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A B S T R A C T

Introduction: Accurate interpretation of plasma renin concentration (PRC) and plasma aldosterone concentration 
(PAC) requires population-specific reference intervals, which remain scarce in Southeast Asian populations. 
Manufacturer-derived reference intervals are based predominantly on Western cohorts and may not be directly 
applicable to regional populations.
Materials and methods: This cross-sectional study recruited 300 healthy, normotensive, non-obese adults (149 
males, 151 females; mean age 34.4 ± 10.7 years) from a multi-ethnic Malaysian cohort in Sarawak to establish 
reference intervals for PAC and PRC. Strict exclusion criteria were applied to minimize confounding from 
medications, smoking, obesity, renal dysfunction, and hypokalemia. PAC and PRC were measured under stan
dardized seated morning conditions using the DiaSorin Liaison® XL chemiluminescent immunoassay (CLIA). 
Reference intervals were derived using the IFCC-recommended non-parametric method, with sex- and age- 
stratified analyses.
Results: The reference intervals were 2.13–30.1 ng/dL (2.5th to 97.5th percentile) for PAC (range 1.25–42.30 ng/ 
dL) and 7.4–66.4 μIU/mL (5th to 95th percentile) for PRC (range 1.31–107.80 μIU/mL). Participants aged ≥40 
years had significantly lower PAC and PRC than younger participants. On multivariable regression analysis, PAC 
was independently associated with serum potassium and estimated 24-h urine sodium excretion, whereas PRC 
was independently associated with age, sex, systolic blood pressure, and estimated 24-h urinary sodium excre
tion. No significant difference in PAC and PRC was observed across ethnic groups.
Conclusions: We report the first platform-specific, sex- and age-stratified reference intervals for PAC and PRC in a 
healthy Southeast Asian population using the DiaSorin Liaison® XL CLIA platform. The derived intervals differed 
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efficients of variation; eGFR, Estimated glomerular filtration rate; IQR, Interquartile range; LC-MS/MS, Liquid chromatography-tandem mass spectrometry; NSAID, 
Non-steroidal anti-inflammatory drug; PA, Primary aldosteronism; PAC, Plasma aldosterone concentration; PRC, Plasma renin concentration; RAAS, Renin-angio
tensin-aldosterone system; RIA, Radioimmunoassay; RLU, Relative light units.
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from manufacturer-provided values, highlighting the importance of locally validated reference data for accurate 
interpretation of RAAS biomarkers and clinical evaluation of endocrine and hypertensive disorders.

1. Introduction

The renin-angiotensin-aldosterone system (RAAS) is a key regulator 
of blood pressure (BP), sodium balance, and fluid homeostasis. In clin
ical practice, plasma renin concentration (PRC) and plasma aldosterone 
concentration (PAC) are commonly measured to assess RAAS activity in 
a range of disorders, including primary aldosteronism (PA), secondary 
hypertension, and adrenal insufficiency. Accurate interpretation of PRC 
and PAC requires population-specific reference intervals, which may be 
influenced by age, sex, ethnicity, environmental factors, and analytical 
methodology.

International laboratory guidelines recommend that clinical labora
tories establish or verify local applicable reference intervals whenever 
feasible, particularly when population characteristics differ from those 
used in manufacturer studies [1]. However, manufacturer-provided 
reference intervals are frequently derived from relatively small or 
demographically restricted populations and may not adequately reflect 
regional biological diversity. Variations in ethnicity, environmental 
exposures, dietary habits, and analytical platforms may all influence 
circulating concentrations of RAAS biomarkers [2].

Despite these recommendations, data on reference intervals for 
RAAS biomarkers in Southeast Asian populations remain limited. Most 
published reference interval studies have been conducted in Western 
populations and have primarily included White, Black, and Hispanic 
individuals. Ethnic differences in RAAS activity have been reported, 
with Black individuals generally exhibiting lower aldosterone concen
trations and Hispanics demonstrating higher plasma renin activity 
(PRA) than White populations [3]. Furthermore, although radioimmu
noassay (RIA), liquid chromatography-tandem mass spectrometry (LC- 
MS/MS), and automated chemiluminescence immunoassay (CLIA) 
methods show reasonable concordance for screening purposes [4–6], 
absolute aldosterone and renin concentrations may differ substantially 
between analytical platforms [7,8]. Consequently, platform-specific 
reference intervals are required for accurate clinical interpretation.

