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ABSTRACT

Objective: Despite being one of the most common causes of secondary hypertension, primary aldosteronism (PA) is frequently underdiagnosed. This study aimed to
evaluate the associations between biochemical markers used in PA screening (plasma aldosterone concentration [PAC], plasma renin activity [PRA], and aldosterone-
to-renin ratio) and routinely measured hematological parameters (leukocyte, neutrophil, lymphocyte, and platelet counts), as well as inflammatory indices derived
from these parameters (neutrophil-to-lymphocyte ratio [NLR], platelet-to-lymphocyte ratio [PLR], and the Systemic Immune-Inflammation Index [SII]).

Materials and Methods: This retrospective study analyzed data from 169 hypertensive patients who underwent PA screening between January 2021 and December
2023. Patients were grouped according to PAC cut-off values of =15 ng/dL and =30 ng/dL. Associations between PAC, PRA, and hematological parameters were
assessed using correlation, multivariable linear regression, and receiver operating characteristic (ROC) curve analyses.

Results: Platelet count was significantly higher in patients with PAC =15 ng/dL and PAC =30 ng/dL (p = 0.041 and p < 0.001, respectively). In multivariable regression
analyses, platelet count (p = 0.001), PLR (p = 0.012), and SII (p = 0.044) remained independently associated with PAC. In ROC analysis, platelet count demonstrated
statistically significant discriminative performance for PAC 230 ng/dL (AUC = 0.727, p = 0.001).

Conclusion: Leukocyte-based hematological parameters and inflammatory indices were not significantly associated with PA screening markers. However, the modest
association between platelet count and PAC suggests a potential link with aldosterone activity. Further studies are needed to clarify the clinical relevance of this
finding.
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OZET

Amag: Primer aldosteronizm (PA), sekonder hipertansiyonun en yaygin nedenlerinden biri olmasina ragmen siklikla tani konulamamaktadir. Bu calismada, PA
taramasinda kullanilan biyokimyasal belirtegler olan plazma aldosteron konsantrasyonu (PAC), plazma renin aktivitesi (PRA) ve aldosteron-renin orani (ARR) ile
hemogram analizinden elde edilen I6kosit, notrofil, lenfosit ve trombosit (PLT) sayilari ve bu parametrelerden tiiretilen nétrofil/lenfosit orani (NLR), trombosit/lenfosit
orani (PLR) ve Sistemik immiin-inflamasyon indeksi (Sll) gibi géstergeler arasindaki iliskilerin degerlendirilmesi amaclanmistir.

Gereg ve Yontemler: Bu retrospektif calismada, Ocak 2021-Aralik 2023 tarihleri arasinda PA taramasi yapilan 169 hipertansif hastanin verileri analiz edildi. Hastalar
PAC esik degerlerine gére 215 ng/dL ve =30 ng/dL olmak lizere iki gruba ayrildi. PAC, PRA ve hematolojik parametreler arasindaki iliskiler korelasyon analizi, cok
degiskenli lineer regresyon ve ROC egrisi analizi kullanilarak degerlendirildi.

Bulgular: Trombosit sayisi, hem PAC 215 ng/dL hem de PAC 230 ng/dL gruplarinda anlamli olarak daha yiiksek bulundu (sirasiyla p = 0.041 ve p < 0.001). Cok degiskenli
regresyon analizinde PLT (p = 0.001), PLR (p = 0.012) ve Sl (p = 0.044) PAC ile bagimsiz olarak iliskili kaldi. ROC analizinde trombosit sayisinin PAC 230 ng/dL igin
istatistiksel olarak anlamli bir ROC paterni gosterdigi saptandi (AUC = 0.727; p = 0.001).

Sonug: Lokosit temelli hematolojik parametreler ve inflamatuvar indeksler PA tarama belirtecleri ile anlamli iliski géstermemistir. Bununla birlikte, trombosit sayisi ile
PAC arasindaki mitevazi iligski, trombosit sayisinin aldosteron aktivitesi ile iliskili olabilecegini diisindirmektedir. Bu bulgunun klinik 6neminin netlesmesi icin daha
ileri calismalara ihtiyag¢ vardir.
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Received: 27 June 2025 Accepted: 6 January 2026 Published Online: 18 March 2026

Corresponding Author: llker Cordan, University of Health Sciences, Konya City Hospital Department of Internal Medicine, Division of Endocrinology and Metabolism,
Konya, Turkiye
e-mail: dr.ilkercordan@windowslive.com

Cite this article as: Cordan |, Sevimli F, Deniz CD, Aksu O. Association of Aldosterone Excess with Hematological Parameters and Inflammatory Indices in Hypertensive
Patients. Selcuk Med J 2026;42(1): 41-49

Disclosure: Author has not a financial interest in any of the products, devices, or drugs mentioned in this article. The research was not sponsored by an outside organization.
Author has agreed to allow full access to the primary data and to allow the journal to review the data if requested.

“This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)”
BY NC



https://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9454-4516
http://orcid.org/0000-0002-5225-4905
http://orcid.org/0000-0002-6052-4645
http://orcid.org/0000-0003-4666-7129

INTRODUCTION

Primary aldosteronism (PA) is the most common cause
of secondary hypertension (1). The prevalence of PA in the
general hypertensive population is approximately 5.9%,
but it may reach up to 20% among patients with resistant
hypertension (2). Despite being associated with an increased
risk of cardiovascular events and target organ damage, PA
often remains an underrecognized cause of hypertension
(1,3). Although effective targeted treatment options are
available, the complexity of the diagnostic process and
the limited applicability of screening algorithms in routine
clinical practice result in a high rate of underdiagnosis (4,5).
This situation highlights the need for practical, low-cost, and
accessible biomarkers that can support early diagnosis and risk
stratification in PA.

