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• First routine service 2003:

– Blood Tacrolimus

• Second routine service 2004:

– Serum 17OH-progesterone

• …

• Closing down the RIA laboratory 2013:

– Plasma renin activity (PRA) + aldosterone (PALD)

– PALD/PRA ratio (ARR)

– Urine aldosterone (UALD) + Tetrahydroaldosterone (UTHA)

Biomedical Mass Spectrometry Unit
(Historical events)
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Semi-automated sample preparation

40 samples per batch



Procedures PALD UALD/ UTHA

Glucuronidase digestion Y

MBTE extraction & freeze at -80 C for an hour Y Y

Remove MBTE & reconstitute with 90% methanol Y

Remove MBTE & reconstitute with 10% ACN Y

Hexane wash Y

Remove methanol & reconstitute with 10% ACN Y

Ready for LC-MS/MS analysis Y Y

PALD, UALD & UTHA sample preparation





Indicators PRA PALD UALD / 

UTHA

Electrospray ionization Positive Negative Negative

Injection-to injection time 

(min)

12 9 9

Lower Limit of Quantitation 0.07 ng/mL-h

(0.2 ng/mL Ang I )

50 pmol/L 0.5 nmol/L

Linearity 500 ng/mL Ang I 5160 pmol/L 2777 nmol/L

Between-batch precision 

(CV%)

<9.2 <5.0 <5.2

Performance of different biomarkers

Carryover, matrix interference: 

Not significant



Measured in most routine laboratories

Ang II :

• Short half-life

• Low concentration

• difficult to be measured

Renin-Angiotensin-Aldosterone System
(RAAS)

Aldosteronism



• Primary aldosteronism (PA)

– High prevalence among hypertensive patients

– Increased cardiovascular morbidity and mortality compared to 

essential hypertension

– Treatable (adenoma by surgery, bilateral hyperplasia by 

medication)

• Secondary aldosteronism

– Renal artery stenosis/renin-secreting tumor

– Increase PRA and PALD

Aldosteronism



Routine workup for PA

Primary Aldosteronism: An Endocrine Society Clinical Practice Guideline (JCEM 2025)



RETROSPECTIVE

OBSERVATIONAL STUDIES

Evaluation of biomarkers by LC-MS/MS 

for Primary Aldosteronism workup



• Recruiting reference subjects [239] 
– Apparently healthy adults (<60 years)

– Not on hypertensive medications

– Written consent signed

– Questionnaire, blood pressure measurement, blood, 24 hr urine

• Reference subjects included [170]
– Excluded 46 hypertensives (19.2%)

– Excluded 4 with hypokalaemia

– Excluded 19 due to past medical history

• A prospective study design

Reference intervals for biomarkers



Hypertensive reference intervals

October 2013 -

December 2020

From 1069 to 362

A retrospective 

observational study 

design



Aspects Retrospective 

Observational

Prospective

Timeline Fast (months; historical 

data)

Slow (years, forward data 

collection)

Cost Low (historical data 

analysis)

High (recruitment, sample 

analyses, data analysis, etc)

Real-world reflection High (routine practice, e.g. 

UTHA)

Moderate (controlled settings)

Bias risk Higher (selection bias) Lower (randomisation 

possible)

Evidence strength Good for hypothesis 

(association)

Stronger for casualty

Pros and Cons





A RETROSPECTIVE 

OBSERVATIONAL STUDY

Integrating urine biomarkers with 

plasma ARR for PA screening



• Hypothesis: PA patients with autonomous secretion of 

aldosterone from the adrenal gland(s), and UALD & UTHA 

should also be increased.

• Endocrine Society clinical practice guidelines for PA: 

screening by plasma ARR.

• Retrospective observational study: evaluate the performance 

of urine biomarkers for PA screening and compare with 

plasma ARR

Objective



• Retrieved all UALD requests from October 2013 to 

September 2020

• Clinical records were reviewed

• A follow-up period of 2 to 7 years after UALD collection 

before establishing or excluding the diagnosis of PA

• The data were divided into two phases

– Derivation phase (to establish optimal cutoff values)

– Validation phase (to validate the established cutoff values and compare 

the performance with plasma ARR)

Study design



Results



Results

Cutoff values:

UALD > 38 nmol/d

UTHA > 177 nmol/d

SUM > 183 nmol/d



Results
811 patients with plasma ARR within 90 days of urine collection:

171 with PA and 640 with non-PA 



Results



Biomarkers Cutoff values 

(nmol/d)

Sensitivity 

(%)

Specificity 

(%)

UALD >38 74 83

UTHA >177 72 78

SUM >183 84 71

ARR >550 68 81

ARR or 

suppressed PRA

>550 or 

<1 80 60

Results



Biomarkers No. of false positive 

cases

% False positive

UALD 123 19

UTHA 148 23

SUM 199 31

ARR 119 19

ARR or PRA<1 254 40

Biomarkers with false positives 

ARR + Urine Biomarkers:

Picked up 19% PA cases

False Positive by 24%



• SUM 199 false positive

– ARR 52 true positives

– SUM 147 false positive

• PRA >3 67 cases (NOT PA)

• SUM 57 false positive

How to integrate?



