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Abstract

Background

The balance of benefits and risks associated with lowering blood pressure levels in
individuals with dementia remains controversial with a lack of evidence for possible
harms associated with antihypertensive treatment. We examined the association
between antihypertensive medication and serious adverse events in individuals with
dementia compared to those without dementia.

Methods and findings

This was a retrospective analysis using nationally representative UK general practice
population between 1998 and 2018, from electronic health records (Clinical Practice
Research Datalink, CPRD, GOLD). Eligible individuals were aged 240 years, with

a systolic blood pressure 130-179 mmHg, and not previously prescribed antihyper-
tensive treatment. The diagnosis of dementia was based on clinical codes in the
electronic health record. Individuals were allocated to the exposure group if they
were prescribed at least one antihypertensive medication during a 12-month expo-
sure period. Those who were not prescribed any antihypertensive medication during
the exposure period were allocated to the control group. The primary outcome was
the first hospitalisation or death from a fall within 10 years of the follow-up period.
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Secondary outcomes were first hospitalisation or death from hypotension, syncope,
and fracture. In a population of 1,219,732 individuals, 23,510 had dementia. Antihy-
pertensive medications were newly prescribed in 4,062/23,510 (17.3%) individuals
with dementia and 142,385/1,196,222 (11.9%) individuals without dementia in the
12-month exposure period. In the primary analyses, which adjusted for the propen-
sity score and a previous history of the outcome of interest, antihypertensive treat-
ments were associated with a small increased risk of hospitalisation or death from
falls (adjusted hazard ratio [aHR] 1.15, 95% confidence interval [CI] 1.08, 1.22),
hypotension (aHR 1.51, 95%CI 1.29, 1.78), syncope (aHR 1.34, 95%CI 1.11, 1.61),
but not fracture (aHR 1.05, 95%CI 0.96, 1.15), in individuals with dementia. These
findings were consistent across different analytic approaches, including multivariable
adjustment, propensity score matching, and inverse probability treatment weighting.
In individuals without dementia, the association between antihypertensive treatment
and serious adverse events was similar, with a small increased risk of hospitalisa-
tion or death from falls (aHR 1.07, 95%CI 1.05, 1.10). However, the absolute fall risk
associated with antihypertensive treatment was significantly higher in individuals
with dementia (47 per 10,000 individuals per year, 95%CI 26, 70) compared to those
without (14 per 10,000 individuals per year, 95%CI 10, 18). The absolute risks of
hypotension and syncope with antihypertensive treatment were also higher in the
individuals with dementia compared to those without. The main limitation is the pos-
sibility of unmeasured confounding, and heterogeneity in dementia diagnoses based
on coded entries in the electronic health record.

Conclusions

Antihypertensive treatment was associated with increased risk of serious adverse
events in individuals with and without dementia, however, the absolute risk of harm
was more than double in individuals with dementia. These data suggest that cli-
nicians, patients, and their carers should consider these risks before starting new
antihypertensive medications, particularly in the context of dementia.

Author summary
Why was this study done?

* Antihypertensive drugs have been shown to reduce cardiovascular disease mor-
bidity and mortality among all age groups.

» Previous studies have demonstrated that antihypertensive treatment is asso-
ciated with increased risk of serious adverse events, especially in older people
and those with severe frailty.

* However, there is a lack of firm evidence regarding the harm associated with
antihypertensive treatment in individuals with dementia.
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What did the researchers do and find?

» This was a retrospective analysis using nationally representative UK general practice population between 1998 and
2018, from electronic health records.

* In a total of 1,219,732 individuals (23,510 with dementia), antihypertensive treatment was associated with an increased
risk of hospitalisation or death from falls, hypotension, and syncope in both individuals with and without dementia.

» The absolute risk of harm with antihypertensive treatment was significantly higher in individuals with dementia.

What do these findings mean?

» These findings suggest that clinicians, patients, and their carers should consider the risk of serious adverse events
when starting new antihypertensive medications for individuals with dementia.

* The limitation is the potential for unmeasured confounding, and heterogeneity in dementia diagnoses based on coded
diagnoses in the electronic health record.

Introduction

Pharmacological treatments to lower blood pressure (BP) have been shown to reduce morbidity and mortality from car-
diovascular disease (CVD) [1,2]. Treatment benefits are broadly consistent among all age groups [3]. Indeed, in the last
decade, the beneficial effects of strict BP control for reducing CVD event risk in active older people have been demon-
strated [4,5]. Recent evidence suggests that individuals with frailty may still benefit from antihypertensive therapy [6,7],
and a systematic review has shown that even frail older adults may derive cardiovascular benefit from BP lowering [8].
Treating hypertension in older people is an important task for primary care physicians. However, caution should be exer-
cised, as older people are at increased risk of serious adverse events, especially in those with progression of frailty [9].
Recent hypertension guidelines recommend that careful assessment of the balance of benefits and harms from antihy-
pertensive treatment is essential in older people [10—-12], although these recommendations are primarily based on expert
opinion and low-grade evidence, because there are few trials of antihypertensive treatment in older people, particularly
those with frailty and dementia.

