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Abstract
Background—Many epidemiologic studies have considered the association between blood
pressure (BP) and Alzheimer disease, yet the relationship remains poorly understood.

Methods—In parallel with work on the AlzRisk online database (www.alzrisk.org), we
conducted a systematic review to identify all epidemiologic studies meeting pre-specified criteria
reporting on the association between hypertension, systolic BP, or diastolic BP and incident
Alzheimer disease. When possible, we computed summary measures using random-effects models
and explored potential heterogeneity related to age at BP assessment.

Results—Eighteen studies reporting on 19 populations met the eligibility criteria. We computed
summary relative risks (RRΣ) for three measures of BP: hypertension (RRΣ=0.97 [95% confidence
interval= 0.80–1.16]); a 10 mm Hg-increase in systolic BP (RRΣ=0.95 [0.91–1.00]); and a 10 mm
Hg-increase in diastolic BP (RRΣ=0.94 [0.85–1.04]). We were unable to compute summary
estimates for the association between categories of systolic or diastolic BP and Alzheimer disease;
however, there did not appear to be a consistent pattern across studies. After stratifying on age at
BP assessment, we found a suggestion of an inverse association between late-life hypertension and
Alzheimer disease and a suggestion of an adverse association between midlife diastolic
hypertension and Alzheimer disease.

Conclusions—Based on existing epidemiologic research, we cannot determine whether there is
a causal association between BP and Alzheimer disease. Selection bias and reverse causation may
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account for the suggested inverse association between late-life hypertension on Alzheimer disease,
but, given the expected direction of these biases, they are less likely to account for the suggestion
that midlife hypertension increases risk. We advocate continuing systematic review; the Alzrisk
database entry on this topic (www.alzrisk.org), which was completed in parallel with this work,
will be updated as new studies are published.

There is growing acceptance of a relationship between cardiovascular disease and Alzheimer
disease,1,2 yet much of this hypothesis is based largely on studies of cognition and dementia,
which encompasses Alzheimer disease, vascular dementia, frontotemporal dementia and
other conditions. Although Alzheimer disease is the most common form of dementia, studies
of the relationship between vascular risk factors and cognition or dementia do not provide
sufficient evidence to support a causal relationship between these risk factors and the
incidence of Alzheimer disease. Cerebrovascular pathology is common in older adults, is
associated with cognitive impairment, and often co-exists with Alzheimer disease
pathology.3–6 Moreover, studies have shown that, for a given level of Alzheimer disease
pathology, the probability of manifesting Alzheimer disease dementia is related to the
degree of vascular pathology.7–10 Thus, an association between vascular risk factors and
cognition or dementia may reflect an independent link between cerebrovascular pathology
and cognition or dementia rather than a causal relationship between vascular risk factors and
Alzheimer disease incidence or progression.

Despite almost 15 years of study11 and the presence of a substantial body of epidemiologic
literature on the relationship between blood pressure and dementia, there has been relatively
little discussion of whether there is a relationship specifically between BP and particular
subtypes of dementia.12–14 In particular, no comprehensive review has focused on the
prospective relationship between blood pressure and Alzheimer disease, the most common
form of dementia. The aim of this systematic review and meta-analysis is to assess whether
there is sufficient evidence to characterize the relationship between blood pressure and
Alzheimer disease. In addition, we consider whether the reported associations could be
attributable to bias or alternative explanations, a discussion currently lacking in the
literature.

To this end, the current review is limited to prospective cohort and nested case-control
studies, which avoid the introduction of bias due to issues of control selection15 and can
provide evidence of a temporal relationship between blood pressure and Alzheimer disease
onset. As recent reviews have suggested an age-dependent association between blood
pressure and impaired cognition or dementia,14,16 we also examined whether any
relationship between blood pressure and incident Alzheimer disease is related to age. This
work was conducted in parallel with a similar review for the AlzRisk online database of
Alzheimer disease epidemiology findings (available at www.alzrisk.org), hosted by the
Alzheimer Research Forum (www.alzforum.org), but does not exclude non-English
language articles, which are excluded from the AlzRisk database. In addition, the AlzRisk
review has slightly different inclusion and exclusion criteria and will be updated as
additional studies are published. Thus, there are slight differences across reviews, although
the overall conclusions do not differ.

