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ABSTRACT
Objective: Establishing structural imaging correlates of psychosis symptoms in
Alzheimer’s disease (AD) could localise pathology and target symptomatic treatment;
this

study

investigated

whether

psychosis

symptoms

are

associated

with

visuoperceptual or frontal networks, and whether any observed brain volume
differences can be attributed to the paranoid (persecutory delusions) or misidentification
(misidentification phenomena and/or hallucinations) subtypes.
Methods: 104 patients with probable AD (AddNeuroMed; 47 psychotic, 57 non -psychotic) were followed up for at least one year, with structural MRI data acquired at
baseline. Presence and subtype of psychosis symptoms were established using the
Neuropsychiatric Inventory. Volume and cortical thickness measures in visoperceptual
and frontal networks were explored using multivariate analyses to compare by both a
global (psychotic versus not) and subtype --specific approach, adjusting for potential
confounding factors.
Results: There was a significant main effect of psychosis subtypes on the ventral visual
stream region of interest (F30,264=1.65, p=0.021, np2=0.16). This was explained by
reduced left parahippocampal gyrus volume (F1,97 = 11.1, p = 0.001, np2 = 0.10). When
comparisons were made across psychosis subtypes, left parahippocampal volume
reduction remained significant (F7,95=3.94, p=0.011, np2=0.11), and was greatest in the
misidentification and mixed subtypes.
Conclusions: These findings implicate the ventral visual stream in psychosis in AD,
consistent with integrative theories regarding origins of psychosis, and provide further
evidence for a role in the misidentification subtype. Specifically, reduced volume in the
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parahippocampal gyrus is implicated in misidentification delusion formation, which we
hypothesise is due to its role in context attribution.

INTRODUCTION
Psychosis symptoms (delusions and hallucinations) occur in 41% of people with
Alzheimer’s disease (AD), manifest early in the disease and are associated with
accelerated decline. The functional anatomy of delusions in AD remains poorly
understood, and there is a clinical imperative to further elucidate the pathophysiology of
the psychosis endophenotype.1 Previously we have shown increased striatal D2/3
receptor availability and poorer performance on the Rapid Visual Processing (RVP) test
of sustained attention in AD patients with psychotic symptoms, consistent with data from
young adults with schizophrenia, and supportive of corticostriatal dopaminergic network
involvement.2,3 In a subsequent prospective study, we found reduced accuracy of
performance on RVP and Incomplete Letters test from the Visual Object and Space
Perception (VOSP) Battery in those with psychotic symptoms in AD, implicating the
ventral visual pathway in addition to attentional networks.4 When psychotic patients
were separated on the basis of paranoid (delusions of persecution and abandonment)
and misidentification (misidentification phenomena and/or hallucinations) subtypes,
poorer performance was largely explained by the misidentification subtype. Establishing
whether this cognitive profile is underpinned by early volume loss, indicative of
neuropathological change, forms the basis of the current investigation.
This study aimed to test the hypothesis that AD patients with misidentification symptoms
would have lower volume and/or thickness in brain regions which are functionally
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connected to the ventral visual pathway, compared to paranoid and non -- psychotic
groups. As several studies have reported more ‘frontal’ dysfunction in AD patients with
psychotic symptoms,1 we also conducted an exploratory analysis in frontal regions.

METHODS
Sample
Participants with possible or probable AD, with baseline MRI and carer -- rated
Neuropsychiatric Inventory (NPI)5 data, were identified from the AddNeuroMed cohort.6
Verbal and written informed consent was obtained from participant, or carer in those
who lacked capacity. Study protocols were approved by relevant ethical committees.
Demographic and clinical data was collected at baseline, and three, six, nine and 12
month follow up. Patients were classified as ‘psychotic’ if delusions or hallucinations
were rated ‘present’ on NPI at baseline or any follow up visit over the one year follow up
period, with no threshold cut off for frequency x severity, as described previously.2-4 For
the subtype analysis, ‘paranoid’ and ‘misidentification’ subtypes were defined as
described in Table 1, based on the classification used by Cook et al.7 Patients who
experienced both types of symptoms, were categorised as ‘mixed’.
MRI Regions of Interest
AddNeuroMed MRI data was acquired as previously described.8 All cortical volumes
were normalized by total intracranial volume. Regions of interest (ROI) for
visuoperceptual and frontal cortical networks (detailed in Table 3) were chosen from
available measures of cortical volume and thickness.
Statistical analyses
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Statistical analyses were carried out using SPSS 19 (www.spss.com). Between -- group
differences in demographic data were analysed using analysis of variance (ANOVA),
Kruskal Wallis and chi -- squared tests.

