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Abstract

Background

Arteriosclerotic disorders increase the risk of
dementia. As they have common causes and
risk factors, coronary heart disease (CHD) could
influence the course of dementia.

Aim

To determine whether CHD increases the
speed of cognitive decline in Alzheimer's
disease, and to discuss the potential for
secondary cardiovascular prevention to modify
this decline.

Design and setting
Prospective multicentre cohort study in general
practices in six cities in Germany.

Method

Participants were patients with probable mild-
to-moderate Alzheimer’'s dementia or mixed
dementia (n=118; mean age 85.6 [+3.4] years,
range 80-96 years). The authors assessed

the presence of CHD according to the family
physicians’ diagnosis. Cognitive performance
was measured during home visits for up to

3 years in intervals of 6 months, using Mini
Mental State Examination (MMSE) and Clinical
Dementia Rating Sum of Boxes (CDR-SoB). The
authors also recorded whether patients died in
the observation period.

Results

At baseline, 65 patients (55%) had CHD and/

or a heart condition following a myocardial
infarction. The presence of CHD accelerated
cognitive decline (MMSE, P<0.05) by about 66%,
and reduced cognitive-functional ability (CDR-
SoB, P<0.05) by about 83%, but had no impact
on survival.

Conclusion

The study shows that CHD has a significant
influence on cognitive decline in older patients
with late-onset dementia. The dementia process
might therefore be positively influenced by
cardiovascular prevention, and this possible effect
should be further investigated.
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INTRODUCTION

Demographic changes will lead to
an increase in cases of dementia, with
35.6 million people already suffering from
dementia worldwide." This number is
expected to double over the next 20 years.
Alzheimer's disease (AD) accounts for 60%
of dementia cases, followed by vascular
dementia. Mixed forms are frequently
diagnosed.?

Arteriosclerotic disorders increase the
risk of dementia and, even in the absence
of a dementia process, lead to a decrease
in cognitive function in old age.®* The most
common atherosclerotic disease is coronary
heart disease [(CHD)* The incidences
of CHD and AD increase with age, and
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both diseases share common causes and
risk factors® such as the ApoE4 allele®
hypertension,” hypercholesterolaemia,®
and smoking.’ In addition, both diseases
mutually influence each other’s course and
respective pathology. Patients with CHD
tend to have higher amounts of senile
plagues in the brain,’® and microangiopathy
caused by arteriosclerosis may contribute to
neurodegeneration.® Further, the presence
of the amyloid beta peptide may increase
mortality in patients with CHD."

Secondary prevention of CHD is known to
be highly effective.” Because of their similar
pathological mechanisms, cardiovascular
prevention could reduce the incidence and
slow the progression of AD."™
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How this fits in

The presence of atherosclerotic disease
increases the risk for Alzheimer’s disease.
The impact of atherosclerotic disease, such
as coronary heart disease (CHD), on the
cognitive decline of dementia has been
little investigated. Alzheimer's disease

and CHD share many risk factors and
aetiological similarities. In cases where

an impact of CHD on cognitive decline has
been detected, cardiovascular prevention
is an opportunity to reduce the progression
of dementia.

GPs play a key role in initiating
cardiovascular prevention. The risk of
myocardial infarction in a patient with
existing CHD can primarily be reduced by a
change in behaviour patterns, for example,
smoking cessation, increased physical
exercise, or weight control.""7 Medication
for blood pressure, blood-thinning agents,
and the lowering of blood lipids, especially
low-density lipoprotein (LDL) cholesterol, is
recommended.

It is already known that the greater
the severity of arteriosclerosis, the
higher the risk of dementia, especially
in patients at genetic risk of AD.”® In
addition, arteriosclerotic disorders have a
negative impact on cognition in vascular
dementia."” One can therefore expect that
the co-occurrence of AD and CHD would
lead to a more severe course of cognitive
decline.

However, the impact of CHD on cognitive
decline in existing AD has rarely been
investigated. Aninfluence onthe progression
of cognitive impairment and mortality
would underline the importance of optimal
treatment and primary prevention of CHD to
possibly decelerate cognitive deterioration
in dementia. For this reason, the authors
examined the association between CHD
and cognitive decline in cases of AD.

METHOD

Study design

Ageing, cognition, and dementia in primary
care patients (AgeCoDe) is a multicentre
longitudinal study on the early diagnosis of
mild cognitive impairment and dementia in
primary health care in Germany. Patients
were recruited between 1 January 2003
and 30 November 2004, based on a random
selection from the registries of 138 general
practices in six German cities (Bonn,
Dusseldorf, Hamburg, Leipzig, Mannheim,
and  Munich). Following recruitment,

patients were examined at 18-month
intervals, and patients with dementia at the
third measurement wave (4.5 years after
the first examination) had additional interim
assessments every 6 months to closely
track the course of cognitive decline.

