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Abstract
Aims  The objective of this study is to investigate the association between multiple antihypertensive use and mortality in 
residents with diagnosed hypertension, and whether dementia and frailty modify this association.
Methods  This is a two-year prospective cohort study of 239 residents with diagnosed hypertension receiving antihypertensive 
therapy across six residential aged care services in South Australia. Data were obtained from electronic medical records, 
medication charts and validated assessments. The primary outcome was all-cause mortality and the secondary outcome was 
cardiovascular-related hospitalizations. Inverse probability weighted Cox models were used to estimate hazard ratios (HRs) 
and 95% confidence intervals (CIs) for all-cause mortality. Covariates included age, sex, dementia severity, frailty status, 
Charlson’s comorbidity index and cardiovascular comorbidities.
Results  The study sample (mean age of 88.1 ± 6.3 years; 79% female) included 70 (29.3%) residents using one antihyperten-
sive and 169 (70.7%) residents using multiple antihypertensives. The crude incidence rates for death were higher in residents 
using multiple antihypertensives compared with residents using monotherapy (251 and 173/1000 person-years, respectively). 
After weighting, residents who used multiple antihypertensives had a greater risk of mortality compared with monotherapy 
(HR 1.40, 95%CI 1.03–1.92). After stratifying by dementia diagnosis and frailty status, the risk only remained significant 
in residents with diagnosed dementia (HR 1.91, 95%CI 1.20–3.04) and who were most frail (HR 2.52, 95%CI 1.13–5.64). 
Rate of cardiovascular-related hospitalizations did not differ among residents using multiple compared to monotherapy (rate 
ratio 0.73, 95%CI 0.32–1.67).
Conclusions  Multiple antihypertensive use is associated with an increased risk of mortality in residents with diagnosed 
hypertension, particularly in residents with dementia and among those who are most frail.
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Introduction

The risk-to-benefit ratio for treating hypertension in 
older people is widely debated. A recent systematic 
review and meta-analysis concluded that treatment to at 
least current guideline standards for blood pressure (BP) 
(< 150/90 mmHg) substantially improves cardiovascular and 
mortality outcomes in older adults [1]. However, there is 
less consistent evidence that lower BP targets are beneficial 
for high-risk patients or residents of aged care services. The 
American College of Cardiology Foundation and the Ameri-
can Heart Association recommend prescribing as few anti-
hypertensives as possible to achieve BP goals [2–4]. Older 
people are at the highest risk of ischemic events due to loss 
of baroreceptor sensitivity, sympathetic nervous system 
responsiveness and cerebral autoregulation [3].

Studies suggest J-shaped or U-shaped associations 
between BP and mortality [5]. Several studies show that 
high BP (> 150/90 mmHg) increases mortality, similar 
to the younger population [6–8], while other studies have 
shown a relationship between low BP (< 140/70 mmHg) 
and increased mortality in older people [9]. The systolic 
blood pressure intervention trial (SPRINT) compared inten-
sive blood pressure treatment (BP < 120 mmHg) to standard 
treatment (BP < 140 mmHg) in patients aged 75 years and 
older. Intensive treatment was associated with a 33% relative 
risk reduction in cardiovascular events and 32% reduction 
in total mortality [10]. The hypertension in the very elderly 
trial (HYVET) study, a double-blind, placebo-controlled 
study of people aged ≥ 80 years, reported that antihyperten-
sive treatment reduced non-fatal and fatal stroke, cardiovas-
cular and all-cause mortality [11]. However, both SPRINT 
and HYVET excluded residents of aged care services.

Between 50% and 70% of general patients will not 
achieve BP goals with monotherapy alone [12]. A meta-
analysis of 42 trials found that in general adults, combining 
antihypertensives from different classes was approximately 
five times more effective in lowering BP than increasing the 
dose of a single medication. However, the evidence for treat-
ing older people with multiple antihypertensives is limited 
[13]. Older people are susceptible to orthostatic hypoten-
sion, and subsequent adverse events including syncope, falls, 
fractures, cognitive impairment and cardiovascular difficul-
ties [14, 15]. In addition, there is evidence that the relation-
ship between BP levels and mortality depends on functional 
and cognitive status in older adults [16, 17]. The criteria to 
assess appropriate medication use among elderly complex 
patients (CRIME) discourage multiple antihypertensive use 
in older people with limited life expectancy, functional and 
cognitive impairment [18].

