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Abstract
Background: Dementia with Lewy bodies (DLB) is the second most common degenerative dementia in
older people. However, rates of misdiagnosis are high, and little is known of its natural history and
outcomes. Very few previous studies have been able to access routine clinical information for large,
unbiased DLB cohorts in order to establish initial presentation, neuropsychological profile and mortality.
Objective: To examine in detail, symptom patterns at presentation and their association with outcomes,
including mortality, in a large naturalistic DLB cohort from a secondary care sample. Methods: A
retrospective cohort design was used to identify a DLB cohort (n = 251) from Cambridgeshire and
Peterborough NHS Foundation Trust (CPFT). Information relating to first consultation, diagnosis, and DLB
diagnostic features were extracted. Results: A wide range of presenting complaints and differential initial
diagnoses were identified for the cohort. Along with memory loss (27.1%) and hallucinations (25.4%), low
mood (25.1%) was noted as a key presenting complaint among the DLB cohort. Rates of REM sleep
disorder were considerably lower (8.4%) than would be expected. Deficits in non-amnestic cognitive
domains were associated with reduced mortality compared with amnestic-only presentations. Conclusion:
Individuals later diagnosed with DLB present initially to secondary care with a wide range of symptoms
and complaints, some of which are not immediately suggestive of a DLB diagnosis. More examinations of
large cohorts such as this are needed to further elucidate the complex presentation and clinical course of

DLB, and to confirm whether amnestic-only presentation confers a worse outcome.
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Introduction
Background

Despite reports that dementia with Lewy bodies (DLB) is the second commonest type of
degenerative dementia and accounts for 4-7% of dementia cases seen in secondary care [1, 2],
DLB is still largely under-diagnosed. There are several factors that likely contribute to the under-
diagnosis of DLB, including relative lack of awareness of clinicians of some of the diagnostic
features, failure to ask about these during patient assessment and a lack of appreciation of the many
and varied ways in which DLB can present [3]. The recently published fourth consensus report of
the DLB Consortium revised and broadened the clinical features required for probable and possible
DLB [4], increasing the number of key DLB feature to four by adding REM sleep behaviour
disorder (RBD) to fluctuating cognition, recurrent visual hallucinations and spontaneous
Parkinsonism. The Consortium also highlighted the importance of a number of supportive features
that can aid with clinical decision making for diagnosing probable and possible DLB, such as
repeated falls, urinary incontinence, anxiety and depression [4].

Previous research has shown that as well as greater mortality and poorer outcomes [5-9],
DLB also has a distinct neuropsychological profile compared to AD, despite the overlap in
symptom profiles. It has been acknowledged that DB patients can have more complex clinical
presentations due to symptoms such as visual hallucinations and sleep disorders. In an assessment
of one of the largest published DLB cohorts (n = 634), Fereshtehnejad and colleagues [10] found
higher occurrences of depression, stroke and migraine in the DLB compared to an AD cohort (n =
9161). Such large-scale assessments of DLB cohorts utilising large scale population-level data
sources are rare. Much has been published tracking and characterising the clinical progression of

dementia and AD over time [11-13]. However, similar in-depth examinations of DLB cohorts with



large sample size, multiple follow-ups, or pooling different sources of clinical information are
difficult to find.

More examples like that of Fereshtehnejad et al. [10] are required in order to examine the
naturalistic presentation and progression of DLB. By including information relating to various risk
factors, symptoms and comorbidities from an unbiased DLB cohort (e.g. those not selected for a
research study), we can examine in detail the early presentation of DLB, its progression and the
underlying mechanisms that impact outcomes. The development of electronic clinical records and
the technology that makes structured and open-text clinical records searchable and anonymous,
such as the Clinical Record Interactive Search (CRIS) [14] and Clinical Records Anonymisation
and Text Extraction (CRATE) [15] systems, provides potential for creating large, research
databases for unbiased disease cohorts. Previous studies have shown how these research databases
can then be utilised to examine mortality rates across dementia sub-groups [6], specific predictors
for mortality and cause of death [16], care home and hospital admissions and their costs [17-19],
and disease progression [20].

Objective

The aim of the study was to identify a retrospective naturalistic cohort of individuals with
a diagnosis of DLB from a secondary care sample. We have previously published a survival
analysis examining the difference in mortality rates for this same DLB cohort with a comparator
group of individuals with AD [6], finding a significantly increased mortality in the DLB group.
Here, we present a much more detailed examination of the DLB cohort (z =251) in terms of their
symptoms at presentation, neuropsychological profile and associations between these and

mortality.

Method



Design and cohort identification

Using a retrospective cohort design, we identified the cohort through anonymised,
electronic clinical records of Cambridgeshire and Peterborough NHS Foundation Trust (CPFT), a
representative NHS Trust in the UK. A detailed description of the population, sample and case
identification for the current cohort has been described previously [6]. To summarise, all patients
with electronic clinical records in CPFT between 2005 and 2012 (inclusive; study period and in
line with protocol) were searched using key word and acronym searches based on DLB (e.g.
‘Lewy’, ‘LBD’, ‘DLB’) in order to identify possible cases. The searches resulted in 983 possible
unique cases. A manual search by two experienced clinicians, with knowledge of diagnostic
criteria and symptom presentation in dementia, of the 983 cases returned 304 with a diagnosis of
DLB. These were further reduced to 251 cases who had been given a new diagnosis of DLB
between 2005 and 2012. Cases where the DLB diagnosis had been given by a CPFT clinician and
it was the most recently recorded diagnosis in the patient record were included in the cohort.
Diagnoses were given by consultant psychiatrists either directly or in the course of supervising a
junior colleague. Any diagnosis given in the general hospital by a band of clinical nurse specialists
would have been discussed and agreed by a psychiatrist within the team.
Variables

Information relating to demographics, clinical features, medication use and clinical course
(e.g. dates) were extracted from the structured and free text clinical records. Further detail is
provided in Price et al. [6]. For the current investigation, the focus was on the identified DLB
cohort in terms of their earliest presentation and the presence of DLB features. For the current
DLB cohort, date of birth, sex and date of death was extracted through structured query language
(SQL) searches. All other information was extracted from the structured and free-text clinical

records using manual searches.



