive domain most affected in AD dementia. Previous studies aimed at evaluating structural changes in the hippocampus and its subfields revealed atrophy in CA1 and the subiculum subfields of individuals with SCD or AD dementia (7, 33). In addition to the hippocampus and the subiculum, structural changes also affected the entorhinal cortex, and the parahippocampal gyrus. Neurostructural changes in both MTL areas were observed in SCD (33) and in MCI and AD dementia (75, 76); in addition, these changes may represent a biomarker of progression in AD (77, 78).

Beyond the MTL, SCD individuals displayed cortical thinning of the left inferior and the right middle temporal gyrus. Synaptic loss in the inferior temporal gyrus has been demonstrated in amnestic MCI (79), and neurodegeneration in these regions is considered a good predictor of decline in conversion to AD dementia (80). Convit et al. (80) demonstrated that, together with some occipito-temporal areas (fusiform gyrus), the inferior and middle temporal gyrus are the neocortical regions that are first affected in the progression toward AD dementia. These researchers observed that structural changes in MTL, occipito-temporal areas and temporal regions may predict the decline of control subjects and individuals with MCI toward AD dementia.

Thus, in the light of these findings regarding the temporal lobe, the present results seem to indicate that SCD is associated with structural changes in regions of critical importance in AD etiology and with an essential role in episodic memory.

Regarding the frontal lobe, individuals with SCD displayed reductions in GM volume in the triangular part of the inferior frontal gyrus, the orbital part of the middle frontal gyrus, the superior and middle frontal gyrus and the superior medial frontal gyrus of both hemispheres, as well as in the orbital part of the medial frontal gyrus and the precentral gyrus of the left hemisphere. In addition, the SCD group displayed cortical thinning in the right lateral orbitofrontal cortex. These results are consistent with the findings of previous studies reporting structural changes in the frontal lobe of individuals with SCD (9, 29, 39).

We also observed structural changes in the bilateral anterior and the right middle cingulate cortex in individuals with SCD. Prior evidence suggests that, while the midcingulate cortex is functionally related to successful episodic memory retrieval (81), the anterior cingulate and the dorsolateral prefrontal cortex support retrieval monitoring, a control process that evaluates retrieval outcomes in relation to behavioral goals (82). Therefore, considering the functional relationship between frontal lobe and cognitive processes, such as attention, executive functioning and language (83), and the involvement of the cingulate system in the aforementioned cognitive control processes, the present results suggest that individuals with SCD display subtle changes that may affect the structure of brain networks supporting attention, executive function, language, successful episodic memory retrieval, and cognitive control processes (e.g., retrieval monitoring).

The SCD group also displayed reductions in GM in the left postcentral gyrus. Parietal lobe atrophy has been demonstrated in subjects with amnestic MCI or AD dementia (84, 85) and also in earlier stages, such as SCD (86). Considering that parietal lobe is highly interconnected with several brain areas, structural changes in this lobe may be related to the progressive neuropsychological decline in several cognitive domains (e.g., attention, memory, language, and executive function) commonly displayed by patients along the AD continuum (87).

There is evidence to suggest that, despite some common features, individuals recruited from memory clinics and who reported concerns about their cognition (SCD-clinical samples) displayed more widespread neurostructural changes involving frontal, parietal, temporal (including hippocampus and parahippocampus) lobe regions and the insula, relative to population-based cohorts (SCD-community samples) (39, 40). Structural changes in SCD-clinical samples have been attributed to comorbid mood disorder symptomatology that may be related to a more complex neurodegenerative pattern than that observed in SCD-community samples (13).

However, we evaluated a SCD-clinical sample recruited from Primary Care Health Centers, and none of the participants had prior diagnosis of any psychiatric disorder. Nonetheless, the SCD group displayed higher levels of depressive symptomatology. Depressive symptoms are commonly observed in individuals with SCD, and it has been shown that depression and SCD are independently associated with the risk of developing MCI and dementia, with hazard ratios of 1.4 and 2.0, respectively (88). Importantly, the co-occurrence of SCD and depression was associated with the highest risk (hazard ratio = 2.8) of developing a neurocognitive disorder within 7.2 years of follow-up (compared to 12.2 years in participants without depression or SCD) (88). These findings were recently confirmed in a nationwide longitudinal study (89). Therefore, considering that neither of the two groups had scores compatible with mild depression and that depressive symptomatology was included as a covariate in the sMRI analyses, the neurostructural differences observed in the SCD group could not be explained either by differences in the study setting or comorbid effects of mood disorder symptomatology in the SCD group. Thus, one possible explanation for the neurostructural changes displayed by the SCD group in frontal brain areas and also in other regions of critical importance in AD dementia (especially those included in the AD signature) may be related to structural changes occurring during progression from SCD to prodromal stages (i.e., MCI) and AD dementia.

The present study has some limitations that are worth noting. Its cross-sectional nature, together with the relatively small sample size, limits evaluation of the clinical trajectory and the neuroanatomical changes that may take place in a hypothetical progression from SCD toward MCI or AD dementia. Moreover, future studies should consider examining other AD biomarkers (e.g., CSF, PET or blood-based) that may reveal where participants are in the AD continuum. In addition, despite the absence of significant differences between groups regarding age and gender, only 25% of the study population were men. Future studies should evaluate the neuroanatomical and cognitive differences in larger and better matched samples with an equal proportion of males and females within each group to enable generalization of the results.



