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ABSTRACT 

Reduced awareness of cognitive deficits in mild cognitive impairment is associated with 

poorer outcomes although little is known about the anatomical correlates of this. We 

examined the association of insight and grey matter volume using a voxel-based 

morphometry approach in 65 volunteers with mild cognitive impairment and 55 healthy age 

matched controls. Participants with mild cognitive impairment had multiple areas of subtle 

grey matter volume loss compared with controls although these did not survive correction for 

multiple comparisons. These were predominantly in the temporal and anterior portions of the 

brain. Individuals with mild cognitive impairment did not differ from each other on a number 

of demographic and cognitive variables according to level of insight. Reduced awareness of 

cognitive deficits was associated with few differences in grey matter volume apart from a 

subtle loss of grey matter in the medial frontal gyri. Given the modest nature of these 

findings, the routine assessment of insight in non-clinical populations of individuals with mild 

cognitive impairment is therefore not supported. Prospective data in larger samples however 

would be helpful to clarify this further and determine if impaired insight predicts brain 

atrophy and cognitive decline. 
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INTRODUCTION 

Mild cognitive impairment (MCI) is a clinical syndrome characterized by subjective and 

objective cognitive impairment, relatively preserved functioning and absence of dementia [1]. 

For many people, MCI represents a transition between normal cognitive function and 

dementia, with an annual conversion rate to Alzheimer’s dementia in clinical samples of 

around 12% in the amnestic subtype [2]. There are currently no effective therapies to prevent 

or delay conversion to dementia [3], although the identification of biomarkers aimed at 

detecting the earliest stages of Alzheimer’s disease has become a recent focus of research [4]. 

However, many people with MCI do not progress to dementia and might even improve, 

perhaps reflecting the diverse etiology and heterogeneous nature of the syndrome [5].  

 

Anosognosia, or reduced awareness of deficits, is a not uncommon among people with MCI 

[6, 7]. Its presence might contribute to delay in diagnosis and appropriate support, and may be 

a negative prognostic indicator, with some studies suggesting an increased risk of progression 

of cognitive deficits over time in those with reduced awareness of functional and cognitive 

problems [8, 9].  

 

Anosognosia has been associated with brain changes in dementia and MCI. A review of 18 

studies examining the anatomical correlates of anosognosia in dementia [10] showed that 

various brain regions might be involved, more commonly those affecting anterior portions of 

the cerebrum. Only two of these studies used structural imaging, with self-appraisal of 

cognitive performance being correlated with grey matter density in the right ventromedial 

prefrontal cortex [11] and anosognosia correlated with relative grey matter loss in the right 

superior temporal sulcus [12]. Two small functional imaging studies in MCI showed subtly 
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attenuated cortical midline structure activity during self-appraisal tasks [13] and reduced 

cerebral blood flow in the right inferior central gyrus [14]. 

 

To the best of our knowledge, no previous studies have examined the association between 

grey matter volume and awareness of deficits in MCI using a voxel-based morphometry 

(VBM) approach. The aims of the present study were two-fold: (1) to compare grey matter 

volume of MCI participants with controls and, (2) to determine if awareness of cognitive 

deficits is associated with regional grey matter loss in participants with MCI. 

 

METHODS 

Study design 

This is a cross-sectional imaging analysis of the Perth Perception Study (PEPERS). The 

PEPERS study was a single-site 18-month observational study of 183 community volunteers 

(92 participants with MCI and 91 controls) that aimed to determine the prevalence of reduced 

awareness of cognitive deficits and if this reduced awareness was associated with cognitive 

decline over the 18 months. The main findings of the study have been reported elsewhere 

[15]. The current investigation is limited to the baseline data of participants who consented to 

undergo this substudy (n=120) of magnetic resonance imaging (MRI). Data were collected 

between February 2005 and December 2007 in Perth, Western Australia, and all participants 

provided written informed consent. The study complied with the principles of the Helsinki 

Charter for Human Rights and was approved by the Ethics Committees of the University of 

Western Australia and Royal Perth Hospital. 
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Participants 

Recruitment and participant characteristics have been described [15]. In brief, participants 

were community-dwelling volunteers aged 65 and over who had a reliable informant 

available. MCI was considered to be present when volunteers answered “yes” to the question 

“do you have problems or difficulty with your memory?” and scored 1.5 standard deviations 

or greater below age and gender appropriate normative values on any item of the Consortium 

to Establish a Registry for Alzheimer’s Diseases (CERAD) neuropsychological battery [16]. 

