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Abstract
BACKGROUND: Hypertension is a recognized risk factor 
for dementia. However, evidence for using antihypertensive 
agents to reduce the risk of Alzheimer’s disease in people with 
hypertension is inconclusive.
OBJECTIVE:  To examine  the  assoc iat ion between 
antihypertensive agents and the incidence of Alzheimer ’s 
disease in adults with hypertension and normal cognition.
DESIGN: We conducted a systemic review and performed meta-
analyses using Ovid MEDLINE, Ovid Embase, Ovid PsycINFO, 
Web of science and Scopus, from inception to 18th February 
2022.
SETTING: Cohort and case-control studies.
PARTICIPANTS: Adults ≥ 40 years with hypertension and 
normal cognition.
INTERVENTION: Antihypertensive agents.
MEASUREMENTS: We performed two separate meta-analyses, 
pooling the adjusted relative risk (RR) of non-antihypertensive 
comparator and antihypertensive comparator study design. 
RESULTS: We included nine studies, totalling 1,527,410 
individuals. Meta-analysis of non-antihypertensive user 
comparator studies found that the use of antihypertensive 
agents is associated with a reduced risk of incident Alzheimer’s 
disease (RR= 0.94, 95% CI 0.90-0.99; p=0.01). Meta-analysis 
of antihypertensive comparator studies found evidence that 
angiotensin II receptor blocker users are associated with a 
reduction in the risk of Alzheimer’s disease compared to other 
antihypertensive agents (RR= 0.78, 95% CI 0.68-0.88; p< 0.001).
CONCLUSION: Our review provides evidence that the use of 
antihypertensive agents is associated with a lower incidence of 
Alzheimer’s disease. The use of angiotensin II receptor blockers 
may provide the most benefit among antihypertensive agents. 
Lowering raised blood pressure may not be the only mechanism 
for cognitive protection and further investigation of the effects 
of angiotensin II on cognition is indicated.

Key words: Alzheimer Disease, angiotensin-converting enzyme 
inhibitors, angiotensin receptor antagonists, antihypertensive agents, 
hypertension.

Introduction

Dementia is a global epidemic, affecting over 50 
million people and is one of the top 10 global 
causes of death (1). The number of people 

living with dementia worldwide is estimated to reach 
over 150 million in 2050 (2). Dementia can be a major 
cause of disability and dependence. The health and social 
care requirements of people living with dementia come 
with a significant emotional, physical, and financial cost 
to the affected individual and their loved ones. There 
is no cure for dementia or treatment that can slow 
neurodegeneration. Global population growth and ageing 
are the main drivers for the increase in projected cases 
(2). Therefore, a focus on interventions that can promote 
and extend healthy ageing is required in response to this 
global concern. 

Hypertension is a recognised modifiable risk factor 
for all-cause dementia (3, 4). However, there are 
several dementia diagnoses that each have different 
pathophysiological mechanisms (5). The most common 
type is Alzheimer ’s disease (AD), accounting for 
approximately 60-70% of cases, followed by vascular 
dementia (VaD) representing up to 20% of cases (4) and 
other less frequent subtypes making up the remaining 
cases. The association between VaD and hypertension is 
well understood and meta-analyses have demonstrated 
a strong risk between VaD and individuals with 
hypertension (6, 7). The pathophysiological mechanism 
for this association is largely through the impact of 
hypertension on atherosclerotic and cerebrovascular 
disease, which are leading causes of VaD (8). The use 
of blood pressure lowering agents to reduce the risk of 
incident and recurrent stroke and transient ischaemic 
attack (TIA) is recommended by several international 
guidelines (9-11). In 2019, a systematic review with meta-
analysis by Lennon et al. (12) examined the association 
between the AD subtype and mid-life hypertension. 
Their review of observational studies found that midlife 
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systolic hypertension was associated with an up to 25% 
increased risk of AD. The exploration of this pathogenic 
link has previously been investigated in a cross-sectional 
study, where amyloid plaques and neurofibrillary tangles 
were shown to be increased in the brains of people 
with a history of midlife hypertension (13). Real world 
evidence studies have demonstrated that hypertension 
plays a significant role in the pathogenesis of AD (14, 
15). However, the body of evidence supporting the use 
of antihypertensive agents (AHA) to reduce the risk 
of incident AD is inconclusive (16, 17). If AHA reduce 
the risk of AD, it is unclear whether this association 
arises solely from the effects of systolic blood pressure 
reduction or through an alternative mechanism specific to 
an antihypertensive drug class.