Inclusion criteria for the AgeCoDe study
were: age >75 years, absence of dementia
according to a GP’s judgement, and at least
one contact with a GP within the previous
12 months. Exclusion criteria were: GP
consultations by home visits only, living
in a nursing home, severe illness with an
anticipated fatal outcome within 3 months,
language barrier, deafness or blindness,
and an inability to provide informed consent.
A total of 3327 patients initially free of
dementia took part in the AgeCoDe study.

For the current analysis, only those
patients who fulfilled the criteria of probable
AD or mixed dementia were examined
at the third measurement wave of the
AgeCoDe study (see ‘definition of dementia’
section). Patients who did not fulfil these
criteria were not selected because the aim
of this study was to examine the interplay
between CHD and AD. Of 1995 patients
taking part in the third measurement wave
of the AgeCoDe study, 167 were classified
as having dementia. Of these, 118 were
diagnosed as having AD or mixed dementia
and were thus included in this study.

Assessment procedures

All patients included in the study were
examined every 6 months over a period of
3years in their home environment. These
examinations included assessment with
both the Mini Mental State Examination
(MMSEJ?® and the Clinical Dementia Rating
Scale Sum of Boxes (CDR-SoB).?' The
MMSE is a 30-point neuropsychological
test that is used to estimate a patient’s
global cognitive capability. Higher scores on
MMSE indicate a better performance. The
CDR-SoB is a clinical rating scale based
on the sum of six items used to quantify a
patient’s cognitive and functional disability.
A higher CDR-SoB rating suggests a worse
performance. In addition, the authors
assessed marital status, living conditions,
and whether patients died during follow-
up, and determined the date of death by
informant report.

At every measurement wave, patients
GPs reported the current diagnoses
recorded in the practice in a questionnaire.
The authors considered CHD to be present
if CHD or a myocardial infarction were
indicated at least once in the period
between the first examination and the
third measurement wave of the AgeCoDe
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study [that is, the baseline of the current
study). For the analysis, patients with a
documented  myocardial infarction
were, if not already specified by the GP,
assigned to CHD. The authors assessed
the presence of hypertension, diabetes,
hypercholesterolaemia/hyperlipidaemia,
stroke, and cancer in the same way as
for CHD. Patients’ educational levels
were classified as high, medium, or low
in accordance with the Comparative
Analysis of Social Mobility in Industrial
Nations classification system (CASMIN].
The authors measured patients’ depressive
symptoms using the 15-item version of the
Geriatric Depression Scale.?

Definition of dementia

A dementia diagnosis was made by trained
research physicians or psychologists using a
structured interview for the diagnosis of AD,
vascular dementia, and types of dementia
with other aetiology (SIDAM) on the basis
of the criteria of DSM-IV (Diagnostic and
Statistical Manual of Mental Disorders, 4*
edition).? SIDAM incorporates a battery
of neuropsychological tests, including the
MMSE and the SIDAM-ADL (activities of daily
living) scale, which were used to determine

cognitive impairment and impairment
of activities of daily living (defined as a
value of >1 on the SIDAM-ADL scale),
respectively. The aetiological diagnosis of
probable AD was made using the criteria of
the National Institute of Neurological and
Communicative Disorders and Stroke and
the AD and Related Disorders Association
(NINCDS-ADRDA).%*  Mixed dementia
was diagnosed in cases with a history of
cerebrovascular incidents without temporal
relationship to cognitive decline. The
authors did not classify patients with other
specific causes of dementia (for example,
Parkinson'’s disease, alcohol consumption,
brain tumour, or head injury) as AD or mixed
dementia. All final diagnoses were made
in a consensus conference involving the
interviewer and an experienced geriatrician
or psychiatrist.

Statistical analysis

The association of prevalent CHD at baseline
with patients’ cognitive capacity was
examined by latent variable growth curve
modelling (LGCM],® using the software
Mplus (version 7.11). Because the intervals
between measurement points were equally
spaced, time was included using fixed time

Table 1. Baseline data of study participants (n=118)

Mean SD
Age, years 85.57 3.32
Time since dementia diagnosis 1.56 1.35
MMSE: at baseline 20.04 5.00
CDR-SoB at baseline 6.99 414
n %
Female sex 88 74.6
Education
Low 75 63.5
Middle 29 24.6
High 14 11.9
Marital status
Single 1 9.3
Married 51 43.2
Divorced 7 5.9
Widowed 49 41.5
Living alone 60 50.8
Depressive symptoms (Geriatric Depression Scale >6) 16 13.6
History of smoking 47 39.8
Hypertension 103 87.3
Diabetes 45 38.1
Hypercholesterolaemia/hyperlipidaemia 86 72.9
Stroke 12 10.2
Cancer 16 13.5
Coronary heart disease 65 55.1

