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Patients with dementia from multiple pathology often have a
combination of Alzheimer’s disease (AD) co-existing with
Vascular Dementia (VaD) and/or Dementia with Lewy Bodies
(DLB). Mixed AD, that is, AD co-existing with other pathology,
is increasingly being recognized in clinical practice with an
estimated prevalence of over 50% in community-dwelling
dementia patients.1-3 AD typically involves marked anterograde
amnesia, whereas VaD is often characterized by focal
neurological symptoms, abrupt or stepwise progression,
executive dysfunction and psychomotor slowing.4 By contrast,
DLB is commonly associated with fluctuating cognition with
variable attention and alertness, visual perceptual disturbances
or hallucinations, and early extrapyramidal symptoms, as well as
rapid eye movement (REM) sleep disturbances and neuroleptics
sensitivity.5 There are no universally accepted diagnostic criteria
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à la vie communautaire (p < 0,02). Conclusion : Bien que les critères de sélection stricts dans les études cliniques identifiaient la présence de la
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ORIGINAL ARTICLE

for mixed AD, but a definition within a broad lexicon of AD has
recently been proposed.6 Neuropsychological features of the
various dementia entities often overlap, and clinical phenotypes,
especially in those with mixed pathology, remain uncertain.
Therefore, it is conceivable that patients with mixed AD may be
enrolled in clinical trials of AD therapy intended for patients
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with pure AD pathology, which may have important implications
on outcome of the trials. However, systematic autopsy studies on
AD patients who had participated in clinical trials are rare, and
tend to be specific to a type of intervention.7,8 In the current
study, we investigated the prevalence and cognitive performance
of patients with pure AD and AD with multiple pathologies who
participated in clinical trials of AD therapy at our center over a
nine-year period.

METHODS
We conducted a retrospective review using clinical and

autopsy data collected over nine years between september 2002
and August 2011 at the University of British Columbia Hospital
Clinic for Alzheimer’s Disease and Related Disorders (UBCH-
CARD), a tertiary dementia clinic staffed by subspecialty trained
neurologists and geriatricians. All patients enrolled in AD
clinical trial protocols met strict inclusion/exclusion criteria;
subjects needed to: (i) be 50 years or older (ii) meet the National
Institute of Neurological and Communicative Disorders and
stroke and the Alzheimer's Disease and Related Disorders
Association (NINCDs -- ADRDA) criteria for the diagnosis of
probable AD9 and (iii) have no existing comorbid psychiatric
illnesses (major depressive disorder, psychosis, bipolar
disorder), unstable systemic illnesses (e.g. uncontrolled diabetes
or cardiovascular disease) or other suspected causes of cognitive
impairment (i.e. other non-AD neurological diseases, stroke,
brain tumor or delirium).

Clinical data collection
our institutional Clinical Research Ethics Board and the

Vancouver Coastal Health Research Institute have approved the
study and written consent for study participation and autopsy
was obtained from all patients. Patients’ medical histories were
systematically documented by AD/dementia specialist
geriatricians or neurologists. Demographics included age at first
visit, sex, and level of education. Clinical characteristics
included duration of symptoms documented at first visit, age of
death, time from symptom onset to death, family history of
dementia, depression before symptom onset, and vascular risk
factors including smoking. standardized scales including the
Mini Mental state Examination (MMsE), Modified Mini Mental
state (3Ms) examination and Functional Rating scale (FRs)
were administered at every clinical visit until they reached a
floor effect (i.e. MMsE <5). The FRs is a clinician-administered
scale modeled after the Clinical Dementia Rating scale (CDR) to
assess four cognition-based (memory, language, problem
solving, and orientation) and four non-cognitive (community
affairs, home and hobbies, personal care and affect)
dimensions.10 The rater takes into account the clinical
assessment and interview with the patient and caregiver to
provide a score on each functional dimension based on a scale
from 1 (healthy/normal) to 5 (severe impairment). A high
concordance with the CDR score has been demonstrated in the
assessment of patients with AD and vascular cognitive
impairment, and an estimate of the CDR sum of box score can be
derived from the FRs.11 In addition, all patients had either
computed tomogram (CT) (with or without contrast) or magnetic
resonance imaging (MRI) to screen for reversible causes of
cognitive impairment. 