METHODS
Systematic Review and Data Extraction

We used the Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines
in the reporting of this systematic review and meta-analysis.17 Eligible studies met the
following criteria: (1) were prospective cohort studies or nested case-control studies
conducted in well-defined cohorts; (2) presented original epidemiologic data on the
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association between incident Alzheimer disease and measures of blood pressure (BP), i.e.,
hypertension, systolic blood pressure, or diastolic blood pressure; (3) were not based on a
cohort consisting exclusively of individuals with a specific disease; (4) considered blood
pressure to be an exposure variable of interest, even if it was one of many exposures
considered, rather than exclusively as a potential confounder of another exposure-Alzheimer
disease relationship; (5) diagnosed Alzheimer disease through clinical examination, using
defined diagnostic criteria; (6) defined the comparison of interest for the reported
association (e.g. defined the relative risk as comparing “hypertension” vs. “no hypertension”
rather than reporting a relative risk for “blood pressure”); (7) provided confidence intervals
or other information that allowed estimation of standard errors; (8) adjusted for, at
minimum, age and sex; and (9) were judged to be of sufficient quality by meeting at least 5
of the criteria on a modified version of the Newcastle-Ottawa Scale18 (eAppendix 1, http://
links.lww.com). Non-English language articles were eligible for inclusion if they met these
criteria, but conference abstracts and unpublished manuscripts were excluded. If more than
one published paper reported on the association between blood pressure and Alzheimer
disease within a single study population, we included the study with the longest follow-up
period or (in the case of identical follow-up periods) the study for which the primary focus
was the association between blood pressure and Alzheimer disease.

A two-phase approach was used to identify all eligible studies published prior to 1 January
2011 (Figure 1). First, two of the authors of the present paper (MP and JG) independently
searched the literature through 1 January 2010 to identify eligible epidemiologic studies
using non-systematic searches of electronic databases (MEDLINE, EMBASE, Web of
Science, Google Scholar), review of citations from relevant articles, consultation with
experts in the field, and hand searches of publication archives from well-known cohorts. The
two lists of eligible studies were compared and disagreements were resolved by discussion.
Second, to ensure all eligible studies were identified, one of the authors (MP) created
separate search filters for the EMBASE and MEDLINE databases such that the combined
results generated by searches using these filters included all previously identified studies,
and created similar search filters for CINAHL and Web of Science. Unique citations from
papers published prior to 1 January 2011 in the combined results from these four database
searches were reviewed to identify any additional eligible studies not previously captured
(eAppendix 2, http://links.lww.com).

For each eligible study, two of the authors for the present paper (MP and JG) independently
extracted data (or, in the case of the one non-English language article that met the eligibility
criteria, a colleague of the authors extracted data). The following data items were obtained:
year of publication, study location, cohort, number of participants, number of Alzheimer
disease cases, follow-up time, percent of respondents lost to follow-up, baseline age,
Alzheimer disease screening process, diagnostic criteria, and diagnostic process, effect
measure, effect estimates, standard errors or information to compute standard errors, model
covariates, and additional information pertaining to the modified Newcastle-Ottawa Scale
criteria. A subset of this information is provided in tabular form (Table). When more than
one model was reported, we chose the maximally adjusted model that did not include
vascular outcomes as a covariate (e.g., cerebrovascular disease), as these may mediate any
relationship between blood pressure and Alzheimer disease. When a study reported
associations from follow-up periods of varying lengths, we chose the association
corresponding to the longest follow-up period.

Data Analysis
We grouped study findings according to blood pressure measure (e.g., diastolic BP, systolic
BP). We chose not to further stratify based on study design and reported effect measure
(odds ratio or hazard ratio) given the small number of studies reporting on the association
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between Alzheimer disease and any specific blood pressure measure; all effect measures are
referred to as relative risks (RRs) throughout the text. We recognize that the apparent
strength of an association is in part a function of the effect measure used; the Table lists the
reported effect measure for each study for the reader’s benefit.

