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INTRODUC TION

Dementia with Lewy bodies (DLB) is a frequent neurocognitive 
disease with key features such as hallucinations, cognitive and 

alertness fluctuations, rapid eye movement (REM) sleep behav-
ior disorder (RBD), and parkinsonism [1]. In addition to these key 
characteristics, other symptoms have been described, such as de-
pression and anxiety at the behavioral level and constipation and 

Received: 12 December 2022  | Accepted: 6 April 2023

DOI: 10.1111/ene.15829  

O R I G I N A L  A R T I C L E

Neural correlates of photophobia in prodromal and mild 
dementia with Lewy bodies

Alice Tisserand1,2 |   Benjamin Cretin1,3  |   Mary Mondino1 |   Anne Botzung1,2 |   
Lea Sanna2 |   Catherine Demuynck2 |   Pierre Anthony4 |   Candice Muller2 |   
Olivier Bousiges1,5 |   Nathalie Philippi1,3 |   Frédéric Blanc1,2

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.

1ICube Laboratory UMR 7357 and FMTS 
(Fédération de Médecine Translationnelle 
de Strasbourg), IMIS team and IRIS 
platform, University of Strasbourg and 
CNRS, Strasbourg, France
2CM2R (Research and Resources 
Memory Center), Geriatric Day Hospital, 
Geriatrics Division, University Hospitals of 
Strasbourg, Strasbourg, France
3CM2R, Neuropsychology Unit, Neurology 
Department, Head and Neck Division, 
University Hospitals of Strasbourg, 
Strasbourg, France
4CM2R, Geriatric Day Hospital, Geriatrics 
Division, Civil Hospitals of Colmar, Colmar, 
France
5Laboratory of Biochemistry and 
Molecular Biology, University Hospital of 
Strasbourg, Strasbourg, France

Correspondence
Frédéric Blanc, CM2R, Geriatric day 
hospital, Geriatric division, 21 rue David 
Richard, 67000 Strasbourg, France.
Email: f.blanc@unistra.fr

Funding information
Projet Hospitalier de Recherche 
Clinique (PHRC) inter-régional (IDRCB 
2012-A00992-41)

Abstract
Background and objectives: Photophobia is a sensory disturbance provoked by light. 
Little is known about the association between photophobia and dementia with Lewy 
bodies (DLB). In this study, we aimed to identify the frequency and the neural basis of 
photophobia in prodromal and mild DLB.
Methods: One hundred and thirteen DLB patients, 53 Alzheimer's disease (AD) patients, 
20 AD and DLB patients, 31 patients with other neurocognitive diseases (including pro-
dromal and mild demented patients), and 31 healthy elderly controls were included in this 
case–control study. Photophobia was systematically looked for and compared between 
groups. Among a selection of 77 DLB patients, we used voxel-based morphometry (VBM) 
to compare those with and those without photophobia (gray matter volume; SPM12, 
XjView, and Matlab R2021b software).
Results: The frequency of photophobia was higher in the DLB group (47.3%) than in the 
other groups (p = 0.002). The photophobia questionnaire score was higher in the DLB 
group than in the AD group (p = 0.001). Comparison between DLB patients with and those 
without photophobia showed decreased gray matter in the photophobia subgroup, in the 
right precentral cortex, in the eyelid motor region of Penfield's homunculus (p = 0.007, 
family-wise error [FWE] corrected).
Conclusions: Photophobia is a quite frequent symptom of prodromal and mild DLB. The 
neural basis of photophobia in DLB involves the right precentral cortex, which could have 
a role in the decrease of cerebral excitability, but also the motricity of the eyelids.
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orthostatic hypotension at the neurovegetative level [2]. Recently, 
in the MEMENTO cohort study, we described new symptoms in the 
prodromal stage of DLB, such as rhinorrhea, sicca syndrome, and 
photophobia [3]; in this cohort, photophobia was present in 36.3% 
of patients.

