Supplementary Information
Supplementary clinical evidence 
Ramipril monotherapy
Across placebo-controlled trials, once-daily ramipril monotherapy at doses between 1.25 and 10 mg produced dose-dependent reductions in blood pressure (BP) of approximately 5–15% [1]. These effects were sustained over 24 hours without altering the normal diurnal variation of BP and were maintained in long-term studies extending up to 2 years [1]. Ramipril’s BP-lowering effect has been shown to be comparable to that of other angiotensin-converting enzyme inhibitors (ACEis), such as enalapril and lisinopril, when administered in once-daily regimens [2].
In the AIRE study, adding ramipril after myocardial infarction (MI) complicated by heart failure lowered all-cause mortality from 22.6% to 16.9% at 15 months [3]. This benefit persisted at 3 years [4]. The HOPE study showed that ramipril reduced the composite primary cardiovascular endpoint by 22% in high-risk patients, including a 20% reduction in MI, 32% in stroke and 26% in cardiovascular death [5]. In a subgroup analysis of patients with type 2 diabetes (MICRO-HOPE), ramipril reduced cumulative primary cardiovascular endpoint by 25%, with a 22% reduction in MI and a 33% reduction in stroke [6]. The benefit was observed in patients both with and without microalbuminuria at baseline. The incidence of microvascular complications was also significantly reduced, including a 24% reduction in nephropathy and a 22% reduction in retinopathy requiring laser therapy. Reduction in nephropathy was observed regardless of baseline microalbuminuria [6]. Renal protection with ramipril monotherapy was also reported by the GISEN study, in which the rate of glomerular filtration rate (GFR) decline was slowed in patients with proteinuric nephropathy during ramipril treatment by 2.2 mL/min/year versus placebo [7].
Amlodipine monotherapy
Amlodipine is a long-acting dihydropyridine calcium-channel blocker (CCB) that effectively lowers BP. In a general practice setting, amlodipine monotherapy significantly reduced BP (mean reduction 23.7/17.3 mmHg) in patients with mild-to-moderate hypertension, with a favourable tolerability profile [8]. In the ALLHAT study, patients aged ≥55 years with hypertension and ≥1 additional cardiovascular risk factor were randomised to chlorthalidone, amlodipine or lisinopril [9]. BP control improved markedly in the amlodipine group, with mean BP decreasing from 146.2/83.9 mmHg at baseline to 134.7/74.6 mmHg at 5 years, and the proportion of patients with controlled BP increasing from 27.6% to 66.3% [9].
The CAMELOT study enrolled 1,991 patients with coronary artery disease and normal baseline BP (mean 129/78 mmHg) [10]. Amlodipine 10 mg/day reduced BP to 124/75 mmHg and significantly lowered the incidence of cardiovascular events compared with placebo (16.6% vs 23.1%). The incidence of cardiovascular events in the enalapril group was 20.2% [10].
In the VALUE study of 15,245 patients with hypertension and high cardiovascular risk, amlodipine and valsartan produced similar long-term renal outcomes, with end-stage kidney disease developing in 50 versus 47 patients in the amlodipine versus valsartan groups (0.66% vs 0.61%; HR 1.02; 95% CI 0.68–1.52; p=0.94) [11]. Achieving a systolic BP (SBP) <135 mmHg (mean 128.8/77.3 mmHg) was associated with a markedly lower risk of end-stage kidney disease compared with an SBP ≥135 mmHg (0.2% vs 0.8%; HR 0.28; 95% CI 0.14–0.58; p<0.001) [11].
Amlodipine has also been associated with lower visit-to-visit BP variability compared with other antihypertensive drug classes. In a meta-analysis of five randomised controlled trials (RCTs) including 47,558 patients, the pooled treatment difference in SBP variability versus all active comparators (atenolol, lisinopril and enalapril) was slightly better with amlodipine [12].
Hydrochlorothiazide monotherapy
Thiazide diuretics, such as hydrochlorothiazide, are a cornerstone of antihypertensive therapy. Evidence from a Cochrane systematic review of 40 RCTs involving over 7,560 patients confirmed that hydrochlorothiazide monotherapy effectively lowers BP in a dose-dependent manner [13]. Across all doses tested (3–100 mg/day), the average placebo-corrected reduction in SBP/diastolic BP (DBP) was 6.9/3.3 mmHg. At the most commonly used dose (25 mg/day), SBP and DBP were reduced by approximately 8.0 and 3.3 mmHg, respectively. The antihypertensive response increased with dose, although higher doses were associated with greater metabolic disturbances, including reduced potassium levels and increased uric acid, glucose and lipid levels. Among thiazide-type diuretics (e.g. chlorthalidone and indapamide), hydrochlorothiazide had the most favourable biochemical profile in this analysis [13].
The comparative cardiovascular effectiveness of hydrochlorothiazide versus chlorthalidone was assessed in a large pragmatic RCT enrolling 13,523 older adults with hypertension within the US Veterans Affairs healthcare system [14]. Patients receiving hydrochlorothiazide 25–50 mg/day were randomised to continue their regimen or switch to chlorthalidone 12.5–25 mg/day. After a median follow-up of 2.4 years, the primary composite outcome (nonfatal MI, stroke, hospitalisation for heart failure, urgent coronary revascularisation or non-cancer-related death) occurred in 10.4% of patients in the chlorthalidone group versus 10.0% in the hydrochlorothiazide group. No significant differences were seen in any individual components of the primary outcome. However, hypokalaemia occurred more frequently with chlorthalidone [14]. Therefore, at clinically used doses, hydrochlorothiazide and chlorthalidone offer similar cardiovascular protection, with hydrochlorothiazide demonstrating a more favourable safety profile regarding electrolyte balance.
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Supplementary Table S1
 Clinical evidence supporting ramipril, amlodipine and hydrochlorothiazide alone and in combination to treat hypertension.
	Study name/author year
Study design
	Population
	Intervention
	Key findings