Neuropathology procedure and criteria
subjects who were involved in clinical trials at UBCH-

CARD were also followed by staff geriatricians or neurologists
on an outpatient basis. The option of having a brain autopsy was
offered to all patients with a follow-up letter of consent mailed
to patients and/or caregivers and re-confirmed with next of kin
at the time of autopsy. In this study and from our previous
experience, approximately one in three subjects would agree to
this option. Neuropathologists were not blinded to patient
clinical data and had full access to health records and imaging
findings (CT/MRI) on all autopsied subjects, as it was felt to be
required for the pathologist to produce a more comprehensive
pathology assessment, and certain pathological diagnostic
criteria require correlation with clinical symptoms in order to
make a probabilistic estimate. In all cases, neuropathological
examinations followed a standardized protocol in which semi-
quantitative assessment of a wide range of pathological changes
was performed systematically.12,13 The protocol was designed to
be as unbiased as possible and not presuppose that one type of
pathology would have a greater influence on the clinical
presentation than another. Therefore, each type of pathology was
graded independently and a judgment was made as to whether or
not it was of sufficient severity to have independently caused
dementia or contributed to dementia in an additive fashion.
Thus, the neuropathological examinations included the
following possible outcomes: pure AD, AD/VaD, AD/DLB,
AD/VaD/DLB, AD/other pathology, and other pathology. After
formalin fixation, the weight of the brain was recorded and a
gross examination of the external surface and cut sections was
performed. Any focal lesions, the degree of atrophy of normal
anatomical structures and the degree and pattern of ventricular
enlargement were recorded. After an external examination of the
whole brain was completed, coronal slices were taken at 1 cm
intervals of the hemispheres, while the brainstem was sliced
perpendicular to its axis at 0.5 cm intervals. Tissue sections for
histology were taken from standardized anatomical regions that
included the neocortical regions used in the CERAD protocol
(superior and medial temporal gyri, middle frontal gyrus,
inferior parietal lobule as well as the hippocampus, entorhinal
cortex and midbrain).14 Additional tissue blocks were taken from
regions where gross focal lesions were seen.  A diagnosis of AD
was given when numerous or moderate neuritic senile plaques
(sP) and numerous or moderate neurofibrillary tangles (NFT)
were present in the neocortex, fulfilling the NIA Reagan Criteria
for a high or intermediate likelihood of AD.15 Cases with absent
or sparse sP and absent or sparse NFT were not given an AD
diagnosis. Cortical Lewy Bodies (LB) were quantified according
to the original consensus criteria for DLB.16 A diagnosis of DLB
was given when LB were present in the limbic and/or neocortex.
The presence of LBs in the amygdala only was not sufficient to
make a diagnosis of DLB. For diagnosis of vascular causes of
dementia, the size, number and anatomical location of all
macroscopic and microscopic chronic infarcts and hemorrhages
were recorded using a semi-quantitative grading system (none,
mild, moderate, severe). Recent vascular disease (i.e. just prior
to death) would not be considered relevant to dementia. Large
vessel stenosis, arteriolosclerosis, cerebral amyloid angiopathy
and white matter rarefaction/demyelination were all graded and
taken into account when assessing the overall degree of
cerebrovascular disease (CVD).17
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AD, Alzheimer’s disease; VaD, vascular dementia; DLB, dementia with Lewy bodies; UBCH-CARD, University of British
Columbia Hospital Clinic for Alzheimer’s disease and Related Disorders. aPatients with an autopsy-confirmed definite AD
(Reagan criteria)4 and vascular dementia (VaD) with (i) significant subcortical small vessels white matter ischemic injury
(>25mL in total volume), and/or (ii) frequent (>5) smaller chronic lesions or lacunes (<15mm) affecting multiple anatomical
regions of both hemispheres, excluding large vessels cortical strokes, “strategic” strokes, or hemorrhagic strokes. bPatients
with autopsy-confirmed definite AD, VaD and dementia with Lewy bodies (DLB).5 cPatients with AD/VaD (n=7) or
AD/VaD/DLB (n=2) or AD/hydrocephalus/inflammatory pseudotumor (n=1). dPatients with an autopsy-confirmed definite
AD (Reagan criteria)4 and no other significant dementia-related pathology. epure AD vs. mixed AD