2The Mini Mental State Examination (MMSE] was not available at any measurement time point for five patients,

so an analysis of this cognitive variable was only possible for 113 patients. COR-S0B = Clinical Dementia Rating

Sum of Boxes. SD = standard deviation.
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Table 2. Results of the latent variable growth curve model

MMSE CDR-SoB
(n=113) (n=118)°
Est P-value Est P-value
Intercept Time since dementia diagnosis -1.54 <0.001 1.30 <0.001
Age 0.01 0.918 0.77 0.358
Sex‘ -0.12 0.908 -0.01 0.946
Medium education® -1.71 0.090 0.93 0.244
High education® 0.31 0.827 1.39 0.214
CHDe 1.73 0.051 -1.45 0.036
Slope Time since dementia diagnosis -0.23 0.385 0.05 0.797
Age -0.07 0.383 0.03 0.581
Sex‘ -1.02 0.131 -0.46 0.366
Medium education® -0.04 0.951 0.30 0.503
High education® -0.35 0.687 0.72 0.283
CHDe -1.03 0.039 1.01 0.008

The fit for the MMSE model was good [}? [53]= 67.795, P = 0.08, root mean square error of approximation
[RMSEA] = 0.050, comparative fit index [CFI]= 0.958). *The fit for the CDR-SoB model was good [ [53]= 69.14,
P =007, RMSEA= 0.051, CFl= 0.964). ‘Female sex was used as reference. *Low educational level was used
as reference. °Absence of CHD was used as reference. CDR-SoB = Clinical Dementia Rating Sum of Boxes.

CHD = coronary heart disease. Est= estimate of the effect on intercept and slope of cognition. MMSE = Mini

Mental State Examination.

scores. The maximum likelihood method
was used for parameter estimation.

The authors modelled base level of
cognitive performance [intercept] and the
linear decline (slope) in MMSE and CDR-
SoB. CHD status (present/absent] was
entered as a predictor of intercept and slope
in the model while controlling for age, sex,
education level, and time since dementia
diagnosis.

Full information maximum likelihood
(FIML) estimation was used to handle
missing data. FIML does not estimate
specific values for missing observations,
but solely uses the available information
from every observation to estimate
model parameters. Consequently, cases
with missing values do not have to be
excluded from the analysis but contribute
to the model estimation with their
recorded observations.?® FIML is currently
recommended as the state-of-the-art
method for treating missing data, and may
be useful to enhance power and reduce bias
arising from complete cases analysis.”

Model fit was assessed using root mean
square error of approximation (RMSEA]
and comparative fit index (CFl), where a
CFl >0.95 and RMSEA <0.05 represent
a very good model fit® Multivariate Cox
proportional hazard regression analysis
was performed to assess the impact of CHD
on survival, using SPSS (version 22.0). The
authors adjusted for age, sex, education,
and time since dementia diagnosis.

RESULTS

Table 1 contains the baseline data of the
study sample. On average, subjects were
cognitively assessed for 26 months. Of
118 patients with AD, 65 (55%) could be
assessed over an 18-month period, and 38
(33%) over a 36-month follow-up period. In
the first 18 months, 33 (28%) of the patients
died. At the end of the study, 59 (50%) of the
patients were deceased.

The MMSE was not available at any
measurement time point for five patients,
so an analysis of this cognitive variable was
only possible for 113 patients.

Cognitive performance and cognitive
decline

The models fitted the data well. Fit
indices and estimates of the effect of
CHD on intercept and slope of cognition
are presented in Table 2. The estimated
cognitive decline is depicted in Figures 1
and 2.

As expected, time since incident
dementia diagnosis was related to the
intercept of MMSE and CDR-SoB, a more
recent diagnosis being associated with
fewer deficits. No other covariate showed
significant effects on intercept or slope.

At baseline, patients with CHD were
significantly less impaired in the CDR-S0B,
and a similar trend (P<0.10) was found in
the MMSE. However, the presence of CHD
at baseline was associated with significantly
stronger cognitive decline both in the MMSE
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Figure 1. Cognitive decline measured by MMSE.
Range = 0-30. Lower scores indicate worse cognitive
performance. CHD = coronary heart disease.

MMSE = Mini Mental State Examination.

Figure 2. The course of cognitive and functional
performance measured by CDR-SoB. Range = 0-18.
Higher scores indicate worse cognitive and functional
performance. CDR-SoB = Clinical Dementia Rating
Sum-of-Boxes. CHD = coronary heart disease.

and in the CDR-SoB.

