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OBJECTIVES: To assess the effect of cardiovascular dis-
eases and risk factors on mortality in individuals with
dementia.

DESIGN: Systematic review and meta-analysis. English-
and Dutch-language studies in PubMed, EMBASE, and
PsycINFO databases were searched in April 2014 with
hand-searching of in-text citations and no publication limi-
tations. Inclusion criteria were original studies reporting
on cardiovascular risk factors or diseases and their rela-
tionship with survival in individuals with dementia. The
Quality In Prognosis Studies tool was used to appraise all
included articles.

SETTING: Population-, hospital-, and nursing home-
based.

PARTICIPANTS: Community-dwelling, hospitalized indi-
viduals and nursing home residents with dementia.
MEASUREMENTS: A random-effects meta-analysis was
performed to investigate the effect of several cardiovascu-
lar diseases and risk factors on overall mortality.
RESULTS: Twelve studies with 235,865 participants were
included. In pooled analyses, male sex (hazard ratio
(HR) = 1.67, 95% confidence interval (CI) = 1.56-1.78),
diabetes mellitus (DM) (HR = 1.49, 95% CI = 1.33-1.68),
smoking (ever vs never) (HR =1.37, 95% CI=1.17-
1.61), coronary heart disease (CHD) (HR = 1.21, 95%
CI = 1.02-1.44) and congestive heart failure (CHF)
(HR = 1.37, 95% CI = 1.18-1.59) were associated with
mortality. Stroke, high blood pressure, being overweight,
and hypercholesterolemia were not statistically signifi-
cantly related to mortality.

CONCLUSION: Individuals with dementia and DM,
smoking, CHD, and CHF have a greater risk of death than
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individuals with dementia without these risk factors or dis-
eases. ] Am Geriatr Soc 64:37-46, 2016.
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Dementia is a severe disease with an often poor prog-
nosis. The literature suggests that mortality risk of
individuals with dementia is at least twice as high as mor-
tality risk of persons without dementia, with even higher
risks in younger individuals."* The burden of dementia is
steadily rising, and it is expected that dementia will be the
leading cause of death in the near future.®> Survival time
ranges broadly* and ultimately depends on underlying risk
factors including sex, age, socioeconomic factors, type of
dementia, and presence of comorbidity (e.g., cardiovascu-
lar disease (CVD)).>®

CVD and dementia are closely related because they
share many risk factors (RFs), and vascular diseases are the
second most common cause of dementia.” Research on the
relationship between CVD, RFs, and dementia has focused
mainly on the development of dementia in the presence of
CVD and RFs. These factors increase the incidence of
dementia.® In contrast, the effect of these factors on the pro-
gression of dementia is less consistent, and the effect on mor-
tality risk in individuals with dementia is not clear at all.”

Information on the effect of CVD and RFs on the
prognosis of individuals with dementia is valuable for indi-
viduals, caregivers, and clinicians because the estimated
prognosis inevitably determines decision-making regarding
diagnostic and therapeutic interventions. Individual studies
have had inconsistent results on the effect of CVD and
RFs on the prognosis of individuals with dementia, and
systematic reviews on this topic are lacking Therefore, this
study aimed to systematically review and meta-analyze the
effect of CVD and RFs on mortality risk in individuals
diagnosed with dementia.
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METHODS

The systematic review, including a meta-analysis, was
performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment. "’

Search Strategy

A systematic literature search was conducted on April 1,
2014, to identify all relevant publications on the effect of
CVD and RFs on mortality in individuals diagnosed with
dementia. An electronic search was conducted using
PubMed, EMBASE, and PsycINFO without any restriction
as to calendar time. The complete search syntax for
PubMed can be found in Appendix S1.

Reference lists of all identified studies were also
searched for other relevant citations that the search did
not obtain.

Inclusion and Exclusion Criteria

Articles were included if the study population included
individuals diagnosed with dementia with and without
CVD and RFs; they reported on cohort studies reporting
on all-cause mortality; the determinants of interest (CVD
and RFs) were evaluated (e.g., hypertension, diabetes mel-
litus (DM); hypercholesterolemia, smoking, overweight or
body mass index, myocardial infarction, stroke, congestive
heart failure (CHF)); they were original articles; and they
were published in English or Dutch.

