


“In the past 100 years, 
only during the 1918 flu 

pandemic was 
cardiovascular disease 

not the number-one cause 
of death”. 

AHA Year End Statistics 2005







Staub et al. Annals Int Med  Feb. 2022



• The patient in the vignette was a 56-
year-old woman presenting for 
elevated blood pressure, which was 
noted at a job-site screening. She 
took naproxen sodium for joint pain 
(at a dose of 220 mg daily) and had 
gained 20 lb during the past 5 years, 
having now a body-mass index of 
29. On examination, the sitting blood 
pressure was 162/94 mm Hg in both 
arms. 



You would initiate treatment
with

• 1. ACE- Inhibitor, i.e. lisinopril 20 mg
• 2. CCB , i.e. amlodipine 5 mg
• 3. ARB , i.e. olmesartan 40 mg 
• 4. Thiazide, i.e. HCTZ 12.5 mg
• 5. Combination

?



Dr. Talor was one of the authors of ACC/AHA Guideline



As to the management, the author, Dr. 
Talor suggested
“A thiazide-type diuretic or ACE-inhibitor  

is a reasonable first agent to prescribe, 
with follow-up blood-pressure and 
electrolyte measurements in 3 to 4 weeks”.

Dr. Talor was one of the authors of ACC/AHA Guideline



Lisinopril – a no brainer
The most commenly prescribed 
antihypertensive worldwide





The ARB – MI Paradox



Logic dictates that practice guidelines 
should recognize the unique 
cardiovascular benefits of ACEIs and their 
preferential use compared with ARBs. 
Were such advice to be given, the 
predicted impact on lives saved would be 
profound. 

Strauss and Hall, Circulation 2021

?



Messerli et al. JACC 2018. April 3 : 1 4 7 4 – 8 2



ACEi vs. ARBs

• Antihypertensive Efficacy
• Tolerability
• Outcomes evidence



Are ACEi more potent 
antihypertensive agent than 

ARBs?



Blood Pressure Reduction 
(Placebo Subtracted)
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# of Studies 92 46 6
# of Patients 12954 13451 3694
# of Drugs 14 9 11

Messerli FH and Bangalore S. Circulation. 2009;119(3):371-3



Ambulatory BP

Messerli, FH……Bangalore et al. J Am Coll Cardiol. 2011 Feb 1;57(5):590-600

* Data from 19 trials and 1400 patients



Antihypertensive Efficacy
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ACEi vs. ARBs

• Antihypertensive Efficacy
• Tolerability
• Outcomes evidence



Bangalore et al.  Am J Med, 2010, 123:1016-1030



“In Asian patients prevalence of ACEI –
associated cough is more
than 2.5 times higher than in Caucasian
patients, and withdrawal rates exceed 30% 
(40,41). For this reason, many Asian 
physicians are no longer prescribing ACE 
inhibitors.”

41. Tseng DS, Kwong J, Rezvani F, Coates AO.
Angiotensin-converting enzyme-related cough
among Chinese-Americans. Am J Med 2010;123:
183.e11–5.
42. Su M, Zhang Q, Bai X, et al. Availability, cost,
and prescription patterns of antihypertensive
medications in primary health care in China: a
nationwide cross-sectional survey. Lancet 2017;
390:2559–68.

Messerli et al. JACC 2018. April 3 : 1 4 7 4 – 8 2



Westra S and de Jager C. N Engl J Med 2006;355:295, July 20

A 75-year-old man treated with captopril for more than 3 years
presented to the emergency department with diffuse swelling of his 

tongue that had begun a few hours earlier



Worldwide ACE-I use >30,000,000
Episodes of AE/year   60,000
Episodes of life-threatening 

AE/year 12,000
Episodes of fatal AE/year >1,000

Messerli FH, Nussberger J
Lancet 2000, 356: 608-609

# of patients
ACE-Inhibitor Related Angioedema --

How Uncommon?



• A 63-year old, 71 in., 163 lb. man 
was running onto the front lawn 
waving a white towel and pointing 
toward his throat.  He collapsed, 
was attended to by neighbors and 
transported to a hospital 
emergency room…  



• A tracheostomy was performed in 
the ED, but was of no avail and 
the patient was pronounced dead 
shortly thereafter.  Medical 
history revealed HTN treated with 
enalapril for at least eight months.