5. Conclusion

In summary, application of the diagnostic criterion of SCD using the levels of SCC severity proposed by Pereiro et al. (42) revealed that individuals with SCD have an objective, measurable pattern of subtle neurostructural and neurocognitive changes consistent with those reported in prodromal and clinical stages of the AD continuum. Structural changes were located in MTL, frontal and parietal areas with a critical role in several cognitive domains affected in AD dementia, including executive control, attention, episodic memory and language. Thus, the results emphasize the need to focus future research on preclinical stages (i.e., SCD) of the AD continuum to assess the prognostic value of the structural and neurocognitive changes observed. The early detection of these neurostructural changes before the onset of clinical symptoms may have important implications for the application of pharmacological and/or non-pharmacological therapies to prevent cognitive impairment in those individuals at risk of progressing toward AD dementia.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Galician Clinical Research Ethics Committee, Xunta de Galicia. The patients/participants provided their written informed consent to participate in this study.



Author contributions

MR-F: methodology, formal analysis, writing – original draft, visualization, and manuscript revision. ML and SG-Á: conceptualization, methodology, investigation, visualization, supervision, project administration, and manuscript revision. MZ and FD: conceptualization, investigation, resources, supervision, project administration, funding acquisition, and manuscript revision. CL-S: investigation, formal analysis, and manuscript revision. AP: conceptualization, methodology, investigation, formal analysis, project administration, and manuscript revision. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by grants from the Spanish Government, Ministerio de Economía y Competitividad (PSI2014-55316-C3-3-R; PSI2017-89389-C2-2-R; and PID2020-114521RB-C21/C22) and the Galician Government, Axudas para a Consolidación e Estruturación de Unidades de Investigación Competitivas do Sistema Universitario de Galicia: GRC (GI-1807-USC. Ref: ED431-2017/27 and ED431C-2021/04). All with ERDF/FEDER funds.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Footnotes

1     http://www.neuro.uni-jena.de/cat/

2     https://www.fil.ion.ucl.ac.uk/spm/

3     http://www.neuro.uni-jena.de/tfce/

4     http://surfer.nmr.mgh.harvard.edu/

5     https://surfer.nmr.mgh.harvard.edu/fswiki/FreeviewGuide


References

1. Jessen F, Amariglio R, Van Boxtel M, Breteler M, Ceccaldi M, Chételat G, et al. A conceptual framework for research on subjective cognitive decline in preclinical Alzheimer’s disease. Alzheimer’s Dement. (2014) 10:844–52. doi: 10.1016/j.jalz.2014.01.001

2. Jessen F, Amariglio R, Buckley R, van der Flier W, Han Y, Molinuevo J, et al. The characterisation of subjective cognitive decline. Lancet Neurol. (2020) 19:271–8. doi: 10.1016/S1474-4422(19)30368-0

3. Petersen R, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L. Mild cognitive impairment: A concept in evolution. J Intern Med. (2014) 275:214–28. doi: 10.1111/joim.12190

4. Jack C, Bennett D, Blennow K, Carrillo M, Dunn B, Haeberlein S, et al. NIA-AA research framework: toward a biological definition of Alzheimer’s disease. Alzheimer’s Dement. (2018) 14:535–62. doi: 10.1016/j.jalz.2018.02.018

5. Mitchell A, Beaumont H, Ferguson D, Yadegarfar M, Stubbs B. Risk of dementia and mild cognitive impairment in older people with subjective memory complaints: meta-analysis. Acta Psychiatr Scand. (2014) 130:439–51. doi: 10.1111/acps.12336

6. Schwarz C, Gunter J, Wiste H, Przybelski S, Weigand S, Ward C, et al. A large-scale comparison of cortical thickness and volume methods for measuring Alzheimer’s disease severity. NeuroImage Clin. (2016) 11:802–12. doi: 10.1016/j.nicl.2016.05.017

7. Perrotin A, De Flores R, Lamberton F, Poisnel G, La Joie R, De La Sayette V, et al. Hippocampal subfield volumetry and 3D surface mapping in subjective cognitive decline. J Alzheimer’s Dis. (2015) 48:S141–50. doi: 10.3233/JAD-150087

8. Saykin A, Wishart H, Rabin L, Santulli R, Flashman L, West J, et al. Older adults with cognitive complaints show brain atrophy similar to that of amnestic MCI. Neurology. (2006) 67:834–42. doi: 10.1212/01.wnl.0000234032.77541.a2

9. Chen S, Xu W, Xue C, Hu G, Ma W, Qi W, et al. Voxelwise meta-analysis of gray matter abnormalities in mild cognitive impairment and subjective cognitive decline using activation likelihood estimation. J Alzheimer’s Dis. (2020) 77:1495–512. doi: 10.3233/JAD-200659

10. Kiuchi K, Kitamura S, Taoka T, Yasuno F, Tanimura M, Matsuoka K, et al. Gray and white matter changes in subjective cognitive impairment, amnestic mild cognitive impairment and Alzheimer’s disease: A voxel-based analysis study. PLoS One. (2014) 9:e104007. doi: 10.1371/journal.pone.0104007

11. Platero C, López M, Carmen Tobar M, Del YM, Maestu F. Discriminating Alzheimer’s disease progression using a new hippocampal marker from T1-weighted MRI: the local surface roughness. Hum Brain Mapp. (2019) 40:1666–76. doi: 10.1002/hbm.24478

