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Abstract

Objectives: Primary aldosteronism (PA) is a common cause
of secondary hypertension. The aldosterone-to-renin ratio
(ARR) is the current recommended biomarker for PA
screening, but it has limitations. This study evaluates
another ratio, the aldosterone-to-angiotensin II ratio
(AAIIR), as an alternative screening tool for PA.
Methods: Archived plasma samples for ARR froma group of
152 hypertensive patients undergoing PA screening were
retrieved for AAIIR analyses. Both AAIIR and ARR were
measured by liquid chromatography-mass spectrometry
methods. Correlation analysis, sensitivity, specificity, and
receiver operating characteristic (ROC) curve analysis were
performed to assess the diagnostic performance of AAIIR
relative to ARR.
Results: AAIIR showed a strong positive correlation with
ARR (r=0.79, p<0.0001). The area under the ROC curve for
AAIIR (0.94, 95% CI: 0.90–0.98) was satisfactory and not
significantly different from ARR (0.94, 95% CI: 0.90–0.97,
p=0.877). The optimal cutoff values were 577 (pmol/L)/(µg/L−h)
and 60 for ARR and AAIIR, respectively. The sensitivity of
AAIIR was slightly higher than ARR (91 vs. 88%), while the
specificity was comparable (85 vs. 86%).
Conclusions: AAIIR demonstrates a comparable diagnostic
performance to ARR for PA screening, with potential
advantages in efficiency and reliability. Further large-scale
studies are needed to validate its efficacy and establish its
role in routine clinical practice.
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Introduction

Primary aldosteronism (PA) results from autonomous aldo-
sterone production in the adrenal glands. Patients develop
hypertension and are at increased risk of subsequent car-
diovascular and renal complications [1]. Early and accurate
diagnosis of PA is crucial as it is potentially curable. The
latest Endocrine Society guideline recommends the mea-
surement of plasma aldosterone-to-renin ratio (ARR) for
screening PA [2]. However, analytical challenges for
measuring plasma renin activity (PRA) may compromise the
screening accuracy of ARR [3].

In clinical laboratories, PRA is assessed by the genera-
tion rate of angiotensin I (Ang I). The measurement can be
influenced by multiple factors, including cryoactivation of
prorenin, pH, and temperature [3]. Additionally, owing to
the presence of endogenous Ang I, each sample needs to have
two aliquots incubated at different temperatures to accu-
rately estimate the net generation of Ang I. Consequently, the
measurement of the PRA to calculate the ARR is extremely
laborious and, hence, time-consuming. The reliability of PRA
measurement also depends on the concentration of endog-
enous angiotensinogen. Conditions associated with low
concentrations of angiotensinogen (e.g., liver diseases) may
potentially lead to underestimation of Ang I production [4].

The plasma renin concentration (PRC) was introduced
because of the challenges in PRA measurements. This
measurand facilitates inter-laboratory comparisons and
enables automation. However, when the plasma angio-
tensinogen level is abnormally low or high, there is a poor
correlation between the PRA and PRC assays [5]. Further-
more, the accuracy of PRC measurement by immunoradio-
metric assays is suboptimal, especially at low concentrations
[6], which is commonly observed in PA patients.

Recently, angiotensin II (Ang II), the bioactive peptide
that directly stimulates aldosterone production in the
adrenal glands, has been studied as a potential alternative
biomarker for PA screening. Its short half-life and low
plasma physiological concentration make the measurement
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of this analyte challenging. Historically, Ang II has primarily
been measured by immunoassays, which could be suscep-
tible to interference by angiotensin peptides involved in the
renin-angiotensin-aldosterone system (RAAS) [7]. Nowadays,
liquid chromatography-mass spectrometry (LCMS) methods
can accurately measure Ang II. Different types of mass
spectrometers have been used, including time-of-flight
spectrometers [8], triple quadrupoles [9], and ion traps
[10]. The sample preparation procedures in these methods
are tedious and involve multiple steps, such as solid-phase
extraction (SPE) combined with immuno-affinity purifica-
tion [11]. To overcome the difficulty of measuring the low
physiological concentration of Ang II, some studies have
proposed measuring equilibrium Ang II (eqAng II), which
increases Ang II concentrations by incubation before mea-
surement [12]. Guo et al. also studied the ratio of plasma
aldosterone (PALD) to eqAng II for the PA screening [13].

