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Abstract 30 

Aims: Deprescribing of antihypertensive drugs is recommended for some older patients with 31 
polypharmacy, but there is little evidence to inform which drug (or dose) should be 32 
withdrawn. This study used data from the OPTiMISE trial to examine whether short-term 33 
outcomes of deprescribing vary by drug class and dose of medication withdrawn. 34 

Methods: The OPTiMISE trial included patients aged ≥80 years with controlled systolic 35 
blood pressure (SBP; <150 mmHg), receiving ≥2 antihypertensive medications. This study 36 
compared SBP control, mean change in SBP and frequency of adverse events after 12-weeks 37 
in participants stopping one medication vs. usual care, by drug class and equivalent dose of 38 
medication withdrawn. Equivalent dose was determined according to the defined daily dose 39 

(DDD) of each medication type. Drugs prescribed below the DDD were classed as low dose 40 
and those prescribed at ≥DDD were described as higher dose. Outcomes were examined by 41 

generalised linear mixed effects models.  42 

Results: A total of 569 participants were randomised, aged 85±3 years with controlled blood 43 
pressure (mean 130/69mmHg). Within patients prescribed calcium channel blockers, higher 44 
dose medications were more commonly selected for withdrawal (90% vs. 10%). In those 45 

prescribed beta-blockers, low dose medications were more commonly chosen (87% vs. 13%). 46 
Withdrawal of calcium channel blockers was associated with an increase in SBP (5mmHg, 47 

95%CI 0 to 10 mmHg) and reduced SBP control (adjusted RR 0.89, 95%CI 0.80 to 0.998) 48 
compared to usual care. In contrast, withdrawal of beta-blockers was associated with no 49 
change in SBP (-4mmHg, 95%CI -10 to 2mmHg) and no difference in SBP control (adjusted 50 

RR 1.15, 95%CI 0.96 to 1.37). Similarly, withdrawal of higher dose medications was 51 
associated with an increase in SBP but no change in BP control. Withdrawal of lower dose 52 

medications was not associated with a difference in SBP or SBP control. There was no 53 

association between withdrawal of specific drug classes and adverse events. 54 

Conclusions: These exploratory data suggest withdrawal of higher dose calcium channel 55 
blockers should be avoided if the goal is to maintain BP control. However, low dose beta-56 

blockers may be removed with little impact on blood pressure over 12-weeks of follow-up. 57 

Larger studies are needed to confirm these associations. 58 

Trial Registration: EudraCT identifier:2016-004236-38; ISRCTN identifier:97503221 59 

Word count: 362 60 
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Introduction 64 

Antihypertensive treatment is effective at preventing stroke and cardiovascular disease in 65 
older high-risk patients with hypertension1-3 and many individuals aged 80 years or older are 66 
prescribed therapy.4 Such patients are also more likely to live with multiple long-term 67 
conditions5 leading to polypharmacy, which increases an individual’s likelihood of 68 

hospitalisation due to adverse events.6,7 It is unclear whether intensive blood pressure 69 
lowering is safe and effective in older patients with multi-morbidity and frailty. Previous 70 
trials have found that frailty has no modifying effect on the efficacy of blood pressure 71 
lowering in older patients,8,9 however, such trials may not have included very frail patients 72 
seen in the general population.10,11 In contrast, evidence from meta-analyses of randomised 73 

controlled trials12,13 and observational studies14-16 suggests that aggressive lowering of 74 
systolic blood pressure (i.e. to less than 130 mm Hg) and multiple antihypertensive 75 
prescriptions may be harmful, particularly in older patients with polypharmacy and multi-76 

morbidity.12,15 77 

Guidelines therefore recommend using clinical judgement when prescribing in frail older 78 
patients,17-20 emphasising a personalised approach to care which might include attempts to 79 
improve quality of life through deprescribing.21,22 The OPtimising Treatment for MIld 80 

Systolic hypertension in the Elderly (OPTiMISE) trial23 examined a structured approach to 81 

antihypertensive medication reduction in older patients with multi-morbidity and controlled 82 
systolic hypertension, prescribed two or more antihypertensives. The overarching aim of the 83 
OPTiMISE trial was to reduce polypharmacy without blood pressure becoming uncontrolled. 84 