If the only findings were from stratified analyses, we combined estimates from individual
strata into a single measure using fixed-effects methods with Mantel-Haenszel weights.19 If
a study evaluated blood pressure as a continuous variable and reported effect estimates per
blood pressure interval other than a 10 mm Hg-increase, we transformed the effect estimates
and confidence intervals to reflect a 10 mm Hg-increase. Specifically, we computed a
relative risk for a 10-unit increase by dividing the ln(RR) by the original interval,
multiplying this quantity by 10 and exponentiating the result. (For example, if ln[RR5]
corresponded to a 5 mm Hg-increase, then ln[RR10] per 10 mm Hg increase was (ln[RR5]/
5)*10.) Similarly, to compute the standard error of the ln(RR) for a 10 mm Hg-increase, we
divided the standard error of the ln(RR) by the original interval and multiplied this quantity
by 10. We used the resulting quantity to calculate a 95% confidence interval (CI) for the RR
for a 10 mm Hg-increase in blood pressure.

When data from three or more studies were available, we summarized the reported
associations in a forest plot. When these studies were similar enough to be combined
(typically binary or continuous exposure data, or categorical data with sufficiently similar
categories), we computed summary measures using random-effects models20 and included
these summary measures in the forest plot. We chose to use random-effects models because
these models incorporate between-study heterogeneity into the overall summary measures;
we expect between-study heterogeneity given (1) reports of modification of the BP-dementia
association by age at baseline,14,16 (2) reports suggesting modification of the effect of BP on
Alzheimer disease by antihypertensive drug use,21,22 and (3) variability across studies in
study design and covariate adjustment. If there is no between-study heterogeneity, a
random-effects model equals a fixed-effects model. We evaluated the presence of
heterogeneity across associations using the I2 test, which quantifies the degree of
heterogeneity due to between-study characteristics.23 We assessed publication bias using
Egger’s regression asymmetry test24 and by visually inspecting the Begg’s funnel plot.
These tests may have limited power to detect heterogeneity in our data. We also considered
whether age at exposure assessment (midlife versus late-life) could account for
heterogeneity in associations. When possible, we computed separate summary measures for
midlife and late-life measures of blood pressure.

We chose not to pursue a meta-regression approach for several reasons. We have few
studies, a limited range of mean ages at baseline in any single analysis, and large variability
in age within studies compared with the variability across studies all of which would make it
difficult to detect a true effect. In addition, the effect of mean age at baseline on the
association of interest is difficult to interpret when the various populations considered have
different age structures (e.g. some require a minimum age for entry while others do not).

All analyses were performed using STATA, version 11 (StataCorp, USA). Sample code is
available in eAppendix 3 (http://links.lww.com).

RESULTS
The literature search (Figure 1) yielded 18 eligible publications,21,22,25–40 reporting on 19
unique study populations (one publication32 reported on two separate populations). Study
populations from two publications29,36 overlap, but both were included separately as the
overlap was modest (~25%). All publications either explicitly excluded persons with
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prevalent dementia at baseline22,26,28–40 or were reasonably expected to have begun with a
dementia-free cohort due to the age of the participants at baseline (mean age at baseline <
60).21,25,27 Blood pressure measures differed by study population, with 10 considering
“history of hypertension,”22, 25, 26, 29, 30, 32, 35, 36,39 3 considering “hypertension at
enrollment,”31,33,40 4 considering systolic and diastolic BP as a continuous
variable,30,34,35,37 and 6 considering systolic and diastolic BP in categories.21,27,28,30,37,38

Four studies assessed blood pressure in midlife,21,25,27,30 defined here as prior to age 65.

“History of hypertension” was assessed via self-report for all but one study reporting on this
measure. The one exception26 relied on medicine-chest inventories of antihypertensive
medication use, in addition to self-report of previous diagnosis or antihypertensive
medication use. The three studies considering “hypertension at enrollment”31,33,40 defined
this condition as a baseline blood pressure measurement above 130 mm Hg systolic/85 mm
Hg diastolic or self-report of antihypertensive medication use. All studies considering blood
pressure as a continuous or categorical variable relied on measurements of blood pressure at
baseline or, in one case,21 repeated measures of blood pressure across several baseline
interviews.