Photophobia is a sensory disturbance provoked by light, and 
known since 1856 to be associated with the nervous system and in 
particular the trigeminal nerve [4]. Photophobia was first associated 
with ophthalmological diseases, such as lesions of the cornea, and 
subsequently with neurologic and neurogeriatric conditions, such as 
migraine [5], blepharospasm [6], and progressive supranuclear palsy 
(PSP) [7]. Photophobia, present in 43%–100% of PSP patients [8], 
appears to cause a reduction in quality of life, with an impact on out-
door activities [9]. Photophobia has been very rarely studied in other 
neurocognitive diseases. In a study of six patients with Alzheimer's 
disease and six with Parkinson's disease, photophobia was described 
in all patients [10]. In a larger study of 525 PD patients, the propor-
tion of photophobia is not precisely described but visual symptoms 
present in 63 patients (12%) included photophobia [11]. The neural 
basis of photophobia is unclear. Recently, activation of the posterior 
thalamus by optogenetic techniques in mice has induced photopho-
bic behavior [12]. The thalamus has already been described as af-
fected in DLB both functionally [13, 14] and structurally [15, 16], and 
in particular in the pulvinar [17].

We hypothesized that DLB patients could have photophobia 
frequently and that it could be related to thalamic atrophy. Thus, 
our goal was to clarify the frequency of photophobia in DLB com-
pared to other neurocognitive diseases, such as Alzheimer's disease 
(AD), and to better understand the neural basis of photophobia using 
voxel-based morphometry (VBM).

PARTICIPANTS AND METHODS

Study design and participants

AlphaLewyMA is a longitudinal study, whose aim is to search for 
biomarkers of DLB, taking place in the tertiary memory clinic 
named “Centre Mémoire de Ressources et de Recherche” (CM2R) 
of Strasbourg and Colmar, France [18]. All patients enrolled in the 
AlphaLewyMA study had been referred to experienced neurologists 
and geriatricians of the CM2R for cognitive or behavioral complaints 
by their specialist, their local memory clinic, or their general practi-
tioner. Healthy elderly controls (HC) were recruited among friends 
and relatives of the patients or via the listing of controls of the 
local clinical investigation center. Patients and HC underwent the 
following: a standardized screening protocol including medical his-
tory, various questionnaires including one on photophobia, physical 
and neurological examinations, neuropsychological tests including 
Mini-Mental State Examination (MMSE), brain MRI, and blood and 
cerebrospinal fluid (CSF) collection. Features of parkinsonism were 
evaluated using the Unified Parkinson's Disease Rating Scale Part III 
(UPDRS-III): akinesia, rigidity, and tremor at rest (rated from 0 for no 

symptoms to 4 for severe symptoms). Fluctuations were assessed 
with the Mayo Clinic fluctuations scale [19]. The Parkinson's disease-
associated psychotic symptoms questionnaire was used to evaluate 
the presence of hallucinations [20]. RBD was evaluated using a sleep 
questionnaire on RBD from the publication by Gjerstad et al. [21], 
simplified into two questions for the patient and the caregiver: one 
concerning movements during sleep, the second concerning vivid 
dreams and nightmares. Photophobia was assessed with a three-
level questionnaire (0 = normal sensitivity to light, 1 = occasional 
photophobia or with only certain types of light, 2 = permanent pho-
tophobia or with all types of light). Data were collected at three 
time points, each year during the 2-year follow-up. We considered 
photophobia to be present when patients responded positively to 
the questionnaire about photophobia at least once out of the three 
visits. A systematic questioning on new health problems is carried 
out every year, including ophthalmic diseases, with the aim to avoid 
bias about photophobia due to eye diseases.

Patients with prodromal DLB or DLB dementia were selected 
according to McKeith's criteria [1, 22]. Patients with prodromal AD 
or AD dementia were selected according to Dubois' criteria [23]. 
Patients were considered to have DLB and AD if they met both the 
Dubois criteria and the McKeith criteria concurrently. For example, 
a patient with memory storage disorders, a CSF in favor of AD, and 
two of the four clinical criteria for DLB was considered to have both 
DLB and AD. A total of 247 participants were included in this study: 
110 DLB patients (DLB group), 57 AD patients (AD group), 19 DLB 
and AD patients (DLB + AD group), 30 diseased control patients (DC 
group), and 31 HC (HC group). The DC group consisted of patients 
originally included in the study with cognitive disorders as found in 
AD and DLB who, after a follow-up in the study, were found to have 
neither AD nor DLB. The DC group had various diagnoses, defined 
according to international criteria. All participants provided written 
informed consent for the study in accordance with the Declaration 
of Helsinki, and the study was approved by the Ethics Committee of 
East France (IV).