The trial showed that a strategy of medication reduction results in similar proportions of 85 
patients with controlled systolic blood pressure (<150 mm Hg) at 12 weeks when compared 86 

to continuing antihypertensives. No differences were observed in serious adverse events or 87 
quality of life, although systolic/diastolic blood pressure did increase modestly by 3/2 mm Hg 88 

in the medication reduction group.23 89 

There is little evidence to guide antihypertensive deprescribing,24 and therefore physicians 90 

participating in the trial were instructed to decide which antihypertensive should be removed 91 
based on advice from a medication reduction algorithm (figure 1). The present study aimed to 92 
examine whether this choice was associated with blood pressure changes and adverse events 93 

in the trial. 94 

Methods 95 

Design 96 

This was a post-hoc exploratory analysis of data from the OPTiMISE trial of antihypertensive 97 

medication reduction.23 All participants randomised in the trial, who did not withdraw 98 

consent, were included in the analysis. The trial was approved by an NHS Research Ethics 99 
Committee (South Central - Oxford A; ref 16/SC/0628) and the Medicines and Healthcare 100 

products Regulatory Agency (MHRA; ref 21584/0371/001-0001). All participants gave 101 
written informed consent. Details of patient recruitment and data collection are described in 102 
detail elsewhere.23,25 103 

Study population 104 

Individuals were eligible if they were aged ≥80 years, with systolic blood pressure at baseline 105 
<150 mm Hg (based on the mean of the 2nd and 3rd readings taken, after 5 minutes of rest) 106 
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and prescribed two or more antihypertensive treatments for at least 12 months. Recruiting 107 

primary care physicians were asked to only enrol patients whom in their opinion might 108 
potentially benefit from medication reduction due to existing polypharmacy, co-morbidity, 109 
non-adherence or dislike of medicines, and/or frailty. This clinical judgement was considered 110 
important given the current lack of evidence as to who should be targeted for such an 111 

intervention. Patients with a history of heart failure due to left ventricular dysfunction or 112 
myocardial infarction/stroke in the preceding 12 months, secondary hypertension or lacking 113 
in capacity to consent were excluded.  114 

Potentially eligible patients were identified from searches of electronic health records in 115 
participating sites and sent letters of invitation. Those expressing an interest attended a 116 

screening appointment. 117 

Randomisation and blinding 118 

Participants were allocated (1:1 allocation ratio) to one of the two study groups using a non-119 
deterministic minimization algorithm, with minimization designed to balance site and 120 
baseline systolic blood pressure, via a fully validated, web-based, password protected system. 121 
Investigators and participants were unaware of the treatment allocation prior to consent and 122 

baseline assessments. The trial used an unblinded design with patients and investigators not 123 
masked to randomisation group.  124 

Medication reduction intervention 125 

Participating primary care physicians reviewed each participant’s medication regimen before 126 
randomisation and decided which antihypertensive would be removed if they were allocated 127 

to medication reduction, using a pre-specified algorithm (figure 1). This algorithm 128 

recommended reducing medications in reverse of the C+A+D NICE treatment algorithm. 129 
Following an adverse event possibly related to abrupt discontinuation of a beta-blocker, 130 
gradual withdrawal of these medications was encouraged to avoid rebound adrenergic 131 

hypersensitivity. For individuals randomised to medication reduction, physicians were asked 132 
to monitor blood pressure at a 4-week follow-up visit and reinstate treatment if it consistently 133 
rose above 150 (systolic) or 90 (diastolic) mm Hg, or in the case of adverse events or 134 

accelerated hypertension. Patients in the control group were given usual care and no 135 
medication changes were mandated. 136 

Outcomes 137 

Outcomes examined in this analysis were not pre-specified before the end of the trial and 138 
should be treated as exploratory. Outcomes included between group differences in systolic 139 

blood pressure control, adverse events and change in systolic and diastolic blood pressure at 140 

follow-up by drug class and dose of medication chosen for withdrawal. Adverse events were 141 

defined as any clinical event occurring during follow-up, regardless of whether it was deemed 142 
to be possibly, probably or definitely related to the intervention by the treating physician. 143 

Systolic and diastolic blood pressure were defined as the mean of the 2nd and 3rd consecutive 144 
readings taken at 1 minute intervals. Measurements were taken in the seated position, using 145 
the clinically validated BpTRU blood pressure monitor26 after a period of five minutes of 146 
rest.  147 