Automated CLIA platforms, such as the DiaSorin Liaison® XL system, 
have increasingly replaced conventional RIAs in routine clinical labo
ratories because of their automation, rapid turnaround times, and 
avoidance of radioactive materials [9]. However, the manufacturer- 
derived reference intervals established for the DiaSorin Liaison® XL 
system were established from a cohort of only 89 and 126 individuals for 
PRC and PAC respectively, comprising Caucasian, African American, 
Hispanic, and Asian participants sampled in the upright and supine 
positions. These conditions differ from seated sampling protocols 
commonly used in clinical practice and may not adequately reflect the 
demographic characteristics of Southeast Asian populations.

The present study was therefore undertaken to establish platform- 
specific reference intervals for PRC and PAC using the DiaSorin 
Liaison® XL CLIA system in a well-characterized cohort of healthy 
normotensive adults from Sarawak, Malaysia, a multi-ethnic population 
comprising Malay, Chinese, and indigenous Sarawakian communities 
(including Iban and Bidayuh). Measurements were performed under 
standardized pre-analytical conditions, and sex- and age-stratified ana
lyses were conducted. In addition, independent demographic and clin
ical determinants of PRC and PAC were evaluated using multivariable 
regression analysis.

2. Materials and methods

2.1. Study participants

This cross-sectional study was conducted at Sarawak General 

Hospital, Kuching, Sarawak, Malaysia, between December 2021 and 
December 2022. Participants were recruited from healthy blood donors 
attending the hospital Blood Bank, who were considered broadly 
representative of the multi-ethnic adult population of Kuching. The 
minimum sample size of 120 individuals per sex partition was deter
mined in accordance with Clinical and Laboratory Standards Institute 
(CLSI) guidelines EP28-A3C for non-parametric reference interval esti
mation [10].

The inclusion criteria were Malaysians aged ≥18 years, body mass 
index (BMI) <27.5 kg/m2 (based on the World Health Organization 
Asian-specific obesity threshold) [11], and estimated glomerular filtra
tion rate (eGFR) >60 mL/min/1.73m2. Exclusion criteria included 
current smoking; pregnancy; hypertension (defined as systolic BP >140 
mmHg and/or diastolic BP >90 mmHg) or use of antihypertensive 
medications; hypokalemia (serum potassium <3.5 mmol/L); and use of 
medications known to affect the RAAS [12], including non-steroidal 
anti-inflammatory drugs (NSAIDs) and exogenous estrogens (oral con
traceptive pills or hormone replacement therapy) within three months 
prior to sampling.

The study was conducted in accordance with the Declaration of 
Helsinki and was approved by the Medical Research Ethics Committee of 
Malaysia (NMRR-21-1874-61479). All participants provided written 
informed consent.

2.2. Socio-demographic and anthropometric data collection

Demographic data, including age, sex, ethnicity, medical history, 
and family history of hypertension, were collected through structured 
interviews. Height and weight were measured using standardized pro
cedures, and BMI was calculated as weight (kg) divided by height 
squared (m2).

BP measurements were obtained between 08:00 and 11:00 h after 
participants had rested in the seated positions for at least 5 min. Mea
surements were performed using a validated automated sphygmoma
nometer (Omron HEM-7130-L, Omron Healthcare) on the right arm. The 
mean of two readings taken 1–2 min apart was used for analysis, in 
accordance with European Society of Hypertension recommendations 
[13].

2.3. Blood and urine sample collection

Participants remained seated for at least 15 min before venipuncture. 
Blood samples were collected between 08:00 and 11:00 h under stan
dardized conditions. A total of 10 mL of venous blood was obtained by 
antecubital venipuncture into K2-EDTA tubes (Becton Dickinson, USA) 
for PAC and PRC measurements and plain tubes (Becton Dickinson, 
USA) for serum electrolytes and creatinine.

Renin is susceptible to cryoactivation, whereby cold exposure of 
whole blood or plasma promotes conversion of inactive prorenin to 
active renin, potentially causing spurious elevation of measured PRC or 
PRA [14]. To minimize this risk, blood samples were maintained at room 
temperature (27–30 ◦C) during transport and were centrifuged within 
30 min of collection at 3000 rpm (1734 x g) for 10 min. Plasma aliquots 
were subsequently stored at − 80 ◦C until batch analysis, consistent with 
published recommendations demonstrating the stability of renin under 
these conditions [15]. Serum electrolytes and creatinine were measured 
within 2 h of collection using a Roche Cobas ® c702 chemistry analyzer 
(Roche Diagnostics).

