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Abstract

Background
With the increase in life expectancy and the subsequent increase in the older population, the clinical
importance of late-onset psychosis also increases. Neuropathological �ndings play an important role in
the differential diagnosis of dementing disorders in older adults. Herein, we report a case of late-onset
schizophrenia that required differentiation from a dementing disorder.

Case presentation:
The patient was an 83-year-old woman who had experienced auditory hallucinations since she was 67
years old. She was hospitalized for treatment of her psychosis. Initially, various examinations were
performed to consider the possibility that she had a dementing disorder such as dementia with Lewy
bodies. 123I-meta-iodobenzylguanidine myocardial scintigraphy revealed no decrease in iodine
accumulation in the myocardium, and 123I-io�upane dopamine transporter imaging revealed no decrease
in dopamine transporter accumulation in the striatum. The patient had an elevated concentration of total
tau (488 pg/mL), a cerebrospinal �uid biomarker. After comprehensive testing, the patient was diagnosed
with late-onset schizophrenia. Her psychiatric symptoms such as auditory hallucinations diminished after
the administration of the recommended �rst-line drug risperidone (3 mg/day), and she was discharged on
day 90.

Conclusions
This case was identi�ed as late-onset schizophrenia. However, an elevated total tau concentration was
observed, indicating that neuro�brillary tangles and neuronal death, which are characteristic of Alzheimer
's disease, may also have been present. Late-onset schizophrenia should be treated based on an
appropriate differential diagnosis, including neuropathological consideration of dementing disorders.

Background
With the increase in life expectancy and the older population, the clinical diagnosis of late-onset
psychosis has become important. The pathophysiological background and clinical symptoms of late-
onset schizophrenia vary, and it is thought that biological, psychological, social, and environmental
factors are involved in its development. The Swiss physician and psychiatrist Manfred Bleuler de�ned
late-onset schizophrenia as schizophrenia that develops over the age of 40 [1]. In the current operational
diagnostic criteria from the International Classi�cation of Diseases, Tenth Revision and the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition, the age of onset is not considered in the
diagnosis of schizophrenia; however, young onset should be distinguished from elderly onset in this
disease [2]. Although the neuropathological �ndings of late-onset psychotic disorders have not been fully
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elucidated, there has been remarkable progress in neuropathological methodologies in recent years. Age-
related pathological factors such as neuro�brillary tangles, neuronal death, senile plaques, Lewy bodies,
and argyrophilic granules are easily observed, and these neuropathological �ndings are important for the
evaluation of the pathophysiology of late-onset psychotic disorders. Furthermore, schizophrenia itself is a
risk factor for the development of dementia [3], and dementia-related diseases need to be considered in
the long-term treatment of schizophrenia. We herein report a case of late-onset schizophrenia that
differed from a dementing disorder.

Case Presentation
The patient was an 83-year-old woman. Her highest level of education was junior high school, with an
academic performance in the middle of the lower half of students. She exhibited nervous behavior. She
had no history of psychiatric disorders, and no one in her family had been diagnosed with such disorders.
Her medical history included angina pectoris, adenomatous polyposis, and a left clavicle fracture.
However, she had not been diagnosed with any neurological conditions that could have affected her
central nervous system, including head trauma with loss of consciousness, active cancer, thyroid disease,
epilepsy, seizure, substance-related disorders, current steroid use, or intellectual disability.

At the age of 18, she married her �rst cousin and subsequently gave birth to two children. Her main job
had been to assist her husband with his labor business (construction work, charcoal production, etc.). Her
mother-in-law was strict, and therefore, the patient was always nervous. At the age of 67, after her mother-
in-law died, the patient began to hear the deceased calling to her at bedtime. From the age of 72, after the
death of her husband, the patient lived with their eldest son and his wife. The patient had no problems
with daily activities such as meal preparation, grooming, or continence and experienced no forgetfulness.
At the age of 82, the patient less frequently went out and had little social interaction. At the age of 83, her
hallucinations took on the form of blame, i.e., hearing her mother-in-law say, "I died because of you, so I
will kill you and take you to hell." At the same time, the patient began to believe that "a large animal was
moving under the house." The patient wandered around the house and began constantly hearing her
mother-in-law's voice. After 10 days, the patient went to the Department of Neuropsychiatry, Kanazawa
Medical University Hospital, and was hospitalized as a psychiatric inpatient for the treatment of her
psychosis. The patient’s psychiatric symptoms on admission were as follows: 1) auditory hallucinations,
persisting for 16 years and suddenly increasing in severity in the previous 10 days; 2) visual
hallucinations, including those of animals and bugs; 3) persecutory delusions; 4) soliloquies; 5)
wandering; and 6) insomnia.

