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ABSTRACT 
 
Introduction: There is evidence that hypertension in midlife can increase the risk of 
Alzheimer’s disease and vascular dementia in late life. In addition, some treatments for 
hypertension have been proposed to have cognitive benefits, independent of their effect on 
hypertension. Consequently, there is potential to repurpose treatments for hypertension for 
dementia. This study systematically compared seven antihypertensive drug classes for this 
purpose, using data on over 849,000 patients from the Clinical Practice Research Datalink.  
 
Methods: Treatments for hypertension were assessed in an instrumental variable (IV) 
analysis to address potential confounding and reverse causation. Physicians’ prescribing 
preference was used as a categorical instrument, defined by the physicians’ last seven 
prescriptions. Participants were new antihypertensive users between 1996-2016, aged 40 
and over. 
 
Findings: We analysed 849,378 patients with total follow up of 5,497,266 patient-years. 
Beta-adrenoceptor blockers and vasodilator antihypertensives were found to confer small 
protective effects – for example, vasodilator antihypertensives resulted in 27 (95% CI: 17 to 
38; p=4.4e-7) fewer cases of any dementia per 1000 treated compared with diuretics. 
 
Interpretation: We found small differences in antihypertensive drug class effects on risk of 
dementia outcomes. However, we show the magnitude of the differences between drug 
classes is smaller than previously reported. Future research should look to implement other 
causal analysis methods to address biases in conventional observational research with the 
ultimate aim of triangulating the evidence concerning this hypothesis. 
 
Funding: This work was supported by the Perros Trust and the Integrative Epidemiology 
Unit. The Integrative Epidemiology Unit is supported by the Medical Research Council and 
the University of Bristol [grant number MC_UU_00011/1, MC_UU_00011/3]. 
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RESEARCH IN CONTEXT 
 
Evidence before this study:  A recent systematic review and meta-analysis has collated the 
evidence for treating hypertension to prevent dementia. Seven comparable observational 
studies were identified that used either case-control designs with logistic regression or 
cohort designs with survival analysis. These studies suggested that some classes, such as 
angiotensin-II receptor blockers, may prevent dementia. However, conventional 
observational analyses, such as these, can be subject to confounding and reverse causation.  
 
Added value of this study: We have provided new evidence about the potential effects of 
antihypertensives on risk of dementia through the novel application of instrumental variable 
analysis to this research question and have shown that the magnitude of the differences 
between drug classes is smaller than many observational studies have previously reported.   
 
Implications of all the available evidence: Further research is needed to triangulate this 
evidence with other sources and to understand the inconsistencies between the studies 
conducted to date. Ultimately, this will inform the prioritization of antihypertensive drug 
classes for dementia prevention. 
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INTRODUCTION 
 
There is a substantial unmet clinical need for treatments for dementia where benefits to 
patients, society and the public purse can be gained. Despite this, some drug companies 
have recently withdrawn from this therapy area due to failed and costly efforts to find new 
treatments. (1) Drug repurposing, the identification of properties in existing or abandoned 
compounds for other clinical conditions, offers significant advantages over traditional drug 
discovery approaches. This includes immediate access to human safety data from the 
original clinical development work, which can accelerate testing in clinical trials, saving both 
time and money. (2,3)  
 
Many antihypertensive medications have been proposed as drug repurposing candidates for 
the prevention of dementia. In part, because of research to better understand the observed 
associations between midlife hypertension and later-life risk of Alzheimer’s disease and 
vascular dementia. (3–6) There is also increasing recognition that one of the earliest 
pathological events in the development of Alzheimer’s disease is vascular dysregulation. [8] 
As well as suggestions that some antihypertensives, specifically those that block angiotensin 
receptor and calcium channel signalling, may have other neurological benefits. (7–9)  
 
Several observational studies have investigated repurposing antihypertensives for dementia 
prevention. (10–17) However, these studies have used case-control designs with logistic 
regression and cohort designs with survival analysis, which may be subject to unmeasured 
or residual confounding and reverse causation. Specifically, confounding by indication, 
where the reasons that a patient receives a treatment relate to the reasons that the patient 
is at an increased risk of the outcome; and healthy adherer bias, where patients initiating or 
adhering to a drug for prevention of a condition are more likely to be healthy; are of 
concern in this type of study. There is also potential for reverse causation due to preclinical 
disease, which could raise blood pressure prior to clinical symptoms and consequently lead 
to the prescription of an antihypertensive drug. 
 