	Ramipril

	AIRE [3]
R, DB, PC trial
	Adults (≥18 years) with AMI and HF
	Ramipril 5 mg BID (n=1,014) vs placebo (n=992)
	Mean follow up: 15 months
All-cause mortality: 17% (ramipril) vs 23% (placebo); RRR 27%, 95% CI 11–40; p=0.002
Composite outcome (death, severe HF, MI or stroke): RRR 19%; 95% CI 5–31; p=0.008

	HOPE [5]
R, DB, PC trial
	Adults (≥55 years) with high-risk CV disease or diabetes
	Ramipril 10 mg QD (n=4,645) vs placebo (n=4,652)
	Mean follow-up: 5 years
Primary outcome (CV death, MI or stroke): 14.0% (ramipril) vs 17.8% (placebo); RR 0.78, 95% CI 0.70–0.86; p<0.001
CV death: 6.1% vs 8.1%, RR 0.74; p<0.001
MI: 9.9% vs 12.3%; RR 0.80; p<0.001
Stroke: 3.4% vs 4.9%, RR 0.68; p<0.001
Death from any cause: 10.4% vs 12.2%, RR 0.84; p=0.005

	MICRO-HOPE [6]
R, DB, PC trial
	Adults (≥55 years) with high-risk CV disease or diabetes
	Ramipril 10 mg/day (n=1,808) vs placebo (n=1,769)
	Mean follow-up: 4.5 years
Primary composite outcome (MI, stroke or CV death): 15.3% (ramipril) vs 19.8% (placebo); RRR 25%, 95% CI 12–36; p=0.0004
Component outcomes:
MI: 10.2% vs 12.9%, RRR 22%, 95% CI 6–36; p=0.01
Stroke: 4.2% vs 6.1%, RRR 33%, 95% CI 10–50; p=0.0074
CV death: 6.2% vs 9.7%, RRR 37%, 95% CI 21–51; p=0.0001

	GISEN [7]
R, DB, PC trial
	Adults (18–70 years) with chronic non-diabetic proteinuric nephropathies
	Ramipril (n=78) vs placebo (n=88)
	Mean follow-up: 16 months
Decline in GFR: −0.53 mL/min/month (ramipril) vs −0.88 mL/min/month (placebo); p=0.03
Progression to ESRD or doubling of creatinine: 18 events (ramipril) vs 40 events (placebo); RR 1.91, 95% CI 1.10–3.33; p=0.04

	Amlodipine

	Varrone 1991 [8]
OL, GP study
	Mild–moderate HTN
	Amlodipine 5–10 mg/day
	Duration: 8 weeks (dose adjustment phase)
BP reduction: −23.7/−17.3 mmHg; p<0.05
Well tolerated: 92% rated as excellent/good by investigators

	ALLHAT [9]
R, DB trial
	Adults (≥55 years) with high-risk HTN
	Chlorthalidone 12.5–25 mg/day (n=15,255) vs amlodipine 2.5–10 mg/day (n=9,048) vs lisinopril 10–40 mg/day (n=9,054)
	Mean follow-up: 4.9 years
Primary outcome (fatal CHD or nonfatal MI):
Chlorthalidone: 6-year rate 11.5%
Amlodipine: 11.3%; RR 0.98, 95% CI 0.90–1.07; p=0.65
Lisinopril: 11.4%; RR 0.99, 95% CI 0.91–1.08; p=0.81

