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Abstract

Clinical vascular features, either as manifest vascular disease or as cardiovascular risk factors
were compared in AD with and without neuropathological white matter disease (WMD). The
aim of the study was to investigate whether the presence of WMD and the severity of either
AD pathology or WMD were associated with different cardiovascular profiles.

A total of 44 AD cases were retrospectively studied. All the cases were neuropathologically
diagnosed as AD with WMD (n=22) and as AD without WMD (n=22), respectively.

The patients’ medical records were studied with regard to their medical history and to somatic
and neurological findings including arrhythmia, congestive heart failure, angina, myocardial
infarctions, signs of TIA/stroke, diabetes mellitus, and blood pressure abnormalities, such as
hypertension and orthostatic hypotension.

In AD-WMD, hypertension, orthostatic hypotension as well as dizziness/unsteadiness were
significantly more common than in AD without WMD. Cardiovascular symptoms were more
frequent in AD-WMD than in the other group, though the difference did not reach statistical
significance.

Hypothetically, abnormal and unstable blood pressure levels underlie recurrent cerebral
hypoperfusion, which may in turn leave room for the development of WMD. Furthermore,

dizziness/unsteadiness may be a symptom reflecting the presence of WMD.

Keywords: Neuropathology, cardiovascular, Alzheimer’s disease, white matter disease,

incomplete infarction, dizziness, hypertension, orthostatic hypotension



1. Introduction

White matter disease (WMD) is frequently found in the brains of Alzheimer’s disease (AD)
(Brun and Englund, 1986) . The most marked white matter changes typical of AD, constitute
a combination of axonal and myelin reduction, a mild reactive gliosis and a small vessel
arteriosclerosis. Described as selective incomplete white matter infarction (Englund et al.,
1988) these changes are considered to be ischemic/vascular in type, albeit generally
associated with the primary neurodegenerative disease of AD. The possible association of
vascular mechanisms and the development of AD have been a recent topic of discussion. It
has been suggested that vascular factors are important contributory factors in AD (de la Torre,
2004). Cerebral amyloid angiopathy (CAA) however, in itself a vascular disorder directly
associated with AD, has no immediate association with traditional cerebrovascular disease
factors, such as atherosclerosis, hypertension and hyperlipidemia (Wang et al., 2002), but has
been shown to correlate with severity of WMD (Haglund and Englund, 2002). WMD, judged
to be a form of vascular ischemic complication in many AD patients, occurs and progresses
along the course of dementia (de Leeuw et al., 2005; Englund et al., 2002). Although CAA in
AD correlates positively with WMD severity, WMD is also more prevalent in higher ages.
These correlations indicate a multifactorial pathogenesis of WMD in AD, in which other
vascular and/or cardiac features may possibly play a role.

Different symptomatologies have been described in AD with and without WMD / incomplete
infarction (Londos et al., 2001; Englund et al., 1989). These findings support the
heterogeneity of AD and may have implications for treatment strategies (Wallin and Blennow,
1996).

In earlier retrospective assessments of the medical records in AD with and without WMD

some vascular features consistently occurred in association with WMD; these were not only



cardiac disease, hypertension and orthostatic hypotension, but also clinical features, such as
dizziness and unsteadiness (Englund et al., 1989). Furthermore, executive dysfunction was
found to correlate with MRI-detected frontal white matter changes among AD patients in a
recent clinical study (own unpublished results).

In the present study we tried to investigate whether there are also other traits typical of
vascular disease in AD-WMD, not previously reported in our material.

The aim of the study was to compare clinical cardiovascular features, either as manifest
vascular disease or cardiovascular risk factors, in AD with and without WMD,

and thus to investigate whether the presence of WMD and the severity of either AD pathology

or WMD are associated with different profiles in these aspects.

2. Materials

A total of 44 neuropathologically diagnosed AD cases was retrospectively studied, half of
which were AD with WMD (7 males and 15 females) and the others representing AD without
WMD (9 males and 13 females). Mean age at death was 81.1 years (range 62-91) in AD with
WMD and 74.4 years (range 61-91) in the AD group without WMD (p=0.012) (Table 1).
Table 1 insert here.

All patients had been diagnosed and followed by means of repeated evaluations at the
Department of Psychogeriatrics. They subsequently underwent a post mortem
neuropathological examination. The AD-WMD group comprised consecutive dementia cases
from the Lund Longitudinal Dementia Study (Brun and Gustafson, 1993), selected for a
previous study (Andin et al., 2005) to represent AD-WMD without interference from of other
brain disease. The 22 AD cases without WMD were selected from the same period of time.
The clinical diagnoses were categorized in terms of ICD 10 (World Health Organization,

1992). The neuropathological diagnoses were established using the Brun and Englund criteria



(Brun and Englund, 1981), comparable with the CERAD and Braak criteria (Braak and Braak,
1991; Mirra et al., 1991) but encompassing more histopathological details in an assessment of
the entire brain, thus allowing for the exclusion of cases with additional pathology.