BP and Alzheimer disease
The pooled estimate from the 10 studies reporting on association between a “history of
hypertension” and Alzheimer disease was 0.98 (95% CI= 0.80–1.19; Figure 2). Results were
similar when we combined data from studies reporting on “history of hypertension” and
“hypertension at enrollment” (summary relative risk [RRΣ]= 0.97 [95% CI= 0.80–1.16];
Figure 2). The pooled estimate from the 4 studies considering the association between a 10
mm Hg-increment in systolic BP and Alzheimer disease was 0.95 (95% CI= 0.91–1.00;
Figure 3) while the pooled estimate from the 4 studies considering the association between a
10 mm Hg increment in diastolic BP and Alzheimer disease was 0.94 (95% CI= 0.85–1.04;
Figure 4). We did not observe a consistent pattern of association for either BP measure
(Figures 5 and 6), and categories were not sufficiently similar to compute pooled estimates.

Statistical evaluation of heterogeneity found, for “history of hypertension”, I2= 42% (95%
CI= 0–71%), for combined results from “history of hypertension” and “hypertension at
enrollment” I2= 47% (95% CI= 0–71%), for 10 mm Hg-increment in systolic BP, I2= 0%
(95% CI= 0–68%), and for 10 mm Hg-increment in diastolic BP, I2= 14% (95% CI= 0–
72%). These findings suggest that moderate heterogeneity of effect may be present in some
analyses, but these statistics are greatly underpowered, making it difficult to draw strong
inferences. Begg’s funnel plots and Egger’s test of asymmetry failed to indicate the presence
of publication bias for any summary estimate (eAppendix 4, http://links.lww.com).
However, these statistics are also likely underpowered, given the small number of studies
included in each summary estimate, and inference about publication bias should be made
with caution.

Midlife BP and Alzheimer disease
Four studies assessed blood pressure in midlife21,25,27,30—defined here as prior to age 65
years. Given that these four studies used different blood pressure classification schemes, we
could not compute summary estimates. The single study that considered the association
between midlife history of hypertension and incident Alzheimer disease suggested an
adverse relationship (RR= 1.40 [95% CI= 0.75–2.62]).25 Three studies21,27,30 evaluated the
association between midlife systolic BP and incident Alzheimer disease, but their findings
were inconsistent (Figures 3 and 5). Little evidence of an association was apparent in two of
the three studies,21,30 while the third reported increased risk of incident Alzheimer disease
with highly elevated systolic BP (RR=2.6, [95% CI=1.1–6.6], comparing midlife systolic BP
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≥160 mm Hg to <140 mm Hg).27 However, in another study where there was no association
in the cohort overall, there appeared to be a nonlinear association among participants who
had never been treated with antihypertensive medications.21 The data suggest that those with
low (<110 mm Hg) or high midlife systolic BP (>160 mm Hg) had an increased risk of
Alzheimer disease, compared with those with intermediate systolic BP (110–139 mm Hg).
Conversely, the three studies21,27,30 reporting on the association between midlife diastolic
BP and incident Alzheimer disease consistently suggested an adverse association with
midlife diastolic hypertension (Figures 4 and 6).

Late-life BP and Alzheimer disease
Fifteen studies, covering 16 populations, reported associations with late-life measures of
blood pressure,22,26,28–40 with 9 reporting on an association with “history of
hypertension,”22,26,29,30,32,35,36,39 3 with “hypertension at enrollment,”31,33,40 3 with
continuous measures of systolic or diastolic BP,28,37,38 and 3 with categories of systolic or
diastolic BP. 28,37,38 The summary relative risk among the 9 studies reporting on the
association between “history of hypertension” and Alzheimer disease was 0.95 (95% CI=
0.78–1.17). Results were similar when we combined studies reporting on late-life “history of
hypertension” and on late-life “hypertension at enrollment” to compute a single summary
estimate (RRΣ=0.95 [95%CI= 0.78–1.14]). The pooled estimate from those studies reporting
on the association per 10 mm Hg-increment in late-life systolic BP and incident Alzheimer
disease was 0.95 (95%CI= 0.90–1.00), but there was no clear pattern in the associations
corresponding to categories of late-life systolic BP (Figure 5). The pooled estimate from
those studies reporting on the association per 10 mm Hg-increment in diastolic BP and
incident Alzheimer disease was 0.93 (95%CI= 0.84–1.04), and studies reporting on the
association between incident Alzheimer disease and categories of late-life diastolic BP also
suggested decreased risk of Alzheimer disease with higher diastolic BP (Figure 6).

