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Objectives
Re-define primary aldosteronism from a categorical disease to a 
syndrome that manifests across a continuum of severity

Present evidence depicting the very high and unrecognized 
prevalence of the “primary aldosteronism syndrome”

Underscore why current diagnostic approaches are sub-optimal, and 
why a physiologic or empiric approach is advantageous

Highlight evidence indicating that the primary aldosteronism syndrome 
contributes to a large proportion of “essential” hypertension



What is Primary Aldosteronism?
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SUMMARY: Renin-Dependent Aldosteronism due to Volume Depletion
•Optimal Na+ Reabsorption/Volume Expansion
•Decreased Distal Na+ Delivery
•Minimal K+ Excretion



Principal
Cell

Loop of Henle & 
Distal Convoluted Tubule Intercalated Cell

Proximal 
Convoluted Tubule

Blood/
Basolateral Side

Urine/
Luminal Side

Na+ Cl- HCO3
- Na+ Cl-

H2O H2O

INCREASED Na+ Delivery

Not All Hyperaldosteronism is the Same

H+K+

R
O

M
K

EN
aC

Na+

↓AngII
↓RENIN

PHYSIOLOGY
RENIN-INDEPENDENT ALDOSTERONISM

secondary to hyperkalemia
(assuming volume replete state)

ALDOSTERONE ↑K+

MR

Vaidya et al. Endocrine Reviews 2018

SGK1

mTORC2

SUMMARY: Renin-Independent Aldosteronism due to hyperkalemia
•Optimal K+ Excretion
•Minimal Na+ Absorption/Volume Expansion



www.coloradoan.com; www.dailymail.co.uk; www.youtube.com;  

Not All Hyperaldosteronism is the Same

Grasses/Leaves/Twigs (1 kg)

Na+ 2-40 mg
K+ 8,000-20,000 mg

Denton, The Hunger for Salt20-50

0.5-1.0
chip

10-30

http://www.coloradoan.com/
http://www.dailymail.co.uk/
http://www.youtube.com/


Wikipedia.org; www.survivalinternational.org

Yanomami People

Not All Hyperaldosteronism is the Same



Oliver et al. Circulation 1975
Brown et al. Ann Int Med 2017

Not All Hyperaldosteronism is the Same

Sun et al. Am J Clin Nut  2017
Jin et al. Hypertension 2009
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www.faunaparaguay.com

Brazilian Pit Viper
(Bothrops jararaca)

Bomback et al. JRAAS 2007
Ciolek et al. PNAS 2017

“Over thousands of years, the same environmental 
pressures that forced Yanomamo and other 
terrestrial animals to evolve a hyperactive RAAS, 
also led Bothrops jararaca to conserve an efficient 
killing mechanism that targeted its enemies’ 
haemodynamic vulnerabilities. The bradykinin-
potentiating peptides that would become the first 
ACEi’s were, in essence, the viper’s weapon of 
choice in a predator-prey arms race.”

ACE inhibitor

Not All Hyperaldosteronism is the Same



↑↑↑ALDOSTERONE

Vaidya et al. Endocrine Reviews 2018
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SUMMARY: Vicious Cycle that leads to CV disease
•↑↑↑ Distal Na+ Delivery
•↑↑↑ Na+ Reabsorption/Volume Expansion/Blood Pressure
•↑↑↑ K+/H+ Excretion

Inappropriate, Relatively non-suppressible, Renin-independent 
aldosterone production, that results in excessive activation of the renal-MR,  
vicious cycle of volume expansion => can increase BP, increases K+/H+

excretion, increases risk for CV disease independent of BP (extra-renal MR)

Clinical Manifestations: 
Reflect the severity and duration of the renin-independent aldosteronism
BP and potassium are dependent features

Hallmark Biochemical Diagnostics:
Suppression of Renin
Inappropriate/Dysregulated Production of Aldosterone



Summary of Aldosterone Physiology

PHYSIOLOGY: We are [probably] designed to 
exist in sodium-poor & potassium-rich 
environment wherein chronic volume depletion 
and high potassium intake stimulate AngII and 
Aldosterone production to maintain 
homeostasis