	CAMELOT [10]
R, DB, PC trial
	Adults (30–79 years) with angiographically documented CAD and normal BP
	Amlodipine 10 mg (n=663) vs enalapril 20 mg (n=673) vs placebo (n=655)
	Treatment duration: 24 months
Primary outcome: incidence of adverse CV events:
16.6% (amlodipine) vs 23.1% (placebo); HR 0.69, 95% CI 0.54–0.88; p=0.003
20.2% (enalapril) vs 23.1% (placebo); HR 0.85, 95% CI 0.67–1.07; p=0.16
Amlodipine vs enalapril: HR 0.81, 95% CI 0.63–1.04; p=0.10

	VALUE renal substudy [11]
R, DB trial analysis
	Adults (≥50 years) with HTN and high CV risk
	Amlodipine 5–10 mg/day (n=7,596) vs valsartan 80–160 mg/day (n=7,649)
	ESRD incidence: 0.61% (valsartan) vs 0.66% (amlodipine); HR 1.02, 95% CI 0.68–1.52; p=0.94
Worsened kidney function: 3.5% (valsartan) vs 2.5% (amlodipine); HR 1.48, 95% CI 1.23–1.78; p<0.001

	Wang 2014 [12]
MA of RCTs
	Adults with HTN enrolled in RCTs assessing BPV
	Amlodipine (n=18,499) vs atenolol (n=9,399)
Amlodipine (n=7,194) vs lisinopril (n=7,037) and chlorthalidone (n=12,210)
Amlodipine (n=561) vs enalapril (n=548) and placebo (n=568)
Amlodipine (n=117) vs enalapril (n=122)
Amlodipine (n=174) vs losartan (n=175)
	Amlodipine vs enalapril or lisinopril:
SD: −1.55 mmHg (SE 0.10); p<0.0001
CoV: −1.08 (SE 0.08); p<0.0001
Amlodipine vs all active comparators:
SD: −1.23 mmHg (SE 0.46); p=0.008
CoV: −0.86 (SE 0.31); p=0.005

	Hydrochlorothiazide

	Musini 2014 [13]
MA of PC trials
	Adults with primary HTN
	HCTZ (n=7,560; 40 trials) vs chlorthalidone (n=1,265; 8 trials) vs indapamide (n=2,075; 10 trials) vs bendroflumethiazide (n=257; 1 trial) vs cyclopenthiazide (n=53; 1 trial) vs metolazone (n=105; 1 trial)
	SBP reduction with HCTZ vs placebo:
−3.6 mmHg; 95% CI −5.6, −1.5 (HCTZ 3–6.25 mg)
−6.3 mmHg; 95% CI −7.2, −5.3 (HCTZ 12.5 mg)
−8.0 mmHg; 95% CI −9.0, −7.0 (HCTZ 25 mg)
−10.2 mmHg; 95% CI −13.1, −7.3 (HCTZ 50–100 mg)
DBP reduction with HCTZ vs placebo:
−2.4 mmHg; 95% CI −3.7, −1.2 (HCTZ 3–6.25 mg)
−3.1 mmHg; 95% CI −3.7, −2.5 (HCTZ 12.5 mg)
−3.3 mmHg; 95% CI −3.8, −2.8 (HCTZ 25 mg)
−4.7 mmHg; 95% CI −6.1, −3.3 (HCTZ 50–100 mg)

	Ishani 2022 [14]
R, OL trial
	Adults (≥65 years) with HTN
	Chlorthalidone 12.5–25.0 mg/day (n=6,756) vs HCTZ 25.0–50.0 mg/day (n=6,767)
	Median follow-up: 2.4 years
Primary outcome (composite of CV events): 10.4% (chlorthalidone) vs 10.0% (HCTZ); HR 1.04, 95% CI 0.94–1.16; p=0.45
Death from any cause: 6.6% vs 6.6%
Hypokalaemia: 6.0% vs 4.4%; p<0.001
Potassium <3.1 mmol/L: 5.0% vs 3.6%; p<0.001
Hospitalisation for hypokalaemia: 1.5% vs 1.1%; p≈0.05
Hospitalisation for any cause: 27.0% vs 27.0%; p=0.98

	Ramipril-amlodipine

	ATAR [15]
R, DB trial
	Adults (40–79 years) with mild-to-moderate essential HTN
	Ramipril-amlodipine SPC 2.5/2.5–10.0/10.0 mg (n=131) vs amlodipine monotherapy 2.5–10.0 mg (n=134)
	Duration: 18 weeks
Ambulatory SBP reduction: −20.21 mmHg (amlodipine-ramipril) vs −15.31 mmHg (amlodipine); p=0.002
Ambulatory DBP reduction: −11.61 mmHg (amlodipine-ramipril) vs −8.42 mmHg (amlodipine); p=0.002
Peripheral oedema: 7.6% (amlodipine-ramipril) vs 18.7% (amlodipine); p=0.011