Participants were excluded if they scored < 19 on the Telephone Interview for Cognitive 

Status-Modified (TICS-m) [17]  or had a diagnosis of dementia, used alcohol in a harmful 

manner (5 or more standard drinks per day on a regular basis or 6 or more standard drinks on 

any one occasion), had clinically significant depressive symptoms as evidenced by a score of 

≥ 7 on the Geriatric Depression Scale (GDS-15) [18], or were not fluent in written and spoken 

English. Additional exclusion criteria included uncorrected sensory impairment, past history 

of stroke, recent myocardial infarction and severe medical illness likely to compromise 

survival over the 18 months (e.g., metastatic cancer). Controls denied subjective memory 

problems and did not show evidence of cognitive impairment on the CERAD. 

 

Assessment of awareness of deficits 

Participants and informants completed the Anosognosia Questionnaire-Dementia (AQ-D) 

[19]. The AQ-D comprises 30 questions covering aspects of memory, activities of daily living 

and non-cognitive symptoms. Each item is marked out of a score of 0-3, yielding a total 

maximum score of 90 (higher scores indicate greater impairment). A discrepancy score 

(informant score minus participant score) is used as a measure of self-awareness, with higher 

scores indicating increasing reduced awareness. For the purposes of this study, we created a 

categorical variable of anosognosia, and considered that participants had impaired awareness 
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of cognitive deficits if their anosognosia discrepancy score was greater than one standard 

deviation (SD) above the sample mean. We also considered that those with a discrepancy 

score lower than one SD from the mean were overly concerned about their cognitive 

performance. Those scoring within a SD either side of the mean were classified as having an 

appropriate level of awareness (or intact insight).  

 

Additional variables of interest 

Participants were assessed telephonically (to assess for eligibility) and face-to-face. 

Demographic, lifestyle and clinical data were obtained at both of these assessments. This 

included participants’ age, gender, education (years of formal education), estimated 

premorbid intelligence quotient (IQ) and health related quality of life (SF-36). Cognitive 

variables of interest were the Mini-Mental State Examination (MMSE) [20] and the 

Alzheimer Disease Assessment Scale – Cognitive Subscale (ADAS-cog) [21].  

 

Biochemical data 

We collected fasting blood samples between 08:00 and 09:00 at the Royal Perth Hospital 

Department of Biochemistry and these were processed immediately to extract plasma and 

serum, which were then batched and stored at -80°C until assayed. Apolipoprotein E (APOE) 

genotyping followed routine procedures [22]. Total plasma homocysteine concentration was 

determined by reverse phase high performance liquid chromatography after treatment with 

tributylphosphine, deproteinization and fluorogenic derivatization [23]. Serum B12 and red 

cell folate were measured by standard competitive assays using the Abbott Axsym analyzer. 

The coefficient of variation ranged from 3% to 7%. 
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Image acquisition  

Brain images were acquired with a 1.5 Tesla Siemens® Symphony MRI scanner (TR: 2830 

ms, TE: 4.48, flip angle: 15°, matrix size: 256x256x172, voxel size: 0.9 mm3) within 4 weeks 

of the clinical assessment. DICOM data were then converted to NIfTI file format using 

MRIcron (http://www.mricron.com).  

 

Voxel-based morphometry 

We used Statistical Parametric Mapping version 8 (SPM8) software 

(http://www.fil.ion.ucl.ac.uk/spm) to process the data on Matlab® 2012b (version 8.0.0.783). 