Spot urine samples were collected to estimate habitual dietary so
dium intake using the INTERSALT equation. Estimated 24-h urinary 
sodium excretion was converted to estimated daily salt intake by 
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multiplying by 2.54 [16,17]. Renal function was assessed using the CKD- 
EPI 2021 equation. No dietary sodium restriction was imposed before 
sampling to reflect routine clinical practice.

2.4. PAC and PRC measurement

PAC and PRC were measured using the DiaSorin Liaison® XL fully 
automated CLIA platform (DiaSorin S.p.A., Saluggia, Italy). PAC was 
determined using the Liaison® Aldosterone Assay, whereas PRC was 
measured using the Liaison® Direct Renin Assay.

The aldosterone assay is a competitive immunoassay in which 
aldosterone present in the sample competes with an isoluminol-labelled 
aldosterone conjugate for binding to a sheep anti-aldosterone mono
clonal antibody. The resulting chemiluminescent signal measured by the 
system photomultiplier as relative light units (RLU) is inversely pro
portional to the aldosterone concentration. The analytical measurement 
range was 0.97–100 ng/dL.

The direct renin assay is a two-site sandwich immunoassay 
employing monoclonal antibodies directed against renin and prorenin 
molecules. The generated chemiluminescent signal is directly propor
tional to the concentration of renin in the sample. The analytical mea
surement range was 0.52–500 μIU/mL.

Analytical precision was verified according to CLSI EP15-A2 rec
ommendations and met the manufacturer's performance specifications. 
For PAC, intra-assay and inter-assay coefficients of variation (CVs) were 
2.6% and 5.9% at 7.73 ng/dL, and 1.5% and 3.9% at 29.4 ng/dL, 
respectively. For PRC, the corresponding intra- and inter-assay CVs were 
2.8% and 4.1% at 23.5 μIU/mL, and 2.4% and 4.1% at 115.77 μIU/mL, 
respectively.

2.5. Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version 
29.0 (IBM Corp., Armonk, NY, USA). Data distributions were assessed 
using histograms, boxplots, and density plots. Outliers were identified 
using the D/R ratio method for non-parametric reference interval esti
mation, as per CLSI EP28-A3C guideline [10].

The distribution of continuous variables was assessed using the 
Shapiro-Wilk test and visual inspection of histograms. Group compari
sons were performed using the Welch's t-test for normally distributed 
variables whereas the Mann-Whitney U test for non-normally distrib
uted variables. Associations between categorical variables were assessed 
using the chi-square tests.

Reference intervals were established using the non-parametric 
percentile method recommended by IFCC/CLSI EP28-A3C, corre
sponding to the 2.5th and 97.5th percentiles of the reference distribu
tion, with 90% confidence intervals calculated. A log-normal parametric 
approach was additionally applied to evaluate consistency of the derived 
intervals. Sex- and age-specific reference intervals were calculated for all 
analytes. Age partitioning was undertaken a priori using a threshold of 
40 years based on Malaysian epidemiological data demonstrating a 
marked increase in hypertension prevalence beyond this age [18]. To 
control for the confounding effect of age when comparing PAC and PRC 
between sexes, an age-matched cohort was generated using the case 
control matching procedure in IBM SPSS statistics. Male and female 
participants were matched 1:1 by age, and successful matching was 
confirmed by the absence of a significant difference in mean age be
tween the two groups (p = 1.0). Comparisons of PAC and PRC between 
the age-matched male and female groups were subsequently performed 
as described above.

Independent predictors of log-transformed PAC and PRC were eval
uated using multivariable linear regression models including age, sex, 
ethnicity, systolic BP, diastolic BP, BMI, serum potassium, and estimated 
24-h urinary sodium excretion as covariates. Statistical significance was 
defined as a two-sided p value of <0.05. Results are expressed as mean 
± SD or median (IQR) as appropriate, with regression coefficients 

reported alongside 95% confidence intervals.