DISCUSSION
This systematic review and meta-analysis of prospective epidemiologic research does not
provide clear evidence for a relationship between blood pressure and Alzheimer disease.
There was some suggestion of an age-dependent effect of blood pressure on Alzheimer
disease, although the evidence is relatively weak: there is a suggestion that midlife diastolic,
but not midlife systolic, hypertension in midlife may have an adverse effect on risk of
incident Alzheimer disease and a suggestion that elevated late-life BP may actually be
beneficial.

Potential Mechanisms of Action
A number of autopsy studies9,10 have shown that the probability of manifesting dementia for
a given level of Alzheimer disease pathology is increased by the presence of cerebrovascular
pathology, which is strongly linked to hypertension.41–48 Thus, an increased incidence of
dementia in those with hypertension could be due solely to its impact on cerebrovascular
pathology. However, uncontrolled hypertension appears to predict the level of
neurofibrillary tangles and neuritic plaques (pathologic indicators of Alzheimer disease) in
the brain,49–51 which could be a direct effect of hypertension on Alzheimer disease
pathology. While there is little mechanistic evidence linking blood pressure to the formation
or toxicity of tau proteins or neurofibrillary tangles in the brain,7 blood pressure may be
related to Alzheimer disease initiation or progression through mechanisms involving beta-
amyloid peptides,52 which aggregate to form neuritic plaques. Animal studies suggest
cerebral ischemia may be involved in the initiation of Alzheimer disease through
upregulation of amyloid precursor protein gene expression,53–55 promotion of amyloid
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precursor protein cleavage into beta-amyloid peptides,56 or reduction in beta-amyloid
peptide clearance.57

Alternately (or additionally), blood pressure may be related to Alzheimer disease
progression, rather than initiation, through mechanisms involving beta-amyloid peptides. In
mouse models of Alzheimer disease with mutations in the amyloid precursor protein or
presenilin genes (which in humans lead to Alzheimer disease in an autosomal dominant
fashion and are associated with increased production of beta-amyloid peptides), regulation
of cerebral blood flow is impaired, and episodes of hypotension or hypertension result in
undesired fluctuations in cerebral blood flow that may contribute to neuronal
dysfunction.58,59 Several studies have also observed greater brain atrophy (specifically
hippocampal and cortical atrophy) with increased blood pressure in both non-demented and
demented persons.60–64 The mechanisms underlying this association are unclear, but some
evidence suggests that it could result from an effect of subcortical vascular pathology on
cortical neuronal apoptosis (the process of programmed cell death) which, in exaggerated
form, is thought to lead to brain atrophy.65

Causal Inference
Systematic review and meta-analysis do not protect from bias and other challenges common
to epidemiologic research, even when, as in this review, we only consider prospective
epidemiologic studies. As such, we must consider whether observed results are indicative of
the true causal relationship between BP and Alzheimer disease or whether they can be
attributed to bias.

Selection bias, which can arise when study participation is incomplete and is related to both
the exposure and the outcome of interest, can have a substantial impact in studies of older
adults. Such studies enroll those who have survived into older adulthood and remain healthy
enough to participate in a research study; over time, loss to follow-up related to declining
health and death is common. For example, the majority of studies looking at the association
between late-life BP and Alzheimer disease enrolled participants after age 65. If initial
enrollment or continued participation once enrolled is related to blood pressure and to
Alzheimer disease (or their strong correlates), estimates of the association between blood
pressure and Alzheimer disease will be biased,66–70 and this bias will be reflected in our
summary estimates. Reported loss to follow-up in the studies included in this review ranges
from approximately 20% to 80%, indicating that there is ample potential for selection bias.