Residents of aged care services have a high prevalence 
of frailty, cognitive impairment and multimorbidity, and 

are often excluded from clinical trials. This has led to a 
paucity of information on prescribing risks and benefits 
in this setting [1]. Neither the United Kingdom National 
Institute for Health and Care Excellence (NICE) nor the 
Australian Heart Foundation provide specific guidelines 
for the management of hypertension in aged care services, 
or in people with dementia or frailty. This is problematic 
because antihypertensive medications may have a different 
risk-to-benefit ratio in people with dementia and frailty 
[19]. Furthermore, systematic reviews have reported that 
frailty and dementia are common in people with hyperten-
sion [20, 21], and there is a strong association between 
multiple medication use and these conditions [22]. The 
predictive values of blood pressure and arterial stiffness in 
institutionalized very aged population (PARTAGE) study 
of European residents aged over 80 years found that those 
with low systolic blood pressure (SBP) (< 130 mmHg) 
who received multiple antihypertensive therapy had a 
greater than twofold increased risk of mortality over 
2 years [23].

The objective of our study was to investigate the associa-
tion between multiple antihypertensive use and mortality in 
residents of aged care services with diagnosed hypertension, 
and whether dementia and frailty modify this association.

Methods

Design and setting

This was a secondary analysis of data collected in a pro-
spective cohort study of residents from six metropolitan and 
regional aged care services in South Australia. Aged care 
services are synonymous with nursing homes and long-term 
care facilities and provide supported accommodation to peo-
ple with care needs that can no longer be met in their own 
homes [24]. People with dementia and frailty comprise up to 
52% and 73% of permanent residents of aged care services, 
respectively [25, 26]. Baseline data were collected between 
April and August 2014. The full study protocol has been 
described previously [27].

Study sample

Residents aged at least 65 years old with an estimated life 
expectancy of at least 3 months (based on clinical judge-
ment) were invited to take part in the study. Of 664 eligi-
ble residents, 603 were invited to participate, from which 
220 were excluded or did not participate due to declining 
to participate (n = 106); feeling unwell or being hospital-
ized (n = 34); unable to obtain consent (n = 54); and other 
reasons (n = 25). The 383 residents who participated in the 
study were representative of all residents of the six aged 
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care services in terms of age [mean (standard deviation, 
SD) 87.5 years (SD 6.2) vs 87.3 years (SD 6.4); P = 0.66], 
sex (77.5% female vs 78.5% female; P = 0.90), and demen-
tia diagnosis (44.1% vs 46.8%; P = 0.72). Of these 383 
residents, those with a current diagnosis of hypertension 
documented in the medical record and prescribed at least 
one antihypertensive were included in the present analysis 
(n = 239). This ensured a specific sample of residents who 
were being treated with antihypertensives for diagnosed 
hypertension, allowing us to make comparisons between 
multiple therapy and monotherapy for this indication.

Data collection

Residents were assessed by study nurses who received train-
ing in the administration of the study assessment tools. A 
full list of the study assessment tools and scales has been 
reported previously [27]. For assessments requiring the 
input of a staff member, staff must have known the resident 
for a minimum of 2 weeks. Demographic, diagnostic and 
medication data were extracted directly from the resident’s 
electronic medical record and medication chart. Other clini-
cal data were obtained using a standardized data extraction 
form.

Medication assessment

All medications prescribed to participating residents were 
classified according to the anatomical therapeutic chemical 
(ATC) classification system [28]. Antihypertensive medica-
tions were defined as antiadrenergic agents and others (ATC 
code, C02), diuretics (C03), beta blockers (C07), calcium-
channel blockers (C08), angiotensin-converting enzyme 
(ACE) inhibitors (C09A, C09B), and angiotensin receptor 
blockers (ARBs) (C09C, C09D). Fixed dose combination 
products were classed as the use of two antihypertensives. 
Treatment was classified as multiple antihypertensive ther-
apy, if participants used two or more different antihyperten-
sive medications concurrently.

