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Abstract 1 

Introduction: Fifteen percent of people with mild cognitive impairment (MCI) will progress 2 

to dementia within two years. There is increasing focus on the evaluation of biomarkers 3 

which point towards the underlying pathology. This enables better prediction of clinical 4 

outcomes. Early diagnosis of the dementia subtype is crucial for appropriate management 5 

and accurate prognosis. The aim of this study was to compare MRI measures in stable mild 6 

cognitive impairment patients (Stable-MCI), prodromal Alzheimer’s disease (Pro-AD) and 7 

prodromal dementia with Lewy bodies (Pro-DLB). 8 

Methods: Out of 1814 patients assessed in Essex memory clinic between 2002 and 2017, 9 

424 had MCI at baseline with follow-up data. All patients underwent comprehensive clinical 10 

and cognitive assessment at each assessment. MRI scans were acquired at patients’ baseline 11 

assessment, corresponding to the time of initial MCI clinical diagnosis. Patients were 12 

grouped according to their diagnosis at the end of follow-up. All baseline scans were visually 13 

rated according to established rating scales for medial temporal atrophy (MTA), global 14 

cortical atrophy (GCA) and white matter lesions (WML).  15 

Results: MRI scans were available for 28 Pro-DLB patients, and were matched against 27 Pro-16 

AD and 28 Stable-MCI patients for age, sex and education. The mean follow-up duration was 17 

34 months for the Pro-AD group, 27 months for the Pro-DLB group and 21 months for the 18 

Stable-MCI group. MTA scores were significantly greater in Pro-AD compared to Pro-DLB 19 

patients and Stable-MCI. There was no difference on GCA or WML between Pro-AD, Pro-DLB 20 

and Stable-MCI. 21 

Conclusions: This study indicates that a simple visual rating of MTA at the stage of MCI, 22 

already differs at a group level between patients that progress to AD, DLB or continue to be 23 

Stable-MCI. This could aid clinicians to differentiate between MCI patients who are likely to 24 

develop AD, versus those who might progress to DLB or remain stable.25 
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Introduction 26 

Mild cognitive impairment (MCI) is a heterogeneous condition that is a risk factor for 27 

dementia [1]. MCI was first identified in people with impairment in any cognitive domain, 28 

but without impairment in activities of daily living [1]. The prognosis of MCI is very uncertain, 29 

with conversion rates to dementia ranging from 10 to 34% per year depending on study 30 

setting [2]. A large proportion of patients with MCI (40-70%) stay stable even over a number 31 

of years, and some patients improve in their cognition when tested at follow-up [3]. 32 

However, they continue to be at greater risk of developing dementia in the future [4,5]. 33 

 34 

A research priority is to improve the identification of MCI patients who are most likely to 35 

progress to dementia and to determine the underlying pathology at the earliest possible 36 

stage. Distinguishing between Alzheimer’s disease (AD) and dementia with Lewy bodies 37 

(DLB), which is the second most common type of neurodegenerative dementia, is an 38 

important distinction at the prodromal stage. Recently, research criteria for prodromal DLB 39 

have been published [6]. To fulfil these criteria, patients must have MCI in addition to a 40 

number of characteristic features. These include fluctuating cognition, recurrent vivid visual 41 

hallucinations, REM sleep behavior disorder, and spontaneous features of parkinsonism. The 42 

criteria also include proposed biomarkers, including reduced dopamine transporter uptake 43 

in basal ganglia on single-photon emission computed tomography or positron emission 44 

tomography, polysomnographic confirmation of REM sleep without atonia, and reduced 45 

meta-iodobenzylguanidine uptake on myocardial scintigraphy. Other potential biomarkers 46 

include prominent posterior slow-wave activity on EEG with periodic fluctuations, relative 47 

preservation of medial temporal lobe structures, or insular thinning on MRI. Lastly, low 48 

hypometabolism/hypoperfusion in the occipital lobes has also been suggested as a potential 49 

biomarker. 50 

 51 

Early and correct diagnosis at the stage of MCI is important to improve clinical outcomes. 52 

MRI, which is part of the routine clinical work-up, can contribute to an earlier and more 53 

accurate diagnosis. Many studies have focused on prodromal AD (Pro-AD), however very few 54 

examined prodromal DLB (Pro-DLB). Cross-sectional studies have shown increased parietal 55 

lobe atrophy and parahippocampal thinning in Pro-AD compared to Pro-DLB [7,8]. These 56 
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studies also found increased bilateral insulae and right anterior cingulate cortex thinning in 57 