           
 

 
Characteristic 

 
AD/VaDa 

 
AD/VaD/DLBb 

 
Mixed ADc 

 
Pure ADd 

 
p valuee 

 (n = 7) (n = 2) (n = 10) (n = 5)  
Sex - male 0.12 
   n (%) 2 (29) 1 (50) 3 (30) 4 (80)  

 
Education level - post-secondary 1.00 
   n (%) 2 (29) 1 (50) 3 (30) 2 (40)  

 
Smoking history  0.58 
   n (%) 3 (43) 2 (100) 5 (50) 4 (80)  

 
Age at first visit to UBCH-CARD 0.18 
   Mean ± SD 71.7 ± 8.6 61.5 ± 7.8 69.1 ± 8.7 61.2 ± 11.5  
   (range) (58-84) (56-67) (56-84) (50-78)  

 
Duration of symptoms at first visit 0.67 
   Mean ± SD 6.2 ± 3.5 3.5 ± 2.1 5.4 ± 3.2 5.2 ± 4.6  
   (range) (1-10) (2-5) (1-10) (1-13)  

 
Age at death 0.20 
   Mean ± SD 78.4 ± 7.7 65.0 ± 9.9 75.0 ± 9.1 68.4 ± 7.8  
   (range) (64-87) (58-72) (58-87) (58-78)  

 
Time from symptom onset to death 0.46 
   Mean ± SD 12.9 ± 3.8 7.0 ± 0.0 11.1 ± 4.0 12.4 ± 3.3  
   (range) 
 

(8-17) (7-7) (7-17) (8-17)  

Time from last assessment to death  
   Mean ± SD 3.6 ± 1.3 3.0 ± 1.0 3.1 ± 1.5 3.4 ± 2.2 0.44 
   (range) 
 

(0-6) (2-4) (0-6) (0-6)  

Family history of dementia 1.00 
   n (%) 2 (29) 1 (50) 3 (30) 2 (40)  

 
Depression before symptom onset  0.56 
   n (%) 1 (14) 1 (50) 2 (20) 2 (40)  

 
Diabetes mellitus  0.10 
   n (%) 0 (0) 0 (0) 0 (0) 2 (40)  

 
Hypertension  0.58 
   n (%) 4 (57) 1 (50) 5 (50) 1 (20)  

 
Hypercholesterolemia  1.00 
   n (%) 0 (0) 1 (50) 1 (10) 1 (20)  

 
Cardiovascular disease  1.00 
   n (%) 1 (14) 0 (0) 1 (10) 0 (0) 

 
 

              
         

               
                

               
       

            

           
              

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Characteristics of patients with pure and mixed AD pathology
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The following patterns of CVD were considered to have possibly
caused or contributed to dementia:

a) single large chronic cerebral infarcts;
b) numerous smaller chronic lesions affecting multiple 
anatomical regions of both hemispheres;
c) lesions affecting critical anatomical structures (e.g. 
bilateral hippocampi);
d) extensive ischemic injury to subcortical white matter and 
thus leading to a pathological diagnosis of CVD-related 
dementia. 

Statistics
Demographics and clinical characteristics of patients with

pure and mixed AD pathology (consisting of AD/VaD,
AD/VaD/DLB and AD/other pathology) were compared using
the Mann-Whitney U test for continuous variables, and Fisher’s
exact test for categorical variables with an expected count of 5 or
less in 1 or more cells. other outcomes of interest included the
baseline and last clinical assessment in MMsE, 3Ms, and FRs.
subgroups of patients with mixed AD pathology - specifically
AD/VaD, AD/DLB and AD/VaD/DLB - were also separately
compared to patients with pure AD. outcomes were reported
with p values and statistical significance was defined as a p
<0.05. No adjustment was made for multiple comparisons in this
exploratory study. 