	RAMONA [16]
OL study
	Adults (≥18 years) with HTN and T2D
	Ramipril-amlodipine SPC 5/5–10/10 mg/day (n=1,276)
	Duration: 4 months
Mean BP reduction: from 157.5/91.3 mmHg to 130.9/79.6 mmHg (p<0.001)
Target BP (<140/85 mmHg) achieved in 69.8%
Fasting glucose and lipid profile improved significantly (p<0.001)

	Fogari 1999 [17]
DB, R, C trial
	Adults with mild-to-moderate HTN and persistent cough on benazepril
	Nifedipine GITS 30 mg QD (n=33) vs amlodipine 5 mg QD (n=33) vs indomethacin 50 mg BID (n=33) vs placebo (n=33)
	Cough elimination: 27% (indomethacin) vs 6% (amlodipine) vs 3% (nifedipine GITS) vs 0% (placebo); p<0.05 for indomethacin vs placebo
Cough reduction (≥10% decrease in score): 69% (indomethacin) vs 61% (amlodipine) vs 51% (nifedipine GITS) vs 0% (placebo); p<0.01 for indomethacin, p<0.05 for amlodipine and nifedipine vs placebo

	Ramipril-amlodipine-hydrochlorothiazide

	Law 2003 [18]
MA of RCTs
	Adults with HTN
	Thiazides (n=4,502), β-blockers (n=5,189), ACEis (n=9,350), ARBs (n=12,840), CCBs (n=7,998)
	All five drug classes produced similar BP reductions at standard doses (SBP −9.1 mmHg, DBP −5.5 mmHg)
Drug combinations had additive effects:
2 drugs at half-standard doses: −13.3/−7.3 mmHg
3 drugs at half-standard doses: −19.9/−10.7 mmHg
Estimated risk reductions at age 60–69 years based on BP reduction:
1 drug at half dose: stroke −29%, IHD −19%
2 drugs: stroke −49%, IHD −34%
3 drugs: stroke −63%, IHD −46%

	Fogari 2012 [19]
R, DB trial
	Adults with HTN, T2D and LVH
	Valsartan 160–320 mg (n=102)-amlodipine-HCTZ vs ramipril 5–10 mg-amlodipine-HCTZ (n=103)
	Duration: 1 year
Valsartan: SBP −13.5 mmHg, DBP −10.9 mmHg
Ramipril: SBP −13.4 mmHg, DBP −10.4 mmHg

	Wei 2020 [20]
MA of RCTs
	Adults with HTN
	ACEi, dihydropyridine CCB, thiazide diuretic, ARB, β-blocker (n=248,887)
	Overall 34% CV event reduction:
ACEi: RR 0.71, 95% CI 0.60–0.83
Dihydropyridine CCB: RR 0.73, 95% CI 0.64–0.84
Thiazide diuretics: RR 0.73, 95% CI 0.62–0.85
ARB: RR 0.79, 95% CI 0.67–0.94
β-blockers: RR 0.83, 95% CI, 0.70–0.98

	Brisighella Heart Study [21]
OL, retrospective study
	Adults with HTN
	Perindopril-amlodipine-indapamide (n=43), other ACEis-CCB-thiazide (n=45), other triple combinations (control) (n=51)
	Duration: 8 years
BP control rate: 65% (other ACEis) vs 58% (control); p<0.05


ACEi, angiotensin-converting enzyme inhibitor; AMI, acute myocardial infarction; ARB, angiotensin II receptor blocker; BID, twice-daily; BP, blood pressure; BPV, blood pressure variability; C, crossover; CAD, coronary artery disease; CCB, calcium channel blocker; CHD, coronary heart disease; CI, confidence interval; CoV, coefficient of variation; CV, cardiovascular; DB, double-blind; DBP, diastolic blood pressure; ESRD, end-stage renal disease; GFR, glomerular filtration rate; GITS, gastrointestinal therapeutic system; GP, general practice; HCTZ, hydrochlorothiazide; HF, heart failure; HR, hazard ratio; HTN, hypertension; IHD, ischaemic heart disease; LVH, left ventricular hypertrophy; MA, meta-analysis; MI, myocardial infarction; OL, open-label; PC, placebo-controlled; R, randomised; QD, once-daily; RCT, randomised-controlled trials; RR, risk ratio; RRR, relative risk ratio; SBP, systolic blood pressure; SD, standard deviation; SE, standard error; SPC, single-pill combination; T2D, type 2 diabetes.

