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Abstract 

Objective: To assess whether angiotensin-II stimulating antihypertensives (thiazides, dihydropyridine 

calcium channel blockers, and angiotensin-1 receptor blockers) convey a lower risk of incident 

dementia compared to angiotensin-II inhibiting antihypertensives (angiotensin-converting enzyme 

inhibitors, beta blockers, and non-dihydropyridine calcium channel blockers), in accordance with the 

‘angiotensin hypothesis’. 

Methods: Cox regression analyses of incident dementia (and/or mortality as competing risk) during 

6-8 years of follow-up, in a population sample of 1909 non-demented community-dwelling 

individuals (54% women), aged 70-78 (mean: 74.5 ±2.5) years. 

Results: After a median of 6.7 years of follow-up, dementia status was available for 1870 (98%) and 

mortality for 1904 (>99%) participants. Dementia incidence was 5.6% (27/480) in angiotensin-II 

stimulating, 8.2% (59/721) in angiotensin-II inhibiting, and 6.9% (46/669) in both antihypertensive 

type users. Adjusted for dementia risk factors including blood pressure and medical history, 

angiotensin-II stimulating antihypertensive users had a 45% lower incident dementia rate (HR=0.55, 

95%CI=0.34-0.89) without excess mortality (HR=0.86, 95%CI=0.64-1.16), and individuals using both 

types had a non-significant 20% lower dementia rate (HR=0.80, 95%CI=0.53-1.20) without excess 

mortality (HR=0.97, 95%CI=0.76-1.24), compared to angiotensin-II inhibiting antihypertensive users. 

Results were consistent for subgroups based on diabetes and stroke history, but may be specific for 

individuals without a history of cardiovascular disease. 

Conclusions: Users of angiotensin-II stimulating antihypertensives had lower dementia rates 

compared to angiotensin-II inhibiting antihypertensive users, supporting the ‘angiotensin 

hypothesis’. Confounding by indication must be examined further, although sub-analyses suggest this 

did not influence results. If replicated, dementia prevention could become a compelling indication for 

older individuals receiving antihypertensive treatment. 
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Introduction 

Midlife hypertension is associated with an increased risk of incident dementia.
1,2

 Studies on blood 

pressure (BP) lowering in older people however show mixed effects on dementia risk.
1,3–5

 

Accumulating evidence suggests that some antihypertensive drug subclasses may reduce incident 

dementia beyond their effect on BP.
6
 Subclasses most consistently associated with reduced dementia 

risk compared to other antihypertensives are angiotensin receptor blockers, certain calcium channel 

blockers, and diuretics.
6–14

  

The mechanisms underlying these differential effects are currently unclear.
6–12,15

 They may be related 

to the renin-angiotensin system (RAS; Figure 1).
16,17

 In the RAS, angiotensin-II lowers BP, mainly via 

activity at angiotensin type 1 (AT1) receptors.
18–20

 It also activates AT2 receptors and AT4 

receptors,
18–20

 which have a number of associated effects (vasodilation, apoptosis).
18–20

  

Hypothetically, the RAS also helps maintaining brain function. Angiotensin-II and -IV seem to protect 

against ischemia, especially through AT2,
16,21,22

 and preserve memory through AT4.
23,24

 Furthermore, 

angiotensin converting enzyme mediates amyloid-beta degradation in the brain.
16,25

 Based on these 

effects, drugs that increase angiotensin-II mediated activity at the AT2 and AT4 receptors 

(angiotensin-II-stimulating) may provide brain protection compared to those decreasing activity at 

these receptors (angiotensin-II-inhibiting). This “angiotensin hypothesis” (Figure 1), is supported by 

both experimental and human studies.
16

 However, little empirical evidence exists evaluating the 

hypothesis in a single, well-delineated population. 

We investigated whether, in-line with the “angiotensin hypothesis”, angiotensin-II-stimulating 

antihypertensive use conveyed a lower risk of incident dementia compared to angiotensin-II-

inhibiting antihypertensive use, independently of BP levels, in a large cohort of community-dwelling 

older people. 

 

 

Methods 

Participants and study design 

Data were derived from the Prevention of Dementia by Intensive Vascular Care (preDIVA) trial 

(registration: ISRCTN29711771).
26

 This RCT tested the efficacy of four-monthly visits to a practice 

nurse for cardiovascular risk management, compared to usual care by the general practitioner, on 

the prevention of dementia.
26

 Community-dwelling individuals aged 70-78 years registered with a 

participating general practice (>98% of the Dutch population is registered) were invited to participate 

(online supplement eFigure 1, available from Dryad https://doi.org/10.5061/dryad.hdr7sqvfd). 

Exclusion criteria were dementia and disorders likely to hinder long-term follow-up (e.g. terminal 

illness, alcoholism). Recruitment was from June 7, 2006, until March 12, 2009. Participants were 

assessed at baseline and biennial follow-up assessments. At these visits, data were collected on 

medical history, lifestyle, and medication, using patients’ self-report cross-checked with electronic 

health records. A full description per variable is given in the online Methods e-1, available from Dryad 

https://doi.org/10.5061/dryad.hdr7sqvfd. Measurements included cardiovascular risk factors, 

cognitive status (Mini-Mental State Examination and Visual Association Test), depression, and 

disability. Blood laboratory measures and APOE ε4 genotype were also obtained. The final 

assessment took place March 4, 2015, follow-up ranging 6-8 years. Since the preDIVA intervention 
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did not dictate or influence the antihypertensive classes prescribed, the current study analyzed the 

trial treatment arms as one single observational cohort. Only antihypertensive users were included 

because non-users are uninformative when investigating differential antihypertensive subclass 

effects. 

 

Standard Protocol Approvals, Registrations, and Patient Consents 

The study was approved by the medical ethics committee of the Academic Medical Center, 

Amsterdam, Netherlands. Participants gave written informed consent before their baseline visit.  