12. Wang X, Huang W, Su L, Xing Y, Jessen F, Sun Y, et al. Neuroimaging advances regarding subjective cognitive decline in preclinical Alzheimer’s disease. Mol Neurodegener. (2020) 15:55. doi: 10.1186/s13024-020-00395-3

13. Pini L, Wennberg A. Structural imaging outcomes in subjective cognitive decline: community vs. Clinical-based samples. Exp Gerontol. (2021) 145:111216. doi: 10.1016/j.exger.2020.111216

14. Rogne S, Vangberg T, Eldevik P, Wikran G, Mathiesen E, Schirmer H. Magnetic resonance volumetry: prediction of subjective memory complaints and mild cognitive impairment, and associations with genetic and cardiovascular risk factors. Dement Geriatr Cogn Dis Extra. (2016) 6:529–40. doi: 10.1159/000450885

15. Van Norden A, Fick W, De Laat K, Van Uden I, Van Oudheusden L, Tendolkar I, et al. Subjective cognitive failures and hippocampal volume in elderly with white matter lesions. Neurology. (2008) 71:1152–9. doi: 10.1212/01.wnl.0000327564.44819.49

16. Yue L, Wang T, Wang J, Li G, Wang J, Li X, et al. Asymmetry of hippocampus and amygdala defect in subjective cognitive decline among the community dwelling Chinese. Front Psychiatry. (2018) 9:226. doi: 10.3389/fpsyt.2018.00226

17. Zhao W, Wang X, Yin C, He M, Li S, Han Y. Trajectories of the hippocampal subfields atrophy in the alzheimer’s disease: A structural imaging study. Front Neuroinform. (2019) 13:13. doi: 10.3389/fninf.2019.00013

18. Schultz S, Oh J, Koscik R, Dowling N, Gallagher C, Carlsson C, et al. Subjective memory complaints, cortical thinning, and cognitive dysfunction in middle-age adults at risk of AD. Alzheimer’s Dement Diagnosis, Assess Dis Monit. (2015) 1:33–40. doi: 10.1016/j.dadm.2014.11.010

19. Sánchez-Benavides G, Grau-Rivera O, Suárez-Calvet M, Minguillon C, Cacciaglia R, Gramunt N, et al. Brain and cognitive correlates of subjective cognitive decline-plus features in a population-based cohort. Alzheimer’s Res Ther. (2018) 10:123. doi: 10.1186/s13195-018-0449-9

20. Chételat G, Villemagne V, Pike K, Baron J, Bourgeat P, Jones G, et al. Larger temporal volume in elderly with high versus low beta-amyloid deposition. Brain. (2010) 133:3349–58. doi: 10.1093/brain/awq187

21. Hafkemeijer A, Altmann-Schneider I, Oleksik A, Van De Wiel L, Middelkoop H, Van Buchem M, et al. Increased functional connectivity and brain atrophy in elderly with subjective memory complaints. Brain Connect. (2013) 3:353–62. doi: 10.1089/brain.2013.0144

22. Kim M, Seo S, Kim G, Kim S, Lee J, Qiu A, et al. Less depressive symptoms are associated with smaller hippocampus in subjective memory impairment. Arch Gerontol Geriatr. (2013) 57:110–5. doi: 10.1016/j.archger.2013.01.005

23. Scheef L, Spottke A, Daerr M, Joe A, Striepens N, Kölsch H, et al. Glucose metabolism, gray matter structure, and memory decline in subjective memory impairment. Neurology. (2012) 79:1332–9. doi: 10.1212/WNL.0b013e31826c1a8d

24. Striepens N, Scheef L, Wind A, Popp J, Spottke A, Cooper-Mahkorn D, et al. Volume loss of the medial temporal lobe structures in subjective memory impairment. Dement Geriatr Cogn Disord. (2010) 29:75–81. doi: 10.1159/000264630

25. Tepest R, Wang L, Csernansky J, Neubert P, Heun R, Scheef L, et al. Hippocampal surface analysis in subjective memory impairment, mild cognitive impairment and Alzheimer’s dementia. Dement Geriatr Cogn Disord. (2008) 26:323–9. doi: 10.1159/000161057

26. Van Der Flier W, Van Buchem M, Weverling-Rijnsburger A, Mutsaers E, Bollen E, Admiraal-Behloul F, et al. Memory complaints in patients with normal cognition are associated with smaller hippocampal volumes. J Neurol. (2004) 251:671–5. doi: 10.1007/s00415-004-0390-7

27. Erk S, Spottke A, Meisen A, Wagner M, Walter H, Jessen F. Evidence of neuronal compensation during episodic memory in subjective memory impairment. Arch Gen Psychiatry. (2011) 68:845–52. doi: 10.1001/archgenpsychiatry.2011.80

28. Fan L, Lai Y, Chen T, Hsu Y, Chen P, Huang K, et al. Diminution of context association memory structure in subjects with subjective cognitive decline. Hum Brain Mapp. (2018) 39:2549–62. doi: 10.1002/hbm.24022

29. Hong Y, Yoon B, Shim Y, Ahn K, Yang D, Lee J. Gray and white matter degenerations in subjective memory impairment: comparisons with normal controls and mild cognitive impairment. J Korean Med Sci. (2015) 30:1652–8. doi: 10.3346/jkms.2015.30.11.1652