Main outcomes

The primary outcome was all-cause mortality during the 
2-year follow-up period. Date of death was extracted from 
the electronic medical records of the participating aged care 
services. The secondary outcome was number of cardio-
vascular-related hospitalizations during the 2-year follow-
up period. Data on hospitalizations were extracted from 
electronic medical records of the aged care provider. Car-
diovascular-related hospitalizations were defined as Inter-
national Statistical Classification of Diseases and Related 
Health Problems, 10th Revision, Australian Modification 

(ICD-10-AM) codes 100-199, and were coded and reviewed 
independently by two clinical pharmacists.

Covariates

Demographic variables included age and sex. Dementia sta-
tus was determined according to whether or not a dementia 
diagnosis of any type was recorded in each resident’s medi-
cal record. Dementia severity was assessed in all residents 
with and without a documented dementia diagnosis using the 
Dementia Severity Rating Scale (DSRS) [29]. Frailty was 
assessed using the FRAIL-NH scale [26, 30]. The FRAIL-
NH was specifically developed for use in aged care services 
and included seven items (energy, transferring, mobility, 
continence, weight loss in the last 3 months, feeding and 
dressing) and was constructed based on clinical data. Data 
on clinically relevant cardiovascular and endocrine comor-
bidities including myocardial infarction, congestive heart 
failure, cerebrovascular disease and diabetes were extracted 
from each resident’s electronic medical record. Charlson’s 
comorbidity index score was computed and used as an indi-
cator of comorbidity [31].

Statistical analysis

Inverse probability weighting (IPW) was used to address 
confounding by observed covariates at baseline. Weights 
were based on results from a treatment selection model, 
estimated using logistic regression with use of multiple 
antihypertensives as the dependent variable and the base-
line variables—age, sex, DSRS, FRAIL-NH, Charlson’s 
comorbidity index, myocardial infarction, congestive heart 
failure, cerebrovascular disease, diabetes and dementia—as 
independent variables. The weights for each resident were 
calculated as the inverse of the probability of receiving 
the treatment the resident actually received conditional on 
observed covariates. After weighting, we assessed the bal-
ance of baseline characteristics between treatment groups 
using standardized mean differences (SMD) with an abso-
lute SMD ≥ 20% or 0.2 defined as a meaningful difference 
[32]. Kaplan–Meier curves were produced to estimate sur-
vival and the log rank test was used to determine statistical 
significance. Cox proportional hazard models were used to 
estimate hazard ratios (HRs) and 95% confidence intervals 
(CIs) for the association between multiple antihypertensive 
use and all-cause mortality. Residents that survived beyond 
the 2-year follow-up period were right-censored at 730 days 
(2 years). To assess the potential modifying effect of demen-
tia and frailty, further analyses were conducted stratifying 
by documented dementia diagnosis and FRAIL-NH score 
(≥ 6 considered most frail). This cut-point of the FRAIL-
NH scale to determine which residents were most frail was 
based on previously published analyses [26]. Multiplicative 
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interaction was assessed by including main effect variables 
and their product terms in a Cox proportional hazards model. 
The incidence rate of cardiovascular-related hospitalizations 
was calculated assuming a Poisson distribution. Multiple 
imputation with five iterations was used to impute missing 
data. Sensitivity analyses, repeating the main analyses using 
multiple imputation, IPW and adjustment, were performed 
to assess robustness of results. All statistical analyses were 
carried out using IBM SPSS Statistics for Windows v 23.0 
(IBM Corp, Armonk, NY) and SAS version 9.4 (SAS Insti-
tute, Inc., Cary, NC).

Results

The analyses included 239 residents with a mean age of 
88.1 (6.3) years at baseline with the majority being female 
(79.1%). A total of 70 (29.3%) residents received one antihy-
pertensive and 169 (70.7%) received multiple antihyperten-
sives. The most prevalent antihypertensives were diuretics 
(144, 60.3%), beta blockers (110, 46.0%), ACE inhibitors 
(75, 31.4%), ARBs (74, 31.0%) and calcium-channel block-
ers (70, 29.3%). Baseline characteristics according to anti-
hypertensive use are reported in Table 1.