• One case with incomplete sample collection + ARR false 

negative

• One case with borderline negative results + ARR false 

negative

Biomarkers with false negatives



• Integration of urine biomarkers with plasma ARR improves 

the screening of PA

• One 24 hr urine collection can be used for screening of 3 

different secondary hypertensions: PA, Cushing syndrome, 

and phaeochromocytoma

Summary





A RETROSPECTIVE 

OBSERVATIONAL STUDY

The Balance Study to confirm and subtype 

Primary Aldosteronism



• To confirm and subtype PA

– Oral salt loading to confirm

– Postural stimulation to subtype

• Objectives

– Evaluate the performance of different biomarkers

– Establish cutoff values for routine service

• Retrospective observation

– Patients with Balance study April 2013 – March 2024

Balance Study



Balance Study Protocol



Mainly refused 

follow-up









Biomarkers AUC Sensitivity Specificity

Supine PALD 

(>273 pmol/L) 0.902 76 92

UALD

(>38 nmol/d) 0.894 82 91

UTHA

(>160 nmol/d) 0.875 86 74

SUM

(>259 nmol/d) 0.884 72 91

Performance of Biomarkers to 
confirm PA by ROC analyses

Overall: 94% SN, 76% SP



Performance of Biomarkers to 
subtype PA by ROC analyses

EPALD – SPALD < 19 pmol/L

(EPALD – SPALD)/ SPALD *100 <  5%







• The Balance Study can help PA confirmation and provide 

direction on PA subtyping in a non-invasive manner

• UTHA and supine PALD could complement UALD for PA 

confirmation

• Erect/supine PALD ratio could assist in PA subtyping in cases 

with equivocal AVS results or in regions where AVS is not 

readily available

Summary





A RETROSPECTIVE COHORT STUDY

Dr. Clara Lo PhD project

Aldosterone/ Angiotensin II Ratio (AAIIR)



LCMS method 
for plasma Ang II 

measurements

Sample preparation time 

for 40 samples : 1 hour

Injection time: 6.5min

Between batch CV <7%

LOQ  : 3.3 pmol/L

Linearity range :3.3-700 pmol/L

Not interfered by other 

angiotensin peptides
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Primary Aldosteronism (PA)

Angiotensinogen Angiotensin I Angiotensin II

Aldosterone

Renin ACE1

Decrease in 

renal 

perfusion

Laboratory test results
Plasma aldosterone (PALD) 

Plasma renin activity(PRA) ARR =
𝑃𝐴𝐿𝐷

𝑃𝑅𝐴

Laboratory test results
Plasma aldosterone (PALD) 

Plasma angiotensin II (Ang II)

Ang II- active mediator

?? Better screening marker than ARR for PA

AAIIR =
𝑃𝐴𝐿𝐷

𝐴𝑛𝑔𝐼𝐼





Patient's group

Non-PA (n = 120) PA (n = 35) P

Female 62 21

Male 58 14

Age 45.3±11.7 53.9 ± 9.6 <0.0001

24hr urine aldosterone 

(nmol/day) 29.2 ± 4.3 63.0 ± 7.6 <0.0001

24hr urine sodium 

(mmol/day) 162 ± 14.7 173 ± 21.5 0.3774

PRA (ng/mL-hour) 1.13 ± 0.22 0.39 ± 0.19 <0.0001

PALD (pmol/L) 198± 24.6 468 ± 83.4 <0.0001

Ang II (pmol/L) 7.6 ± 0.2 5.0 ± 0.74 <0.0001

ARR 180 ± 45 1613 ± 541 <0.0001

AAIIR 27.2 ± 3.39 112.8 ± 20.75 <0.0001

Characteristics of the selected patients



( n=120, p=0.0004, r=0.32)

Correlation of AngII and PALD

in Non-PA patients

Significantly 

correlated
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( n=35, p=0.8) 

Correlation of Ang II and PALD in 

PA patients

NOT correlated

0

2

4

6

8

10

12

14

16

0 200 400 600 800 1000 1200 1400 1600

PALD (pmol/L)

A
n
g
 I

I 
(p

m
o
l/

L
)



0

50

100

150

200

250

300

350

400

450

0 2000 4000 6000 8000 10000 12000

ARR

A
A
II
R

( n=155, p<0.0001, r=0.78) 

Correlation of AAIIR and ARR in patients

Significantly 

correlated
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Comparison of the ROC curves of 

AAIIR and ARR for patients(n=155)

No significant 

difference in AUC

AUC 0.916

AUC 0.935



AAIIR ARR

Sensitivity (%) 91 86

Specificity (%) 85 87

Area under ROC curve AUC 0.935 0.916

Cut Off >60 >577

Likelihood ratio(positive) 6 6

Likelihood ratio(negative) 0.1 0.2

ROC curve analysis (2)

AAIIR is an acceptable test for screening PA



Concordance of AAIIR and ARR 
for non-PA patients
N=120
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Concordance of AAIIR and ARR for PA 
patients
N=35
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Advantages of using AAIIR

ARR AAIIR

Analysis time (40 

samples)

22 hours 10 hours

Affected by 

endogenous 

proteases

Yes No

Specificity Indirect 

measurement on 

RAS

Active mediator of RAS





RETROSPECTIVE 

OBSERVATIONAL STUDY

Future direction for the PA routine service 



• Reporting of the urine biomarkers for the screening and 

the Balance study

• An improved LC-MS/MS method for the simultaneous 

quantification of PRA and plasma Ang II

• Obstacles to overcome: EQA programs for these new 

biomarkers 
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