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Clinically feasible automated MRI volumetry of the brain as a prognostic marker in subjective and mild cognitive impairment
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Background/aims: The number of patients suffering from cognitive decline and dementia increases, and new possible treatments are being developed. Thus, the need for time efficient and cost-effective methods to facilitate an early diagnosis and prediction of future cognitive decline in patients with early cognitive symptoms is becoming increasingly important. The aim of this study was to evaluate whether an MRI based software, NeuroQuant® (NQ), producing volumetry of the hippocampus and whole brain volume (WBV) could predict: (1) conversion from subjective cognitive decline (SCD) at baseline to mild cognitive impairment (MCI) or dementia at follow-up, and from MCI at baseline to dementia at follow-up and (2) progression of cognitive and functional decline defined as an annual increase in the Clinical Dementia Rating Scale Sum of Boxes (CDR-SB) score.

Methods: MRI was performed in 156 patients with SCD or MCI from the memory clinic at Oslo University Hospital (OUH) that had been assessed with NQ and had a clinical follow-up examination. Logistic and linear regression analyses were performed with hippocampus volume and WBV as independent variables, and conversion or progression as dependent variables, adjusting for demographic and other relevant covariates including Mini-Mental State Examination-Norwegian Revised Version score (MMSE-NR) and Apolipoprotein E ɛ4 (APOE ɛ4) carrier status.

Results: Hippocampus volume, but not WBV, was associated with conversion to MCI or dementia, but neither were associated with conversion when adjusting for MMSE-NR. Both hippocampus volume and WBV were associated with progression as measured by the annual change in CDR-SB score in both unadjusted and adjusted analyses.

Conclusion: The results indicate that automated regional MRI volumetry of the hippocampus and WBV can be useful in predicting further cognitive decline in patients with early cognitive symptoms.

Keywords
 subjective cognitive decline; mild cognitive impairment; magnetic resonance imaging; automated volumetry NeuroQuant®; dementia; disease progression; Alzheimer’s disease; Clinical Dementia Rating Scale


Introduction

According to current estimates, approximately 55 million people worldwide are suffering from dementia, and the number is expected to nearly triple by 2050 (1). The knowledge on dementia prevention has increased and several treatment trials targeting early stages of the various etiological causes of dementia, e.g., Alzheimer’s disease (AD) and Lewy body disease, are ongoing (2–5). To utilize this new knowledge the need for time efficient and cost-effective methods to facilitate early diagnosis and prediction of future cognitive decline is becoming increasingly important.

Studies have shown that, among patients with MCI, approximately 15% develop dementia after two years; however, some patients never convert to dementia whereas some revert to normal functioning (6, 7). Moreover, the risk of progressing from SCD and MCI to dementia has been found to vary according to the population being studied, e.g., a higher conversion rate has been found in patients in specialized memory clinics than among their counterparts in community-based cohorts (8, 9). Factors such as the degree of memory impairment, altered levels of amyloid-β and tau-proteins in the cerebral fluid, and abnormal fluorodeoxyglucose (FDG) positron emission tomography (PET) together with APOE ɛ4 genotype and atrophy detected on magnetic resonance imaging (MRI), have been found to predict conversion from MCI to dementia (10, 11). Also, several other MRI based methods are available in research, but not yet clinically available (12, 13). Amyloid PET is regarded a valuable diagnostic marker of AD but has not been found to have a high accuracy in predicting conversion from MCI to AD (14). The estimation of medial temporal lobe atrophy (MTA) on MRI scans is considered a useful predictor of conversion from MCI to AD dementia (15). Similarly, hippocampus atrophy has been linked to AD conversion and progression (16, 17). Likewise, lower whole brain volume (WBV) has been linked to both worse global cognition over time and conversion from MCI to AD (18, 19). However, less is known about the use of structural MRI of the brain as a prognostic factor in SCD, and studies have shown contradictory results in recent years when comparing patients with SCD with healthy controls (20, 21). Cross-sectional studies conducted in patients with SCD in memory clinic settings have demonstrated a small reduction in brain volume within regions associated with early-stage AD when compared to healthy controls (22–24). These findings suggest potential for detection of early changes during the preclinical stage. Conversely, other studies have reported no significant differences in hippocampal volume between patients with SCD and healthy controls (25, 26).