Instrumental variable analysis, which estimates the causal effect of an exposure on an 
outcome by using a third variable (the instrument), can be robust to confounding and 
reverse causation if certain assumptions are met. That is, the instrument must: (i) be 
associated with the exposure of interest; (ii) affect the outcome only through its effect on 
the exposure; and (iii) have no common causes with the outcome (i.e. there are no 
confounders of the instrument-outcome association). (18,19) Physicians’ prescribing 
preference has been proposed as an instrumental variable in pharmacoepidemiology. (20–
24) It meets the instrument conditions as: (i) it is associated with the prescription issued by 
the physician; (ii) it is unlikely to relate to the patient’s risk of dementia other than through 
the prescription issued; and (iii) physicians’ prescribing preference is unlikely to share a 
cause with the patient’s outcome because patients have relatively little choice over which 
physician they see or knowledge of their physicians’ preferences for antihypertensive drug 
classes. (22) We therefore report a systematic assessment of the major antihypertensive 
drug classes as candidates for the prevention of Alzheimer’s disease, vascular dementia, 
other dementias and any dementia, using physicians’ prescribing preference as an 
instrument in the Clinical Practice Research Datalink (CPRD) to overcome confounding and 
reverse causation. 
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METHODS 
 
Study design 
 
We conducted a prospective new user cohort study in the CPRD. (25) The CPRD is a primary 
care database with over 11.3 million people from more than 670 UK practices. (26) The data 
were extracted from the CPRD-GOLD primary care dataset March 2016 snapshot (ISAC 
15_246R). This snapshot included all patients with ‘research quality’ data, who registered at 
a participating practice from 1st January 1987 to 29th February 2016. (27) The a priori 
protocol for this study was published prior to the current report (see Supplementary Table 1 
for amendments) and the study design diagram is included as Supplementary Figure 1. (28) 
 
Participants 
 
Patients were included in the analysis if they were aged 40 years or over and received a first 
prescription for an antihypertensive drug class of interest. Follow-up was stopped at the 
earliest of: a dementia outcome; death; end of registration at a CPRD general practice; or 
the end of follow-up for this study (29th February 2016). Patients were excluded if they were 
of unknown gender; had less than 12 months of ‘research quality’ data prior to their first 
prescription (to improve the identification of baseline covariates); or were initially 
prescribed multiple antihypertensive drug class of interest. We also excluded patients 
prescribed an antihypertensive before 1st January 1996, as 1996 was the first complete year 
that all of the drugs being considered were available. 
 
Exposures 
 
We considered seven antihypertensive drug classes based on the groupings in the British 
National Formulary. (29) These were: alpha-adrenoceptor blockers, angiotensin-converting 
enzyme inhibitors, angiotensin-II receptor blockers, beta-adrenoceptor blockers, calcium 
channel blockers, diuretics (either ‘thiazides and related diuretics’ or ‘potassium-sparing 
diuretics and aldosterone antagonists’), and vasodilator antihypertensives. To mimic a 
randomised controlled trial (RCT), exposure to the drug classes was analysed in an 
intention-to-treat framework, i.e. based on the first prescription irrespective of subsequent 
switches to, or additions of, other antihypertensive drug classes. (30) The index date for 
each patient was the date they received their first prescription for an antihypertensive drug. 
Treatment switching was not modelled, as it was likely to be non-random and confounded 
by patients’ unobservable characteristics. 
 
