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Background and objective: Patients with Alzheimer’s disease (AD) are frequently unaware 

of their cognitive symptoms and medical diagnosis. The term “anosognosia” is used to indi-

cate a general lack of awareness of one’s disease or disorder. The neural substrate underlying 

anosognosia in AD is unclear. Since anosognosia for memory disturbance might be an initial 

sign of AD, it is important to determine the neural correlates. This study was designed to 

investigate the characteristics and neural correlates of anosognosia for memory disturbance in 

patients with mild AD.

Methods: The subjects were 49 patients with mild AD who participated in a retrospective 

cross-sectional study. None of the patients had been treated with cholinesterase inhibitors, 

memantine, or psychotropic drugs. All patients underwent magnetic resonance imaging (MRI). 

Anosognosia for memory disturbance was assessed based on the discrepancy between question-

naire scores of patients and their caregivers. Structural MRI data were analyzed to explore the 

association between anosognosia and brain atrophy, using a voxel-based approach. Statisti-

cal parametric mapping software was used to explore neural correlations. In image analysis, 

multiple regression analysis was performed to examine the relationship between anosognosia 

score and regional gray matter volume. Age, years of education, and total intracranial volume 

were entered as covariates.

Results: The anosognosia score for memory disturbance was significantly negatively correlated 

with gray matter volume in the left superior frontal gyrus.

Conclusion: The left superior frontal gyrus was involved in anosognosia for memory dis-

turbance, while the medial temporal lobe, which is usually damaged in mild AD, was not 

associated with anosognosia. The left superior frontal gyrus might be an important region for 

anosognosia in mild AD.
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Introduction
Patients with neurological disorders are frequently unaware of their cognitive and 

behavioral symptoms. The term “anosognosia” was originally used by Babinski in 

1914 to describe patients with lack of awareness of hemiplegia, but now is used to 

denote general unawareness of one’s disease or impairments. Anosognosia is a common 

symptom in patients with Alzheimer’s disease (AD)1,2 and affects treatment and care 

of AD. From a clinical perspective, anosognosia in AD is associated with psychiatric 

symptoms, behavioral disturbances, and caregiver burden.3,4

In the early stages of AD, most patients have some insight into their cognitive 

dysfunction. However, as the disease progresses, the consciousness of disease often 
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disappears and patients may become indifferent to their 

clinical condition.1,5,6 AD patients with anosognosia cannot 

recognize a lack or absence of insight in impairments of 

activities of daily living (ADL) or cognitive dysfunction, par-

ticularly in the memory domain.7 Anosognosia for memory 

disturbance occurs about 2–3 years before dementia onset,8 

indicating that anosognosia might be an early sign of AD.

The brain substrates in anosognosia in AD have not 

been fully determined. Neuroimaging studies using fluoro-

deoxyglucose positron emission tomography, single photon 

emission computed tomography (SPECT), and functional 

magnetic resonance imaging (fMRI) have shown a relation-

ship between anosognosia for memory disturbance in AD and 

dysfunction in the frontal and temporoparietal regions.9–19 To 

our knowledge, the structural brain substrates of anosognosia 

for memory disturbance in AD have not been examined. 

Since anosognosia for memory disturbance might be an 

early sign of AD, it is important to define the neural corre-

lates. Therefore, the objective of this study is to investigate 

the structural neural correlates of anosognosia for memory 

disturbance in mild AD, using MRI.

Methods
Participants
The subjects were 49 patients (16 males and 33 females) 

who visited the Center for Diagnosis of Dementia at Kyoto 

Prefectural University of Medicine and were diagnosed with 

AD, based on National Institute of Neurological and Com-

municative Disorders and Stroke-Alzheimer’s Disease and 

Related Disorders Association criteria for probable AD.20 To 

ascertain the diagnosis of AD, all the subjects were assessed 

comprehensively by geriatric psychiatrists using medical 

and social histories, physical and neurological examina-

tions, neuropsychological tests, laboratory data, and brain 

imaging. Only patients with mild AD, defined by a score 

of $17 on the mini mental state examination (MMSE),21 

were included in the study. Patients with a significant history 

of psychiatric or neurological disorders, including stroke, 

head injury, epilepsy, psychiatric disorders, alcohol abuse, 

evidence of use of psychoactive substances, or a serious 

medical condition were excluded. None of the subjects had 

been treated with cholinesterase inhibitors, memantine, or 

psychotropic drugs because our center examines patients 

without a diagnosis. All subjects underwent assessment of 

anosognosia, neuropsychiatric tests, and brain MRI. Medical 

charts of the subjects were reviewed and data obtained at the 

first visit were used. The time between assessments and brain 

MRI was ,1 month. This retrospective cross-sectional study 

was approved by the Ethics Committee of Kyoto Prefectural 

University of Medicine. Since this study was a retrospective 

study, a requirement for written informed consent was waived 

by the ethics committee. Instead of written informed consent, 

information on this study was made available in the waiting 

room of our outpatient clinic and on our institutional home 

page. In addition, information on the right to opt out of the 

study was also presented. If the subjects hoped to opt out of 

the study, the subjects were excluded from this study.