Dementia has a major and increasing global health burden with numbers affected expected to nearly triple from 57
million in 2019 to more than 153 million worldwide by 2050 [13]. Hypertension, one of the modifiable risk factors for
dementia [14], is common in individuals with dementia [15], but there has been controversy about the balance of benefits
and risks associated with lowering BP levels in individuals with dementia. Recent evidence from a randomised controlled
trial demonstrated that intensive BP reduction was effective in lowering the risk of all-cause dementia among patients with
hypertension, suggesting a potential preventive role for antihypertensive treatment [16]. Some studies showed that anti-
hypertensive medications increased cerebral blood flow in individuals with dementia [17,18], while another observational
study demonstrated that low daytime systolic BP was associated with greater progression of cognitive decline in individ-
uals with mild cognitive impairment or dementia among those treated with antihypertensive medications [19]. Dementia
has been shown to be associated with increased risk of CVD events [20,21], but there is no direct evidence to date that
antihypertensive medications could reduce CVD risks in individuals with dementia. Antihypertensive drug use in individ-
uals with dementia may increase the risk of serious adverse events due to the presence of multimorbidity and polyphar-
macy [22,23]. In addition, individuals with dementia are more likely to be physically frail [24]. A discrete choice experiment
suggested that clinicians favour altering or withdrawing unnecessary antihypertensive medications to decrease the risk
of falls in individuals with dementia [25]. However, to date, there has been a lack of empirical evidence over the possible
harms associated with antihypertensive treatment in individuals with dementia.
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We therefore set out to determine whether antihypertensive treatment is associated with an increased risk of serious
adverse events in individuals with dementia compared to those without.

Methods

This study is reported using the REporting of studies Conducted using Observational Routinely-collected Data (RECORD)
guideline (S1 Table). The Clinical Practice Research Datalink (CPRD) has global ethical approval for the use of anony-
mised electronic health records for research purposes, subject to approval of a study protocol by their Independent Sci-
entific Advisory Committee. The protocol for this study was given prospective approval in February 2019 (ISAC protocol
number 19_042) and is provided in S1 Protocol.

Study setting

This was a retrospective observational cohort study. We used UK primary care electronic health record data held within
CPRD GOLD (based on data from practices using Vision Care Electronic Health Record Software; Meddbase Soft-
ware—Medical Management Systems, London, England). CPRD GOLD covers over 20 million individuals from 968
practices in the UK and included people are broadly representative of the UK population in the terms of age, sex, and
ethnicity [26].

Study population

Eligible individuals were those: (1) aged 240 years old; (2) with qualifying first systolic BP levels of between 130 and 179
mmHg [12] prior to the exposure period; (3) not having received any antihypertensives prior to the study start date; and (4)
who were registered between 1st January 1998 and 31st December 2018 in CPRD GOLD. The exposure and follow-up
periods were defined relative to each individual’s cohort entry date, with a 1-year exposure assessment period followed
by up to 10 years of follow-up. This design reflects a representative sample of the adult population across age groups and
focuses on new users of antihypertensive treatment, allowing for a clearer assessment of treatment-related risks. A fixed
follow-up duration was applied uniformly across individuals to ensure comparability of absolute risk estimates between
exposure groups. The exclusion criteria were: (1) no record of BP measurement; and (2) qualifying systolic BP 2180
mmHg, since those with a BP above this level were considered to require antihypertensive treatment prescription, regard-
less of serious adverse event risk [12]. Individual’s characteristics were determined from information recorded at any point
prior to the start of the follow-up period. Individuals exited the study on the study end date, when they transferred out of a
registered CPRD practice, died, or experienced the specific outcome of interest (S1 Fig).

Definitions of dementia

The diagnosis of dementia was based on clinical codes for dementia. We defined all-cause dementia using all patholog-
ical classifications, including Alzheimer’s disease, vascular dementia, and other types of dementia (defined according to
ICD-9 and ICD-10 codes listed S2 Table). Individuals with mild cognitive impairment were not included, because we could
not consistently identify individuals with mild cognitive impairment within the dataset.

Exposure

The exposure was prescription of any antihypertensive medication as defined in the British National Formulary (S3 Table).
Individuals were allocated to the exposure group if they had been prescribed at least one antihypertensive medication
during a 12-month period prior to the start date of the follow-up. Medications at baseline were defined by the most recent
prescriptions prior to this start date. Those people did not have any antihypertensive medication prescribed during this
period were allocated to the control group.
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Outcomes

The primary outcome was the first hospitalisation or death from a fall within 10 years of follow-up. Secondary outcomes
were first hospitalisation or death from hypotension, syncope, or fracture. Outcomes were captured from ICD-9 and ICD-
10 codes as the primary cause of admission in the Basic Inpatient Hospital Episode Statistics and primary cause of death
on the death certificates from the Office for National Statistics.

Multiple imputation for missing variables

The percentages of missing variable in the present study were as follow: body mass index (BMI) 15.2%, ethnicity 62.7%,
smoking status 4.8%, alcohol consumption 14.8%, deprivation 0.08%, total cholesterol 53.9%, and high-density lipopro-
tein (HDL) cholesterol 65.5%. In total 110,666 out of 1,219,732 (9.1%) were complete cases. Missing data were imputed
using multiple imputations with chained equations, using the “mice” package in R. We created 10 imputed datasets for
both individuals with and without dementia groups each and analysed treatment effects in each imputation dataset sep-
arately [27]. These estimates and their standard errors were combined using Rubin’s rules [28]. The outcome of interest
from each analysis was included in separate imputation models. We also performed a sensitivity analysis on the subset of
complete cases.