Outcomes 
 
We defined four outcomes for this analysis: probable Alzheimer’s disease, possible 
Alzheimer’s disease, vascular dementia and other dementias (Supplementary Figure 2). We 
also considered any dementia, which combined the dementia subtypes in a single outcome.  
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Covariates 
 
The instrumental variable analysis was adjusted for prescription year only. This was 
necessary as the number of antihypertensive prescriptions in the CPRD varied by year and 
so may have influenced both the instrument-exposure and instrument-outcome 
associations. All other potential covariates were thought to influence the exposure-outcome 
association, but not the instrument-exposure or instrument-outcome associations, and so 
will be balanced across levels of the instrument if the instrument assumptions are met. The 
instrumental variable analysis was compared with a multivariable logistic regression analysis 
to assess the extent of confounding. The multivariable logistic regression analysis was 
adjusted for prescription year; sex; age at index; previous history of coronary heart disease, 
coronary-bypass surgery, or cerebrovascular disease; chronic disease; socioeconomic 
position; consultation rate; alcohol status; smoking status; and body mass index (BMI). All 
covariates were determined prior to index and are defined fully in Supplementary Table 3. 
 
Code lists 
 
Prescriptions and diagnoses were defined using Product and Read codes respectively. These 
codes are recorded at the time of the consultation and uniquely define prescriptions and 
clinical terms in the CPRD. The code lists for this study are provided on Github 
(https://github.com/venexia/repurposing-antihypertensives-dementia). 
 
Assessment of bias 
 
To assess bias, we constructed bias scatter plots for each outcome. These plots compare the 
association of each covariate with the exposure (obtained from multivariable linear 
regression analysis) and the instrument (obtained from instrumental variable analysis). 
(31,32) See Supplementary Text 1 for interpretation. Any covariates found to be as, or more, 
biased for the instrumental variable analysis (i.e. on or above the x=y line) were adjusted for 
in a sensitivity analysis. 
 
Statistical methods  
 
This study used instrumental variable analysis with physicians preferred antihypertensive 
drug class as an instrument to proxy for exposure, i.e. the actual drug class prescribed 
(Figure 1). Each drug class was used as the reference drug class for each of the other drug 
classes in a series of pairwise comparisons. Prescribing preference was derived from the 
prescriptions issued by the physician to their seven most recent patients who received an 
antihypertensive. (33,34) This resulted in an ordered categorical instrument indicating how 
many previous prescriptions the physician had issued for the drug class of interest over the 
reference drug class in the present pairwise comparison. The analysis used the ivreg2 
package in Stata with ‘robust’ specified (to address arbitrary heteroskedasticity) and 
clustering by physician (to address both arbitrary heteroskedasticity and intra-group 
correlations between physicians). (35) To obtain a point estimate, we made a further 
assumption – in addition to the three standard instrument assumptions - of monotonicity. 
That is, we assumed all patients complied with their physicians’ preferred drug class. 
Consequently, the results were interpreted as the effect among patients whose prescription 
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was affected by their physicians’ preference (known as the local average treatment effect). 
For each analysis, we present the partial F statistic to quantify and test the strength of the 
instrument-exposure association. We also present the results of endogeneity tests 
conducted using the option ‘endog’ in ivreg2. The analysis is presented in line with reporting 
guidelines (Supplementary Table 2). (36) All analyses were conducted in Stata version 15MP 
and R version 3.4.4. (37,38) The code is available from GitHub 
(https://github.com/venexia/repurposing-antihypertensives-dementia).  
 
Figure 1: Directed acyclic graph for the instrumental variable analysis 

Instrumental variable analysis requires that the instrument: (i) be associated with the 
exposure of interest; (ii) affect the outcome only through its effect on the exposure of 
interest; and (iii) have no common causes with the outcome. To obtain a point estimate for 
this analysis, we also make a fourth assumption of monotonicity. The measured confounders 
of this analysis are listed in the section ‘covariates’, however there is also likely to be 
unmeasured confounders of the exposure-outcome association hence warranting the use of 
this method. 
 
