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A B S T R A C T

Background: The aldosterone/renin ratio (ARR) is recommended to screen for primary aldosteronism (PA) in
hypertension. We estimated fully automated chemiluminescence immunoassays (CLIA) for plasma aldosterone
concentrations (PAC) and plasma direct renin concentrations (PRC) and investigated their reference intervals in
Chinese Han population.
Methods: PAC and PRC were measured on a fully automated analyzer (LIAISON XL, DiaSorin, Italy).
Performance characteristics were estimated according to CLSI approved guidelines. 328 healthy individuals were
selected for reference intervals investigation. Results simultaneously tested by CLIA and radioimmunoassays
were reviewed from 123 patients with hypertension and/or adrenal space-occupying lesion. PAC/PRC ratio
(ARRprc) was compared to PAC/plasma renin activity (PRA) ratio (ARRpra).
Results: Within-laboratory imprecision was 5.6%–6.7% for PAC and 3.0%–3.3% for PRC. The LoQ was
72.2 pmol/L for PAC and 1.27mIU/L for PRC. Linearity was excellent in the range of concentrations between 94
and 2708 pmol/L for PAC and 1.3–461.8 mIU/L for PRC. Interferences of hemoglobin, unconjugated bilirubin
and lipaemia could be acceptable, but not of conjugated-bilirubin when renin and aldosterone at low con-
centrations. The central 95% reference intervals for males: PAC: 76–722 pmol/L, PRC: 3.3–92.7mIU/L, ARR:
2.2–46.0 pmol/mIU; for females: PAC: 85–1010 pmol/L, PRC: 3.7–99.8mIU/L, ARR: 3.6–68.4 pmol/mIU. Upper
reference limits for ARR of younger and older men were lower than women. ARRprc and ARRpra showed almost
perfect agreement (kappa=0.815) for screening PA.
Conclusion: The DiaSorin tests are valuable analytical options for PAC and PRC measurements. We recommend
sex-specific and age-specific reference intervals of these items should be estimated.

1. Introduction

Primary aldosteronism (PA) characterized by elevated secreted al-
dosterone and suppressed renin secretion is the most frequent cause of
secondary arterial hypertension, accounting for> 10% of patients with
hypertension. Considering associated cardiovascular risks and the ef-
fectiveness of treatment with the correct diagnosis, it is very important
to detect the presence of PA [1]. From the Endocrine Society guidelines
[1], the plasma aldosterone/renin ratio (ARR) is strongly recommended
to screen possible cases of PA in patients with hypertension at risk for

PA: ARR is elevated in PA, and the prediction accuracy depends on the
reliability and sensitivity of the aldosterone and renin measurements,
especially at low concentrations.

Traditionally, ARR were calculated as plasma aldosterone con-
centration (PAC)/plasma renin activity (PRA) ratio. Both aldosterone
and renin were measured by radioimmunoassays (RIA), with renin
being measured as enzymatic activity, based on the conversion of the
substrate angiotensinogen to angiotensin I in plasma at 37 °C [2]. Due
to the complexity of the renin activity assay, this assay is laborious and
hard to be standardized. As the demand for screening patients suspected
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of PA increases, the less time-consuming and higher throughput
methods are preferable.

In recent years, activity assays have been replaced by measurements
of plasma renin concentrations on high-throughput automated chemi-
luminescence platforms in clinical laboratories. Plasma direct renin
concentration (PRC) has been compared to PRA in many laboratories,
and good consistency of PAC/PRC ratio (ARRprc) and PAC/PRA ratio
(ARRpra) was reported when used for PA screening [3–6].

The purpose of our study was to validate performance character-
istics of PAC and PRC by using fully automated chemiluminescence
immunoassays (CLIA) on the DiaSorin LIAISON XL platform. We also
investigated reference intervals of PAC, PRC and ARR on Chinese Han
population.

2. Methods and materials

2.1. Subjects and sample collection

328 healthy subjects from the Chinese Han population (174 females
and 154 males) were selected for the determination of reference inter-
vals; the inclusion criteria were: age≥ 18, BMI < 30 kg/m2, blood
pressure < 140/90mmHg, normal liver and kidney function, normal
electrolyte, normal glucose (fasting: 4.11–6.05mmol/L) and lipid meta-
bolism (fasting: Triglycerides<1.7mmol/L, Cholesterol<5.18mmol/
L, High-density lipoprotein cholesterol>1.04mmol/L, low density li-
poprotein cholesterol<3.37mmol/L), ultrasound tests of heart, liver,
spleen, thyroid and kidney are normal, no family history of hypertension,
not pregnant. Because there are many drugs affecting the ARR [7], taking
any relevant medications were exclusion criteria. All subjects had un-
restricted salt intake. Fasting venous blood samples were collected into
K2-EDTA tubes (Becton Dickinson, France) between 7:30 am and
10:30 am. Before venipuncture, all individuals had been out of bed for at
least 2 h, and then seated for 5–15min [1]. Samples were transported to
laboratory, centrifuged (3000×g for 10min) and separated at room
temperature (RT) within 1 h, then immediately frozen and stored at
−20 °C until tested.