In recent years, basic cellular parameters obtained from
hemogram analysis (leukocyte, neutrophil, lymphocyte, and
platelet counts) and indices derived from these parameters
(neutrophil-to-lymphocyte ratio [NLR], platelet-to-
lymphocyte ratio [PLR], and Systemic Immune-Inflammation
Index [SII]) have been extensively studied in the diagnostic
and prognostic assessment of many systemic diseases,
particularly cardiovascular conditions (6,7). Various studies
have demonstrated that aldosterone exerts significant effects
not only on sodium retention and blood pressure regulation
but also on vascular inflammation, endothelial dysfunction,
and hemostatic balance (8). These pathophysiological effects
may be indirectly reflected in circulating blood elements
and inflammatory markers. Considering the impact of
glucocorticoids on leukocyte distribution and platelet
functions, it can be suggested that aldosterone, another
adrenal-derived steroid hormone, may similarly affect the
hematological system (9).

In this context, examining the association between
hyperaldosteronism due to PA and hematological parameters
may help identify complementary biomarkers for screening
and risk stratification. However, direct human data regarding
the effects of aldosterone on the hematological system remain
limited, and current knowledge is largely based on indirect
observations and experimental studies (10,11).

In this study, we aimed to evaluate the associations
between biochemical markers used in PA screening (plasma
aldosterone concentration [PAC], plasma renin activity [PRA],
and aldosterone-to-renin ratio [ARR]) and hematological
parameters (leukocyte, neutrophil, lymphocyte, and platelet
counts), as well as inflammatory indices derived from these
parameters (NLR, PLR, and Sll) in hypertensive individuals. We
also sought to explore their potential value as non-invasive
and easily accessible screening tools that may assist in risk
stratification for PA, particularly in individuals with elevated
PAC levels.

MATERIALS AND METHODS
Study Design and Population

This retrospective study included 169 patients who were
referred to the endocrinology outpatient clinic for evaluation
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of secondary hypertension and underwent screening tests for
PA between January 2021 and December 2023. Demographic,
clinical, and laboratory data were retrospectively obtained
from the electronic health record system of the hospital.
Patient Selection

The inclusion criteria were established indications for PA
screening, including resistant hypertension, hypertension
accompanied by hypokalemia (even when induced by diuretic
use), adrenal incidentaloma, early-onset hypertension,
obstructive sleep apnea, and a family history of PA. The
exclusion criteria were age under 18, pregnancy, chronic
kidney disease, renovascular disease, pheochromocytoma,
and other causes of secondary hypertension; conditions that
could potentially affect hematological parameters (diabetes
mellitus, malignancy, autoimmune or autoinflammatory
diseases, hematologic disorders, chronic liver disease, and
active/chronic infections); and routine use of drugs known to
influence hematological parameters, including acetylsalicylic
acid, steroidal and non-steroidal anti-inflammatory agents, or
comparable medications.

PA screening was conducted only in patients for whom
testing protocols were consistent with current guidelines
(12,13). Accordingly, essential criteria for inclusion involved the
discontinuation of medications affecting the renin-aldosterone
axis (diuretics, beta blockers, angiotensin-converting enzyme
inhibitors,angiotensinreceptorblockers,and mineralocorticoid
receptor antagonists) at least two to four weeks before
testing in patients on antihypertensive therapy. If necessary,
alpha blockers and/or non-dihydropyridine calcium channel
blockers, which are known to have minimal effects on ARR,
were used. In hypokalemic cases, serum potassium levels were
normalized prior to testing. All biochemical measurements
were performed in the morning, after at least two hours in the
upright position, and under standard laboratory conditions.
Patients who did not comply with pre-test preparation or
laboratory standards were excluded from the study.
Laboratory Parameters and Subgroup Analysis

Inthis study, leukocyte, neutrophil, lymphocyte,and platelet
counts derived from hemogram analysis were evaluated as
basic hematological parameters. The inflammatory markers
derived from these values, namely NLR, PLR, and SlI, were also
analyzed.

NLR, PLR, and Sl values were calculated using the following
formulas:

« NLR = neutrophil count / lymphocyte count

« PLR = platelet count / lymphocyte count

« Sl = (platelet count x neutrophil count) / lymphocyte count
(14)

PA screening was conducted in accordance with widely
accepted screening principles based on renin suppression and
aldosterone elevation. Accordingly, the cut-off values were
=15 ng/dL for PAC, <1 ng/mL/h for PRA, and >30 for ARR (9,11).
In addition, an alternative threshold of PAC =30 ng/dL was
analyzed to allow for the comparison of individuals with more
pronounced aldosterone excess (12,13). Since the primary
aim of the study was to evaluate the biological relationships
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between screening markers and hematological parameters in
hypertensive individuals undergoing PA screening, second-
step confirmatory suppression tests recommended in the
presence of strong clinical and laboratory suspicion (e.g.,
the saline infusion test or the captopril challenge test) were
beyond the scope of this study and were not evaluated.
Laboratory Analysis

All biochemical analyses were performed in the central
laboratory of our hospital. For hemogram analysis, venous
blood samples were collected into ethylenediaminetetraacetic
acid-containing tubes (Vacutainer, Becton, Dickinson and
Company, USA) and analyzed within two hours. Hematological
parameters were assessed using a Sysmex XN-10 automated
hematology analyzer (Sysmex Inc., Kobe, Japan). All internal
and external quality control results remained within acceptable
limits throughout the analysis.

PAC was measured wusing the chemiluminescent
immunoassay method with the Diasorin Liaison XL
system (DiaSorin® Italy). PRA was analyzed using the
radioimmunoassay method with a gamma counter. For both
PAC and PRA measurements, intra- and inter-assay coefficient
of variation values were determined to be less than 5%. ARR
was calculated by dividing PAC by PRA.