Images were visually inspected for defects or artifact before processing. T1-weighted images 

were segmented into grey matter (GM), white matter (WM) and cerebral spinal fluid (CSF) 

using the standard segmentation sequence in SPM. A GM template was created from all 

patients using the DARTEL toolbox included in SPM. GM data was spatially normalized and 

warped in DARTEL and transformed to Montreal Neurological Institute (MNI) space 

(http://www.mni.mcgill.ca). Images were then smoothed with an 8 mm full-width half 

maximum (FWHM) Gaussian kernel. The smoothed, modulated, normalized GM datasets 

were used in the statistical analysis. Total intracranial volume (ICV) was calculated for each 

participant by summing the total tissue probability of GM, WM and CSF. 

 

Regional grey matter volume differences according to MCI status and level of awareness 

were assessed using the SPM8 general linear model based on random Gaussian field theory. 

Level of awareness was included as both a categorical and continuous variable, utilizing a 

two-sample t test and multiple regression design respectively. We used the SPM masking 

toolbox (http://www0.cs.ucl.ac.uk/staff/g.ridgway/masking/) to create an explicit mask, 

thresholded using correlation-based optimality criteria as described by Ridgway et al. [24]. 
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Significant effects were assessed using a voxelwise uncorrected threshold of p ≤ 0.005 and 

clusters regarded as significant if they were larger than 100 voxels. A mean image of the 

dataset was created from the normalized native space images and used as a template for visual 

presentation of these differences. Age and intracranial volume were included as covariates in 

the models.  

 

Statistical analysis 

Data were analyzed with Stata version 12.1 (StataCorp, Texas). Descriptive statistics were 

used to investigate the distribution of data according to MCI and insight status. Normality of 

distribution was determined visually using histograms and statistically with the Kolmogorov-

Smirnov test. Means and standard deviations were used to describe normally distributed 

continuous variables, medians and inter-quartile ranges for ranked variables and frequencies 

and percentages for categorical variables. Student t-tests or analysis of variance (ANOVA) 

were used to compare normally distributed continuous variables and the Mann-Whitney or 

Kruskall-Wallis test was used for data without a normal distribution. Chi-squared tests were 

used to compare proportions between groups.  

 

RESULTS 

Population characteristics 

Table 1 summarizes the characteristics of the study population. Participants with mild 

cognitive impairment were younger than controls (z=3.43, p<0.001), had worse quality of life 

(z=3.52, p<0.001) and lower premorbid intellectual functioning (z=3.99, p<0.001). They also, 

predictably, scored lower on tests of cognitive functioning.  

 

    TABLE 1 
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We then compared participants with MCI according to their level of insight: intact, overly 

concerned or impaired (Table 2). Participants in these groups were well matched for 

demographic variables and measures of cognitive function. The finding of reduced tHcy 

concentration in the concerned group was interesting and did not appear to be explained by 

serum B12 (F=1.14, p=0.328) or red cell folate (F=1.24, p=0.296) concentrations. There were 

no differences in total grey matter volume among participants in these groups (F=0.09, 

p=0.913). 

 

    TABLE 2 

 

MRI findings: regional grey matter changes 

People with MCI had multiple areas of grey matter volume loss compared with controls 

(Figure 1): left inferior and middle frontal gyri (cluster size=1143; Montreal Neurological 

Institute coordinates [MNI] in mm -42, 27, -9, t=3.49; MNI -40, 41, -11, t=3.4; MNI -22, 17, -

20, t=3.35), the left uncus and middle temporal gyrus (cluster size=1032; MNI -34, -4, -35, 

t=3.32; MNI -24, -9, -38, t=3.11; MNI -30, 3, -35, t=3.09), left hippocampus (cluster 

size=417, MNI -32, -37, -2, t=3.73), right middle temporal gyrus (cluster size=346, MNI 69, -

18, -18, t=3.64), right temporal fusiform gyrus (cluster size=306, MNI 46, -3, -29, t=3.31; 

MNI 52, -9, -23, t=2.97), right middle frontal gyrus (cluster size=300, MNI 39, 48, -12, 

t=2.97; MNI 46, 51, -11, t=2.94), right hippocampus (cluster size=281, MNI 33, -34, -8, 

t=3.0; MNI 34, -27, -15, t=2.94), left medial globus pallidus and parahippocampal gyrus 