Definition of subgroups 148 
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For each analysis by drug class, groups were determined according to drug classifications in 149 

the British National Formulary (BNF).27 Equivalent dose of medication was determined by 150 
converting the doses of each drug chosen for withdrawal into a common unit of measure 151 
using the World Health Organisation (WHO) defined daily dose (DDD) for each medication 152 
type.28 For example, the DDD for Ramipril is 2.5 mg,28 so if a drug was prescribed at 1.25 153 

mg, it would be classified in the present analysis as having a medication equivalent dose of 154 
0.5. For the purposes of these analyses, participants were divided into two groups according 155 
to the equivalent dose of medication chosen for withdrawal; low dose medications were those 156 
prescribed at less than the DDD (i.e. an equivalent medication dose of <1). Higher dose 157 
medications were those prescribed at the DDD or higher doses (i.e. an equivalent medication 158 

dose of ≥1). 159 

Covariates 160 

Data relating to participant demographics, body mass index, blood pressure, cognition 161 
(Montreal Cognitive Assessment [MoCA] Score),29 functional independence (modified 162 
Rankin score),30 frailty (electronic/Searle Frailty Index),31,32 past medical history and 163 
treatment prescriptions were collected at baseline via participant questionnaires and review of 164 
the electronic health record. Predictors of physician drug choice were selected to reflect trial 165 

guidance provided on medication reduction. This included the number of pre-existing 166 

medication prescriptions, concurrent morbidities, frailty (defined using the electronic frailty 167 
index),32 age, sex and systolic blood pressure at baseline. Multivariate models examining the 168 
association between medication withdrawal and outcomes were adjusted for factors found to 169 

be predictive of medication choice for withdrawal and missing follow-up data, including 170 
baseline systolic blood pressure, gender, MoCA score,29 EQ-5D-5L Index,33 Searle Frailty 171 

Index31 and primary care site. 172 

Statistical analysis 173 

Descriptive statistics were used to describe the study population, the proportion of 174 
participants maintaining medication reduction and the proportion experiencing no increase in 175 

systolic blood pressure in the intervention group at follow-up. These were estimated by drug 176 

class and dose of medication chosen for withdrawal. Since the choice of drug to withdraw 177 
was not fixed, but rather at the discretion for the treating physician, multivariable logistic 178 

regression was used to examine predictors of physician drug choice. Statistically significant 179 
predictors were included as factors for adjustment in the main analysis.  180 

Data from participants examining outcomes of medication reduction by drug class and 181 

medication dose were analysed according to the groups to which they were allocated (i.e. by 182 
intention to treat). The relative risk (RR) for blood pressure control and adverse events 183 

between groups were examined by drug class and medication dose chosen for withdrawal 184 
using a robust Poisson regression model. Each model was adjusted for baseline systolic blood 185 

pressure, covariates predictive of drug choice for medication withdrawal and those predictive 186 
of missing blood pressure data at follow-up (identified in the preparatory analyses). Since the 187 
treating physician’s choice of medication to withdraw was made prior to consent and 188 

randomisation, data were available for all randomised participants, even though only half 189 
went on to have the medication withdrawn. Therefore, models compared patients 190 

withdrawing specific drugs (the intervention group) to patients where the same drug was 191 
selected for withdrawal, but treatment was actually continued (usual care). Separate models 192 
were fitted according to the drug class and medication dose chosen for withdrawal. Adjusted 193 
mean difference in change in blood pressure was analysed by means of generalised linear 194 
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mixed model with binomial error and log link, with factors predictive of physician choice of 195 

drug to withdraw and baseline systolic blood pressure, gender, cognitive function (MoCA 196 
Score), EQ-5D-5L Index and Searle Frailty Index as fixed effects and primary care site as a 197 
random effect. 198 

All data were analysed using Stata statistical software (version 16.0, College Station TSL, 199 

StataCorp, 2019). Data are presented as means, medians and proportions with 95% 200 
confidence intervals (CI) unless otherwise stated.  201 

Results 202 

A total 569 patients were recruited to the trial from 69 general practices in Central, Eastern 203 
and Southern England. The characteristics of participants in the trial were broadly 204 

comparable to those of a similar age group in the general population (eTable 1, supplemental 205 

material). Two hundred and eighty-two participants (49.6%) were randomised to the 206 

medication reduction intervention and 287 participants (50.4%) were randomised to usual 207 
care. A total of 534 (93.8%) participants attended 12-week follow-up and provided valid 208 
blood pressure readings. Participants were well matched for all variables at baseline, with a 209 
mean age of 85 years, multi-morbidity (mean 5.8 morbidities; 98.4% participants had ≥2 210 

morbidities including hypertension) and polypharmacy (median 4 medications; table 1). 211 
Mean blood pressure at baseline was 130/69 mm Hg and individuals were taking a median of 212 