Visual evaluation and automatic volumetry are two ways of assessing structural changes in the brain based on MRI. When used to evaluate the hippocampal region, both methods have been found to be equally good at differentiating patients with AD dementia from patients without dementia in a previous study from the memory clinic at Oslo University Hospital (OUH) (27). Further, in a review from 2021, Pini et al. (28) suggest that automatic methods appear to be more sensitive than manual methods to identify preclinical neurodegenerative changes. NeuroQuant® (NQ) is a clinically feasible software that automatically produces volumetric data without the expertise of a neuroradiologist. It was taken into use at the memory clinic at OUH in 2009 as it was the first software approved for clinical use by the US Food and Drug Administration (FDA) and being CE marked. It has been validated against FreeSurfer, a widely used semi-automated volumetry method, previously but as opposed to FreeSurfer it is automatic and thus clinically feasible (29). A recent study from Persson et al. (30) comparing NQ volumetry to visual evaluation showed a high correlation between the two methods, and NQ volumetry of the hippocampi and temporal regions to be substantially better in discriminating dementia from non-dementia (compared to the visual MTA-scale). However, studies evaluating the inter-method reliability between different available volumetry software programs have found varying results from good agreement to lack of interchangeability between the programs, which is important to take into account in clinical settings (31, 32). In comparison to other neuroimaging modalities, MRI is widely available and the cost is modest compared to for instance PET-scans (33). Taking these aspects in consideration automatic volumetry may have particular relevance in a primary care setting and locations lacking neuroradiologists with the necessary experience in visual evaluation, as a less costly and feasible diagnostic method in clinical settings.

In the present prospective cohort study from the memory clinic at OUH, two NQ measures, i.e., the AD associated hippocampus volume, and the more general WBV, were used to detect early neurodegenerative changes. The aims were to evaluate whether these volumetry measures could be used to (1) predict progression to a more impaired level of cognitive functioning—that is, conversion from SCD at baseline to MCI or dementia at follow-up, and from MCI at baseline to dementia at follow-up, and (2) to predict progression of cognitive and functional impairment defined as an annual increase in the Clinical Dementia Rating Scale Sum of Boxes (CDR-SB) score.



Materials and methods


Participants

A total of 297 patients examined at the memory clinic at OUH between 2010 and 2020, diagnosed with SCD (n = 99) or MCI (n = 198), who had been examined with MRI of the brain including assessment with NQ, were eligible for inclusion. There was no systematic selection for referral to NQ MRI. All patients had given a written consent to be included in the Norwegian Registry of Persons Assessed for Cognitive Symptoms (NorCog) (34) which is a national quality and research registry. In NorCog, data is collected from a standardized assessment at hospital outpatient clinics in Norway. By the end of 2022, 44 hospitals participated in collecting data. The acceptance rate of inclusion in NorCog is above 90% at the memory clinic at OUH. Of the 297 patients, 156 (46 diagnosed with SCD and 110 diagnosed with MCI at baseline) had at least one clinical follow-up examination and were included in this prospective longitudinal study. If a patient had multiple follow-up consultations the last visit was registered and utilized to evaluate longitudinal progression. The mean follow-up time was 32.6 months (range: 7–91 months). Overall, 141 patients, were not followed up, possibly due to a lack of clinical indication for additional evaluation or because patients declined any follow-up consultations (see Figure 1 for details). Analyses comparing patients who were followed up (n = 156) with those who were not (n = 141) showed no significant difference in age (p 0.398), sex (p 0.688), education (p 0.271), CDR-SB scores (p 0.196) or the Mini-Mental State Examination-Norwegian Revision (MMSE-NR) scores (p 0.055).
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FIGURE 1
 Flow chart. SCD, subjective cognitive decline; MCI, mild cognitive impairment, AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; FTD, frontotemporal dementia; OD, other dementia; VaD, vascular dementia.




Clinical assessments

All patients were examined using a standardized protocol as part of the NorCog registry (34). Data from the thorough cognitive test battery as well as information about demography, symptoms, information from a next-of-kin, and the clinical diagnosis is included in the NorCog database. Patients are assessed with computed tomography (CT) or MRI of the brain as part of the clinical diagnostic work-up. According to clinical indication, further examinations of cerebrospinal fluid and advanced imaging are performed.