Neuroimaging study

We used VBM to investigate the neuroanatomical correlates of 
photophobia in 77 of the 110 DLB patients. These 77 patients 
were selected because they had participated in all three visits dur-
ing the 2 years. Presence of photophobia at any time point was 
scored 1 and its absence was scored 0, using the photophobia 
questionnaire (see earlier). Each of these patients had undergone 
a high-resolution anatomical MRI scan at inclusion. T1-weighted 
three-dimensional anatomical images were obtained using a 3 T MRI 
scanner (Verio 32-channel Tim Siemens scanner; Siemens) using a 
volumetric magnetization-prepared rapid acquisition with gradi-
ent echo (MPRAGE) sequence (FOV = 256 × 256 mm2, image ma-
trix = 256 × 256, slice thickness = 1 mm, repetition time = 1900 ms, 
echo time = 2.52 ms, flip angle = 9°). VBM analyses included image 
preprocessing and statistical analyses. These steps were carried 
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out using the SPM12 software package (Wellcome Department of 
Imaging Neuroscience, London, UK; http://www.fil.ion.ucl.ac.uk/) 
running on Matlab R2021b (MathWorks). Anatomical MR images 
were spatially preprocessed using standard procedures [24]. All T1-
weighted structural images were first segmented, bias-corrected, 
and spatially normalized to the Montreal Neurological Institute (MNI) 
space using an extension of the unified segmentation procedure that 
includes six classes of tissue. The DARTEL registration toolbox was 
then used to build a study-specific template and to bring into align-
ment all the segmentation images. The VBM analysis was done on 
modulated gray matter (GM) images; that is, the GM value in each 
voxel was multiplied by the Jacobian determinant derived from the 
spatial normalization. This procedure preserves the total amount of 
GM from the original images. These modulated GM images were 
smoothed with a Gaussian kernel (FWHM, 8 mm). Analyses com-
pared DLB with photophobia and DLB without photophobia in terms 
of GM volume (SPM12 and XjView), including age and total intrac-
ranial volume as covariates, and thresholded at p < 0.05 corrected 
(family-wise error, FWE).

Statistical analysis

The Statistical Package for Social Sciences software (SPSS v. 27.0.0.0, 
http://www-01.ibm.com/softw​are/analy​tics/spss/) was used for 
further statistical evaluation as required. Where appropriate, differ-
ences in demographic and clinical data were assessed using para-
metric (ANOVA, t-tests) and nonparametric tests (Kruskall–Wallis H, 
Mann–Whitney U). Post-hoc analyses employed Tukey and Mann–
Whitney U for ANOVA and Kruskall–Wallis tests, respectively. For 
categorical measures, χ2 tests were applied. For each test statistic, a 
probability (p) value of <0.05 was regarded as significant.

RESULTS

Clinical results

A detailed description of the five groups is given in Table  1. The 
five groups were comparable in terms of educational level, gender, 
and handedness. The DC and HC groups were younger than the 
AD and DLB + AD groups; only the HC group was younger than the 
DLB group (F = 6.653, p < 0.001). The DC and HC groups had higher 
MMSE scores than the AD and DLB + AD groups; only the HC group 
had a higher MMSE score than the DLB group (F = 61.781, p < 0.001). 
The DLB and DLB + AD groups had higher rigidity UPDRS-III scores 
than the AD and HC groups (F = 51.150, p < 0.001). The DLB and 
DLB + AD groups had higher akinesia UPDRS-III scores than the 
AD and HC groups, and the DLB group had a higher score than 
the DC group (F = 54.148, p < 0.001). The DLB groups had a higher 
tremor UPDRS-III scores than the AD group (F = 9.876, p < 0.043). 
The Parkinson's disease-associated psychotic symptoms question-
naire score was higher in the DLB group when compared to the AD 

and HC groups and was higher in the DC group when compared to 
the AD group (H = 42.335, p < 0.001). The Mayo Clinic Fluctuations 
Scale score was higher in the DLB group than in the AD, HC, and DC 
groups. The RBD sleep questionnaire score was higher in the DLB 
group compared to the AD group but not when compared to the 
other groups (H = 22.780, p < 0.001). The number of prodromal DLB 
was 77, prodromal AD 29, and prodromal DLB + AD 5. 123I-FP-CIT 
SPECT (single-photon emission computed tomography) (dopamine 
transporter [DAT] scan) was conducted in 45 prodromal and mild 
DLB patients and we found dopamine transporter loss in 31 patients.