Sensitivity analyses 
 
Beta-adrenoceptor blockers can be prescribed in low doses for the treatment of anxiety. 
(39). However, to be a suitable comparator, we required them to be prescribed for the 
treatment of hypertension. We therefore tested the effect of removing patients thought to 
be receiving these drugs for anxiety in two ways. Firstly, we did the analysis without people 
who both received a drug class of interest and had a Read code indicating anxiety, or other 
neurotic, stress-related and somatoform disorders in the same consultation (using a 
previously published code list). (40) Secondly, we did the analysis without people whose 
dose was in the bottom 25% for their index drug class.  
 
Differential prescribing occurs in women of child bearing age due to risks associated with 
some antihypertensives during pregnancy. (41) As participants can enter this study at the 
age of 40, this might affect the youngest members of the cohort. We therefore conducted a 
sensitivity analysis restricted to patients aged 55 and over at index. This age threshold is 
currently being used in the RADAR trial for similar reasons. (42) 
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RESULTS 
 
Patient characteristics  
 
A total of 849,378 patients, with a total follow up of 5,497,266 patient years, met the 
criteria for our analysis. Supplementary Figure 3 outlines patient attrition. Table 1 presents 
patient characteristics. (43–45) The full cohort had a median age of 61 (interquartile range: 
51-71) at index date and a median follow-up of 5.8 years (interquartile range: 2.6-9.8). Of 
the 849,378 patients, 410,805 (48%) had complete covariate information. This subset of 
patients was used when comparing instrumental variable and multivariable logistic 
regression analyses. The subset had a median age of 61 (interquartile range: 51-71) at index 
date, and median follow-up of 5.6 years (interquartile range: 2.5-9.5). Incomplete covariate 
information was mainly due to missing values for the Index of Multiple Deprivation (IMD), 
which was used to adjust for socioeconomic position, as this measure is only available for 
patients in English practices. One notable feature of the patient characteristics is that 97% 
of patients receiving alpha-adrenoceptor blockers and 99.5% of patients receiving 
vasodilator antihypertensives were men - this difference persists regardless of the age at 
first prescription (Supplementary Table 4).  
 
Table 1: Patient characteristics 
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N 67360 14717 195891 240864 139730 180946 9870 849378 

Median year of first 
prescription 

2008 2005 2007 2005 2008 2003 2008 2006 

Male sex 
97.0% 

 (65365) 
55.3% 

 (8141) 
58.0% 

 (113667) 
43.2% 

 (104096) 
49.2% 

 (68739) 
36.0% 

 (65177) 
99.3%  
(9796) 

51.2% 
 (434981) 

Median age at first 
prescription 

65 59 59 55 64 66 57 61 

Previous history of 
coronary artery disease 

0.2% 
 (129) 

0.6% 
 (85) 

0.8% 
 (1536) 

0.9% 
 (2056) 

0.4% 
 (562) 

0.1% 
 (203) 

0.1% 
 (11) 

0.5%  
(4582) 

Previous history of 
coronary-bypass surgery 

0.3% 
 (193) 

0.3% 
 (45) 

0.5% 
 (946) 

0.5% 
 (1262) 

0.3% 
 (418) 

0.1% 
 (265) 

0.1% 
 (14) 

0.4% 
 (3143) 

Previous history of 
cerebrovascular disease 

2.0% 
(1319) 

2.1% 
 (311) 

3.0% 
 (5813) 

1.4% 
 (3387) 

2.3% 
 (3194) 

2.8% 
 (5090) 

0.7% 
 (73) 

2.3% 
 (19187) 

At least one comorbidity 
on the Charlson indexa 

36.8%  
(24817) 

42.4% 
 (6238) 

50.8% 
 (99492) 

26.0% 
 (62604) 

38.7% 
 (54081) 

36.0% 
 (65212) 

42.6% 
 (4207) 

37.3% 
 (316651) 