2 (IQR 2 to 3) antihypertensive medications. 213 

The most commonly prescribed medications at baseline were calcium channel blockers (390 214 
participants, 68.5%), ACE inhibitors (267 participants, 46.9%) and beta-blockers (228 215 

participants, 40.1%). Calcium channel blockers were typically prescribed in combination 216 
with ACE inhibitors (180 participants, 31.6%), angiotensin II receptor blockers (136 217 

participants, 23.9%) or beta-blockers (131 participants, 23.0%) (eTable 2, supplemental 218 
material). Thiazide and thiazide-like diuretics were the most common drug class chosen by 219 

physicians for medication reduction (168 participants, 29.6%; 76.4% of those prescribed 220 
thiazide and thiazide-like diuretics) (table 2). There were no between group differences in the 221 

drug classes chosen for medication reduction. Higher dose calcium channel blockers, 222 

thiazides and thiazide-like diuretics were more commonly selected for withdrawal than lower 223 
dose medications within these classes (higher dose 90-91% vs. low dose 9-10%; table 3 and 224 

eTable 3, supplementary material). In contrast, low dose beta-blockers were more commonly 225 
chosen for withdrawal than higher dose beta-blockers (higher dose 13% vs. low dose 87%; 226 
table 3). 227 

Association between medication reduction and outcomes by drug class 228 

After adjusting for factors predictive of drug choice for medication reduction (eTable 4), 229 

participants were less likely to have controlled systolic blood pressure at follow-up if 230 
reducing calcium channel blockers (adjusted RR 0.89 95% CI 0.80 to 0.998) (figure 2). 231 

Withdrawal of calcium channel blockers was also associated with an increase in systolic and 232 
diastolic blood pressure (4.7 mm Hg, 95% CI -0.3 to 9.7 mm Hg [systolic]; 4.3 mm Hg, 95% 233 
CI 1.3 to 7.3 mm Hg [diastolic]) (figure 3). Withdrawal of beta-blockers was associated with 234 

a non-significant reduction in systolic blood pressure (-4.0 mmHg, 95% CI -9.8 to 1.8 235 
mmHg). There was no association between withdrawal of specific drug classes and adverse 236 
events (e.g. increased blood pressure, chest pain, infections, ankle swelling, headache and 237 
back pain, etc.). 238 
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Association between medication reduction and outcomes by medication dose 239 

Withdrawal of higher dose medications was associated with an increase in systolic and 240 
diastolic blood pressure (4.7 mm Hg, 95% CI 1.8 to 7.5 mm Hg [systolic]; 2.4 mm Hg, 95% 241 
CI 0.7 to 4.0 mm Hg [diastolic]) but no difference in blood pressure control (adjusted RR 242 
0.98 95% CI 0.92 to 1.46) (figure 4). Withdrawal of low dose medications was not associated 243 

with any difference in systolic blood pressure (-0.5 mm Hg, 95% CI -5.0 to 4.1 mmHg) or 244 
blood pressure control (adjusted RR 1.00 95% CI 0.89 to 1.13) between groups. However, 245 
withdrawal of low dose medications was associated with an increased risk of adverse events 246 
(adjusted RR 1.56 95% CI 1.14 to 2.14). 247 

Maintenance of medication reduction 248 

All 282 patients randomised to the intervention arm of the trial attempted to withdraw the 249 

medication chosen by their primary care physician. Overall, 91 (32.4%) had their medication 250 

reintroduced and 101 (35.9%) experienced no increase in systolic blood pressure at 12 week 251 
follow-up (eTable 5). The highest proportion of participants maintaining medication 252 
reduction and experiencing no increase in systolic blood pressure were those reducing ACE 253 
inhibitors (79.4% and 44.1% respectively) and beta-blockers (80.6% and 55.6% 254 

respectively). There was no difference in the proportion maintaining medication reduction 255 
between those withdrawing higher dose medications and those withdrawing low dose 256 

medications (higher dose 66.3% vs. low dose 70.4%). 257 

Discussion 258 

The OPTiMISE trial23 found that one antihypertensive medication could be withdrawn in the 259 

majority of participants without substantial change in blood pressure control at 12 week 260 

follow-up. This post-hoc exploratory analysis found some evidence to suggest that beta-261 
blockers in particular, especially those prescribed at low doses, may be withdrawn with little 262 
or no increase in blood pressure. This makes them a potential target for deprescribing in older 263 

patients with no other compelling indication for therapy. Withdrawal of higher dose calcium 264 
channel blockers was associated with a reduced likelihood of blood pressure control at 265 
follow-up, despite these medications being less likely to be selected for medication reduction 266 

in participants with higher baseline blood pressures. This supports recommendations for the 267 
use of calcium channel blockers as a first line therapy for hypertension in older patients and 268 

suggests these might be avoided as a target for deprescribing. These analyses were 269 
exploratory in nature and further larger, appropriately powered studies are needed to confirm 270 
these findings in older patients with multi-morbidity and polypharmacy. 271 

