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Background: Hypertension patients with primary aldosteronism (PA) have a higher risk of cardiovascular complications than blood 
pressure-matched essential hypertension (EH) patients. The cause may be closely related to inflammation. We explored the correlations 
between leukocyte-related inflammation parameters and plasma aldosterone concentration (PAC) in PA patients and clinical char-
acteristics-matched EH patients.
Methods: A total of 346 PA and 346 sex, age and 24-h blood pressure-matched EH patients at the 2nd Affiliated Hospital of 
Nanchang University from January 2020 to June 2021 were enrolled in this study. The differences and correlations of aldosterone and 
leukocyte parameters between the two groups were analyzed.
Results: Compared with EH patients, the lymphocyte count was significantly lower (P = 0.004), the neutrophil–lymphocyte ratio 
(NLR) (P = 0.023) and the monocyte–lymphocyte ratio (MLR) (P = 0.037) were significantly higher in PA patients. Linear regression 
analysis and multivariate regression analysis identified that lymphocyte count, NLR and MLR were significantly and independently 
correlated with PAC in PA patients, and the correlations were stronger with increasing levels of aldosterone. However, in EH patients, 
only NLR maintained an independent correlation with PAC.
Conclusion: Leukocyte-related inflammation parameters, including lymphocyte count, NLR, and MLR, were significantly and 
independently correlated with PAC in PA patients. The correlations were stronger with increasing levels of aldosterone. However, 
the above correlations were not always present in patients with EH matched for clinical characteristics.
Keywords: aldosterone, inflammation, leukocytes, primary aldosteronism, essential hypertension

Introduction
Primary aldosteronism (PA) is a common secondary hypertension characterized by elevated plasma aldosterone con-
centrations and inhibition of renin activity1. PA accounted for 5.9% of cases in the general hypertensive population2 and 
more than 4.0% of patients with newly diagnosed hypertension in a Chinese study.3 The prevalence of PA in refractory 
hypertension was as high as 17 to 23%.4

Compared with patients with essential hypertension (EH) matched by age, sex, and blood pressure level, patients with 
PA have a higher incidence of adverse cardiovascular and cerebrovascular events and more severe target organ 
damage.5,6 PA patients also had a higher prevalence of chronic kidney disease, and the degree of renal impairment 
increased during the development of PA, independent of the blood pressure (BP) control.7 The above data suggest that 
excess aldosterone may induce adverse events by influencing mechanisms partially independent of blood pressure.5 
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Previous studies showed that aldosterone increased the expression of inflammatory markers8. The aldosterone receptor 
antagonist eplerenone was found to attenuate the expression of pro-inflammatory markers in rat hearts, accompanied by 
attenuated vascular and myocardial damage in rats.9 Another study showed the association between aldosterone and 
inflammation in the rat heart, indicating a role of aldosterone-related inflammation in the development of cardiovascular 
disease.10 Excess aldosterone-related low-grade inflammation was suggested to contribute to a high risk of cardiovascular 
events in PA patients.11,12

Leukocytes are widely used markers of inflammation and include granulocytes (mainly neutrophils), monocytes, and 
lymphocytes. Compared to that of many other inflammatory markers, the assessment of leukocytes is cheaper, more 
convenient, and more widely used. Previous study showed that the white blood cell count, neutrophil count, neutrophil 
ratio, and neutrophil–lymphocyte ratio (NLR) in hypertensive patients were significantly higher than those in normo-
tensive patients.13 Leukocyte-related inflammation markers were also shown to be closely related to an increased risk of 
developing hypertension13–15 and the severity of hypertension.16

The above studies have suggested a relationship between leukocyte-related inflammatory markers and BP, as well as 
between aldosterone and inflammation; however, to date, few studies have compared the similarities and differences in 
leukocyte-related inflammatory markers between PA patients and EH patients.17,18 More importantly, the association 
between leukocyte-related inflammatory markers and aldosterone in hypertensive populations remains unclear as 
aldosterone levels change. In this study, we aimed to explore the relationship between leukocyte-related inflammatory 
markers and aldosterone in EH and PA patients.

