
Commentary

Using Behavior to Catch Early Signs of Brain 
Degeneration
George J. Augustine

With the ever-increasing rates of neurodegenerative disorders 
worldwide—and the resulting increases in dementia burden— 
there is a need for better biomarkers to anticipate neuro-
degeneration early, before irreversible symptoms set in. 
Neurodegeneration in disorders such as Alzheimer’s disease 
causes thinning of numerous cortical areas, including the 
orbitofrontal cortex, medial frontal cortex, anterior cingulate 
cortex (ACC), and insula (1,2). However, the best way to 
measure cortical thickness in the living brain—magnetic 
resonance imaging (MRI)—is prohibitively expensive, making 
measurements of cortical structure impractical as a routine 
diagnostic biomarker for neurodegeneration. One potential 
alternative is to target the mild behavioral impairment (MBI) 
associated with the early stages of neurodegeneration (3). 
While there are numerous ways to assess MBI, one conve-
nient assay is the Mild Behavioral Impairment Checklist (MBI-
C). The MBI-C is a simple (34-question) self-administered test 
that evaluates changes occurring over 6 months in several 
behavioral domains: decreased motivation (apathy), emotional 
dysregulation (mood/anxiety), lack of impulse control, social 
inappropriateness, and abnormal beliefs or thought content 
(4). Previous work has established that the MBI-C can detect 
behavioral changes associated with neurodegeneration; 
indeed, the MBI-C has been used as an early-stage biomarker 
for dementia (5).

But how do MBI-C results compare with the gold stan-
dard, namely MRI-based measurements of brain structure? In 
the current issue of Biological Psychiatry: Cognitive Neuro-
science and Neuroimaging, Leow et al. (6) address this 
question by examining the relationship between MBI-C 
scores and cortical thinning in a Southeast Asian cohort in 
Singapore. The authors found that MBI-C scores are asso-
ciated with thinning in several cortical areas. In particular, 
cortical thinning was preferentially associated with high 
scores within the MBI-C abnormal belief domain. This domain 
assesses abnormal perception or thought content and is 
probed by questions such as “Has the person developed 
beliefs that they are in danger, or that others are planning to 
harm them or steal their belongings?” and “Does she/he have 
unrealistic beliefs about her/his power, wealth or skills?” It is 
therefore notable that thinning was most noticeable in 
cortical areas—including the posterior banks of the superior 
temporal sulcus, fusiform gyrus, superior temporal gyrus, 
and transverse temporal gyrus—that are involved in 
emotional regulation, belief formation, and cognitive control. 
This correlation suggests that MBI-C scores in the abnormal 
belief domain are a useful measure of thinning in such 
cortical areas.

Significant cortical thinning was observed only in the right 
hemisphere of the brain. This parallels the role of this hemi-
sphere in belief evaluation and other processes that are 
affected in early-stage dementia (2,7). Several other inde-
pendent lines of evidence implicate preferential disruption of 
the right hemisphere in dementia (8) and in aging (9). Thus, it is 
likely that cortical thinning in the right hemisphere is respon-
sible for the observed elevation of MBI-C Belief scores. 

Leow et al. (6) are not the first to establish a correlation 
between behavioral impairment and cortical thinning. Studies 
of other cohorts have shown that thinning of the orbitofrontal 
cortex, ACC, and insula is associated with poorer cognitive 
outcomes and dementia progression in MBI (1). Further 
studies have also associated cortical thinning with the 
neuropsychiatric symptoms of neurodegenerative diseases 
(2,10). Beyond confirming previous work, the value of the 
Leow et al. study comes in its use of a prodromal multiethnic 
Southeast Asian cohort, indicating that the MBI-C—particu-
larly its abnormal belief domain—is useful as a biomarker for 
neurodegeneration in diverse populations. This lends support 
to the idea that the MBI-C could become a standard tool for 
early detection of MBI.

Like all clinical cohort studies, the Leow et al. (6) article has 
several limitations that the authors describe in earnest detail. 
In particular, the correlation between MBI-C abnormal belief 
scores and cortical thinning does not establish causality, 
although—as mentioned above—the fact that other studies 
have reported similar correlations strengthens the case that 
cortical thinning is indeed the cause of the observed MBI. A 
longitudinal experimental design, where subjects are exam-
ined over repeated time points, could bolster the argument by 
establishing another potential dimension of correlation. In 
addition, the use of self-reported MBI-C results may introduce 
bias; having close informants (such as a family member or 
caregiver) complete the MBI-C could provide a more objective 
assessment and strengthen reliability. It would also be useful 
to consider other behavioral measurements that could more 
objectively assess the 5 domains of MBI. For example, 
decreased physical activity could be used to reflect decreased 
motivation. Finally, it would also be valuable to have 
anatomical parameters beyond cortical thickness for assess-
ing brain structural changes and their relationship to MBI.

In conclusion, the study by Leow et al. (6) is a valuable 
contribution to the field because it aligns with mounting evi-
dence that behavioral changes can precede detectable neu-
rodegeneration. It is the largest cohort to date showing a 
correlation between cortical thinning and MBI-C scores and 
further establishes the utility of the MBI-C in detecting the
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early stages of Alzheimer’s disease and other dementias. 
Future studies using additional multiethnic cohorts will 
strengthen the value of this approach, while longitudinal an-
alyses of the temporal relationship between MBI and changes 
in brain structure will help strengthen our ability to catch—and 
eventually treat—the earliest stages of neurodegenerative 
disorders.
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