3. Results

3.1. Participant characteristics

A total of 740 consecutive healthy adults were screened, of whom 
309 participants fulfilled the eligibility criteria and completed study 
procedures. Seven participants were subsequently excluded because of 
hypokalemia, and two were excluded as statistical outlier based on D/R 
ratio testing (PRC values of 200.20 μIU/mL and 199.8 μIU/mL), 
resulting in a final analytical cohort of 300 participants (149 males, 151 
females; mean age 34.4 ± 10.7 years).

The cohort was ethnically diverse, comprising Chinese (39.3%), 
Malay (26.0%), indigenous Sarawakian groups (20.7%), and partici
pants of mixed or other ethnic backgrounds (14.0%). Six female par
ticipants were post-menopausal. Baseline demographics, clinical, and 
biochemical characteristics are summarized in Table 1.

Male participants were significantly older and had higher BMI, sys
tolic BP, diastolic BP, and estimated 24-h urinary sodium excretion than 
female participants (all p < 0.001). Median PAC was significantly lower 
in males than females, whereas median PRC did not differ significantly 
between sexes.

3.2. Reference intervals

The range for PAC was 1.25–42.30 ng/dL, while that for PRC was 
1.31–107.80 μIU/mL in the whole cohort. In comparison with the 
manufacturer's proposed reference intervals measured from EDTA- 
plasma for PAC of 2.21–35.3 ng/dL and 1.17–23.6 ng/dL (2.5th to 
97.5th percentile; upright and supine postures respectively, n = 126) 
and for PRC of 4.4–46.1 μIU/mL and 2.8–39.9 μIU/mL (5th to 95th 
percentile; upright and supine postures respectively, n = 89), the 
reference intervals established in our cohort were 2.13–30.1 ng/dL 
(2.5th to 97.5th percentile) for PAC and 7.4–66.4 μIU/mL (5th to 95th 

Table 1 
Sociodemographic, anthropometric, and laboratory data of study participants.

All cohort n =
300

Male n =
149

Female n =
151

p

Age, years 34.4 ± 10.7 37.5 ±
11.0

31.4 ± 9.6 <0.001

Ethnicity, n (%) ​ ​ ​ 0.021
Chinese 118 (39.3) 68 (45.6) 50 (33.1) ​
Malay 78 (26.0) 43 (28.9) 35 (23.2) ​
Sarawak Indigenous 62 (20.7) 24 (16.1) 38 (25.2) ​
Mixed heritage 25 (8.3) 9 (6.0) 16 (10.6) ​
Others 17 (5.7) 5 (3.4) 12 (7.9) ​

Family history of HPT, 
n (%)

87 (29) 47 (31.5) 40 (26.5) 0.335

Body mass index, kg/ 
m2

23.1 ± 2.5 23.7 ± 2.4 22.6 ± 2.5 <0.001

Systolic BP, mmHg 120.4 ± 11.3 126.1 ±
8.7

114.7 ±
10.8

<0.001

Diastolic BP, mmHg 77.4 ± 6.9 79.5 ± 6.2 75.2 ± 7.0 <0.001
Serum potassium, 

mmol/L
4.1 ± 0.3 4.1 ± 0.3 4.1 ± 0.3 0.181

eGFR, ml/min/1.73m2 97.3 ± 18.9 95.6 ±
19.1

99.0 ± 18.6 0.118

Estimated urine Na, 
mmol/d

130.4 ± 33.5 148.1 ±
33.5

112.8 ±
22.6

<0.001

Estimated salt intake, 
g/d

7.7 ± 1.9 8.7 ± 1.8 6.6 ± 1.3 <0.001

Numerical variables are presented as the mean ± standard deviation while 
categorical variables are defined as absolute number and percentage. The p 
values were obtained from independent t-test (for normally distributed data) and 
chi-square test (for categorical data).
BP: blood pressure; eGFR: estimated glomerular filtration rate; HPT: hyperten
sion; Na: sodium.
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percentile) for PRC.
Sex-stratified analysis demonstrated significantly higher median 

PAC in females [9.27 ng/dL (IQR 6.49–15.00)] than in males [6.67 ng/ 
dL (IQR 5.04–9.55); p < 0.001] (Table 2a). In contrast, median PRC did 
not differ significantly between sexes (p = 0.300). The sex-related dif
ference in PAC remained significant even after exclusion of post- 
menopausal women and following age matching of male and female 
participants (Table 2b).

