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Abstract

patients with pica.

Pica is one of the most enigmatic behaviors for human beings and its neural basis and underlying mechanisms
have yet to be elucidated. We have addressed this issue by investigating patients with acquired brain injury who
presented with pica and found that semantic memory deficits are associated with pica rather than frontal release
signs or changes in eating behaviors. The brain region specific for pica in our study was the posterior part of the
left middle and inferior temporal gyri. Our findings suggest that semantic memory deficits as a result of temporal
lobe damage are associated with pica. For degenerative diseases, case reports and our data in this article suggest
that Alzheimer’s disease and semantic dementia are the two main etiologies that cause pica. Considering the
temporal lobe involvement and semantic memory deficits for both etiologies, our findings on pica for acquired
brain injury might also be applied to degenerative diseases. The most common items involved in pica are daily
necessities that are easy to swallow or drink, such as lipstick or shampoo. These items should be avoided for
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Introduction

Among the variety of behavioral and psychological symptoms
of dementia, pica, a persistent eating of non-nutritive substances [1],
leads to particularly high burdens for family caregivers. Pica may cause
digestive diseases, which sometimes require medical emergencies [2].
Although pica was first reported in pregnant women, it also occurs in
children and adults, as a result of neurodevelopmental disorders or
psychiatric disorders, and in individuals with acquired brain injuries or
degenerative diseases [3-6]. In spite of detailed description for centuries
[3-8], the mechanism of pica has been poorly understood.

Several hypotheses of pica have been proposed to explain this
enigmatic behavior, including nutritional, psychological, cultural and
pharmacologic theories. Among those hypotheses, nutritional theory
is the most promising one, explaining ice cravings as a result of iron
deficiency anemia [6]. However, except for ice cravings, the definite
mechanisms underlying pica has not been well elucidated [6]. Regarding
pica that occurs after acquired brain injury or in degenerative diseases
little was known about the symptomatology or the neural substrates of
this abnormal behavior.

DSM-5 defines pica as a persistent eating of non-nutritive, nonfood
substances, which includes a pathological eating of both food and non-
food items [2-7]. The mixing of both food and non-food items within the
definition of pica might confuse scientific studies. To avoid confusion,
we applied Walker’s definition in this article, in which pica is defined as
the eating of non-food items [8].

Previous case reports of pica in individuals with acquired brain
injury and degenerative diseases had a lesion or degeneration in
temporal lobe [9-14]. From clinical observations, Morris et al. [15]
suggested that a failure to recognize objects might account for the eating
of inedible objects. Ikeda [16] also suggested that pica might be related
to semantic memory deficits. These reports suggest that pica might be
associated with temporal lobe damage and relevant semantic memory
deficits.

Hyperorality, which was first reported in Kliiver-Bucy syndrome
[17,18], has symptoms that are similar to those of pica, although there
is a notable difference between pica and hyperorality as described in
Kliiver-Bucy syndrome [17,18]. Whereas monkeys with hyperorality
never eat non-food items but instead discard them after examining them
by mouth, patients with pica do eat non-food items. Human hyperorality
has also been described in patients with focal frontal lobe lesions and
in the context of frontal release signs [19,20]; it also has a remarkable
dependency on external stimuli, e.g. utilization behavior [21].

To study pica, changes in eating such as appetite and food preference
among dementia patients should be taken into account. Morris et al.
[15] suggested that changes in eating, including pica, could result from
a change in the sense of taste and of smell. Changes in the sense of taste
and smell and in eating behaviors are common in dementia, especially
in frontotemporal lobar degeneration [16].

These backgrounds prompted us to explore the mechanisms behind
pica by using systematic cognitive and behavioral examinations that
focused on frontal release signs, semantic memory deficits, and changes
in eating behaviors.

Semantic Memory Deficits Associated with Pica after
Acquired Brain Injury

There have been no systematic and comprehensive studies on pica. To
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address this issue, we recruited 11 patients with pica and 9 patients with
hyperorality, who never ate non-food items despite eating excessively
[22]. All of them were patients after acquired brain injury and those
with neuropsychiatric, neurodevelopmental, or degenerative disorders
were excluded. We compared the cognitive and behavioral functions
and neural basis of the two groups. Regarding basic cognitive and
behavioral functions, two mental state examinations the mini-mental
state examination [23] and the new clinical scale for rating of mental
states of the elderly [24] were administered. For behavioral features
specific for pica, frontal release signs, semantic memory deficits and
changes in eating behaviors were compared.