 

Antihypertensive use 

Figure 1 depicts the different effects of antihypertensive subclasses on angiotensin-II.
18

 ACEIs directly 

inhibit angiotensin-II production.
18

 ARBs block AT1 receptors, increasing AT2 and AT4 activation and 

raising angiotensin-II levels by stimulating renin production.
18

 Dihydropyridine CCBs (DiCCB) and 

diuretics (thiazide, K+-sparing and loop) also increase angiotensin-II by stimulating renin 

release.
18,27,28

 Other antihypertensives mostly decrease angiotensin-II via renin. Beta-blockers (BB) 

reduce Beta1-mediated renin production.
18

 Long-acting forms of verapamil and diltiazem (non-

DiCCB) are either neutral or decrease renin by reducing sympathetic tone.
29

 Renin antagonists 

directly inhibit renin activity.
18

 

Antihypertensive use was based on prescription records cross-checked with participants during the 

baseline assessment. Individuals using ARB, DiCCB and/or thiazide(-like) diuretics were categorized as 

angiotensin-II-stimulating antihypertensive users. Individuals using non-DiCCB, BB, and ACEI were 

categorized as angiotensin-II-inhibiting antihypertensive users. Participants were not categorized in 

either group based on K-sparing or loop diuretic use since these medications are not prescribed as 

first-choice medication for hypertension but generally as adjunct medication for specific 

comorbidity.
30

 Effects of excluding these antihypertensive types were tested in a sensitivity analysis.  

Antihypertensive were subcategorized according to ATC-codes: angiotensin-II-stimulating: ARBs: 

C09CA, C09DA, C09DB, C09DX01, C09DX03; Dihydropyridine CCBs: C08CA C08GA; Thiazide diuretics: 

C03A, C03EA01, C03EA02, C03EA03, C03EA04, C03EA05, C03EA07, C03EA13, C03EA14; Thiazide-like 

diuretics: C03B, C03EA6, C03EA12; angiotensin-II-inhibiting: ACEIs: C09AA, C09BA, C09BB, C09BX01, 

C09BX02; BBs: C07A, C07B, C07C, C07D, C09BX02; Non-dihydropyridine CCBs: C08CX, C08D, C08E; 

Other: loop diuretics: C03C, C03EB; K-sparing diuretics: C03D, C03E, C03BB, C03CB. 

 

Dementia 

The dementia diagnostic process has been described in detail previously,
26

 and is comprehensively 

delineated in the online supplementary Methods e-2 (https://doi.org/10.5061/dryad.hdr7sqvfd). In 

summary, dementia was defined as a clinical diagnosis of all-cause dementia according to DSM-IV 

criteria, confirmed by two members of an independent outcome adjudication committee based on 

all available clinical information. All individuals with a clinical dementia diagnosis during the course of 

the study were adjudicated. In addition, individuals who had an MMSE score <24 points during the 

course of the study or >2 points decline compared to baseline were referred to their general 

practitioner for clinical evaluation, and adjudicated by the outcome committee. Dementia diagnoses 

were re-evaluated after one year of additional follow-up to avoid false-positive diagnoses. For 

participants who dropped-out of the study, the dementia status was retrieved by a dedicated 
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research nurse from electronic health records and/or contact with the general practitioner at the end 

of the study, and all written clinical information was presented to the adjudication committee. 

 

Statistical analyses 

Characteristics of individuals using angiotensin-II-stimulating, angiotensin-II-inhibiting, and both 

antihypertensive types in combination (angiotensin-mixed) were compared using one-way ANOVA 

and Fisher’s exact tests. Cox regression analyses were performed using age at diagnosis as timescale 

and age at baseline as time of entry. Dementia was the main outcome and angiotensin status (all 

categories together in one model with angiotensin-II-inhibiting as reference category) was the 

independent variable. In these types of longitudinal analyses, competing risk of death is a major 

potential source of bias.
31

 To assess the influence of the competing risk of death, we used the cause 

specific hazard approach, repeating all analyses with mortality and dementia/mortality combined as 

outcomes.
31

 Individuals with missing data were left out per model (i.e. pairwise). Model 1 was 

unadjusted. Model 2 adjusted for baseline systolic BP and history of diabetes mellitus (DM), 

cardiovascular disease (CVD) and stroke (including TIA) as comorbidity potentially influencing both 

the antihypertensive subclass prescribed and the risk of poor outcome, and education (years, 

continuous).
1,30

 Model 3 additionally adjusted for other dementia risk factors including body mass 

index (BMI), cholesterol lowering medication use (as proxy for dyslipidaemia), estimated glomerular 

filtration rate (eGFR),
1
 and trial intervention allocation to ensure the trial intervention did not 

influence results.
26

 The proportional hazards assumption for the Cox regression analyses was tested 

by visual assessment of the plotted Schoenfeld residuals. To further assess whether associations 

were influenced by hypertension severity and disease history (e.g. ACEI with diabetes; BB after 

myocardial infarction),
30

 we performed subgroup analyses stratified by history of diabetes, stroke, 

CVD, and tertiles of systolic BP. Significance for stratification according to these subgroups (p-

interaction) was tested using likelihood-ratio tests comparing models with and without interaction 

terms for each separate subgroup variable. 

In a sensitivity analysis we included loop- and K-sparing diuretics as angiotensin-II-stimulating 

antihypertensive, since under the “angiotensin hypothesis” they would most likely stimulate renin 

release.
18,28

 In explorative analyses, we repeated the main analyses for each individual 

antihypertensive class independently in a separate model adjusted for concomitant use of any other 

antihypertensive (yes/no), to assess whether these associations concur with expectations based on 

the “angiotensin hypothesis”. To compare categorization into angiotensin-II-stimulating and 

angiotensin-II-inhibiting subtypes to any random other dichotomization into antihypertensive group, 

we plotted HRs for each possible combination of antihypertensive subclasses adjusted using model 3. 

To further examine how competing risk of death would influence dementia incidence, we performed 

a sensitivity analysis using the Fine-Gray competing risks model. To assess whether results would be 

influenced by adjusting for blood pressure measures other than systolic blood pressure, we 

performed separate sensitivity analyses adjusting for diastolic blood pressure, mean arterial 

pressure, and pulse pressure. To assess whether attainment of blood pressure control was of 

influence, we included a sensitivity analysis adjusted for blood pressure control at the first visit after 

baseline, operationalised as a systolic blood pressure ≤140 mmHg and a diastolic blood pressure ≤90 

mmHg. Finally, to assess the potential for residual confounding fully explaining results, we calculated 

E-values for the point estimates in the fully adjusted analyses, using the R package ‘E-values’.
32,33

 The 

E-value answers the question how strong would the unmeasured confounding would have to be to 

negate the observed results.
32

 It quantifies the minimum strength of association on the hazard ratio 

scale that an unmeasured confounder must have with both the treatment and outcome, while 
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simultaneously considering the measured covariates, to negate the observed treatment–outcome 

association.
32

 

 

Data Availability 

All data used for this study are available from the authors upon reasonable request. 