The frequency of photophobia was higher in the DLB group 
(47.3%) than in the other groups (AD group, 19.3%; DLB + AD group 
15.8%; DC group 30.0%; and HC group 35.5%; p = 0.002). The photo-
phobia questionnaire score was higher in the DLB group than in the 
AD group (p = 0.001) but was not higher than in the DLB + AD group 
(p = 0.060), the DC group, and the HC group (Table 1). We determined 
the reliability of our questionnaire by applying Cronbach's alpha for 
the 3 years: the alpha was 0.741. The diagnosis of patient in the DC 
group with photophobia status is given in Table S1. During the 2-year 
follow-up, in the DLB group 7 patients had ophthalmic disease: 3 pa-
tients had no photophobia (2 cataract surgeries and 1 retinal detach-
ment), 4 patients had photophobia (1 ectropion, 2 age-related macular 
degeneration [AMD], and 1 chronic glaucoma); in the AD group 5 
patients had ophthalmic disease: 3 without photophobia (1 AMD, 1 
chronic conjunctivitis, 1 chronic glaucoma) and 2 with photophobia (1 
bilateral blindness, 1 chronic uveitis); in the DLB + AD groups no pa-
tient developed eye disease; in the HC group 3 patients had ophthal-
mic disease all with photophobia (1 angle closure glaucoma, 1 AMD, 1 
unilateral blindness); and in the DC group 1 patient with photophobia 
developed an ophthalmic sarcoidosis and 1 without photophobia had 
bilateral AMD. No keratitis, iritis, blepharitis, or blepharospasm was 
noted whatever the group during the 2-year follow-up.

Neuroimaging results

Of the 77 DLB patients with brain MRI, 44% had photophobia. 
Comparison of the DLB subgroup with photophobia and the DLB 
subgroup without photophobia showed decreased GM in the sub-
group with photophobia, in the right precentral cortex (Brodmann 
area 9), in the eyelid motor region of Penfield's homunculus 
(p = 0.007, FWE-corrected, T = 5.34, k = 90 for the peak level, and 
p = 0.006, FWE-corrected for the cluster level). No other area was 
found with this correction. Figure 1 shows the precise localization of 
the precentral GM decrease.

DISCUSSION

This study confirms that photophobia exists in DLB, that it correlates 
clinically with the presence of hallucinations, and that structurally 
the difference between DLB with and without photophobia is in the 
precentral cortex.
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We showed that photophobia is quite a frequent neurosensory 
symptom in DLB, since it was present in 47.3% of patients. We had 
previously demonstrated in the MEMENTO cohort with prodromal 
DLB patients that the frequency of photophobia was slightly lower 
at 36.3% [3]. This difference may be explained by the fact that the 
present study included patients with mild cognitive impairment 
(MCI) and mild dementia, whereas the previous study included pa-
tients with subjective cognitive complaints and MCI, thus overall at 
an earlier stage. Moreover, photophobia is less common in AD: in the 
present study, the frequency was 19.3%.

Many studies suggest that photophobia in the context of mi-
graine is characterized by diffuse associative visual cortex abnor-
malities, possibly linked to thalamic structures [25]. In the same way, 
the neural basis of visual hallucinations in DLB almost systematically 
includes the associative visual cortex and frequently includes the cu-
neus [26, 27]. The main hypothesis is that visual areas are deficient 
and send false information (bottom-up phenomenon), and the infor-
mation is not recognized as abnormal because of a deficiency also of 
the frontal lobe (top-down phenomenon) [27]. Thus the visual sys-
tem, including the occipital cortex, could be the link between visual 
hallucinations and photophobia.