Randomised controlled trials (RCT) remain the 
gold standard for measuring the effectiveness of an 
intervention (18). Two RCTs have reported the effect of 
AHA versus placebo on the incidence of AD. The Syst-
Eur study (2002) (19) reported a 40% reduction in AD 
cases amongst those randomized to AHA, while the 
HYVET-COG trial (2008) (20) did not find a significant 
reduction in the incidence of AD. Neither study was 
powered to detect incidence of AD as a primary outcome. 
Furthermore, both studies were restricted by a relatively 
small sample size (2902, Sys-Eur and 3336, HYVET-COG) 
and short follow-up (3.9 years, Sys-Eur and 2 years, 
HYVET-COG); limiting the precision of both trials. This 
is a common challenge for RCTs that report outcomes of 
rare frequency or long latency. Moreover, there are no 
head-to-head clinical trials of AHAs to investigate which 
AHA offers the greatest AD risk reduction. In the absence 
of clinical trials designed to investigate the long-term 
impact of AHA on incident AD, observational studies 
can be a valuable source of evidence to address research 
questions (21). They allow for the inclusion of larger 
sample sizes, longer follow-up time and greater external 
validity by being more representative of the relevant 
population (22). 

The rationale for investigating the association between 
AHA and AD is based on hypertension as a potential 
modifiable risk factor for AD (12). Previous reviews have 
included studies that may be at risk of selection bias 
as participants had no hypertension or the outcome of 
interest was not AD. For example, Peters et al. (2020) 
(23) found no difference between antihypertensive drug 
classes. However, their outcome was all-cause dementia 
and they did not distinguish studies specific to incident 
AD. Guan et al. (2011) (24) found no evidence of an 
association between antihypertensive users and non-users 
on incident AD. Their search strategy was limited to two 
databases, included studies of relatively small sample size 
(e.g. n<500) which may be unable to detect outcomes of 
rare frequency such as AD (25). Also, a decade has passed 
since they conducted their review and new observational 
studies have been published in this field. Larsson and 
Markus (2018) (26) reviewed prospective observational 

studies and found that antihypertensives use versus 
non-use was associated with a reduced incidence of 
AD. However, their review did not include analyses 
of head-to-head studies comparing antihypertensive 
drug classes. Also, a single investigator performed their 
data extraction and literature search in one database. 
Investigator error and the possibility of missing studies 
from other databases, may have affected the robustness 
of their methods and findings (27). Most recently, Scotti 
et al. (2021) (28) focused on the association between renin 
angiotensin-aldosterone system inhibitors (RAAS) and 
reported angiotensin II receptor blockers (ARB) reduce 
the risk of AD compared to other AHAs. This review 
included seven studies for the outcome of AD. Like 
previous reviews their meta-analyses included studies 
without baseline hypertension amongst antihypertensive 
users and their search strategy was limited to a single 
database. It is important to include studies with 
hypertension as the source population as it is a risk 
factor for AD and a primary indication for AHA (12). 
Antihypertensives can be used for other indications and 
including antihypertensive users without hypertension 
will not be an accurate reflection of the association in this 
high-risk group.

Aim

We aim to investigate if AHAs reduce the risk of AD. 
Therefore, a systematic review with meta-analysis was 
performed of observational studies, to determine the 
association between AHA and incident AD in patients 
with hypertension and normal cognition at baseline. 
As a secondary objective we set out to identify which 
antihypertensive drug class provides the greatest AD risk 
reduction. 

Methods

This systematic review and meta-analysis was 
conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (29) and is registered with the 
International Prospective Register of Adverse Events of 
Systematic Reviews, PROSPERO (CRD42021270065) (30). 

Information Sources and Search strategy

A structured search strategy was conducted using 
Ovid MEDLINE, Ovid Embase, Ovid PsycINFO, Web 
of science and Scopus, from inception until 18/02/2022. 
Further literature retrieval was sourced through manual 
searching of references lists from shortlisted studies. The 
search strategy was limited to human studies and articles, 
but not English language. However, where no English 
translation was available for a shortlisted study, it was 
excluded. The full search strategy for each database is 
outlined in Appendix 1.
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Eligibility criteria and Selection process