Ethical Approval

The study was conducted in accordance with the tenets of
the Declaration of Helsinki, and ethical approval was obtained
from the Ethics Committee for Non-Drug and Non-Medical
Device Research of a local tertiary care training and research
hospital, with the decision dated May 9, 2024, and numbered
2024/012.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics (v.
27.0). The normality of distribution for continuous variables
was assessed using the Shapiro-Wilk test. Variables exhibiting
a normal distribution were presented as mean + standard
deviation, whereas non-normally distributed data were
reported as median (25th-75th percentile). For comparisons
between groups, the independent-samples t-test was used for
normally distributed variables, while the Mann-Whitney U test
was applied for those not normally distributed.

Associations between PAC, PRA, ARR, and hematological/
inflammatory parameters were evaluated using Spearman
correlation analysis. To identify variables independently
associated with PAC levels, univariable and multivariable
linear regression analyses were performed. Additionally,
the performance of platelet count, PLR, and SIl across PAC
categories (=15 ng/dL and =30 ng/dL) was evaluated using
Receiver Operating Characteristic (ROC) curve analysis, and the
area under the curve, optimal cut-off, sensitivity, and specificity
values were calculated. A p-value of <0.05 was considered the
threshold for statistical significance in all analyses.

RESULTS

The study included 169 patients, with a mean age of
43.60 + 12.75 years (range, 19-66 years). Of the patients,
114 (67.5%) were women and 55 (32.5%) were men. Table 1

summarizes descriptive statistics regarding demographic
characteristics, variables associated with hyperaldosteronism,
and hematological and inflammatory parameters. To evaluate
associations between PAC levels and hematological and
inflammatory parameters, the patients were first grouped
based on a PAC cut-off of 15 ng/dL and then analyzed using a
30 ng/dL cut-off.

In the analysis based on the 15 ng/dL cut-off value, platelet
count was found to be significantly higher in the group with
PAC levels =215 ng/dL (p = 0.041). In contrast, no statistically
significant differences were observed in leukocyte, neutrophil,
and lymphocyte counts or in the remaining hematological and

Table 1. Baseline Demographic Characteristics and
Laboratory Parameters of the Sample

Variable n =169
Age (years) 43.60 + 12.75
Sex, n (%)

Female 114 (67.5%)

Male 55 (32.5%)
PAC (ng/dL) 11.8 (8.215-19.700)
PRA (ng/mL/hour) 2.41 (0.90-5.53)
ARR (ng/dL per ng/mL/h) 5.67 (2.56-12.07)

Glucose (mg/dL) 96.92 + 11.57
Creatinine (mg/dL) 0.778 £ 0.168
Leukocyte count (x10%/uL) 7.75 £ 1.79

4.29 (3.63-5.52)
2.22 (1.90-2.71)
272 (224.5-320.5)

Neutrophil count (x10*/pL)
Lymphocyte count (x10*/pL)
Platelet count (x10°/L)

SII 496.60 (399.50-707.75)
NLR 1.86 (1.53-2.53)
PLR 114.72 (92.27-152.73)

"n (%), mean =+ standard deviation, median (25th-75th percentile)
Abbreviations: PAC, plasma aldosterone concentration; PRA, plasma renin
activity; ARR, aldosterone-to-renin ratio; Sll, Systemic Immune-Inflammation
Index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio.

simple Boxplot of ELT by PAC 15 ngidi
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Figure 1. Boxplot graph showing the distribution
of platelet count (PLT) in the group with plasma
aldosterone concentration (PAC) =215 ng/dL
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Table 2. Hematological and Inflammatory Parameters by PAC (<15 vs. 215 ng/dL)

Variable PAC <15 ng/dL PAC 215 ng/dL p’
(n =108") (n=61")

LEU (x10%/pL) 7.72 £ 1.88 7.78 £ 1.64 0.837
NEU (x10%/uL) 4.16 (3.47-5.00) 4.75 (3.80-5.62) 0.370
LYM (x10%/uL) 2.24 (1.89-3.07) 2.19 (1.72-2.98) 0.935
PLT (x10%/uL) 261 (221-305) 281 (215-323) 0.041
NLR 1.82 (1.39-2.37) 2.04 (1.51-2.71) 0.436
PLR 110.5 (92.3-144.5) 118.7 (97.5-160.0) 0.138
SII 479.9 (366.8-608.2) 538.8 (405.5-710.4) 0.094

'Presented as n (%), mean + standard deviation, or median (25th-75th percentile), 2Mann-Whitney U test or independent-samples t-test
Abbreviations: PAC, plasma aldosterone concentration; PRA, plasma renin activity; SD, standard deviation; LEU, leukocyte count; NEU, neutrophil count; LYM,
lymphocyte count; PLT, platelet count; SlI, Systemic Immune-Inflammation Index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

Table 3. Hematological and Inflammatory Parameters by PAC (<30 vs. 230 ng/dL)

Variable PAC <30 ng/dL PAC 230 ng/dL p’
(n =147") (n =22%

LEU (x10*/pL) 7.71 £+ 1.78 8.00 + 1.91 0.474
NEU (x10%/puL) 4.26 (3.61-5.55) 4.72 (3.66-5.47) 0.573
LYM (x10°/puL) 2.21 (1.87-2.70) 2.24 (1.99-2.81) 0.489
PLT( x10%/uL) 263.00 (223.00-302.50) 335.00 (270.25-393.00) <0.001
NLR 1.85 (1.53-2.48) 2.05 (1.35-2.63) 0.870
PLR 112.27 (92.00-146.91) 147.73 (93.12-205.14) 0.114
SII 488.23 (380.42-643.85) 595.51 (415.28-951.64) 0.086

'Presented as n (%), mean * standard deviation, or median (25th-75th percentile), >’Mann-Whitney U test or independent-samples t-test
Abbreviations: PAC, plasma aldosterone concentration; PRA, plasma renin activity; LEU, leukocyte count; NEU, neutrophil count; LYM, lymphocyte count; PLT,
platelet count; SlI, Systemic Immune-Inflammation Index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

inflammatory parameters (NLR, PLR, and SlI) (Table 2). In the
comparison based on the 30 ng/dL cut-off, platelet count was
statistically significantly elevated in patients with PAC levels
230 ng/dL (p < 0.001). Although NLR, PLR, and SII showed a
trend toward higher values in the elevated PAC group, the
differences did not reach statistical significance (Table 3).
Boxplot graphs illustrating the distribution of platelet count in
groups with PAC levels =15 ng/dL and =30 ng/dL are presented
in Figures 1 and 2, respectively.