Asphyxia Due to ACE Inhibitor Mediated Angioedema

Dean DE, et al. J Forensic Science 2001;46:1239–43

Age Sex Race Diagnosis
ACE 
Inhibitor

Duration  of 
Exposure Angioedema

56 F AA HTN, DM, 
CHF

fosinopril 5 months Tongue

51 F AA HTN, DM, 
CHF

benazepril 21 months Tongue,  Lips

63 M AA HTN enalapril 8 month Tongue, 
Oropharynx, 
Hypopharynx, 
Larynx

54 M AA HTN  Nephr. 
Syn.

lisinopril 10 hours Tongue, 
Oropharynx

65 M AA HTN enalapril chronic Tongue, Larynx

71 F AA HTN lisinopril chronic Tongue, Larynx



Angioedema with ACE-Inhibitors

• n = 85
• Rx for Hypertension  n = 82
• Rx for Heart Failure  n = 3
• Median duration of ACE-I Rx : 12 months.
• Range: 1 day – 13 years.
• Median time between 1st attack and ACE-I Rx 

withdrawal: 12 months.
• Range: 1 day – 12 years.

Lorenza et al. CMJ, 2006, 175, 1065



Risk of Angioedema with Antihypertensive Therapy

Makani H, Messerli FH, et al. Am. J .Cardiol. 2012 May



ACEi vs. ARBs

• Antihypertensive Efficacy
• Tolerability
• Outcomes evidence



• 9 head-to-head trials- 11,007 participants
• Total mortality- No difference
• CV mortality- No difference
• CV events- No difference
• Withdrawal due to adverse effect- Favors ARB

Li et al. Cochrane Database of Systematic Reviews 2014, 



Bangalore, Messerli et al. Mayo Clinic Proceedings January 2016, 91, 51



Outcomes in head-to-head comparison
trials of ARBs vs ACEis.

Bangalore, Messerli et al. Mayo Clinic Proceedings January 2016, 91, 51–60



Conclusions
ACEi vs. ARBs

• Antihypertensive efficacy: Similar

• Tolerability: ARBs better

• Outcomes: Largely similar



ACEI trials versus ARB trials – the Generation GAP

Messerli FH, Bangalore S, Circulation in press 2017





Chen et al. Hypertension. 2021;78:591–603. 



• We included all patients with 
hypertension initiating monotherapy with 
an ACE inhibitor or ARB between 1996 
and 2018 across 8 databases from the 
United States, Germany, and South Korea. 

• We identified 2 29881 patients initiating 
treatment with ACE inhibitors and 673 938 
patients with ARBs 

Chen et al. Hypertension. 2021;78:591–603. 



Chen et al. Hypertension. 2021;78:591–603. 



• Summary 
• ARBs demonstrate no statistically significant 

difference in real-world effectiveness at the 
class level and a significantly better safety 
profile as compared with ACE inhibitors in the 
first-line treatment of hypertension. 

• despite their equal standing in guidelines … 
physicians and patients should consider 
preferentially starting ARBs rather than ACE 
inhibitors when initiating treatment for 
hypertension. 

Chen et al. Hypertension. 2021;78:591–603. 



Messerli et al. Circulation; February 8. 2022



Outcome Evidence: ARBs vs ACEIs

Messerli et al. Circulation; February 8. 2022



• For practicing clinicians this means that 
there is no longer any good reason to 
subject patients to ACEI’s adverse 
effects. 

• ACEIs may rapidly become a drug class 
of historical interest only.

Messerli et al. Circulation; February 8. 2022



Antiadrenergics 1990's
Short-acting nifedipine 1997
Beta-blockers (Atenolol) 1998
Doxazosin 2000
Losartan                                        2002
Renin Inhibitors (Aliskiren)         2015
ACE-Inhibitors (Lisinopril 2020 ???

Antihypertensive Drugs of Mostly 
Historical Interest



Logic dictates that practice guidelines 
should recognize the unique 
cardiovascular benefits of ACEIs and their 
preferential use compared with ARBs. 
Were such advice to be given, the 
predicted impact on lives saved would be 
profound. 

Strauss and Hall, Circulation 2021

Dirty Laundry?





As to the management, the author, Dr. 
Talor suggested
“A thiazide-type diuretic or ACE-inhibitor  

is a reasonable first agent to prescribe, 
with follow-up blood-pressure and 
electrolyte measurements in 3 to 4 weeks”.