Included studies were limited to cohort or case-
control study designs. The study population was adults 
with hypertension and normal cognition. We excluded 
studies where participants had cognitive impairment 
(measured by cognitive assessment tools or diagnosis) 
or dementia diagnosis at baseline. The intervention 
was individual or combined antihypertensive agents 
(angiotensin converting enzyme inhibitor, angiotensin 
II receptor blocker, beta-blockers, calcium channel 
blockers and diuretics) with a minimum exposure period 
of 12 months. The comparison group was either non-
antihypertensive users or alternative antihypertensive 
agent(s). The outcome was AD defined by standard 
neurological diagnostic criteria (31) or diagnostic clinical 
codes/International Classification of Disease (ICD) 
codes. Lastly, only studies reporting effect estimates as 
hazard ratio (HR), relative risk (RR) or odds ratio (OR) 
with 95% confidence intervals (CI) were included. Two 
authors (M.A. and D.A.) independently assessed the 
eligibility of studies against the inclusion criteria, and any 
disagreements were resolved through discussion.

Data collection process 

Data extraction was performed by M.A. and 
independently checked by D.A. using a pre-designed 
data extraction form; any disagreements were resolved 
by discussion. The following were extracted: first 
author’s name, publication year, country, study design, 
data source, number of participants, study period, mean 
follow-up, mean age, proportion of males, intervention/
exposure, reference group/comparator, outcome measure, 
AD diagnostic tool, number of events, confounders and 
effect estimates with 95% confidence intervals. For studies 
that reported unadjusted and multiple adjusted effect 
estimates, we selected the effect that maximally adjusted 
for potential confounders. Original study investigators 
were contacted for missing and incomplete data or where 
similarities between articles indicated the possibility 
of multiple publications from the same cohort. Where 
studies reported results from the same population, data 
was extracted from the most recent publication with the 
longest follow-up.

Study risk of bias assessment 

Two study authors (M.A. and E.C) independently 
assessed the risk of bias in included studies using The 
Risk of Bias in Non-randomised studies of Interventions 
(ROBINS-I) tool (32). The ROBINS-I tool consists of seven 
domains with signalling questions to help users judge 
the risk of bias in each domain. The judgments of risk for 
each domain are defined as ‘low,’ ‘moderate’, ‘serious’ 
and ‘critical’ risk of bias for the outcome assessed. A low 
risk corresponds to the risk of bias in a well conducted 

high quality RCT. Any study with a ‘critical risk’ of bias 
was not combined for meta-analysis as outlined in the 
ROBINS-I proforma (32). 

Synthesis methods

The results of the identified studies were summarised 
using techniques of narrative synthesis and then 
critiqued, analysed and interpreted. Meta-analysis was 
conducted in two stages for the dichotomous outcome 
of incident AD. Firstly, to assess the effect of AHA on the 
risk of AD, pooled relative risk of non-antihypertensive 
user comparator design studies were estimated with 95% 
CI. Secondly, to assess which antihypertensive drug class 
had the lowest risk of AD, pooled RR of antihypertensive 
comparator design studies were estimated with 95% CI. 

Clinical heterogeneity between studies was expected 
due to differences in participant characteristics, 
variation in follow-up period and differing covariates 
used for analysis. Therefore, we used a random effects 
model under the DerSimonian and Laird method (33) 
to calculate summary effects. We assessed the level 
of heterogeneity on the meta-analyses using Higgins 
I2 statistic (34) where I2 < 25% indicates low, 25-75% 
moderate and >75% high heterogeneity.

To assess the robustness of our results, two prespecified 
sensitivity analyses were undertaken. Firstly, based on the 
ROBINS-I assessment, the meta-analysis was restricted to 
studies of ‘low’ to ‘moderate’ risk of bias. Secondly, the 
meta-analysis was restricted to cohort studies. To explore 
the impact of heterogeneity amongst studies, subgroup 
analyses were performed based on follow-up time (<5 
years and ≥5 years) and mean age of participants (<65 
years and ≥65 years). Results were considered statistically 
significant when two-tailed p value was less than 0.05. All 
statistical analyses were conducted using STATA v17.1 
(StataCorp. 2021. Stata Statistical Software: Release 17. 
College Station, TX: StataCorp LLC).