PATHOPHYSIOLOGY: Any aldosterone 
production in a sodium-rich and volume 
expanded [and potassium-poor] environment 
is toxic to cardiovascular tissues and 
contributes to disease



Variability of Aldosterone Production
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Yozamp et al. Am J Hypertension 2020; Yozamp et al. Hypertension 2020

4-5 fold differences

Intra-Individual Variability of Aldosterone



Intra-Individual Variability of Aldosterone

Patients with 
Confirmed Primary 

Aldosteronism

Range
ALDO: 5 - 51 ng/dL
ARR:   8 - 427

ALDO Thresholds
< 15 ng/dL: 49%
< 10 ng/dL: 29%

ARR Thresholds
< 30: 57%
< 20: 24%

Coefficient of Variation
ALDO: 31%
ARR:   45%

Yozamp et al. Hypertension 2020



Aldosterone production in primary aldosteronism is variable/pulsatile

Commonly employed diagnostic thresholds are arbitrary and can 
contribute to false-negative case detection

Single, cross-sectional, circulating aldosterone level is not reliable 
indicator of integrated physiology;

a single “high” level can be informative
a single “low” value is not exclusionary

A re-calibration of diagnostic interpretations is needed

Intra-Individual Variability of Aldosterone



How Prevalent is Primary Aldosteronism?



Monticone et al. JACC 2017, and similar by: Mosso et al 2006; Rossi 2006; Omura 2004; Rossi 2002 

The Prevalence of Primary Aldosteronism

There is no reference/gold-standard diagnostic

ARR Arbitrary Thresholds
30, 25, 20, etc.

Aldosterone Arbitrary Thresholds
20, 15, 10 ng/dL, etc.

Confirmatory Aldosterone
Suppression Tests

Multiple Protocols
Arbitrary Thresholds

More liberal/permissive
diagnostic thresholds?

More conservative/strict
diagnostic thresholds?

↑↑↑ Prevalence
(↑ false-positives)

↓↓↓ Prevalence
(↑ false-negatives)



Arbitrary/conventional diagnostic thresholds aside

The Prevalence of Primary Aldosteronism

How common is “inappropriate, non-suppressible, renin-
independent aldosterone production”?

Physiologic Aldosterone
Suppression Test

Quantify the spectrum of 
primary aldosteronism 

(agnostic of conventional 
thresholds)



Primary Aldosteronism in the USA

Brown et al. Annals of Int Med 2020

N=1847
Oral Sodium Suppression Test

“gold standard” diagnostic
Bob Carey, MD
Charlottesville, VA

David Calhoun, MD
Birmingham, AL

Gordon Williams, MD
Boston, MA

Anand Vaidya, MD
Boston, MA

Paul Hopkins, MD
Salt Lake City, UT
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The Prevalence of Primary Aldosteronism

Isn’t this (milder) primary aldosteronism??
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Resistant Hypertension
Sensitivity ARR>30 = 26.3%

NPV ARR>30 = 80.5%
% with Aldosterone < 10 ng/dL = 24%

Aldosterone production is pulsatile/variable

Aldosterone levels <10 ng/dL can still be inappropriate

Brown et al. Annals of Int Med 2020



Williams et al. Lancet 2015

The Prevalence of Primary Aldosteronism

PATHWAY-2: What is the best 4th drug for treat Resistant Hypertension?



Best 4th Drug: MR Antagonist (& ENaCi)

Williams et al. Lancet 2015

The Prevalence of Primary Aldosteronism



Williams et al. Lancet 2015 & Lancet D&E 2018

Works best when there is renin-independent aldosteronism (aka: ???)

The Prevalence of Primary Aldosteronism
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Williams et al. Lancet 2015 & Lancet D&E 2018

Works best when there is renin-independent aldosteronism (aka: ???)

The Prevalence of Primary Aldosteronism
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This IS Primary Aldosteronism!