Cases with insufficient clinical data were excluded, as were cases in which concurrent
pathology, e.g. vascular lesions such as focal complete infarcts, were found. Consequently
there was no case in this study exhibiting the combined pathology of AD and vascular

disease/mixed dementia by traditional definitions (Kalaria et al., 2004; Langa et al., 2004).

3. Methods

3.1. Clinical evaluation

The medical records were studied retrospectively with regard to the medical history and to
somatic/neurological examinations including CT. In addition the records from somatic
neurological and psychogeriatric examinations were studied with regard to arrhythmia,
congestive heart failure, angina, myocardial infarctions, signs of TIA/stroke, diabetes
mellitus, and blood pressure abnormalities: hypertension and orthostatic hypotension.
Hypertension was defined as blood pressure >140/90 mm Hg for people below 70 years, and
>160/90 mm Hg for people above 70 years, recorded on three separate occasions (Thulin and
Liedholm, 1993). Orthostatic hypotension was defined as a systolic blood pressure fall of
more than 20 mm Hg upon standing from the supine rest position (Mathias and Bannister,
1992). Apart from other clinical features regularly noted, special attention was given to the
presence of falls and of dizziness/unsteadiness, for which patients’ subjective reports and
objective observations from caregivers were used.

3.2. Neuropathological assessment.

The severity of white matter changes, as noted from the protocols, allowed for specification of

three main degrees of pathology, (mild, moderate and severe). A similar rating (mild,



moderate, severe; here designated 1, 2 and 3, respectively) of the overall whole brain
Alzheimer pathology (Brun and Englund, 1981) was also retrieved from the protocols and the
rating was revisited with additional use of the Braak-Braak grading scale for temporolimbic
regions (Braak and Braak, 1991) (Table 1).

3.3. Statistical analysis

The statistical work was conducted in SPSS 13.0. for Windows (SPSS Inc).

The y2-test or Fisher’s exact tests (when the expected cell counts were <5) were carried out
for comparison of cardio-cerebrovascular diagnoses and other clinical symptoms. Confidence
intervals for proportions were calculated in accordance with the method described by
Newcombe & Altman (Newcombe and Altman, 2000). A one way ANOVA test was used to

compare means between the groups.

4. Results

Hypertension, orthostatic hypotension and also dizziness / unsteadiness were significantly
more frequent in AD-WMD vs. AD whereas recorded falls did not differ between the groups
(fig.2).

Fig. 1. Insert here

Cardiovascular features, such as arrhythmia, angina, myocardial infarction, and congestive
heart failure were more frequent in AD-WMD than in AD, though the differences did not
reach statistical significance between the groups (fig 2).

Fig. 2. Insert here

Clinically diagnosed TIA / stroke was recorded in three AD and four AD-WMD cases but
stroke was not pathologically verified in any of the cases. Diabetes mellitus was found in one

single AD case and in two AD-WMD cases.



Mean AD pathology (whole brain and temporo-limbic assessments) was equally severe in
both groups (table 1). Brain weight (not shown in table) correlated inversely with the severity

of AD pathology in both groups.

5. Discussion

In this study cardiovascular features were investigated and compared in AD-WMD and in AD
without white matter disease. In many earlier studies, mixed VaD-AD and pure groups of AD
and VaD, respectively, were compared with regard to cardiovascular features (Jellinger and
Mitter-Ferstl, 2003; Mungas et al., 2001; Wallin et al., 2000), but few studies, especially
among those including a neuropathological examination, have focused on cardiovascular
features in the AD-group alone.

5.1. Cardiovascular features.

In clinical dementia research hypertension and orthostatic hypotension are frequently
investigated features (Eguchi et al., 2004; Passant, 1997; Skoog, 1998; van Dijk et al., 2004),
and an association between elevated blood pressure and white matter lesions is recognized (de
Leeuw et al., 1999; de Leeuw et al., 2004; Dufouil et al., 2001; Lazarus et al., 2005; Liao et
al., 1997). An interesting finding in the present study was that hypertension as well as
orthostatic hypotension were more frequent in AD-WMD than in AD without WMD.
Hypertension preceded orthostatic hypotension in only one case (AD-WMD), however, and
the elevated versus low blood pressure levels were found in separate groups among the 44
cases. Earlier studies have shown that midlife hypertension increases the risk of Alzheimer’s
disease in later life (Kivipelto et al., 2001; Skoog et al., 1999). These latter studies, however,
had no neuropathological confirmation of the clinical diagnoses, or reference to any
coexisting WMD. Even though we found more hypertension in AD-WMD than in AD

without WMD, the total number of individuals in which hypertension was recorded at some



point was only 13 out of a total number of 44. The number of verified nonhypertensive AD
cases was 9 (of 44), whereas in the remaining cases, hypertension was not explicitly negated.
Previous studies have shown that variability in blood pressure has a stronger correlation to
WMD than hypertension per se (Puisieux et al., 2001; van Dijk et al., 2004). One may
speculate that a lack of capacity to regulate abnormal blood pressure, well recognized in AD
(Burke et al., 1994), leads to recurrent dysfunction of cerebral perfusion and leaves room for
the development of WMD (Englund, 1988).