Results

Study selection

Our systematic search strategy identified 5,884 articles 
(Figure 1). After removing duplicates and screening the 
remaining titles and abstracts for relevance, 59 studies 
remained for full text retrieval and review. We were 
unable to retrieve the full text of two studies from 
correspondence authors. Therefore, 57 studies underwent 
full text eligibility assessment against the inclusion 
criteria. Nine studies met the inclusion criteria and were 
suitable for meta-analyses. Three studies were of the non-
antihypertensive user comparator design (35-37), and 
six studies were of the antihypertensive user comparator 
design (17, 38-42). The most common reason for exclusion 
was due to AD not being assessed as an outcome (43-46). 
For the work by Tully et al. (37) we included the result 
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from the largest exposure group, as the comparator group 
for each exposure was not independent (47).

Study characteristics

Eight cohort studies and one case-control study were 
included. The characteristics are summarised in Table 1. 
Study populations were from East Asia (n=4) and Europe 
(n=4) and the USA (n=1). Sample sizes of participants 
included in analysis ranged from 3,962 to 1,343,334. The 
overall median (range) duration of follow-up was 5.19 
(2.2-10.5) years and the mean baseline age ranged from 58 
to 82.2 years. The proportion of male participants ranged 
from 33 to 53%. 

Risk of bias in studies

Risk of bias was assessed for each study and is 
summarised in Appendix 2. Five studies included in this 

review were judged to have an overall ‘moderate risk’ of 
bias. These studies provided satisfactory evidence for a 
non-randomised study across the seven domains of bias. 
Four studies were judged to be at a ‘serious risk’ of bias 
in at least one domain, but not at critical risk of bias in 
any domain and were therefore included in our meta-
analyses. 

Results of individual studies

The outcome result of each study is summarised in 
Appendix 4. 

Table 1. Study Characteristics
Author Publication 

Year
Country Study Design Data 

Source
Mean 

Follow-up 
(years)

No. 
Participants

Mean Age 
(Years, SD)

% Male Intervention Comparator

Barthold 
et al.

2018 USA Cohort Study Medicare 
Insurance

4 1,343,334 78.3 33 ACEI
ARB

Non-RAS 
AHA users

Chiu et al. 2014 Taiwan Cohort Study NHIRD ARB: 
10.5 ±1.3

Non-ARB:
10.2 ±1.9

24,531 62.2 ±7.4 46.6 ARB Non-ARB 
AHA users

Davies 
et al.

2011 UK Nested Case-
control

GPRD N/A* 48,363 82.2 ±7 33 ACEI
ARB

Non-ACEI 
AHA users

Non-ARB 
AHA users

Haag 
et al.

2009 Netherlands Cohort Study Prescription 
+ GP medical 

records

8 6,249 68.2 ±8.3 40 Any AHA Non-AHA 
users

Hsu et al. 2013 Taiwan Cohort Study NHIRD 5.24 ±2.1 32,911 58 53.2 ARB Non-ARB 
AHA users

Hwang 
et al.

2016 S. Korea Cohort Study Korean NHIS 7 Part 1: 50,755
Part 2: 18,423

67.25 42.8 Part 1: 
- ACEI
- ARB
- CCB

- Diuretics

Part 2:
- CCB

Part 1: 
- BB

Part 2: Non-
CCB 

AHA users

In’t Veld 
et al.

2001 Netherlands Cohort Study Prescription 
+ GP medical 

records
+RIOMHC 

2.2 6,416 71.4 41.3 Any AHA Non-AHA 
users

Kuan 
et al.

2016 Taiwan Cohort Study NHIRD ACEI:
5.14 ± 3.65
non-ACEI:
4.44 ± 3.34

ARB:
4.20 ± 2.97
non-ARB: 
3.65 ± 2.95

8,314 ACEI:
65.2 ±9.48
non-ACEI: 
65.1 ±9.75

ARB: 
64.9 ±9.40
non-ARB: 
65.2 ±9.76

ACEI: 
48.8

non-ACEI: 
49.5

ARB: 
47.4

non-ARB: 
47.4

ACEI

ARB

Non-ACEI 
AHA users

Non-ARB 
AHA users

Tully et 
al.