The patient was conscious (Japan Coma Scale: 0, Glasgow Coma Scale: E4V5M5), and her
hematological and biochemical data were within normal ranges. Electroencephalography revealed no
notable �ndings, and neurological examinations revealed no notable abnormalities in her cranial nerves.
Her deep tendon re�ex was neither enhanced nor attenuated, and there was no laterality or resting tremor
on either side. Mild muscle rigidity was noted in both upper limbs (right > left). Akinesia, bradykinesia,
mask-like face, postural instability, and Myerson's sign were not observed. Table 1 contains the
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neuropsychological test results. The patient’s Mini-Mental State Examination score was 26, with
deductions for lack of attention and disorientation of time and place. Her total score for Hasegawa’s
Dementia Scale-Revised was 28, with deductions for backward digits and memory loss. The patient’s
Wechsler Adult Intelligence Scale, third edition, results indicated a total intelligence quotient (IQ) of 72
(verbal IQ, 73; performance IQ, 76). She exhibited borderline intellectual functioning, and there was no
signi�cant difference between her verbal and performance IQs. Her predicted full-scale IQ on the
Japanese Adult Reading Test was 79.8. According to her Wechsler Memory Scale-Revised results, the
patient’s attention and concentration were particularly low; the other items were at a borderline level. In
the noise pareidolia test, her optical-illusion response rate was 5%. A horizontal section obtained by T1-
weighted magnetic resonance imaging of the patient’s head revealed atrophy of the cerebral cortex,
dilation of the ventricles, and infarct lesions in the basal ganglia and thalamus (Fig. 1). No hippocampal
atrophy was noticeable in the T1-weighted coronal section. Single-photon emission computed
tomography of the patient’s brain using an easy Z-score imaging system revealed poor blood �ow in the
temporoparietal junction, precuneus, posterior cingulate gyrus, and occipital lobe (Fig. 2). 123I-io�upane
dopamine transporter (DAT) imaging using DATView (Nihon Medi-Physics Co., Ltd., Tokyo, Japan)
revealed no loss of dopamine-producing neurons in either striatum; however, there was mild laterality (left 
> right) (Fig. 3). 123I-meta-iodobenzylguanidine (MIBG) myocardial scintigraphy revealed no decrease in
myocardial MIBG accumulation in either early or late images (Fig. 4). General �ndings from cerebrospinal
�uid examination were unremarkable (Table 2). However, the concentration of one cerebrospinal �uid
biomarker, total tau (t-tau), measured using an enzyme-linked immunosorbent assay (ELISA) (SRL, Inc.,
Tokyo, Japan), was elevated.
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Table 1
Neuropsychological test results

Test Item Score

MMSE – 26

HDS-R – 28

WAIS-III Total IQ 72

  Verbal IQ 73

  Performance IQ 76

  Verbal comprehension index 80

  Perceptual organization index 91

  Working memory index 79

  Processing speed index 78

JART Predicted full-scale IQ 79.8

WMS-R Verbal memory 72

  Visual memory 84

  General memory 74

  Attention/concentration 53

  Delayed recall 74

Noise pareidolia test Correct answer 38/40

  Pareidolia 2/40

  Oversight 0/40

  Rate of optical-illusion response 5%

IQ, intelligence quotient; MMSE, Mini-Mental State Examination; HDS-R, Hasegawa’s Dementia Scale-
Revised; WAIS-III, Wechsler Adult Intelligence Scale, third edition; JART, Japanese Adult Reading Test;
WMS-R, Wechsler Memory Scale-Revised.
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Table 2
Cerebrospinal �uid

General cerebrospinal �uid  

  Cell count 0 /µL

    Polynuclear leukocytes 0 /µL

    Mononucleosis 0 /µL

    Other cells 0 /µL

  Erythrocyte 56 /µL

  Protein 44 mg/dL

  Glucose 63 mg/dL

  Cl 125 mEq/L

  IgG 3.6 mg/dL

  %IgG 8.20%

  Albumin 21 mg/dL

Speci�c biomarkers  

  HVA 58.4 ng/mL

  5-HIAA 18.5 ng/mL

  Total tau 488 pg/mL

  Phosphorylated tau 45 pg/mL

  Amyloid β1−40 2,180 pmol/L

  Amyloid β1−42 135 pmol/L

Cl, chlorine; IgG, immunoglobulin G; HVA, homovanillic acid; 5-HIAA, 5-hydroxyindoleacetic acid.