The potential for selection bias may be large because hypertension is an established risk
factor for cardiovascular morbidity and mortality.71–73 Risk of cardiovascular disease
appears to double with each 20 mm Hg-increase in systolic BP or 10 mm Hg-increase in
diastolic BP in adults ages 40–69 years. The risk ratio associated with these increases in
blood pressure is somewhat smaller in adults aged 70 and older. However, the blood-
pressure-related risk in this older group remains considerable, especially viewed in terms of
the risk difference, which may in fact be greater for the older group, among whom baseline
risk is considerably higher.74 In addition, clinical trials demonstrate a robust benefit of
antihypertensive medication use on coronary heart disease, congestive heart failure, stroke,
other cardiovascular events, cardiovascular-related mortality, and all-cause mortality.75

Those with higher blood pressure would therefore be expected to have decreased
participation due to increased cardiovascular mortality and morbidity, which would limit
initial participation or continued follow-up.

Likewise, cognitive impairment itself (for which the most common cause is Alzheimer
disease, whether full-blown dementia or milder syndromes) is an established risk factor for
non-participation76 and mortality.77,78 Often defined as having a low Mini-Mental State
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Examination score or increased difficulty with activities of daily living, cognitive
impairment appears to be associated specifically with loss to follow-up and drop-out due to
death in longitudinal cohorts of older adults.79,80 In summary, it is reasonable to expect that
persons with hypertension-associated morbidity or mortality and cognitive impairment
would be the least likely to be enrolled in or successfully continue participation in a
longitudinal cohort study. This pattern of selection would lead to an underestimation of the
blood pressure-Alzheimer disease relationship, which may account, at least in part, for the
suggestion of an inverse association between late-life hypertension and Alzheimer disease. It
also suggests that the true adverse association between midlife measures of hypertension and
Alzheimer disease may be stronger than that observed in the literature.

In addition, other evidence supports the existence of bias due to selection effects. The age-
dependent pattern observed in the current review, where the mean or minimum age at
baseline predicts the direction of the association, has been observed for several other
proposed Alzheimer disease risk factors that are in themselves significant predictors of
mortality, including smoking70 and total cholesterol.81 While we cannot exclude a true age-
dependent association for each of these risk factors, the consistency of this pattern, in which
the risk factor appears to have an adverse effect at younger ages and an inverse effect at
older ages, suggests that there may be a common underlying source of bias.

Reverse causation may also account for the observed pattern of association. Given that the
follow-up time for many of the studies of late-life hypertension and Alzheimer disease was
less than 5 years and the time between onset of the disease process and diagnosis of
Alzheimer disease is likely much longer,4 the suggestion of an inverse association between
late-life blood pressure and Alzheimer disease probably does not reflect a true effect of
blood pressure on Alzheimer disease initiation. Instead, the pathologic process of Alzheimer
disease may influence blood pressure regulation, leading to a decline in blood pressure
during disease development and progression.12 However, reverse causation is less likely to
account for the suggestion of an adverse effect of midlife blood pressure on Alzheimer
disease risk given that the dementia typically developed ten to twenty years after blood
pressure assessment. This suggestion of an adverse effect of midlife blood pressure on
Alzheimer disease risk may instead be due to a real effect of blood pressure on cognition. In
late life, it is thought that persons with less compliant blood vessels may require higher
blood pressure (particularly systolic blood pressure) to maintain adequate brain
perfusion.82–87

Confounding may partially account for the current findings. Our eligibility criteria required
all studies to report results adjusted for, at minimum, age and sex. Most also adjusted for
education. Additional adjustment for covariates such as alcohol consumption, presence of
apolipoprotein E4, and smoking status did not materially affect results of individual
studies,21,27 and few established risk factors for Alzheimer disease are likely to be strong
confounders. However, we cannot preclude the possibility of residual confounding or
confounding by unknown factors, particularly other aspects of the metabolic syndrome or
physical activity.88–91