2016 France Cohort Study French NHIS 
+ interviews

8.4 3,962 79 38 BB Non-AHA 
users

ACEI, angiotensin converting enzyme inhibitor; AChEI, anticholinesterase inhibitors; AHA, antihypertensive agent; ARB, angiotensin II receptor blocker; BB, beta  
blocker; CCB, calcium channel blocker; GPRD, General Practice Research Database; NHIRD, the Taiwanese National Health Insurance Research Database; NHIS, the  
National Health Insurance System; Non-RAS AHA, Non-renin angiotensin system antihypertensive agent; RIOMHC, the Regional Institute for Outpatient Mental Health Care.  
* Study period: 1997-2008
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Results of synthesis 

Part 1: Non-antihypertensive user comparator 
studies

Results of the meta-analysis of the three non-
antihypertensive user comparator cohort studies 
suggested evidence of an association between 
antihypertensive drug use and a reduced risk of AD (RR= 
0.94, 95% CI 0.90-0.99; p= 0.01, Figure 2). Our results show 
that the use of any antihypertensive drug is associated 

with a 6% reduction in the risk of incident AD compared 
to non-antihypertensive drug users. Higgins I2 statistical 
test suggested there was no heterogeneity of results across 
the studies (I2= 0%). However, the pooled estimate was 
heavily weighted towards a single study by Haag et al. 
(35). Sensitivity analysis of studies restricted to ‘moderate’ 
risk of bias was not performed, as only one of the three 
non-antihypertensive comparator studies were deemed 
at moderate risk (37). Subgroup analysis of studies with 
a follow-up period ≥ 5 years also showed risk reduction 
(RR= 0.94, 95% CI 0.90-0.99; p< 0.05, Table 3 - row 3). 

Figure 1. PRISMA Flow Diagram

Figure 2. Forest Plot of the Association between Antihypertensive drug use compared to No Antihypertensive drug use 
and the Relative Risk of Incident Alzheimer’s Disease



6

ANTIHYPERTENSIVES AND ALZHEIMER’S DISEASE

Table 2. Sensitivity Analysis

Characteristics No. of studies No. participants Statistical method Risk Ratio 
[95% CI]

P Value Heterogeneity 
(I2)

Moderate risk of bias

ACEI* 3 1,402,403 Risk Ratio (D-L, 
Random, 95% CI)

1.01 [0.99-1.03] 0.496 0%

ARB† 4 1,424,542 Risk Ratio (D-L, 
Random, 95% CI)

0.82 [0.73-0.92] 0.001 89.6%

RAAS† 4 1,424,542 Risk Ratio (D-L, 
Random, 95% CI)

0.90 [0.83-0.98] 0.010 92.4%

Cohort studies

ACEI‡ 3 1,402,403 Risk Ratio (D-L, 
Random, 95% CI)

1.01 [0.99-1.03] 0.496 0%

ARB§ 5 1,459,845 Risk Ratio (D-L, 
Random, 95% CI)

0.86 [0.78-0.95]  0.003 87.1%

RAAS§ 5 1,459,845 Risk Ratio (D-L, 
Random, 95% CI)

0.91 [0.85-0.98] 0.015 91.2%

*Moderate risk of bias studies: Barthold et al. Hwang et al. Kuan et al.; †Moderate risk of bias studies: Barthold et al. Chiu et al. Davies et al. Kuan et al.; ‡Cohort studies: 
Barthold et al. Hwang et al. Kuan et al.; §Cohort studies : Barthold et al. Chiu et al. Hsu et al. Hwang et al. Kuan et al.

Table 3. Subgroup Analysis

Characteristics No. of studies No. participants Statistical method Risk Ratio (95% 
CI)

P Value Heterogeneity 
(I2)

Follow-up Length

Any AHA ≥ 5 years* 2 10,211 Risk Ratio (D-L, 
Random, 95% CI)

0.94 [0.90-0.99] 0.014 0%

ACEI ≥ 5 years† 3 107,432 Risk Ratio (D-L, 
Random, 95% CI)

0.90 [0.71-1.15] 0.398 89.0%

ARB < 5 years‡ 2 1,351,648 Risk Ratio (D-L, 
Random, 95% CI)

0.92 [0.89-0.94] <0.001 0%

ARB ≥ 5 years§ 4 156,560 Risk Ratio (D-L, 
Random, 95% CI)

0.70 [0.53-0.93] 0.014 95.0%

RAAS < 5 years‡ 2 1,351,648 Risk Ratio (D-L, 
Random, 95% CI)

0.96 [0.87-1.05] 0.392 94.0%

RAAS ≥ 5 years|| 5 164,874 Risk Ratio (D-L, 
Random, 95% CI)

0.78 [0.67-0.91] 0.002 92.4%

Age

ARB < 65 years{ 3 65,756 Risk Ratio (D-L, 
Random, 95% CI)

0.74 [0.43-1.28] 0.285 92.9%

ARB ≥ 65 years# 3 1,442,452 Risk Ratio (D-L, 
Random, 95% CI)