RESULTS
Autopsy data were available for 16 of the 47 deceased

patients (34%) who were previously enrolled in AD clinical trial
protocols over the nine-year period. Basic demographic and
clinical characteristics (age at death, gender, level of education,
initial and final MMsE scores) were not significantly different
between clinical trials subjects with and without autopsy done
(data not shown). of these 16 patients with autopsy data, AD
pathology was present in 15 subjects (94%). specifically, five
(31%) had pure AD pathology, ten had mixed AD pathology and
one (6%) had non-AD dementia (argyrophilic grain disease with
hippocampal sclerosis / neurofibrillary tangle dominant
dementia). Within the ten patients with mixed AD pathology,
seven had AD/VaD, two had AD/VaD/DLB and one had AD with
hydrocephalus and an inflammatory pseudotumor but no
significant mass effect. Those with VaD had multiple small deep
lacunes or white matter ischemic changes, and none had large
cortical strokes or hemorrhage.  No patients in our series had
AD/DLB only. Demographics and clinical characteristics were
comparable between patients with pure and mixed AD pathology
(Table 1), although patients with mixed AD had a trend towards
older age on their first visit to the clinic (on average eight years). 

Brain imaging data were available in all subjects (15 had CT,
one had MRI) prior to time of death (average 7.4 years, median
eight years, range 0-13).  Two out of five subjects with pure AD

Figure: Baseline Functional Rating Score (FRS) in patients with pure and mixed Alzheimer’s disease (AD) pathology.
Higher number in the FRS represents worse performance.
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AD, Alzheimer’s disease; VaD, vascular dementia; DLB, dementia with Lewy bodies. aPatients with AD/VaD (n=7) or AD/VaD/DLB
(n=2) or AD/hydrocephalus/inflammatory pseudotumor (n=1). bpure AD vs. mixed AD.

            
 
 

 
Outcome 

 
AD/VaD  

 
AD/VaD/DLB  

 
Mixed ADa 

 
Pure AD  

 
p valueb 

Modified Mini Mental State exam 
     Baseline – n 6 1 8 4 0.09 
          Mean ± SD 74.8 ± 19.0 85.0 ± 0.0 77.3 ± 16.6 88.8 ± 4.7  
          Median (range) 80.5 (38-91) 85 (85-85) 83.5 (38-91) 90.5 (82-92)  
     Final – n 6 1 8 4 0.35 
          Mean ± SD 39.3 ± 20.0 60.0 ± 0.0 41.0 ± 18.7 58.3 ± 31.4  
          Median (range) 38.5 (10-72) 60 (60-60) 38.5 (10-72) 58 (25-92)  
Mini Mental State Exam 
     Baseline – n 6 2 9 4 0.12 
          Mean ± SD 22.8 ± 6.1 24.5 ± 0.7 23.7 ± 5.1 27.0 ± 1.8  
          Median (range) 25 (11-27) 24.5 (24-25) 25 (11-27) 27 (25-29)  
     Final – n 6 2 9 4 0.44 
          Mean ± SD 14.3 ± 4.2 14 ± 2.8 13.7 ± 3.9 17.0 ± 8.3  
          Median (range) 13 (10-22) 14 (12-16) 13 (9-22) 17.5 (7-26)  
Functional Rating Scale 
     Total 
          Baseline – n 

               Median (range)  
          Final – n 

               Median (range) 

 
7 
26 (16-34) 
6 
34 (24-38) 

 
2 
25.5 (24-27) 
2 
33.5 (30-37) 

 
10 
25 (16-34) 
9 
35 (24-38) 

 
4 
18.5 (17-20) 
4 
29.5 (20-38) 