Materials and Methods
Subject Source and Grouping
One thousand three hundred and fourteen hypertensive patients received PA screening in the Department of Cardiovascular 
Medicine at the Second Affiliated Hospital of Nanchang University from January 2020 to June 2021. The diagnostic 
procedure for PA was based on current guidelines.19 The details were briefly described before admission, patients taking 
medications that affected the aldosterone/renin ratio (ARR) testing were required to stop or switch to verapamil and/or 
terazosin for 2–4 weeks. Patients with an ARR larger than 30 (ng/dL)/(ng/mL/h) had their PA diagnosis confirmed using the 
captopril suppression test or saline infusion test. In diagnosing PA, we require patients to have an upright aldosterone greater 
than 15 ng/dl, unless the patient has very typical clinical signs of PA, such as persistent hypokalemia, refractory hypertension 
and abnormal adrenal morphology. The diagnostic procedure for EH was based on current guidelines in China.20 Three 
hundred and sixty-five patients confirmed PA and six hundred and twenty patients confirmed EH were enrolled for 1:1 
propensity score matching with the set caliper value as 0.02 by age, sex, 24 h mean systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) as covariates. Three hundred and twenty-nine patients were excluded from the study because 
they met one or more of the following exclusion criteria: (1) age <18 years or pregnancy; (2) immune system, blood system, 
or acute infectious diseases; (3) interfering drugs (antibiotics, immunosuppressants, corticosteroids, etc.); (4) abnormal 
baseline total leukocyte count (lower than the lower limit and/or greater than the upper limit of the leukocyte count in the 
Clinical Laboratory at the Second Affiliated Hospital of Nanchang University); (5) malignant tumor, clinically obvious 
cerebral infarction, cerebral hemorrhage, heart failure (NYHA grades III or IV), myocardial infarction and endovascular stent 
placement in the past 3 months. After propensity score matching, 346 PA patients and 346 EH patients were finally entered 
into this study (Figure 1). The study complies with the Declaration of Helsinki and was approved by the ethics committee of 
the Second Affiliated Hospital of Nanchang University (IIT-O-2021-032) and was part of the study of the Nanchang Primary 
Aldosteronism Study which was registered on chictr.org (ChiCTR2200057297). A signed informed consent was obtained 
from each patient before participation.

General Clinical Data
Age, sex, 24-hour ambulatory blood pressure (Schiller Br-102 Plus Ambulatory BP Monitor), smoking, alcohol 
consumption, body mass index (BMI), drug use, history of cardiovascular and cerebrovascular diseases (including 
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heart failure, coronary atherosclerotic heart disease, myocardial infarction, atrial infarction, cerebral infarction, cerebral 
hemorrhage), diabetes, and chronic kidney disease data were collected.

Biochemistry Test
Routine blood tests (total white blood cell count, neutrophil count, lymphocyte count, monocyte count), serum creatinine (Scr), 
estimated glomerular filtration rate (eGFR), serum potassium, total cholesterol (TC), triglycerides (TG), low-density lipoprotein 
(LDL), and high-density lipoprotein (HDL) were assessed in the hospital’s central testing laboratory. A fully automated 
chemiluminescence immunoassay system (Automatic Chemiluminescence Analyzer MAGLUMI 4000 Plus; Shenzhen New 
Industries Biomedical Engineering Co., Ltd, Shenzhen, China) was used to measure the plasma aldosterone concentration and 
plasma renin activity (PRA). The NLR, monocyte–lymphocyte ratio (MLR), and aldosterone–renin ratio (ARR) were calculated.

Statistical Analysis
Measurement data following a normal distribution are represented by the mean (standard deviation), and comparisons between 
two groups were made by independent sample T-tests; those following a nonnormal distribution are represented by the median 
(interquartile range) and were analyzed by the Mann–Whitney U rank sum test. Categorical variables were expressed as 
percentages and compared using the chi-square test. The correlations between the lymphocytes and aldosterone were tested by 
Spearman correlation analysis, and further by multivariate regression. In multivariate regression, model 1 was adjusted by the 

Figure 1 Flow chart of cases screening and grouping. 
Notes: Exclusion criteria: (1) age <18 years or pregnancy; (2) immune system, blood system, or acute infectious diseases; (3) interfering drugs (antibiotics, immunosup-
pressants, corticosteroids, etc.); (4) abnormal baseline total leukocyte count; (5) malignant tumor, clinically obvious cerebral infarction, cerebral hemorrhage, heart failure 
(NYHA grades III or IV), myocardial infarction and endovascular stent placement in the past 3 months. 
Abbreviations: DBP, diastolic blood pressure; EH, essential hypertension; PA, primary aldosteronism; SBP, systolic blood pressure.
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confounding factors of age, sex and the 24-h mean SBP/DBP, and model 2 was adjusted by the confounding factors of age, sex, 
24-h mean SBP/DBP, BMI, eGFR, diabetes, cardiovascular disease, carotid plaque, smoking history, alcohol consumption, 
antiplatelet drugs and lipid-lowering drugs. Normal distribution transformation of lymphocyte, NLR and MLR were performed 
by using Box-Cox transform before the multivariate regression. A difference with P <0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS 25.0 and EmpowerStats 4.1.