During the follow-up period (mean 1.58  years), 86 
(36.0%) residents died. The crude incidence rates for death 
were higher in those who used multiple antihypertensives 
compared with monotherapy (251 [95%CI 194–319]/1000 
person-years and 173 [95%CI 111–268]/1000 person-years, 
respectively). Figures 1 and 2 show the survival curves 
by antihypertensive use stratified by dementia and frailty 
status, respectively. Overall, residents who used multiple 

antihypertensives had a greater risk of all-cause mortality 
compared with monotherapy (HR 1.40, 95%CI 1.03–1.92) 
(Table 2). After stratifying by dementia status, the risk 
remained significant only in those with diagnosed dementia 
(HR 1.91, 95%CI 1.20–3.04). When considering frailty sta-
tus, only those who were most frail (FRAIL-NH score ≥ 6) 
remained at increased risk of mortality (HR 2.52, 95%CI 
1.13–5.64). Sensitivity analyses revealed similar findings 
(online resource 1).   

There were no differences in rates of cardiovascular-
related hospitalizations between those who used multi-
ple antihypertensives compared to monotherapy (77.9 
[95%CI 40.5–149.6]/1000 person-years vs 57.1 [95%CI 
34.4–94.7]/1000 person-years, respectively; rate ratio [multi-
ple compared with monotherapy]: 0.73 [95%CI 0.32–1.67]).

Discussion

The main finding was that residents with diagnosed hyper-
tension who used multiple antihypertensives had a 40% 
increased risk of mortality over a 2-year follow-up com-
pared to residents using monotherapy. After stratification, 
the increased risk of mortality was only significant among 
residents with a documented diagnosis of dementia and 
those who were most frail.

The use of multiple antihypertensive therapy in older peo-
ple has increased significantly over the last two decades. 
A study of United Kingdom primary care electronic health 
records of individuals 80 years and over found that BP treat-
ment intensified between 2001 and 2014 with the proportion 
of people treated with multiple antihypertensives increasing 

Table 1   Baseline characteristics according to antihypertensive therapy use, before and after inverse probability weighting

SMD standardized mean difference, IPW inverse probability weighting, SD standard deviation, CVD cardiovascular disease, CCI Charlson’s 
comorbidity index, DSRS dementia severity rating scale
a Two missing

Characteristics Before IPW After IPW

Multiple therapy Monotherapy SMD Multiple therapy Monotherapy SMD

N 169 (71%) 70 (29%) 237.9 (51%) 228.3 (49%)
Age, mean (SD) 88.2 (5.9) 87.8 (6.3) 0.068 88.2 (7.2) 88.2 (11.8) − 0.008
Female, n (%) 134 (79%) 55 (78%) 0.018 187.3 (80.2%) 183.1 (78.7%) − 0.026
CVD
 Congestive heart failure, n (%) 42 (25%) 6 (9%) 0.412 47.0 (19.7%) 40.7 (17.9%) 0.034
 Myocardial infarction, n (%) 27 (16%) 5 (7%) 0.26 30.8 (12.9%) 21.2 (9.3%) 0.082
 Cerebrovascular disease, n (%) 47 (28%) 18 (26%) 0.047 64.9 (27.3%) 56.3 (24.7%) 0.042
 Diabetes, n (%) 50 (30%) 17 (24%) 0.118 67.0 (28.2%) 64.4 (28.2%) − 0.001
 Dementia, n (%) 58 (34%) 37 (53%) − 0.383 95.0 (39.9%) 92.4 (40.5%) − 0.008
 CCI, mean (SD) 2.7 (1.9) 2.5 (1.7) 0.108 2.6 (2.2) 2.7 (3.4) − 0.026
 DSRSa, mean (SD) 14.8 (15.0) 21.0 (17.3) − 0.389 16.8 (19.0) 17.6 (29.2) − 0.035
 Frail-NH, median (IQR) 3 (1–8) 2 (1–4) 0.175 3 (1–7) 3 (1–4) 0.098
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from approximately one-third to nearly one-half [33]. Con-
versely, in the United States the prescription of multiple 
antihypertensives among community-dwelling older adults 
with dementia remained constant between 2006 and 2012 
[34]. Limited studies have investigated the trends in mul-
tiple antihypertensive use or the corresponding association 
with mortality in older adults residing in residential aged 
care services [23]. The PARTAGE study found a significant 
interaction between low SBP and treatment with multiple 
antihypertensives, with an increased risk of mortality (HR 
1.78, 95%CI 1.34–2.37) [23]. The PARTAGE study did not 
present results stratified by dementia or frailty status; how-
ever, multiple antihypertensive therapy alone in all residents 
did not increase risk of mortality.