In patients without CHD, the estimated
annual MMSE was 1.5 points, and this
decline accelerated by about 66% to 2.5
MMSE points per year for patients with CHD.
The decline in the CDR-50B was even more
pronounced: the estimated annual decline
increased from 1.2 to 2.2 points (83%).

Effects of CHD on survival

The authors found no significant effect of
CHD on survival (hazard ratio [HR] =0.98,
P=0.941). However, males had a higher
risk of death within the observation period
(HR=2.17, P=0.012).

DISCUSSION
Summary
The main finding of this study is that, in
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older patients with a recent diagnosis of
dementia, the course of cognitive decline
is influenced by the presence of CHD.
As measured by the MMSE, this decline
accelerated by about 66% per year for
patients with CHD. At 83%, the decline in
the CDR-SoB was even more pronounced.

No effect of CHD on survival was observed
in this study. Thus, the authors could not
find evidence that the coincidence of AD
and CHD leads to more severe physical
impairment. However, the sample size
might have been too small to detect an
effect.

Strengths and limitations

The strengths of the study include a
GP-based sampling, a close monitoring
of cognitive decline, and statistical
consideration of drop-outs. However, the
observational design of the AgeCoDe study
does not allow causal inferences to be
made. In addition, the sample size was
limited, and confirmation in other samples
and settings is desirable.

Comparison with existing literature

The prospective Rotterdam study showed
that there is a connection between evidence
of arteriosclerosis and the likelihood of
incident AD or vascular dementia.'
Patients with severe arteriosclerosis
(two or more indicators) carried a two- to
threefold higher risk of developing either AD
or all-cause dementia than those without
arteriosclerosis, and the risk for incident
vascular dementia was even higher.

The current study extends this finding
and shows that CHD also has a deleterious
effect on cognitive decline after patients
receive a diagnosis of AD. This highlights the
importance of cardiovascular prevention,?”
and suggests a beneficial role for optimal
cardiovascular prophylaxis on cognitive
decline in dementia.

However,  previous  studies on
cardiovascular prevention have shown a
need for improvement. In primary care, only
about half of high-risk patients received
drug therapy according to guidelines. In
addition, behavioural health measures,
such as smoking cessation or nutritional
counselling, are still too rarely part of
primary care treatment.®'

Asyet, there is no conclusive evidence that
antiplatelet or cholesterol-lowering drugs
have a positive effect on dementia disorders
or their progression.®> But cognitive
impairment was not defined as the primary
endpoint of these studies. Older people
benefit from medical secondary prevention
even without an existing CHD. In particular,
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the risk of myocardial infarction, stroke,
and potentially mortality can be reduced by
statins.®*3 The course of dementia has a
significant impact on the need for care and
the autonomy of the patient 5% Therefore, a
positive effect of cardiovascular prevention
on cognition could mean that patients need
months’ or years' less care.

Implications for research and practice
The results of this study show that
CHD may accelerate cognitive decline
in dementia. It is well established that
cardiovascular prevention reduces the
incidence of atherosclerotic diseases. It
may also be effective at slowing progression
of dementia, although evidence from
randomised controlled trials is lacking.
Additional studies are required to
examine the effects that preventing CHD
by early treatment of its risk factors has on
dementia and cognitive decline.’’ A recent
study showed that an excessive reduction
in blood pressure in older patients with
dementia or mild cognitive impairment
can even promote the progression of
cognitive decline.®® This demonstrates the
importance of studies on the effects of
cardiovascular prevention in older people.
As well as pharmacological treatment,
physical exercise has a positive effect
on dementia,¥ possibly mediated by
cardiovascular mechanisms. The Finnish
Geriatric Intervention Study to Prevent
Cognitive  Impairment and Disability

(FINGER, a multidomain intervention) found
that diet, exercise, cognitive training and
vascular risk monitoring could improve
or maintain cognitive functioning in
older patients at risk of dementia.”® The
transferability of the results to people with
existing dementia should be examined in
further prospective studies.

Due to the connection between the
heart and the brain, efforts have been
made for high-risk patients to be treated
by neurologists and cardiovascular
specialists.! Multidisciplinary treatment of
cardiovascular risk factors could influence
not only the progression of dementia, but
also the onset of AD. Multidisciplinary
heart-brain clinics could be provided in the
future for this purpose. Such clinics could
also support physicians in risk stratification
and medical decision-making for patients
with multimorbidity. It would also allow the
impact of lifestyle changes on CHD, cognitive
decline, and dementia to be examined in
one place. In an interdisciplinary approach,
the family doctor should remain the main
coordinator of the treatment and care of
patients with dementia.

The results presented here should
encourage GPs to ensure that, in particular,
patients with dementia receive optimal and
effective prophylactic treatment to prevent
progression of arteriosclerosis. Further
research on the causal relationship between
CHD and cognitive decline in dementia is
warranted.
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