Antihypertensive medication was considered when appropriate. Medication strategies, as well
as the number of drugs used, varied markedly in all cases, and there was no significant
difference between AD and AD-WMD in this respect.

As regards cardiac features, shown to be associated with WMD in an earlier study (Englund et
al., 1989), there was a tendency towards more symptoms (arrhythmia, angina, etc) in the AD-
WMD group, but this could not be verified statistically (Fig 2.).

Diabetes mellitus, another potential vascular risk factor, was rare in both groups. The same
finding was reported previously by us (Passant et al., 1997) and others (Tiberghien et al.,
1993).

5.2. Clinical symptoms.

Of all the symptoms investigated, dizziness/unsteadiness emerged as the symptom possibly
associated with WMD, and was significantly more frequent in the AD-WMD group. Although
we were aware of the difference between the connotations of dizziness and unsteadiness, we
did not attempt to subcategorize the two entities in this material.

Lower limb weakness was reported in AD patients with CT verified leukoaraiosis already in
1987 (Steingart et al., 1987). It is reasonable to anticipate frequent falls and/or drop attacks in

the group with reported dizziness/unsteadiness, but this association, however, was not found



in our material. We suggest that falls and dizziness/unsteadiness often have different geneses;
both features, however, having a multifactorial background.

The extent to which the presence of WMD increases the likelihood of a dementia diagnosis in
patients with asymptomatic low-grade AD pathology and the extent to which it may
accentuate cortical AD pathology or clinical dementia in subclinical or manifest AD is still to
be determined (Capizzano et al., 2004; Greenberg, 2002; ladecola and Gorelick, 2003; Prins
et al., 2004). Perhaps concurrent WMD and other forms of ischemic cerebrovascular disease
are likely to cause a deterioration from preclinical to clinical AD (Englund, 1988; Jellinger
and Attems, 2005; Jellinger and Mitter-Ferstl, 2003; Roman and Royall, 2004; Snowdon et
al., 1997)

To summarise, it is generally difficult to clinically separate AD from AD with WMD in a
standardised diagnostic investigation. Symptoms of dizziness / unsteadiness might be a

distinguishing feature and a sign of WMD, of value for future treatment attempts.
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Figure Legends
Fig. 1

Blood pressure, falls and dizziness/ unsteadiness in AD and AD-WMD, frequency (%) and
confidence intervals for proportions. Fisher’s exact test (*p< 0.05, **p<0.01).
Fig. 2

Cardiovascular features in AD and AD-WMD, frequency (%) and confidence intervals for
proportions. Fisher’s exact test (*p< 0.05, **p<0.01).
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Table 1. Demographic and pathological data for Alzheimer’s disease (AD) and AD with

white matter disease (AD-WMD).

AD AD-WMD
Pat.nr | Age | Nonfocal Whole brain | Temporo- Pat.nr | Age | Nonfocal Whole brain | Temporo-
/gender | at white matter | AD pathology | limbic AD /gender | at white matter | AD limbic AD
death | pathology’ | Brun/Englund | pathology death | pathology’ | pathology | pathology
Braak® Brun/Englund Braak®
1m 80 0 3 \ 23f 82 1 3 \
2f 77 0 3 V 24 f 88 3 2 \
3f 73 0 3 v 25f 85 1 3 VI
4m 61 0 3 VI 26 f 84 1 3 VI
5m 78 0 3 v 27 f 83 1 3 \
6f 72 0 3 VI 28 f 76 2 3 \
7f 79 0 3 V 29m |66 1 3 v
8f 91 0 3 VI 30f 72 3 2 v
9f 88 0 3 VI 31f 85 2 3 VI
10 f 61 0 3 Vv 32f 81 1 3 \
11f 78 0 3 Vv 33f 75 1 2 \
12 f 67 1 3 v 34m |82 2 3 \
13m 62 0 3 V 35f 89 2 3 V
14 m 81 0 2 Vi 36f 81 2 2 "n-1v
15m 78 0 2 Vv 37f 91 2 2 i
16 f 81 1 2 VI 38m |89 1 2 \
17m 65 0 2 v 39m |62 2 3 VI
18 m 77 0 2 V 40 f 86 2 3 VI
19f 58 0 2 V 41m |80 1 2 \
20m 88 0 2 1"l 42 f 91 2 3 VI
21f 70 0 3 Vv 43m |76 2 3 VI
22 f 71 0 2 v 4m |79 1 3 \
Mean | 74.4 |(0.09) 2.64 Mean |[81.1 |[(1.64) 2.68
SD 9.26 | (0.29) 0.49 SD 7.58 |(0.66) 0.48

IMild =1, Moderate=2, Severe=3

2 Grade of AD pathology according to Brun and Englund 1981

® Temporolimbic stage according to Braak and Braak 1991

Differences in AD-pathology between the groups: Fisher’s exact test: p=1.000

Differences in WMH-patology between the groups: y’-test: p=0.000***
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