Misclassification of blood pressure is likely, given that most studies relied on self-report or
measured blood pressure at a single study visit, but this is probably not a significant source
of bias. There are several factors that can introduce variability into blood pressure
measurements. Factors related to the measurement process, including body size and cuff
position, can introduce error.92 In addition, blood pressure exhibits natural variation, both
within a day and from day to day, and in some people may be elevated primarily in medical
settings (“white coat hypertension”).93 Despite these factors, James at al. 94 found that
reproducibility of blood pressure measures in a clinical setting is high, both within a visit
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and across visits separated by two weeks, and clinical measures are highly correlated with
measures taken outside of the clinical setting. In addition, the validity of blood pressure
measurements is supported by their clear association with vascular mortality74 and other
health endpoints.71 As such, the degree of misclassification of blood pressure is unlikely to
render study effect estimates unreliable. Moreover, given that all studies included in this
review were prospective, it is unlikely that misclassification of blood pressure was
differential relative to ultimate Alzheimer disease status. Therefore, the direction of bias
resulting from misclassification would be, most likely, toward the null, and might contribute
to the overall null findings, although it is unlikely to account for the suggestion of either an
adverse association between midlife blood pressure and Alzheimer disease or an inverse
association between late life blood pressure and Alzheimer disease.

Misclassification of Alzheimer disease status may be differential based on history of
hypertension or measured blood pressure because diagnosis of Alzheimer disease often uses
cardiovascular risk factors such as hypertension—either explicitly or implicitly—to exclude
people who are likely to have underlying vascular dementia or vascular cognitive
impairment.95–98 If the presence of hypertension leads to a greater likelihood of diagnosing
vascular dementia or a mixed dementia rather than Alzheimer disease, the effect of blood
pressure on Alzheimer disease risk would be underestimated. This source of bias could
contribute to the suggested inverse associations between measures of late-life blood pressure
and Alzheimer disease, but cannot account for the suggestion of an adverse association
between measures of midlife hypertension and Alzheimer disease. The magnitude of such a
bias is difficult to quantify, and depends on the diagnostic criteria used and how they were
implemented, which varied across studies. However, in one study,21 exclusion of Alzheimer
disease cases with contributing cerebrovascular disease identified through CT scan did not
appreciably change effect estimates, suggesting that the effect may not be large.

In summary, selection bias, reverse causation, and differential misclassification of
Alzheimer disease status may contribute to the suggestion of an inverse association between
late-life blood pressure and Alzheimer disease, but cannot account for the suggestion of an
adverse relationship between midlife hypertension and Alzheimer disease. However, the
possibility of a true relationship between late-life blood pressure and Alzheimer disease,
mediated by an effect of blood pressure on Alzheimer disease progression, cannot be
dismissed.

Additional Complicating Issues
Even if the suggested adverse relationship between midlife hypertension and Alzheimer
disease is confirmed, the overlap between vascular and Alzheimer disease pathology will
make it difficult to infer a causal relationship between midlife hypertension and Alzheimer
disease pathology. As noted earlier, increasing evidence shows that Alzheimer disease and
vascular dementia often coexist,3,4 and midlife hypertension also appears to be a risk factor
for vascular dementia21,25,27 and vascular cognitive impairment.99 In addition, autopsy
studies have suggested that, for a given level of Alzheimer disease pathology, concurrent
cerebrovascular pathology is associated with earlier onset of clinically significant symptoms
of dementia,8–10 which would lead to earlier diagnosis. However, it is currently unknown
whether these concurrent conditions act additively or synergistically. As such, it is difficult
to distinguish whether blood pressure is an independent risk factor for both Alzheimer
disease and vascular dementia or whether the association between blood pressure and
Alzheimer disease is driven partly or primarily by the impact of blood pressure on vascular
pathology.