In the analysis stratified by PRA levels, no statistically
significant differences were observed in hematological and
inflammatory parameters between the <1 ng/mL/h (n = 46)
and =1 ng/mL/h (n = 123) groups (p > 0.05). Similarly, there
were no statistically significant differences in these parameters
between patients with ARR <30 (n = 149) and those with ARR
>30 (n = 20) (p > 0.05). When comparing the subgroup of
patients meeting both criteria (PRA <1 ng/mL/h and PAC =15
ng/dL) (n = 15) with those not meeting these criteria (n = 154),
there were no statistically significant differences in any of the
evaluated parameters (p > 0.05). The median NLR value was
found to be higher in patients with PAC =15 ng/dL [2.22 (1.81-
2.96)], with this difference approaching statistical significance
(p =0.080).

Hematological and inflammatory parameters were also
compared using the Mann-Whitney U test between the high-
risk patient group meeting all biochemical criteria suggestive
of PA (PAC =15 ng/dL, PRA <1 ng/mL/h, and ARR >30; n = 9)
and those not meeting these criteria (n = 160). No statistically
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significant differences were observed for leukocyte count (p
= 0.721), neutrophil count (p = 0.944), lymphocyte count (p
= 0.209), platelet count (p = 0.641), NLR (p = 0.307), PLR (p =
0.193), or SlI (p = 0.462).

Associations between screening markers and hematological
and inflammatory parameters were assessed using Spearman
correlation analysis (n = 169). A weak but statistically significant
positive correlation was observed between PAC and platelet
count (rho = 0.176; p = 0.022) (Figure 3). However, there were
no statistically significant correlations between PAC and the

simple Boxplot of PLT by PAC 30 ngidi
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Figure 2. Boxplot graph showing the distribution
of platelet count (PLT) in the group with plasma
aldosterone concentration (PAC) =30 ng/dL
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Table 4. Univariable Linear Regression Analyses of Variables Associated with Plasma Aldosterone Concentration

Unstandardized Standardized 95% CI
Coefficients Coefficients

Variable B Std. Error B Lower Bound Upper Bound p
Age (years) -0.185 0.100 -0.143 -0.382 0.011 0.064
Sex (Female) 4.040 2.709 0.115 -1.309 9.389 0.138
Glucose (mg/dL) -0.034 0.111 -0.024 -0.254 0.185 0.758
Creatinine (mg/dL) -3.260 7.641 -0.033 -18.346 11.827 0.670
LEU (lOa/pL) 0.175 0.716 0.019 -1.237 1.588 0.807
NEU (103/p.L) 0.419 0.917 0.035 -1.392 2.230 0.648
LYM (103/pL) -0.340 1.783 -0.015 -3.861 3.181 0.849
PLT (103/p.L) 0.068 0.018 0.286 0.033 0.102 <0.001
PLR 0.082 0.027 0.229 0.029 0.136 0.003
NLR 0.491 1.483 0.026 -2.437 3.419 0.741
SIT 0.009 0.004 0.165 0.001 0.017 0.032

Abbreviations:

PAC, plasma aldosterone concentration; LEU, leukocyte count; NEU, neutrophil count; LYM, lymphocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; Sll, Systemic Immune-Inflammation Index; Cl, confidence interval; B, unstandardized coefficient; B (beta), standardized

coefficient.

remaining parameters and indices (p > 0.05). In addition, PRA
and ARR had no statistically significant correlations with any of
the evaluated variables (p > 0.05). Univariable linear regression
analyses were conducted to assess the associations between
PAC levels and clinical, biochemical, and hematological
parameters (n = 169). These analyses revealed that platelet
count, PLR, and SII were positively associated with PAC (p <
0.05), with the strongest association observed for platelet
count. The results of all univariable regression analyses are
summarized in Table 4.

To determine factors independently associated with PAC
levels, three separate multivariable linear regression models
were constructed (Table 5). Since platelet countis a component
of PLRand Sll, these indices were analyzed in separate models to
avoid multicollinearity and clarify their individual associations.
All models included age, sex, glucose, and creatinine as

Scatter Plot of PLT by PAC
-

R Linoar = 0,062

PAC

Figure 3. Scatter plot graph showing the association
between plasma aldosterone concentration (PAC) and
platelet count (PLT)
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covariates. In Model 1, neutrophil, lymphocyte, and platelet
counts were added to the covariates, and only platelet count
was found to be a statistically significant predictor of PAC levels
(B = 0.068, p = 0.001). In Model 2, PLR was included instead
of the individual hematological components and was also
significantly associated with PAC levels (B = 0.071, p = 0.012);
however, this model demonstrated a lower explanatory power
than Model 1 (R* = 0.084, p = 0.028). In Model 3, Sll and age
emerged as statistically significant predictors (B = 0.008, p =
0.044 and B = -0.217, p = 0.045, respectively), although this
model had the lowest explanatory power among the three.

ROC analyses were performed to evaluate how platelet
count, PLR, and SII performed across different PAC categories
(=15 ng/dL and =30 ng/dL), and the area under the curve,
optimal cut-off, sensitivity, and specificity values were
calculated for each parameter. The corresponding results are
presented in Table 6 and Figure 4.