0.80 [0.71-0.91] 0.001 94.0%

RAAS < 65 years{ 3 65,756 Risk Ratio (D-L, 
Random, 95% CI)

0.74 [0.43-1.28] 0.285 92.9%

RAAS ≥ 65 years** 4 1,450,766 Risk Ratio (D-L, 
Random, 95% CI)

0.87 [0.80-0.95] 0.001 94.3%

Studies included in each length of follow-up subgroup: *Haag et al. Tully et al. †Davies et al. Hwang et al. Kuan et al. ; ‡Barthold et al. Kuan et al. §Chiu et al. Davies et 
al. Hsu et al. Hwang et al.; ||Chiu et al. Davies et al. Hsu et al. Hwang et al. Kuan et al.. Studies included in each age subgroup: {Chiu et al. Hsu et al. Kuan et al.; #Barthold et al. 
Davies et al. Hwang et al.; **Barthold et al. Davies et al. Hwang et al. Kuan et al. 
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Further subgroup analysis by age categories was not 
performed as all participants were older than 65 years. 

Part 2: Active comparator studies 

There was an insufficient number of eligible studies 
for appropriate pooling in meta-analysis, to compare 
the relative treatment effects of beta-blockers, calcium 
channel blockers and diuretics. The antihypertensive 
drug classes suitable for combination in meta-analysis 
were studies of ACEI or ARB use compared to other 
antihypertensives.

A total of four studies reported the association between 
ACEI drug use and the incidence of AD. There was no 
evidence of an association between ACEI users and AD 
compared to other antihypertensive drug users (RR= 0.93, 
95% CI 0.81-1.06; p= 0.282, Figure 3). Heterogeneity was 
observed to be at a high level across these studies (I2 = 
90.5%). Several sensitivity analyses were performed. The 
results of meta-analysis restricted to studies of ‘moderate’ 
risk of bias and studies of cohort design are outlined in 
Table 2. There was no difference in the associated AD 
risk between ACEI users and other antihypertensives in 
studies restricted to ‘moderate’ risk of bias and cohort 
study design (RR= 1.01, 95% CI 0.99-1.03; p= 0.496). 
Subgroup analysis as detailed in Table 3 (row 4) also 
showed no evidence in the association between ACEI 
and AD for follow-up ≥ 5 years (RR= 0.90, 95% CI 0.71-
1.15; p= 0.398). Subgroup analyses by < 5 years’ follow-
up and age could not be conducted for ACEI due to an 
insufficient number of studies with < 5 years follow-up 
and participants aged < 65 years. 

The pooled estimates from six studies reported the 
association between ARB drug use and the incidence 

of AD. There was strong evidence that ARB use was 
associated with a reduction in the risk of AD compared 
to other antihypertensives (RR= 0.78, 95% CI 0.68-0.88; 
p< 0.05, AHA; antihypertensive agent (Figure 3). High 
heterogeneity was observed across studies (I2 = 92.2%). 
Sensitivity analyses was performed restricting studies 
to those with a ‘moderate’ risk of bias (RR= 0.82, 95% 
CI 0.73-0.92; p= 0.001, Table 2 – row 4) and cohort study 
design (RR= 0.86, 95% CI 0.78-0.95; p= 0.003, Table 2 
– row 8). These results demonstrate the robustness of 
our primary finding with continued evidence for the 
reduction in the risk of AD from use of ARBs. Subgroup 
analysis of studies with a follow-up period < 5 years also 
reported risk reduction (RR= 0.92, 95% CI 0.89-0.94; p< 
0.05, Table 3 – row 5). Stronger evidence was observed 
for follow-up ≥ 5 years (RR= 0.70, 95% CI 0.53-0.93; p= 
0.014, Table 3 – row 6). Further subgroup analysis by age 
identified that ARB users aged ≥ 65 years are associated 
with risk reduction (RR= 0.80, 95% CI 0.71-0.91; p= 0.001), 
but the association was weaker for those aged < 65 years 
(RR= 0.74, 95% CI 0.43-1.28; p= 0.285). 