Covariates

Covariates included demographics (age, gender, ethnicity and index of multiple deprivation), clinical characteristics
(systolic and diastolic BP, BMI, total cholesterol, HDL cholesterol, smoking status and alcohol consumption), past medical
history (stroke, transient ischaemic attack, myocardial infarction, heart failure, peripheral vascular disease, coronary artery
bypass graft, angina, chronic kidney disease, diabetes, atrial fibrillation and cancer), other prescribed medications (statins,
anti-thrombotics [including both antiplatelets and anticoagulants], opioids, hypnotics/anxiolytics, antidepressants and anti-
cholinergic medications), frailty (using the validated electronic frailty index, which combines 36 deficits) [29], primary CVD
risk (based on the QRisk2 score, where the QRisk2 score was unavailable, it was replaced with the population mean)
[30], and previous history of the outcome of interest. These covariates were selected a priori based on clinical treatment
guidelines and expert opinion [12].

Deprivation was assessed using the English Index of Multiple Deprivation 2015 (https://www.gov.uk/government/statis-
tics/english-indices-of-deprivation-2015). The Index of Multiple Deprivation 2015 is the official measure of relative depriva-
tion and provides a comprehensive overview of socioeconomic deprivation across various regions in England [31]. In the
present study, the Index of Multiple Deprivation scores were divided into quintiles, with the Index of Multiple Deprivation
score of five indicating individuals in the highest quintile of deprivation (most deprived).

Propensity score generation

To account for differences in baseline characteristics between the two groups, we conducted propensity score anal-
yses separately within individuals with and without dementia. In each of these two groups, we generated propen-
sity scores in each imputation dataset using multivariable logistic regression with prescription of antihypertensive
medication as the outcome, and all baseline covariates included (listed in the previous section and in S4 and S5
Tables). Continuous variables were categorised to account for nonlinear associations with the outcome (the use of
splines and fractional polynomials was explored but led to model convergence issues). For the matched analysis,

a 1:1 nearest neighbour matching approach was used with a calliper restriction of 0.2. Standardised mean differ-
ences (SMDs) were estimated for all baseline covariates before and after matching to assess pre-matching and
post-matching covariate balance. We considered an SMD of <0.1 for a covariate as indication of acceptable bal-
ance [32].
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Main analysis

The cumulative incidence of serious adverse events was estimated by the Kaplan—Meier method. For the primary anal-
ysis, propensity scores and a previous history of the outcome of interest were adjusted in Cox regression models to
examine the association between antihypertensive treatment and serious adverse events. For secondary analyses, we
used: (1) Cox regression models which were adjusted for the same variables included in the propensity score models; (2)
propensity score matched multivariate adjusted Cox regression models; and (3) inverse probability treatment weighting
model. Those three models also included a previous history of the outcome of interest as an adjustment variable. Inverse
probability treatment weighting was calculated as the inverse of the propensity score of individuals in the exposure group
and the inverse (1—propensity score) for those in the control group [33,34]. The inverse probability treatment weighting
model was applied to generate a weighted cohort [35]. These four methods were expected to provide similar results and
were used to demonstrate the robustness of the results. All four models were fitted separately for individuals with and
without dementia to estimate dementia-specific associations between antihypertensive treatment and each outcome.
Schoenfeld residuals were examined to check the proportional-hazards assumption. Absolute risk differences were
defined as the risk of each outcome in the population assuming exposure to antihypertensive treatment, minus the risk
of each outcome assuming no exposure to antihypertensive treatment, using treatment effect estimates derived from the
Cox regression models. This risk difference was estimated and reported as the number of events per 10,000 individuals
treated per year [36], with 95% confidence intervals (Cls) obtained using 200 bootstrap iterations per imputation data set.
Numbers needed to harm were calculated from the absolute risk difference.

Subgroup and sensitivity analyses

Serious adverse event risks by number of antihypertensive drugs used were calculated for each outcome, by dementia
status. The number of antihypertensive drugs were categorised into 0, 1, 2, or 23, and serious adverse event risks were
calculated for each outcome in both groups using the number of antihypertensive drugs used zero as the reference cate-
gory, using propensity score adjustment to control for confounding.

To assess whether there was a linear trend in the risk of adverse events across increasing numbers of antihyperten-
sive medications, we additionally conducted a trend analysis by modelling the number of antihypertensive drugs as an
ordered categorical variable in the Cox models. This approach allowed us to formally test for a linear increase in hazard
with increasing medication count, after adjusting for imputed propensity scores and prior history of the outcome. Trend
tests were conducted separately in individuals with and without dementia using pooled estimates from multiply imputed
datasets.

During the study period, the use of diagnostic codes for dementia increased due to two factors: (1) the introduction of
the NHS England national enhanced service for dementia diagnosis in 2013/14, and (2) the introduction of a dementia
register in the Quality and Outcomes Framework incentivization scheme introduced in 2014/15. These factors may have
affected the specificity of clinical codes for dementia, and the association between the risk of serious adverse events with
antihypertensive medication and dementia status in this study. Therefore, sensitivity analyses were performed to assess
whether the association between the risk of serious adverse events with antihypertensive medication and dementia status
differed depending on whether the follow-up period started before or after April 1, 2014.