Quantitative assessment of anosognosia 
for memory disturbance
All patients were given a questionnaire adapted from Squire 

and Zouzounis.22 The anosognosia score was calculated as 

described in a previous study.23 The questionnaire includes 

20 items reflecting different aspects of memory function. 

Patients and caregivers rated each item separately using a 

9-point scale from -4 (worst) to +4 (best) for comparison 

of the patient’s current ability level to that of 5 years ago. 

Therefore, the total scores range from -80 to +80. To derive 

the anosognosia score, the total caregiver score was sub-

tracted from the total patient score. The resulting anosognosia 

score could range from -160 to +160, with a higher score 

indicating less awareness of memory deficits. These scores 

have previously been shown to be reliable in patients with 

dementia.1,24–26

cognitive and neuropsychiatric 
assessments
The MMSE and Clinical Dementia Rating27,28 were used for 

assessment of global cognitive deficits and severity of dementia. 

Psychiatric symptoms were assessed with the Neuropsychiatric 

Inventory (NPI), on which the greater the score, the higher 

would be the severity or frequency.29,30 The NPI evaluates 12 

neuropsychiatric symptoms in dementia: delusions, hallucina-

tions, agitation, depression, anxiety, euphoria, apathy, disinhibi-

tion, irritability, aberrant motor behavior, sleep disturbance, and 

eating problems. The Geriatric Depression Scale (GDS) is a 

self-rating scale with 15 questions for depression,31,32 on which 

the higher the score, the more the severity of depression.

Magnetic resonance imaging acquisition 
and analysis
MRI was performed on a 3.0T clinical scanner with an 8-channel  

phased-array head coil (Philips Achieva 3.0 TX; Royal 

Philips, Amsterdam, the Netherlands). A T1–3D gradient 

echo (similar to magnetization-prepared rapid gradient-echo) 

sequence was used to generate 200 contiguous 0.9-mm axial 
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slices (repetition time [TR] =6.9 ms; echo time [TE] =3.3 ms; 

field of view [FOV] =250 mm; matrix size =256×256).

Voxel-based morphometry (VBM) analysis was performed 

using Statistical Parametric Mapping (SPM) 12 (Wellcome 

Department of Cognitive Neurology, University College, 

London, UK) in Matlab R2015b (Mathworks Inc., Sherborn, 

MA, USA). First, a visual check was performed to ensure 

quality, and the origin of each image was oriented to the 

anterior commissure-posterior commissure line using the 

SPM “check reorientation” function. Next, the images were 

registered and segmented using the diffeomorphic anatomi-

cal registration through exponentiated lie algebra algorithm, 

and normalized to Montreal Neurological Institute (MNI) 

space. In this process, the images were bias-corrected. The 

affine regularization space template from the International 

Consortium for Brain Mapping was changed from “European 

brain” to “East Asian brain” because all the subjects in this 

study were Japanese. Finally, the images were smoothed 

using an 8-mm full width at half maximum filter.33

statistical analysis
Statistical analyses were performed with SPSS 23 for Win-

dows (SPSS Inc., Chicago, IL, USA). Comparisons between 

males and females were performed using independent group 

t-tests and Mann–Whitney U tests. Spearman rank correla-

tion coefficient analysis was used to evaluate relationships of 

anosognosia scores with patient characteristics and psychiatric 

symptoms. The significance level was set at P=0.05. In image 

analysis, multiple regression analysis was performed over the 

whole brain to examine the relationship between anosognosia 

score and regional gray matter volume. Age, years of educa-

tion, and total intracranial volume (calculated as the sum of 

gray matter, white matter, and cerebrospinal fluid volume, used 

as a surrogate for head size) were used in this analysis as cova-

riates. Therefore, the analysis was performed while controlling 

for the effects of demographical variables and total intracranial 

volume. The X, Y, and Z coordinates provided by SPM were 

used to approximate the MNI brain space. The initial voxel 

threshold was set to an uncorrected P-value of 0.001. Clusters 

were considered to be significant when falling below a cluster 

corrected P-value (false discovery rate)34 of 0.05.