Our laboratory has established an LCMS method for
plasma Ang II measurement without incubation [7]. This
study aims to evaluate the AAIIR as a screening test for pa-
tients with suspected PA.

Materials and methods

Samples collection and selection

The study was approved by the Chinese University of Hong
Kong–New Territories East Cluster Clinical Research Ethics
Committee (CRE-2011.601). At the Prince of Wales Hospital,
the teaching hospital of the Chinese University of HongKong,
endocrinologists and other internists utilize the ARR for
initial screening of suspected PA. Our endocrinologists
would generally request 24-h urine aldosterone (UALD) as an
additional PA screening test.

For this study, we selected patients with UALD reques-
ted between November 2015 and January 2017. The corre-
sponding ARR results were retrieved from the laboratory
information system. The electronic patient record was
checked for each sample to review the clinical history and
eliminate duplicate requests. A diagnosis of PA or essential
hypertension (EH) was established for each case by the en-
docrinologists based on a combination of biochemical tests
(i.e., oral salt loading, saline infusion, and/or postural stim-
ulation tests), imaging findings, and the clinical response to
treatment. We excluded patients who were on anti-
hypertensive drugs that are known to significantly affect
the RAAS (e.g., Ang II receptor blockers, angiotensin-
converting enzyme inhibitors, and beta-blockers), as well
as those with non-PA secondary hypertension.

Biochemical tests

Samples storage and handling

In our hospital, EDTA blood samples for PRA and PALD
measurements are transported to the laboratory at room
temperature to prevent cryoactivation. After receiving the
specimens, the EDTA plasma samples are centrifuged at
2,200 g for 15 min at room temperature, aliquoted and stored
at −80 °C until their scheduled batch analysis. Before the
analysis, these frozen samples are placed on a sample mix-
ing roller for 30 min at room temperature to ensure thor-
ough thawing andmixing. Immediate sample processing and
extraction are followed. The stability of PRA and PALDunder
these conditions has been thoroughly validated to ensure
reliable quantification.

In this study, archived plasma EDTA samples used for
Ang II analysis were also kept at −80 °C before the analysis.
Our method validation has confirmed the integrity of Ang II
in these archived samples without using protease inhibitors
[7]. The stability of Ang II in archived samples (compared to
fresh samples) was also validated [7]. Sample handling and
processing were similar to PRA and PALD.

Analytical method for PALD

PALD was quantified using electrospray liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
[14]. This method has been adopted for routine services at
our hospital since 2013. The analytical measurement range
was 50–5,160 pmol/L. The typical between-batch coefficient
of variation (CV) was less than 5 %. Accuracy performance
has been monitored regularly through participation in
external quality assurance programs (EQAP), for example,
the College of American Pathologists (CAP) and Reference
Institute for Bioanalytics Hormones Group 1, with confir-
mation of satisfactory performance.

Analytical method for PRA

The measurement of PRA in EDTA plasma samples was
modified from the electrospray LC-MS/MS methods of
Bystrom et al. and Carter et al. [15, 16]. A detailed description
has been published previously [14]. This method has been
adopted for routine services at our hospital since 2013. The
analytical measurement range was 0.07–100 µg/L−h. The
typical between-batch CV was less than 8 %. Accuracy per-
formance has been monitored regularly by participating in
EQAP, e.g., CAP, with satisfactory results.
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Analytical method for Ang II

An offline SPE procedure was used to extract Ang II from
EDTA plasma using a Waters MAX µElution plate (Waters
Corporation, Milford, MA, USA). Electrospray LC-MS/MS
quantitationwas performed using theWaters TQS system, as
previously described [7]. This method had a measurable
range of 3.3–700 pmol/L. The between-batch precision
CV was less than 7 % over the Ang II concentrations of
8.6–110 pmol/L.