Dr. Talor was one of the authors of ACC/AHA Guideline



we have 4 simple questions regarding 
the management of this patient :

1. Since the patient’s presenting BP was 
32/14 mmHg above the target of 130/80 
mmHg, why was treatment not initiated 
with 2 drugs as the ACC/AHA 
guidelines recommend? 

Messerli et al. Hypertension, June 2018



Choice of Initial Monotherapy Versus Initial Combination 
Drug Therapy

COR LOE Recommendations for Choice of Initial Monotherapy 
Versus Initial Combination Drug Therapy*

I C-EO

Initiation of antihypertensive drug therapy with 2 first-line 
agents of different classes, either as separate agents or in 
a fixed-dose combination, is recommended in adults with 
stage 2 hypertension and an average BP more than 20/10 
mm Hg above their BP target.

IIa C-EO

Initiation of antihypertensive drug therapy with a single 
antihypertensive drug is reasonable in adults with stage 1 
hypertension and BP goal <130/80 mm Hg with dosage 
titration and sequential addition of other agents to achieve 
the BP target.



“The above four considerations 
…encourages the use of two-drug 
single pill combinations as initial 
therapy for most patients, because 
monotherapy is insufficient in all but 
some patients with stage 1 
hypertension…”

2018 ESC/ESH Guidelines 



we have 4 simple questions regarding 
the management of this patient :

1. Since the patient’s presenting BP was 
32/14 mmHg above the target of 130/80 
mmHg, why was treatment not initiated 
with 2 drugs as the ACC/AHA 
guidelines recommend? 

How are we to expect practicing 
physicians to follow guidelines when their 
own authors demonstratively ignore them 
at the first possible opportunity?

Messerli et al. Hypertension, June 2018



2. Since the patient needed naproxen for 
joint pain, why was treatment initiated with 
a renin angiotensin blocker, the 
antihypertensive efficacy of which 
repeatedly has been documented to be 
reduced or abolished by NSAIDs (3, 4)?

we have 4 simple questions regarding 
the management of this patient :

Messerli et al. Hypertension, in press 2018



3. Since outcome efficacy and 
antihypertensive efficacy has been shown 
to be equal for ACE inhibitors and ARBs 
(5, 6), why was, as the author emphasized, 
the drug class with more adverse effects, 
selected to initiate treatment? 

we have 4 simple questions regarding 
the management of this patient:

Messerli et al. Hypertension, June 2018



Messerli et al. JACC 2018, 71, 1474-81



4. “thiazide-type diuretic”.
Why was the recommendation for a 
“thiazide-type diuretic” and not specific for 
chlorthalidone, since the guidelines state 
“Chlorthalidone preferred based on 
prolonged half-life and proven trial 
reduction of CVD”?

we have 4 simple questions regarding 
the management of this patient :

Messerli et al. Hypertension, in press 2018



NED TIJDSCHR GENEESKD. 2010;154:A1608 



• Based on the available information, 
the patient could have been started 
on a low dose combination of ARB 
with a CCB. 

• the above 4 points would become 
mute and there would be little if any 
need for “follow-up … electrolyte 
measurements in 3 to 4 weeks”

Messerli et al. Hypertension, June 2018





• Participants with prior stroke or risk for 
stroke were randomized to a salt 
substitute (n = 10,504) versus regular salt 
(n = 10,491).

• Total number of enrollees: 20,995
• Duration of follow-up: 4.74 years
• Mean patient age: 65 years

Neal et al. N Engl J Med 2021. September 16th.



B Neal et al. N Engl J Med 2021. DOI: 10.1056/NEJMoa2105675

Effects of Salt Substitution on Trial Outcomes.



Neal et al. N Engl J Med 2021. DOI: 10.1056/NEJMoa2105675



CONCLUSIONS 
• Among persons who had a history of 

stroke or were 60 years of age or older 
and had high blood pressure, the rates of 
stroke, major cardiovascular events, and 
death from any cause were lower with 
the salt substitute than with regular salt 

Neal et al. N Engl J Med 2021. DOI: 10.1056/NEJMoa2105675



• “Our data also provide reassurance about 
the efficacy and safety of sodium-intake 
reduction for the prevention of 
cardiovascular events and death.” 

Neal et al. N Engl J Med 2021. September 16th.