Results
Population characteristics

From a total of 16,071,111 registered individuals, 1,219,732 fulfilled the eligibility criteria (S2 Fig). Among them, 23,510
(1.9%) had dementia. In the 12-month exposure period, 4,062 (17.3%) of the 23,510 individuals with dementia and
142,385 (11.9%) of the 1,196,222 individuals without dementia started at least one antihypertensive medication,
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respectively, and were included in the exposure groups. Before propensity score matching, there were differences in
almost all baseline characteristics between individuals in the exposure group and those in the control group in both indi-
viduals with dementia and those without (Table 1). One-to-one matching by propensity score analysis resulted in 3,795
matched individuals with dementia and 131,199 matched those without between the exposure and control groups, respec-
tively. After matching, the SMD for all variables included in propensity score was reduced to below 0.1, indicating effective
matching (Tables 1 and S6).

To further assess the appropriateness of propensity score methods, we examined the distribution of propensity scores
in individuals with and without dementia (S3 Fig).

Primary outcome

During a median follow-up of 6.3 years (interquartile range 2.7, 10.0) years, a total of 8,314 individuals with dementia
(35.4%) and 87,785 those without (7.3%) were hospitalised or died following a fall. The cumulative incidence of falls
was higher in individuals with dementia compared to those without, and in the exposure group compared to the con-
trol group (Fig 1A). In the primary analyses using propensity score adjustment, antihypertensive treatment was asso-
ciated with an increased risk of hospitalisation or death from falls in both individuals with dementia (adjusted hazard
ratio [aHR] 1.15, 95% CI 1.08, 1.22) and in those without (aHR 1.07, 95%CI 1.05, 1.10) (Table 2). Analyses using
multivariable adjustment, propensity score matching, and inverse probability treatment weighting showed similar
results. While the interaction was statistically significant in three of the four analytical approaches, it was not signif-
icant in the inverse probability treatment weighting model. The absolute risk difference of falls with antihypertensive
treatment was significantly higher in individuals with dementia (absolute risk difference 47 per 10,000 individuals per
year, 95%CI 26, 70, equivalent to a number of needed to harm of 213 per year) compared to those without (absolute
risk difference 14 per 10,000 individuals per year, 95%CI 10, 18, equivalent to a number of needed to harm of 714
per year) (Fig 2). The results were similar when analyses were undertaken using complete case only (S7 Table; S4

and S5 Figs).

Secondary outcomes

In individuals with dementia, a total of 1,005 (4.3%) individuals experienced serious hypotension, 860 (3.7%) experienced
syncope, and 4,125 (17.5%) individuals experienced a fracture, in each case warranting hospital admission, or associated
with death. In those without dementia, 9,634 (0.8%) experienced serious hypotension, 13,766 (1.2%) experienced syn-
cope, and 73,155 (6.1%) experienced a fracture. The cumulative incidence rates of these serious adverse events were
higher in individuals with dementia and in the exposure group (Fig 1B—1D). Antihypertensive treatment was associated
with an increased risk of hospitalisation or death from hypotension and syncope in both individuals with dementia and
those without, but not from fracture: in individuals with dementia, hypotension (aHR 1.51, 95%CI 1.29, 1.78), syncope
(aHR 1.34, 95%CI 1.11, 1.61), and fracture (aHR 1.05, 95%CI 0.96, 1.15); in individuals without dementia, hypotension
(aHR 1.70, 95%CI 1.60, 1.79), syncope (aHR 1.25, 95%CI 1.18, 1.31), and fracture (aHR 1.00, 95%CI 0.98, 1.02) (Table_
3). The absolute risk differences of hypotension and syncope were higher in individuals with dementia compared to those
without (Fig 2). Similar results were observed when analyses were undertaken using complete cases only (S7 Table; S4

and S5 Figs).

Subgroup analyses

In individuals both with and without dementia, the risks of falls and hypotension increased with increasing number of anti-
hypertensive drugs (Table 4). There were no significant association between the risk of fracture and the number of anti-
hypertensive drugs, irrespective of dementia diagnoses. The results were similar when analyses were undertaken using
complete cases only (S8 Table).
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Fig 1. Cumulative risk of serious adverse events by antihypertensive medication according to categories of dementia and drug exposure
status. Kaplan—Meier curves of the cumulative incidence of serious adverse events by the four categorical groups are shown. (A, B, C, and D) shows
the cumulative incidence of falls, hypotension, syncope, and fracture, respectively. Each solid line indicates the cumulative incident rate for each serious
adverse event, and its surrounding area indicates the 95% confidence interval. For all p-values reported in the figures, the statistical test used was the

log-rank test.

https://doi.org/10.1371/journal.pmed.1004731.9001

Sensitivity analyses
Of all study individuals, 1,107,593 (90.8%) started their follow-up periods before April 1, 2014, while 112,139 (9.2%)
started them after that date. Among these, 23,206 (2.1%) and 304 (0.27%) were diagnosed with dementia, respectively.
Among those who started their follow-up periods after April 1, 2014, 77 (25.3%) with dementia and 1,647 (1.5%) without
dementia experienced hospitalisation or died following a fall. Antihypertensive treatment was associated with an increased

PLOS Medicine | https://doi.org/10.1371/journal.pomed.1004731
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Table 2. The association between the risk of hospitalisation or death from falls with antihypertensive treatment and dementia status in impu-
tation datasets.