30. Hwang J, Jeong J, Yoon S, Park K, Kim E, Yoon B, et al. Clinical and biomarker characteristics according to clinical spectrum of Alzheimer’s disease (AD) in the validation cohort of Korean brain aging study for the early diagnosis and prediction of AD. J Clin Med. (2019) 8:341. doi: 10.3390/jcm8030341

31. Ivanoiu A, Dricot L, Gilis N, Grandin C, Lhommel R, Quenon L, et al. Classification of non-demented patients attending a memory clinic using the new diagnostic criteria for Alzheimer’s disease with disease-related biomarkers. J Alzheimer’s Dis. (2015) 43:835–47. doi: 10.3233/JAD-140651

32. Jessen F, Feyen L, Freymann K, Tepest R, Maier W, Heun R, et al. Volume reduction of the entorhinal cortex in subjective memory impairment. Neurobiol Aging. (2006) 27:1751–6. doi: 10.1016/j.neurobiolaging.2005.10.010

33. Ryu S, Lim E, Na S, Shim Y, Cho J, Yoon B, et al. Hippocampal and entorhinal structures in subjective memory impairment: A combined MRI volumetric and DTI study. Int Psychogeriatrics. (2017) 29:785–92. doi: 10.1017/S1041610216002349

34. Selnes P, Fjell A, Gjerstad L, Bjornerud A, Wallin A, Due-Tonnessen P, et al. White matter imaging changes in subjective and mild cognitive impairment. Alzheimer’s Dement. (2012) 8:S112–21. doi: 10.1016/j.jalz.2011.07.001

35. Meiberth D, Scheef L, Wolfsgruber S, Boecker H, Block W, Träber F, et al. Cortical thinning in individuals with subjective memory impairment. J Alzheimer’s Dis. (2015) 45:139–46. doi: 10.3233/JAD-142322

36. Fortea J, Sala-Llonch R, Bartrés-Faz D, Lladó A, Solé-Padullés C, Bosch B, et al. Cognitively preserved subjects with transitional cerebrospinal fluid ß-amyloid 1-42 values have thicker cortex in Alzheimer’s disease vulnerable areas. Biol Psychiatry. (2011) 70:183–90. doi: 10.1016/j.biopsych.2011.02.017

37. Palm W, Ferrarini L, Van Der Flier W, Westendorp R, Bollen E, Middelkoop H, et al. Cerebral atrophy in elderly with subjective memory complaints. J Magn Reson Imaging. (2013) 38:358–64. doi: 10.1002/jmri.23977

38. Scheef L, Grothe M, Koppara A, Daamen M, Boecker H, Biersack H, et al. Subregional volume reduction of the cholinergic forebrain in subjective cognitive decline (SCD). NeuroImage Clin. (2019) 21:101612. doi: 10.1016/j.nicl.2018.101612

39. Kuhn E, Moulinet I, Perrotin A, La Joie R, Landeau B, Tomadesso C, et al. Cross-sectional and longitudinal characterization of SCD patients recruited from the community versus from a memory clinic: subjective cognitive decline, psychoaffective factors, cognitive performances, and atrophy progression over time. Alzheimer’s Res Ther. (2019) 11:61. doi: 10.1186/s13195-019-0514-z

40. Perrotin A, La Joie R, de La Sayette V, Barré L, Mézenge F, Mutlu J, et al. Subjective cognitive decline in cognitively normal elders from the community or from a memory clinic: differential affective and imaging correlates. Alzheimer’s Dement. (2017) 13:550–60. doi: 10.1016/j.jalz.2016.08.011

41. Rabin L, Smart C, Crane P, Amariglio R, Berman L, Boada M, et al. Subjective cognitive decline in older adults: an overview of self-report measures used across 19 international research studies. J Alzheimer’s Dis. (2015) 48:S63–86. doi: 10.3233/JAD-150154

42. Pereiro AX, Valladares-Rodríguez S, Felpete A, Lojo-Seoane C, Campos-Magdaleno M, Mallo S, et al. Relevance of complaint severity in predicting the progression of subjective cognitive decline and mild cognitive impairment: A machine learning approach. J Alzheimer’s Dis. (2021) 82:1229–42. doi: 10.3233/JAD-210334

43. Juncos-Rabadan O, Pereiro AX, Facal D, Rodriguez N, Lojo C, Caamaño J, et al. Prevalence and correlates of cognitive impairment in adults with subjective memory complaints in primary care centres. Dement Geriatr Cogn Disord. (2012) 33:226–32. doi: 10.1159/000338607

44. American Psychiatric Association [APA]. Diagnostic and Statistical Manual of Mental Disorders. 5th ed. Virginia: American Psychiatric Association (2013). doi: 10.1176/appi.books.9780890425596.893619

45. McKhann G, Knopman D, Chertkow H, Hyman B, Jack C, Kawas C, et al. The diagnosis of dementia due to Alzheimer’s disease: recommendations from the national institute on aging-Alzheimer’s association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimer’s Dement. (2011) 7:263–9. doi: 10.1016/j.jalz.2011.03.005

46. Lynöe N, Sandlund M, Dahlqvist G, Jacobsson L. Informed consent: study of quality of information given to participants in a clinical trial. BMJ. (1991) 303:610–3. doi: 10.1136/bmj.303.6803.610

47. Oldfield R. The assessment and analysis of handedness: the edinburgh inventory. Neuropsychologia. (1971) 9:97–113. doi: 10.1016/0028-3932(71)90067-4

48. Lobo A, Saz P, Marcos G, Día J, de la Cámara C, Ventura T, et al. Revalidation and standardization of the cognition mini-exam (first spanish version of the mini-mental status examination) in the general geriatric population. Med Clin. (1999) 112:767–74.