 

Results 

The flow chart (Figure 2) lists individuals in- and excluded from the analyses. Of the 3526 preDIVA 

participants, 1909 (54%) used angiotensin-II-stimulating and/or angiotensin-II-inhibiting 

antihypertensives at baseline and were thus included. After 6-8 years of follow-up (median: 6.7 

years, interquartile range: 5.8-7.0), dementia outcome was available for 98% (1870/1909) and 

mortality for >99% (1904/1909) of participants. In total, 132 (7%) individuals developed dementia 

and 329 (17%) died without dementia. General characteristics of individuals using angiotensin-II-

stimulating, angiotensin-II-inhibiting, and combined angiotensin-II-stimulating and negative 

antihypertensives (angiotensin-mixed) are listed in Table 1.  

Mean age at baseline was 74.5 (±2.5) years. Compared to angiotensin-II-inhibiting and angiotensin-

mixed groups respectively, the angiotensin-II-stimulating group had the highest proportion of 

women (65 vs 46 and 53%), highest mean diastolic BP (82.4 vs 81.4 and 80.7 mmHg) and highest 

serum LDL (3.1 vs 2.8 and 2.8 mmol/L). The angiotensin-II-stimulating group had the lowest 

proportions with diabetes (20 vs 24 and 34%), history of CVD (22 vs 52 and 47%) and cholesterol 

lowering medication (34 vs 52 and 54%). The angiotensin-II-inhibiting group had the lowest mean 

systolic BP (155.0 vs 156.6 and 157.9 mmHg) and BMI (27.8 vs 28.6 and 28.7 kg/m
2
) compared to 

angiotensin-II-stimulating and angiotensin-mixed groups, respectively. 

Regarding antihypertensive use, angiotensin-II-stimulating antihypertensive users less often used 

DiCCB (30 vs 40%) and more often ARB (47 vs 25%) compared to the angiotensin-mixed group. 

angiotensin-II-inhibiting users more often used non-DiCCB (12 vs 5%) and less often BB (64 vs 75%) 

compared to the angiotensin-mixed group. Angiotensin-II-inhibiting antihypertensive users most 

often received additional treatment with loop diuretics (10.1% versus angiotensin-II-stimulating: 

2.4% and angiotensin-mixed: 7.2%) and least often K-sparing diuretics (4.5% versus angiotensin-II-

stimulating: 13.4% and angiotensin-mixed: 13.2%). 

Dementia occurred in 5.6% (27/480) of the angiotensin-II-stimulating group, versus 6.9% (46/669) of 

the angiotensin-mixed and 8.2% (59/721) of the angiotensin-II-inhibiting group. Results for the Cox 

regression analyses of incident dementia, mortality, and dementia/mortality for individuals using 

angiotensin-II-stimulating and angiotensin-mixed antihypertensives compared to those using 

angiotensin-II-inhibiting antihypertensives only are shown in Table 2. Results for model 2 for the 

primary analyses are presented in the online supplement (Table e-1a through 1c), which is available 

from Dryad (https://doi.org/10.5061/dryad.hdr7sqvfd). The angiotensin-II-stimulating group had a 

non-significant 33% lower risk of dementia in model 1 (HR=0.67, 95%CI=0.42-1.06, p=0.08). Adjusting 

for confounders, the angiotensin-II-stimulating group had an approximately 40% lower risk of 

incident dementia in model 2 (HR=0.58, 95%CI=0.36-0.93) and model 3 (HR=0.57, 95%CI=0.35-0.93). 

This would correspond to an approximate absolute risk reduction (ARR) of 3.6% (95%CI=0.6-5.4). In 

all models, individuals in the angiotensin-mixed category had an approximately 20% lower dementia 

risk, which was not statistically significant (model 3 HR=0.77, 95%CI=0.51-1.15; ARR=1.9%, 95%CI=-
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1.2-4.0). There was no increased risk of mortality for individuals in the  angiotensin-II-stimulating 

group (model 3 HR=0.86, 95%CI=0.64-1.16; ARR=2.9%, 95%CI=-3.3-7.5) and angiotensin-mixed group 

(model 3 HR=0.96, 95%CI=0.75-1.23, ARR=0.8%, 95%CI=--4.8-5.2) compared to individuals using 

angiotensin-II-inhibiting antihypertensives only. Individuals in the angiotensin-II-stimulating group 

had an estimated non-significant 20% lower risk of dementia/mortality combined (HR=0.78, 

95%CI=0.60-1.02; ARR=6.0%, 95%CI=-0.5-11.0) compared to the angiotensin-II-inhibiting group.  

Results were consistent across subgroups stratified by history of diabetes, stroke, and systolic BP 

(Table 3). There was an interaction with history of CVD in model 3 for both angiotensin-II-stimulating 

(p=0.08) and angiotensin-mixed (p=0.04) groups. These suggested that the lower dementia risk for 

angiotensin-II-stimulating versus angiotensin-II-inhibiting antihypertensives was particularly evident 

in individuals without CVD (HR=0.50, 95%CI=0.28-0.90 vs HR=1.08, 95%CI=0.46-2.53). In contrast, for 

the angiotensin-mixed group, the HR was neutral in individuals without CVD (HR=0.95, 95%CI=0.58-

1.58) and markedly lower in those with CVD (HR=0.55, 95%CI=0.26-1.14), though not significant. 

Results of the competing risk analyses with mortality (Table e-2) and dementia/mortality combined 

(Table e-3) suggested that these interactions could not be explained by excess risks of mortality in 

subgroups based on CVD.  

Results from sensitivity analyses including the non-thiazide diuretics in the angiotensin-II-stimulating 

category were largely consistent for angiotensin-II-stimulating antihypertensives (Table e-4), with an 

approximately 40% lower risk of dementia (HR=0.59, 95%CI=0.36-0.95) and no increased risk of 

mortality (HR=0.94, 95%CI=0.70-1.27, ARR=). Findings adjusting dementia outcome for the 

competing risk of death using the Fine-Gray model also corresponded to our main results (Table e-5). 