With dementia Without dementia
Exposure group | Control group Exposure group Control group P value for
interaction
Population | Event | Population | Event | Hazard ratio Population | Event | Population | Event | Hazard ratio
(95% Cl) (95% Cl)

Falls (primary outcome)
Propensity score | 4,062 1,533 | 19,448 6,781 | 1.15(1.08, 1.22) | 142,385 14,684 | 1,053,837 | 73,101 | 1.07 (1.05, 1.10) | <0.001
adjustment
Multivariable 4,062 1,533 | 19,448 6,781 | 1.12 (1.04, 1.19) | 142,385 14,684 | 1,053,837 | 73,101 |1.10 (1.08, 1.12) | 0.034
adjustment
Propensity score | 3,795 1,442 | 3,795 1,396 | 1.12(1.04, 1.22) | 131,199 13,383 1 131,199 13,576 | 1.06 (1.03, 1.08) | 0.043
matching
Propensity score | 4,062 1,533 | 19,448 6,781 | 1.18 (1.09, 1.28) | 142,385 14,684 | 1,053,837 | 73,101 | 1.21 (1.18, 1.25) | 0.599
IPTW

Exposure group and control group indicates with antihypertensive prescription and without antihypertensive prescription, respectively. Cl indicates confi-
dence interval; IPTW, inverse probability of treatment weighting.

https://doi.org/10.1371/journal.pmed.1004731.t002

Outcomes Exposure group  Exposure group  Control group  Control group Adjusted HR (95%Cl) Absolute risk difference (95%Cl)
population events population events (additional events per 10,000 individuals per year)
Falls
Dementia (+) 4,062 1,533 19,448 6,781 L 2 1.15(1.08, 1.22) 47 (26, 70)
Dementia (-) 142,385 14,684 1,053,837 73,101 | | 1.07 (1.05, 1.10) 14 (10, 18)
Hypotension
Dementia (+) 4,062 258 19,448 747 —— 1.51(1.29, 1.78) 40 (24, 56)
Dementia (-) 142,385 2,595 1,053,837 7,039 == 1.70 (1.60, 1.79) 16 (14, 19)
Syncope
Dementia (+) 4,062 173 19,448 687 —— 1.34(1.11,1.61) 21(7, 35)
Dementia (-) 142,385 2,276 1,053,837 11,490 & 1.25(1.18,1.31) 8(6,10)
Fracture
Dementia (+) 4,062 728 19,448 3,397 1.05 (0.96, 1.15) 12(-9, 33)
Dementia (-) 142,385 9,429 1,053,837 63,726 1.00 (0.98, 1.02) 0(-4,4)
T u T T T
0.5 1.0 15 20 -50 0 50 100
<« > <« >
Treatment Treatment Treatment Treatment
better worse better worse

Fig 2. Differences in the risk of serious adverse events associated with antihypertensive treatment by dementia status. Models adjusted for
propensity score. Absolute risk differences were described as additional events per 10,000 patients per year. Abbreviations: Cl, confidence interval; HR,
hazard ratio.

https://doi.org/10.137 1/journal.pmed.1004731.9g002

risk of hospitalisation or death from a fall in individuals without dementia (aHR 1.25, 95%CI 1.08, 1.46), but not in those
with dementia (aHR 1.15, 95%CI 0.59, 2.27) (S9 Table).

Discussion

In this nationwide electronic health record data-based observational study of 1.2 million previously untreated individuals,
antihypertensive treatment was associated with an increased risk of hospitalisation or death from falls, hypotension, and

PLOS Medicine | https://doi.org/10.1371/journal.pomed.1004731 September 17, 2025 121722
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Table 3. Hazard ratios of the initiation of antihypertensive medication drugs for each outcome in imputation datasets.

With dementia Without dementia

Exposure group Control group Exposure group | Control group

Population | Event | Population | Event | Hazard ratio Population | Event | Population | Event | Hazard ratio

(95% Cl) (95% CI)