Pro-DLB compared to healthy controls [8]. A further study did not find any difference in 58 

brain atrophy between Pro-DLB and Pro-AD [9]. The only longitudinal study found that 59 

patients with MCI who had preserved hippocampal volumes were at an increased risk of 60 

developing DLB relative to AD [10].   61 

 62 

A number of visual rating scales have been devised to facilitate the scoring of various types 63 

of abnormality on MRI, including a scale for Medial Temporal Atrophy (MTA) [11]. Another 64 

common brain visual rating scale is the Global Cortical Atrophy (GCA) measure [12]. GCA has 65 

been shown to be reliably associated with age and diagnosis [13]. Small vessel disease in the 66 

brain can be identified as white matter lesions (WML) on MRI and scored using the Fazekas 67 

scale [14]. WML increase with age, but were not significantly worse in AD relative to MCI and 68 

controls [13]. However, the utility of these rating scales in the early stages of cognitive 69 

impairment remains unclear. 70 

 71 

The aim of this study was to compare MRI measures in Stable-MCI patients, Pro-AD and Pro-72 

DLB. We hypothesized that patients with Pro-AD would exhibit greater MTA compared to 73 

Stable-MCI and Pro-DLB.  74 

 75 

Materials and Methods 76 

Design and Setting 77 

This was a retrospective, longitudinal case-control study, using clinical and neuroimaging 78 

data.  The data for this study came from the Essex Memory Clinic (EMC) database. The EMC 79 

provides longitudinal multidisciplinary diagnostic assessment of patients with cognitive 80 

impairment in Essex, UK. Patients completed neuropsychological tests at every visit, and an 81 

MRI brain scan was acquired at the initial assessment, considered here as baseline. 82 

 83 

Participants 84 

The data were collected between 2002 and 2017. In total, 1814 patients were assessed, of 85 

which 1737 consented for their data to be included in anonymised research projects. Four 86 
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hundred and twenty four patients received MCI diagnosis at baseline and also had follow-up 87 

data available. Of these, 307 patients progressed to AD or DLB at follow-up, or remained 88 

Stable-MCI. One-hundred and seventeen received alternative diagnoses at follow-up: 56 89 

patients had subjective cognitive decline, 19 had mixed AD with vascular dementia, 15 had 90 

vascular dementia, 4 had frontotemporal dementia, 4 had an affective disorder, and 19 had 91 

other diagnoses (see Figure 1.). Cases were defined as patients who had a diagnosis of MCI 92 

at baseline who later developed DLB (Pro-DLB). Two controls were identified for every case: 93 

one who had a diagnosis of MCI at baseline which remained stable (Stable-MCI) and a 94 

further patient with MCI at baseline who later developed AD (Pro-AD). Cases and controls 95 

were matched for age, gender and years of education. Six patients in the Pro-DLB group had 96 

a dopamine transporter scan during follow-up (all of the scans were abnormal). 97 

[Insert fig 1. about here] 98 

Data collection 99 

Demographic, medical history and neurocognitive data were collected. Measures included 100 

the Mini-Mental State Examination (MMSE) and the Cambridge Cognitive Examination–101 

Revised (CAMCOG-R). The presence of motor features was assessed with the Unified 102 

Parkinson Disease Rating Scale part III (UPDRS). The data collection followed procedures 103 

described in detail elsewhere[15].  104 

 105 

MRI acquisition 106 

MRI was performed at patients’ baseline assessment in the EMC, corresponding to the time 107 

of initial MCI clinical diagnosis in this sample. Even if patients had an additional scan at a 108 

subsequent visit, only the initial scan at MCI diagnosis was analysed. MRI scans were 109 

acquired in accordance with local protocols, and were carried out as part of routine clinical 110 

work-up. Scans were acquired using a 1.5 Tesla scanner and included T1-weighted, T2-111 

weighted, T2*-weighted and FLAIR sequences.  112 

 113 

Visual rating of MRI scans 114 

Two raters blind to diagnosis assessed the MRI scans, and scored them according to visual 115 

rating scales. We quantified MTA using a standardised measure (see figure 2.) [9], which 116 
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ranges from 0 to 4. The GCA score ranges from 0 to 3 [11]. The overall severity of white 117 

matter hyperintensities was rated using the Fazekas score and ranges from 0 to 3[14].  118 

[Insert fig. 2 about here] 119 

Statistical analysis 120 

Statistical analyses were performed using IBM SPSS version 22. We used Chi-square tests to 121 

examine group differences for categorical variables and Kruskal-Wallis analysis of variance 122 

(ANOVA) for continuous variables including demographic information, clinical and 123 

neuropsychological measurements, and neuroimaging rating scales. Where there was a 124 

significant effect from the ANOVA, a post hoc test was conducted using a Mann-Whitney U-125 