In terms of timing and clinical course, the date of first consultation (with a clinician) where
cognitive impairment was recorded as a problem and the date of DLB diagnosis (by a clinician)
by month and year were both extracted from the clinical records. Three groups were identified
within the cohort according to when they received their DLB diagnosis: 1) those who presented
with cognitive impairment and were diagnosed with DLB on the same date; 2) those who presented
with cognitive impairment and who were diagnosed with DLB at a later date with no other
explanatory diagnosis given in between; and 3) those who presented with cognitive impairment
and where given a diagnosis on the same date that was later changed to DLB. The amount of time
between first presentation with cognitive impairment and DLB diagnosis was calculated for groups
two and three. Furthermore, information pertaining to the individuals’ presenting complaints that
had been noted by the examining clinician when the individual was first seen within CPFT was
extracted.

Extensive manual searches were completed by the two experienced clinicians to identify
the presence of validated diagnostic DLB features for each individual, present at any stage within
their clinical records. These fell into two broad categories: key and supportive. The key features
were based on established DLB symptoms in line with the revised criteria for a clinical diagnosis
of DLB [4]: amnestic cognitive impairment (e.g. signs of memory loss or impairment), non-
amnestic cognitive impairment (e.g. progressive deterioration in attention, visuospatial and/or
executive function), fluctuating cognition (e.g. attention, alertness), visual hallucinations,
Parkinsonian features (e.g. tremor at rest, Bradykinesia, rigidity, loss of postural reflexes), and
RBD. Supportive features included other symptoms that might be associated with DLB (e.g. non-
visual hallucinations, depression, repeated falls). The identification of these key and supportive
DLB features was completed by the two clinicians experienced in diagnostic criteria and symptom

presentation of dementia. In line with the protocol (developed in accordance with the validated



diagnostic criteria for DLB), the two experienced dementia clinicians examined the clinical records
of each DLB case, which included assessment/diagnostic documents, progress notes, and clinical
correspondence from the examining clinicians, for the presence/absence of each key and
supportive DLB feature.

Cognitive status was measured using the Mini-Mental State Examination (MMSE). Scores
closest to the dates of first consultation where cognitive impairment was noted and DLB diagnosis
were extracted.

Physical comorbidity was measured using the Charlson comorbidity index [21].
Calculation methods have been described previously [6]. Individuals were grouped into low (< 2)
or high (> 2) comorbidity by splitting at the median (2).

As the study was concerned with individuals with a DLB diagnosis between 2005 and 2012
(inclusive), mortality data (e.g., month and year of death) were extracted up until May 2015 (in
line with protocol [6]) from automatic updates of the source clinical records from the NHS Spine
[22].

Statistical methods

For DLB key and supportive features, counts and percentages were derived. 2 tests were
completed on three key DLB features (visual hallucinations, Parkinsonian features and RBD) to
examine if the rates of these features among the current DLB cohort were different from those that
would be expected from rates reported in previous research. These particular three symptoms were
chosen as, unlike for fluctuation, it was possible to calculate expected rates from previous
published and well-established prevalence rates from large DLB cohorts [4, 23]. Definitions of
fluctuation among previous research have varied, including features from cognitive, attentional

and/or arousal domains, making it difficult to establish a common prevalence rate [4, 23].



Dates of first consultation and of first recorded DLB diagnosis were manually extracted
from the clinical records. Along with those dates, we extracted the contemporaneous MMSE scores
where present (e.g. scores closest to first consultation and diagnosis dates). Mean MMSE scores
were calculated for the whole cohort. For those who did not received a diagnosis of DLB at their
first consultation, the length of time between first consultation and DLB diagnosis was calculated.
Furthermore, for these individuals with a time difference, paired ¢ tests were completed to examine
changes in MMSE scores from first consultation to diagnosis.

Cox proportional hazard models were used to assess mortality, with R v.3.3.3 and the
‘survival’ (v.2.42.3) and ‘survminer’ (v.0.4.2) packages. The individual’s start date was the date
of first consultation where cognitive impairment was recorded, and the end date was date of death
or the study end point (1% May 2015; according to CRATE anonymisation procedures all dates are
anonymised to the first of the month). If the date of first consultation was unknown (e.g., missing
from clinical records), the date of diagnosis was used instead. Initial models were conducted to
assess whether the presence or not of all key features affected mortality for the DLB cohort
(amnestic cognitive impairments, non-amnestic cognitive impairments, fluctuating cognition,
visual hallucinations, Parkinsonian features, and RBD). Given the results of the above models, we
also completed additional analyses examining mortality based on the presence of non-amnestic
cognitive impairments for the cohort. Models accounting for age, sex, comorbidity and MMSE
score at diagnosis were used. Based on model fitting and assumption checks, a model including
age, sex, comorbidity and the presence (or not) of non-amnestic cognitive impairments was
determined as the best fit. Similar models including interactions either demonstrated no interaction
effects or were found to have problems with model fit. Data are displayed using survival (Kaplan-
Meier) plots.

