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Long-term sodium reduction may also 
reduce long term risk of CV events.

BMJ 2007;334:885-892



Salty tablets increase hypertension seven-fold



Timeline of BP Treatment Studies

Front. Cardiovasc. Med. 2016;3:3. 
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Add or Titrate?

Adding a drug

5 x more effective 

than titrating
Am J Med 2009;122:290-300



Starting with two drugs 
always better than 
starting with one

Lancet 2011;377:312-20 



Combination v Mono-therapy

Lancet 2011;377:312-20 



Start with Combination Rx?

Better Control



Combination therapy:

Fewer side effects 
than mono-therapy

Lancet 2011;377:312-20 





BHF Research Programme 

Pathway 1

Combination v Monotherapy for Initial 
Treatment of Hypertension 

Pathway 2

Resistant Hypertension: placebo-
controlled crossover

Pathway 3

Thiazide vs K+-sparing diuretic v Combo



Methods

One Drug

Two Drugs

Two 
Drugs

Follow Up 
+/- Add-on



Results: Home SBP

 

Unadjusted mean home SBP (95% CI) at each visit 
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Results: Baseline Renin
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Predictors of HSBP Response
 

 

Randomised initial treatment 

 Combination HCTZ Losartan 

 
Difference (95% 

CI) 
p-value 

Difference (95% 
CI) 

p-value 
Difference (95% 

CI) 
p-value 

 Top vs Bottom renin tertile(1) -1·41 (-3·52,0·71) 0·193 4·31 (-2·26,6·35) <·001 -3·71 (-5·70,-1·71) <·001 

 
Aged over 55 vs 55 and 
under(1) 

1·45 (-0·29, 3·19) 0·103 -2·94 (-4·73,-1·15) 0·001 -1·89 (-3·62,-0·16) 0·032 

 Renin (per 10 fold increase) -1·80 (-4·75,1·16) 0·235 4·96 (2·12,7·80) <·001 -3·70 (-6·43,-0·97) 0·008 

 Age (per 10 years) 0·13 (-0·85,1·12) 0·787 -0·97 (-1·98,0·04) 0·062 -0·20 (-1·18,0·77) 0·682 

 Baseline HSBP 0·29 (0·22,0·36) <·001 0·48 (0·42,0·54) <·001 0·55 (0·48,0·61) <·001 

 Never vs previously treated 1·83 (-0·41,4·08) 0·111 -3·01 (-5·26,-0·77) 0·009 -2·85 (-4·96,-0·73) 0·009 

 

Everything Predictive



Delays of > 2.7 months 
before BP intensification 

associated with increased risk 
of a acute cardiovascular 

event or death

BMJ 2015;350:h158



BP v CHD Events
VALUE Trial
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Context

• In VALUE a between treatment 
difference in clinic SBP of -3.8mmHg 
over 3 months resulted in increased 
stroke and mortality.

• In PATHWAY, combination versus 
sequential monotherapy clinic SBP was; 
•-10.1mmHg over first 4 months
•-6.8mmHg over first 8 months



Summary

•Initial combination much more 
effective than optimized initial 
monotherapy

•No downside in adverse events

• ‘Never-Catch-Up’ not supported

•Need to change practice & 
guidelines to start with combination 
if SBP≥150mmHg



Four ¼ dose v standard dose

Hypertension 2007;49:272-275



Lancet 2009; 373: 1341–51

PolyCap half-dose Rx 
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Lancet 2017;389:1035–42

Placebo corrected 24h mean ABPM BP reduction 

18.7/14.2 mmHg 

Placebo corrected Daytime mean ABPM BP reduction 

22.3/15.3 mmHg 



Quarter Dose Studies
meta analysis-placebo controlled studies

Lancet 2017;389:1035–42



Recipe for 80+

Multiple Low-Dose Rx



Resistant Hypertension



Resistant Hypertension

• Non-concordance
• ‘White Coat’ Effect
• Pseudo-Hypertension
• Lifestyle Factors
• Drug Interactions
• Secondary Hypertension
• True Resistance



“Drugs don’t work in 
patients who do not 

take them”

C. Everett Koop, M.D.





Vitamin D did not reduce 
ambulatory blood pressure in 

resistant hypertension



RCT High v Low Salt
Resistant hypertension

BP fell 22.7/9.1 mm Hg
250 to 50mmol/day

Hypertension 2009;54:475-481



Lancet 2015

Lancet Editorial 2015



PATHWAY-2 Study Design

Spironolactone
25 – 50mg o.d.