In the present study, the MMSE-NR, with scores ranging from 0 to 30 and with higher values indicating better cognitive functioning was used as a measure of cognitive function at baseline (35).

The CDR was used as a measure of the level of cognitive and functional impairment. It rates a person’s abilities in six cognitive and functional domains (i.e., memory, orientation, judgment and problem-solving, community affairs, home and hobbies, and personal care) scored 0, 0.5, 1, 2, or 3, wherein a higher score indicates more severe impairment (36). The CDR was scored by one of three CDR-certified researchers (i.e., T.H.E., K.P., or R.A.) based on the available information from the patients’ records, including information from an interview with the caregiver. The CDR was scored by the same researcher at baseline and follow-up. In research, the scores from the six CDR items are often summed up to form a continuous scale, the CDR sum of boxes (CDR-SB) with scores ranging from 0 to 18 and with higher scores indicating more severe impairment (37). In the present study, the annual change in CDR-SB was calculated and used as a measure of disease progression [(CDR-SB at follow-up – CDR-SB baseline)/months of follow-up time *12]. In 25 patients, the annual change in CDR-SB could not be calculated retrospectively due to insufficient information in the patient records at baseline or follow-up to assess CDR.



Diagnoses

Diagnoses were made retrospectively based on all available information from the examinations at baseline and at follow-up. Diagnoses were made by one of three researchers who are also experienced clinicians (T.H.E, K.P, or R.A). In inconclusive cases, two experienced senior clinicians were consulted (A.B.K, G.S). Diagnoses of SCD were made based on the Jessen criteria (38), The National Institute on Aging and Alzheimer’s Association (NIA-AA) diagnostic criteria were used for the diagnosis of MCI (39), and both the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, (DSM-5) diagnostic criteria (40) and NIA-AA criteria were used for the diagnosis of dementia (41). At baseline the MCI patients were diagnosed with AD or non-AD etiology according to the clinical NIA-AA diagnostic criteria for AD (39, 41). Converters were defined as patients who progressed to a more impaired level of cognitive functioning—that is, from SCD at baseline to MCI or dementia at follow-up, or from MCI at baseline to dementia at follow-up. Further, at follow-up, all converters were diagnosed etiologically according to the clinical NIA-AA diagnostic criteria for AD (AD-MCI or AD-dementia) (39, 41); the Vascular Behavioral and Cognitive Disorders (VASCOG) criteria for vascular cognitive impairment (42); the 2017 McKeith criteria for the diagnosis of dementia with Lewy bodies (43); and the Rascovsky and Gorno-Tempini criteria for the behavior and primary progressive aphasia variants of frontotemporal dementia (44, 45). If none of these were present, the etiology was denoted dementia due to other etiology (OD). Converters with AD mixed with vascular etiologies or other neurodegenerative diseases were regarded as having AD. See Figure 1 for details. Specific AD biomarkers from cerebrospinal fluid or amyloid positron emission tomography were not included in the diagnostic evaluation as these examinations were only performed on clinical indication and were only available in 64 of the included patients.



MRI assessments

T1-weighted 3D scanning was performed on a 3 Tesla MRI scanner (GE Signa HDxt) that was upgraded to GE Discovery MR750 in 2015. All of the included patients were scanned with a study specific protocol, including similar 3D T1-w gradient echo sequence. The scans were assessed with the clinically Food and Drug Administration (FDA)-approved NeuroQuant® software, versions 1, 2, and 3 (NQ, CorTechs Labs–University of California, San Diego, CA, United States). NQ performs automatic segmentation and provides volumes of several brain structures as well as volumes expressed as percentages of total intracranial volume (ICV) to adjust for head size. Along with those volumes, the volumes for some structures are compared with a normative data set, and an age- and sex-adjusted percentile is reported (Figure 2). In our study, two measures were included in the analyses. First, the clinically applicable hippocampus percentile because hippocampus atrophy is known to be strongly associated with AD (16, 17). All hippocampus percentile calculations were based on NQ version 1 and 2. Secondly, as we wanted to evaluate the ability of MRI-NQ to predict progression in a heterogeneous SCD and MCI population and not only AD, we included WBV as a second predictor. A lower cerebral volume has been found to be associated with faster cognitive decline in memory and global cognition, in several neurodegenerative pathologies (18, 46, 47). WBV was only available as a percentage of ICV, not as a percentile. All whole brain calculations were performed using NQ version 3. As stated, only patients who had been referred to an MRI of the brain including an assessment using NQ were included in the study. The only reason for not referring a patient to this assessment was if MRI was contraindicated or if the patient had already been examined with MRI previous to the referral to the memory clinic (this was the case in 80% of the patients being examined at the memory clinic).
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FIGURE 2
 The NeuroQuant® (NQ) report. Published with permission from Corthex.ai.