Hypothesis testing was carried out using

multiple analysis of covariance (MANCOVA). Each model included multiple dependent
variables for either ventral visual or frontal cortical regions. Psychosis subtypes (non -psychotic, paranoid, misidentification, mixed) and baseline medication (cognitive
enhancers) were included as fixed factors and age, duration of illness and ADAS – cog
(all measured at baseline) as covariates. Where a MANCOVA resulted in a significant
main effect (p<0.05), data were submitted to separate ANCOVAs. As the analysis was
hypothesis driven, no correction was made for multiple pairwise comparisons.

RESULTS
Demographic and clinical characteristics
104 patients were studied (age 74.9 +- 5.9 years; 34 men (32.7%); MMSE 20.8 +- 4.7);
47 (45.2%) of the sample had psychotic symptoms recorded at any one of the follow up
visits; and 30 (28.8%) participants at baseline. Demographic and clinical data are shown
in Table 2. Age and ADAS -- cog score differed significantly between groups. Patients
in the non -- psychotic and misidentification groups were younger and had better ADAS
-- cog performance than those with paranoid or mixed -- type symptoms.
Hypothesis -- driven analysis
Initial analysis by MANCOVA compared psychotic to non -- psychotic groups. There
was a significant effect in the ventral visual stream for volume (F10,88 = 2.1, p = 0.036,
np2 = 0.19). ANCOVAs of individual ROIs showed significant effect for volume of left
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parahippocampal gyrus (mean regional cortical volume, normalised for total intracranial
volume +-SD; 12.7 x 10-4 +-2.5 x 10-4 in non -- psychotic, compared to 10.6 x 10-4 +-2.3
x 10-4 in psychotic participants; F1,97 = 11.1, p = 0.001, np2 = 0.10), and left lingual gyrus
(35.2 x 10-4 +-7.0 x 10-4 in non -- psychotic, compared to 31.9 x 10-4 +-7.0 x 10-4 in
psychotic participants; F1,97 = 5.6, p = 0.020, np2 = 0.05). There was no significant effect
for cortical thickness in ventral visual stream (F10,89 = 1.5, p = 0.143, np2 = 0.15) or
volume or thickness in frontal cortical ROI (F8,89 = 1.3, p = 0.244, np2 = 0.11; F8,91 = 0.4,
p = 0.910, np2 = 0.04 respectively).
As a significant effect had been found for the ventral visual stream ROI for volumes,
further comparison was done by subtype, see Table 3. There was a significant main
effect of psychosis subtype on ventral visual stream (F30,264=1.65, p=0.021, np2=0.16).
ANCOVAs of individual ROIs showed a significant effect in relation to left and right
parahippocampal gyri (F3,95 = 3.9, p =0.011, ηp2 = 0.11; F3,95 = 3.8, p =0.012, ηp2 =
0.11), but were not significant for other regions. Post -- hoc pairwise comparisons
showed significantly lower left parahippocampal volume in misidentification (p = 0.011)
and mixed (p = 0.008) groups, but not in the paranoid group (p=0.093), compared to the
non -- psychotic group, and significantly lower right parahippocampal volume only in the
mixed group (p=0.002).