Our results of the antihypertensive user comparator 
studies focused on ACEI and ARB use as the intervention. 
Both drugs are renin-angiotensin-aldosterone system 
(RAAS) antihypertensives, therefore we were able to 
combine the results from these studies for post-hoc 
comparison of the risk of AD between users of RAAS 
antihypertensives and other antihypertensives. There was 
evidence that RAAS antihypertensive were associated 
with a reduced risk of AD (RR= 0.85, 95% CI 0.78-0.92). 
Sensitivity analyses limited to ‘moderate’ risk of bias and 
cohort studies consistently showed a protective effect 
from RAAS drug use (Table 2 – row 5 and 9). Subgroup 
analysis of ≥ 5 years follow-up also showed RAAS users 
are associated with a reduced risk of AD compared to 
other antihypertensive users (RR= 0.78, 95% CI 0.67-0.91; 
p= 0.002). There was no difference in risk associated 
with < 5 years follow-up (Table 3 – row 7). Similar to 
ARB users, RAAS users aged ≥ 65 years demonstrated 
evidence for AD risk reduction, but this was not seen in 
RAAS users < 65 years (Table 3 – row 12). 

Discussion

The results of this systematic review and meta-analysis 
suggest that in individuals with hypertension, use of any 
antihypertensive agent compared to non-antihypertensive 
users is associated with a reduced risk of incident AD. 
These results were heavily weighted by Haag et al. (35) 
due to the level of precision the authors reported in their 
effect estimate. In subgroup analysis, Haag et al. was 
excluded and a significant risk reduction in AHA use with 
low heterogeneity was still observed. However, there are 
some concerns over the certainty of the primary finding 
as sensitivity analysis to assess the robustness of this 
result could not be tested due to an insufficient number 
of studies deemed to be at moderate risk of bias. The 

Figure 3. Forest Plot of the Association between ACEI, 
ARB and RAAS use compared to other antihypertensive 
agents (AHA) drug use and the Relative Risk of Incident 
Alzheimer’s Disease
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non-user comparator design is at risk of selection biases 
and specifically prevalent user bias (48). This type of 
bias occurs when antihypertensive users initiate therapy 
before the start of follow-up and have therefore survived 
the occurrence of the outcome. As a result, the beneficial 
effect of treatment compared to non-users may be 
overestimated. Our assessment of bias identified selection 
bias (Appendix 3) as the main domain contributing to 
bias within these studies.

Our review also found that compared to other 
antihypertensive agents, the use of ARBs is associated 
with a reduced risk of incident AD, however considerable 
heterogeneity between studies was observed. Conversely, 
there was no evidence for an association between ACEI 
and incident AD relative to other antihypertensive 
agents. We planned to identify which of the licensed 
antihypertensive drug classes provide the greatest risk 
reduction in AD. However, there was an insufficient 
number of eligible studies of BB, CCB and diuretic use for 
appropriate pooling in meta-analysis. Therefore, we were 
only able to conduct individual analyses of ACEI and 
ARB drug classes. 

The results of antihypertensive comparator studies 
are limited to relative treatment effects but can be 
interpreted as we have shown that any antihypertensive 
agent is associated with a reduced risk of AD. The 
risk reduction in ARB use was maintained when we 
removed studies potentially affected by ‘serious’ bias. 
This lends confidence to the protective effect of ARB use 
from moderately well conducted observational studies. 
Moreover, our findings are supported by the suggested 
pharmacological mechanism that ARB exert their 
protective effect on incident AD (49-51). The inhibition 
of angiotensin II type 1 (ATR1) receptors reduces blood 
pressure. However, it has been suggested and observed 
in animal models (52, 53) that this blockade results in 
upregulation of angiotensin II type 2 (ATR2) receptors. 
Activation of this receptor, results in reduced oxidative 
stress, neuroinflammation and improved cerebral blood 
flow (51) which can lead to a reduction in amyloid-βeta 
and incidence of AD.  

The robustness of our ACEI user comparator result 
(Figure 3) was confirmed with sensitivity analyses in 
Table 2 – rows 3 and 7. Showing no difference compared 
to other AHA when we restricted synthesis to moderate 
risk of bias and cohort studies by excluding the case-
control study (40). This restriction resulted in improved 
precision and reduced statistical heterogeneity 
compared to the primary ACEI effect estimate. This 
demonstrates the limitations of combining different study 
methodologies and is a possible source of heterogeneity 
observed amongst the antihypertensive comparator 
studies. Our subgroup analyses (Table 3) showed that 
follow-up time and age of participants were not major 
factors contributing to the high level of heterogeneity 
between antihypertensive comparator studies. However, 
the absence of a significant change in variation among 

our subgroups may be due to the relatively small number 
of included studies. We therefore recommend these 
results be interpreted with caution, as a relatively small 
number of studies has low power to detect a difference 
in subgroup analyses (54). The large variation may also 
be the result of different definitions of ACEI or ARB 
exposure. Post-hoc subgroup analysis to explore this 
could not be performed due to the low number of studies.