The role of medication use must also be considered. If blood pressure is causally related to
Alzheimer disease risk, treatment of hypertension may make it difficult to detect such an
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effect in the population, particularly in later birth cohorts where treatment of blood pressure
has been more aggressive.100–102 In one study that considered the association between
midlife blood pressure and Alzheimer disease, no association was apparent in the study
population as a whole, but there was a suggestion of an association between midlife
hypertension and Alzheimer disease in untreated persons.21 In a second study that
considered the impact of late-life blood pressure on Alzheimer disease, risk of Alzheimer
disease was much stronger in participants with drug-untreated hypertension compared with
those with drug-treated hypertension.22 The potential modification of the association
between blood pressure and Alzheimer disease by antihypertensive medication use has
major public health importance and deserves further study.103

Limitations
Our review and meta-analysis has several limitations. Although we have summarized the
prospective epidemiologic literature, the reported associations may not reflect the true causal
effect of blood pressure on Alzheimer disease risk due to the presence of selection bias,
reverse causation, or misclassification, as discussed above. As the current review is based on
published work, we cannot exclude the possibility that publication bias influences our
findings. However, if publication bias were important, we would expect to see much
stronger findings than those we observed. Furthermore, the cohorts reporting on the BP-
Alzheimer disease association include a majority of the current major Alzheimer disease
cohort studies. Finally, our consideration of an age-dependent association between blood
pressure and Alzheimer disease risk is limited due to the very small number of studies
reporting on the association between midlife measures of blood pressure and Alzheimer
disease and the disparate treatment of information about hypertension, systolic BP, and
diastolic BP across studies.

Recommendations for future research
To promote comparability across studies, we suggest that future studies report estimates of
risk per 10 mm Hg-increment in systolic BP and in diastolic BP, as well as estimates of risk
across standard categories of blood pressure, such as those recommended by the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure.71 Future epidemiologic research should focus on the influence of midlife measures
of blood pressure on Alzheimer disease risk, as further work in older cohorts is unlikely to
provide additional information given the intractable issues of selection and reverse
causation. Furthermore, future epidemiologic research on the association between blood
pressure and Alzheimer disease should report on the pattern of anti-hypertension medication
use and achieved control; it should also consider the potential modifying effects of
antihypertensive drug use, including aspects of duration, intensity, and achieved level of
blood pressure control.

In addition, we advocate continued systematic review of epidemiologic findings in a
centralized database. This analysis was conducted in parallel with a similar review
undertaken for the AlzRisk centralized database (www.alzrisk.org), hosted by the Alzheimer
Research Forum (www.alzforum.org), which attempts to systematically catalogue all
prospective cohort data on non-genetic risk factors for Alzheimer disease. Data on the
relationship between Alzheimer disease and several risk factors, including blood pressure,
are currently available, with additional risk factors being added regularly. AlzRisk will be
updated as new and updated studies become available over time; we anticipate a substantial
volume of new data given the aging of existing, long-established cohort studies and
increasing interest in cognitive outcomes.
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Finally, there may be value in collaboration to combine the data from these cohorts to
conduct patient data-level analysis of this relationship. This would allow for a systematic
exploration of the role of age of BP measurement, antihypertensive medication use, and
other factors in the association between BP and Alzheimer disease.

CONCLUSIONS
The current epidemiologic literature is insufficient for a definitive conclusion about a causal
relationship between blood pressure and Alzheimer disease. However, the benefits of
midlife blood pressure control on cardiovascular outcomes are well established and justify
current clinical recommendations.
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Figure 1.
Flowchart describing the two-phase approach used to identify all eligible studies.
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Figure 2.
Individual and pooled estimates of the association between measures of hypertension and
Alzheimer disease. The size of the box representing the point estimate for each study in the
forest plot is proportional to the contributing weight of that study estimate to the summary
estimate. Reference category is no hypertension.
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Figure 3.
Individual and pooled effect estimates of the association between a 10 mm Hg-increase in
systolic BP (SBP) and Alzheimer disease. The size of the box representing the point
estimate for each study in the forest plot is proportional to the contributing weight of that
study estimate to the summary estimate.
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Figure 4.
Individual and pooled effect estimates of the association between a 10 mm Hg-increase in
diastolic BP (DBP) and Alzheimer disease. The size of the box representing the point
estimate for each study in the forest plot is proportional to the contributing weight of that
study estimate to the summary estimate.
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Figure 5.
Individual estimates of the association between categories of systolic BP and Alzheimer
disease.
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Figure 6.
Individual estimates of the association between categories of diastolic BP and Alzheimer
disease.
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