49. Martínez de la Iglesia J, Onís Vilches MC, Dueñas Herrero R, Albert Colomer C, Aguado Taberné C, Luque LR. Versión española del cuestionario de Yesavage abreviado (GDS) para el despistaje de depresión en mayores de 65 años: Adaptación y validación. MEDIFAM Rev Med Fam y Comunitaria. (2002) 12:26–40. doi: 10.4321/s1131-57682002001000003

50. Sheikh J, Yesavage J. 9/geriatric depression scale (GDS) recent evidence and development of a shorter version. Clin Gerontol. (1986) 5:165–73. doi: 10.1300/J018v05n01_09

51. Clark L, Delano-Wood L, Libon D, Mcdonald C, Nation D, Bangen K, et al. Are empirically-derived subtypes of mild cognitive impairment consistent with conventional subtypes? J Int Neuropsychol Soc. (2013) 19:635–45. doi: 10.1017/S1355617713000313

52. Edmonds E, Delano-Wood L, Jak A, Galasko D, Salmon D, Bondi M. “missed” mild cognitive impairment: high false-negative error rate based on conventional diagnostic criteria. J Alzheimer’s Dis. (2016) 52:685–91. doi: 10.3233/JAD-150986

53. Kochan N, Slavin M, Brodaty H, Crawford J, Trollor J, Draper B, et al. Effect of different impairment criteria on prevalence of “objective” mild cognitive impairment in a community sample. Am J Geriatr Psychiatry. (2010) 18:711–22. doi: 10.1097/JGP.0b013e3181d6b6a9

54. Machulda M, Pankratz V, Christianson T, Ivnik R, Mielke M, Roberts R, et al. Practice effects and longitudinal cognitive change in normal aging vs. Incident mild cognitive impairment and dementia in the mayo clinic study of aging. Clin Neuropsychol. (2013) 27:1247–64. doi: 10.1080/13854046.2013.836567

55. Reynolds C. Comprehensive trail making test (CTMT). J Psychoeducat Assess. (2002) 24:408.

56. Roth M, Tym E, Mountjoy CQ. CAMDEX. A standardised instrument for the diagnosis of mental disorder in the elderly with special reference to the early detection of dementia. Br J Psychiatry. (1986) 149:698–709. doi: 10.1192/bjp.149.6.698

57. Sánchez-Cubillo I, Periáñez J, Adrover-Roig D, Rodríguez-Sánchez J, Ríos-Lago M, Tirapu J, et al. Construct validity of the trail making test: role of task-switching, working memory, inhibition/interference control, and visuomotor abilities. J Int Neuropsychol Soc. (2009) 15:438–50. doi: 10.1017/S1355617709090626

58. Lezak M, Howieson D, Loring D, Hannay J, Fischer J. Neuropsychological assessment. (2004).

59. Delis D, Kramer J, Kaplan E, Ober B. California Verbal Learning Test, 1st version, manual. New York, NY: Psychol Corp Harcourt Brace Jovanovich (1987).

60. Benedet M, Alejandre M. TAVEC: Test de Aprendizaje Verbal España-Complutense. Madrid: Tea Ediciones (1998). p. 200

61. Williams B, Mack W, Henderson V. Boston naming test in Alzheimer’s disease. Neuropsychologia. (1989) 27:1073–9. doi: 10.1016/0028-3932(89)90186-3

62. Lawton M, Brody E. Assessment of older people: self-maintaining and instrumental activities of daily living. Gerontologist. (1969) 9:179–86. doi: 10.1093/geront/9.3_Part_1.179

63. Benedet M, Seisdedos N. Evaluación Clínica de Las Quejas de Memoria en la Vida Cotidiana. Madrid: Editorial Médica Panamericana (1996). p. 180

64. Van der Linden M, Wijns C, Von Frenckell R, Coyette F, Seron X. Un Questionnaire D’auto- valuation de la Mémorie (QAM). Brussels: Editest Editions (1989). p. 15

65. Ashburner J, Friston K. Unified segmentation. Neuroimage. (2005) 26:839–51. doi: 10.1016/j.neuroimage.2005.02.018

66. Ashburner J. A fast diffeomorphic image registration algorithm. Neuroimage. (2007) 38:95–113. doi: 10.1016/j.neuroimage.2007.07.007

67. Dale A, Fischl B, Sereno M. Cortical surface-based analysis: I. Segmentation and surface reconstruction. Neuroimage. (1999) 9:179–94. doi: 10.1006/nimg.1998.0395

68. Fischl B, Sereno M, Dale A. Cortical surface-based analysis: II. Inflation, flattening, and a surface-based coordinate system. Neuroimage. (1999) 9:195–207. doi: 10.1006/nimg.1998.0396

69. Iglesias J, Augustinack J, Nguyen K, Player C, Player A, Wright M, et al. A computational atlas of the hippocampal formation using ex vivo, ultra-high resolution MRI: application to adaptive segmentation of In Vivo MRI. Neuroimage. (2015) 115:117–37. doi: 10.1016/j.neuroimage.2015.04.042