A substantial proportion of patients thought to have 
idiopathic resistant HTN have a form of renin-independent 
aldosteronism that responds preferentially to MRAs and 

ENaCi; BUT, evades our current diagnostic radars for 
classifying primary aldosteronism



The prevalence of classical and “overt” primary aldosteronism is 
high and mostly unrecognized

Beyond “overt” primary aldosteronism, there is a continuum of renin-
independent aldosterone production => severity spectrum of primary 

aldosteronism ranging from mild to severe

This spectrum exists below our current diagnostic radars/thresholds and 
is therefore unrecognized

Does this continuum of renin-independent aldosterone 
production play a role in the pathogenesis and 

progression of HTN & CVD?

The Prevalence of Primary Aldosteronism



The Prevalence of Primary Aldosteronism

The magnitude of the biochemical phenotype of renin-independent aldosterone 
production (aka primary aldosteronism) is clinically relevant:

Normotension: higher risk of incident HTN
Vasan NEJM 2004, Newton-Cheh Hypertension 2007, Brown Ann Int Med 2017

Hypertension: higher risk of incident CVD and death
Inoue Hypertension 2020

Treatment with MRA & ENaCi: striking BP reductions over 50 years
Carey Arch Int Med 1972, Williams Lancet 2015, Williams Lancet D&E 2018



Prof. John Funder
“Recognize the true prevalence of primary aldosteronism to include 
dysregulated aldosterone secretion and inappropriate aldosterone production”
“…the strict definition of primary aldosteronism is no longer tenable.”
“…much of the present guideline needs to be jettisoned and radically 
reconstructed recommendations should be developed…”

Horm Metab Res 2017, Annals of Int Med 2020

SEVERITY SPECTRUM OF PRIMARY ALDOSTERONISM:

Renin suppression, and higher aldosterone concentrations in the 
context of this renin suppression, associated with increased risk 

for incident ↑BP/HTN and CVD (preferential response to MRA/ENaCi)

NT => mild HTN => mod-HTN => resistant HTN



Diagnostic Approach



How to Screen for PA?
Philosophy #1: “Purist”

Eliminate all potential confounders 
of renin and aldosterone

Ø Withdraw all potential confounding 
medications for 2-6 weeks

Ø MRA’s and ENaCi’s
Ø ACEi, ARBs, diuretics, BB’s

Ø Serum K+ ~4.0
Ø supplementation after med withdrawal

Ø Morning labs only

Ø Estrogen/menstrual cycle

Considerations

PROS: 
Controls physiologic confounders (“pure”)
Can calibrate and interpret results using a fixed 
and reproducible standard

CONS:
Intimidating/complicated
Time (2-6 weeks)
Effort (patient and clinician)
Home BP monitoring/New medications
Repeated visits/$$$
Communications (multiple)
Lab measurements 



We do a poor job of screening for primary aldosteronism

Ruhle et al. Surgery 2019
Jaffe et al. Hypertension 2020

Less than 3% of patients with resistant hypertension and 
hypokalemia in major academic medical centers were ever 
screened for PA

How to Screen for PA?



How to Screen for PA?

Ø Measure at any time on any medication
Ø If renin is suppressed, results are 

interpretable

Ø Positive: “renin-independent aldosteronism” 
o Suppressed renin 

(<0.60-1.0 ng/mL/h or <5-10 mU/L)
o Inappropriate aldosterone (>15, >10, >5 ng/dL)

Ø Negative or Uninterpretable/Confounded: 
o Unsuppressed renin
o Insufficiently high aldosterone

Philosophy #2: “Pragmatic”

“Don’t Hesitate, Re-Calibrate!”

Philosophy #1: “The Purist”
Eliminate all potential confounders 

of renin and aldosterone

Ø Withdraw all potential confounding 
medications for 2-6 weeks

Ø MRA’s ENaCi’s
Ø ACEi, ARBs, BB’s

Ø Serum K+ ~4.0
Ø supplementation after med withdrawal

Ø Morning labs only

Ø Estrogen/menstrual cycle

Considerations

PROS: 
It is easy and quick
Decreases barriers to screening
Usually does not require changes to 
medications or frequent back-and-forth

CONS:
Need to (re-)calibrate interpretations for 
specific context: is this inappropriate renin-
independent aldosterone production?