Hypotension
Propensity score adjustment | 4,062 258 19,448 747 1.51(1.29, 1.78) | 142,385 2,595 1,053,837 | 7,039 |1.70(1.60, 1.79)
Multivariable adjustment 4,062 258 19,448 747 1.48 (1.26, 1.75) | 142,385 2,595 1,053,837 | 7,039 |1.63(1.54,1.72)
Propensity score matching | 3,800 230 3,800 169 1.52(1.21, 1.90) | 131,186 2,309 | 131,186 1,487 |1.60 (1.48,1.72)
IPTW 4,062 258 19,448 747 1.55 (1.29, 1.86) | 142,385 2,595 1,053,837 | 7,039 |1.83(1.70, 1.96)
Syncope
Propensity score adjustment | 4,062 173 19,448 687 1.34 (1.11,1.61) | 142,385 2,276 | 1,053,837 | 11,490 | 1.25 (1.18, 1.31)
Multivariable adjustment 4,062 173 19,448 687 1.27 (1.05, 1.54) | 142,385 2,276 | 1,053,837 | 11,490 | 1.25(1.18, 1.31)
Propensity score matching | 3,792 166 3,792 129 1.36 (1.06, 1.75) | 131,248 2,081 | 131,248 1,839 | 1.21(1.12,1.31)
IPTW 4,062 173 19,448 687 1.32 (1.06, 1.64) | 142,385 2,276 | 1,053,837 | 11,490 | 1.36 (1.26, 1.46)
Fracture
Propensity score adjustment | 4,062 728 19,448 3,397 | 1.05(0.96, 1.15) | 142,385 9,429 | 1,053,837 63,726 | 1.00 (0.98, 1.02)
Multivariable adjustment 4,062 728 19,448 3,397 | 1.04 (0.95, 1.13) | 142,385 9,429 | 1,053,837 63,726 | 1.02 (0.99, 1.04)
Propensity score matching | 3,788 676 3,788 686 1.05 (0.93, 1.18) | 131,335 8,672 | 131,335 9,252 |0.99 (0.96, 1.03)
IPTW 4,062 728 19,448 3,397 | 1.03(0.92, 1.15) | 142,385 9,429 | 1,053,837 63,726 | 1.08 (1.05, 1.12)

Exposure group and control group indicates with antihypertensive prescription and without antihypertensive prescription, respectively. Cl indicates confi-
dence interval; IPTW, inverse probability treatment weighting.

https://doi.org/10.1371/journal.pmed.1004731.t003

syncope in both individuals with and without dementia, with comparable relative risks (RRs) observed between the two
groups. However, the absolute risk of harm with antihypertensive treatment was significantly higher in individuals with
dementia than in those without dementia. These findings indicate that the absolute risk of serious adverse events with
antihypertensive drugs differs by dementia status, and that careful consideration of the priorities of individuals with demen-
tia is necessary when starting new antihypertensive medications in this group.

There is inconsistent evidence regarding the association of serious adverse events with antihypertensive therapy in
dementia. In an observational study of 160 individuals living with dementia in group dwellings (mean age 84 +7 years,
80% female), antihypertensive medication use was not a significant risk factor for falls [37]. On the other hand, in the
Hypertension in Dementia study of 180 individuals with diagnosed hypertension and dementia (mean age 82 +6 years,
70% female, 87% living their own home), a total of 214 falls (a rate of 2,760 falls per 1,000 patient-years) were observed
during the 6-month follow-up, in individuals prescribed a median of one antihypertensive medication [38]. These data
could not determine the association between serious adverse events by antihypertensive therapy and dementia because
of very limited sample size, and lack of a non-treated control group. In contrast, our analyses examined a large population
from general practice.

There are some possible mechanisms by which antihypertensive treatment could have adverse effects in individu-
als with dementia, such as orthostatic BP changes [39], accumulation of anticholinergic effects from antihypertensive
drugs [40], drug-induced delirium [41], and drug interaction [42]. Frailty, social, environmental, and cognitive factors
could also explain the higher absolute risk of falls in individuals with dementia [43—45]. Furthermore, our findings
suggest that dementia itself may amplify the risk of serious adverse events associated with antihypertensive treat-
ment. In our cohort, individuals with dementia had a markedly higher absolute risk of falls compared to those without
dementia, despite similar RRs, supporting the notion that dementia-related vulnerability may enhance the harms of
treatment.
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Table 4. Hazard ratios by the number of antihypertensive medications use for each outcome in imputation datasets.

With dementia Without dementia
Number of Population Event Hazard ratio P value Population Event Hazard ratio P value
antihypertensive drugs (95% ClI) for trend (95% CI) for trend
Falls (primary outcome)
0 19,448 6,781 — (reference) 0.005 1,053,837 73,101 — (reference) 0.050
1 2,397 906 1.16 (1.08, 1.25) 86,394 8,733 1.09 (1.07, 1.12)
2 1,147 417 1.11 (1.00, 1.23) 38,826 4,035 1.02 (0.99, 1.06)
23 518 210 1.26 (1.09, 1.45) 17,165 1,916 1.07 (1.02, 1.13)
Hypotension
0 19,448 747 — (reference) <0.001 1,053,837 7,039 — (reference) <0.001
1 2,397 144 1.47 (1.22,1.78) 86,394 1,351 1.58 (1.49, 1.69)
2 1,147 73 1.50 (1.16, 1.94) 38,826 795 1.78 (1.64, 1.93)
>3 518 41 1.82 (1.30, 2.54) 17,165 449 2.18 (1.97, 2.42)
Syncope
0 19,448 687 — (reference) 0.078 1,053,837 11,490 — (reference) <0.001
1 2,397 93 1.22 (0.97, 1.53) 86,394 1,313 1.21 (1.14, 1.29)
2 1,147 58 1.60 (1.21, 2.13) 38,826 665 1.32 (1.21, 1.44)
>3 518 22 1.38 (0.89, 2.14) 17,165 298 1.35(1.20, 1.52)
Fracture
0 19,448 3,397 — (reference) 0.605 1,053,837 63,726 — (reference) 0.250
1 2,397 434 1.07 (0.97, 1.19) 86,394 5,748 1.02 (0.99, 1.05)
2 1,147 210 1.08 (0.93, 1.25) 38,826 2,481 0.96 (0.92, 1.00)
>3 518 84 0.94 (0.75, 1.18) 17,165 1,200 1.06 (1.00, 1.13)