Doxazosin MR
4 – 8mg o.d.

Bisoprolol
5 – 10mg o.d.

Placebo

Screening for
Resistant Hypertension
• Rx A + C + D
• DOT* to exclude non-

compliance
• Home BP to exclude 

white coat hypertension
• Secondary hypertension 

excluded

4 week
Single blind placebo run in

Treated with A+C+D

Randomisation

*DOT = Directly Observed Therapy

Double blind, Randomised, Placebo-Controlled, Cross-over Study

• 12 weeks per treatment cycle
• Forced titration; lower to higher dose at 6 weeks
• No washout period between cycles

Home Systolic BP 
measured at

6 and 12 weeks

Plasma 
Renin

Williams B, et al. BMJ Open, 2015

Amiloride
Open-Label

Run-out
10 -20mg o.d.



Lancet 2015;386:2059–68



Δhome SBP by Renin Mass 



60% of hypertensive patients 
have inappropriate secretion of 

aldosterone

J Clin Endocrinol Metab 2015, 
100:2853–2855



Distribution of Serum Potassium at End 
of each Treatment Cycle

Change in serum potassium 
on spironolactone

K+ Increased from 4.1  to 4.5 
mmol/L (rise of ~10%)

Patients with eGFR <45mls/min excluded



Distribution of eGFR at end of each 
treatment Cycle

• Patients with eGFR
<45mls/min excluded

• ~10% reduction in 
GFR – BP related



eGFR Changes with treatment



MR antagonists could provide 
cardiovascular benefit in patients 

with chronic kidney disease

Lancet Diabetes Endocrinol
Published Online September 29, 2015



Run-out: PATHWAY 2



Run-out: PATHWAY 2



Implications of Findings

• Spironolactone is the most effective 
treatment for resistant hypertension

• These results should influence 
treatment guidelines globally

•Patients should not be defined as 
resistant hypertension unless their BP 
remains uncontrolled on spironolactone



Cameo of the 
spironolactone 

responder
Obese resistant hypertensive taking 

ACEI/ARB/Renin inhibitor/beta 
blocker, who has a high salt intake, 
has diabetes and takes a diuretic 
but despite this has a low renin





Spironolactone
• Complex metabolism – active metabolites

– Canrenone

– 7-alpha-thiomethylspirolactone

– 6-beta-hydroxy-7-alpha-
thiomethylspirolactone

• Licence for hypertension withdrawn in 
UK in 1988 after concerns of 
malignancy in animal models
– Myelomonoblastic leukaemia (with potassium canrenoate)

• Licensed in many European countries



Spironolactone safety in practice
• Interactions?

• Hyperkalaemia / renal toxicity?



ADRs in PATHWAY 2



Safe with adequate monitoring

BMJ 2010;340:c1768



Spironolactone
• Consider switch to loop diuretic 

(or add a loop)

• Start low (or v low)
• 6.25mg /day (12.5mg every second day)

• 5mg/5ml Liquid available
• Tolerate 25% rise in K+ & Creat

 Improves with time



Spironolactone & cancer

• Breast cancer – case reports

• Pharyngeal cancer – small 
numbers

• Thyroid follicular adenomas

• Leydig cell testicular tumours 
in rats at high doses







Hazard ratios in 4 types of cancer for low and high dose 
spironolactone exposure versus matched controls

Hazard ratio (95% CI)

   Hi gh dose      1. 36 ( 0. 80, 2. 32)

   Low dose       1. 59 ( 1. 08, 2. 34)

   Di scont i nued   1. 17 ( 0. 69, 1. 98)

Renal

   Hi gh dose      0. 72 ( 0. 58, 0. 89)

   Low dose       0. 79 ( 0. 69, 0. 90)

   Di scont i nued   0. 90 ( 0. 76, 1. 06)

Pr ost at e

   Hi gh dose      0. 83 ( 0. 57, 1. 19)

   Low dose       0. 78 ( 0. 59, 1. 03)

   Di scont i nued   0. 91 ( 0. 65, 1. 28)

Pancr eat i c

   Hi gh dose      0. 92 ( 0. 78, 1. 09)

   Low dose       0. 80 ( 0. 70, 0. 92)

   Di scont i nued   0. 92 ( 0. 78, 1. 07)

Col or ect al

Hazard ratio

0.250 0.500 1.000 2.000 4.000

Br J Clin Pharmacol (2017) 83 653–663



Conclusions
• Spironolactone not associated with 
increased cancer incidence

• Spironolactone was associated with 
reduced prostate cancer

• Dose-dependent reduced PSA and 
biological plausibility suggests a 
causal association with reduced 
prostate cancer

Br J Clin Pharmacol (2017) 83 653–663



Spironolactone more potent 
than eplerenone

Journal of Hypertension 2011;29:980–990



Lancet Diabetes Endocrinol. 2016;4:136-47



Hypotheses

• Amiloride will have the opposite effect to 
hydrochlorothiazide (HCTZ) on K+ and glucose, but 
same effect on blood pressure.