Results



We have previously published detailed descriptions of the cohort demographic information
[6]. In brief, the cohort comprised 129 women (51.4%) and 122 men. The average age at first
presentation was 78.8 years (SD = 7.7) and 79.3 years (SD = 7.6) at DLB diagnosis.
Initial diagnosis

Fifty subjects (19.9%; group three as outlined in the Methods) later diagnosed with DLB
had received a different initial diagnosis. The majority of these other diagnoses were other forms
of dementia, in particular AD (n = 14, 28%, see Table 1). No significant differences were found
between the groups in their age at diagnosis, age at death and MMSE scores at first consultation
and diagnosis. The occurrence of key DLB features was also similar across the groups (see Table
2).
Earliest reported presenting complaint

Within the first consultation, it was noted that clinicians identified up to three presenting
complaints for each individual within the cohort (n = 251): 118 individuals (47.4% of the whole
cohort) had one, 105 individuals (42.2%) had two and 24 individuals (9.7%) had three presenting
complaints (see Table 3). Of all the presenting complaints (n = 490), it was noted that memory
loss, hallucinations and low mood were the most common with rates of approximately a quarter
each (27.1%, 25.3% and 25.1% of all presenting complaints, respectively).
Time between first consultation and DLB diagnosis

Over half the cohort were found to have presented for the first time and received a DLB
diagnosis on the same date (group one as outlined in the Methods). For those with a time difference
between these dates (n = 120, 47.8%), the mean time was 53.6 weeks (SD = 53.4).
Cognitive scores at first consultation and DLB diagnosis

Among the 120 individuals who had a time difference between their first consultation and

DLB diagnosis (groups two and three as outlined in the Methods), MMSE scores were present at



both time points for 69 (27.5% of the whole cohort). For these individuals, the mean time between
first consultation and receiving a DB diagnosis was 48.0 weeks (SD = 44.5 weeks). Furthermore,
there was a significant decrease in MMSE scores from first consultation (M = 22.8, SD = 4.4) to
diagnosis (M =20.3, SD =5.6), t.=3.91, p <.001.
Key and supportive DLB features

Within Table 4, we have presented an overview of DLB features identified by the
researchers within the cohorts’ clinical records from their first presentation to death/end of the
study period. A y? test found that the current DLB cohort had a similar rate of visual hallucinations
as would be expected from previously reported rates (observed rate = 70.5%, expected rate =
75.0% [4, 21]; x*1 = 2.35, p = 0.12). The rates of Parkinsonian features were slightly less than
would be expected (observed rate = 63.0%, expected rate = 80.0% [4, 21]; ¥*1 = 44.1, p <.001).

The current DLB cohort displayed significantly lower rates for RBD than would be
expected from previously reported rates (observed rate = 8.4%, expected rate = 76.0% [4, 21]; %1
= 626.34, p < .001). The presence of supportive features for the DLB cohort was more varied
compared to the key features described above. By far the most common feature was visuospatial
disturbance, with nearly half the cohort having evidence of this feature within their record (49.4%).
After this, repeated falls (31.5%) and depression (21.5%) were the most common supportive
features.
Mortality based on key DLB features

The best model was selected through a stepwise comparison procedure. Hazard ratios, 95%
confidence intervals, and p values from all models examined are presented in Table 5. We first
examined a model (M1) assessing mortality based on the presence/absence of all key DLB features
(amnestic cognitive impairment, non-amnestic cognitive impairment, fluctuating cognition, visual

hallucinations, Parkinsonian features, and RBD), and controlling for relevant confounding
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variables (age, sex and comorbidity). The presence of non-amnestic cognitive impairment (HR =
0.57,7 =-3.43, p <.001) was the only core diagnostic criterion found to predict mortality. As was
expected, age at diagnosis (HR = 1.05, Z =4.15, p <.001) was also significant. Furthermore, the
presence of Parkinsonian features (Z = 1.70, p = 0.09) approached significance as a predictor.

Given the results of this first model, we then focused on the presence/absence of non-
amnestic cognitive impairment among the cohort and assessed its influence on survival, along with
a number of covariates. In a simple model assessing the difference in mortality between those who
were reported as having non-amnestic cognitive impairments versus those who did not, there was
a significant difference, y: (1, N=250) = 10.8, p <.05 (see Figure 1). The median (raw) length of
time to death for those who had non-amnestic cognitive impairments was 3.7 years (95% CI: 3.48
—4.08) compared to 2.8 years (95% CI: 2.67 — 3.53) for those who did not. Further details about
the two groups are presented in Table 6.

In a model (M2) whose predictors were age, sex, comorbidity and the presence/absence of
non-amnestic cognitive impairments on mortality, age (HR = 1.04, Z = 4.09, p < .001) and non-
amnestic cognitive impairments (HR = 0.57, Z = -3.57, p < .001) were significant predictors of
mortality. Sex approached significance, with a suggestion of women living longer (HR = 0.8, Z =
-1.71, p = .09). We tested a similar model (M3) that included age, sex, comorbidity and MMSE
score at diagnosis as well as the presence/absence of non-amnestic cognitive impairments. Similar
results were found, with age (HR = 1.04, Z = 3.55, p < .001) and non-amnestic cognitive
impairments (HR = 0.55, Z = -3.16, p < .001) as significant predictors. Given that the numbers
included in model 3 were reduced due to missing data within MMSE scores and given the similar
results across models 2 and 3, model 2 was established as the best fit.