PACZ 15 .'—:-'4 PAC =30 | i

Source of the Curve Source of the Curve

PLT gl LT
= PLR [ PLR

su
Referenze Lne

b i
A 1 - Specificity B 1 - Specificity

Figure 4. Receiver operating characteristic (ROC)
curves of platelet count (PLT), platelet-to-lymphocyte
ratio (PLR), and Systemic Immune-Inflammation Index
(SlI), demonstrating their statistical performance
across plasma aldosterone concentration (PAC)
categories:

A) PAC =15 ng/dL,

B) PAC =30 ng/dL.
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Table 5. Comparison of multivariable linear regression models assessing factors associated with plasma

aldosterone concentration

Model

Independent Predictor(s) and p-values

Model 1 (PLT)*
Model 2 (PLR)*
Model 3 (SII)*

Platelet count (p = 0.001)
PLR (p = 0.012)

SIT (p = 0.044), Age (p = 0.045)

Model
R? P
0.115 0.006
0.084 0.028
0.068 0.044

*Note:

Model 1 includes age, sex, glucose, creatinine, neutrophil count, lymphocyte count, and platelet count.

Model 2 includes: age, sex, glucose, creatinine, neutrophil count, and PLR.
Model 3 includes: age, sex, glucose, creatinine, and SlI.

Abbreviations: PLR, platelet-to-lymphocyte ratio; Sll, Systemic Immune-Inflammation Index

Table 6. ROC analysis of PLT, PLR, and SlI for PAC thresholds =15 and =30 ng/dL

Variable PAC (ng/dL) AUC P 95% Cl Optimal Cut-off Sensitivity (%) Specificity (%)
PLT =15 0.595 0.041 0.504-0.686 273.000 62.3 57.4
>30 0.727 0.001 0.595-0.858 304.000 68.2 75.5
PLR =15 0.569 0.138 0.474-0.664 151.630 41.0 82.4
=30 0.605 0.114 0.460-0.749 154.320 50.0 81.0
Sl =15 0.578 0.094 0.486-0.669 602.970 42.6 73.1
=30 0.614 0.086 0.479-0.748 488.900 72.7 50.3

Abbreviations: PAC, plasma aldosterone concentration; PLT: platelet count; PLR: platelet-to-lymphocyte ratio; Sll: Systemic Immune-Inflammation Index; AUC: area

under the curve; Cl: confidence interval.

DISCUSSION

This study evaluated the associations between PA
screening markers, hematological parameters, and
inflammatory indices in 169 hypertensive individuals. The
potential contribution of these parameters to the screening
process was also assessed. A particularly strong and consistent
positive correlation was observed between platelet count
and PAC. Subgroup analyses using PAC cut-offs of =15 ng/dL
and =30 ng/dL revealed a statistically significant increase in
platelet count with higher PAC levels. Univariable regression
analyses indicated positive associations of PAC with platelet
count, PLR, and SlI. In multivariable models, platelet count
remained the strongest independent marker, while PLR and
Sl retained weaker but significant associations. In contrast,
no significant differences were observed between PAC and
other hematological parameters. Furthermore, none of the
hematological parameters or inflammatory indices had
significant correlations with PRA or ARR. In ROC analysis, the
discriminative performance of platelet count, PLR, and SlI for
PAC =15 ng/dL was low but showed improvement at PAC =30
ng/dL.

Overall, hemogram-derived inflammatory indices showed
no significant association with aldosterone excess, except
for a modest correlation with platelet count. The absence
of significant associations between PAC and leukocyte,
neutrophil, and lymphocyte counts or NLR suggests that these
markers offer limited value in reflecting biological variability in
aldosterone levels. The weak associations observed for PLR and
Sll appear to stem from the contribution of platelet count in the
calculation of these indices. Moreover, the lack of significant
associations between PRA and hematological parameters or
inflammatory indices indicates that these indices also provide
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limited information regarding renin suppression. The low
sensitivity and specificity of platelet countin the PAC =15 ng/dL
category suggest that its contribution at this level is limited. In
contrast, the improved discriminative performance of platelet
count at PAC =30 ng/dL suggests that this parameter may
provide supportive information in identifying individuals with
more pronounced aldosterone elevation when planning PA
screening. Although this finding does not indicate diagnostic
utility, it suggests a modest association and underscores the
need for further research to identify hypertensive patients who
may have underlying hyperaldosteronism.

Current guidelines recommend ARR as the first-line
screening test in high-risk patients in the presence of
suppressed renin and elevated aldosterone levels. However,
PA frequently remains undiagnosed in clinical practice due to
suboptimal guideline implementation, variability in ARR cut-
off values, and challenges in test standardization. Furthermore,
PAC levels can be influenced by various external factors, such as
medications, posture, and sodium intake, further reducing the
diagnostic reliability of the test (12,13). Given these limitations,
there has been growing research interest in complementary
biomarkers that may allow PA to be identified more easily
and reliably. Accordingly, various inflammatory markers
such as high-sensitivity C-reactive protein, serum amyloid
A, homocysteine, plasminogen activator inhibitor-1, and
malondialdehyde have been investigated. Hemogram-derived
inflammatory indices have also been explored as potential
tools to differentiate hyperaldosteronism from other forms of
hypertension (10). However, none of these parameters have
yet been validated for routine clinical use.