The results of Cox regression analyses adjusted for propensity score were shown. The number of individuals with dementia taking more than three
antihypertensive medications were as follows: 3 drugs, n=400; 4 drugs, n=97; 5 drugs, n=17; 6 drugs, n=4; 7 drugs, n=0. The number of individuals
without dementia taking more than three antihypertensive medications were as follows: 3 drugs, n=13,044; 4 drugs, n=3,365; 5 drugs, n=660; 6 drugs,
n=92; 7 drugs, n=4. The average numbers of antihypertensive medications in individuals with and without dementia were 0.27 +0.69 and 0.18+0.57,
respectively.

https://doi.org/10.1371/journal.pmed.1004731.t004

There are very limited data regarding the benefits and harms of antihypertensive medications use in individuals with
dementia. In a double-blind randomised controlled trial, the calcium channel blocker, nilvadipine, increased cerebral blood
flow in individuals with mild-to-moderate Alzheimer’s disease [17]. Additionally, another open-label randomised controlled
trial demonstrated that in older hypertensive individuals with Alzheimer’s disease, the angiotensin Il receptor blockers, tel-
misartan, increased regional cerebral blood flow, including the superior parietal lobe which was the most severely affected
region in Alzheimer’s disease, compared to the calcium channel blocker, amlodipine [18]. One randomised controlled trial
investigated the effects of the calcium channel blocker, nimodipine, in individuals with subcortical vascular dementia [46].
This study showed placebo was associated with increased risks of cerebrovascular disease (RR 2.48, 95%Cl 1.23, 4.98)
and CVD (RR 2.26, 95% CI 1.11, 4.60) compared with nimodipine treatment group. However, the favourable effects of
nimodipine did not depend on the BP-lowering effect of nimodipine, and the original aim of this study was not to test the
efficacy of nimodipine in the secondary prevention of vascular diseases. Furthermore, a recent randomised controlled trial
among long-term care residents with moderate-to-severe dementia suggested that discontinuation of antihypertensive
treatment tended to increase the risk of serious adverse events, although this trial was not powered on clinical outcome
events and had to be stopped early, precluding any definitive conclusions from being drawn [47]. The potential benefit of
BP-lowering effects may be modified by the degree of cognitive decline. In the Longitudinal Ageing Study Amsterdam,
lower diastolic BP was associated with higher all-cause mortality risk in individuals with cognitive dysfunction [48]. In a
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cohort study of individuals with diagnosed mild cognitive impairment or dementia, lower daytime systolic BP was associ-
ated with greater progression of cognitive decline among individuals with antihypertensive drug therapy [19].

While our previous observational study, which included the same individuals as the present analysis, demonstrated a
similar association between antihypertensive treatment and serious adverse events [9], a meta-analysis of randomised
controlled trials reported no significant association between antihypertensive treatment and fall risk [49]. This discrepancy
may be partly explained by differences in study population, particularly the exclusion of frailer individuals and people with
dementia from many clinical trials, in contrast to our real-world cohort. It may also reflect the influence of residual con-
founding, such as confounding by indication, which is more likely to affect observational data [50].

Recent guidelines for treatment of hypertension recommend an individualised approach for people with dementia
[10-12]. Some antihypertensive drugs for individuals with dementia may have beneficial effects for cerebral blood flow
[17,18], but there is no definitive evidence to date for benefit from antihypertensive therapy on CVD outcomes in individuals
with dementia [51,52], because most trial participants were relatively fit, people with dementia were excluded by design
[4,5,53]. Our findings suggest that, in line with previous literature [54—57], the cumulative event rates of falls, hypotension,
syncope, and fractures and absolute risk differences of them were higher in individuals with dementia than in those without.
Various factors, such as advanced age [58,59], sleep-related disorders [60,61], depression [62], autonomic dysfunction
[63], socioeconomic factors [43], and quality of care could affect the association between the increase of harmful events
and dementia [64]. Our current findings extend these previous findings and suggest that new prescriptions of antihyper-
tensive drugs might increase the risk of harmful events in individuals with dementia. Furthermore, some individuals with
dementia may have different health goals when considering preventive therapy, for example, maximising quality of life and
avoiding hospitalisation due to serious adverse events may be more important than preventing fatal CVD events [65]. Previ-
ous work found that clinicians encountered numerous challenges when optimising prescribing for individuals with dementia,
including decisions about stopping medication [66]. Our findings can inform such clinical decision-making and clinicians
managing hypertension in individuals with dementia should consider the balance of risks and benefits. Clinicians should
pursue patient-centred care, where the patient’s goals and wishes are prioritised in agreeing the treatment.

Formal interaction tests between dementia status and antihypertensive treatment were statistically significant in three
of the four analytical models, suggesting a modest but statistically detectable difference in RR by dementia status. How-
ever, the magnitude of effect modification was small, and given the large sample size, these findings should be interpreted
cautiously as they may have limited clinical relevance.