Statistical analysis

Statistical analysis was performed using MedCalc Statistical
Software version 17.0 (MedCalc Software bvba, Ostend,
Belgium). Outliers for measured parameters were elimi-
nated by Tukey’s method. Correlations among variables
were performed by Spearman’s rank correlation test. Com-
parisons for included variables were performed using the
Mann-Whitney U test. Receiver operating characteristic
(ROC) curve analyses for AAIIR and ARR were performed
using the Delong group’s method. Youden J statistics deter-
mined the cutoffs for AAIIR and ARR. Likelihood ratios were
calculated for each ratio based on the ROC curves. The
abilities of PA screening by the two ratios were compared by
pairwise comparison of ROC curves on the difference
between the area under the curve (AUC). Statistical signifi-
cance was set at p<0.05.

Results

Patient samples

Figure 1 shows the algorithm of data extraction. A total of 152
patient samples were included in the final analysis, of which
35 patients were diagnosed with PA. One outlier (Ang
II=15.2 pmol/L) was excluded by Tukey’s method. Table 1 lists
the patient demographics and results of all analytes. PA
patients were generally older, with higher UALD, AAIIR, and
ARR.

Correlation of PRA and Ang II

Figure 2 shows that PRA and Ang II were significantly
correlated independent of the PA status of the patients
(Spearman’s rank correlation coefficient, r=0.80, p-value
<0.0001).

Correlation of Ang II and PALD

Figure 3 shows that Ang II was correlated with PALD (R=0.35,
P-value=0.0001) in patients with EH but not in patients with
PA (p-value=0.85).

Figure 1: Flowchart showing the selection of patients from the
laboratory information system based on request on UALD between
December 2015 and January 2017. EH–essential hypertension, PA–
primary aldosteronism, PALD–plasma aldosterone, PRA–plasma renin
activity, RAAS – renin-angiotensin-aldosterone system, UALD–urinary
aldosterone.

Table : Comparison of baseline characteristics and analytes in 

patients (data shown in median with range).

Patient groups p-Value

Essential
(n=)

PA (n=)

% Male  

Age, years . (–) . (–) <.
UALD, nmol/day . (–) . (–) <.
-hour urine sodium,
mmol/day

 (–)  (–) .

PRA, ng/mL−h . (.–.) . (.–.) <.
PALD, pmol/L  (.–,)  (–,) <.
Ang II, pmol/L . (.–.) . (.–.) <.
ARR, pmol/L/ng/mL−h  (–,) ,

(–)
<.

AAIIR . (.–) .
(.–.)

<.

UALD, -hour aldosterone; PRA, plasma renin activity; PALD, plasma
aldosterone; Ang II, plasma angiotensin II; AAIIR, plasma aldosterone-to-
angiotensin II ratio; ARR, plasma aldosterone-to-renin ratio.
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Comparing ARR and AAIIR

Characteristics of AAIIR in EH patients

The AAIIR was significantly higher in patients with PA
compared to patients with EH (p-value <0.0001). Figure 4
shows the comparison of AAIIR in these two groups of
patients.

Correlation of ARR and AAIIR

Figure 5 is a scatterplot of ARR andAAIIR, showing that the two
ratios are significantly correlated (r=0.79, p-value <0.0001).

Comparison of diagnostic performance of AAIIR to ARR

The ROC analysis showed no significant difference in the
AUC of ARR (0.935 (95 % CI:0.898 to 0.972)) and AAIIR [0.938

Figure 2: The correlation of Ang II and PRA in
patients with EH and PA. Ang II–angiotensin II,
EH–essential hypertension, PA–primary
aldosteronism, PRA–plasma renin activity.

Figure 3: The correlation of Ang II and PALD in
patients with EH or PA, Ang II–angiotensin II,
EH–essential hypertension, PA–primary
aldosteronism, PALD–plasma aldosterone
concentration.
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(95 % CI:0.901 to 0.975)], as shown in Figure 6. The optimal
cutoff values were 577 (pmol/L)/(µg/L−h) and 60 for ARR and
AAIIR, respectively. The two ratios shared a similar speci-
ficity (85 % for AAIIR vs. 86 % for ARR), while AAIIR had a

higher sensitivity (91 vs. 88 %). Youden indices were 0.77 and
0.75 for AAIIR and ARR, respectively. The positive and
negative likelihood ratios for AAIIR were 6.3 and 0.10,
respectively, while those for ARR were 6.5 and 0.14.