 
0.07 
 
0.27 
 

     Memory       
          Baseline     0.15 
               Median (range) 3 (3-5) 3.5 (3-4) 3 (3-5) 3 (3-3)  
          Final       0.73 
               Median (range) 4.5 (4-5) 4 (3-5) 5 (3-5) 4.5 (3-5)  
     Language      
          Baseline      0.21 
               Median (range) 4 (2-5) 3.5 (3-4) 3.5 (2-5) 3 (3-3)  
          Final     0.06 
               Median (range) 5 (4-5) 5 (5-5) 5 (4-5) 4 (3-5)  
     Problem solving      
          Baseline      <0.01 
               Median (range) 3 (2-5) 3.5 (3-4) 3 (2-5) 2 (1-2)  
          Final     0.30 
               Median (range) 4.5 (4-5) 4 (4-4) 4 (4-5) 4 (2-5)  
     Orientation      
          Baseline     0.10 
               Median (range) 2 (1-4) 2 (1-3) 1.5 (1-4) 1 (1-1)  
          Final     0.15 
               Median (range) 4 (2-5) 4 (4-4) 4 (2-5) 2.5 (1-5)  
     Community affairs      
          Baseline      0.02 
               Median (range) 3 (2-4) 3 (3-3) 3 (2-4) 1.5 (1-3)  
          Final      0.68 
               Median (range) 4 (3-5) 4 (4-4) 4 (3-5) 3 (2-5)  
     Home and hobbies      
          Baseline      0.23 
               Median (range) 3 (2-5) 4 (4-4) 3 (2-5) 2.5 (2-3)  
          Final     0.67 
               Median (range) 4.5 (3-5) 4.5 (4-5) 5 (3-5) 4.5 (2-5)  
     Personal care      
          Baseline       0.19 
               Median (range) 3 (2-4) 4 (4-4) 3 (2-4) 4 (3-4)  
          Final      0.74 
               Median (range) 3.5 (2-4) 4.5 (4-5) 4 (2-5) 3 (3-5)  
     Affect      
          Baseline      0.34 
               Median (range) 3 (1-4) 2 (1-3) 2.5 (1-4) 2 (1-2)  
          Final     0.20 
               Median (range) 4 (2-5) 3.5 (2-5) 4 (2-5) 3.5 (2-4) 

 
 

 
           

           
     

Table 2: Cognitive outcomes in patients with pure and mixed AD pathologyy
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had minimal white changes reported on brain imaging, and 4/10
subjects with AD/VaD or AD/VaD/DLB had mild periventricular
white matter changes on brain imaging documented at the time
of initial clinical assessment. The rest of the subjects had no
significant abnormality reported, other than atrophic changes.

Patients with mixed AD tended to have worse FRs scores
(not statistically significant). They had significantly poorer
baseline FRs in problem-solving (p<0.01) and community
affairs (p<0.02) (Figure). specifically, poorer baseline FRs was
observed for patients with AD/VaD in the categories of
community affairs (p<0.04) and problem solving (p<0.02),
compared to patients with pure AD. There is also a trend towards
poorer FRs in the categories of home and hobbies (p<0.05) and
problem solving (p<0.05) for patients with AD/VaD/DLB
(results not shown in Table 2). Comparisons of other baseline
and final FRs, MMsE and 3Ms performance were
unremarkable (Table 2).

DISCUSSION
This study confirmed that the current diagnostic methods and

AD clinical trial enrollment criteria are effective for identifying
AD pathology – our study had a 94% (15/16) accuracy.
However, only 31% of subjects had pure AD pathology, while
mixed AD pathology was identified in the majority (63%) of
those who came to autopsy. older age has been associated with
a greater likelihood of developing mixed pathology, an
observation we were able to make also in our cohort, though not
statistically significant, presumably due to our small sample
size.1,18 The high incidence of mixed dementia may also be due
to referral bias of more complex cases to our tertiary dementia
clinic, although any atypical clinical presentation of AD would
likely have been excluded by the AD clinical trial exclusion
criteria. Conversely, in the clinical trials setting, efforts are in
place (i.e. imaging and Hachinski scores) to limit subjects with
mixed pathology; therefore, the incidence of AD with mixed
pathology may be even higher in the general population because
the strict enrollment criteria would have excluded cases of mixed
AD that presented with typical features of VaD or DLB.
Interestingly, our findings are similar to the preliminary analysis
of the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
autopsy data, in which only 4/9 (44%) was found to have pure
AD, with 5 (55%) having AD mixed with other pathologies,
including DLB, argyrophilic grain disease, and TDP-43.19

To our knowledge, this study is one of the first to compare the
FRs scores between patients with pure and mixed AD pathology.
Performance in the categories of problem solving and
community affairs appears to be worse in patients with mixed
AD pathology during the early stage of disease, as shown by
baseline FRs. The presence of vascular and Lewy body
pathology may interact synergistically with mild AD to cause
greater functional impairment at the time of presentation.20