Figure 5 shows the clinical course of and treatment for the patient. Antipsychotics were administered to
treat her psychiatric symptoms, such as auditory and visual hallucinations, persecutory delusion, and
insomnia. Quetiapine was started at a low dosage and cautiously increased up to 600 mg/day, in case of
adverse events, but the effect was limited. The treatment was changed to aripiprazole, and the dosage
increased up to 24 mg/day; however, the drug was ineffective and exacerbated her auditory
hallucinations and persecutory delusion, leading to its discontinuation. The treatment was changed to
risperidone, with attention to any extrapyramidal symptoms, starting at 2 mg/day; hallucinations almost
disappeared after the dosage had been increased to 3 mg/day. To treat the patient’s insomnia, quetiapine
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(200 mg/day) was co-administered. Her other psychiatric symptoms were alleviated, and the patient was
discharged on day 90.

Discussion And Conclusions
In this case, the auditory hallucinations of an 83-year-old woman had persisted from the age of 67, and
psychiatric symptoms such as persecutory delusion and insomnia were observed. Although she exhibited
no other negative symptoms or social dysfunctions, the patient was diagnosed with late-onset
schizophrenia. Compared with early-onset schizophrenia, factors related to late-onset schizophrenia have
been reported to include a weaker family history of schizophrenia, better psychosocial functioning, and
being female [4], all of which were consistent with this case. In a pathological examination based on an
autopsy, Nagao et al. [5] reported that dementia with Lewy bodies (DLB) was observed in 26.1% and
argyrophilic grain dementia (AGD) in 21.7% of patients who developed schizophrenia and delusional
disorder after 40 years of age. Similarly, both DLB and AGD were observed in 36.4%, moderate AD in
18.2%, and mild AD in 9.1% of patients who developed these symptoms after 65 years of age [5]. In this
case, in addition to the patient’s advanced age, she had a history of visual hallucinations and mild
muscle rigidity was observed; therefore, dementing disorders were considered.

Symptoms of DLB include progressive cognitive impairment that interferes with daily life activities,
�uctuation of cognitive functions, visual hallucinations, and parkinsonism [6]. Other features include
decreased dopamine transporter uptake in the basal ganglia and decreased iodine uptake in MIBG
myocardial scintigraphy [6]. When the rate of optical illusion response is 2.5% or more, the reported
sensitivity and speci�city of distinguishing DLB and Alzheimer’s disease (AD) are 71% and 80%,
respectively [7]. In this case, �ndings related to DLB, such as a history of visual hallucinations, muscle
rigidity, and a high illusion response rate (5%), were observed. However, the patient did not exhibit
progressive decline in cognitive function that interfered with her daily life, even though it is an essential
symptom for a diagnosis of DLB. She also did not exhibit �uctuations in her cognitive function
(especially in attention/concentration), another core characteristic of DLB. Furthermore, DAT imaging
revealed no decrease in dopamine transporter uptake, and MIBG myocardial scintigraphy indicated no
decrease in iodine uptake. From these results, DLB was considered to be unlikely.

AGD is a disease based on the pathological de�nition reported by Braak et al. in 1987 [8]. Generally, AGD
has the following clinical features: 1) onset in old age; 2) initial symptoms of memory loss, after which
behavioral and psychological symptoms such as stubbornness, irritability, persecutory delusion,
character change, and violent behavior may be observed; 3) slow progression; 4) limited effect of
cholinesterase inhibitors; 5) morphologic imaging showing medial lateral atrophy of the anterior temporal
lobe, centered on the ambient gyrus, with laterality; 6) functional imaging showing a decrease in the
medial aspect of the temporal lobe with laterality; and 7) normal concentrations of amyloid β1-42, t-tau,
and phosphorylated tau [9-11]. In this case, late onset, slow progression of the disease, and persecutory
delusion were consistent with the characteristics of AGD. However, the patient did not exhibit
stubbornness, irritability, character change, or violent behavior. In addition, brain morphology and
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functional imaging data were inconsistent, and an elevated t-tau concentration suggested that AGD was
unlikely.