(cluster size=185, MNI -12, -3, -15, t=2.87; MNI -22, 0, -18, t=2.79), right precuneus (cluster 

size=146, MNI 9, -64, 42, t=3.19; cluster size=115, MNI 25, -60, 52, t=3.21) and the right 

superior temporal gyrus (cluster size=128, MNI 38, 6, -27, t=2.88; MNI 44, 2, -23, t=2.77). 
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    FIGURE 1 

 

Grey matter volumes in participants with MCI varied little according to their insight 

grouping. Participants with impaired insight (n=8) had decreased grey matter volume in the 

left (cluster size=229, MNI -15, -76, -57, t=3.47) and right cerebellum (cluster size=236, MNI 

9, -78, -27, t=2.96 and MNI 2, -78, -36, t=2.96) compared with those who were overly 

concerned or appropriately aware of their cognitive deficits (n=56).   

 

The study however did not identify any major areas of grey matter volume difference between 

participants who were overly concerned about their deficits (n=13) compared with those who 

had intact or impaired insight. Participants who were overly concerned had greater grey 

matter density in the right medial frontal lobe (cluster size=254, MNI 6, 51, 19, t=4.01) and 

the pyramis of the right cerebellum (cluster size=224, MNI 8, -73, -32, t=3.33) compared with 

those who lacked insight (n=8) although these differences were attenuated when they were 

compared to those with retained insight (n=43) with only a small area of increased grey 

matter volume in the right middle frontal gyrus (cluster size=147, MNI 22, -13, 63, t=3.16).  

 

Multiple regression analysis using insight as a continuous variable (Figure 2) revealed a 

single area of proportionally less grey matter in participants with decreased insight (cluster 

size=795) in the predominantly right (MNI 6, 50, 16, t=3.70; MNI 6, 45, 25, t=3.55) and to a 

lesser extent left medial frontal gyri (MNI 2, 38, 37, t=3.22).  

 

    FIGURE 2 
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DISCUSSION 

The results of this cross-sectional study showed that older adults with MCI do not display 

significant grey matter loss compared with controls, although subtle regional losses are 

present, and affect predominantly temporal and anterior portions of the brain. Total grey 

matter volume was not associated with the degree of insight of participants with MCI, but 

regional losses in the medial frontal gyri were observed among those with impaired insight.  

 

This study has a number of strengths and weaknesses that merit comment. As far as we are 

aware, this is the first study that has examined grey matter volume in association with the 

level of insight among people with MCI. Cognitive and insight status were ascertained by 

reliable methods and participants were classified according to acceptable criteria with good 

evidence base [2, 19].  

 

We do acknowledge that the generalizability of our findings may be limited by the study of 

motivated volunteers, although by doing so we avoided the selection bias that is often 

introduced when recruitment is limited to clinic populations. We did not require our 

participants to have a history of cognitive decline over time that is sometimes required to 

establish a diagnosis of MCI. Our sample therefore could potentially represent milder disease 

and substantially more heterogeneity in the etiology of MCI than you would expect in clinical 

samples with a lower proportion expected to be in the prodromal stage of dementia or to 

progress to dementia over time. Our participants with MCI also did not differ significantly 

from controls in terms of their AQ-D discrepancy scores, suggesting a similar level of insight 

in both groups. Impaired insight was detected in only eight participants therefore small 

sample size was an issue. Informant reports could also be a source of potential bias and 

inaccuracy due to their own distress and potential cognitive impairment, however we did 
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attempt to exclude participants with potentially unreliable informants. The cross-sectional 

design and lack of longitudinal imaging are further limitations. 

 

We used standardized procedures and statistical methods to analyze the brain scans. Our 

analyses, however, were exploratory in nature and possibly prone to type 1 error. We tried to 

minimize the chance of a type 1 error by only accepting as significant brain regions associated 

with between-group differences greater than 100 voxels and p-values of 0.005 or less. We 

acknowledge however that the choice of threshold is somewhat arbitrary and none of the 

regions survived multiple comparison correction by using either a family-wise error (FWE) or 

false discovery rate (FDR) approach. Voxel-based morphometry studies such as ours are also 

prone to type 2 errors that may arise from a lack of power and changes in the shape or 

displacement of structures in the course of spatial normalization. 