• Combination of diuretics with different sites of action 
in the nephron will be synergistic for Na+ loss and 
hence BP reduction

• Consequently, the combination of half-maximal doses 
of amiloride and HCTZ will:

– Neutralise the undesired effects of HCTZ, on glucose and K+

– Potentiate the desired effect of HCTZ, on blood pressure



Study Methods and Design
Screening 

Uncontrolled hypertension (SBP > 140 mmHg) 
Eligible for diuretic treatment

At least 1 additional component of metabolic syndrome 



Randomisation

Screening 
Uncontrolled hypertension (SBP > 140 mmHg) 

Eligible for diuretic treatment
At least 1 additional component of metabolic syndrome 

HCTZ
25mg to 50mg

Force-titration at 
12 weeks

Amiloride
10mg to 20mg

Force-titration at 
12 weeks

Amiloride + HCTZ
5mg to 10mg        12·5 to 25 mg

Force-titration at 12 weeks

Study Methods and Design



Randomisation

Screening 
Uncontrolled hypertension (SBP > 140 mmHg) 

Eligible for diuretic treatment
At least 1 additional component of metabolic syndrome 

Primary Outcome
Difference from baseline in two-hour glucose on an oral 
glucose tolerance test (OGTT), at 12 & 24 weeks

Principal Secondary Outcome
Difference from baseline  in home systolic BP, at 12 and 24 
weeks.

Study Methods and Design

HCTZ
25mg to 50mg

Force-titration at 
12 weeks

Amiloride
10mg to 20mg

Force-titration at 
12 weeks

Amiloride + HCTZ
5mg to 10mg        12·5 to 25 mg

Force-titration at 12 weeks



Adjusted means (95% CI) for change from baseline in 2 hr glucose during OGTT. Doses were doubled at 
12 weeks. **=p<0.01 vs HCTZ

Hierarchical primary endpoints
Difference in change from baseline in OGTT 2 hr glucose 

for [i] amiloride vs HCTZ, [ii] combination vs HCTZ
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Hierarchical primary endpoints
Difference in change from baseline in OGTT 2 hr glucose 

for [i] amiloride vs HCTZ, [ii] combination vs HCTZ

Adjusted means (95% CI) for change from baseline in 2 hr glucose during OGTT. Doses were doubled at 
12 weeks. **=p<0.01 vs HCTZ; *=p<0.05 vs HCTZ
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Hierarchical primary endpoints
Difference in change from baseline in OGTT 2 hr glucose 

for [i] amiloride vs HCTZ, [ii] combination vs HCTZ

Adjusted means (95% CI) for change from baseline in 2 hr glucose during OGTT. Doses were doubled at 
12 weeks. **=p<0.01 vs HCTZ; *=p<0.05 vs HCTZ
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Secondary endpoints
Blood Pressure reduction
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Secondary endpoints
Blood Pressure reduction
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Secondary Outcomes
Potassium and Uric Acid

Mean (95% CI) serum potassium, on a model adjusting 
for baseline covariaties

*** p<0.001 vs HCTZ
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Secondary Outcomes
Potassium and Uric Acid

Mean (95% CI) uric acid, from a model adjusting 
for baseline covariates

*** p<0.001 vs HCTZ
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Safety Data

Amiloride

(N=132)

Combination

(N=133)