Discussion

Main findings
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Before beginning an extensive assessment of the cohorts’ key DLB features, we examined
earliest presentation and initial diagnoses among the cohort. When assessing the earliest presenting
complaint, in line with DLB criteria [4, 23], memory loss and hallucinations were identified as two
of the most frequent among the whole cohort. Interestingly, in this cohort, low mood was also one
of the most common presenting complaints. This is in line with the growing body of evidence
showing that DLB patients have higher rates of depression compared to AD and other forms of
dementia [24-26], and it is notable that depression remains a suggestive clinical feature in the
revised DLB diagnostic criteria [4]. Beyond the more common presenting complaints, a wide range
of others occurred less frequently (in less than 5% of cases). Some of these were similar to the key
DLB criteria such as forms of memory loss (e.g. fluctuating cognitive impairment), hallucinations
and related phenomena (e.g. illusions), and parasomnia (e.g. RBD). Others, however, are not
known as established symptoms or features of DLB (e.g. self-harm, behavioural disturbance,
somatic delusions) and may not suggest a diagnosis of DLB on first presentation. DLB patients
are known to present with more complex neuropsychological profiles than other forms of dementia
[9]. This can be clearly seen within the present cohort, with the wide range of presenting
complaints identified by clinicians.

Within our cohort, approximately 20% had received an initial diagnosis other than DLB on
their first consultation where cognitive impairment was recorded by a clinician. This is a
considerably lower rate than that found in the Lewy Body Dementia Association (LBDGA) survey
of 962 carers who reported an initial diagnosis different to that of DLB in 78% of cases included
in the survey [27, 28]. On a positive note, over half the cohort did receive a diagnosis of DLB on
the date of their first consultation and it should be noted that our cohort has much better
generalisability than a heavily-selected survey population given that the cohort were identified

through anonymised clinical records. Similarly, to other studies, we also found that the most
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common misdiagnoses were other forms of dementia (e.g. AD, vascular dementia) [27, 29]. After
these, there was a wide range of disorders identified for the cohort, ranging across forms of
depression, delusional disorder, and Charles Bonnet syndrome. Despite validated diagnostic
criteria [4] and biomarkers that can be used for diagnosis [30, 31], there are considerable
differences in reported DLB prevalence rates [32-33] with some reports suggesting that two out of
three cases of DLB are incorrectly identified in routine clinical care [34]. It could be that, similar
to the rates of RBD discussed below, there is a lack of awareness among the diagnosing clinicians
about DLB and its presenting features. Hallucinations and low mood were two of the most frequent
presenting complaints among our cohort. Features which are not immediately associated with a
diagnosis of DLB.

Our cohort had similar rates of visual hallucinations to those expected from established
rates [4, 23]. However, the rates of Parkinsonian features, and in particular RBD, were below what
would be expected. It is unclear if these findings are due to differences in our DLB cohort or a lack
of awareness among clinicians for these key diagnostic criteria. In terms of disease progression
and outcomes, we found that the presence of non-amnestic cognitive impairments was the only
key feature that affected mortality. Individuals who had features of non-amnestic cognitive
impairments (e.g. deficits in attention, visuospatial, and executive function) documented within
their clinical records lived slightly longer (difference between medians was nine months) than
those who didn’t and were 43% less likely to have died by the end of the study. Numerous previous
examples have shown that, compared to AD and Parkinson’s disease (PD) cohorts, individuals
with DLB present with greater deficits in attention, visuospatial abilities, and executive function
measures [35-37]. These differences in non-amnestic cognitive impairments are pronounced and
can be seen early on in prodromal DLB and AD [38]. Our finding of those with non-amnestic

cognitive impairments living longer is slightly inconsistent with these previous results.
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When examining this result, consideration should be paid to previous research examining
the differences between pure DLB and those with mixed AD-DLB. The number of DLB patients
with associated AD is unclear given the low numbers of studies assessing this group; however,
some reports suggest that between 50-80% of DLB patients have AD pathology [39]. Compared
with pure DLB, patients with mixed AD-DLB have been shown to have poorer survival, higher
nursing home admittance risk, and worse memory performance [39-41]. If our current cohort are
presenting with greater AD pathology, these amnestic cognitive impairments (e.g. more
pronounced deficits in memory performance) may have appeared as the main presentation and
received greater consideration rather than the accompanying deficits in attention, visuospatial
and/or executive function. It should be noted that the current study focuses only on a DLB cohort
and the number of previous examinations of pure DLB comparing to mixed AD-DLB are low
(predominantly containing small DLB sample sizes). Even with these small DLB sample sizes, it
has been shown that individuals with DLB present with greater variability in their cognitive
performance [42]. Added to this is the complication of distinguishing pure DLB from mixed AD-
DLB. Recent research has reported low identification rates among clinicians for mixed AD-DLB
[35].

Strengths and Limitations

The current investigation benefited from a larger sample size than many previously
published examinations of DLB cohorts. The use of an anonymised database derived from
routinely collected clinical records removed sampling bias in relation to diagnosed cases; the
cohort was selected based on a protocol developed from diagnostic criteria by experienced
clinicians. The extensive searches for key and supportive DLB features reduced the chances of
recall bias. The use of structured and free text clinical records allowed a large amount of diagnostic,

temporal and neuropsychological information to be gathered on the whole cohort and enabled an
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in-depth examination to be completed. A number of limitations should also be noted. Clinical
records are not created for the purpose of research and therefore data was missing for some
variables. Certain demographic and cognitive status information was inconsistently reported and
missing for the vast majority of the cohort. A protocol was developed according to diagnostic
criteria; however, there is still the possibility of misclassification of cases, particularly given the
nature of DLB. Although the sample is larger than many previously published cohorts, it is limited
by the fact that it was completed within one NHS Trust in the UK. The manual searches were
completed by experienced clinicians and in line with the protocol; however, there is still the
possibility for error within the case identification and examination of DLB features.
Conclusions and future research

Here, we have presented an in-depth focused examination of what we believe to be one of
the largest assembled clinical DLB cohorts, covering their symptom presentation,
neuropsychological profile and mortality as predicted by key DLB features. The current study
emphasises the wide range of symptoms with which patients with DLB can present, and the
complex profile of this disease. We highlight low mood as an important feature. Furthermore,
those DLB patients who presented with non-amnestic cognitive impairments where found to live
slightly longer compared to those who didn’t. It should be noted that this is an area lacking
extensive assessment in the past. In order to distinguish DLB from other dementia types and all its
subtypes, more studies like ours need to be conducted, using larger cohorts from different locations
and combining multiple sources of clinical data. Our future aim is to develop the DLB cohort
extensively and complete detailed assessments with comparisons to non-DLB disease dementia
controls (e.g. AD, vascular dementia). Such DLB databases, with non-DLB controls, would allow
more precise measurement of the prodromal presentation of pure and mixed DLB, as well as the

clinical progression and outcomes for both.