Articles were excluded if they did not meet the inclu-
sion criteria, if they compared mortality risk of individuals
diagnosed with dementia with that of (healthy) controls
without dementia, if comorbid conditions were not sub-
classified into CVD and RFs, if risk of death in individuals
with dementia could not be obtained, and if there was no
abstract or full text available.

Selection Process

Search results from the aforementioned syntax were
imported to Refworks, and duplicates were removed after
screening for being correctly selected as duplicates. The
selection process comprised three stages: selection by title,
review by abstract, and review by full-text.

Three independent reviewers (IvdV, IV, RV), screened
titles for relevance, then two independent reviewers (IvdV
and RV) reviewed potentially relevant abstracts and full
text. If there was any disagreement between the reviewers,
the final decision was reached by consensus. Three of the
six articles that were not available online were retrieved
from authors, and the other three whose authors did not
respond were excluded.

Assessing the Risk of Bias

The Quality In Prognosis Studies tool, developed to sup-
port assessment of bias in prognostic studies, was used to
assess the risk of bias for all included studies."! For each
publication, the type of bias according to six domains was
assessed (study participation, study attrition, prognostic

factor measurement, outcome measurement, confounding
measurement, appropriate statistical analyses).

Data Extraction and Analysis

After inclusion of all articles, information on first author,
year of publication, study design, year of data collection,
characteristics of study population (sample size, mean age,
distribution of sex, type of dementia), criteria used to diag-
nose dementia, the CVD and RFs under investigation and
source of information on comorbidities, number of deaths,
and duration of follow-up was extracted from the included
studies. If studies provided information on multiple factors
influencing survival time, only information on CVD and
RFs was included in this review. One study provided data
for participants with Alzheimer’s disease (AD) and vascu-
lar dementia separately.'> To simply compare mortality
risks across the different studies, only information on indi-
viduals diagnosed with AD was extracted from this study
because all other studies reported particularly on individu-
als with unspecified dementia or AD.

A meta-analysis was conducted to assess the direction
and strength of the association between the determinants
and outcome of interest. For all analyses, effect estimates
per CVD and RF provided in the original publications were
used. Most studies provided hazard ratios (HRs) or relative
risks (RRs) for mortality per CVD and RFs separately. HRs
were assumed to equal RRs. If studies did not provide HRs
or RRs, two-by-two tables were reconstructed to calculate
RRs by using extracted numbers of participants with demen-
tia who died or not and with or without the determinant. If
articles presented data insufficient to reconstruct two-by-
two tables, the authors were contacted and asked whether
their data could be reanalyzed. If it was not possible to gen-
erate the data or if the authors did not respond, articles were
excluded (n = 4)."37'® The log(risk ratio) and standard error
per determinant were calculated if not reported.

Results from all studies were combined using random
effect models, stratifying the data for each CVD and RF.
Random effect models were used because heterogeneity in
results across studies was assumed because of differences
in how determinants were measured and defined and dif-
ferences in participant characteristics and selection. Pooled
effect estimates were presented as RRs with corresponding
95% confidence intervals (Cls). A univariate pooled and, if
available, a multivariate pooled effect estimate per deter-
minant was provided. Data were pooled and graphically
displayed using Review Manager 5.3 software from the
Cochrane Collaboration (Nordic Cochrane Centre, Copen-
hagen, Denmark).

The I*-statistic and prediction intervals were used to
quantify heterogeneity. The [*-statistic is a measure of
inconsistency that describes the percentage of observed vari-
ability in results, which reflects real differences in effects
rather than variation that can be expected because of
chance. I* values greater than 50% indicate significant
heterogeneity.'” A 95% prediction interval shows the likely
range of values for the HR that can be expected if a new and
large study would be performed comparable with ones
included in this review. The prediction interval provides
insight into the variability or consistency between the results
of individual studies, whereas a 95% CI around the pooled
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estimates provides insight into how certain the value of the
pooled estimate is. The amount of between-study variation
(also known as the tau-squared value of a random effects
model) is the critical factor determining the width of a 95%
prediction interval; large values of between-study variation
will result in a wide prediction interval, even if a large num-
ber of studies are included in a review.'®!?

RESULTS

Selection and Characteristics of Studies

The initial search returned 15,774 potentially relevant arti-
cles (Figure 1). Duplicate studies were deleted (n = 3,071).