Strengths and limitations  272 

This is the first analysis of medication reduction by antihypertensive drug class and 273 

medication dose using data from a randomised controlled trial.23 The trial was successful in 274 
recruiting a mildly frail population with multi-morbidity and polypharmacy, representative of 275 

older patients attending primary care in England. This was a post-hoc, exploratory analysis, 276 
which may have been underpowered to show definitive associations between drug classes, 277 
particularly for alpha-blockers and ‘other’ antihypertensives that were chosen for withdrawal 278 
in less than 50 trial participants. Since multiple statistical analyses were conducted, the 279 

significant associations between withdrawal of calcium channel blockers, higher dose 280 
medications and blood pressure at follow-up may have been observed by chance and so these 281 

results should be interpreted with caution.  282 
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 283 

Although follow-up was achieved in 93.8% of participants, the period of follow-up was short, 284 
and so it was not possible to examine clinical endpoints such as hospitalisation, 285 
cardiovascular disease or death at this stage, though the cohort will be followed up. In 286 
addition, although routine prescription of beta-blockers is often accompanied by monitoring 287 

of heart rate, we did not collect this or related outcomes (e.g. development of atrial 288 
fibrillation) during follow-up, precluding any analyses of these outcomes. 289 

Comparison with previous literature 290 

Previous trials of antihypertensive medication reduction have only attempted medication 291 
reduction in up to two thirds of participants,34-36 had smaller sample sizes,34,36 examined 292 

younger populations (i.e. aged less than 80 years)35 and lacked comparisons with a control 293 

group to determine the effect of deprescribing on outcomes.34 This is the first analysis of any 294 

previous trial examining deprescribing by drug class and medication dose, providing 295 
preliminary data which should be explored in future appropriately powered studies. This 296 
might involve attempting to pool data from previous trials34-36 to increase the power to detect 297 
effects. 298 

Implications for clinical practice 299 

Physicians participating in the OPTiMISE trial23 were given the freedom to choose which 300 

medication should be withdrawn if participants were randomised to the intervention arm of 301 
the trial. Advice was given in the form of a medication reduction algorithm which 302 
recommended reducing medications in reverse of the C+A+D NICE treatment algorithm;17 303 

i.e. if a participant was prescribed three antihypertensive medications including a thiazide or 304 

thiazide-like diuretic, this was recommended to be removed instead of a renin-angiotensin 305 
system medication or calcium channel blockers. In the present analysis, 3 out of 4 patients 306 
prescribed a thiazide and thiazide-like diuretic had this medication chosen for withdrawal and 307 

increasing number of antihypertensive medications prescribed was one of the strongest 308 
predictors of this choice, suggesting that the medication reduction algorithm was followed as 309 
suggested.  310 

Calcium channel blockers were less likely to be chosen for medication reduction in patients 311 
with higher baseline systolic blood pressure and despite this, withdrawal of these medications 312 

was associated with a higher likelihood of uncontrolled blood pressure at follow-up. One 313 
explanation for this might be that these medications were predominantly prescribed at higher 314 
doses, where the blood pressure lowering effect might be expected to be greater. There is also 315 

evidence to suggest that calcium channel blockers are more effective in older individuals, 316 

leading to recommendations in clinical guidelines that these should be used as a first line 317 

therapy.17,18 These findings reinforce recommendations in the medication withdrawal 318 
algorithm used in the trial, which suggested that these medications should be considered last 319 

for medication withdrawal. 320 

The proportion of patients prescribed beta-blockers at baseline was relatively high, 321 
particularly since patients with a history of heart failure due to left ventricular dysfunction 322 
were excluded.25 Given that many participants had been diagnosed with hypertension for 323 

many years, it is possible that beta-blockers were originally prescribed at a time when they 324 
were recommended as a first line treatment for hypertension.37 Although subsequent 325 
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guidelines have changed this recommendation,38 many patients could have remained on the 326 

same treatment as originally prescribed. 327 

These data show that a high proportion of patients withdrawing beta-blockers maintained 328 
medication reduction at follow-up and that withdrawal of such medications may be associated 329 
with no change or even a reduction in systolic blood pressure. Beta-blockers were more likely 330 

to be prescribed at lower doses for patients enrolled into the trial, and selected for medication 331 
reduction if participants were prescribed a higher number of antihypertensive medications at 332 
baseline. Since polypharmacy is associated with reduced adherence to medications,39 it is 333 
possible that withdrawal of beta-blockers may have increased an individual’s adherence to 334 
their remaining medications causing blood pressure to be reduced at follow-up, although one 335 

might expect this to also be the case for withdrawal of any medication in patients taking 336 
multiple antihypertensives.  337 