How to Screen for PA?
My General Advice for Screening:
1. Do not delay, if you suspect PA, go ahead and screen in the clinic:

• If renin is suppressed, results are likely to be interpretable and useful

• You are the “final frontier”: To maximize sensitivity, lower your threshold for defining 
“inappropriate” plasma aldosterone levels in context of hypertension and renin 
suppression

2. If renin not suppressed, and pre-test probability high, or results not convincing, 
consider:
• Medication washout until renin suppressed:

o MRA and ENaC inhibitors (2-6 weeks)
o Rarely is washout needed for other medications when re-calibrating interpretations 

(washout case-by-case basis)



Measure Plasma Renin and Aldosterone

Essential Indications
Severe or Resistant Hypertension
Any hypokalemia regardless of BP

HTN + adrenal mass or sleep apnea
Suggestive family history

Indications to Screen for Primary Aldosteronism

Adapted from: Vaidya et al. JCEM 2020 & Endocrine Reviews 2018



Enhanced 
Diagnostic
Pathway

Simplified Exclusionary PathwaySimplified Confirmatory Pathway

Renin Suppressed*

Aldosterone 5-15 ng/dL

POSITIVE SCREEN

Mild PA Likely

Marginal
Suppression

K+ < 3.5 mEq/L ?

Overt PA Likely
Confirmed

Repeat renin and aldosterone 
on a future date to confirm

Yes

Consider repeat 
evaluation after 

cessation of certain 
medications& if 

applicable

Aldosterone >15 ng/dL

OVERTLY
POSITIVE SCREEN

Aldosterone <5 ng/dL

LIKELY
NEGATIVE SCREEN

PA Unlikely
Repeat renin and aldosterone on a 

future date to confirm

MRA Therapy & Dietary 
Sodium Restriction

Imaging

AVS to Determine 
Potential for Unilateral 

Adrenalectomy

Willing to undergo advanced 
testing? 

Aldosterone Suppression 
Testing

Yes

No Empiric MR antagonist 
therapy 

Marked
Suppression

Clear Failure
of Suppression

Measure Plasma Renin and Aldosterone

Renin Not  
Suppressed*

Adapted from: Vaidya et al. JCEM 2020 & Endocrine Reviews 2018



Summary of Objectives
1. Re-define primary aldosteronism from a categorical disease to a 
syndrome that manifests across a continuum of severity

The distinction between “overt primary aldosteronism” 
(categorical) and “relatively non-suppressible renin-independent 
aldosterone production” (continuous) is an arbitrary construct 
limited to identifying the most severe instances of primary 
aldosteronism



Summary of Objectives
2. Present evidence depicting the very high and unrecognized 
prevalence of the “primary aldosteronism syndrome”

Primary aldosteronism is a highly prevalent syndrome of renin-
independent aldosterone production that exists across the entire 
spectrum of human blood pressure, and manifests across a 
range of severity, most of which is below our current diagnostic 
radars/thresholds



3. Underscore why current diagnostic approaches are sub-optimal, and 
why a physiologic or empiric approach is advantageous

Large intra-individual variability in aldosterone production;
single circulating aldosterone levels and the ARR are not reliable 
surrogates of integrated physiology

A suppressed renin is a biomarker of a phenotype that is 
enriched for primary aldosteronism (responds preferentially to 
MRA and ENaCi)

Summary of Objectives



4. Highlight evidence indicating that the primary aldosteronism 
syndrome contributes to a large proportion of “essential” hypertension

The magnitude of renin-independent aldosterone 
production is consistently associated with the severity of 
blood pressure and with an increased risk for incident 
worsening of blood pressure and developing hypertension 
=> parallel response to MRA/ENaCi

Summary of Objectives
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