After assessing abstracts, applying inclusion and exclusion
criteria, and assessing risk of bias, 12 articles remained.
The rest were excluded mainly because they did not con-
cern the determinants of interest (e.g., comorbidities other
than CVD) or the domain of interest (e.g., older adults
without distinction between those with and without
dementia). No additional articles were found from refer-
ence lists. Table 1 summarizes the characteristics of the
included articles and outcomes of interest.

Study Quality and Risk of Bias in Included Studies

Overall, the quality of the included study cohorts was
moderate to good (see the summary of results of the

PubMed EMBASE PsycINFO
N=6,177 N =9,078 N =519
Total number of titles
N =15,774
Duplicates
removed ‘
n=3,071

Title and abstract screening
n=12,703

Excluded on title: n = 12,528

Not human: n =532

Not outcome of interest: n = 10,804

Not determinant of interest: n = 184

No original article: n = 667

Duplicates: n = 341

Selected abstracts
n=175

Excluded on abstract: n = 106
Not outcome of interest: n =21
Not determinant of interest: n = 67
No original article: n = 15
Duplicates: n=1

No abstract text availability = 2

Selected full text
n =69

Excluded on full text: n =57

Not domain of interest: n =7

Not determinant of interest: n = 41

No original article:n =5

No full text availability: n =3

Insufficient data to calculate risk of death: n=1

Included full text
n=12

Figure 1. Flowchart of literature search performed on April 1, 2014.
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Bias domains
Study participation

Study attrition

Prognostic factor measurement
Outcome measurement

Study confounding

Statistical analysis and reportin
Low risk
Moderate risk
High risk
Unsure

Ratings risk of bias

Figure 2. Summary of risk of bias of 12 included studies using the Quality In Prognosis Studies tool.

Quality In Prognosis Studies checklist in Figure 2 and a
comprehensive overview in Appendix S2). In eight studies,
the source population was not comprehensively described,
or the authors referred to previously published articles,
some of which were unavailable in full text. Not providing
reasons for loss to follow-up caused risk of bias due to
study attrition in three studies. The majority of studies col-
lected information on determinants from questionnaires or
participant records without a clear definition (e.g., cutoff
levels), which might lead to differences in classification of
CVD and RFs. The method of data collection in each
study was similar for all individuals under investigation in
that particular study. All studies provided a clear definition
of outcome, adjusted for all important confounders, and
used adequate statistical models.

Determinants

Most studies showed an overview of a broad range of fac-
tors related to survival time in individuals with dementia.
The majority provided solely the statistically significant
multivariate HRs or RRs. Univariate and multivariate
pooled effect estimates per determinant were therefore cal-
culated only when they were investigated in three or more
articles (Table 2). Multivariate effect estimates were
graphically presented in forest plots (Figure 3).

Cardiovascular Risk Factors

Sex

All included studies provided univariate HRs or RRs for
the effect of sex on risk of mortality in individuals with
dementia, and six presented multivariate HRs. More than
200,000 individuals were involved in both analyses. The
majority of studies showed a better prognosis for women
than men. In the univariate (RR = 1.32, 95% CI = 1.17—
1.49) and multivariate (RR = 1.67, 95% CI = 1.56-1.78)
pooled analysis, greater mortality risk was observed for
men than women. Heterogeneity across studies was non-
significant according to the multivariate pooled random
effect analysis (I* = 44%, P =.12). The 95% prediction
interval (range of likely values of a new and larger study)
for sex ranged from 1.36 to 2.06.

Diabetes Mellitus

The relation between DM and mortality risk was well
described in univariate (n = 12) and multivariate analyses

(n = 9). Approximately 13,000 individuals were involved
in the multivariate meta-analysis. The pooled analysis
showed a statistically significantly greater mortality risk in
participants with DM (multivariate RR = 1.49, 95%
CI = 1.33-1.68), with acceptable heterogeneity across
studies (I* = 35%, P =.14). The prediction interval for
DM ranged from 1.19 to 1.87.

Hypertension

Nine studies reported univariate estimates, and three
reported multivariate estimates of the effect of hyperten-
sion on mortality risk. The multivariate pooled analysis
showed no statistically significant effect of hypertension on
mortality risk in individuals with dementia (multivariate
RR =1.25, 95% CI = 0.81-1.93). There was a consider-
able amount of heterogeneity in results between the studies
(I* = 61%, P = .08). The prediction interval for hyperten-
sion ranged from 0.60 to 2.60.