Age-stratified analyses demonstrated significantly lower median 
PAC (p = 0.033) and PRC (p < 0.001) among participants aged ≥40 
years compared with those aged <40 years (Table 3a). These findings 
were observed consistently in both sexes (Table 3b). Nevertheless, the 
wide and disparate IQR between the two age groups among the female 
participants suggest caution in interpreting this finding, given the rela
tively small sample size in the older female subgroup (n = 33).

No statistically significant differences in PAC or PRC were observed 
across ethnic groups (p = 0.091 and p = 0.364 respectively) (Supple
mentary Table 1).

3.3. Predictors of PAC and PRC

Multivariable regression analyses are summarized in Table 4. PAC 
was independently associated with serum potassium concentration (β =
0.143 p = 0.009) and estimated 24-h urinary sodium excretion (β =
− 0.300, p < 0.001).

PRC was independently associated with age (β = − 0.262 m p <
0.001), sex (β = − 0.917, p < 0.001), systolic BP (β = − 0.173, p = 0.043), 
and estimated 24-h urinary sodium excretion (β = − 0.243, p < 0.001).

Neither BMI nor ethnicity was independently associated with PAC or 
PRC after adjustment for covariates.

4. Discussion

This study establishes the first platform-specific reference intervals 
for PAC and PRC in a healthy normotensive Southeast Asian adult 
population, derived under standardized pre-analytical conditions using 
the DiaSorin Liaison® XL CLIA platform. The derived reference intervals 
differed from the manufacturer-provided values, particularly for PRC, 
and those reported in other populations. These findings underscore the 
importance of establishing population-specific reference intervals and 
provide a valuable reference dataset for the accurate clinical interpre
tation of RAAS biomarkers in this region.

The differences observed between our reference intervals and those 
provided by the assay manufacturer are likely attributable to both bio
logical and methodological factors. The manufacturer-derived reference 
intervals were established in a cohort of only 89 and 126 individuals 
respectively comprising predominantly Western populations sampled in 
the upright and supine positions. In contrast, our study employed 
standardized seated sampling following a defined rest period in a 
Southeast Asian population. Given the well-established influence of 
posture on RAAS activity [19], differences in sampling position may 
have contributed substantially to the observed discrepancies. Further
more, differences in genetic background, environmental exposures, di
etary habits, and population characteristics may also influence 
circulating renin and aldosterone concentrations [3,20,21].

Physiologically, higher sodium intake suppresses renin and aldoste
rone secretion, whereas lower sodium intake stimulates RAAS activation 
[22]. Consistent with this biological relationship, estimated 24-h uri
nary sodium excretion emerged as an independent predictor of both PAC 

and PRC in our cohort. Interestingly, despite a lower estimated daily salt 
intake than that reported in Chinese populations [23,24], median PAC 
and PRC in our cohort were comparable to those reported by Deng et al. 
[25], who used the same analytical platform and similar seated sampling 
conditions. This observation further highlights the complexity of factors 
influencing RAAS activity and underscores the importance of 

Table 2a 
Comparison of PAC and PRC between sexes of study participants.

Parameters Males n = 149 Females n = 151 p

PAC, ng/dL 6.67 (5.04, 9.55) 9.27 (6.49, 15.00) <0.001
PRC, μIU/mL 24.24 (15.75, 33.36) 25.88 (14.65, 39.36) 0.300

Table 2b 
Comparison of PAC and PRC between sexes matched for age, with exclusion of 
postmenopausal women.

Parameters Males n = 99 Females n = 99 p

Age, years 33.8 ± 8.8 33.8 ± 8.8 1.0
PAC, ng/dL 6.70 (5.15, 9.82) 9.06 (6.54, 13.20) <0.001
PRC, μIU/mL 26.80 (17.20, 33.45) 22.06 (14.20, 35.66) 0.396

Numerical variables are presented as the median (IQR 25th to 75th percentile). 
The p-values were obtained from Mann-Whitney test.
PAC = plasma aldosterone concentration; PRC = plasma renin concentration.

Table 3a 
Comparison of PAC and PRC between age groups.