• “Cutting Out Even a Little Salt Can 
Have Big Health Benefits” 

Oct. 11, 2021, Jane Brody



›

sodium potassium

Global mean intake 3.94g/day (2) 1.7 g to 3.7 g/day (3)

24-hour urinary 
excretion 
at baseline

4.3 g (187 mmol) 1.4 g (36 mmol)

Effect of Salt Substitution on 24-hour Na and K excretion*

* Data from Neat B. et al. NEJM, August 29, 2021

Messerli, O’Donnell, Mente, Yusuf; Eur. Heart J. 2022





• “a long-term low K diet can cause
chronic Na reabsorption by upregulating 
NCC (Na/Cl co-transporter) with subsequent 
plasma volume expansion and hypertension.

• low K diet-induced Na reabsorption through 
NCC may be a key driver in the pathogenesis 
of salt-sensitive hypertension

Wey KY et al. Clin Kidney J. 2020 Sep 2;13(6):952-968

recommended levels of K intake: 3.5 -4.7 g



›

sodium potassium

NHANES 3.61 g/ day 2.16 g/ day (9)

Switzerland 3.63 g/ day 2.57 g/ day (15)

24-hour urinary 
excretion 
at baseline

4.3 g (187 mmol) 1.4 g (36 mmol)

Effect of Intervention 
(salt substitute)

−0.35 g (15.21 mmol) +0.8 g (20.64 mmol)

Change from baseline % 8.1 % 57.3 %

Effect of Salt Substitution on 24-hour Na and K excretion*

* Data from Neat B. et al. NEJM, August 29, 2021

Messerli, O’Donnell, Mente, Yusuf; Eur. Heart J. 2022



• “Our data also provide reassurance about 
the efficacy and safety of sodium-intake 
reduction for the prevention of 
cardiovascular events and death.” 

Neal et al. N Engl J Med 2021. DOI: 10.1056/NEJMoa2105675

?



• “Our data also provide reassurance about 
the efficacy and safety of sodium-intake 
reduction for the prevention of 
cardiovascular events and death.” 

• The SSaSS trial provides novel information 
on the efficacy and safety of increasing 
potassium intake for the prevention of 
cardiovascular events and death in a 
population with very low potassium intake 
and persisting high sodium intake

Neal et al. N Engl J Med 2021. Sept 16

?

Messerli, O’Donnell, Mente, Yusuf; Eur. Heart J. 2022



• “increasing dietary K intake to 
recommended levels (3.5 -4.7 g) 
could be an effective public health 
strategy to reduce hypertension 
and cardiovascular disease”

Wey KY et al. Clin Kidney J. 2020 Sep 2;13(6):952-968

recommended levels of K intake: 3.5 -4.7 g



sodium and potassium excretion, 
effect on cardiovascular events and mortality

O’Donell et al. European Heart Journal (2020)41, 3363–3373



Messerli, O’Donnell, Mente, Yusuf; Eur. Heart J. 2022



+
+

Ma et al. N Engl J Med. Nov. 13, 2021

24-Hour Urinary Sodium and Potassium Excretion and Cardiovascular Risk. 

a	decrease	in	the	Na/K	ratio,	from	
above	the	75th	percentile	to	below	
the	25th	percentile	as	observed	in	
SSaSS can	reduce	CV	risk	by	>	30	%	







What do the following people
have in common? 

• Ronald Reagan (U.S. President)
• Winston Churchill (Prime minister)
• Frank Sinatra (singer)
• Henry Ford (car mogul)
• Jonathan Swift (author)
• Aaron Copeland (composer)
• Willem DeKooning (painter)
• Rita Hayworth (actress)

They all died  with Dementia of the Alzheimer type.



1952



1981







• “Regular consumption of cocoa 
flavanols might be effective in 
improving cognitive function in 
elderly subjects with mild cognitive 
impairment”. 

Desideri et al., Hypertension. 2012; 60: 794-801

Conclusion



• “We found a significant inverse 
relationship between ̄flavonoid 
intake and dementia in a 5-year 
follow- up study of a cohort of 
1367 elderly subjects”. 

Commenges et al., European Journal of Epidemiology 16: 357, 2000



Bisson JF, Nejdi A, Rozan P, Hidalgo S, 
Lalonde R, Messaoudi M.

Effects of long-term administration 
of a cocoa polyphenolic extract 
(Acticoa powder) on cognitive 
performances in aged rats.

Br J Nutr. 2008 Jul;100(1):94-101. 







Figure 3. Endothelium-dependent effect of cocoa polyphenols. 