Few studies have focused on the management of hyper-
tension in individuals with established dementia [35]. 

Previous research has reported that in adults ≥ 65 years of 
age with cognitive impairment treated with antihyperten-
sive therapy, low SBP was associated with an increased 
risk of mortality [36, 37]. In our study, we found that mul-
tiple antihypertensive therapy use was significantly asso-
ciated with mortality in those with diagnosed dementia. 
Residents with dementia may be frailer and more prone to 
adverse drug events. Indeed, in separate sub-analyses we 
found that the risk of mortality associated with multiple 
antihypertensive use was only significant in those who 
were most frail. Frailty has been reported to be associated 
with orthostatic hypotension and fall-related injuries, thus 
the use of multiple antihypertensives may further exacer-
bate these adverse outcomes in a population that are physi-
ologically vulnerable and have low resilience to stressors 
[38].

Fig. 1   Kaplan–Meier survival 
curve, all cause-mortality 
comparing those taking mono- 
and multiple antihypertensive 
therapy by dementia status

Table 2   Association between 
multiple antihypertensive 
therapy versus monotherapy and 
all-cause mortality, stratified by 
dementia diagnosis and frailty 
status

239 participants included, 86 failures, 378.47 person-years total follow-up time
Multiple imputation and inverse probability weights used
Frail-NH rating divided at upper quartile (FRAIL-NH score ≥ 6 and < 6)
CI confidence interval

N Hazard ratio 95% CI P value P interaction

Multiple therapy vs monotherapy
Total 239 1.40 1.03, 1.92 0.032
Stratified
 With dementia 95 1.91 1.20, 3.04 0.006 0.094
 Without dementia 144 1.12 0.74, 1.71 0.591
 Most frail 68 2.52 1.13, 5.64 0.024 0.126
 Non/mild/moderate frail 171 1.28 0.91, 1.80 0.156
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Our findings further highlight the importance of consid-
ering functional and cognitive status when treating hyper-
tension in older adults. The Milan Geriatrics 75 + Cohort 
study found that the correlations of BP with mortality were 
U-shaped and that higher SBP was related to lower mortal-
ity in people with impaired Mini-Mental State Examina-
tion and Activities of Daily Living [16]. Odden et al. found 
evidence that frailty status measured in terms of walking 
speed modified the association between blood pressure and 
mortality [17]. Among faster walkers ≥ 65 years of age, ele-
vated SBP was associated with greater mortality, whereas 
in frail participants, the association was less clear. However, 
the modifying effects of frailty on the association between 
antihypertensive use and mortality risk are less consistent, 
with some studies showing no significant effect [37–39]. The 
HYVET and SPRINT studies reported no significant interac-
tion between baseline frailty and antihypertensive treatment 
on risk of death [10, 39]. This finding is likely explained by 
these studies excluding particularly vulnerable individuals 
including residents of aged care services, individuals with 
diagnosed dementia, and those with conditions likely to limit 
life expectancy to less than 1-3 years, which is in contrast to 
our study population [39]. The most frail participants in our 
study may have been considerably frailer than participants 
deemed frail in the HYVET and SPRINT studies [40]. Dis-
ability and frailty are closely linked; frailty may be a cause 
of disability and frailty and disability may co-occur [41]. In 
our study, frailty was measured using the FRAIL-NH which 
captures components of disability, not only frailty. While the 
FRAIL-NH captures a broader range of items, the extent to 
which disability, rather than frailty, was assessed should be 

considered when interpreting our findings. The FRAIL-NH 
has been previously shown to be comparable to the frailty 
index for assessing frailty in our study population [26].