Median IMD 2010 scoreb 8 8 9 9 9 9 8 9 

Mean annual 
consultation rate (SD) 

5.6 
 (5.4) 

6.1 
 (6.3) 

6.1 
 (6.0) 

5.8 
 (5.3) 

5.9 
 (5.8) 

6.0 
 (5.6) 

5.5 
 (5.1) 

5.9 
 (5.7) 

Ever drinkerc 
89.2% 

 (60070) 
85.2% 

 (12538) 
85.6% 

 (167636) 
86.1% 

 (207457) 
84.5% 

(118104) 
84.3% 

(152473) 
91.8% 

 (9059) 
85.6% 

 (727337) 

Ever smokerd 
54.5% 

 (36691) 
52.5% 

 (7729) 
53.8% 

 (105401) 
54.3% 

 (130894) 
53.3% 

 (74540) 
55.2% 

 (99793) 
57.6% 

 (5688) 
54.2% 

 (460736) 

Mean BMI (SD)e 
26.5 

 (4.2) 
28.6 

 (5.7) 
29.0 

 (5.9) 
26.6 

 (5.0) 
27.5 

 (5.4) 
27.5 

 (5.5) 
27.3 

 (4.4) 
27.5 

 (5.4) 
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(a) The Charlson index is a classification of 17 chronic diseases, including cancer and 
arthritis, which may alter mortality risk.  

(b) IMD 2010 score is a proxy for socioeconomic position that is measured as ‘twentiles’ with 
1 indicating the least deprived and 20 indicating the most deprived. IMD 2010 score was 
missing for 38.6% (328,233) of the whole sample.  

(c) Alcohol status was missing for 15.6% (132,387) of the whole sample. For the purposes of 
this table, it has been classified as ‘ever’ (i.e. former or current) vs ‘never’. 

(d) Smoking status was missing for 6.4% (54,447) of the whole sample. For the purposes of 
this table, it has been classified as ‘ever’ (i.e. former or current) vs ‘never’. 

(e) BMI, or a calculated BMI from height and weight measurements, was missing for 15.7% 
(128,830) of the whole sample. 

 
Alzheimer’s disease 
 
Figure 2 shows the results for probable and possible Alzheimer’s disease respectively. Our 
results suggested that beta-adrenoceptor blockers were protective for both probable and 
possible Alzheimer’s disease when compared with other drugs. For example, beta-
adrenoceptor blockers were estimated to result in 8 (95% CI: 3 to 12; p=3.1e-3) fewer cases 
of probable Alzheimer’s disease and 9 (95% CI: 4 to 13; p=1.3e-4) fewer cases of possible 
Alzheimer’s disease per 1000 people treated when compared with alpha-adrenoceptor 
blockers.  
 
Figure 2: Instrumental variable estimates for the risk of probable and possible Alzheimer’s 
disease 
 

 
F greater than 4708 for all analyses (Supplementary Table 5). 
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Non-Alzheimer’s disease dementias 
 
Figure 3 shows the results for vascular and other dementias respectively. The magnitude of 
the differences between drug classes is smaller for these outcomes. However, vasodilator 
antihypertensives were suggested to be protective with an estimated 5 (95% CI: 0 to 9; 
p=4.0e-2) fewer cases of vascular dementia and 6 (95% CI: 1 to 11; p=1.5e-2) fewer cases of 
other dementias per 1000 people treated when compared with calcium channel blockers. 
Angiotensin-II receptor blockers were also indicated to be protective for vascular dementia 
with an estimated 7 (95% CI: 4 to 10; p=1.4e-5) fewer cases of vascular dementia per 1000 
people treated when compared with alpha-adrenoceptor blockers.  
 
Figure 3: Instrumental variable estimates for the risk of non-Alzheimer’s disease dementia 
 

 
 
F greater than 4702 for all analyses (Supplementary Table 5).  
 