However, the comparison of the two DLB subgroups with and 
without photophobia did not find a difference in the visual cortex 
but in the right precentral cortex. Several mechanisms could explain 
photophobia in DLB. The first one would be an impairment of the 
trigeminovascular system, as described in migraine [28]. The second 
could be related to a possible blepharospasm secondary to DLB. The 
third one could be related to the eye directly. Indeed, photophobia 
is frequently associated with disorders of the eye such as iritis, uve-
itis, and blepharitis [29]. No such problem was identified in the DLB 
group, but there was one uveitis in the AD group, and one in the DC 
group (sarcoidosis) during the 2-year follow-up.

We found a proportion of photophobia of 35.5% in the elderly 
controls. In young subjects, using a question on gene by light, the 
proportion is also 35% according to a study on students without mi-
graine [30]. The lower proportion of photophobia in the DLB + AD 
group may be explained by the greater cognitive impairment 

(although not significant), or by a lesser awareness of the disorders 
anosognosia or anososodiaphoria, or by the fact that the associa-
tion of the two diseases may modify the symptomatology, rather on 
the side of the disappearance of symptoms that are frequent in the 
healthy subject than on the side of the appearance of a symptom.

The trigeminovascular system is a complex system with first-
order thalamus neurons located in the ventral posteromedial 
nucleus (VPM) that project to different parts of the cortex, in-
cluding the primary and secondary sensory cortex and the insula 
[31, 32]. These projections (the so-called pain matrix) are more 
likely to play a role in the perception of pain, and particularly the 
perception of a headache in migraine [32]. Noseda et al. iden-
tified, in the posterior thalamus of rats, units of neurons that 
responded to the stimulation of the dura and were in the ma-
jority of cases also photosensitive [28]. The cortical projections 
of dura/light-sensitive neurons include the somatosensory cor-
tex, the visual cortex, but also the primary and secondary motor 
cortex [28]. These cortex are part of the precentral cortex. This 
raises the question of a link between this motor system and the 
photophobia of DLB patients. Normally, the precentral cortex 
exhibits 20 Hz oscillatory activity that is essential for setting up 
proper levels of intracortical and thalamic inhibition [32]. In the 
context of DLB patients with photophobia, the decreased GM 
volume in the right precentral cortex could decrease the ability 
of this precentral cortex to govern cortical excitability and the 
activity of descending modulatory pathways. These differences 
between photophobia and non-photophobia have also been 
found in migraine patients in the premonitory phase: patients 
with photophobia had hyperactivation of the right precentral 
cortex [33].

Photophobia can also be considered as an autonomic nervous 
system symptom as is the case in Parkinson's disease, multiple sys-
tem atrophy, or PSP [34]. It is then often associated with a pupillo-
motor dysfunction [8]. We described this autonomic involvement in 
DLB in a previous article, where we demonstrated that DLB patients 
also had other early neurovegetative disorders, namely rhinorrhea, 
sicca syndrome, and constipation [3].

F I G U R E  1  Comparison between prodromal and mild dementia with Lewy bodies patients with and without photophobia, showing 
decreased gray matter concentration in the right precentral cortex in the photophobia subgroup. Sagittal, axial, and coronal views. Family-
wise error (FWE) corrected threshold p < 0.05, including age and total intracranial volume as nuisance covariates.

 14681331, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15829 by H

ôpitaux U
niversitaires de Strasbourg, W

iley O
nline L

ibrary on [05/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2220  |     TISSERAND et al.

The precentral region on the right that we detected as being de-
creased in GM volume corresponds to the motor activity of the face 
and particularly the eyes and eyelids according to Penfield's homun-
culus [35]. Photophobia in DLB could therefore be related to a motor 
dysfunction of the face. The patients would blink less or less well, 
which would promote the entry of light into the orbit and therefore 
result in discomfort.

CONCLUSIONS

This study confirmed the existence of photophobia in almost half of 
the prodromal and mild DLB patients. The neural basis of photopho-
bia in DLB involves the precentral cortex, which could have a role in 
the motricity of the eyelids, and the decrease of cerebral excitabil-
ity. The next step will be to evaluate brain MRI microstructural and 
functional changes in DLB patients to determine more precisely the 
brain areas involved in photophobia.
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