70. Voevodskaya O. The effects of intracranial volume adjustment approaches on multiple regional MRI volumes in healthy aging and Alzheimer’s disease. Front Aging Neurosci. (2014) 6:264. doi: 10.3389/fnagi.2014.00264

71. Nikolai T, Bezdicek O, Markova H, Stepankova H, Michalec J, Kopecek M, et al. Semantic verbal fluency impairment is detectable in patients with subjective cognitive decline. Appl Neuropsychol. (2018) 25:448–57. doi: 10.1080/23279095.2017.1326047

72. Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes. Acta Neuropathol. (1991) 82:239–59. doi: 10.1007/BF00308809

73. Jack C, Therneau T, Weigand S, Wiste H, Knopman D, Vemuri P, et al. Prevalence of biologically vs clinically defined alzheimer spectrum entities using the national institute on aging-Alzheimer’s association research framework. JAMA Neurol. (2019) 76:1174–83. doi: 10.1001/jamaneurol.2019.1971

74. Rivas-Fernández MÁ, Lindín M, Zurrón M, Díaz F, Aldrey-Vázquez J, Pías-Peleteiro J, et al. Brain atrophy and clinical characterization of adults with mild cognitive impairment and different cerebrospinal fluid biomarker profiles according to the at(N) research framework of Alzheimer’s disease. Front Hum Neurosci. (2022) 16:799347. doi: 10.3389/fnhum.2022.799347

75. Li J, Pan P, Huang R, Shang HF. A meta-analysis of voxel-based morphometry studies of white matter volume alterations in Alzheimer’s disease. Neurosci Biobehav Rev. (2012) 36:757–63. doi: 10.1016/j.neubiorev.2011.12.001

76. Pennanen C, Kivipelto M, Tuomainen S, Hartikainen P, Hänninen T, Laakso M, et al. Hippocampus and entorhinal cortex in mild cognitive impairment and early AD. Neurobiol Aging. (2004) 25:303–10. doi: 10.1016/S0197-4580(03)00084-8

77. Zhou M, Zhang F, Zhao L, Qian J, Dong C. Entorhinal cortex: A good biomarker of mild cognitive impairment and mild Alzheimer’s disease. Rev Neurosci. (2016) 27:185–95. doi: 10.1515/revneuro-2015-0019

78. Solodkin A, Chen E, Van Hoesen G, Heimer L, Shereen A, Kruggel F, et al. In vivo parahippocampal white matter pathology as a biomarker of disease progression to Alzheimer’s disease. J Comp Neurol. (2013) 521:4300–17. doi: 10.1002/cne.23418

79. Scheff S, Price D, Schmitt F, Scheff M, Mufson E. Synaptic loss in the inferior temporal gyrus in mild cognitive impairment and Alzheimer’s disease. J Alzheimer’s Dis. (2011) 24:547–57. doi: 10.3233/JAD-2011-101782

80. Convit A, De Asis J, De Leon M, Tarshish C, De Santi S, Rusinek H. Atrophy of the medial occipitotemporal, inferior, and middle temporal gyri in non-demented elderly predict decline to Alzheimer’s disease. Neurobiol Aging. (2000) 21:19–26. doi: 10.1016/S0197-4580(99)00107-4

81. Gilmore A, Nelson S, McDermott KB. A parietal memory network revealed by multiple MRI methods. Trends Cogn Sci. (2015) 19:534–43. doi: 10.1016/j.tics.2015.07.004

82. de Chastelaine M, Mattson J, Wang T, Donley B, Rugg M. The neural correlates of recollection and retrieval monitoring: relationships with age and recollection performance. Neuroimage. (2016) 138:164–75. doi: 10.1016/j.neuroimage.2016.04.071

83. Chayer C, Freedman M. Frontal lobe functions. Curr Neurol Neurosci Rep. (2001) 1:547–52. doi: 10.1007/s11910-001-0060-4

84. Apostolova L, Steiner C, Akopyan G, Dutton R, Hayashi K, Toga A, et al. Three-dimensional gray matter atrophy mapping in mild cognitive impairment and mild Alzheimer disease. Arch Neurol. (2007) 64:1489–95. doi: 10.1001/archneur.64.10.1489

85. Fennema-Notestine C, Hagler D, McEvoy L, Fleisher A, Wu E, Karow D, et al. Structural MRI biomarkers for preclinical and mild Alzheimer’s disease. Hum Brain Mapp. (2009) 30:3238–53. doi: 10.1002/hbm.20744

86. Verfaillie S, Tijms B, Versteeg A, Benedictus M, Bouwman F, Scheltens P, et al. Thinner temporal and parietal cortex is related to incident clinical progression to dementia in patients with subjective cognitive decline. Alzheimer’s Dement Diagnosis Assess Dis Monit. (2016) 5:43–52. doi: 10.1016/j.dadm.2016.10.007

87. Cloutier S, Chertkow H, Kergoat M, Gauthier S, Belleville S. Patterns of cognitive decline prior to dementia in persons with mild cognitive impairment. J Alzheimer’s Dis. (2015) 47:901–13. doi: 10.3233/JAD-142910

88. Liew T. Depression, subjective cognitive decline, and the risk of neurocognitive disorders. Alzheimer’s Res Ther. (2019) 11:70. doi: 10.1186/s13195-019-0527-7

89. Wang S, Han K, Kim NY, Um YH, Kang DW, Na HR, et al. Late-life depression, subjective cognitive decline, and their additive risk in incidence of dementia: A nationwide longitudinal study. PLoS One. (2021) 16:e0254639. doi: 10.1371/journal.pone.0254639