As there was no progressive decline in cognitive function in this case, the possibility of AD was low;
however, the cerebrospinal �uid �ndings required further attention. Decreased amyloid β and elevated t-
tau concentrations are used to diagnose or predict the prognosis of AD [12]. However, the measurement
of these markers varies depending on the diagnostic technology and the facility [13]. Based on the results
of t-tau measurement using ELISA in 1,031 patients (consisting of 366 with AD, 168 with non-AD
dementia, 316 with non-dementia neurological diseases, and 181 healthy controls), the sensitivity and
speci�city for AD were 59.1% and 89.5%, respectively, with a cutoff concentration of t-tau set at >375
pg/mL [14]. In our case, the t-tau concentration was 488 pg/mL, higher than the aforementioned cutoff
value. Elevated tau protein levels are thought to re�ect changes in neuro�brils and neuronal cell death
[12]. It has been reported that cerebrospinal �uid biomarkers matched the characteristics of AD in 36% of
older participants without cognitive impairment [15]. Therefore, even in the absence of apparent cognitive
decline, it is possible that cerebrospinal �uid biomarkers may be present at abnormal concentrations if
histological changes are under way. The patient in this case was not clinically diagnosed with AD,
although the neuropathological �ndings suggested that neuro�brillary tangles and neuronal death, which
are characteristic of AD, might have been present.

Regarding pharmacotherapy for late-onset schizophrenia, the use of atypical antipsychotics is
recommended, although the recommendation is not based on the highest levels of evidence such as from
randomized controlled trials or meta-analyses. Risperidone (1.25-3.5 mg/day) is recommended as the
�rst-line drug for late-onset schizophrenia, and quetiapine (100-300 mg/day), olanzapine (7.5-
15 mg/day), and aripiprazole (15-30 mg/day) are recommended as second-line drugs [16]. These
recommendations are based on questionnaire-based surveys of American experts on their treatment of
older adults with mental illnesses, not on clinical evidence. It should be noted that, in our case, quetiapine
and aripiprazole did not clearly reduce the patient’s hallucinations/delusions, and risperidone, the
recommended �rst-line drug, was effective in treating these symptoms.

This case was identi�ed as late-onset schizophrenia based on clinical symptoms, imaging results, and
neuropsychological �ndings, and treatment with risperidone was effective. However, neuropathologically,
it is possible that lesions indicative of a dementing disorder were present. Late-onset schizophrenia
should be treated based on an appropriate differential diagnosis, with consideration of dementing
disorders as possible comorbidities.
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Figure 1

Brain structure imaged by T1-weighted magnetic resonance images of the patient’s head. a. The
horizontal section reveals atrophy of the cerebral cortex (I), dilation of the ventricles (II), and infarct
lesions in the basal ganglia (III) and thalamus (IV). b. The coronal section reveals no hippocampal (V)
atrophy.

Figure 2
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Single-photon emission computed tomography of the patient’s brain using an easy Z-score imaging
system The blood �ow in the temporoparietal junction, precuneus, posterior cingulate gyrus, and occipital
lobe is poor. The regions of poor blood �ow that are characteristic of Alzheimer’s disease (the anterior
cingulate cortex, precuneus, and parietal lobe) are indicated using dashed lines.

Figure 3

123I-io�upane dopamine transporter imaging The images show an increase in 123I-io�upane
accumulation, with a comma‐shaped pattern, and mild laterality (left > right). The speci�c binding ratio in
the striatum was 5.51 on the right, 6.22 on the left, and 5.87 on average. The asymmetry index was
12.1%.
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Figure 4

123I-meta-iodobenzylguanidine (MIBG) myocardial scintigraphy No decrease in myocardial MIBG
accumulation was observed in either early or late images. Early image: heart, 67.2 counts/pixel;
mediastinum, 34.5 counts/pixel; heart-to-mediastinum (H/M) ratio, 2.74 (standardized medium energy
(ME), standardized reference value ≥2.2); Delayed image: heart, 43.7 counts/pixel; mediastinum, 22.5
counts/pixel; H/M ratio, 2.74 (standardized ME, standardized reference value ≥2.2).
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Figure 5

Clinical course and treatment of the patient’s psychiatric symptoms