15



Acknowledgements
The authors would like to thank the UK Alzheimer’s Society, Cambridgeshire and Peterborough
NHS Foundation Trust (CPFT), Cambridge Biomedical Research Centre, and the UK National

Institute of Health Research (NIHR) Cambridge Biomedical Research Centre (BRC).

Conflict of Interest / Disclosure Statement

This study was funded by the UK Alzheimer’s Society. The CPFT Research Database was
supported by the UK National Institute of Health Research (NIHR) Cambridge Biomedical
Research Centre (BRC). JOB has acted as a consultant for TauRx, Axon, Lilly/Avid and GE
Healthcare. RNC is funded by the Medical Research Council (grant# MC PC 17213), has
consulted for Campden Instruments, and has received royalties from Cambridge Enterprise,
Cambridge University Press, and Taylor & Francis. RS and DA are part-funded by the National
Institute for Health Research (NIHR) Biomedical Research Centre at South London and Maudsley
NHS Foundation Trust and King's College London. RS has received research funding from Janssen

and co-supervises a GSK-sponsored PhD.

16



References

1. Vann Jones SA, O'Brien JT (2014) The prevalence and incidence of dementia with Lewy bodies:
A systematic review of population and clinical studies. Psychol Med 44, 673-683.

2. Zaccai J, McCracken C, Brayne C (2005) A systematic review of prevalence and incidence
studies of dementia with Lewy bodies. Age Ageing 34, 561-566.

3. Gore RL, Vardy ERLC, O’Brien JT (2015) Delirium and dementia with Lewy bodies: Distinct
diagnoses or part of the same spectrum? J Neurol Neurosurg Psychiatry 86, 50-59.

4. McKeith IG, Boeve BF, Dickson DW, Halliday G, Taylor JP, Weintraub D, Aarsland D, Galvin
J, Attems J, Ballard CG, Bayston A, Beach TG, Blanc F, Bohnen N, Bonanni L, Bras J,
Brundin P, Burn D, Chen-Plotkin A, Duda JE, El-Agnaf O, Feldman H, Ferman TJ, Ffytche
D, Fujishiro H, Galasko D, Goldman JG, Gomperts SN, Graff-Radford NR, Honig LS,
Iranzo A, Kantarci K, Kaufer D, Kukull W, Lee VMY, Leverenz JB, Lewis S, Lippa C,
Lunde A, Masellis M, Masliah E, McLean P, Mollenhauer B, Montine TJ, Moreno E, Mori
E, Murray M, O'Brien JT, Orimo S, Postuma RB, Ramaswamy S, Ross OA, Salmon DP,
Singleton A, Taylor A, Thomas A, Tiraboschi P, Toledo JB, Trojanowski JQ, Tsuang D,
Walker Z, Yamada M, Kosaka K (2017) Diagnosis and management of dementia with
Lewy bodies: Fourth consensus report of the DLB Consortium. Neurology 89, 88-100.

5. Bostrom F, Jonsson L, Minthon L, Londos E (2007) Patients with dementia with lewy bodies
have more impaired quality of life than patients with Alzheimer disease. Alzheimer Dis
Assoc Disord 21, 150-154.

6. Price A, Farooq R, Yuan J-M, Menon VB, Cardinal RN, O’Brien JT (2017) Mortality in
dementia with Lewy bodies compared with Alzheimer’s dementia: A retrospective

naturalistic cohort study. BMJ Open 7, e017504.

17



7. Williams MM, Xiong C, Morris JC, Galvin JE (2006) Survival and mortality differences
between dementia with Lewy bodies vs Alzheimer disease. Neurology 67, 1935-1941.

8. Yamane Y, Sakai K, Maeda K (2011) Dementia with Lewy bodies is associated with higher
scores on the Geriatric Depression Scale than is Alzheimer’s disease. Psychogeriatrics 11,
157-165.

9. Mueller C, Ballard C, Corbett A, Aarsland D (2017) The prognosis of dementia with Lewy
bodies. Lancet Neurol 16, 390-398.

10. Fereshtehnejad S-M, Damangir S, Cermakova P, Aarsland D, Eriksdotter M, Religa D (2014)
Comorbidity profile in dementia with Lewy bodies versus Alzheimer’s disease: A linkage
study between the Swedish Dementia Registry and the Swedish National Patient Registry.
Alzheimers Res Ther 6, 65.

11. Connors MH, Ames D, Boundy K, Clarnette R, Kurrle S, Mander A, Ward J, Woodward M,
Brodaty H (2016) Predictors of mortality in dementia: The PRIME Study. J Alzheimers
Dis 52, 967-974.

12. Savva GM, Zaccai J, Matthews FE, Davidson JE, McKeith I, Brayne C, Medical Research
Council Cognitive Function and Ageing Study (2009) Prevalence, correlates and course of
behavioural and psychological symptoms of dementia in the population. Br J Psychiatry
194, 212-219.