Results
Basic Clinical Characteristics of the Patients
This study eventually enrolled 346 patients with EH and 346 patients with PA. Age (P = 0.077), sex (P = 0.589), 24-h mean SBP (P 
= 0.511), 24-h mean DBP (P = 0.735), BMI (P = 0.121), cigarette smoking (P = 0.759), and alcohol consumption (P = 0.905) were 
not significantly different between the PA and EH patients. Compared to the EH patients, PA patients had significantly higher rates 
of combined diabetes (P = 0.015) and chronic kidney disease (P = 0.027), took more lipid-lowering drugs (P = 0.007) and anti- 
platelet drugs (P = 0.008), had lower levels of TC (P < 0.001), LDL (P < 0.001), eGFR (P < 0.001), serum potassium (P < 0.001) 
and renin activity (P < 0.001), and had higher levels of plasma aldosterone (P < 0.001) and ARR (P < 0.001) (Table 1).

Comparison of Leukocytes Between the Two Patient Groups
There were no significant differences in total white blood cell counts (P = 0.472), neutrophil counts (P = 0.529), or 
monocyte counts (P = 0.913) between PA and EH patients. However, the lymphocyte count was significantly lower in PA 

Table 1 Comparison of the General Clinical Data Between the Two Patient Groups

Variable EH Group (n = 346) PA group (n = 346) P value

Age, years 48.00 (42.00–56.00) 50.00 (43.00–57.00) 0.077

Male sex, n (%) 206 (59.54%) 199 (57.51%) 0.589

24-h mean SBP, mmHg 143.00 (134.00–151.00) 143.00 (133.00–154.75) 0.511

24-h mean DBP, mmHg 88.30 (10.36) 88.02 (11.19) 0.735

BMI, kg/m2 25.26 (23.23–27.64) 25.74 (23.68–27.76) 0.121

Smoking, n (%) 56 (16.18%) 59 (17.05%) 0.759

Alcohol consumption, n (%) 39 (11.27%) 40 (11.56%) 0.905

Comorbid diabetes mellitus, n (%) 28 (8.09%) 48 (13.87%) 0.015

Comorbid cardiovascular and cerebrovascular disease, n (%) 38 (10.98%) 48 (13.87%) 0.249

Comorbid chronic kidney disease, n (%) 49 (14.16%) 71 (20.52%) 0.027

Comorbid merged carotid plaques, n (%) 153 (45.54%) 154 (48.89%) 0.392

Lipid-lowering drugs, n (%) 7 (2.02%) 21 (6.07%) 0.007

Antiplatelet drugs, n (%) 18 (5.20%) 37 (10.69%) 0.008

Fasting blood glucose, mmol/L 5.24 (4.82–5.79) 5.13 (4.71–5.85) 0.113

TC, mmol/L 5.01 (4.33–5.61) 4.65 (3.99–5.34) <0.001

TG, mmol/L 1.55 (1.15–2.33) 1.57 (1.08–2.34) 0.646

HDL, mmol/L 1.14 (0.96–1.35) 1.09 (0.92–1.31) 0.035

LDL, mmol/L 3.03 (2.48–3.43) 2.65 (2.15–3.21) <0.001

Scr, µmol/L 70.80 (59.55–84.61) 74.58 (60.23–89.40) 0.017

(Continued)
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patients than that in EH patients (P = 0.004). The NLR (P = 0.023) and the MLR (P = 0.037) in PA patients were 
significantly higher than those in EH patients (Table 2).

Comparison of White Blood Cells and Aldosterone Among the Morphological and 
Functional Grouping of PA
Of the 346 patients with PA enrolled in this study, 343 had adrenal CT data. Of these, 118 (34.4%) showed no 
abnormalities on CT, 99 (28.9%) suggested adenomas, and the remaining 126 (36.7%) suggested changes such as 
adrenal nodules and/or hyperplasia. As shown in the Supplement Table 1, we did not find differences in total white blood 
cell counts (P = 0.895), neutrophil counts (P = 0.600), lymphocyte counts (P = 0.566), monocyte counts (P = 0.806), 
NLR (P = 0.240), and MLR (P = 0.539) among the three groups. However, there were significant differences in upright 
aldosterone (P < 0.001) among the three groups. We further grouped the PA patients functionally. Three hundred and 
thirty-six of 343 PA patients underwent adrenal vein sampling (AVS), of which 269 were successful bilaterally. The 269 
patients with successful AVS were divided into unilateral PA (n = 154, 58%) and bilateral PA (n = 115, 42%) according 
to their results. As shown in the Supplement Table 2, there were no significant differences in total white blood cell counts 
(P = 0.694), neutrophil counts (P = 0.690), lymphocyte counts (P = 0.054), monocyte counts (P = 0.561), NLR (P = 
0.099) and upright aldosterone (p = 0.464) between unilateral PA patients and bilateral PA patients. However, the 
unilateral PA patients had a significantly higher MLR than the bilateral PA patients (p = 0.035).