Figure 4: Comparison of AAIIR in PA and EH patients. AAIIR – aldosterone-to-angiotensin II ratio, EH–essential hypertension, PA–primary aldosteronism.

Figure 5: Correlation of AAIIR and ARR in EH and
PA patients. AAIIR – aldosterone-to-
angiotensin II ratio, ARR – aldosterone-to-renin
ratio; EH–essential hypertension, PA–primary
aldosteronism.
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Discussion

Although the measurements of Ang II by immunoassays and
LCMS have previously been reported in different studies,
there is limited literature on evaluating AAIIR as a screening
tool for PA. In 2020, Guo et al. evaluated eqAAIIR (i.e., PALD/
eqAng II) to screen PA [13]. However, the efficacy of eqAng II
in accurately representing RAAS status remains uncertain.
Consequently, as far as we know, this study represents the
first evaluation of AAIIR based on endogenous Ang II for the
screening of PA.

Our study revealed significant correlations between
Ang II and PRA in patientswith EHor PA. In patientswith EH,
Ang II levels correlated significantly with PALD concentra-
tions. However, this correlationwas not observed in patients
with PA. The AAIIR and the ARR demonstrated comparable
efficacy in the screening for PA.

Ang II is themetabolite produced fromAng I through the
enzymatic action of angiotensin-converting enzyme. As
renin catalyzes the conversion of angiotensinogen to Ang I
[17], an increase in PRA leads to a rise in Ang I and, subse-
quently, Ang II. Therefore, the concentrations of the two
analytes are expected to exhibit a strong correlation in all
patients as long as they are not receiving any medications
which affect the RAAS. Conversely, Ang II is the active
effector of the RAAS, responsible for stimulating the pro-
duction of PALD in the adrenal glands [18]. In patients with
EH, an increase in Ang II would result in a rise in PALD.

However, in patientswith PA, the secretion of PALDbecomes
independent of PRA [19] and Ang II due to autonomous
secretion. The excess in PALD would lead to sodium reten-
tion and blood volume increase, thereby suppressing PRA
and Ang II generation [20]. Consequently, as expected, there
was no significant correlation between PALD and Ang II in
patients with PA in our study.

In the ROC curves analysis of ARR and AAIIR, there was
no significant difference in AUC, with both ratios demon-
strating comparable capability in the screening for PA. As
both ARR and AAIIR are screening parameters for PA, false
positive and negative results were expected. False positive
results of ARR and AAIIR would primarily be attributed to
low PRA and Ang II levels. Low PRA was observed in 25 % of
EH patients [21, 22], and the prevalence can increase with
age. We expected a similar observation in Ang II. In our
study, the percentages of samples with PRA and Ang II re-
sults that were less than the lower limits of quantitation
were 8 and 17 %, respectively. The higher percentage of low
Ang II could be explained by the low physiological Ang II
concentration in even normal subjects [8], not to mention in
PA patients in whom PRA and Ang II would be theoretically
suppressed. Therewere 17 (15 % of EHpatients) false positive
ARR and 18 (15 % of EH patients) false positive AAIIR. Aldo-
sterone levels in all false positive ARR cases and 14 false
AAIIR cases were within the reference interval. The remain-
ing 4 false positive AAIIR cases showed high aldosterone,
borderline high/high renin (2.27–5.68(pmol/L)/(µg/L−h)) and
normal/high Ang II (6.9–15.3 pmol/L). These cases are gener-
ally younger in age and obese, which might explain the high
aldosterone results [23]. Therefore, the exact values of renin
or Ang II might be worth considering for making clinical de-
cisions. For false negative cases, ARR showed 4 cases (12 % of
PA patients)., while AAIIR showed 3 cases (9 % of PA patients).
Two cases were found to have negative ARR but positive
AAIIR results. Therefore, AAIIR was a better marker for PA
screening. All the false negative cases had high 24-h urine
aldosterone, which prompted the endocrinologists to provide
confirmatory studies. Therefore, including 24-h urine aldo-
sterone in the screening of PAmay decrease the false negative
rate.