 

We found several brain regions of reduced grey matter volume in participants with MCI 

compared with controls, although these were predominantly located in the left medial 

temporal lobe (including the hippocampus and parahippocampal gyrus) and the left 

inferior/middle frontal region. The right temporal lobe was also affected, albeit to a lesser 

extent. These results are consistent with previous findings of decreased grey matter in 

predominantly medial temporal lobe structures [25, 26], although not with others that have 

showed decreased volume in the anterior and posterior cingulate gyrus in addition to medial 

temporal structures [27, 28]. 

 

A number of studies have investigated the neuropsychological determinants of impaired 

insight in patients with MCI and mild dementia with mixed findings of an association with 

severity of overall cognitive impairment or selective deficits in episodic memory or executive 
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function [14, 29, 30]. It has been suggested that reduced insight is instead related to the 

individual’s inability to assess their own cognitive functioning through the self-evaluation of 

success or failure in particular cognitive or behavioral tasks [31]. The individual therefore 

establishes a type of ‘personal data base’, which is then used to help monitor subsequent 

cognitive performance. 

 

Neuroanatamical correlates of insight have been less studied and mostly limited to dementia 

patients. Rosen and colleagues [11] recruited 29 patients with dementia of varying etiologies 

but also included four patients with normal cognitive function and two with MCI. They 

assessed insight through self-appraisal of performance on cognitive testing. They found that 

self-appraisal accuracy was correlated with grey matter volume in the right orbitofrontal 

cortex in a similar location to our regression analysis. The only other VBM study in this area 

was carried out by Zamboni and colleagues [12] who found an association between grey 

matter loss in the posterior region of the right superior temporal sulcus and increasing 

anosognosia in a sample of 70 participants with frontotemporal dementia (FTD). We found an 

association between reduced insight of deficits and regional grey matter loss in the right 

frontal lobe but not in temporal structures as in the latter study, perhaps reflecting the 

differing patient populations studied. 

 

Zamboni and colleagues completed a subsequent functional magnetic resonance imaging 

study where they recruited 17 MCI patients, 17 probable Alzheimer’s dementia (AD) patients 

and 17 age- and education-matched controls [32]. Imaging results showed significant 

differences in brain activation in medial prefrontal and anterior temporal regions in the AD 

participants but those with MCI did not differ from controls. 
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Our findings are also consistent with other functional imaging studies in dementia patients 

suggesting that the frontal regions (especially right) are important in regulating self-awareness 

[14, 33]. In addition, our findings are consistent with studies of insight in schizophrenic 

patients where smaller prefrontal grey matter volumes were found to be moderately associated 

with lower levels of insight [34, 35] although such findings have not always been consistent 

[36]. Neuroimaging studies in stroke patients have also consistently pointed to right brain 

regions (particularly prefrontal and parieto-temporal areas) as being essential in regulating 

self-awareness of neurological deficits [37]. 

 

In conclusion, in this cross-sectional study we found few differences between those with or 

without insight on a number of clinical and imaging parameters apart from subtle losses of 

grey matter in mainly anterior regions of the brain. Given the modest nature of these findings 

however, it would suggest that the routine assessment of insight in non-clinical MCI 

populations may not be useful. It would be helpful to design a larger prospective longitudinal 

study to explore this further in order to determine if reduced insight is predictive of brain 

atrophy and cognitive decline. 
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Table 1. Comparison of participants with MCI and controls 
 

Variable Controls 
(n=55) 

MCI (n=65) Statistic P value 

Age, median 
(IQR) 

75 (71-79) 70 (69-74) z=3.43 <0.001 

Male gender, n 
(%) 

29 (52.7) 30 (46.2) χ2=0.52 0.473 

Education in 
years, mean 
(SD) 

11.7 (2.9) 11.2 (3.2) t=0.99 0.320 

APOE 4 
carrier, n (%) 