For method comparison, we enrolled 123 hypertensive patients (57
females and 66 males, aged 18–80 years) who received the parallel
experiments at Tongji Hospital, from August 2015 to November 2016.
All patients had elevated blood pressure (systolic blood
pressure > 140mmHg, and/or diastolic blood pressure > 90mmHg).
After setting final diagnosis, they were grouped into 2 clinical sub-
groups: 36 with primary aldosteronism (20 females and 16 males, aged
27–80 years), 87 without primary aldosteronism (37 females and 50
males, aged 18–69 years; 9 with pheochromocytoma, 8 with re-
novascular hypertension, 1 with reninoma, 3 with adrenal gang-
lioneuroma, 2 with adrenal myelolipoma, 5 with cushing syndrome, 1
with hyperthyroidism and 58 with essential hypertension). Exclusion
criteria were the presence of heart failure, liver cirrhosis, past or pre-
sent malignancies, renal parenchymal disease, and pregnancy.

ARRpra and ARRprc were calculated using two different methods
(CLIA and RIA) for every patient, and the cutoff values for PA screening
were 25.0 (ng/dL)/(ng/mL/h) and the 97.5th percentile estimated in
our study for a positive ARR. Patients with positive ARR in either of the
screening tests underwent confirmatory testing. Case confirmation and
subtype identification of PA were carried out according to the
Endocrine Society Guidelines [1], as described before [8,9].

Secondary causes of hypertension other than PA were diagnosed
based on computed tomography, laboratory analyzes of plasma meta-
nephrines and noreinephrines, renal artery angiography, the histolo-
gical findings of the affected adrenal gland, and overnight dex-
amethasone suppression testing and so on, as clinically indicated.

For all diagnostic procedures, antihypertensive medications known
to affect the renin–aldosterone axis were withheld or switched to cal-
cium channel blockers at least 2 weeks before any adrenal hormones
were measured. Hypokalemia was corrected with oral potassium

supplementation.
This research was approved by the Institutional Review Board

Approval of Tongji Hospital, Tongji Medical College, HUST (IRB ID: TJ-
C 20160203).

2.2. Laboratory measurements

Measurements of PAC and PRC were performed on a fully auto-
mated chemiluminescent analyzer (LIAISON XL, DiaSorin, Italy) with
dedicated reagents according to the manufacturer's instructions, which
were described in details previously [5,10]. The DiaSorin PRC assay is
calibrated to the WHO reference material (National Institute for Bio-
logical Standards and Control code 68/356). Samples were collected in
K2-EDTA tubes.

For method comparison, aldosterone and angiotensin I were mea-
sured by RIA using commercially available kits purchased from North
Institute of Biological Technology (NIBT, Beijing, China), which are
permitted by China Food and Drug Administration(CFDA) and widely
used in China. For PAC measurement, intra- and inter-assay coefficients
of variation (CV) were 8.2% and 9.7% at 385 pmol/L (13.9 ng/dL),
3.5% and 5.5% at 1091 pmol/L (39.4 ng/dL). PRA was calculated by
subtracting angiotensin I measured at 4 °C from that determined at
37 °C, and the intra- and inter-assay coefficients of variation of angio-
tensin I were 8.91% and 14.38% at 0.35 ng/mL, 6.8% and 11.94% at
4.8 ng/mL (intra- and inter-assay coefficients of variation were below
10% and 15% from the manufacturer's instructions, respectively).

2.3. Performance characteristics

2.3.1. Imprecision
Imprecision of PAC and PRC was verified in accordance with

Clinical and Laboratory Standards Institute (CLSI) document EP05-A2
[11], on the LIAISON XL platform. Briefly, two plasma pools indicated
two different concentration levels were prepared with fresh plasma for
each biomarker, split to aliquots, kept at −70 °C, and then thawed
immediately in the 37 °C water until measurement. Samples were
measured in duplicate, two runs per day, over a minimum of 20 days,
generating 80 replicates for each plasma pool. During the imprecision
verification, one lot of reagent was used by one operator for each
biomarker respectively.

2.3.2. Sensitivity
The limit of blank (LoB), limit of detection (LoD) and limit of

quantitation (LoQ) were verified based on guidance from CLSI docu-
ment EP17-A2 [12]. For the LoB verification, two diluents free of al-
dosterone and reinin supplied by DiaSorin were tested four times per
day for three days. Similarly, for LoD verification, two plasma samples
with very low levels of aldosterone and additional two samples with
very low levels of renin were tested four times per day for three days,
respectively. For LoQ verification, two samples with very low levels of
aldosterone and four samples with very low levels of renin were tested
six to eight replicates per sample per day for three days. Mean values
were calculated to yield the target values.

2.3.3. Linearity
Linearity of the two assays was confirmed according to CLSI docu-

ment EP6-A [13]. Series dilutions of different concentrations were
prepared from two plasma samples, one with very low concentration
and another with high concentration, which were mixed together with
the specific ratios and measured in duplicate.

The mean observed values were also compared to the expected
values. The observed value/expected value (OBS/EXP) was calculated
for the intermediate dilutions, to provide the percent recovery, de-
termined using the following formula: Recovery= (Mean observed
value/Expected value)× 100%.
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