HCTZ

(N=134)

n % n % n % p value

Withdrawals (due to AE’s) 17 11.7 16 10.7 10 6.8

Serious Adverse Events 2 1.4 7 4.8 4 2.7

Any adverse event 97 66.4 95 65.1 92 61.3

Selected adverse events

Dizziness 9 6.2 15 10.0 16 11.0

Muscle spasms 12 8.2 14 9.3 10 6.8

Hyperkalaemia 7 4.8 3 2.0 0 0 0.017

Diabetes 11 11.6 9 8.6 13 11.4



Safety data
Incidence/severity of hypo/hyperkalaemia



Implications of findings

• The combination of amiloride and HCTZ is a ‘win-win’ 
which at equipotent doses 
– amplifies the desirable effects of each drug on BP,
– neutralizes the undesirable changes in blood glucose 

and potassium

• Amiloride-HCTZ is the only diuretic with superiority in 
outcome trials (vs CCB1 and beta-blockade2)

• In summary, PATHWAY-2 and PATHWAY-3 show that   
K+-sparing diuretics are effective and safe, and can be 
preferred choices for the treatment of hypertension

• Comination better than monotherapy
1Brown et al. Lancet, 356:366- 372, 2000; 2MRC Working Party. BMJ 1992; 304: 405-12



9361 persons with SBP of 130mmHg 
or higher and increased CV risk, 

N Engl J Med 2015;373:2103-16



SPRINT Benefits after 1 year

N Engl J Med 2015;373:2103-16



Sprint Inclusion
• Age 50 +

– SBP: 130 – 180 mmHg on 0 or 1 medication

– SBP: 130 – 170 mmHg on up to 2 medications

– SBP: 130 – 160 mmHg on up to 3 medications

– SBP: 130 – 150 mmHg on up to 4 medications

• Framingham Risk > 15%

• GFR 20 to 59ml/min

• PVD

• Clinical or subclinical CV disease other than stroke

• Standing BP ≥ 110mmHg



Screening SBP = 130 mmHg

Intensive Rx Standard Rx

More Rx to 120mmHg Rx withdrawn to 140mmHg



Mean of 3 Office BPs



NICE 
Guidelines

Hypertension 
must be 
diagnosed 

using ABPM



Achieved BP 122 v 135 mmHg



Drugs Average 2.8 v 1.8 
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Which Drugs?
% of each

• ACE lisinopril 37 v 28

• ARB azilsartan 40 v 27

• Diuretics chlortalidone 55 v 33

• Aldo antag spironolactone 9 v  4

• Alpha B doxazosin 10 v 6

• Beta B metop/atenolol 41 v 31

• Calcium B diltiaz/amlodipine 57 v 35



Can we do this?
• chlortalidone 12.5-25mg

– Only available at 50mg

– £88 per month!

• azilsartan 40-80mg
– Not approved by SMC

– £16.80 to £19.95 per month!

• azilsartan / chlorthalidone combination
– Not licensed in EU

http://www.bnf.org/



Primary End Point: Time to…

•Composite
–MI

–ACS without MI

–Stroke

–CHF

–CV death



Study stopped early due to 
benefit of intensive Rx

3.3 years of the planned 5 years



Primary End Point: Time to…

•Composite 243 v 319 p<0.001

–MI 97 v 116 ns

–ACS 40 v  40 ns

–Stroke 62 v  70 ns

–CHF 62 v 100 p<0.002

–CV death 37 v  65  p<0.005



CV Deaths

•CHD 18 v 32

•Sudden CV 2 v 11

•Stroke 8 v 9

•CHF 8 v 9

•Other 1 v 4



Sprint Downsides

• Intensive Rx had more:
– Hypotension

– Syncope

– Electrolyte abnormalities

– AKI

• But less:
– Orthostatic hypotension



Sprint Summary

Patients at high CV risk but without 
diabetes a SBP of <120 mm Hg v 

<140 mm Hg resulted in lower rates 
of fatal and nonfatal major CV 

events and death from any cause



JAMA doi:10.1001/jama.2016.7050
Published online May 19, 2016.

• 34% reduction primary EP

• 33% reduction mortality

• No increase SAEs

• Hypotension 2.4% v 1.4%



SPRINT Generalizable to 
Older Patients

120mmHg target better than 140mmHg

(Achieved BP 123.4mmHg v 134.8mmHg)

JAMA doi:10.1001/jama.2016.7050
Published online May 19, 2016



Our results provide strong 
support for lowering SBP 
to less than 130 mmHg

Lancet 2016; 387: 957–67



Candesartan 16mg + HCTZ 
12.5mg v placebo did not reduce 

CV events over 5.6y
NEJM 2016:374;2009-20



HOPE 3 v SPRINT

• Δ BP 6mmHg v 14.8mmHg (at 1 year)

• Less potent v more potent drugs

• Lower CV risk v High CV risk

–Event rate <1%/y v 2.2%/y

• Not a high BP trial v a high BP trial!