Test. 126 

 127 

Results 128 

Baseline patient characteristics 129 

We included all patients with available scans (N=83). Baseline demographic, clinical and MRI 130 

rating scales data are summarized in Table 1. Age and education did not significantly differ 131 

across groups. The mean follow-up for the whole sample was 27.7 months (SD: 22.0). For the 132 

neuropsychological and clinical variables, only UPDRS-III scores at baseline were significantly 133 

different across the 3 groups. Pro-DLB had higher scores on UPDRS-III (mean: 6.1, SD: 4.5) 134 

than the Pro-AD (mean: 2.8, SD: 3.3) and Stable-MCI groups (mean: 3.2, SD: 4.7). A positive 135 

family history of AD was more common in Pro-AD (29%) than Pro-DLB (6%). 136 

 137 

An ANOVA indicated that MTA scores were different across the three groups. A post hoc test 138 

indicated that Pro-AD patients had higher MTA scores (more atrophy) compared to Pro-DLB 139 

(p=.047), and that the Pro-AD group also had more atrophy compared to Stable-MCI 140 

(p=.012). On the MTA scale, there was no significant difference between Pro-DLB and Stable-141 

MCI patients (p=.59). GCA and Fazekas scores were not significantly different across the 142 

three groups. 143 

 144 
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Discussion/Conclusion 145 

Our main aim was to compare neuroimaging characteristics of patients with MCI who 146 

subsequently progressed to DLB, AD or continued to have an MCI diagnosis. Our finding 147 

suggests that Pro-AD patients had higher MTA score compared to Pro-DLB and Stable-MCI. 148 

This is consistent with published reports of greater atrophy in medial temporal regions in 149 

Pro-AD patients compared to Pro-DLB and Stable-MCI[6,8]. Another study did not find 150 

increased MTA in Pro-AD compared to Pro-DLB, although they did find the insula to be 151 

affected in Pro-DLB compared to healthy controls[9].  152 

 153 

We did not find a difference in GCA between the three prodromal groups. However, a study 154 

that used quantitative analysis found that patients with Pro-AD showed subtle right parietal 155 

grey matter volume reductions relative to Pro-DLB [8]. We are not aware of any other 156 

studies that compared WML severity between Pro-AD, Pro-DLB and Stable-MCI. In our 157 

sample, we did not observe significant differences.  158 

 159 

We found that patients with Pro-DLB had increased subtle motor dysfunction already at the 160 

prodromal stage of DLB, compared to Pro-AD and Stable-MCI. These results are consistent 161 

with another study that observed motor dysfunction in Pro-DLB patients compared to 162 

Stable-MCI and Pro-AD [6, 10]. 163 

 164 

Limitations of the study include that the sample was predominantly male, although males 165 

are known to be at increased risk of DLB [16]. Whilst we used visual rating scales, an 166 

alternative method would have been to use volumetric methods, which are known to have 167 

good predictive value and discrimination for different types of dementia [17]. However, a 168 

large pathologically-confirmed study demonstrated that visual rating scales from routinely 169 

acquired structural MRIs are reliable and highly correlated with cerebral atrophy in their 170 

respective target regions [18]. 171 

 172 

This study also has some significant strengths. We used longitudinal data to prospectively 173 

assess MRI markers. To our knowledge, very few studies have examined MRI abnormalities 174 

in Pro-DLB. Our study has a large sample of MCI patients with neuroimaging with a 175 
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confirmed diagnosis at longitudinal follow-up. Other studies defined prodromal groups 176 

based on CSF, and neuropsychological and neuroimaging profiles rather than diagnosis at 177 

follow-up [8]. Using simple visual rating scales is advantageous, as these are widely available 178 

to clinicians diagnosing dementia, compared to volumetric methods which are time 179 

consuming and are mainly limited to research settings. Future research should examine 180 

larger groups of patients, and other MRI markers, such as insular thinning or atrophy. 181 

 182 

In conclusion, this study indicates that a simple visual rating of MTA already differs at a 183 

group level between Pro-AD, Pro-DLB and Stable-MCI. This could aid clinicians to 184 

differentiate between MCI patients who are likely to be developing AD, versus those who 185 

might progress to DLB or remain stable.  186 
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Figure Legends 

Figure 1. Patient flowchart.  

Footnote: *56 patients had Subjective Cognitive Decline, 19 had other diagnoses, 19 had 

Mixed AD with vascular dementia, 15 had Vascular dementia, 4 had an Affective disorder, 

and 4 had Frontotemporal dementia. AD= Alzheimer Disease, DLB= Dementia with Lewy 

Body, MCI= Mild Cognitive Impairment, Pro=prodromal.   

 

Figure 2: Example scores for visually-rated medial temporal atrophy.  

Footnote: Reproduced with permission from Robin Smithuis MD / 

https://radiologyassistant.nl. 

 

 

 