OPS/images/fmed-10-1094799-g001.jpg
GM VOLUME

WM VOLUME

CORTICAL THICKNESS

LEFT HEMISPHERE

Control > SCD

-6.00 -2.00  2.00

Max -logl0 (p-value)

6.00

p-value

RIGHT HEMISPHERE






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Neuroanatomical and neurocognitive changes associated with subjective cognitive decline



		1. Introduction



		2. Materials and methods



		2.1. Participants



		2.2. Neuropsychological assessment



		2.3. Assessment of SCCs and diagnosis of SCD



		2.4. MRI acquisition and data analysis







		3. Results



		3.1. Between group analysis







		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine













OPS/images/logo.jpg
¥ frontiers | Frontiers in Medicine







OPS/images/fmed-10-1094799-t003.jpg
Brain region Control N = 49 SCD N =49 Cohen's D

Left Right Left Right Left Left | Right

Volume (mm?3)

Hippocampus Whole hippocampus 3106.63 (293.33) | 3199.74 (297.82) | 3024.21 (344.62) | 3169.10 (346.94) | 0.172 0.543 0.26 0.10

Hippocampus Head | 1523.10 (158.68) | 1600.42 (164.84) 1497.46 (197.21) | 1590.13 (198.96) | 0.435 0.715 0.14 0.06

Body | 1068.03 (106.79) | 1081.15(96.91) | 1040.69 (118.82) | 1068.35 (118.29) | 0.205 | 0.455 0.24 0.12

Tail 515.49 (60.80) 518.17 (69.59) 486.06 (66.79) 51061 (58.64) | 0.016 | 0.442 0.46 0.12

Presubiculum Head 133.50 (17.74) 128.09 (17.84) 126.89 (18.10) 126.68 (18.20) 0.069 0.679 0.37 0.08

Body 148.44 (25.57) 135.30 (23.42) 141.50 (21.93) 130.09 (20.69) 0.179 0.247 0.29 0.24

Subiculum Head | 177.57 (23.20) 178.72 (22.09) 167.83 (25.40) 17575 (27.64) | 0.048 | 0516 | 0.40 0.12

Body | 223.61(24.29) 221.21 (23.02) 215.47 (28.49) 217.39(25.85) | 0134 | 0328 | 0.31 0.16
Parasubiculum 63.91 (14.44) 61.07 (11.17) 60.22 (13.88) 59.16 (13.85) 0254 | 0466 | 026 0.15
CAl Head | 454.03 (48.14) 485.54 (49.74) 454.17 (60.99) 486.57 (62.94) | 0957 | 0993 | 0.003 0.02

Body 108.71 (19.89) 118.03 (17.67) 109.88 (22.92) 120.34 (22.38) 0.894 0.694 0.06 22.38

CA3* Head | 105.03 (16.12) 116.98 (16.06) 106.23 (19.02) 117.40 (18.80) | 0.831 | 0.958 0.07 0.02
Body | 75.97 (13.08) 86.94 (11.83) 77.85 (14.95) 89.90 (16.23) 0.661 | 0.385 0.13 021
CA4 Head | 110.57 (12.76) 119.67 (13.68) 110.73 (17.06) 119.49 (15.85) | 0919 | 0.872 0.01 0.01

Body 107.70 (12.14) 112.29 (11.86) 105.63 (13.61) 113.46 (13.89) 0.401 0.695 0.16 0.09

GC.ML.DG Head | 131.79 (16.31) 143.44 (17.12) 131.89 (21.34) 14341 (20.34) | 0902 | 0905 | 0.005 | 0.002

Body | 121.83 (14.57) 125.23 (13.33) 118.04 (15.16) 12548 (15.37) | 0.200 | 0.983 0.26 0.02

Molecular layer HP Head 294.13 (30.47) 309.50 (32.44) 287.92 (38.42) 306.59 (39.33) 0.350 0.631 0.18 0.08

Body | 201.90 (22.95) 207.35 (21.35) 195.00 (25.23) 204.63 (24.79) | 0.137 | 0483 0.29 0.12

Hippocampal fissure 152.12 (25.10) 168.58 (22.16) 152.23 (25.32) 176.38 (29.68) | 0.890 | 0.145 | 0.004 0.30
Fimbria 79.87 (16.88) 74.80 (18.20) 77.31 (19.13) 67.08 (19.28) 0.422 | 0.032 0.14 0.41
HATA 52.57 (10.16) 57.40 (10.42) 51.58 (9.65) 55.08 (11.25) 0.494 | 0.222 0.10 0.21
PHG 1930.67 (263.16) | 1845.76 (234.86) | 1880.51 (287.25) | 1728.77 (190.88) | 0.509 | 0.005 0.19 0.55
Entorhinal C. 1518.16 (260.16) | 1560.71 (217.92) | 1524.64 (272.26) | 1569.70 (277.70) | 0.865 | 0.699 0.02 0.04
Thickness (mm)
PHG 2.63 (0.24) 2.56 (0.23) 2.58 (0.26) 2.48 (0.15) 0.354 | 0.044 0.20 0.41
Entorhinal C. 3.18 (0.27) 3.14 (0.32) 3.05 (0.34) 3.12 (0.35) 0.009 | 0.668 0.42 0.06