Smoking

Smoking, defined as ever versus never smoker, was
described only in univariate analyses (n = 3). All studies
showed a statistically significant higher mortality risk in
smokers (RR = 1.37, 95% CI = 1.17-1.61). Evaluation of
heterogeneity is difficult with only three studies, but dif-
ferences between the three studies were small (I = 0%).
The prediction interval for smoking ranged from 1.17 to
1.60.

Hypercholesterolemia

Only two studies described the effect of hypercholes-
terolemia on risk of death,'**° so the data were not
pooled. Both studies showed that a history of hypercholes-
terolemia did not increase risk of death in individuals with
dementia.

Body Mass Index

Three studies evaluated the effect of weight on mortality
risk,”" 3 but body mass index (BMI) was used as a
marker of poor nutritional status in two of the three
studies and hence was not considered as a risk factor for
CVD. Only one study described lower mortality risk in
individuals with a BMI of 25.0 kg/m? or greater (BMI
25.0-29.9 kg/mz: RR =0.76, 95% CI =0.74-0.77; BMI
30.0-34.9 kg/m*:  RR =0.66, 95% CI=0.64-0.68;
BMI > 35.0 kg/m*: RR = 0.66, 95% CI = 0.62-0.71).%*
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Figure 3. Forrest plots of relative risk for associations between cardiovascular diseases or risk factors and mortality in individuals
with dementia. Effect of (A) sex, (B) diabetes mellitus (DM), (C) hypertension (HTN), (D) coronary heart disease (CHD), (E)
congestive heart failure (CHF), (F) stroke. SE = standard error; CI = confidence interval; df = degrees of freedom.
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Cardiovascular Diseases

Coronary Heart Disease

Studies describing the relationship between myocardial
infarction, ischemic heart disease, or coronary heart disease
(CHD) and all-cause mortality were combined. Three stud-
ies provided multivariate HRs for a total of 1,051 partici-
pants. A greater mortality risk was observed in participants
with CHD, although the effect was marginally significant
(multivariate RR = 1.21, 95% CI = 1.02-1.44). Differences
between the three studies were small (I* = 0%). The predic-
tion interval for CHD ranged from 1.02 to 1.44.

Congestive Heart Failure

Four studies provided univariate HRs, and three provided
multivariate HRs. The pooled analysis showed greater
mortality risk in individuals with CHF in both analyses
(multivariate RR = 1.37, 95% CI = 1.18-1.59). The pre-
diction interval ranged from 1.07 to 1.75.

Stroke

Eight reported univariate effect estimates of stroke on
mortality risk, and four studies reported multivariate effect
estimates. Whereas the univariate pooled analysis, includ-
ing 235,145 participants, found a statistically significant
effect of stroke on mortality risk in favor of participants
without stroke (RR =1.16, 95% CI = 1.10-1.23), the
multivariate meta-analysis, including 10,520 participants,
did not (RR = 1.08, 95% CI = 0.99-1.18). Heterogeneity
was negligible (I* = 0%). The prediction interval ranged
from 0.99 to 1.18.

DISCUSSION

The main finding was that several cardiovascular RFs
(male sex, DM, smoking) and several CVDs (CHD and
CHEF) are associated with mortality risk in individuals with
dementia. Information on prognosis in individuals with
dementia concerning the presence of CVD and RFs is lim-
ited in contrast to the wealth of data on the incidence of
dementia with respect to CVD and RFs.

The results regarding the cardiovascular RFs that
appeared to be associated with greater mortality risk in
individuals with dementia are consistent with previously
performed studies focusing on older adults but not neces-
sarily individuals with dementia. The negative effect of
DM and smoking on life expectancy in general is well
known and is primarily based on the greater risk of
CVD 2526

It was also found that male sex was associated with
poorer prognosis. Although there is some inconsistency in
the literature regarding the effect of sex, there is a general
tendency toward greater mortality risk in men than in
women with dementia.**”*® However, these studies were
not included in this review because they did not investigate
other RFs or CVD.