Other assessments

APOE ɛ4 genotype is associated with cognitive decline and atrophy in medial temporal regions and was therefore included as a covariate (48, 49). APOE genotyping was performed in 132 patients (37 diagnosed with SCD at baseline and 95 diagnosed with MCI at baseline) at deCODE Genetics (Reykjavik, Iceland) using the Illumina Infinium OmniExpress v1.1 chip. The results were dichotomized according to APOE ɛ4 status (i.e., 0 for no APOE ɛ4 allele and 1 if at least one allele of APOE ɛ4 was present).



Statistical analyses

The de-identified data were analyzed using IBM SPSS Statistics for Windows version 28 (Armonk, NY, United States) To compare demographic and clinical characteristics between groups, the chi-squared test was used for categorical variables and the independent sample t test for continuous variables. The significance level was set at p < 0.05.

Bivariate correlation analyses were performed between the independent variables in advance of the regression analyses to build the adjusted models and to avoid situations introducing multicollinearity. Age, sex, and MMSE-NR were included as covariates in all models while education, follow-up time, MRI scanner, and NQ version were only adjusted for if the association to the dependent variable was p < 0.2. Adjusted regression analyses with all covariates included are available in the Supplementary Tables S1, S2. First, logistic regression was used to explore the predictive properties of hippocampus percentile and WBV on conversion to MCI or dementia. On that count, two separate analyses were conducted. In the first, exploring the predictive value of hippocampus percentile, two models were created; in model 1, we adjusted for age, sex, and follow-up time, and in model 2, we additionally adjusted for MMSE-NR score at baseline to adjust for cognitive stage. In the second logistic regression analysis the same steps as for hippocampus percentile were taken to explore the predictive value of WBV. Additionally logistic regression analyses were conducted to explore the predictive properties of the NQ volumetrics on conversion from SCD or MCI to AD-MCI or AD-dementia, adjusting for age, sex, follow-up time and MMSE-NR. Secondly, multiple linear regression analyses were performed to explore the predictive properties of the hippocampus percentile and WBV on the progression of cognitive and functional decline, measured as the annual change in CDR-SB score. Again, we explored these predictive properties in separate analyses, one on the hippocampus percentile and one on WBV as predictors of progression. And again, model 1 adjusted for age, sex, and follow-up time, and MMSE-NR at baseline was added in model 2.

Only patients with complete data were included in the regression analyses, i.e., 141 in the logistic regression models and 117 in the linear regression models. Lastly, in a subgroup of patients with available APOE ɛ4 carrier status, we repeated the analyses on conversion (n = 120) and progression (n = 100) by adjusting for the same variables as in the previous regression analyses with the addition of APOE ɛ4 carrier status. In this cohort with available APOE status, education was found to have a p value below 0.2 in the unadjusted analyses and was therefore included as a covariate in these models. Stratified analyses based on APOE ɛ4- carrier status were carried out to explore potential differences in the predictive value of the MRI measures on conversion between the APOE ɛ4 -positive group and the APOE ɛ4-negative group.




Results

Table 1 shows patient characteristics according to whether they were converters or non-converters. Of the 38 converters 7 converted from SCD to MCI, 3 from SCD to dementia, and 28 converted from MCI to dementia during the follow-up-time (Figure 1). The converters had a significantly higher age, greater annual change in CDR-SB score, and longer follow-up time, as well as significantly lower hippocampus percentile and WBV, than non-converters. Among the converters, 63% were APOE ɛ4 carriers, compared with 41% in the non-converter group. Figure 1 includes baseline diagnoses (AD, non-AD) and the etiological diagnoses of the converters at follow up. Characteristics of the patients who converted and those who did not convert, limited to the SCD patient group (n = 46) are available in the Supplementary Table S3.