The established association between hematological
parameters and cardiovascular disease supports their
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consideration as potential biomarkers in PA, a condition in
which similar pathophysiological mechanisms are implicated.
One such marker, NLR, reflects systemic inflammation and is
one of the most commonly associated inflammatory indices
in cardiovascular diseases. Large-scale studies in recent years
have shown that NLR is an independent prognostic marker in
predicting both all-cause and cardiovascular mortality (15).
Nevertheless, data regarding the relationship between NLR
and PA remain limited, and findings in the literature are largely
heterogeneous. Some studies have reported lymphopenia and
increased NLR in patients with PA, suggesting that this increase
may be associated with major cardiovascular events and may
serve as an independent risk marker for long-term prognosis
(16,17). In contrast, in our study, lymphocyte count, neutrophil
count, and NLR were not significantly associated with PAC
or PRA. This finding is consistent with a multicenter study by
Libianto et al., in which NLR levels did not significantly differ
between patients with PA and hypertensive controls (10).

Sl and PLR are derived inflammatory indices derived from
blood cell counts: SII incorporates neutrophils, platelets, and
lymphocytes, whereas PLR uses only platelets and lymphocytes.
There is strong evidence in the literature linking high SlI levels
with mortality and disease severity (18-20). While PLR is also
recognized as an inflammation marker (21), evidence for its
relationship with PA remains limited. In our study, despite
increased PAC levels, SIl and PLR exhibited only a limited and
statistically non-significant upward trend, and correlation
analyses failed to demonstrate significant associations
between these indices and PAC. However, in multivariable
regression analyses, both PLR and SII were significantly
associated with PAC. To isolate the individual effect of each
index and avoid model multicollinearity, we analyzed platelet
count, PLR, and Sl in separate multivariable models. The
decreasing statistical strength from platelet count to PLR and
Sl suggests that the associations observed for these indices
may primarily reflect the influence of platelet count within their
calculations. Supporting this, no similar pattern was observed
for NLR, which does not include platelets in its composition.
This indicates that the associations detected for PLR and SlI
may reflect platelet-dependent contributions rather than
independent marker characteristics and that the specificity
of these indices may therefore be limited. Considering this
potential contribution, the association between platelet count
and PAC was evaluated separately in our study, and a modest
but statistically significant result was obtained.

Aldosterone affects more than vascular dysfunction and
inflammation. It may also promote thrombosis through
alterations in coagulation, impaired fibrinolysis, and
endothelial dysfunction (22). These prothrombotic effects
are associated with increased oxidative stress, production of
reactive oxygen species, and reduced bioavailability of nitric
oxide (23). Experimental animal models and in vitro studies
have shown that aldosterone can affect platelet function and
increase platelet accumulation in regions prone to endothelial
injury (24-26). Moreover, chronic hyperaldosteronism has
been reported to facilitate platelet aggregation and increase
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thrombotic susceptibility by disrupting the nitric oxide/
cyclic guanosine monophosphate signaling pathway (27).
The presence of mineralocorticoid receptors on platelet
membranes further supports the possibility that aldosterone
may exert direct effects on these cells (28). Evidence for the
direct effects of aldosterone on platelets in human studies
is limited. Existing knowledge consists primarily of indirect
findings, such as changes in platelet function observed
after treatment with renin-angiotensin-aldosterone system
inhibitors (29,30).

The limited sensitivity and specificity of the PAC >15
ng/dL cut-off used in PA screening indicate that platelet
count alone is not sufficient for diagnostic identification of
aldosterone excess, although it may still reflect associated
biological changes. Nevertheless, it is notable that the increase
in platelet count becomes more apparent when PAC levels
rise substantially. Particularly, the elevated platelet count
observed at PAC =30 ng/dL may provide an indirect indication
of hematological changes accompanying aldosterone excess.
In current guidelines, PAC =30 ng/dL is considered a strong
criterion for suspicion of PA when accompanied by appropriate
clinical and laboratory findings, and it may even support
surgical decision-making without adrenal venous sampling
in some younger patients (13). The finding in this study that
platelet count > 304,000/mm? had 68.2% sensitivity and 75.5%
specificity in individuals exceeding PAC >30 ng/dL suggests
that this parameter may provide modest complementary
support in screening at higher PAC levels. Further research is
needed to clarify the clinical relevance of this observation.

Due to the study methodology, the associations between
first-stage PA screening criteria and hematological parameters
were evaluated. Since confirmatory suppression tests were not
performed, a definitive PA diagnosis could not be established,
and comparisons between PA and essential hypertension were
therefore not possible. Nonetheless, a small subgroup within
our data who met first-stage criteria and could be considered
at high risk for PA was examined separately. However, no
statistically significant difference was detected in platelet
count in this subgroup. A limited number of studies in the
literature similarly report that platelet levels do not differ
significantly between patients with PA and those with essential
hypertension (10,31). The absence of an observed association
between platelet count and PRA or ARR in our study is also
consistent with these findings. At the same time, subgroup
analyses showed that platelet count tended to increase with
higher PAC levels, and this association remained independent
in multivariable models, suggesting that although platelet
count lacks diagnostic utility, it may still provide limited but

clinically relevant supplementary information regarding
biological variability in aldosterone levels.
According to current hypertension  guidelines,

mineralocorticoid receptor antagonists are recommended as
the first-line treatment in patients with PA who are not suitable
candidates for surgery. Despite this, platelet count is not yet
considered in the selection of antihypertensive agents or in
decisionsregarding theinitiation of antiplatelet therapy (32,33).
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Medications acting on the renin-angiotensin-aldosterone
system, especially angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, and mineralocorticoid receptor
antagonists, not only suppress aldosterone secretion but
also have regulatory effects on platelet function (29,30,34).
These pharmacological observations support a possible
pathophysiological link between aldosterone and platelet
levels. In our study, the parallel trend between platelet count
and changes in PAC levels provides an additional finding
consistent with this possible link; however, it does not allow
for any diagnostic or prognostic interpretation. Therefore,
there is a need for larger studies including functional platelet
parameters and long-term outcome data to determine the
clinical relevance of platelets.