Whilst withdrawing low-dose beta-blockers with no resulting increase in blood pressure 338 
maybe an appealing strategy for physicians, it is important to note that beta-blockers have 339 
other cardio-protective properties and may be indicated for other reasons beyond 340 
hypertension, such as ischemic heart disease, tachycardia and heart failure with reduced 341 
ejection fraction. There was also some evidence to suggest that withdrawal of low dose 342 

medications resulted in an increase in adverse events, although these varied widely in terms 343 

of severity (e.g. increased blood pressure, chest pain, infections, ankle swelling, headache and 344 
back pain). Only 23 participants (13 in the medication reduction group and 10 in the usual 345 
care group) experienced a serious adverse event resulting in hospitalisation during the trial.23 346 

Until studies with long-term follow-up are conducted, it is difficult to draw firm conclusions 347 
regarding the choice of medication to withdraw first as part of a deprescribing intervention. 348 

Conclusions 349 

This exploratory analysis found some evidence to suggest that withdrawal of higher dose 350 

calcium channel blockers should be avoided if the goal is to maintain blood pressure control. 351 
However, low dose beta-blockers may be removed with little impact on blood pressure at 352 

follow-up. More appropriately powered studies are needed to determine whether withdrawal 353 

of certain drug classes and/or doses are preferable over others in older patients with multi-354 
morbidity and polypharmacy.  355 
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Contribution to the field 356 

Stopping prescription of blood pressure lowering drugs (also known as ‘deprescribing’) is 357 
recommended for some older patients with lots of long-term health conditions. These people 358 
might be at greater risk of side effects. However, there is little evidence to help inform 359 
physician choices about which drug to stop first, and at what dose. Using data from a 360 

previous clinical trial, the present study aimed to examine whether the type of blood pressure 361 
lowering drug stopped is associated with large changes in blood pressure at 12-week follow-362 
up. 363 

The study found some evidence to suggest that beta-blockers (a type of blood pressure 364 
lowering medication), particularly those prescribed at low doses, may be withdrawn with 365 

little or no increase in blood pressure at follow-up. This drug may a potential target for 366 
deprescribing in older patients. Withdrawal of higher dose calcium channel blockers was 367 

associated with a reduced possibility that blood pressure would remain at clinically safe 368 
levels at follow-up. This suggests that such medications should be avoided as a target for 369 
deprescribing and supports recommendations for their use the main therapy for hypertension 370 
in older patients. These analyses were exploratory and based on a relatively small number of 371 
patients, so should be interpreted with caution.  372 
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Table 1. Baseline Demographics and Clinical Characteristics 521 

 

Medication 

reduction 

group 

(n=282) 

Usual care 

group 

(n=287) 

Participant characteristics   

Age (years), mean (SD) 84.6 (3.3) 85.0 (3.5) 

Sex (% female) 131 (46.5%) 145 (50.5%) 

Body mass index (mean [SD]; kg/m2) (n=534) 27.2 (4.2) 28.0 (4.3) 

Ethnicity (% White) 278 (98.6%) 278 (96.9%) 

Current smoker (%) 3 (1.1%) 5 (1.7%) 

Alcohol consumption (% reporting drinking alcohol every 

week) 
98 (34.8%) 108 (37.6%) 

Montreal Cognitive Assessment scorea (mean [SD]) 

(n=562) 
24.4 (3.6) 24.0 (4.1) 

EQ-5D-5L indexb (mean [SD]) (n=563) 0.78 (0.17) 0.76 (0.17) 

Modified Rankin Scalec (% Score >2 [dependant]) (n=540) 36 (12.8%) 42 (14.6%) 

Electronic Frailty index (eFI),d mean (SD) 0.14 (0.07) 0.15 (0.07) 

Fit (eFI 0-0.12; %) 121 (42.9%) 109 (38.0%) 

Mild (eFI >0.12-0.24; %) 132 (46.8%) 143 (49.8%) 

Moderate (eFI >0.24-0.36; %) 27 (9.6%) 32 (11.1%) 

Severe (eFI >0.36; %) 2 (0.7%) 3 (1.0%) 

Systolic blood pressure (mmHg), mean (SD) 129.4 (13.1) 130.5 (12.3) 

Diastolic blood pressure (mmHg), mean (SD) 68.4 (9.1) 70.1 (8.4) 

Orthostatic hypotension (%), (n=525)e 15 (5.7%) 10 (3.8%) 

Medical history   

Chronic Kidney Disease (%) 83 (29.4%) 103 (35.9%) 

Cancer (%) 67 (23.8%) 68 (23.7%) 