TABLE 1 Characteristics of patients.
[image: Table1]

The logistic regression analysis revealed a significant association between hippocampus percentile and conversion in the unadjusted analyses (OR 0.98, p 0.002), as well as in the adjusted model 1 (OR 0.98, p 0.028). In model 2, which included MMSE-NR as a covariate, the association was no longer significant (OR 0.99, p 0.060), see Table 2. The association between WBV and conversion was significant in the unadjusted analysis (OR 0.89, p 0.022), but was no longer significant in the adjusted models 1 or 2 (OR 0.91, p 0.188 and OR 0.91, p 0.907, respectively), see Table 3. Sub-analyses on conversion to AD-MCI and AD-dementia did not differ substantially from the whole group analyses (hippocampus percentile OR 0.98, p 0,069; WBV OR 0.92, p 0.322, both adjusted models 2, Supplementary Table S4).



TABLE 2 Logistic regression models with converters (1) and non-converters (0) as the dependent variable involving 141 patients with complete data.
[image: Table2]



TABLE 3 Logistic regression models with converters (1) and non-converters (0) as the dependent variable involving 141 patients with complete data.
[image: Table3]

Multiple linear regression analyses showed that both hippocampus percentile and WBV were significantly associated with annual change in CDR-SB score in both unadjusted and adjusted analyses (model 2 of each volumetric measure −0.23, p 0.019 (hippocampus percentile) vs. -0.28 p 0.013 (WBV)), see Tables 4, 5.



TABLE 4 Linear regression analyses of annual change in CDR-SB scores involving 117 patients with complete data.
[image: Table4]



TABLE 5 Linear regression analyses of annual change in CDR-SB scores involving 117 patients with complete data.
[image: Table5]

Analyses in the subsample with available APOE ɛ4 results (n = 120), including APOE ɛ4 status as a covariate, showed an association between hippocampus percentile and conversion in both models 1 and 2 (i.e., an association with conversion was found in model 2 only when APOE ɛ4 was included). The association of WBV and conversion did not change when APOE ɛ4 status was added to the models. When stratified by APOE ɛ4 status, the hippocampus percentile was significantly associated with conversion in the APOE ɛ4 -negative group (OR 0.96, p 0.035) but not in the APOE ɛ4 -positive group (OR 0.99, p 0 0.184). This difference was not found for WBV (APOE ɛ4 -negative group: OR 0.92, p 0.567; APOE ɛ4 -positive group OR 0.95, p 0.618). Both MRI measures remained associated with progression (annual change CDR-SB score) when APOE ɛ4 was added as a covariate (Tables 6–9).



TABLE 6 Logistic regression with converters (1) and non-converters (0) as the dependent variable involving 120 patients with complete data, including APOE ɛ4-carriers status.
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TABLE 7 Logistic regression with converters (1) and non-converters (0) as the dependent variable involving 120 patients with complete data including APOE ɛ4-carrier status.
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TABLE 8 Linear regression analysis of annual change in CDR-SB scores involving 100 patients with complete data, including APOE ɛ4-carrier status.
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TABLE 9 Linear regression analysis of annual change in CDR-SB score involving 100 patients with complete data, including APOE ɛ4-carrier status.
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Discussion

We found both hippocampus percentile and WBV to be associated with progression, measured by the annual change in CDR-SB scores, in both unadjusted and adjusted analyses. Moreover, hippocampus percentile and WBV were both associated with conversion to a more impaired level; however, when adjusting for baseline cognitive function, these associations were no longer significant. In sub-analyses including APOE ɛ4 status as a covariate, hippocampus percentile emerged as a significant predictor of conversion.

In the present study, 15% of the patients converted from SCD to MCI, 6% converted from SCD to dementia, and 25% of the patients converted from MCI to dementia during the follow-up period. The conversion rate for MCI aligns with what has been found in previous studies (50, 51), but is lower compared to findings from a previous Nordic memory clinic study from 2020 (9). Meanwhile, the SCD conversion rate corresponds to what Slot et al. (8) found in a multicenter study on SCD, where 7% converted from SCD to dementia.