Comparison with other studies

Our finding that any AHA reduces the risk of incident 
AD compared to non-antihypertensive users is supported 
by Larsson et al. (2018) (26) who reported a 22% risk 
reduction. They found a greater risk reduction than 
our analysis but included studies of non-hypertensive 
populations that we had excluded based on our research 
question (55, 56). Work by Chang-Quan et al. (2011) (57) 
found no significant difference between users of AHA 
and non-antihypertensive users, however their review 
included studies of small size (<500 participants) and 
participants without hypertension at baseline which can 
introduce a form of confounding by indication and limit 
the overall validity of their findings. Work by Scotti et al. 
(2021) supports our positive ARB risk reduction finding. 
However, our review differs by the systematic approach 
to identifying studies from searched databases and our 
assessment of bias within studies for inclusion in meta-
analysis. Based on the ROBINS-I tool we did not include 
studies which Scotti et al. deemed appropriate based 
on the Newcastle Ottawa quality score scale (56). An 
individual patient data review by Ding et al. (2020) (58) 
included unpublished results from studies not included in 
this review. They reported a non-significant reduction in 
the association between ARB and other AHA. However, 
this was based on two studies with a small number of 
participants, which made it difficult to estimate a reliable 
association as per the authors of this review. Additional 
results by Ding et al. supports our ACEI finding where 
they report no difference in association between ACEI 
and AD compared to other AHA. This observed finding 
is also supported by a recent mendelian randomization 
study, which benefits from overcoming selection and 
indication bias (59).

Strengths and Limitations

This review has some limitations. Firstly, all studies 
included in our meta-analyses are susceptible to 
confounding. Although each study adjusted for baseline 
covariates, they differed between each study, and we 
cannot rule out residual and unmeasured confounders. 
Despite this, we applied a thorough risk of bias 
assessment tool that compared each study to a target 
randomized control trial and did not include any study at 
‘critical’ risk of bias in this review. Secondly, it is possible 
publication bias may be impacting our findings and 
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results should be interpreted cautiously. We planned 
to generate funnel plots from meta-analysis and apply 
the Egger’s statistical test (60). However, less than 10 
studies were included in meta-analyses and these tests 
are underpowered to detect publication bias from chance, 
in a small number of included studies (61). Thirdly, all 
studies except Hsu et al. (41) reported a mean baseline 
age of participants over 60 years. This review is unable 
to infer the association between antihypertensive agents 
and adults with mid-life hypertension (< 60 years), who 
may be at the greatest risk of AD (12). We were also 
unable to identify if the associated risk reduction in 
AHA use arises from blood pressure reduction or an 
alternative mechanism specific to an antihypertensive 
drug class. Our included studies employed an intention 
to treat method similar to RCTs and measured baseline 
blood pressure, but did not adjust for it as a time varying 
confounder. Yet, a recent trial (SPRINT-MIND, 2019) 
(62) showed there was no evidence to suggest that an 
intensive systolic BP target of 120 mm/Hg was more 
beneficial than a target of 140 mm/Hg in reducing the 
risk of all-cause dementia. Although the outcome was 
not specific to AD, this lends credence to the hypothesis 
that the preventative effects of antihypertensives such 
as ARBs, may be from a repurposed effect not linked 
solely to blood pressure reduction. This review does 
come with some strengths. We were able to pool a large 
sample of participants, which improves the precision 
of our findings. The average follow-up of over 5 years 
allows us to begin to infer the association of long 
term AHA exposure and AD. Also, our meta-analyses 
were conducted including studies from diverse ethnic 
backgrounds which gives strength to the generalisability 
of our findings. Lastly, our meta-analyses of participants 
with hypertension demonstrates that blood pressure 
lowering medications may be beneficial in reducing the 
risk of AD.

Conclusion

Our systematic review found evidence that 
antihypertensive drug use may lower the incidence of 
AD, with support for the use of ARBs over other AHA 
providing the most benefit. Future research should 
include a well conducted head-to-head randomized 
controlled trial of ARBs versus another antihypertensive 
drug class to investigate a causal effect in the reduction of 
incident AD. 
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