The cumulative incidence plots corresponding to these analyses are depicted in Figure e-1.  

Sensitivity analysis adjusted for blood pressure control at visit 2 gave similar hazard ratios to the 

main analyses, but with wider confidence intervals due to the lower number of participants for 

whom information was available (Table e-6)  Sensitivity analyses adjusting for diastolic blood 

pressure, mean arterial blood pressure, or pulse pressure instead of systolic blood pressure gave 

similar results (Table e-7). E-values for the point-estimates in Model 3 ranged 1.25 to 2.91 (Table e-

8). For the HR of 0.57 (95%CI=0.35-0.93) comparing angiotensin-II-stimulating to angiotensin-II-

inhibiting antihypertensives with dementia as outcome, the HR E-value was 2.91 and the 95%CI E-

value 1.36. For the HR of 0.77 (95%CI=0.51-1.15) comparing angiotensin-II-stimulating to 

angiotensin-II-inhibiting antihypertensives with dementia/mortality as outcome, the HR E-value was 

1.92, and 95%CI E-value 1.00. 

Exploratory analyses comparing individual antihypertensive subclasses showed no statistically 

significant associations with dementia risk (Table 4). Looking at the point estimates, thiazide, DiCCB, 

ARB, non-DiCCB, ACEIs, and loop diuretics all had HRs for dementia ≤1 but only angiotensin-II-

stimulating (thiazides, DiCCB and ARB) also had a HR≤1 for mortality and dementia/mortality 

combined. To compare the predefined categorization of antihypertensive subclasses according to the 

“angiotensin hypothesis” to any random combination of antihypertensive subclasses, Figure 3 

depicts the HR and 95% confidence intervals for each possible combination of antihypertensive 

subclasses. From these, the predefined angiotensin-II-stimulating antihypertensive classification (i.e. 

thiazides, DiCCB, and ARB) was among those observed to convey the lowest risk of dementia and 

dementia/mortality combined. 
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Discussion 

In a population of community-dwelling older people, angiotensin-II-stimulating antihypertensive use 

was associated with an approximately 40% lower risk of incident dementia compared to angiotensin-

II-inhibiting antihypertensive use, over 6.7 years of follow-up. This was not due to an increased risk of 

mortality. Results were independent of systolic BP, cardiovascular risk factors, and history of stroke 

or diabetes, and consistent throughout sensitivity analyses. There was a significant interaction 

suggesting the lower risk of dementia for angiotensin-II-stimulating antihypertensive users was 

particularly evident in individuals without a history of CVD. 

Several factors need consideration before interpreting these results. Conditions affecting dementia 

risk may also influence antihypertensive subclass prescriptions. Most notably: 1.) ACEI may be more 

commonly prescribed with diabetes, 2) BB with heart failure, atrial fibrillation, and after myocardial 

infarction, 3.) non-DiCCB with atrial fibrillation and 4.) combinations of angiotensin-II-stimulating and 

angiotensin-II-inhibiting antihypertensive with greater hypertension severity.
30

 Subgroup analyses 

suggest these factors do not explain our overall results. The observed lower risks were evident in all 

sensitivity and subgroups analyses except in individuals with CVD. Nevertheless, we cannot exclude 

confounding by indication completely, since we do not know prescriber rationale for each particular 

antihypertensive regimen. However, associations for residual confounders would need to be strong 

to fully explain results. For our finding of a 44% lower HR for angiotensin-II-stimulating compared to 

angiotensin-II-inhibiting antihypertensive users in model 3, the E-value would be 2.97, suggesting 

that an unmeasured confounder would need to have an HR of approximately 3 with both the 

exposure and outcome to fully explain away the association. This is 50-100% larger than relative risks 

associated with known important non congenital dementia risk factors.
1,34

 Second, we used 

antihypertensive data from preDIVA baseline without accounting for adherence. Furthermore, we do 

not know when antihypertensive treatment was initiated. Our analyses therefore assume that 

treatment exposure did not substantially differ between subclasses (or did not influence risk 

differences). Differences in adherence by subclasses may influence our results, but evidence does not 

suggest adherence is clearly better or worse for angiotensin-II-stimulating compared to angiotensin-

II-inhibiting drug classes; dosing frequency and number of concurrent medications seem more 

important factors for adherence.
35–38

 How treatment duration and exposure affects the observed 

risks requires future study. Third, dementia was operationalized as an independent committee-

adjudicated clinical diagnosis, confirmed after one year additional follow-up. This corroborated 

diagnostic validity and clinical generalizability but may have lowered sensitivity, leading to missed 

cases. These misclassifications are likely unrelated to antihypertensive subclass use (non-differential), 

causing bias towards the null, leading to underestimated associations. Fourth, although we 

controlled for history of stroke, this definition included TIA, which is very different both clinically and 

prognostically. This is however expected to have limited impact on our overall results, but it is 

important to consider when interpreting the results of our stroke subgroup analyses. Fourth, 

although overall analyses were sufficiently powered, some analyses in small subgroups lacked power, 

especially in model 3. The observed interactions (e.g. with CVD) therefore require cautious 

interpretation. Fourth, although chance is an unlikely explanation for our main findings, because we 

tested a prespecified hypothesis with ample power, the sub-analyses assessing HRs for each possible 

subclass categorization are sensitive to type-II-error. However, these were exploratory analyses to 

compare our predefined antihypertensive categorization to any random alternative. Finally, using 

RCT-cohort data could have limited generalizability. This is however unlikely. PreDIVA had a 

pragmatic, population-based design, and the trial population was comparable to Dutch national 

population cohort data.
26,39

 Moreover, the trial intervention did not recommend particular 
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antihypertensive types, had no effect on dementia incidence, and sensitivity analysis adjusting for 

the intervention gave similar results.
26,40

 

Overall, our results largely support the “angiotensin hypothesis” that certain antihypertensive 

subclasses convey a reduced risk of dementia compared to others, based on their RAS-activity, 

independent of BP effects.  