We found a significant association between hippocampus percentile and conversion from SCD to MCI or dementia or from MCI to dementia in model 1 but the association lost significance after adjusting for MMSE-NR-score. A possible explanation could be that a lower MMSE-score indicates a more advanced disease stage, which could further be linked to a stage with accelerated cognitive decline (52). In line with this, Mauri et al. (53) found that lower MMSE-score at baseline was a predictor of conversion to dementia in a cohort of patients with MCI. Several studies have shown that hippocampal volume is a valuable predictor of conversion from MCI to AD dementia (15, 54, 55). However, contradictory findings regarding the predictive value of MRI volumetry in patients with SCD have been reported (20, 21). At the same time, Wang et al. (56) concluded in their review from 2020 that the pathological alterations identified by neuroimaging techniques in SCD are parallel to those underlying MCI and AD dementia. Along this line, a recent review of prospective biomarkers in AD, encompassing patients with SCD and MCI, found that decreased volume of the hippocampus predicted clinical progression (54).

In the present study, 80% of the patients who converted to MCI and dementia were diagnosed with clinical AD at follow-up. This may explain the stronger association between hippocampus percentile and conversion than between WBV and conversion. However, 20% of the patients had other types of neuropathology, including vascular pathology, frontotemporal dementia and dementia with Lewy bodies (Figure 1), which may support the fact that MCI and dementia due to other neuropathology can also present with hippocampal atrophy. Conversely, not all AD patients experience hippocampal atrophy (57, 58).

It may be that the association between hippocampal atrophy and WBV and conversion had been strengthened by a longer follow-up time, as the mean follow-up time in this perspective of studying a gradually progressing disease was relatively brief (3.2 years). This lends support to our second outcome measure, specifically progression measured by annual change in CDR-SB, as potentially more suitable considering the constrained follow-up time.

We found that lower hippocampus percentile and WBV at baseline were associated with greater progression of cognitive decline measured by annual change in CDR-SB scores. In line with our finding, Mungas et al. (59) also found an association between hippocampus atrophy at baseline and cognitive decline measured by annual change in CDR scores. Further, a similar association was found in a recent study from Hanseeu et al. (60) following a cohort of clinically healthy older adults over a decade. Moreover, Verfaillie et al. (46) found that widespread cortical thinning in patients with SCD at baseline at a memory clinic was associated with a faster decline in memory over time. The patients were followed for a mean period of 3 years, and a repeated neuropsychological test battery was used to measure progression (46). Progression measured on a continuous scale makes it more sensitive to cognitive and functional decline than when using a categorical scale, as conversion versus non-conversion. This may explain why we found a significant association between the MRI measures and progression but not between the MRI measures and conversion.

Including APOE ɛ4 carrier status in the analysis on prediction of conversion strengthened the association between hippocampus percentile and conversion despite a reduced sample size. An analysis on associations between hippocampus percentile and conversion stratified by APOE ɛ4 carrier status confirmed an interaction between the APOE ɛ4 carrier status and hippocampus percentile. Thus, a significant association between the hippocampus percentile and conversion was found in the APOE ɛ4 -negative group but not in the APOE ɛ4 -positive group. This might be explained by the fact that APOE ɛ4 positivity is a great risk factor for hippocampal atrophy regardless of cognitive disease stage (61) and therefore, in APOE ɛ4 negative patients, atrophy will to a higher degree be associated with progression of cognitive decline. Indeed, APOE ɛ4 is the strongest genetic risk factor for AD and a risk factor for other neurogenerative diseases (i.e., LBD), as well as a risk factor for age-related cognitive decline (62). A recent expert review has argued that the effect of APOE ɛ4 on hippocampus atrophy may be greatest during the transition from MCI to AD (63).