Any dementia 
 
Figure 4 shows the results for any dementia. These results reflected the dementia subtype 
analyses and emphasised the effects observed, perhaps due to the increased sample size. 
For example, beta-adrenoceptor blockers were estimated to result in 28 (95% CI: 19 to 38; 
p=5.2e-9) fewer cases per 1000 people treated compared with alpha-adrenoceptor 
blockers. Meanwhile, vasodilator antihypertensives were estimated to result in 27 (95% CI: 
17 to 38; p=4.4e-7) fewer cases per 1000 people treated compared with diuretics. 
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Figure 4: instrumental variable estimates for the risk of any dementia 
 

 
F greater than 4876 for all analyses (Supplementary Table 5).  
 
Comparison with multivariable logistic regression 
 
The results of the multivariable logistic regression are provided in Supplementary Figure 4. 
Endogeneity tests indicated evidence to reject the null that the exposure was endogenous, 
indicating a difference between the instrumental variable analysis and ordinary least 
squares results, for a small number of the analyses run (Supplementary Table 5). Most of 
these analyses considered alpha-adrenoceptor blockers as the drug class of interest.   
 
Assessment of bias  
 
Bias scatter plots were used to assess bias among the subset of patients with complete 
covariate information (Supplementary Figure 5). The bias term was larger in the 
instrumental variable analysis, compared to the multivariable linear regression analysis, for 
socioeconomic position only. Bias terms were equally biased for BMI, chronic disease, sex 
and age. These covariates, including socioeconomic position, were adjusted for in sensitivity 
analyses and were mostly found to produce consistent results with the main analysis 
(Supplementary Figures 6-10). The exception was results concerning diuretics and beta-
adrenoceptor blockers after adjustment for age. These drug classes have the oldest and 
youngest median ages at index respectively (Table 1), which may explain why they were 
most effected by the adjustment. 
 
Sensitivity analyses 
 
There was minimal effect of removing those diagnosed with anxiety in the same 
consultation from our analysis (Supplementary Figure 11). Similarly, we observed little 
difference after removing those who received a low dose initial prescription though there 
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was a lack of power for some analyses (Supplementary Figure 12). Finally, restricting the 
analysis to patients aged 55 and over at index did not change the direction of effect for our 
results however, several effects failed to exclude the null after being subject to this 
restriction (Supplementary Figure 13).  
 
DISCUSSION 
 
Principal findings 
 
Beta-adrenoceptor blockers and vasodilator antihypertensives reduced risk of probable and 
possible Alzheimer’s disease, vascular dementia, other dementias, and any dementia when 
compared with other antihypertensive drug classes. On the contrary, diuretics and alpha-
adrenoceptor blockers increased risk of dementia outcomes when compared with other 
antihypertensive drug classes. Our results concerning beta-adrenoceptor blockers and 
diuretics may be biased by age, however this bias is no more extreme than that observed 
for multivariable linear regression. This study does not explore the effect of 
antihypertensives treatment compared to non-treatment on risk of dementia, which a 
meta-analysis of RCTs suggests has a relative risk of 0.84 (95% CI: 0.69 to 1.02; p=0.10). (10) 
 