Hypothetically, activity at the AT2 and AT4 receptors reduces dementia incidence by protecting the 

brain from ischemic damage (particularly AT2),
16,21,22

 and stimulating memory function (through 

AT4).
23,24

 ARBs, thiazide diuretics and dihydropyridine CCBs are generally thought to upregulate 

angiotensin-II production, thereby stimulating activity at the AT2 and AT4 receptors.
18,27,28

 ACE-

inhibitors, beta-blockers and non-dihydropyridine CCBs are generally thought to downregulate 

angiotensin-II production, thereby diminishing the positive activity at the AT2 and AT4 receptors.
18,29

 

Furthermore, ACE reportedly degrades Amyloid-β in the brain, a protein widely considered to be 

involved in the pathophysiology of Alzheimer’s disease.
16,25

 ACEIs may reduce this degradation by 

inhibiting ACE activity, thus facilitating Amyloid-β plaque accumulation.
18

 ARBs selectively inhibit 

Ang-II at angiotensin-receptor 1 (AT1) without inhibiting ACE, thus leaving Amyloid-β degradation 

intact.
18

 Moreover, by selectively inhibiting angiotensin-II activity at the AT1 receptor, ARBs stimulate 

activity at the AT2 and AT4 receptors.
18

 Taken together, antihypertensives that increase activity at 

AT2 and AT4 (angiotensin-II stimulating antihypertensives) are hypothesized to have greater brain 

protective effects than those that decrease activity at the same receptors (angiotensin-II-inhibiting 

antihypertensives).  

Several different antihypertensive classes have previously been associated with reduced risks of 

incident dementia.
6–12,15

 The “angiotensin hypothesis” provides an overarching pathophysiological 

framework to better understand the heterogeneous findings regarding antihypertensive use and 

dementia risk.
16,17

 Because a number of methodological biases may influence these associations, the 

inconsistencies in previous studies’ results are not surprising.
6–12,15

 

Our analyses suggest that the difference between angiotensin-II-stimulating and angiotensin-II-

inhibiting antihypertensives might be driven by DiCCBs and ARBs rather than thiazides, although all 

three conveyed lower dementia risks without increased mortality. DiCCB were associated with the 

lowest dementia risk. This may reflect protective effects of DiCCB beyond angiotensin-II stimulation 

(e.g. stimulating angiogenesis),
6,15

 or chance/bias from the study’s relatively small number of DiCCB 

users, high number of comparisons, and observational design. Previous studies have found both 

lower
7,9,41

 and higher
42,43

 dementia risks for CCBs compared to ARBs and also lower
42–44

 and 

higher
7,9,41,45

 dementia risks for CCBs compared to diuretics. However, none of these were significant 

in direct comparison. Substantial differences in methodology may underlie these heterogeneous 

results. In our study, as hypothesized, ACEI were among the subclasses conveying the highest 

dementia risk. This effect was not moderated by a history of diabetes, suggesting that confounding 

by indication is unlikely to be driving this association. ACEI have been associated with higher 

dementia risks compared to other antihypertensive subclasses in clinical studies.
6–12,15

 This is 

supported by findings that ACE facilitates amyloid-Beta degradation.
16,17

 The higher risk associated 

with BB also corresponds to previous findings.
6–12,15

 The risks associated with K-sparing and loop 

diuretics are difficult to interpret because these are almost always prescribed as adjunct medications 

for comorbidities such as heart or renal failure and electrolyte disorders.
30

  

Our findings warrant replication in other longitudinal cohorts. Being observational, they cannot 

establish definitive causal relationships. Causality could be strengthened by combining clinical 

observations with dementia-associated neuropathology. The little data available suggest that 

cognitively intact individuals on ARB have slower atrophy rates and less cerebral amyloid-beta 

deposition than those on ACEI.
46,47

 The “angiotensin hypothesis” ideally requires RCT testing. Trials 

comparing antihypertensive subclasses with dementia as primary outcome are however challenging, 
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requiring many participants and long follow-up.
48

 Designing intervention and control conditions is 

also problematic, since withholding antihypertensive treatment is unethical, several subclasses 

potentially reduce dementia risks, and guidelines recommend combining subclasses, which decreases 

potential for between type comparisons. The “angiotensin hypothesis” could help address these 

issues, suggesting three different antihypertensive subclasses available for the intervention (ARB, 

DiCCB, thiazides), and all others for the control group. This may greatly facilitate trial design and 

improve power. Lacking RCT data, there is an imperative need to robustly study candidate brain 

protectants, including antihypertensive, from longitudinal observational studies using clinical 

dementia outcome measures. Our results suggest future treatment of hypertension could include a 

compelling indication for certain antihypertensive subclasses. This would be easy and affordable to 

implement in clinical practice, since the antihypertensive studied are common first-line 

antihypertensive treatments available in generic forms.
30

 In a recent survey among antihypertensive 

users, most (>90%) reported to be willing to take a specific subclass as early as in mid-life, if the 

medication was shown to prevent or delay dementia.
49

 Given hypertension’s high prevalence, even 

modest differences in antihypertensive effects on the aging brain would have substantial implications 

for public health. 

In conclusion, this study found that individuals using angiotensin-II-stimulating antihypertensives had 

approximately 40% lower dementia rates compared to those using angiotensin-II-inhibiting 

antihypertensives. This association was not due to increased mortality and was independent of 

cardiovascular risk factors and comorbidity, but it may be specific for individuals without CVD. 

Although we tested a prespecified hypothesis, this study is the first to evaluate these associations, 

and replication is necessary to allow definitive conclusions. If replicated, the beneficial effects 

associated with angiotensin-II-stimulating antihypertensives could have major influence on clinical 

practice, providing a treatment strategy that is easy and cheap to implement on a large scale and 

could markedly reduce dementia risk on a population level. 
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Tables 

 
Ang+ 

(n=492) 

Ang- 

(n=733) 

Ang ± 

(n=684) 

p-value 

 

Age 74.5 (2.5) 74.6 (2.5) 74.5 (2.5) 0.84 

Female sex 321 (65.2%) 340 (46.4%) 364 (53.2%) <0.001 

Systolic BP, mmHg 156.6 (20.5) 155.0 (22.1) 157.9 (21.3) 0.04 

Diastolic BP, mmHg 82.4 (10.5) 81.4 (11.7) 80.7 (11.0) 0.04 

Ang+ AHD:     

 - Thiazide 222 (45.1%)  352 (51.5%) 0.03 

 - Thiazide-like 22 (4.5%)  36 (5.3%) 0.59 

 - DiCCB 145 (29.5%)  262 (38.3%) <0.001 

 - ARB 231 (47.0%)  171 (25.0%) <0.001 

Ang- AHD:     