Frontal release signs were studied by assessing primitive grasp and
sucking reflexes as well as by administering a questionnaire to caregivers
about utilization behavior in the frontal behavior inventory [25].
Semantic memory deficits were assessed by three methods, including
the patient-based manipulation of familiar tools to investigate semantic
errors; three questions regarding semantic memory from the Informant
Questionnaire on Cognitive Decline in the Elderly (IQCODE) (http://
cmhr.anu.edu.au/ageing/Iqcode/), which were answered by caregivers;
and a semi-structured interview, also given to caregivers, to look for
semantic memory errors in tool function and food recognition. For
example, the question related to tool function was “Does he or she
sometimes try to use tools for inappropriate purposes, such as, trying
to use a toothbrush for a comb, shaving cream for a toothbrush, or a
watering can for a dustpan?” Changes in eating behaviors were assessed
using the Swallowing/Appetite/Eating Habits Questionnaire [16].
Neural substrates were studied with morphological imaging, and areas
of lesion overlap were determined using MRIcro software.

The most common objects involved in pica were daily necessities,
such as cotton, lipstick, toilet paper, and shampoo, most of which
are easy to swallow or drink. Background demographic information,
cognitive and behavioral assessments, and eating behaviors showed
no significant differences between the pica and hyperorality groups.
Semantic memory deficits were observed more often in the pica group,
whereas the frontal release signs were noted more in the hyperorality
group. The brain region specific for pica was the posterior part of the
left middle and inferior temporal gyri. Our results suggest that semantic
memory deficits after temporal lobe damage might lead to pica.

Our findings are compatible with the hub-and-spoke theory
for semantic memory concerning function [26]. According to this
theory, the reciprocal connection between the anterior temporal lobe
and the posterior part of the middle temporal gyrus leads these two
regions to act as a hub and spoke, respectively. That is, collaborations
between a common transmodal region (the anterior temporal lobe)
and a modality-specific region for function (the posterior part of the
middle temporal gyrus) contribute to semantic memory for function.
The authors also pointed out that selective damage to a spoke can lead
to a category-specific deficit, suggesting that a lesion in the posterior
part of the middle temporal gyrus superior temporal sulcus might
cause semantic deficits for function. As the most common items for
pica are items that are used for daily necessities with specific functions
and patients with pica frequently show semantic memory errors for tool
function, our finding that the posterior part of the left middle temporal
gyrus is involved in pica is compatible with this theory.

Degenerative Diseases and Pica

In previous reports, pica that occurs in degenerative diseases is
associated with semantic dementia [9-11] and early-onset Alzheimer’s

disease [13,14]. In our facility, the Cognitive Dysfunction Clinic
associated with Ashikaga Red Cross Hospital, Tochigi, Japan, 19 patients
with advanced-stage degenerative diseases presented with pica during
the period from January 2007 to August 2014. Of the 19 patients, 11 had
Alzheimer’s disease, 6 had semantic dementia, and the remaining 2 had
behavior variant frontotemporal dementia. Results of the mini-mental
state examination for the 19 degenerative patients were extremely poor,
with an average score of 3.1 + 3.0 out of 30, suggesting severe cognitive
decline. Whereas frontal release signs, i.e., grasp reflex or sucking reflex,
were found in only 4 patients (21.1%) and changes in eating behaviors
in 10 patients (52.6%), semantic memory errors in tool function, which
were obtained from a semi-structured interview given to caregivers
[22], were noted for 16 patients (84.2%). These findings most likely
reflect a close relationship between pica and semantic memory deficits.

Of note, among the 11 patients with Alzheimer’s disease, 7 patients
were categorized as having early-onset Alzheimer’s disease (i.e., they
were diagnosed before the age of 65). Based on clinical observations,
most of the individuals with early-onset Alzheimer’s disease did not
show episodic memory impairment at the onset of the disease, the
epitome of typical Alzheimer’s disease. Instead, they often showed
progressive aphasia, such as logopenic variant primary progressive
aphasia [13] and progressive transcortical sensory aphasia [14], as
an initial symptom. These cases suggested that dysfunction at the left
temporoparietal cortices for logopenic variant primary progressive
aphasia [13] or the left posterior temporal cortex for progressive
transcortical sensory aphasia [14] might contribute to the development
of pica. Hypofunction within these areas is compatible with our
findings on the neural basis for pica after acquired brain injury [15],
even if slightly different areas are involved. Pica in semantic dementia
is also compatible with the hub-and-spoke theory for function [26].
Mounting convergent evidence for the importance of the anterior
temporal lobe in amodal semantic memory has come from studies of
patients with anterior temporal lobe damage (e.g. semantic dementia),
functional neuroimaging and studies of repetitive transcranial magnetic
stimulation in patients with anterior temporal lobe lesions that cause
semantic memory impairment [27].

Taken together, pica in degenerative diseases might also be caused
by temporal lobe degeneration and its related deficits on semantic
memory function.

Conclusion

In our study on pica after acquired brain injury and in degenerative
diseases, semantic memory deficits were associated with pica rather
than frontal release signs or changes in eating behaviors. The brain
region specific for pica was the posterior part of the left middle and
inferior temporal gyri. Our findings suggest that semantic memory
deficits as a result of temporal lobe damage or degeneration might
lead to pica. Items related to daily necessities that are easy to swallow
or drink are the most common objects involved in pica. These items
should be avoided for those with pica after acquired brain injury or in
degenerative diseases.
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