DISCUSSION
This study supports our primary hypothesis that volume loss would be seen in the
ventral visual pathway in patients with psychosis and would be greatest in those with
misidentification phenomena. The ventral visual stream is commonly thought of as the
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‘what’ pathway of visual processing and includes the fusiform face area, the extrastriate
body area, and the parahippocampal gyrus.9 The parahippocampal gyrus is considered
to have a role in context memory, processing both the spatial and temporal context of
visual information (remembering when or where something was seen before).10 It is the
parahippocampal gyrus which is implicated by our findings, as differences in ventral
stream volume between psychotic and non -- psychotic patients were largely accounted
for by reduced volume in left parahippocampal gyrus, most markedly so in those with
misidentification symptoms. In contrast to earlier studies,11,12 we did not find any
significant difference in frontal cortical networks between psychotic and non-psychotic
groups. As it appears that frontal atrophy may associate with misidentification
delusions,11,13 it is possible that any such changes were not detected in this initial
comparison due to the small number of individuals with misidentification-type symptoms
in the psychotic group, or due to the relatively early stage of disease. The finding of leftsided changes is also in contrast to previous literature, but is similar to previous study of
delusions in the AddNeuroMed cohort.14 Reduced volume of left parahippocampal gyrus
has been previously demonstrated in patients with schizophrenia, 15 and in temporal lobe
epilepsy with psychosis.16 As noted in previous studies imaging studies in AD, it is
possible that measures of volume (being measured in more than one dimension) are
more sensitive to earlier stages of atrophy, particularly in more complex structures.17
The study was limited by small sample size in the subtype analysis, and the number of
statistical comparisons which increased the possibility of type 1 error; as described, the
p values quoted have not been corrected for multiple comparisons. However, our
primary analysis was hypothesis driven and we restricted subtype analysis to networks
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which showed significant differences between psychotic and non -- psychotic groups.
As previously noted, both age and ADAS – cog showed significant differences between
groups. While we have included these as covariates in modelling, they remain
potentially confounding factors.
Due to the small numbers in this study, we have not further divided the
‘misidentification’ and ‘mixed’ group to explore how hallucinations affected results or the
impact of gender. This is an area that could be considered in further study in a larger
group. We also cannot completely rule out the possibility that a proportion of patients in
misidentification or mixed groups may have undiagnosed Lewy Body dementia, given
the occurrence of hallucinations at such an early stage. Greater pathology has certainly
been demonstrated in the parahippocampus in those with visual hallucinations in Lewy
Body dementia.18 In the current study we were also limited to the brain regions available
in the pre-existing data set. A prospective study would allow the ventral visual steam to
be explored in more detail, and in addition to using segregated topographical regions,
could provide an opportunity to explore the findings of this study from a hodological
perspective.
Contemporary theories suggest that delusion formation requires the presence of a
‘neuropsychological’ impairment that prompts the delusional belief and further disruption
in belief evaluation mechanisms that would otherwise cause the delusional belief to be
rejected.19 We would suggest that loss of volume in parahippocampal gyri, reflecting an
impaired ability to correctly attribute context to visual information, may contribute to
formation of misidentification delusions in AD. This will be investigated prospectively in
future studies.

McLachlan 10

References
1) Reeves SJ, Gould RL, Powell JF, Howard RJ (2012) Origins of delusions in
Alzheimer's disease. Neurosci Biobehav Rev 36(10): 2274-2287
2) Reeves S, Brown R, Howard R, Grasby P (2009) Increased striatal dopamine
(D2/D3) receptor availability and delusions in Alzheimer disease. Neurology
72(6): 528-534
3) Reeves S, Mehta M, Howard R, Grasby P, Brown R (2010) The dopaminergic
basis of cognitive and motor performance in Alzheimer's disease. Neurobiol Dis
37(2): 477-482
4) Reeves S, Clark-Papasavas C, Gould RL, Ffytche D, Howard R (2015) Cognitive
phenotype of psychotic symptoms in Alzheimer’s disease: evidence for impaired
visuoperceptual function in the misidentification subtype. Int J Geriatr Psychiatry
30(12):1147-1155
5) Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J
(1994)

The

Neuropsychiatric

Inventory:

Comprehensive

assessment

of

psychopathology in dementia. Neurology 44(12): 2308-2314
6) Lovestone S, Francis P, Strandgaard K, on behalf of the AddNeuroMed
collaborative group (2007) Biomarkers for disease modification trials—the
innovative medicines initiative and AddNeuroMed. J Nutr Health Aging 11(4):
359–361
7) Cook SE, Miyahara S, Bacanu SA, Perez-Madriñan G, Lopez OL, Kaufer DI,
Nimgaonkar VL, Wisniewski SR, DeKosky ST, Sweet RA (2003) Psychotic