Furthermore, some cardiovascular RFs known to be
associated with a poor prognosis in middle-aged individu-
als (hypertension, hypercholesterolemia, overweight) were

not associated with greater mortality risk in participants
with dementia. Paradoxically, these risk factors have less
of an effect on mortality in older adults than in younger
individuals, as has been described in previous studies.
Although hypertension in midlife is associated with greater
risk of dementia, some studies suggest that hypertension in
late life is associated with lower risk of death. Moreover,
this inverse relationship between blood pressure and mor-
tality risk is most striking in people who are frail, such as
individuals with dementia.>”> Hypercholesterolemia has
been implicated in the pathogenesis of dementia, but
pathophysiological mechanisms have not yet been com-
pletely determined.>® Although high lipid levels are gener-
ally associated with greater risk of CVD and death, some
observational studies in older adults have demonstrated
protective effect of high cholesterol levels with respect to
life expectancy.’’ No relationship was found between
overweight and mortality risk, and BMI was used as a
marker of nutritional status instead of a RF for CVD in
two of the three studies. Although high midlife BMI has
been associated with brain atrophy, white matter changes,
and greater risk of dementia,®* obesity in elderly adults is
associated with better survival outcomes, a phenomenon
known as the obesity paradox.*?

With respect to CVD, a history of CHF was found to
be associated with greater mortality risk in individuals with
dementia. The unfavorable effect of the combination of
CHF and cognitive impairment on prognosis is in line with
findings of previous studies that investigated mortality risk
in individuals with CHF.>**° These studies demonstrated
greater mortality risk in individuals with CHF and cognitive
impairment than in individuals with CHF without cognitive
impairment (HR range 1.9-4.9). A marginally greater risk
of mortality was found in individuals with dementia and
CHD than those with dementia without CHD. Previous
studies have shown that, in general, mortality risk after
CHD increases considerably with increasing age, being up
to 10 times as great in individuals aged 85 and older with
respect to short-term prognosis.’*® *® Furthermore, no
differences were found in mortality risk between individuals
with and without a history of stroke. This might be a result
of survival bias if only participants who survived a certain
period of greater risk after their event, thus those with a
good prognosis, were included in the studies.

Limitations

Some limitations need to be addressed. Four studies
included in this review investigated the effect of “heart dis-
ease,” including a broad range of CVD and RFs,>%:2%3%40
A clear, standardized definition was lacking, and therefore
this determinant could not be taken into account in the
analyses. The study was limited in that there were no indi-
vidual participant data available to study prognosis in
more depth and to estimate the prognosis for individual
participants.

Strengths and Clinical Implications

This is among the first systematic reviews and meta-analy-
ses focusing on the effect of CVD and RFs in individuals
with dementia. Twelve cohorts with 235,865 participants
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were included, and the strength and direction of the rela-
tionship between several CVDs and RFs and mortality risk
were assessed. The findings might be supportive for clini-
cians, individuals and caregivers concerning advance care
planning as this is inevitably associated with expected
prognosis.

Furthermore, the question arises how and whether
hypercholesterolemia and hypertension should be treated
in elderly adults with dementia because these risk factors
were not associated with greater mortality risk, although
evidence from randomized controlled trials on the effect of
treatment of these RFs in vulnerable elderly adults is
scarce. In these trials, elderly adults are often defined as
persons aged 60 to 80. There is evidence, derived from
these trials, that treatment of hypertension reduces the risk
of cardiovascular morbidity and mortality and all-cause
mortality, although the evidence was not overwhelming,
and the effect of the latter was limited to individuals aged
60 to 85.*"* Evidence of lower cardiovascular morbidity
and mortality in elderly adults undergoing statin therapy is
limited to secondary prevention.*® Because evidence-based
guidelines for appropriate care in vulnerable elderly adults,
including those with dementia, are limited, initiation or
continuation of therapy should be based on individual
preferences and improvement of quality of life after careful
evaluation of the probable benefits and potential risks of
the treatment. Given the limited amount of available data
from trials, there is an urgent need for randomized con-
trolled trials representing frail elderly adults, especially
individuals with dementia, given the high incidence of this
disease in elderly adults, to support management in daily
practice in these individuals.

CONCLUSION

Male sex, DM, smoking, CHD, and CHF had an unfavor-
able effect on mortality in individuals with dementia.
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