16 (29.1) 22 (33.8) χ2=0.31 0.577 

SF36 mental 
score, median 
(IQR) 

59.9 (57-62.5) 56.8 (50-59.7) z=3.52 <0.001 

IQ, median 
(IQR) 

119 (115-123) 114 (111-118) z=3.99 <0.001 

ADAS-cog, 
mean (SD) 

6.4 (3.1) 10.5 (4.2) t=-6.07 <0.001 

MMSE, 
median (IQR) 

29 (28-30) 28 (27-29) z=2.92 0.004 

AQ-D 
discrepancy 
score, mean 

-7.4 (6) -9.3 (8.1) t=1.43 0.154 

B12, median 
(IQR) 

326 (250-443) 307 (235-407) z=0.79 0.431 

Folate, mean 
(SD) 

1546 (687) 1379 (685) t=1.33 0.187 

tHcy, median 
(IQR) 

10.6 (7.5-11.9) 10.7 (8.5-13.3) z=-1.31 0.191 

GM volume, 
mean (SD) 

451.8 (52) 460.4 (53.5) t=-0.89 0.376 

Abbreviations: MCI – mild cognitive impairment, IQR – interquartile range, SD – standard 
deviation, APOE  – apolipoprotein E, IQ – intelligence quotient, ADAS-cog – Alzheimer’s 
Disease Assessment Scale -Cognitive Subscale, MMSE – Mini-Mental State Examination, 
AQ-D – Anosognosia Questionnaire-Dementia, B12 – vitamin B12, tHcy – total 
plasma homocysteine, GM – grey matter 
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Table 2. Comparison of participants according to insight categories 

Variable Intact (n=43) Overly 
concerned 
(n=13) 

Impaired (n=8) P value 

Age, median 
(IQR) 

70 (69-74) 70 (68-73) 73 (69-80) 0.531 

Male gender, n 
(%) 

21 (48.8) 6 (46.2) 3 (37.5) 0.839 

Education in 
years, mean 
(SD) 

11.8 (3) 10.2 (3.7) 9.8 (2.8) 0.112 

APOE 4 
carrier, n (%) 

16 (37.2) 4 (30.8) 1 (12.5) 0.387 

SF36 mental 
score, mean 
(SD) 

55.6 (7) 51.5 (7.9) 54.6 (10.2) 0.239 

ADAS-cog, 
mean (SD) 

10.3 (3.7) 11 (5.8) 10.9 (4.4) 0.847 

MMSE, 
median (IQR) 

28 (26-29) 27 (26-28) 28 (25-29) 0.475 

tHcy, median 
(IQR) 

11.1 (8.7-13.8) 8.8 (7.8-9.4) 12.6 (10.9-
13.9) 

0.006 

GM volume, 
mean (SD) 

461.1 (56.4) 455.5 (44.3) 465.5 (60.5) 0.913 

Abbreviations: IQR – interquartile range, SD – standard deviation, APOE  – apolipoprotein 
E, ADAS-cog – Alzheimer’s Disease Assessment Scale -Cognitive Subscale, MMSE – 
Mini-Mental State Examination, tHcy – total plasma homocysteine, GM – grey 
matter 
Note: Please see supplementary table S1 reporting these associations using 
awareness of deficit scores as a continuous variable. 
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Figure 1. Grey matter density according to MCI status. This figure shows regions 

(overlaid on a mean image of the dataset) where control participants had higher grey matter 

volume than those with MCI (voxel-wise thresholded at p<0.005, uncorrected for multiple 

comparisons). Age and intracranial volume were included as covariates in the analysis. The 

color bar represents the T-values and illustrates the magnitude of the significance with white 

(upper portion of the color palette) being the greatest.  
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Figure 2. Grey matter density according to degree of insight. This figure shows regions 

(overlaid on a mean image of the dataset) where reduced insight was associated with 

proportionally lower grey matter volume (voxel-wise thresholded at p<0.005, uncorrected for 

multiple comparisons). Age and intracranial volume were included as covariates in the 

analysis. The color bar represents the T-values and illustrates the magnitude of the association 

with white (upper portion of the color palette) being the greatest. 

 