13. Tschanz JT, Corcoran CD, Schwartz S, Treiber K, Green RC, Norton MC, Mielke MM, Piercy
K, Steinberg M, Rabins PV, Leoutsakos JM, Welsh-Bohmer KA, Breitner JC, Lyketsos
CG (2011) Progression of cognitive, functional and neuropsychiatric symptom domains in
a population cohort with Alzheimer’s Dementia: The Cache County Dementia Progression

Study. Am J Geriatr Psychiatry 19, 532-542.

18



14. Stewart R, Soremekun M, Perera G, Broadbent M, Callard F, Denis M, Hotopf M, Thornicroft
G, Lovestone S (2009) The South London and Maudsley NHS Foundation Trust
Biomedical Research Centre (SLaM BRC) case register: Development and descriptive
data. BMC Psychiatry 9, 51.

15. Cardinal RN (2017) Clinical records anonymisation and text extraction (CRATE): An open-
source software system. BMC Med Inform Decis Mak 17, 50.

16. Mueller C, Perera G, Hayes RD, Shetty H, Stewart R (2018) Associations of
acetylcholinesterase inhibitor treatment with reduced mortality in Alzheimer's disease: A
retrospective survival analysis. Age Ageing 47, 88-94.

17. Knapp M, Chua K-C, Broadbent M, Chang C-K, Fernandez J-L, Milea D, Romeo R, Lovestone
S, Spencer M, Thompson G, Stewart R, Hayes RD (2016) Predictors of care home and
hospital admissions and their costs for older people with Alzheimer's disease: Findings
from a large London case register. BMJ Open 6, €013591.

18. Sleeman KE, Perera G, Stewart R, Higginson 1J (2018) Predictors of emergency department
attendance by people with dementia in their last year of life: Retrospective cohort study
using linked clinical and administrative data. Alzheimers Dement 14, 20-27.

19. Mueller C, Perera G, Rajkumar AP, Bhattaraic M, Price A, O'Brien JT, Ballard C, Stewart R,
Aarsland D (2017) Hospitalization in people with dementia with Lewy bodies: Frequency,
duration, and cost implications. Alzheimers Dement (Amst) 10, 143-152.

20. Baker E, Igbal E, Johnston C, et al. Trajectories of dementia-related cognitive decline in a large
mental health records derived patient cohort. PLoS One 2017;12(6):¢0178562.

21. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis

40, 373-383.

19



22.

23.

24.

25.

26.

27.

28.

29.

30.

Health and Social Care Information Centre (2016) Spine services. Retrieved from

https://digital.nhs.uk/services/spine.

BMJ Best Practice (2017) Dementia with Lewy bodies. Retrieved from

http://bestpractice.bmj.com/topics/en-gb/320.

Fritze F, Ehrt U, Hortobagyi T, Ballard C, Aarsland D (2011) Depressive symptoms in
Alzheimer’s disease and Lewy body dementia: a one-year follow-up study. Dementia
Geriatr Cogn Disord 32, 143-149.

Yamane Y, Sakai K, Maeda K (2011) Dementia with Lewy bodies is associated with higher
scores on the Geriatric Depression Scale than is Alzheimer's disease. Psychogeriatrics 11,
157-165.

Chiu PY, Wang CW, Tsai CT, Li SH, Lin CL, Lai TJ (2017) Depression in dementia with
Lewy bodies: A comparison with Alzheimer's disease. PLoS One 12, €0179399.

Galvin JE, Duda JE, Kaufer DI, Lippa CF, Taylor A, Zarit SH (2010) Lewy body dementia:
the caregiver experience of clinical care. Parkinsonism Relat Disord 16, 388-392.

Zweig YR, Galvin JE (2014) Lewy body dementia: the impact on patients and caregivers.
Alzheimers Res Ther 6, 21.

Rizzo G, Arcuti S, Copetti M, Alessandria M, Savica R, Fontana A, Liguori R, Logroscino G
(2018) Accuracy of clinical diagnosis of dementia with Lewy bodies: a systematic review
and meta-analysis. J Neurol Neurosurg Psychiatry 89, 358-366.

McKeith 1, O’Brien J, Walker Z, Tatsch K, Booij J, Darcourt J, Padovani A, Giubbini R,
Bonuccelli U, Volterrani D, Holmes C, Kemp P, Tabet N, Meyer I, Reininger C, DLB
Study Group (2007) Sensitivity and specificity of dopamine transporter imaging with 1231-
FP-CIT SPECT in dementia with Lewy bodies: A phase III, multicentre study. Lancet

Neurol 6, 305-313.

20



31. Yoshita M, Arai H, Arai H, Arai T, Asada T, Fujishiro H, Hanyu H, lizuka O, Iseki E,
Kashihara K, Kosaka K, Maruno H, Mizukami K, Mizuno Y, Mori E, Nakajima K,
Nakamura H, Nakano S, Nakashima K, Nishio Y, Orimo S, Samuraki M, Takahashi A,
Taki J, Tokuda T, Urakami K, Utsumi K, Wada K, Washimi Y, Yamasaki J, Yamashina S,
Yamada M (2015) Diagnostic accuracy of I- 123-meta-iodobenzylguanidine myocardial
scintigraphy in dementia with Lewy bodies: A multicenter study. PLoS One 10, ¢0120540.

32. Vann Jones SA, O’Brien JT (2014) The prevalence and incidence of dementia with Lewy
bodies: a systematic review of population and clinical studies. Psychol Med 44, 673-683.

33. Arslantas D, Ozbabalik D, Metintas S, Ozkan S, Kalyoncu C, Ozdemir G, Arslantas A (2009)
Prevalence of dementia and associated risk factors in Middle Anatolia, Turkey. J Clin
Neurosci 16, 1455-1459.