McLachlan 11

symptoms in Alzheimer disease: evidence for subtypes. Am J Geriatr Psychiatry
11(4):406-413
8) Simmons A, Westman E, Muehlboeck S, Mecocci P, Vellas B, Tsolaki M,
Kłoszewska I, Wahlund LO, Soininen H, Lovestone S, Evans A, Spenger C
(2009) MRI measures of Alzheimer's disease and the AddNeuroMed study. Ann
N Y Acad Sci 1180: 47–55
9) Grill-Spector K, Malach R (2004) The human visual cortex. Annu Rev Neurosci
27:649-677
10) Eichenbaum H, Lipton PA (2008) Towards a functional organization of the medial
temporal lobe memory system: Role of the parahippocampal and medial
entorhinal cortical areas. Hippocampus 18(12):1314-1324
11) Förstl H, Besthorn C, Burns A, Geiger-Kabisch C, Levy R, Sattel A (1994)
Delusional misidentification in Alzheimer's disease: a summary of clinical and
biological aspects. Psychopathology 27(3-5):194-199
12) Lee DY, Choo IH, Kim KW, Jhoo JH, Youn JC, Lee UY, Woo JI (2006) White
matter changes associated with psychotic symptoms in Alzheimer's disease
patients. J Neuropsychiatry Clin Neurosci 18(2):191-198
13) Darby RR, Laganiere S, Pascual-Leone A, Prasad S, Fox MD (2017) Finding the
imposter: brain connectivity of lesions causing delusional misidentifications. Brain
140(2):497-507
14) Whitehead D, Tunnard C, Hurt C, Wahlund LO, Mecocci P, Tsolaki M, Vellas B,
Spenger C, Kłoszewska I, Soininen H, Cromb D, Lovestone S, Simmons A

McLachlan 12

(2012) Frontotemporal atrophy associated with paranoid delusions in women with
Alzheimer's disease. Int Psychogeriatr 24(1):99-107
15) Razi K, Greene KP, Sakuma M, Ge S, Kushner M, DeLisi LE (1999) Reduction of
the parahippocampal gyrus and the hippocampus in patients with chronic
schizophrenia. Br J Psychiatry 174(5):512-519
16) Sundram F, Cannon M, Doherty CP, Barker GJ, Fitzsimons M, Delanty N, Cotter
D (2010) Neuroanatomical correlates of psychosis in temporal lobe epilepsy:
voxel-based morphometry study. Br J Psychiatry 197(6):482-492
17) Liu Y, Paajanen T, Zhang Y, Westman E, Wahlund LO, Simmons A, Tunnard C,
Sobow T, Mecocci P, Tsolaki M, Vellas B, Muehlboeck S, Evans A, Spenger C,
Lovestone S, Soininen H (2010) Analysis of regional MRI volumes and
thicknesses as predictors of conversion from mild cognitive impairment to
Alzheimer's disease. Neurobiol Aging 31(8):1375-1385
18) Harding AJ, Broe A, Halliday M (2002) Visual hallucinations in Lewy body
disease relate to Lewy bodies in the temporal lobe. Brain 125(Pt 2): 391-403
19) Coltheart M (2010) The neuropsychology of delusions. Ann N Y Acad Sci 1191:
16-26

McLachlan 13

Table 1: Description and Classification of Psychotic Symptoms (n= 47): Neuropsychiatric Inventory (NPI)
Domain

Content

Number (%) of psychotic patients
who have experienced symptoms
over the course of one year

Delusions

1 In danger/others are planning to hurt him/her P

23 (48.9)

2 Others are stealing from him/her P

25 (53.2)

3 Spouse is having an affair P

9 (19.1)

7 Family members plan to abandon him/her P

5 (10.6)

4 Unwelcome guests are staying in his/her house M

14 (29.8)

5 His/her spouse or others are not who they claim to be M

10 (21.3)

6 His/her house is not his/her own M

8 (17.0)

8 Television/magazine figures are present in his/her home M

3 (6.4)

He/she can hear voices M

15 (31.9)

Talks to people who are not there M

13 (27.7)

Seeing things not seen by others M

16 (34.0)

Smells odours not smelled by others

3 (6.4)

Feel things on his/her skin

4 (8.5)

Tastes without known cause

3 (6.4)

Any other unusual sensory experiences

10 (21.3)

Hallucinations

Content taken from items listed in the delusions and hallucinations domains of the NPI
P items included in the paranoid subtype

M Items included in the misidentification subtype

Table 2: Demographic and Clinical Characteristics of Psychosis Subtypes at baseline
Non-Psychotic
(n = 57)

Paranoid
(n = 15)

Misidentification
(n= 10)

Mixed
(n = 22)

Test df, p value

Mean (SD) age (years)

73.4 (5.8)

77.5 (4.8)

74.8 (6.1)

76.9 (5.7)

ANOVA, F3,100 =3.2, p=0.03

Number (%) men

21 (36.8)