Corti R et al. Circulation 2009;119:1433
SOD, superoxide dismutase
ECE, endothelin-converting enzyme 



“The beneficial effects of cacao are 
most likely due to an increased 
bioavailability of NO. This may 
explain the improvement in 
endothelial function, the reduction in 
platelet function, and the potentially 
beneficial effects on blood pressure, 
insulin resistance, and blood lipids”. 

Corti R et al. Circulation 2009;119:1433



2007; 116: 2360-2362 



2007; 116: 2360-2362 



Published Online: 15 AUG 2012



• Meta-analysis of 20 studies 
involving 856mainly healthy 
participants revealed a small but 
statistically significant blood 
pressure reducing effect of -2.8 mm 
Hg systolic and -2.2 mm Hg 
diastolic.

Ried K, Sullivan TR, Fakler P, Frank OR, Stocks NP. 
Effect of cocoa on blood pressure. 
Cochrane Database of Systematic Reviews 2012,



BP and Dementia

• The temporal relationships may be 
obscured because of the 
observation that BP tends to fall in 
the face of imminent Alzheimer 
disease. 

• A low BP in this phase of life could 
be equally harmful as hypertension 
in the preceding period.

Birkenhager and Staessen. Prog Cardiovasc Dis Jul-Aug 2006;49(1):1-10



Chocolate Consumption per Capita per Country



Hypothesis:

Since chocolate consumption could improve 
cognitive function not only individually but possibly in 
the general population, a correlation might be 
expected between chocolate consumption and 
cognitive function among various countries..

Conceivably the total number of Nobel Prize 
Laureates (NPLs) per capita could give us some 
measure of the overall cognitive function of a given 
country…
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Chocolate and the Nobel Prize



• editorial@nejm.org 
via manuscriptcentral.com

• Sep 19. 2012
• Dear Dr. Messerli,

Thank you for submitting your article on 
chocolate consumption, cognitive function, 
and Nobel laureates to the Journal. We 
greatly enjoyed it and would like to publish it 
as an Occasional Note -- in fact, our hope is to 
publish it in early October, to coincide with the 
announcements of this year's Nobel Prizes…



October 10, 2012



“With a per capita chocolate consumption of 
6.4 kg/year Sweden should have produced a 
total of about 14 NPLs, yet we observe 32.

The observed exceeds the expected more than 
twofold, meaning that either the Nobel 
Committee in Stockholm has some inherent 
patriotic bias…or, perhaps, that the Swedes 
are particularly sensitive to chocolate and 
even minuscule amounts greatly enhance their 
cognition”. 
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r = 0.850
p< 0.0001



Rolf Zinkernagel, MD received the 1996 Nobel Prize in Medicine for the discovery 
of how the immune system recognizes virus-infected cells. With this he became 
the 24th Swiss Nobel laureate



Dear Franz,

I seem to be your outlier because my 
yearly consumption is less than 500 g 
- Sorry!
I shall let you know when I am in NYC 
next time. 
All the best

Rolf    



Chocolate Consumption

Professor ZinkernagelSwitzerland
11.9 kg or 119 bars/year < 500 g or 5 bars/year



For synthesizing 
the first Bose–
Einstein 
condensate in 
1995, Cornell, 
Wieman, and 
Ketterle shared 
the Nobel Prize in 
Physics in 2001



""I attribute all my success to the very large 
amount of chocolate that I consume. 
Personally I feel that milk chocolate makes 
you stupid. .. It's one thing if you want like a 
medicine or chemistry Nobel Prize, but if 
you want a physics Nobel Prize it pretty 
much has got to be dark chocolate”.

Eric Cornell, American physicist,
Nobel Laureate in 2001 interviewed
by Frederic Joelving, Reuters. 
October 05.2012



p < 0.0001



Sies, H. Nature 1988, 332, 495

Stork Population and Newborn Babies in Germany



Sies, H. Nature 1988, 332, 495

Stork Population and Newborn Babies in Germany

p < 0.0001





The common denominator between 
dwindling in birth rates and in 
brooding storks is excessive 
urbanisation and construction…





Correlation between countries' annual per capita milk 
consumption and number of Nobel laureates per capita 

Linthwaite S, Fuller GN. Pract Neurol 2013;13:63.



“the correlation with milk does not 
find Sweden an outlier, absolving the
Nobel Committee from Dr. Messerli’s 
suggestion of patriotic bias”.

Linthwaite S, Fuller GN. Pract Neurol 2013;13:63.



Wanna go to Stockholm?                   
Eat your Chocolate!





Lindt
Chocolate