Study limitations

One major strength of this study is the simultaneous
evaluation of both basic biochemical tests (PAC, PRA, and
ARR) and various hematological parameters in a screening
population composed of hypertensive individuals undergoing
PA screening. However, the study also has several limitations.
Specifically, it has a single-center, retrospective design,
which may lead to selection bias and limits causal inference.
In addition, second-stage confirmatory tests (e.g., the saline
suppression test and the captopril challenge test) were not
performed; therefore, patients with PA subtypes confirmed
through adrenal venous sampling could not be included. Thus,
it was not possible to evaluate potentially more pronounced
differences in hematological parameters among patients with
true PA. The lack of a significant difference in platelet count
in the subgroup with simultaneous renin suppression and
aldosterone elevation can be attributed to the limited sample
size, preventing definitive conclusions.

As another limitation, the cut-off value determined
for platelet count (304,000/mm?® falls within the normal
reference range, which necessitates cautious interpretation
of this finding in a clinical context. Moreover, as the study
evaluated associations only, the results cannot be interpreted
as indicating causality. The low R? values in regression models
indicate that most of the variation in PAC remains unexplained
and that the effects of unmeasured confounders (particularly
body mass index and smoking) may be substantial. Failure
to control for these variables is another factor limiting the
generalizability of the results. Lastly, as the study did not
allow subgroup analyses based on hypertension stages or
complications, a more detailed assessment of the relationship
between hematological markers and disease severity could
not be undertaken.

CONCLUSION

In this study, with the exception of platelet count, which
had a modest association with aldosterone levels, none of
the remaining hematological parameters or inflammatory
indices derived from these parameters had significant
associations with biochemical tests used in PA screening. The
association between platelet count and PAC was consistently
observed across multiple analytical approaches and was more
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pronounced in subgroups with markedly elevated PAC levels.
Although these findings do not support platelet count as
a diagnostic marker for PA, they suggest that it may provide
modest supplementary information on hematological changes
accompanying aldosterone excess. Larger, prospective studies
including patients with confirmed PA are needed to clarify the
clinical validity and potential applications of this observation.

DECLARATIONS
Conflict of Interest: The authors declare no conflicts of interest with
respect to the authorship and/or publication of this article.

Financial Disclosure: The authors declare no financial conflicts of
interest.

Acknowledgements: We thank the Biochemistry Laboratory staff of
Konya City Hospital for their assistance in biochemical measurements
and the Medical Records Department for their support in data retrieval.
We also thank Elif Denizaslani for English language editing of the
manuscript.

Funding: No financial support was received for this study.

Author Contributions: Concept: IC; Design: IC; Data Collection or
Processing: IC, FS, CDD; Analysis or Interpretation: IC, CDD, OA; Literature
Search: IC; Writing: IC.

Address correspondence to: |lker Cordan, University of Health
Sciences, Konya City Hospital, Department of Internal Medicine,
Division of Endocrinology and Metabolism, Konya, Tiirkiye
e-mail: dr.ilkercordan@windowslive.com

REFERENCES

1. Savard S, Amar L, Plouin PF, et al. Cardiovascular complications
associated with primary aldosteronism: A controlled cross-
sectional study. Hypertension. 2013;62(2):331-6. doi:10.1161/
HYPERTENSIONAHA.113.01060

2. Yozamp N, Vaidya A. The prevalence of primary aldosteronism
and evolving approaches for treatment. Curr Opin Endocr Metab
Res. 2019;8:30-39. doi: 10.1016/j.coemr.2019.07.001.

3. Funder JW, Carey RM. Primary aldosteronism: where are we
now? Where to from here? Hypertension. 2022;79(4):726-35. doi:
10.1161/HYPERTENSIONAHA.121.18761

4. RossiGP,RossiFB,GuarnieriC,etal.Clinicalmanagementof primary
aldosteronism: an update. Hypertension. 2024;81(9):1845-56.
doi: 10.1161/HYPERTENSIONAHA.124.22642.

5. Dogra P, Bancos I, Young WF Jr. Primary aldosteronism: A
pragmatic approach to diagnosis and management. Mayo Clin
Proc. 2023;98(8):1207-15. doi: 10.1016/j.mayocp.2023.04.023.

6. Xu JP, Zeng RX, Zhang YZ, et al. Systemic inflammation markers
and the prevalence of hypertension: A NHANES cross-sectional
study. Hypertens Res. 2023;46(4):1009-19. doi: 10.1038/541440-
023-01195-0

7. Aljuraiban GS, Gibson R, Oude Griep LM. Associations of
systematic inflammatory markers with diet quality, blood
pressure, and obesity in the AIRWAVE Health Monitoring Study. J
Inflamm Res. 2024;17:3129-41. doi: 10.2147/JIR.S459238

8. Ferreira NS, Tostes RC, Paradis P, et al. Aldosterone, inflammation,
immune system, and hypertension. Am J Hypertens.
2021;34(1):15-27. doi: 10.1093/ajh/hpaa137

[GINEU



SELCUK TIP DERGISI/ SELCUK MEDICAL JOURNAL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Szczepanek-Parulska E, Adamska M, Korda O, et al. Changes in
complete blood count parameters influenced by endocrine
disorders. Endokrynol Pol. 2021;72(3):261-70. doi: 10.5603/
EP.a2021.0059

Libianto R, Hu J, Chee MR, et al. A multicenter study of neutrophil-
to-lymphocyte ratio in primary aldosteronism. J Endocr Soc.
2020;4(12):bvaa153. doi: 10.1210/jendso/bvaal53

Kurisu S, Shimonaga T, lwasaki T, et al. Mean platelet volume
in patients with primary aldosteronism and its relation to left
ventricular hypertrophy. Int J Cardiol. 2013;168(3):3143-44. doi:
10.1016/j.ijcard.2013.04.156