 - Non-DiCCB  86 (11.7%) 31 (4.5%) <0.001 

 - ACEI  344 (46.9%) 289 (42.3%) 0.08 

 - BB  472 (64.4%) 514 (75.1%) <0.001 

Non thiazide(-like) diuretics:     

 - Loop diuretics 12 (2.4%) 74 (10.1%) 49 (7.2%) <0.001 

 - K-sparing diuretics 66 (13.4%) 33 (4.5%) 90 (13.2%) <0.001 

BMI, kg/m
2
 28.6 (4.6) 27.8 (3.9) 28.7 (4.2) <0.001 

Diabetes 100 (20.3%) 175 (23.9%) 229 (33.5%) <0.001 

Serum LDL, mmol/L 3.1 (1.0) 2.8 (0.9) 2.8 (1.0) <0.001 

Cholesterol lowering drugs 169 (34.3%) 382 (52.1%) 370 (54.1%) <0.001 

eGFR, ml/min 74.3 (15.7) 74.2 (16.5) 72.4 (20.0) 0.09 

Stroke 61/489 (12.5%) 89/724 (12.3%) 107/669 (16.0%) 0.16 

CVD 105/489 (21.5%) 384/727 (52.8%) 322/681 (47.3%) <0.001 

APOE e4 positive 112/411 (27.3%) 166/608 (27.3%) 168/592 (28.4%) 0.94 

Education (years) 11.5 (3.1) 11.6 (3.4) 11.5 (2.9) 0.65 

  <7 years 129/491 (26.3%) 185/729 (25.4%) 178/676 (26.3%) 0.94 

  7-12 years 270/491 (55%) 394/729 (54%) 393/676 (58.1%) 0.70 

  >12 years 92/491 (18.7%) 150/729 (20.6%) 105/676 (15.5%) 0.12 

MMSE score 28.1 (1.8) 27.9 (1.9) 28.1 (1.9) 0.17 

Outcomes:     

Dementia 27/480 (5.6%) 59/721 (8.2%) 46/669 (6.9%) 0.28 

Deceased 73/491 (14.9%) 154/730 (21.1%) 140/683 (20.5%) 0.06 

Table 1. Population characteristics. Mean (SD) or proportion (%) per group. P-values for one-way 

ANOVA for means or Fischer exact tests for proportions. Ang+: individuals using angiotensin-II 

stimulating medication, Ang-: individuals using angiotensin-II inhibiting medication, Ang+ & Ang-: 

individuals using both Ang+ and Ang-, BP: blood pressure, DiCCB: dihydroperidine calcium channel 

blocker, ARB: angiotensin receptor blocker, ACEI: angiotensin converting enzyme inhibitor, BB: beta 

blocker, BMI: body mass index, eGFR: estimated glomerular filtration rate, CVD: cardiovascular 

disease 

Missings: (Ang+/Ang-/Ang+&-): BMI: 0/1/0, LDL: 8/15/24, eGFR: 7/14/21, Stroke: 3/9/15, CVD: 3/6/3, EduCat: 

1/4/8, MMSE: 0/1/2, Dementia: 12/12/15, Deceased: 1/3/1 
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  Model 1 Model 3 

Outcome AHD 
Events/ 

exposed 
HR 95% CI p-value 

Events/ 

exposed 
HR 95% CI p-value 

Dementia Ang- 59/721 1.00 (ref)  57/689 1.00 (ref)  

(n=132/1870) Ang + 27/480 0.67 (0.42-1.06) 0.08 26/467 0.57 (0.35-0.93) 0.02 

 Ang ± 46/669 0.83 (0.57-1.22) 0.35 42/624 0.77 (0.51-1.15) 0.20 

          

Mortality Ang- 148/719 1.00 (ref)  143/687 1.00 (ref)  

(n=354/1867) Ang + 70/480 0.69 (0.52-0.92) 0.01 69/467 0.86 (0.64-1.16) 0.31 

 Ang ± 136/668 0.94 (0.78-1.24) 0.86 126/623 0.96 (0.75-1.23) 0.75 

          

Dem/mort Ang- 196/720 1.00 (ref)  189/688 1.00 (ref)  

(n=461/1868) Ang + 93/480 0.69 (0.54-0.89) 0.004 91/467 0.78 (0.60-1.02) 0.07 

 Ang ± 172/668 0.98 (0.76-1.15) 0.53 159/623 0.91 (0.74-1.13) 0.41 

Table 2. Hazard ratios for individuals using Ang+ or both Ang+ and Ang- antihypertensives compared to those 

using Ang- antihypertensives only. Results of Cox proportional hazard analyses of incident dementia, mortality or 

dementia/mortality. Associations for Ang+ and Ang+/- together in one model with Ang- as the reference category 

(i.e. HR=1.00). Age at time of event was used as timescale and age at baseline as time of study entry. Model 1: 

adjusted for sex, Model 2: additionally adjusted for education, systolic blood pressure and history of diabetes, stroke 

and cardiovascular disease at baseline, Model 3: additionally adjusted for body mass index, cholesterol medication 

use, estimated glomerular filtration rate, and trial treatment arm. Results for model 2 are shown in online 

supplement Table e-1a. n= total number of events/individuals per subgroup in model 1. Events/exposed: total 

number of events/individuals in the angiotensin category per subgroup. Abbreviations: Ang+: angiotensin-II 

stimulating antihypertensives, Ang-: angiotensin-II inhibiting antihypertensives, HR: hazard ratio, 95% CI: 95% 

confidence intervals, (ref): reference group. 
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  Model 1   Model 3 

Subgroup AHD 
Events 

/exposed 
HR 95% CI 

p- 

val 

p- 

int 
  

Events 

/exposed 
HR 95% CI 

p- 

val 

p- 

int 

No DM Ang- 42/551 1.00 (ref)     41/531 1.00 (ref)   

(n=92/1376) Ang + 21/381 0.70 (0.41-1.18) 0.18 0.78   20/370 0.64 (0.37-1.12) 0.12 0.75 

 Ang ± 29/444 0.88 (0.55-1.41) 0.59 0.57   26/416 0.83 (0.5-1.35) 0.45 0.65 

DM Ang- 17/170       16/158 1.00 (ref)   