Strengths and limitations

This study has some limitations. For diagnostic evaluation, we used the current clinical criteria for diagnoses of SCD, MCI, and dementia. Because the diagnoses were made post hoc based on patient records, we cannot rule out that some details may have been missing in the reports and could have affected the diagnostic evaluation. Beyond that, it can be challenging to distinguish patients with MCI from patients with an early stage of dementia and younger and/or highly educated patients, as included in the present study, tends to be easier misdiagnosed with the current clinical criteria for the diagnoses of SCD and MCI as they perform better on the cognitive tests (64, 65). These aspects may have caused some patients to be misclassified at baseline or follow-up. Our outcome measures: conversion and annual change in CDR-SB have both their strengths and limitations. The continuous variable: annual change in CDR-SB captures even slight deterioration in cognitive and functional function, whereas the categorical variable; conversion does not capture a decline in cognitive and functional function as long as it does not lead to a change in diagnosis. Another limitation is that specific AD biomarkers were not included in the diagnostic work-up as these examinations were only available in a smaller subset of the patients. However, as the aim was to explore progression in a heterogenous SCD and MCI population, we believe the lack of AD specific biomarkers did not compromise the results, as well as it mimics a naturalistic diagnostic setting. About 50% of the patients which were eligible for inclusion did not have a follow up consultation at the memory clinic. However, analyses comparing the followed-up and the not followed-up did not reveal any differences in baseline characteristics.

We could have included other MRI measures which have shown association with cognitive decline, i.e., white matter hyperintensities (66), however these measures were not available in the beginning years of NQ. As our aim was to explore if an AD-specific measure and a general measure of atrophy could give valuable predictive information to the clinician in patients with early symptoms of cognitive decline, we chose to include only these two measures.

A strength of this study is that all diagnoses were set according to research criteria and the diagnoses, and the CDR-ratings were set by the same researchers and evaluated by two experienced senior clinicians in inconclusive cases. These two aspects ensured consistency and quality in the diagnostic process. Our study included patients referred and followed up in a clinical setting, a drawback with this is a greater vulnerability to missing data, but a strength is the possible increased relevance to clinical practice.




Conclusion

Overall, our results indicate that automated regional MRI volumetry of the hippocampus and WBV can be useful in predicting further cognitive decline in patients with early cognitive symptoms. The method’s ability to automatically produce volumetric data without the expertise of a neuroradiologist may be a useful tool in identifying patients at risk of developing dementia also at a primary care level.
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CI: confidence interval; R*: explained variance, NQ: NeuroQuant'; MMSE-NR: Mini-Mental State Examination-Norwegian revision.
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Age 1.08 (1.03-1.12) 0.001 106 (0.99-1.13) 0.125 105 (0.98-1.13) 0.162
Sex 072(0.31-1.64) 0431 0.68 (0.27-1.74) 0421 066/(0.26-1.71) 0394
Education 093 (0.83-1.06) 0276

Whole brain volume 0.88 (0.79-0.99) 0.026 0.93 (0.79-1.08) 0336 093 (0.79-1.09) 0349
Follow-up time 103 (1.00-1.05) 0.029 1,03 (1.00-1.06) 0.033 1.04(1.01-1.07) 0.019
MRI NQ before 2015 1.12(0.49-2.57) 0788

MMSE-NR score 086 (0.73-1.02) 0.091 087 (0.72-1.05) 0.149
APOE ed-carrier 2,64 (1.12-6.19) 0.026 148 (0.57-3.85) 0423 136 (0.51-3.61) 0538
R 021 023

Whole brain volume as the independent variable.
Values in bold are significant, OR: odds ratic

CI: confidence interval; R explained variance; NQ: NeuroQuant'; MMSE-NR: Mini-Mental State Examination-Norwegian revision.
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Values in bold are significant. f: coefficient; SE: Standard error; R': explained variance; CDR-SB: Clinical Dementia Rating Scale Sum of Boxes; NQ: NeuroQuant's MMSE-NR: Mini-Mental

State Examination-Norwegian revision.
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Age 1.09 (1.03-1.14)
Sex 0.70(0.30-1.60)
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Hippocampus percentile 0.98 (0.96-0.99)
Follow-up time 1.03 (1.00-1.05)
MRI NQ before 2015 1.09 (0.48-2.52)
MR version 1 or 2 0,96 (0,40-2.22)
MMSE-NR score 0.86(0.73-1.03)
APOE e4-carrier 259 (1.10-6.09)
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Hippocampus percentile s the independent variable.
Values in bold are significant, OR: odds ratic
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CI: confidence interval; R explained variance; NQ: NeuroQuant'; MMSE-NR: Mini-Mental State Examination-Norwegian revision.
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*The Hippocampal Occupancy Score is defined as ((Left Hippocampal Volume / [Left Hippocampal Volume + Left ILV Volumel) + (Right Hippocampal

Volume/[Right Hippocampal Volume + Right LV Volumel))/ 20
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