Cardiac Disease (%)f 61 (21.6%) 61 (21.3%) 

Diabetes (%) 48 (17.0%) 53 (18.5%) 

Atrial Fibrillation (%) 45 (16.0%) 45 (15.7%) 

Transient Ischemic Attack (%) 27 (9.6%) 22 (7.7%) 

Stroke (%) 23 (8.2%) 22 (7.7%) 

Peripheral Vascular Disease (%) 6 (2.1%) 9 (3.1%) 

Number of morbidities, mean (SD) 5.7 (2.7) 6.0 (2.9) 

% ≥2 morbidities (%) 278 (98.6%) 282 (98.3%) 
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Medication prescriptions   

Antihypertensive (%)g 282 (100.0%) 
287 

(100.0%) 

ACE inhibitor (%) 139 (49.3%) 128 (44.8%) 

Angiotensin II receptor blocker (%) 99 (35.2%) 115 (40.1%) 

Calcium channel blockers (%) 199 (70.6%) 191 (66.6%) 

Thiazide & related diuretics (%) 109 (38.7%) 111 (38.7%) 

Beta-blockers (%) 112 (39.7%) 116 (40.4%) 

Alpha-blockers (%) 41 (14.5%) 39 (13.6%) 

Other antihypertensives (%) 19 (6.7%) 35 (12.3%) 

Statin (%) 97 (34.4%) 92 (32.1%) 

Antiplatelet (%) 58 (20.6%) 53 (18.5%) 

Total prescribed medications, median (IQR) 4 (3 to 7) 4 (3 to 7) 
aScore ranges between 0 and 30 with lower scores representing greater impairment. A score 522 
of 26 and over is considered to be normal. 523 
bThe EQ-5D-5L assesses five aspects of health: mobility, self-care, activities, discomfort, and 524 
anxiety / depression. EQ-5D-5L index scores were generated using crosswalk approach 525 

which translates the scores for the five EQ-5D-5L items into a single index value. The index 526 
value ranges from -0.594 (worse than death) to 1 (full health). 527 
cModified Rankin scale ranges from 0 (no symptoms) to 5 (severe disability). 528 
dThe Electronic Frailty Index has 36 items and is estimated from electronic health records. 529 

The index ranges from 0 (fit) to 1 (frail).    530 
eOrthostatic hypotension defined as a decrease in systolic blood pressure of at least 20 mm 531 
Hg within 3 minutes of standing 532 
fCardiac disease defined as the presence of myocardial infarction, coronary heart disease, 533 
angina or heart failure.  534 
gThe sum of percentages for all antihypertensive medication classes may exceed 100%, since 535 
participants had to be taking more than one antihypertensive medication to be eligible for the 536 
trial.  537 

SD=standard deviation.  538 
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Table 2. Total proportion of medications prescribed and selected for medication reduction by randomised group 539 

Drug class 

Medications prescribed Medications selected for withdrawal 

Total 

(%) 

Intervention 

(%) 

Control 

(%) 

Total 

(%) 

Proportion 

of total 

prescribed 

Intervention 

(Withdrawal 

attempted) 

(%) 

Control 

(Withdrawal 

not attempted) 

(%) 

Calcium channel blocker 
390 

(68.5%) 

199 

(70.6%) 

191 

(66.6%) 

131 

(23.1%) 
33.6% 

64 

(22.8%) 

67 

(23.4%) 

ACE inhibitor 
267 

(47.0%) 

139 

(49.3%) 

128 

(44.8%) 

68 

(12.0%) 
25.5% 

34 

(12.1%) 

34 

(11.9%) 

Angiotensin II receptor blocker 
214 

(37.7%) 

99 

(35.2%) 

115 

(40.1%) 

55 

(9.7%) 
25.7% 

27 

(9.6%) 

28 

(9.8%) 

Thiazide or thiazide-like diuretic 
220 

(38.8%) 

109 

(38.8%) 

111 

(38.8%) 

168 

(29.6%) 
76.4% 

88 

(31.3%) 

80 

(27.8%) 

Beta-blocker 
228 

(40.1%) 

112 

(39.7%) 

116 

(40.6%) 

77 

(13.6%) 
33.8% 

36 

(12.8%) 

41 

(14.3%) 

Alpha-blocker 
80 

(14.1%) 

41 

(14.5%) 

39 

(13.6%) 

43 

(7.6%) 
53.8% 

22 

(7.8%) 

21 

(7.3%) 

Other antihypertensive 
54 

(9.5%) 

19 

(6.7%) 

35 

(12.2%) 

25 

(4.4%) 
46.3% 

10 

(3.6%) 