(n=40/494) Ang + 6/99 0.49 (0.19-1.25) 0.14    6/97 0.50 (0.19-1.31) 0.16  

 Ang ± 17/225 0.64 (0.32-1.25) 0.19    16/206 0.73 (0.36-1.50) 0.39  

              

No stroke Ang- 49/626 1.00 (ref)     48/604 1.00 (ref)   

(n=105/1594) Ang+ 21/418 0.60 (0.36-1.00) 0.05 0.68   21/407 0.57 (0.33-0.98) 0.04 0.96 

 Ang+/- 35/550 0.80 (0.52-1.23) 0.31 0.73   33/524 0.75 (0.47-1.18) 0.21 0.88 

Stroke Ang- 10/87       9/85 1.00 (ref)   

(n=24/251) Ang + 5/60 0.70 (0.24-2.06) 0.52    5/60 0.62 (0.20-1.95) 0.41  

 Ang ± 9/104 0.70 (0.29-1.74) 0.45    9/98 0.91 (0.34-2.39) 0.84  

              

No CVD Ang- 31/340 1.00 (ref)     31/328 1.00 (ref)   

(n=83/1067) Ang + 20/375 0.53 (0.3-0.93) 0.03 0.15   19/367 0.50 (0.28-0.90) 0.02 0.08 

 Ang ± 32/352 0.9 (0.55-1.48) 0.68 0.23   31/330 0.95 (0.58-1.58) 0.85 0.04 

CVD Ang- 27/375 0.99 (0.43-2.27) 0.97    26/361 1.00 (ref)   

(n=48/791) Ang + 7/102 0.65 (0.34-1.24) 0.19    7/100 1.08 (0.46-2.53) 0.87  

 Ang ± 14/314 0.53 (0.30-0.93) 0.03    11/292 0.55 (0.26-1.14) 0.11  

              

SBP <147 Ang- 21/264 1.00 (ref)     21/257 1.00 (ref)   

(n=46/624) Ang + 9/151 0.69 (0.31-1.51) 0.35 0.65   9/146 0.73 (0.32-1.70) 0.47 0.65 

 Ang ± 16/209 0.90 (0.47-1.74) 0.76 0.47   15/196 0.84 (0.42-1.68) 0.62 0.57 

SBP 147-165 Ang- 21/232       19/218 1.00 (ref)   

(n=47/634) Ang + 8/168 0.49 (0.22-1.12) 0.09    8/164 0.52 (0.22-1.25) 0.15  

 Ang ± 18/234 0.85 (0.45-1.60) 0.61    16/215 0.85 (0.43-1.67) 0.64  

SBP ≥165 Ang- 17/225       17/214 1.00 (ref)   

(n=39/612) Ang + 10/161 0.79 (0.36-1.74) 0.56    9/157 0.66 (0.29-1.50) 0.32  

 Ang ± 12/226 0.68 (0.33-1.43) 0.32    11/211 0.68 (0.31-1.47) 0.33  

Table 3. Subgroup analyses with dementia as outcome. Results of Cox proportional hazard analyses of incident 

dementia. Associations for Ang+ and Ang+/- together in one model with Ang- as the reference category (i.e. 

HR=1.00). Age at time of event was used as timescale and age at baseline as time of study entry. Model 1: adjusted 

for sex, Model 3: additionally adjusted for education, systolic blood pressure and history of diabetes, stroke and 

cardiovascular disease at baseline, body mass index, cholesterol medication use, estimated glomerular filtration rate, 

MMSE-score, and trial treatment arm. Results for model 2 are shown in online supplement Table e-1b. P-val denote 

p-values for individual association, p-int represent the p-value for the interaction with the subgroup stratification (1 

per Ang category for each subgroup analysis). n= total number of events/individuals per subgroup in model 1. 

Events/exposed: total number of events per individual in the Ang category per subgroup. Abbreviations: Ang+: 

angiotensin-II stimulating antihypertensives, Ang-: angiotensin-II inhibiting antihypertensives, HR: hazard ratio, 95% 

CI: 95% confidence intervals, (ref): reference group. 
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   Model 1   Model 3 

Outcome AHD 
 Events 

/exposed* 
HR 95% CI 

p- 

val 

  Events 

/exposed* 
HR 95% CI 

p- 

val 

Dementia Thiazide  41/563 0.93 (0.62-1.38) 0.71   39/538 0.98 (0.65-1.49) 0.94 

(n=132/1870) DiCCB  17/398 0.58 (0.34-0.99) 0.046   16/373 0.58 (0.33-1.00) 0.051 

 ARB  20/389 0.66 (0.38-1.16) 0.15   18/370 0.68 (0.38-1.22) 0.20 

 NonDiCCB  9/116 0.83 (0.37-1.86) 0.66   7/108 0.61 (0.24-1.57) 0.31 

 ACEI  44/622 1.00 (0.66-1.51) 0.99   42/585 0.98 (0.63-1.5) 0.91 

 BB  69/963 0.91 (0.62-1.34) 0.63   66/905 1.09 (0.73-1.64) 0.67 

 K-sparing  12/188 0.85 (0.47-1.54) 0.59   11/177 1.03 (0.55-1.94) 0.92 

 Loop  7/134 0.80 (0.37-1.71) 0.56   6/128 0.78 (0.33-1.82) 0.57 

             

Mortality Thiazide  99/563 0.97 (0.76-1.23) 0.78   95/538 0.98 (0.76-1.26) 0.87 

(n=354/1867) DiCCB  76/397 1.03 (0.79-1.34) 0.85   71/372 0.94 (0.71-1.24) 0.66 

 ARB  68/388 1.08 (0.81-1.45) 0.60   65/369 1.02 (0.75-1.38) 0.91 

 NonDiCCB  29/116 1.45 (0.95-2.22) 0.09   28/108 1.28 (0.82-2.00) 0.28 

 ACEI  140/622 1.40 (1.11-1.76) 0.004   132/585 1.35 (1.06-1.72) 0.02 

 BB  188/960 1.12 (0.89-1.40) 0.33   176/902 0.95 (0.75-1.21) 0.68 

 K-sparing  42/187 1.35 (0.98-1.87) 0.07   40/176 1.23 (0.88-1.73) 0.22 

 Loop  47/134 2.19 (1.61-2.98) <0.001   46/128 1.75 (1.25-2.45) 0.001 

             