Parameters Age < 40 years old n = 201 Age ≥ 40 years old n = 99 p

PAC, ng/dL 8.34 (5.75, 12.50) 6.99 (5.20, 9.86) 0.033
PRC, μIU/mL 27.67 (17.39, 42.54) 19.99 (12.5, 29.91) <0.001

Table 3b 
Comparison of PAC and PRC between age groups, stratified by sex.

Parameters Males p Females p

Age < 40 
years n =
83

Age ≥
40 years 
n = 66

Age < 40 
years n =
118

Age ≥
40 years 
n = 33

PAC, ng/dL 7.24 
(5.08, 
9.90)

6.50 
(5.01, 
9.19)

0.354 9.29 
(6.38, 
16.10)

7.85 
(6.28, 
12.05)

0.481

PRC, μIU/ 
mL

26.89 
(17.68, 
36.80)

20.4 
(14.5, 
30.3)

0.026 28.90 
(16.68, 
46.37)

14.99 
(9.13, 
26.72)

<0.001

Numerical variables are presented as the median (IQR 25th to 75th percentile). 
The p-values were obtained from Mann-Whitney test.
PAC = plasma aldosterone concentration; PRC = plasma renin concentration.

Table 4 
Multivariable linear regression analysis of log PAC and log PRC.

Predictors β 95% CI p

Dependent variable: Log PAC 
Adjusted R2 = 0.173

Age 0.024 − 0.002, 0.004 0.693
Sex 0.095 − 0.022, 0.124 0.173
Ethnicity 0.014 − 0.021, 0.028 0.258
Systolic BP − 0.090 − 0.006, 0.002 0.288
Diastolic BP 0.071 − 0.003, 0.008 0.335
Body mass index 0.013 − 0.012, 0.015 0.841
Serum potassium 0.143 0.029, 0.201 0.009
24-h urine sodium excretion − 0.300 − 0.004, − 0.001 <0.001
Dependent variable: Log PRC 

Adjusted R2 = 0.142
Age − 0.262 − 0.011, − 0.004 <0.001
Sex − 0.197 − 0.200, − 0.036 <0.001
Ethnicity 0.010 − 0.025, 0.030 0.862
Systolic BP − 0.173 − 0.009, 0 0.043
Diastolic BP 0.089 − 0.002, 0.010 0.229
Body mass index − 0.003 − 0.015, 0.015 0.957
Serum potassium − 0.010 − 0.106, 0.087 0.850
24-h urine sodium excretion − 0.243 − 0.003, − 0.001 <0.001

BP: blood pressure; CI: confidence interval; PAC: plasma aldosterone concen
tration; PRC: plasma renin concentration.
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establishing population-specific reference intervals.
Although no statistically significant differences in PAC or PRC were 

observed among ethnic groups in our cohort, the sample sizes of indi
vidual ethnic subgroups may have limited the statistical power to detect 
modest biological differences. Larger studies will be required to deter
mine whether ethnicity-specific reference intervals are warranted 
within Southeast Asian populations. Nevertheless, previous studies have 
demonstrated ethnic differences in PAC and PRA among White, His
panic, and Chinese populations [3], supporting the biological plausi
bility of population-specific RAAS profiles. It is also noteworthy that 
many earlier studies did not explicitly exclude smokers or users of oral 
contraceptive pills. Nicotine has been shown to activate RAAS and in
crease aldosterone concentrations [26], whereas oral contraceptive use 
may increase PAC while suppressing PRC [27], potentially contributing 
to variability between studies.

The age-related decline in PRC and PAC observed in our study is 
consistent with findings reported across multiple populations and 
analytical platforms [25,28–30]. Age-related alterations in adrenal 
aldosterone synthase expression, reduced adrenal responsiveness to 
angiotensin II, and progressive decline in juxtaglomerular cell function 
associated with nephron loss are thought to contribute to reduced RAAS 
activity with aging [31,32]. Previous studies have demonstrated a 
gradual decline in renin and aldosterone concentrations across adult
hood [33]. This pattern was evident in the overall cohort and was 
particularly pronounced among male participants. Among women, PRC 
was significantly lower in those aged ≥40 years than in those <40 years, 
whereas PAC was numerically lower but did not reach statistical sig
nificance. However, the variability of PAC and PRC differed substan
tially between the two female age groups, likely because of the relatively 
small number of women aged ≥40 years (n = 33), thereby limiting the 
statistical power. Our findings nonetheless confirm that these age- 
related patterns are also present in a Southeast Asian population and 
support consideration of age-specific reference intervals when inter
preting RAAS biomarkers in clinical practice.