Tight BP control (< 140/90  mmHg) is generally not 
recommended for individuals with advanced dementia or 
functional limitation due to lack of evidence to suggest that 
BP goal attainment of 140–159 mmHg improves morbid-
ity or reduces mortality [18]. Nevertheless, there is strong 
evidence to suggest that treating BP > 160 mmHg in older 
people is beneficial. Tight BP control of < 140/90 mmHg is 
also not recommended for those with a life expectancy less 
than 2 years and the use of multiple antihypertensives should 
be avoided in order to minimize difficulties with adherence 
to complex medication regimens [18]. Interestingly, in the 
PARTAGE study higher BP was not associated with a higher 
risk of mortality or major cardiovascular events in residents 
of aged care services [42].

Ravindrarajah et al. report a terminal decline in SBP in 
the final 2 years of life suggesting that associations of low 
SBP with higher mortality may be accounted for by reverse 
causation [43]. While it is not possible to determine whether 
residents on multiple antihypertensive medications were 
being treated appropriately in our study, it is possible that 
the findings indicate a failure to deprescribe as blood pres-
sure levels declined toward the end of life.

This study provides insight into the potential risks asso-
ciated with intensive BP lowering in residents of aged care 
services. It is possible that reducing cardiovascular risk may 
need to be balanced against the risk of adverse drug events. 
We did not have access to data on cardiovascular-related 
mortality; however, there was no difference in the rate of 

Fig. 2   Kaplan–Meier survival 
curve, all cause-mortality 
comparing those taking mono- 
and multiple antihypertensive 
therapy by frailty status
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cardiovascular-related hospitalizations among residents 
receiving multiple compared to monotherapy with anti-
hypertensives. Given this vulnerable population is often 
excluded from clinical trials, and there remains controversy 
regarding appropriateness of antihypertensive treatment 
[44]; this highlights the need for guidelines for hypertension 
management in aged care services, including in residents 
with dementia and among those who are most frail.

Strengths and limitations

Our study has strengths and limitations. Medication and 
comorbidity data were collected at baseline only, thus it was 
not possible to assess possible changes in antihypertensive 
medications over the follow-up period. Similarly, dementia 
diagnosis and frailty status were only assessed at baseline. 
Participants and non-participants in our study were similar 
in key demographics, suggesting our sample was representa-
tive of all residents in the six aged care services from which 
they were recruited. However, Australian residential aged 
care services increasingly cater to the frailest subset of older 
people, and therefore, our findings may not be generaliz-
able to recipients of aged care services in other countries or 
settings. A limitation is that we did not have data on each 
resident’s BP. It is possible that residents taking multiple 
antihypertensives had poorer BP control and cardiovascu-
lar health than residents using monotherapy. However, we 
adjusted our analyses for cardiovascular comorbidities and 
found no difference in cardiovascular-related hospitaliza-
tions in residents using multiple or monotherapy. Interest-
ingly, the average BP measurements of residents using mul-
tiple antihypertensives and monotherapy were similar in the 
PARTAGE study [23]. In addition, we only had information 
on baseline use of antihypertensives and no information on 
when medication was initiated. Antihypertensive use, there-
fore, would have affected BP at baseline which may have 
been on the causal pathway of antihypertensive use and mor-
tality [45]. We did limit our analyses to residents with diag-
nosed hypertension and adjusted our analyses for a range of 
clinically important cardiovascular comorbidities that were 
likely to be associated with the risk of cardiovascular death. 
However, in restricting the sample to residents with a current 
diagnosis of hypertension, we excluded normotensive resi-
dents who may have been prescribed antihypertensive med-
ications for other cardiovascular comorbidities. The risk-
to-benefit ratio of antihypertensive therapy may have been 
different in these residents. In addition, we were unable to 
validate hypertension diagnosis. The 2-year follow-up period 
is relatively short but consistent with the average length of 
stay in Australian residential aged care services of 2.9 years 
[46]. Finally, we were only able to investigate all-cause 
mortality rather than cause-specific mortality including 

cardiovascular-specific death. However, we found no differ-
ences in the rates of cardiovascular-related hospitalizations, 
a proxy for major cardiovascular events, between groups.

Conclusions

The use of multiple antihypertensive therapy in older peo-
ple with hypertension residing in aged care services may be 
associated with an increased risk of mortality, especially in 
those with dementia and who are most frail. The risk-versus-
benefit of using intense antihypertensive regimens should 
be carefully assessed in these vulnerable resident groups. 
Clinicians may need to balance the benefits of BP lowering 
with the potential risk of adverse drug events.
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