Comparison with existing literature 
 
There is currently one published RCT with Alzheimer’s disease as a primary outcome that 
has assessed whether an antihypertensive drug, nilvadipine, could benefit patients. This trial 
compared the treatment against non-use and failed to show treatment benefit. (46) There 
have been no RCTs published to date that have directly compared antihypertensive drug 
classes to each other for the prevention or treatment of Alzheimer’s disease. However, a 
recent meta-analysis by Larsson et al identified seven prospective observational studies on 
this topic. (10–17) Two of which also made use of the CPRD (Supplementary Text 2). (13,16) 
Relative to other antihypertensive drug classes: one study (of three) suggested angiotensin-
converting enzyme inhibitors were protective (11–13); three studies (of four) suggested 
angiotensin-II receptor blockers were protective (13–16); and one study (of one) suggested 
calcium channel blockers were protective (17). In contrast, our analysis suggested beta-
adrenoceptor blocker and vasodilator antihypertensives were among the most protective 
drug classes when compared with other antihypertensives. Since this meta-analysis was 
published, Barthold et al have conducted a study comparing Alzheimer’s disease incidence 
between users of renin-angiotensin system (RAS) acting drug classes (angiotensin-
converting enzyme inhibitors and angiotensin-II receptor blockers) and non-RAS acting drug 
classes (beta blockers, calcium channel blockers, loop diuretics, and thiazide-like diuretics) 
across sex, race, and ethnic groups in the United States. (47) They found that angiotensin-II 
receptor blockers may reduce the risk of Alzheimer’s disease in certain groups, namely 
white and black women and white men. Our study is in a population of mainly white men 
and women and did not find such a clear distinction between angiotensin-II receptor 
blockers and non-RAS acting drugs. As already highlighted, the major difference between 
our observational study and those previously conducted is the statistical methods used. 
When the analysis assumptions are met, our instrumental variable analysis should not be 
subject to unmeasured confounding, which may affect other types of analysis. 
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Strengths and limitations 
 
The key strength of this study was the large cohort of patients (consisting of 849,378 
patients with 5,497,266 patient years of follow-up) that would not be achievable in RCTs. 
The size of our study meant we had ample power to detect even small differences between 
the drug classes of interest. We also had data on both male and female patients unlike some 
of the larger existing studies. (14) In addition, we used instrumental variable analysis, which 
should not be subject to unmeasured confounding when the assumptions hold, and an 
active comparator design, whereby antihypertensive drug classes were compared with 
other antihypertensive drug classes, to ensure patients were comparable. (25,30) These 
analysis features were important in the present study due to the risk of confounding. 
Despite finding some evidence of bias, the sensitivity analyses showed the effect on our 
results to be minimal with only minor changes in magnitude for most estimates. This 
includes the potential bias due to socioeconomic position, which was deemed the most 
extreme in our assessment. The only concern was potential confounding by age for results 
relating to beta-adrenoceptor blockers and diuretics, however this bias was no more 
extreme than that observed in the multivariable linear regression. 
 
A limitation of our study is we cannot prove that the instrumental variable assumptions 
hold. The only assumption that can be empirically tested is the first, namely that the 
instrument is associated with the rates of prescribing. Our proposed instruments had a 
minimum F statistic of 4702 in our main analyses, demonstrating they strongly associated 
with the exposure. Our study may also have misclassified the exposure due to the use of the 
intention-to-treat framework, which defines exposure based on the first treatment 
prescribed. However, the benefits of this approach – such as preserving sample size and 
replicating ‘real world’ prescribing – outweigh the concerns. Finally, this study may have 
misclassified outcomes, which can occur when a diagnosis is not updated or recorded 
accurately in primary care records. We took steps to overcome this by considering 
‘probable’ and ‘possible’ definitions for Alzheimer’s disease, the most common form of 
dementia. We also included an ‘any dementia’ outcome that should not be affected by the 
difficulties of determining subtype. 
 
Conclusions and implications 
 
We have provided new evidence about the potential effects of antihypertensives on risk of 
dementia through the novel application of instrumental variable analysis to this research 
question. We found small differences in drug class effects on risk of dementia outcomes. For 
example, we found that beta-adrenoceptor blockers were estimated to result in 15 (95% CI: 
9 to 21; p=2.8e-7) fewer cases of any dementia per 1000 people treated compared with 
diuretics and 11 (95% CI: 6 to 16; p=4.8e-5) fewer when compared with calcium channel 
blockers. However, we show the magnitude of the differences between drug classes is 
smaller than many observational studies have previously reported. Future research should 
identify potential sources of unmeasured confounding that may have affected previous 
observational studies to understand this inconsistency. This may also provide a stimulus for 
more in-depth investigations of the related biological mechanisms, which will in turn inform 
the study of both the disease process and potential drug targets for dementia prevention. 
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