We also observed significantly higher PAC in females than in males, 
even after exclusion of post-menopausal women and after age-matching. 
This finding is consistent with previous reports [20,24,25,30,34]. Es
trogen influences multiple components of the RAAS, including substrate 
availability, enzyme activity, receptor expression, and protein synthesis 
[35], which may contribute to higher aldosterone concentrations 
without a corresponding rise in PRC. Although menstrual cycle phase 
was not standardized in this study, the persistence of the observed sex 
differences following age-matching and exclusion of post-menopausal 
women suggests that the findings are robust.

The DiaSorin Liaison® XL CLIA was selected because it is widely used 
in routine clinical laboratories for the measurement of aldosterone and 
renin. Although LC-MS/MS remains the reference analytical method for 
steroid hormone measurement, its technical complexity and operational 
costs limit widespread implementation in many Southeast Asian labo
ratories [36]. Consequently, the reference intervals established in this 
study are directly applicable to clinical laboratories utilizing the Dia
Sorin Liaison® XL platform.

The clinical implications of these findings are important. Application 
of manufacturer-derived reference intervals established predominantly 
in Western populations may result in misclassification of normal renin or 
aldosterone concentrations in Southeast Asian individuals. The avail
ability of locally derived reference intervals may therefore improve 
interpretation of RAAS biomarkers and enhance diagnostic accuracy 
during the evaluation of endocrine hypertension, PA, and disorders of 
adrenal function.

Several limitations should be acknowledged. First, menstrual cycle 
phase was not standardized among pre-menopausal women, which may 
have contributed to variability in PAC measurements. However, this 
reflects routine clinical practice and is consistent with previously pub
lished RAAS reference interval studies [34,37]. Second, this was a 
single-center study conducted in Kuching, Sarawak, which may limit 

generalizability to other regions of Malaysia and Southeast Asia. Third, 
dietary sodium intake was estimated using a single spot urine sample 
and the INTERSALT equation rather than direct 24-h urine collection. 
Although validated for population-level assessment, this approach may 
introduce individual-level variability in sodium estimation. In addition, 
despite inclusion of multiple ethnic groups, the sample sizes of indi
vidual ethnic subgroups may have been insufficient to detect modest 
ethnic differences in RAAS biomarkers. Finally, the reference population 
was derived from blood donors rather than the general healthy popu
lation. Although blood donors are generally considered healthy in
dividuals, they may not be fully representative of the broader population 
because of potential differences in sociodemographic characteristics, 
lifestyle factors, and occupation. Therefore, the reference intervals 
established in this study may not be entirely generalizable to broader 
healthy adult population.

Nevertheless, this study has several notable strengths, including 
rigorous exclusion of major RAAS confounders, standardized pre- 
analytical sampling procedures, use of a widely adopted automated 
analytical platform, and recruitment of a multi-ethnic cohort exceeding 
the CLSI-recommended sample size requirements for sex-specific refer
ence interval estimation. These methodological strengths enhance the 
robustness and clinical applicability of the reference intervals derived.

5. Conclusions

This study establishes the first platform-specific reference intervals 
for PAC and PRC in a healthy, normotensive, multi-ethnic Southeast 
Asian population using the DiaSorin Liaison® XL CLIA platform under 
standardized seated morning sampling conditions. The derived refer
ence intervals differ from manufacturer-provided values, highlighting 
the importance of locally validated reference data for accurate inter
pretation of RAAS biomarkers and reducing the risk of diagnostic 
misclassification in clinical practice.

Significant age- and sex-related differences in PAC and PRC were also 
observed, suggesting that these demographic factors should be consid
ered when interpreting RAAS biomarker results. The reference intervals 
generated in this study provide a clinically relevant framework for 
laboratories and clinicians using the DiaSorin Liaison® XL platform in 
Southeast Asian populations.

Future multicenter studies involving larger and more diverse pop
ulations, standardized sodium balance protocols, and parallel LC-MS/ 
MS validation are warranted to further refine reference intervals, 
improve analytical harmonization, and understanding of physiological 
variation in RAAS biomarkers across Southeast Asian populations.
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