Dem/mort Thiazide  132/563 0.95 (0.77-1.18) 0.65   127/538 0.99 (0.79-1.23) 0.90 

(n=461/1868) DiCCB  90/397 0.93 (0.73-1.19) 0.58   84/372 0.88 (0.69-1.14) 0.34 

 ARB  86/388 0.99 (0.76-1.28) 0.92   81/369 0.95 (0.72-1.25) 0.73 

 NonDiCCB  35/116 1.22 (0.82-1.81) 0.33   33/108 1.07 (0.70-1.63) 0.76 

 ACEI  178/622 1.32 (1.07-1.62) 0.01   168/585 1.29 (1.04-1.60) 0.02 

 BB  242/961 1.06 (0.87-1.29) 0.56   227/903 0.98 (0.79-1.22) 0.87 

 K-sparing  51/187 1.20 (0.90-1.61) 0.22   48/176 1.19 (0.87-1.62) 0.27 

 Loop  52/134 1.82 (1.37-2.43) <0.001   50/128 1.58 (1.15-2.16) 0.01 

Table 4. HR for individual antihypertensive types, adjusted for other AHD use. Results of Cox proportional hazard 

analyses of incident dementia/mortality as combined endpoint. HRs for each individual class in a separate model 

adjusted for concurrent use of other AHD (yes/no). Age at time of event was used as timescale and age at baseline as 

time of study entry. Model 1: adjusted for sex, Model 2: additionally adjusted for education, systolic blood pressure 

and history of diabetes, stroke and cardiovascular disease at baseline, Model 3: additionally adjusted for body mass 

index, cholesterol medication use, estimated glomerular filtration rate, and trial treatment arm. Results for model 2 

are shown in online supplement Table e-1c. n=: total number of events/individuals in model 1 for each outcome, 

events/exposed: number of events/individuals using the listed AHD. * total numbers exposed may exceed total 

number of individuals in analyses because individuals can use multiple AHD types simultaneously. P-val denote p-

values for individual association, p-int represent the p-value for the interaction with the subgroup stratification. 

Abbreviations: DiCCB: dihydropyridine calcium channel blockers, ARB: angiotensin-I receptor blockers, ACEI: ACE-

inhibitors, BB: beta blockers, K-sparing: K+ sparing antihypertensves, Loop: loop diuretics, HR: hazard ratio, 95% CI: 

95% confidence intervals 
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Figure legends: 

 

 

Figure 1. Interaction of different antihypertensive types with the renin-angiotensin-system. 

Thiazides and dihydropyridine calcium channel blockers (DiCCBs) increase renin.
 
β–blockers (BB) 

reduce β1-mediated renin production. Long-acting forms of verapamil and diltiazem (non-DiCCBs) 

either do not affect or reduce renin. Renin generates angiotensin-I (Ang-I), which is converted into 

angiotensin-II (Ang-II) by ACE which exerts physiological effects by binding to AT1 or AT2 or may be 

further metabolized into Ang-IV, which binds to AT4. Angiotensin-converting enzyme inhibitors (ACEI) 

directly inhibit ACE activity, thereby inhibiting angiotensin-II production. Angiotensin receptor-1 

blockers (ARBs) inhibit angiotensin-II activity directly at the AT1 receptor, but leave angiotensin-II 

production intact. 

Angiotensin hypothesis: ACE reportedly degrades Amyloid-β, a major component of the cerebral 

neuritic plaques associated with Alzheimer’s disease. ACEIs may inhibit this degradation, thus 

facilitating Amyloid-β plaques accumulation. ARBs selectively inhibit Ang-II at angiotensin-receptor 1 

(AT1) without inhibiting ACE, allowing ACE to degrade Amyloid-β. Moreover, Ang-II and Ang-IV 

activity have been associated with protecting from ischemia via activity at AT2 and possibly AT4. In 

addition, Ang-II and Ang-IV activity have been associated with direct effects on memory. Taken 

together, antihypertensives that increase activity at AT2 and AT4 (Ang-II stimulating 

antihypertensives) are hypothesized to have greater brain protective effects than those that 

decrease activity at the same receptors (Ang-II inhibiting antihypertensives).  

Blue text: Ang-II stimulating antihypertensives; red text: Ang-II inhibiting antihypertensives; light blue 

boxes: angiotensinpeptides; green circles: angiotensin receptors. 
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Figure 2. Study flow-chart *Only individuals using antihypertensive drug (AHD) types from thiazide(-

like), angiotensin 1 receptor blocker, angiotensin converting enzyme inhibitor, calcium channel 

blocker and beta blocker classes were included since loop- and K-sparing diuretics are generally not 

prescribed as stand-alone treatments for hypertension. There were no individuals using renin 

antagonists. 
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Figure 3. Hazard ratio and 95% confidence interval of dementia, mortality and dementia/mortality 

as combined outcome for each possible dichotomous categorization of antihypertensive classes in 

the study. Depicted are the HR and 95% confidence interval (y-axis) for each individual possible 

random combination of antihypertensive subclasses (thiazides, DiCCBs, non-DiCCBs, ARBs, BBs, ACE, 

K-sparing and loop diuretics), in order of HR for the event from low to high on the x-axis. Each 

individual blue dot represents a possible combination. Only the HRs associated with the Ang+ 

combination hypothesized by this study (in red) and the individual antihypertensive classes on their 

own (grey) are marked. Within parentheses are the numbers of events followed by the number of 

individuals in the particular category at baseline. Note that the combined outcome of 

dementia/mortality is most useful for interpreting whether differences in dementia risk are due to 

differences in the competing risk of mortality.  

Models adjusted for systolic blood pressure, body mass index, cholesterol medication use, estimated 

glomerular filtration rate, education and history of diabetes, stroke and cardiovascular disease at 

baseline 

Abbreviations: HR: hazard ratio, 95%CI: 95% confidence interval, Index AHD: position of 

antihypertensive class combination from lowest to highest HR, Thi: thiazides (& thiazide-like), CCBdi: 

dihydroperidine calcium channel blockers, ARB: angiotensin receptor 1 blockers, BB: beta blockers, 

CCBnondi: non-dihydroperidine calcium channel blockers, ACE: angiotensin inhibitors, K-sparing: K-

sparing diuretics, loop: loop diuretics. 
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