34. Kane JPM, Surendranathan A, Bentley A, Barker SAH, Taylor JP, Thomas AJ, Allan LM,
McNally RJ, James PW, McKeith IG, Burn DJ, O'Brien JT (2018) Clinical prevalence of
Lewy body dementia. Alzheimers Res Ther 10, 19.

35. Morra LF, Donovick PJ (2014) Clinical presentation and differential diagnosis of dementia
with Lewy bodies: A review. Int J Geriatr Psychiatry 29, 569-576.

36. Metzler-Baddeley C (2007) A review of cognitive impairments in dementia with Lewy bodies
relative to Alzheimer's disease and Parkinson's disease with dementia. Cortex 43, 583-600.

37. Park KW, Kim HS, Cheon S-M, Cha J-K, Kim S-H, Kima JW (2011) Dementia with Lewy
Bodies versus Alzheimer’s Disease and Parkinson’s Disease Dementia: A comparison of
cognitive profiles. J Clin Neurol 7, 19-24.

38. Sadiq D, Whitfield T, Lee L, Stevens T, Costafreda S, Walker Z (2017) Prodromal Dementia
with Lewy Bodies and prodromal Alzheimer's Disease: A comparison of the cognitive and

clinical profiles. J Alzheimers Dis 58, 463-470.

21



39. Lemstra AW, de Beer MH, Teunissen CE, Schreuder C, Scheltens P, van der Flier WM, Sikkes
SA (2017) Concomitant AD pathology affects clinical manifestation and survival in
dementia with Lewy bodies. J Neurol Neurosurg Psychiatry 88, 113-118.

40. Kraybill ML, Larson EB, Tsuang DW, Teri L, McCormick WC, Bowen JD, Kukull WA,
Leverenz JB, Cherrier MM (2005) Cognitive differences in dementia patients with
autopsy-verified AD, Lewy body pathology, or both. Neurology 64, 2069-2073.

41. Howlett DR, Whitfield D, Johnson M, Attems J, O'Brien JT, Aarsland D, Lai MK, Lee JH,
Chen C, Ballard C, Hortobagyi T, Francis PT (2015) Regional multiple pathology scores
are associated with cognitive decline in Lewy body dementias. Brain Pathol 25, 401-408.

42. Collerton D, Burn D, McKeith I, O'Brien JT (2003) Systematic review and meta-analysis show
that dementia with Lewy bodies is a visual-perceptual and attentional-executive dementia.

Dement Geriatr Cogn Disord 16, 229-237.

22



Table 1

Numbers and percentages for initial diagnoses among the cohort

Initial Diagnosis N (%)
Dementia with Lewy bodies 201 (80.1%)
Alzheimer's disease 14 (4.5%)
Mild cognitive impairment 11 (4.4%)
Depression 6 (2.4%)
Vascular dementia 5(2.0%)
Mixed dementia 5(2.0%)
Psychotic depression 3 (1.2%)
Charles Bonnet syndrome 2 (0.8%)
Delusional disorder 1 (0.4%)
Focal seizure disorder 1 (0.4%)
Drug-induced psychosis 1 (0.4%)
Delirium 1 (0.4%)
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Table 2

Demographic and clinical details comparing those who received a DLB diagnosis at first
consultation (group one and two) and those who did not (groups three).

Initial Diagnosis

Variable Not DLB DLB t tests
Number per group 50 201
Sex
Male 21 (42%) 101 (50.2%)
Female 29 (58%) 100 (49.8%)
Chi-square test between sex groups 1 =13, 1 =0,
p=0.3 p=1
Mortality
Dead 29 (58%) 144 (72%)
Survived (to May 2015) 21 (42%) 57 (28%)
Chi-square test between mortality groups 1 =13, 1 =377,
p=02 p = 0.0%**
Age at diagnosis
Mean (SD) 80.3 (6.1) 79.5(7.9) tase) = -0.61,
p=0.54
Age at death
Mean (SD) 82.8 (6.7) 83.1(7.7) ta29y = 0.17,
p=10.86
MMSE at presentation
Mean (SD) 22.7 (4.5) 21.4 (5.1) tase) = -1.35,
p=0.17
MMSE at diagnosis
Mean (SD) 19.3 (6.7) 20.8 (5.1) taeny = 1.2,
p=0.21
Comorbidity
High (> 2) 13 (26%) 55 (27.4%)
Low (<2) 37 (74%) 146 (72.6%)
Chi-square test between comorbidity 1 =11.5, 1 =412,
groups p = 0.0%** p = 0.0%**
Key features™
Amnestic cognitive 48 (96%) 187 (93.5%)
impairments
Non-amnestic cognitive 35 (70%) 127 (63.5%)
impairments
Fluctuating cognition 17 (34%) 72 (36%)
Visual hallucinations 32 (64%) 145 (72.5%)
Parkinsonian features 29 (58%) 129 (64.5%)
RBD 2 (4%) 19 (9.5%)

*Present in clinical records. Significance codes: * p < .05, ** p <.01, *** p < .001.
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Table 3

Numbers and percentages for earliest presenting complaints (n = 490)

Earliest Presenting Complaint N (%)
Memory loss 133 (27.1%)
Hallucinations 124 (25.3%)
Low mood 123 (25.1%)
Cognitive impairment (amalgamated term for clinician descriptions) 53 (10.8%)
Confusion 17 (3.5%)
Delusions 12 (2.5%)
Anxiety 11 (2.2%)
Fluctuating cognitive impairment 4 (0.8%)
Behavioural disturbance 3 (0.6%)
Delirium 3 (0.6%)
Fluctuating mood 2 (0.4%)
Illusions 1(0.2%)
Parasomnia 1(0.2%)
Persecutory delusions 1(0.2%)
Self-harm 1(0.2%)
Somatic delusions 1(0.2%)
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Table 4

Presence of key and supportive DLB features among the cohort at any time. Multiple features

could be present in one individual, including both amnestic and non-amnestic impairments.