Adler GK, Stowasser M, Correa RR, et al. Primary aldosteronism:
An Endocrine Society clinical practice guideline. J Clin Endocrinol
Metab. 2025;110(9):2453-95. doi: 10.1210/clinem/dgaf284.
Funder JW, Carey RM, ManteroF, et al. The Management of Primary
Aldosteronism: Case Detection, Diagnosis, and Treatment: An
Endocrine Society Clinical Practice Guideline. J Clin Endocrinol
Metab. 2016;101(5):1889-16. doi: 10.1210/jc.2015-4061

Hu B, Yang XR, Xu Y, et al. Systemic immune-inflammation
index predicts prognosis of patients after curative resection for
hepatocellular carcinoma. Clin Cancer Res. 2014;20(23):6212-22.
doi: 10.1158/1078-0432.CCR-14-0442

Li X, Liu M, Wang G.The neutrophil-lymphocyte ratio is associated
with all-cause and cardiovascular mortality in cardiovascular
patients. Sci Rep. 2024;14(1):26692. doi: 10.1038/541598-024-
76836-6.

Rao KR, Bao RY, Ming H, et al. The correlation between aldosterone
and leukocyte-related inflammation: A comparison between
patients with primary aldosteronism and essential hypertension.
JInflamm Res. 2023;16:2401-13. doi: 10.2147/JIR.S409146.

Guo X, Liu C, Hu S, et al. Neutrophil-to-lymphocyte ratio
can predict the clinical prognosis of patients with primary
aldosteronism. Eur Heart J. 2024;45(Suppl 1):ehae666.2529. doi:
10.1093/eurheartj/ehae666.2529.

Cao Y, Li P, Zhang Y, et al. Association of systemic immune
inflammatory index with all-cause and cause-specific mortality in
hypertensive individuals: Results from NHANES. Front Immunol.
2023;14:1087345. doi: 10.3389/fimmu.2023.1087345.

Yang YL, Wu CH, Hsu PF, et al. Systemic immune-inflammation
index (Sll) predicted clinical outcome in patients with coronary
artery disease. Eur J Clin Invest. 2020;50(5):e13230. doi: 10.1111/
eci.13230.

Zhu F,Wang Z, Song J, et al. Correlation analysis of inflammatory
markers with the short-term prognosis of acute ischaemic stroke.
Sci Rep. 2024;14(1):17772. doi: 10.1038/s41598-024-66279-4.
Delcea C, Buzea CA, Vijan AE, et al. The platelet to lymphocyte
ratio in heart failure: A comprehensive review. Rom J Intern Med.
2023;61(2):84-97. doi: 10.2478/rjim-2023-0006.

Otsuka H, Abe M, Kobayashi H. The effect of aldosterone on
cardiorenal and metabolic systems. Int J Mol Sci. 2023;24(6):5370.
doi: 10.3390/ijms24065370.

Gromotowicz A, Szemraj J, Stankiewicz A, et al. Study of the
mechanisms of aldosterone prothrombotic effect in rats. J
Renin Angiotensin Aldosterone Syst. 2011;12(4):430-39. doi:
10.1177/1470320310397405.

Bodary PF, Sambaziotis C, Wickenheiser KJ, et al. Aldosterone
promotes thrombosis formation after arterial injury in mice.
Arterioscler Thromb Vasc Biol. 2006;26(1):233. doi: 10.1161/01.
ATV.0000195782.07637.44.

Gromotowicz-Poplawska A, Marcinczyk N, Misztal T, et al. Rapid
effects of aldosterone on platelets, coagulation, and fibrinolysis
lead to experimental thrombosis augmentation. Vascul

49

26.

27.

28.

29.

30.

31.

32.

33.

34.

Pharmacol.2019;122-23:106598.doi: 10.1016/j.vph.2019.106598.
Gromotowicz-Poplawska A, Flaumenhaft R, Gholami SK,
et al. Enhanced thrombotic responses are associated with
striatin  deficiency and aldosterone. J Am Heart Assoc.
2021;10(22):e022975. doi: 10.1161/JAHA.121.022975.

Sala C, Rescaldani M, Gherbesi E, et al. Platelet cyclic GMP levels
are reduced in patients with primary aldosteronism. J Clin Med.
2023;12(22):7081. doi: 10.3390/jcm12227081.

Moraes LA, Paul-Clark MJ, Rickman A, et al. Ligand-specific
glucocorticoid receptor activation in human platelets. Blood.
2005;106(13):4167-75. doi:1 0.1182/blood-2005-04-1723.

Gomi T, lkeda T, Shibuya Y, et al. Effects of antihypertensive
treatment on platelet function in essential hypertension.
Hypertens Res. 2000;23(6):567-72. doi: 10.1291/hypres.23.567
Levy PJ, Yunis C, Owen J, et al. Inhibition of platelet aggregability
by losartan in essential hypertension. Am J Cardiol. 2000 Dec
1,86(11):1188-92. doi: 10.1016/50002-9149(00)01200-5.

Lv X, Hu H, Shen C, et al. Risk factors associated with lower
bone mineral density in primary aldosteronism patients.
Front Endocrinol (Lausanne). 2022;13:884302. doi: 10.3389/
fendo.2022.884302.

Unger T, Borghi C, Charchar F, et al. 2020 International
Society of Hypertension global hypertension practice
guidelines. J Hypertens. 2020;38(6):982-04. doi: 10.1097/
HJH.0000000000002453.

Mancia G, Kreutz R, Brunstrom M, et al. 2023 ESH Guidelines for
the management of arterial hypertension: The Task Force for the
management of arterial hypertension of the European Society of
Hypertension. J Hypertens. 2023;41(12):1874-71. doi: 10.1097/
HJH.0000000000003480.

Chung |, Lip GY. Platelets and heart failure. Eur Heart J.
2006;27(22):2623-31. doi: 10.1093/eurheartj/ehl305.

3129