Strengths of this study include the large general practice population-based sample and the examination of how the
association between antihypertensive therapy and serious adverse events differ by dementia status. Despite the strengths
of the study, it should be interpreted within the context of its potential limitations. First, while antihypertensive treatment is
known to reduce the risk of cardiovascular mortality, our study was not designed to evaluate the potential cardiovascular
benefits of antihypertensive treatment in individuals with dementia. As such, our findings should not be interpreted as a
comprehensive risk-benefit assessment of antihypertensive therapy in this population. Second, dementia might have been
underdiagnosed in this study population, which might have affected the study results. The association between serious
adverse events risk with antihypertensive medication and dementia status diagnosed after April 2014 could not be reliably
assessed in the present study due to very limited number of dementia cases after this date. Furthermore, although CPRD
GOLD is a widely validated and high-quality UK primary care database, the accuracy and completeness of diagnostic cod-
ing for dementia and related comorbidities may be imperfect. Previous validation studies have demonstrated acceptable
levels of diagnostic accuracy for these conditions; however, under-ascertainment or misclassification remains possible
and may have influenced our study findings [26,67,68]. Third, the study included individuals with different types of demen-
tia, based on coded diagnoses in the electronic health record, rather than careful cognitive testing. This heterogeneity of
dementia diagnosis could also affect the results, as previous study showed that vascular dementia, mixed dementia, and
dementia in other diseases were associated with increased risk of falls compared to Alzheimer’s disease [43]. In addition,
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this study did not include individuals with mild cognitive impairment who may also be at risk of serious adverse events.
Fourth, we used an “intention-to-treat approach” and did not account for individuals who developed new dementia during
the observation period or who initiated antihypertensive treatment in the control group (28.9% during follow-up). However,
the median treatment duration was 6 years in the exposure group versus 0 years in the control group, suggesting that our
effect estimates likely reflect conservative estimates of the true treatment-associated risk. More complex analyses using
time-varying covariates could theoretically refine exposure classification [69]; however, integrating time-varying exposure
into an analysis already involving multiple imputation and propensity score adjustment across a large, real-world dataset
poses considerable methodological challenges, which are not well understood in the literature. Moreover, this approach
likely yields conservative risk estimates, as control individuals who initiated treatment during follow-up were not reclas-
sified, which may have attenuated observed treatment effects. In addition, time-varying exposure in observational data

is highly susceptible to confounding by indication, as treatment initiation during follow-up may reflect worsening clinical
status, thereby introducing bias that is difficult to fully address. In addition, when exposure status changes over time and
may itself be influenced by prior outcomes, fixed-exposure models may be particularly vulnerable to structural confound-
ing. While causal methods such as G-methods have been developed to address this issue [70], their implementation
would require further assumptions and complexity that go beyond the scope of the current study. Furthermore, by treating
exposure as fixed over time, our analysis may be subject to additional unmeasured confounding arising from changes in
treatment status that are not captured in our model. We also note that we did not evaluate subsequent treatment changes,
including discontinuation or dose modification of antihypertensive drugs, during the follow-up period in the exposure
group. Fifth, we could not assess adherence and persistence of antihypertensive medications during the observation
period. Some people with dementia have poor adherence to antihypertensive medication [71], while others might have
better adherence than those without dementia due to support from the community and carers [72], which might lead to an
underestimation or overestimation of the potential association between antihypertensive treatment and serious adverse
events. In addition, although the dosage of antihypertensive medications is associated with the risk of serious adverse
events [73], we could not assess this relationship in our study. Sixth, our findings may not be generalisable to individu-
als with advanced dementia, given evidence from the previous study linking sedentary behaviour to decreased cognitive
function [74]. Seventh, although our propensity score analyses were successful in balancing the groups based on known
confounding variables, we cannot rule out the presence of unmeasured confounding [49,75]. Nevertheless, the relative
comparison between individuals with and without dementia remains valid, since the treatment effects in both individuals
with and without dementia would be subject to the same potential confounders. Eighth, while we took steps to minimise
the impact of missing data through appropriate imputation methods, a high proportion of individuals required imputation
for a limited number of variables. Our analysis showed only a slight difference between the imputation datasets and the
complete-case dataset, indicating that the imputation might introduce minimal bias. However, the findings should still be
interpreted with caution due to the presence of missing variables. Ninth, while the CPRD Gold database is representative
of the UK population in terms of ethnicity [26], potential underreporting of dementia among minority ethnic groups may
result in an overrepresentation of White individuals in our dataset. Tenth, we did not use a Fine-Gray competing risks
model because our primary aim was to estimate cause-specific hazards rather than cumulative incidence, and individuals
who died from unrelated causes were censored accordingly. Moreover, previous analyses using the same dataset have
shown that results from Cox and Fine-Gray models were largely consistent [9], supporting the robustness of our approach.
Finally, our findings may not be generalisable to different populations or ethnic groups.

Taken together, in previously untreated individuals with elevated systolic BP, this study demonstrated the increased
absolute risk of serious adverse events associated with antihypertensive treatment in individuals with dementia compared
to those without dementia. When prescribing antihypertensive medication for individuals with dementia, careful consid-
eration of potential adverse events is needed. Clinicians, patients, and their carers should carefully consider the balance
between benefits and harms of antihypertensive treatment for individuals with dementia.
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