However, mixed pathology does not appear to affect the degree
of cognitive impairment in patients during the later stages of
dementia; neither MMsE nor 3Ms scores could reliably
differentiate between pure and mixed AD. This is consistent with
several previous studies where significant overlap between the
neuropsychological profiles of AD and cerebrovascular disease
have been demonstrated.21-24

Interpretation of our findings must be cautious because of the
small sample size, preventing us from adjusting for potential
confounders (including age) and reducing the generalizability of
our results. This is a limitation common to most autopsy studies
in a clinical trial as the numbers are generally low7, as compared
to large-scale population-based studies. In addition, we cannot
rule out the possibility that there may have been a greater interest
among patients, researchers and clinicians to pursue an autopsy
when the clinical presentation was atypical or uncertain,
resulting in selection bias for cases with mixed pathology.
Furthermore, as a retrospective autopsy study, we cannot rule out
the development of new pathology from the last assessment to
death; however, given that patients with mixed pathology had
lower initial FRs performance in select subcategories, we
suspect that the observed mixed pathology was already present
at the patients’ first visit. In the patient with an inflammatory
pseudotumor, it is likely that the pseudotumor developed after
the last clinical visit as previous brain imaging was
unremarkable other than volume loss. A larger scale prospective
study using biomarkers capable of identifying each type of
dementia pathology will be needed to provide more definitive
answers with respect to the timing of the onset of pathologies in
mixed AD. 

In most clinical trials, brain imaging is required to rule out
significant cerebrovascular ischemic changes prior to enrolment.
In our current cohort, although all subjects had brain imaging
performed prior to their clinical diagnosis of AD, only 4/10
subjects with mixed AD/VaD or AD/VaD/DLB had white matter
abnormalities documented on the radiologist report, while 2/5
subjects with pure AD had mild white matter changes noted on
brain CT. It is possible that CT is not sensitive enough to identify
white matter ischemic changes in our subjects, and MRI should
be the preferred imaging modality over CT because of its
enhanced detection of tissue contrast, white matter changes, as
well as brain atrophy.25,26 Ideally, future clinical trials and
research studies should ensure that all subjects have
neuroimaging done within a reasonable period of time (one year)
prior to inclusion in studies to rule out vascular causes of
cognitive impairment. 

We speculate that there may be several potential benefits to
be able to discern pure AD from dementia secondary to other
pathological processes; for instance, the accurate diagnosis of
vascular dementia may lead to tighter management of
cardiovascular risk factors in order to prevent further cognitive
decline. However, the limited evidence available to date do not
clearly demonstrate that control of vascular risk factors such as
diabetes,27 hypertension,28 hyperhomocysteinemia,29 or
dyslipidemia28 leads to better cognitive test performance or
lower incidence of dementia. It has been suggested that the
absence of benefit may be due to the time-delay of treatment
initiated late in life, while management of these vascular risk
factors during midlife may hold better promise than treatment
late in life.30,31

The presence of mixed pathology may also reduce the
effectiveness of disease-modifying interventions for AD. We
hypothesize that patients with coexisting vascular or Lewy body
pathology may not respond as well to current AD experimental
treatments including amyloid lowering agents compared to those
with pure AD. In a case report of a subject immunized with AN-
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1792, it appears that amyloid pathology can been reduced, but
other pathologies including neurofibrillary tangles (tau) and
Lewy body (α-synuclein) remain.32 We can only speculate how
mixed pathology has impacted on other clinical trials to date. 

Despite significant differences in the baseline FRs of pure
and mixed AD, more sensitive and specific diagnostic tools are
required to differentiate between dementia with pure and mixed
pathology in research trials as well as clinical practice. The
current available biomarkers for AD such as cerebrospinal fluid
amyloid and tau, and Pittsburgh compound B Positron Emission
Tomography (PiB PET) increases the diagnostic certainty of AD
pathology, but do not rule out the presence of other dementia
pathology. Further research on pre-mortem biomarkers and
improved imaging modalities of all dementia pathologies will be
needed in order to advance our ability to discern between pure
and mixed AD. Until then, mixed AD remains a diagnostic
challenge.  
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