Due to the lack of uniformity in diagnostic protocols,
different cutoff values of ARR, ranging from 550 to 830
(pmol/L)/(µg/L−h) [24–26], were adopted in different clinical
centres. According to the Endocrine Society Guideline, the
optimal cutoff for ARR is 750 (pmol/L)/(µg/L−h) [2]. In this
study, the optimal cutoff value for ARR is 577 (pmol/L)/(µg/L−h),
which approximates the 550 (pmol/L)/(µg/L−h) cutoff adopted
by our endocrinologists.

According to the Endocrine Society guidelines [2], ARR
calculated by PRA and PALD is recommended as a screening

Figure 6: Comparison of ROC curves of AAIIR and ARR, AAIIR –

aldosterone-to-angiotensin II ratio, ARR – aldosterone-to-renin ratio;
ROC–receiver operating characteristic.
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method for PA. In our laboratory, online SPE has been uti-
lized in the PRA LCMS method to eliminate matrix inter-
ference. The injection-to-injection time is 12 min. Each
patient requires 2 injections to calculate a single PRA result.
Completing one batch of 40 PRA samples typically requires
22 h, resulting in a suboptimal turnaround time for the ARR
measurements. The measurement of Ang II and the utiliza-
tion of AAIIR for PA screening would facilitate a reduction in
the duration of the diagnostic procedure. Its low physiolog-
ical concentration and short half-life in the plasma have
previously impeded its application. However, LCMS mea-
surements can achieve a detection limit of 3.3 pmol/L [7].
Only one single injection of Ang II is required for each
sample from each patient. Each injection necessitates a
running time of 5 min. Analyzing a batch of 40 Ang II samples
requires less than 5 h. Therefore, if Ang II can substitute PRA
for the screening of PA, the analysis time required will
decrease significantly, expediting the PA screening process.
PA patients may thus receive confirmatory tests and defin-
itive treatment earlier, potentially reducing the risk of long-
term complications. Compared to PRA, no incubation step
was involved in measuring Ang II, which reduces the in-
fluences of various factors, including endogenous proteases
which break down generated Ang I and incubation vari-
ability [3].

Nevertheless, introducing AAIIR measurements to
routine clinical services may present significant challenges.
Firstly, plasma Ang II concentration (measured in pmol/L) is
substantially lower than that of Ang I (measured in nmol/L),
necessitating highly sensitive analyzers to accurately quan-
tify Ang II. Such sophisticated analytical instruments may
only be readily available to some clinical laboratories.
Furthermore, the unavailability of an EQAP for Ang II poses
difficulties in monitoring the analytical performance of this
assay.

In our study, 23 % of patients who underwent in-
vestigations for PA were eventually diagnosed with PA. The
frequency of confirmed cases is marginally higher than that
reported in the local and nearby districts [25, 27, 28]. The
prevalence of PA in various studies ranged from 5 to 20 %
[29–34], depending on the selection criteria for the study
population [31]. In our study, the deliberate selection of
patients being investigated by the endocrinologists
(i.e., patients with UALD measured) may account for the
higher proportion of PA cases in the cohort. Due to this po-
tential selection bias, likelihood ratios, rather than sensi-
tivity and specificity, were calculated as they would not be
influenced by the prevalence rate of the disease [35, 36]. The
negative likelihood ratio for AAIIR was 0.10, while that for
ARR was 0.14. Both could generate moderate change for
pretest probability to posttest probability in the screening of

PA, indicating that both the ARR and AAIIRwould be deemed
acceptable for screening out PA [37].

Based on our study results, we propose AAIIR as a po-
tential novel biomarker for the screening of PA, which re-
quires further investigation in different clinical settings.
Additional studies are necessary before incorporating this
test as part of the procedures for screening for PA in routine
service.

Conclusions

This study demonstrates that the AAIIR shows comparable
diagnostic performance to the traditional ARR for PA
screening in hypertensive patients. AAIIR exhibited a strong
correlation with ARR and similar specificity and sensitivity.
While AAIIR offers potential advantages such as shorter
analysis time and reduced susceptibility to confounding
factors, its implementation in routine clinical practice may
face challenges. Further large-scale studies are needed to
validate the efficacy of AAIIR and to establish its role in the
screening for PA. If successfully implemented, AAIIR could
improve the early diagnosis and treatment of PA, leading to
better patient outcomes.
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