SCD, subjective cognitive decline; PHG, parahippocampal gyrus; Entorhinal C, entorhinal cortex; CA, cornu ammonis; GC.ML.DG, granule cell of the molecular layer of dentate gyrus; Molecular
layer HP, molecular layer of the hippocampus; HATA, hippocampus-amygdala-transition-area; Cohen’s D, effect sizes. *CA2 is included in the CA3 subfield. Regions in which the analyses revealed
statistically significant between-group differences for the volume and thickness are highlighted in bold.
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Combined peak-cluster level
Brain region Cluster L/R MNI coordinates TFCE-FWE p-value

size
X Y V4

Gray matter Control > SCD

Volume Anterior cingulate cortex 7390 R 16 46
Anterior cingulate cortex* L 1 42 22
Midcingulate cortex R 10 23 36 0.037
Superior medial frontal gyrus R 7 42 37 0.038
Superior frontal gyrus R 13 40 33 0.038
Middle frontal gyrus R 27 34 36 0.038
Middle frontal gyrus 6792 L —28 42 20 0.030
Middle frontal gyrus (orbital part) L: —36 45 -8 0.037
Superior frontal gyrus L =27 54 2 0.039
Medial frontal gyrus (orbital part) L —14 56 -2 0.041
Superior medial frontal gyrus i § —14 60 10 0.043
Inferior frontal gyrus (triangular part) 1519 R 41 22 15 0.033
Postcentral gyrus 1650 L —54 —5 42 0.034
Precentral gyrus L —44 5 42 0.046
Middle frontal gyrus (orbital part) 569 R 33 50 -2 0.041
Inferior frontal gyrus (triangular part) 491 I; —47 16 31 0.041

White matter Control > SCD
Inferior frontal gyrus (triangular part)
Postcentral gyrus
Precentral gyrus

Brain region Cluster L/R MNI coordinates Max-log10(p-value) | CWp | Cohen’'s D
size (mm?)
X Y
Control > SCD
Thickness | Inferior temporal gyrus 1506.29 L —46.8 —36.1 =23.6 4.59 0.0002 1.06
842.93 L —50 —63.8 —3.6 4.84 0.009 1.03
Entorhinal cortex 848.82 L —26.5 —9:3 —33.7 3.62 0.008 1.03
Middle temporal gyrus 1236.69 R 57.4 —1.2 —28.1 5.21 0.0004 1.02
Lateral orbitofrontal 708.99 R 30.8 35 —7.8 3.94 0.029 0.99

L/R, left or right hemisphere; MNI, montreal neurological institute coordinates; TFCE, threshold free cluster enhancement; FWE, family wise error; Max-log10(p-value), maximum-log10(p-value)
at each cluster; CWP, clusterwise p-value; Cohen’s D, effect sizes. *According to the Automated Anatomical Labeling (AAL) atlas, this coordinate (X = 1; Y = 42; Z = 22) is located in the left anterior
cingulate cortex even though the x-coordinate is positive. However, other left coordinates of the anterior cingulate are also significant within this cluster.
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Control N =49 SCD N =49 p=* Cohen'’s d effect sizes

Age 65.80 (6.75) 68.12 (8.63) 0.140 0.30
Years of education 11.88 (5.26) 10.39 (5.11) 0.158 0.29
Gender (Female/Male) 38/11 35/14 0.4872

GDS-15 score 2.49 (2.68) 3.63 (2.56) 0.033 0.44

Subjective cognitive complaints

Patient 15.53 (2.24) 20.10 (1.99) <0.001 2.16

Informant-caregiver 14.00 (3.27) 16.03 (3.85) 0.006 1.20

General functioning

MMSE 28.53 (1.69) 28.02 (1.56) 0.123 0.31
Attention

TMT-A (seconds) 51.20 (26.91) 51.76 (20.83) 0.910 0.02
CAMCOG-R (Attention and calculation) 7.69 (1.61) 7.43 (1.37) 0.382 0.17

Executive function

TMT-B (seconds) 132.78 (77.85) 137.94 (63.10) 0.719 0.07
Phonological verbal fluency (letter p) 14.59 (4.84) 13.12 (5.19) 0.150 0.29
CAMCOG-R (Executive function) 21.20 (4.21) 21.24 (11.43) 0.981 0.005
Memory

CVLT (Long-delay free recall) 12.04 (2.29) 11.41 (2.39) 0.184 0.27
CVLT (List A immediate total recall) 53.06 (8.24) 50.82 (9.70) 0.220 0.25
CAMCOG-R (Memory) 22.61 (2.33) 21.74 (2.50) 0.075 0.36
Language

BNT 50.82 (6.94) 50.33 (6.78) 0.725 0.07
Semantic verbal fluency (Animals) 20.10 (5.27) 17.39 (5.14) 0.011 0.52
CAMCOG-R (Language) 27.02 (2.00) 26.27 (2.36) 0.090 0.34

Instrumental activities of daily living

TADL (Lawton and Brody index) 7.89 (0.36) 7.56 (0.91) 0.015 0.48

Two sample t-test; *p < 0.05. GDS-15, geriatric depression scale; MMSE, mini-mental state examination; TMT-A/B, trail making test (version A/B); CVLT, California verbal learning test; CAMCOG-
R, Cambridge cognitive examination; BNT, Boston naming test; IADL, Lawton and Brody index; SCD, subjective cognitive decline. a = Chi squared test.