Results
Demographic and neuropsychological 
characteristics
The demographic and neuropsychological characteristics of 

participants are shown in Table 1. The subjects comprised 

16 males and 33 females (Table 2). There were no significant 

differences in anosognosia scores between males and females. 

Total intracranial volume differed significantly between 

males and females. Anosognosia scores showed no significant 

correlations with patient characteristics (Table 3). Among 

psychiatric symptoms, GDS scores (r=-0.389, P,0.01) were 

negatively correlated with anosognosia scores (Table 3).

VBM results
In multiple regression analysis using age, years of edu-

cation, and total intracranial volume as covariates, the 

anosognosia score for memory disturbance was sig-

nificantly negatively correlated only with gray matter 

volume in the left superior frontal gyrus (cluster size 

[k] =650, volume =2,193.75 mm3, Brodmann areas 6/8, MNI 

coordinates of peak voxels -15.0/18.0/56.0) (Figure 1). The 

same findings were obtained including GDS as an additional 

covariate, but the clusters were smaller (cluster size [k] =372, 

volume =1,255.5 mm3, Brodmann areas 6/8, MNI coordinates 

of peak voxels -15.0/18.0/56.0).

Table 1 Demographic and neuropsychological characteristics of 
participants (33 females, 16 males)

Characteristic Range Mean ± SD

age (years) 67 to 89 79.1±5.1
education (years) 6 to 16 11.1±2.5
Mini-mental state examination 17 to 28 21.6±2.9
Total intracranial volume (cm3) 1,138 to 1,567 1,313.1±97.1
clinical dementia rating 0.5 to 1 0.9±0.2
anosognosia score -16 to 62 21.4±17.2
Patient self-rating score -33 to 0 -12.6±8.5
caregiver score -77 to 7 -33.9±15.9
NPi apathy subscale score 0 to 12 1.5±2.9
geriatric depression scale 0 to 12 4.1±3.2

Note: Data are shown as mean ± sD.
Abbreviation: NPi, neuropsychiatric inventory.

Table 2 comparison between males and females

Characteristics Male  
(n=16)

Female  
(n=33)

P-value

age (years) 77.6±5.1 79.9±5.0 0.093
education (years) 12.0±3.1 10.6±2.0 0.121
Mini-mental state examination 22.1±2.8 21.4±2.9 0.499
Total intracranial volume (cm3) 1,391.1±82.8 1,275.3±80.1 ,0.01
clinical dementia rating 0.8±0.2 1.0±0.1 0.062
anosognosia score 20.4±19.3 21.9±16.4 0.685
Patient self-rating score -11.9±9.4 -12.9±8.2 0.501
caregiver-rating score -32.3±16.8 -34.7±15.7 0.481
NPi apathy subscale score 1.4±2.0 1.6±3.3 0.798
geriatric depression scale 3.6±3.2 4.3±3.1 0.379

Note: Data are shown as mean ± sD.
Abbreviation: NPi, neuropsychiatric inventory.
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Discussion
The characteristics and neural correlates of anosognosia 

for memory disturbance in patients with mild AD were 

investigated in this study. The left superior frontal gyrus 

was involved in anosognosia for memory disturbance. The 

medial temporal lobe, which is usually damaged in mild AD, 

was not associated with anosognosia. Depressive symptoms 

affected anosognosia for memory disturbance in AD, but 

other psychiatric symptoms and gender did not do so. How-

ever, even after elimination of the effect of depression, the 

left superior frontal gyrus was still involved in anosognosia. 

Therefore, the left superior frontal gyrus can be considered 

to be an important region for anosognosia in mild AD.

Previous neuroimaging studies have explored neural 

correlates of anosognosia in dementia, but the results have 

not been fully consistent. This might be due to use of differ-

ent research methods. First, anosognosia can be measured 

in relation to different cognitive and behavioral domains 

(ie, memory, behavior, and functioning in ADL). Some 

studies have shown the importance of a specific cognitive 

domain, such as memory impairment, whereas others have 

addressed awareness in a wider context, involving impaired 

awareness of cognitive, behavioral, and functional disorder. 

Second, most studies included only patients with AD, while 

others included patients with several neurodegenerative 

conditions (ie, mild cognitive impairment and frontotemporal 

dementia). These differences in subjects may be associated 

with different patterns of brain correlates. Third, most initial 

studies used a region of interest (ROI) approach and focused 

on the frontal region.9–12,35–37 Therefore, interpretation of these 

results is limited by the criteria used to define ROIs. Even in 

the era of whole-brain voxel-based approaches, some studies 

show involvement of frontal regions. However, other studies 

at the whole-brain level have shown the involvement of more 

posterior regions, including medial parietal (precuneus and 

posterior cingulate), lateral parietal and temporal areas.37–39 

These results show a disparate range of brain correlates, but 

mainly localized in the frontal and temporoparietal regions. 