Key Features Present (%) Supportive Features Present (%)
Visual hallucinations 177 (70.5%)  Repeated falls 79 (31.5%)
Parkinsonian features 158 (63.0%)  Depression 54 (21.5%)
Fluctuating cognition 89 (35.5%)  Non-visual hallucinations 37 (14.7%)
RBD 21 (8.4%) Other psychiatric disturbance 37 (14.7%)
Cognitive features Neuroleptic sensitivity 7 (2.8%)
Amnestic cognitive impairments 235(93.6%)  Excessive sleepiness 7 (2.8%)
Non-amnestic cognitive 162 (64.5%)  Autonomic dysfunction 6 (2.4%)
1mpairments
Visuospatial disturbance 124 (49.4%)  Transient loss of consciousness 0 (0.0%)

Note. Among key and supportive features, only one individual had missing data.
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Table 5

Cox proportional hazard models including models for all key features and those focused on the DLB non-amnestic cognitive impairments

Model  Dependent variable ~ Predictors

Log Rank Test; LR test

HR [95% CI]; Z score, p value

M1  Mortality ~ Age at diagnosis Y9=329,p=1x10%
+ Sex + Comorbidity NA
+ Amnestic cognitive impairment
+ Non-amnestic cognitive
impairment
+ Fluctuating cognition
+ Visual hallucinations
+ Parkinsonian features
+ RBD

Age at diagnosis: 1.0 [1.0, 1.1]; Z=4.1, p = 3.37 x 107%%**

Sex: 0.8 [0.6, 1.1]; Z=-1.6, p=0.1

Comorbidity: 1.15[0.8,1.6]; Z=0.8,p=0.4

Amnestic cognitive impairment: 0.7 [0.4, 1.5]; Z=-0.9,p=0.4
Non-amnestic cognitive impairment: 0.6 [0.4, 0.8]; Z=-3.4, p = 0.0***
Fluctuating cognition: 1.1 [0.8, 1.5]; Z= 0.7, p=0.5

Visual hallucinations: 1.1 [0.8, 1.6]; Z= 0.6, p = 0.5

Parkinsonian features: 1.3 [1.0, 1.9]; Z=1.7, p=0.0
RBD:0.9[0.5,1.6]; Z=-0.4p=0.7

M2+  Mortality ~ Age at diagnosis v2=287,p=9x10°%  Age at diagnosis: 1.0 [1.0, 1.1]; Z=4.089, p = 4.32 x 105***
+ Sex + Comorbidity va=4.6,p=0.5 Sex: 0.8 [0.5,1.0]; Z=-1.7,p=0.1
+ Non-amnestic cognitive Comorbidity: 1.1 [0.8, 1.5]; Z=0.5,p=0.6
impairment Non-amnestic cognitive impairment: 0.6 [0.4, 0.8]; Z=-3.6, p = 0.0***
M3  Mortality ~ Age at diagnosis Yo=329,p=1x10%  Age at diagnosis: 1.0 [1.0, 1.1]; Z=3.5, p = 0.0***
+ Sex + Comorbidity NA Sex: 0.8 [0.6,1.2]; Z=-1.1,p=0.3
+ MMSE at diagnosis Comorbidity: 1.1 [0.8, 1.6]; Z=0.5,p=0.6
+ Non-amnestic cognitive MMSE at diagnosis: 1.0 [0.9, 1.0]; Z=0.3, p=0.7
impairment Non-amnestic cognitive impairment: 0.5 [0.4, 0.8]; Z=-3.1, p = 0.0**
Significance codes: * p <.05, ** p <.01, *** p <.001.
tBest fit model.

Log rank test was between those who survived and those who died. LR = Likelihood ratio. HR = Hazard ratio. NA = Not applicable.
Note. It was not possible to run a LR test between M2 and M3 due to missing data.
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Table 6

Demographic and clinical details for those who had and did not have non-amnestic cognitive

impairments
Non-Amnestic Non-Amnestic
Cognitive Cognitive
Impairments: Impairments:
Variable Not present Present t tests
Number per group 88 162
Sex
Male 43 (48.9%) 79 (48.8%)
Female 45 (51.1%) 83 (51.2%)

Chi square test between sex
groups
Mortality

Dead

Survived (to May 2015)
Chi square test between
mortality groups
Age at diagnosis

Mean (SD)
Age at death

Mean (SD)

Time from first consultation to

diagnosis (weeks)
Mean (SD)
Range

Number of key features
Mean (SD)

Range

X21 = 0.0,
p=038

73 (82.9%)
15 (17.0%)
le = 38.2,
p = 0.0%%x
79.8 (6.8)

82.8 (6.9)

42.0 (36.2)
43-260.9

3.0 (0.9)

1-5

X21 :0.1,
p=038

102 (62.9%)
60 (37.04%)
le = 109,
p=0.0%%*
78.5 (7.0)

81.8 (8.1)

53.7(51.3)
4.4-230.6

3.5(0.8)

2-5

ta1sy=09,p=04

tr3y=0.9,p=0.4

taiey=-1.3,p=0.2

tae)=-3.1,
p=0.0%*

Significance codes: * p <.05, ** p < .01, *** p <.001.
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Figure 1. Mortality rates of individuals with DLB, with and without non-amnestic cognitive
impairments.
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