4 (26.7)

2 (20)

7 (31.8)

x, 3 df, p=0.70

Mean (SD) duration of
illness (years)

3.4 (2.5)

2.6 (1.8)

2.8 (2.6)

4.0 (2.9)

Kruskal Wallis, 3 df, p=0.43

Mean (SD) MMSE

21.3 (4.8)

19.9 (4.2)

21.9 (4.0)

19.7 (5.1)

Kruskal Wallis, 3 df, p=0.39

Mean (SD) ADAS-cog*

21.9 (9.0)

26.9 (9.5)

23.8 (12.0)

28.9 (10.5)

ANOVA, F3,100=3.2 p=0.03

Number (%) prescribed
cholinesterase inhibitor
and/or memantine

44 (77.2)

10 (66.7)

9 (90.0)

21 (95.5)

x, 3 df, p=0.11

Number (%) prescribed
antipsychotic medication

2 (3.5)

0 (0)

1 (10)

2 (9.1)

x , 3 df, p=0.43

Neuropsychiatric
Inventory: Mean total
score for delusions and
hallucinations (SD)

-

2.5 (2.1)

2.6 (2.3)

3.4 (2.4)

Kruskal Wallis, 2 df, p=0.38

ADL (total score)

54.0 (14.0)

52.9 (7.6)

46.8 (20.4)

44.5 (19.1)

Kruskal Wallis, 3 df, p=0.13

*Higher score = poorer performance
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Table 3. Multivariate analysis of regional cortical volume (normalised for total intracranial volume) across psychosis
subtypes
Regions

Nonpsychotic
(n = 56)

Paranoid
(n = 15)

Misidentification
(n = 10)

Mixed
(n = 22)

Subtype analysis
Fdf, p, ηp2

Visuoperceptual
(ventral visual stream)
Left entorhinal cortex

9.2 (3.5)

8.8 (3.1)

9.4 (3.7)

7.5 (2.5)

F7,95=0.48, p=0.700, np2=0.02

Right entorhinal cortex

9.4 (2.5)

9.3 (2.5)

10.0 (6.0)

7.8 (2.0)

F7,95=1.09, p=0.358, np2=0.03

Left parahippocampal gyrus

12.7 (2.5)

11.2 (2.3)

10.3 (3.1)

10.4 (1.8)

F7,95=3.94, p=0.011, np2=0.11

Right parahippocampal gyrus

11.6 (2.7)

11.1 (1.8)

12.0 (3.4)

9.3 (1.3)

F7,95=3.82, p=0.012, np2=0.11

61.2 (11.1)

57.7 (7.1)

54.8 (12.2)

F7,95=1.17, p=0.324, np2=0.04

Right lateral occipital cortex

60.3 (8.6)

59.9 (7.7)

55.8 (10.1)

60.0
(12.3)
58.0
(10.4)

Left fusiform gyrus

49.7 (9.0)

48.9 (7.0)

45.3 (5.1)

47.2 (9.2)

F7,95=0.98, p=0.406, np2=0.03

Right fusiform gyrus

47.4 (8.0)

47.2 (7.6)

45.7 (6.7)

42.8 (6.5)

F7,95=2.50, p=0.064, np2=0.07

Left lingual gyrus

35.2 (7.0)

31.2 (5.3)

31.6 (10.9)

32.6 (6.0)

F7,95=1.92, p=0.131, np2=0.06

Right lingual gyrus

34.6 (5.4)

31.6 (6.0)

30.3 (9.1)

32.0 (4.8)

F7,95=1.58, p=0.199, np2=0.05

Left lateral occipital cortex

F30,264=1.65, p=0.021, np2=0.16

F7,95=0.82, p=0.488, np2=0.03

All volumes (SD) x 10-4
F ratio, p value and ηp2 values are presented for each MANCOVA, adjusting for age, illness duration, and
baseline ADAS-COG. Medication status was included as a fixed factor.
MANCOVA for ventral visual stream thickness was not significant (F 10,89 = 1.5, p = 0.143, np2 = 0.15), nor
were MANCOVA for frontal cortical ROI (rostral and caudal anterior cingulate cortex, rostral middle frontal
gyrus and medial orbitofrontal cortex) for volume or thickness (F8,89 = 1.3, p = 0.244, np2 = 0.11; F8,91 =
0.4, p = 0.910, np2 = 0.04 respectively)