Interestingly, previous VBM studies showed that anosogno-

sia in schizophrenia is also associated with the frontal and 

temporoparietal regions.40–44 Therefore, these regions might 

be involved in anosognosia, regardless of the disease.

Since memory disturbance is a core symptom of AD, 

some studies have assessed anosognosia for memory 

disturbance. Shibata et al used SPECT to identify a 

region in the left orbitofrontal cortex where perfusion 

correlated with anosognosia for memory disturbance.15 In the 

Table 3 correlations between the anosognosia score, patients’ 
characteristics, and psychiatric symptoms

Characteristics R

age (years) 0.213
education (years) -0.168
Mini-mental state examination -0.182
Total intracranial volume (cm3) -0.238
NPi apathy subscale score 0.081
geriatric depression scale -0.389*

Note: *P,0.01.
Abbreviation: NPi, neuropsychiatric inventory.

Figure 1 (A) Regions in which there were significant negative correlations between gray matter density and anosognosia scores using age, years of education, and total 
intracranial volume as covariates. The left superior frontal gyrus is visualized at the P,0.001 uncorrected level. This region survived the false discovery rate cluster level 
correction for multiple comparisons at P,0.05. (B) correlation between gray matter density in the left superior frontal gyrus and anosognosia score at the voxel showing 
a maximum peak.
Abbreviations: P, posterior; a, anterior; l, left; r, right.
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current study, anosognosia in patients with mild AD was cor-

related with damage in the left superior frontal gyrus, which is 

not a brain region involved in early symptoms of AD, includ-

ing disturbance of memory, disorientation, and visuospatial 

ability. Indeed, anosognosia scores were not associated with 

dementia severity or cognitive impairment. This suggests that 

anosognosia for memory disturbances in the early stages of AD 

is associated with other aspects of cognitive impairment.

The left superior frontal gyrus was correlated with ano-

sognosia for memory disturbance in this study. Previous 

fMRI studies have shown activities of this region, including 

mediation of aspects of self-relevant information in healthy 

subjects45 and as a specific marker of feigned memory 

impairment in normal people.46 In a default mode network 

(DMN) activity study, functional connectivity between the 

left superior frontal gyrus, right superior frontal gyrus, and 

posterior cingulate cortex was lower in patients with AD than 

in controls.47 Several resting state fMRI studies have shown 

that DMN activity is reduced in AD.48,49 These regions in 

DMN resemble those concerned with self-appraisal in task-

related fMRI.37,50,51 Since fMRI studies have indicated that 

the left superior frontal gyrus, which is one of the regions in 

DMN, is involved in self-awareness, AD patients with dam-

age to this brain region might have anosognosia.

Anosognosia, apathy, and depression are common mani-

festations in AD.52,53 We found that severity of depression was 

negatively correlated with the degree of anosognosia in AD. 

Thus, AD patients with milder depression have severer ano-

sognosia. Mild depression may constitute an emotional reac-

tion to the awareness of cognitive dysfunction. As the insight 

of a patient decreases, the patient may become indifferent 

to their condition and may not feel depression and anxiety. 

The results of the current study concur with those of previous 

studies.6,54 In contrast, we did not find significant associations 

between anosognosia and apathy in AD. In an 18-month 

longitudinal study, patients with anosognosia at baseline 

had a significant increase in apathy scores during follow-up, 

compared with patients without anosognosia.53 Previous 

studies of the relationship between apathy and anosognosia in 

AD and MCI suggest that apathy manifests at later stages of 

neurodegeneration.55,56 Therefore, the current cross-sectional 

study in the early stages of AD might not have been able to 

identify this relationship between apathy and anosognosia, 

and longitudinal studies are required for this purpose.

Limitation
A limitation of this study is that we focused on anosognosia 

for memory disturbance. Results may differ in anosognosia 

for other disorders, such as behavioral disorder. The retro-

spective cross-sectional design is a further limitation. How-

ever, this study is the first to show that atrophy in the left 

superior frontal gyrus might affect anosognosia for memory 

disturbance in mild AD. Longitudinal studies of the relation-

ship between anosognosia and brain regions are needed to 

define the basis of anosognosia in AD.

Disclosure
The authors report no conflicts of interest in this work.
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