15 

(5.2%) 

ACE=angiotensin converting enzyme  540 
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Table 3. Antihypertensive medications chosen for withdrawal at baseline by drug class and medication dose 541 

Drug 

Low dose medication withdrawal 

subgroup (<DDD) 

Higher dose medication withdrawal 

subgroup (≥DDD) 

Total 

(%) 

Intervention 

(Withdrawal 

attempted) 

(%) 

Control 

(Withdrawal 

not attempted) 

(%) 

Total 

(%) 

Intervention 

(Withdrawal 

attempted) 

(%) 

Control 

(Withdrawal 

not attempted) 

(%) 

Calcium channel blockers 
13 

(9.9%) 

9 

(6.9%) 

4 

(3.1%) 

118 

(90.1%) 

55 

(42.0%) 

63 

(48.1%) 

ACE inhibitors 
18 

(26.5%) 

11 

(16.2%) 

7 

(10.3%) 

50 

(73.5%) 

23 

(33.8%) 

27 

(39.7%) 

Angiotensin II receptor blockers 
18 

(32.7%) 

6 

(10.9%) 

12 

(21.8%) 

37 

(67.3%) 

21 

(38.2%) 

16 

(29.1%) 

Thiazide and thiazide-like 

diuretics 

15 

(9.1%) 

11 

(6.7%) 

4 

(2.4%) 

149 

(90.9%) 

74 

(45.1%) 

75 

(45.7%) 

Beta-blockers 
66 

(86.8%) 

29 

(38.2%) 

37 

(48.7%) 

10 

(13.2%) 

6 

(7.9%) 

4 

(5.3%) 

Alpha-blockers 
19 

(44.2%) 

10 

(23.3%) 

9 

(20.9%) 

24 

(55.8%) 

12 

(27.9%) 

12 

(27.9%) 

Other antihypertensives 
22 

(73.3%) 

7 

(23.3%) 

15 

(50.0%) 

8 

(26.7%) 

4 

(13.3%) 

4 

(13.3%) 

ACE=angiotensin converting enzyme; DDD=defined daily dose 542 

  543 
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Figure 1. Medication reduction algorithm given to general practitioners participating in the 545 

OPTiMISE trial 546 

NICE=National Institute for Health and Care Excellence.  547 

Contraindicated medications described in the STOPP START critera.40 Figure adapted from 548 
previous publications about this trial.23,25 549 

 550 

Figure 2. Relative risk of blood pressure control and adverse events in patients reducing 551 
antihypertensive medication compared to usual care, by drug class chosen for withdrawal* 552 

*Since the treating physician’s choice of medication to withdraw was made prior to consent 553 
and randomisation, data were available for all randomised participants, even though only half 554 

went on to have the medication withdrawn in the trial. 555 

RR=relative risk; CI=confidence interval 556 

                                                           557 

Generalised linear mixed model with binomial error and log link, with factors predictive of 558 
physician choice of drug to withdraw (see table 2) and baseline systolic blood pressure, 559 
gender, cognitive function (MoCA Score), EQ-5D-5L Index and Searle Frailty Index as fixed 560 

effects. 561 

 562 

Figure 3. Mean change in blood pressure in patients reducing antihypertensive medication 563 
compared to usual care, by drug class chosen for withdrawal* 564 

*Since the treating physician’s choice of medication to withdraw was made prior to consent 565 
and randomisation, data were available for all randomised participants, even though only half 566 
went on to have the medication withdrawn in the trial. 567 

BP=blood pressure; CI=confidence interval 568 

Generalised linear mixed model with binomial error and log link, with factors predictive of 569 

physician choice of drug to withdraw (see table 2) and baseline systolic blood pressure, 570 
gender, cognitive function (MoCA Score), EQ-5D-5L Index and Searle Frailty Index as fixed 571 
effects and primary care site as a random effect. 572 

 573 

Figure 4. Relative risk of blood pressure control, adverse events and mean change in blood 574 

pressure in patients reducing antihypertensive medication compared to usual care, by dose of 575 
medication chosen for withdrawal* 576 

*Since the treating physician’s choice of medication to withdraw was made prior to consent 577 
and randomisation, data were available for all randomised participants, even though only half 578 
went on to have the medication withdrawn in the trial. 579 
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BP=blood pressure; CI=confidence interval 580 

Generalised linear mixed model with binomial error and log link, with factors predictive of 581 
physician choice of drug to withdraw (see table 2) and baseline systolic blood pressure, 582 
gender, cognitive function (MoCA Score), EQ-5D-5L Index and Searle Frailty Index as fixed 583 
effects and primary care site as a random effect. 584 