–Baseline BP in HOPE 3 138/82 mmHg



NEJM 2016:374;2009-20

Highest BP Tertile: Significant Benefit



HOPE 3 Summary

Low risk normotensives 
who took less effective 

medication got no 
detectable benefit in 

HOPE 3



N Engl J Med 2010;362:1575-85.

14mmHg Lower BP: 
No benefit on MACE

Reduced stroke



SPRINT v ACCORD

• SPRINT no diabetes

• SPRINT 2x size of ACCORD

• SPRINT Older subjects

• SPRINT Renal disease allowed

• SPRINT Excluded stroke

• ACCORD CHF not a primary EP

• ACCORD: Factorial design
– Not inconsistent with SPRINT?



SPRINT v ACCORD-BP

•N = 9,361 v 4,733

• Primary EP: 562 v 445

•Age: 68y v 62y

•CKD: 28% v excluded

•SPRINT better powered



ACCORD
Primary End Point: Time to…

•Composite
–MI

–Stroke

–CV death
• Note: 81 events unexpected death 
presumed to be due to ischaemic CV 
disease” and “presumed CV death”



SPRINT v ACCORD

NEJM 2015:373;2175-8



BP Lower v Higher in Diabetes

End Point Intensive

BP

Conventional 
BP

HR 

EP

HR 
Mortality

UKPDS Composite 144/82 154/87 0.72
(0.62-0.92)

0.82
(0.63-1.08)

HOT APTC 140/81 144/85 0.48
(0.29-0.81)

0.56
(0.31-1.02)

ABCD Cr Cl 132/78 138/86 NS 0.51
P=0.037

ACCORD BP APTC 119/64 133/71 0.88
(0.73-1.06)

1.07
(0.85-1.35)



UKPDS BMJ 2000;321:412–9



ACCORD UKPDS

Age 62 53

Diabetes Duration 10y 0

CVD 1/3 0

BMI 32 28

Other Rx Statin, ACE, 
aspirin

Nil

HBA1c 8.3 7.1

LDL 2.7 3.5

Young & Fit
Older & 
comorbid



ACCORD-BP:
Not a Mysterious Result

BP

RISK

154

144

UKPDS

133
119

ACCORD

Note 
ACHIEVED BP 

133 v 119



Am J Med 2010;123:719-726

INVEST Elderly



Coronary Flow in Diastole



Perindopril/indapamide v placebo
4.3 years

135/75 v140/77mmHg

~9% reduction events

Lancet 2007;370:829–40



• Reduced BP (4/2mmHg) and ABPM
– Fewer BP drugs 

• BP 131.3/75.1 mmHg at study end

• Less MI, CV death, CHF, renal EPs

N Engl J Med 2015;373:2117-28



EMPA-REG Outcomes Rapid

N Engl J Med 2015;373:2117-28



SBP below 140 mm Hg, is 
associated with an increased 
risk of CV death, with no 

observed benefit.

BMJ 2016;352:i717



BP Guideline Targets 

NICE ESH/ 
ESC

ADA AHA JSB2 IDF JNC8

130-140 
/80

140 
/85

130 

/80

130 

/80

130

/80

130 

/80

140

/90



Spectrum

Young, few co-morbidities, 
no IHD

Old, many co-morbidities, 
high probability IHD

BP as low as you like Do not push too low



My View
• 120mmHg at least as good as 
133mmHg (ACCORD achieved BP)

• EMPA-REG achieved close to 
130mmHg with great outcome

• 140mmHg target makes no sense

• The over-riding conclusion is:

LOWER BP TO PREVENT CV 
DISEASE IN DIABETES

You know it makes sense



Treatment with any 
commonly-used regimen 
reduces the risk of total 

major cardiovascular 
events

Lancet 2003;362:1527–35



Calcium 
Antag

Diuretics

High Dose
ACEI

ARB

Beta 
Blockers

NICE: Similar Efficacy….?

Diuretics

Low Dose

No 
reduction 
in death 
or MI

Not 
Different

ACE: More 
CVA, More 
CCF, less 
diabetes

ACEI: More CVA, 
less CCF, less diabetes

Calcium Antag:
Less CVA, less 

diabetes

CCB: more CCF, 
less diabetes

ARB: less 
CVA, less 
diabetes, 

less 
mortality?

Diuretics: less 
CVA? less MI?

CCB: less MI, 
more CCF?