Correlation Analysis of the Lymphocyte, NLR, and MLR with Aldosterone Levels
Table 3 shows the correlation analysis of the lymphocyte count, NLR, MLR and aldosterone levels in the overall 
hypertensive patients. The lymphocyte counts were significantly and negatively correlated with the aldosterone levels in 

Table 2 Comparison of White Blood Cells Between the Two Patient Groups

Variable EH Group (n = 346) PA Group (n = 346) P value

White blood cell count, 109/L 6.12 (5.22–7.07) 6.08 (5.19–6.96) 0.472

Neutrophil count, 109/L 3.66 (3.04–4.52) 3.75 (3.07–4.57) 0.529

Lymphocyte count, 109/L 1.80 (1.49–2.21) 1.71 (1.36–2.05) 0.004

Monocyte count, 109/L 0.37 (0.28–0.48) 0.38 (0.29–0.47) 0.913

NLR 2.01 (1.59–2.66) 2.21 (1.66–2.90) 0.023

MLR 0.20 (0.15–0.27) 0.22 (0.17–0.29) 0.037

Note: Data are median (IQR). 
Abbreviations: EH, essential hypertension; MLR, monocytes/lymphocytes; NLR, neutrophils/lymphocytes; PA, primary 
aldosteronism.

Table 1 (Continued). 

Variable EH Group (n = 346) PA group (n = 346) P value

eGFR, mL/min/1.73 m2 98.30 (85.00–114.93) 92.61 (77.22–108.61) <0.001

Serum potassium, mmol/L 3.94 (3.71–4.13) 3.72 (3.45–3.97) <0.001

Upright aldosterone, ng/dL 18.00 (13.20–24.30) 24.49 (18.75–33.48) <0.001

Plasma renin activity, ng/mL/h 1.83 (0.86–4.00) 0.21 (0.03–0.56) <0.001

Upright ARR 10.57 (4.94–20.38) 111.39 (43.61–625.50) <0.001

Note: Data are mean (SD) or median (IQR) or n (%). 
Abbreviations: ARR, aldosterone/renin activity; BMI, body mass index; CCBs, calcium channel blockers; EH, essential hypertension; eGFR, estimated 
glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PA, primary aldosteronism; SBP, systolic blood pressure; Scr, 
blood creatinine; TC, total cholesterol; TG, triglycerides.
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PA patients (r = −0.226, P < 0.001) (Figure 2a) and the total population (PA and EH patients) (r = −0.155, P < 0.001). In 
contrast, such a correlation was not found in EH patients. The NLR was significantly and positively correlated with the 
aldosterone levels in PA patients (r = 0.221, P < 0.001) (Figure 2b), EH patients (r = 0.116, P = 0.032) and the total 
population (r = 0.187, P < 0.001). The MLR was significantly and positively correlated with the aldosterone levels in PA 
patients (r = 0.113, P = 0.035) (Figure 2c) and the total population (r = 0.079, P = 0.038). Such a correlation was not 
found in EH patients.

Table 3 Correlation Analysis of the Lymphocyte Count, NLR, MLR and Aldosterone Levels in Hypertensive Patients

Subjects 
Investigated

LC NLR MLR

Correlation 
Coefficient

P value Correlation 
Coefficient

P value Correlation 
Coefficient

P value

The total population −0.155 <0.001 0.187 <0.001 0.079 0.038

PA −0.226 <0.001 0.221 <0.001 0.113 0.035

EH −0.032 0.552 0.116 0.032 0.007 0.901

Abbreviations: EH, essential hypertension; LC, lymphocyte count; MLR, monocyte/lymphocyte ratio; NLR, neutrophil/lymphocyte ratio; PA, primary aldosteronism.

Figure 2 Relationship between the lymphocyte count, NLR, and MLR and aldosterone levels in PA patients. (a) Relationships between lymphocyte with aldosterone; (b) 
Relationships between NLR with aldosterone; (c) Relationships between the MLR with aldosterone. 
Abbreviations: MLR, monocyte/lymphocyte ratio; NLR, neutrophil/lymphocyte ratio; PA, primary aldosteronism.
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Multivariate Regression Analysis of the Lymphocyte, NLR, MLR, and Aldosterone Levels
Table 4 shows the correlations of the lymphocyte, NLR, and MLR with aldosterone levels in total population by 
multivariate regression analysis. Lymphocyte counts were significantly and negatively correlated with aldosterone levels 
in unadjusted model and adjusted models 1 and 2, indicating an independent correlation between lymphocyte and 
aldosterone levels in total population. Subjects were ranked by aldosterone level and then divided equally into 3 
subgroups based on the number of subjects. The mean aldosterone levels in each group (13.43, 21.40, and 33.27 ng/dl 
in T1, T2, and T3 groups, respectively) are shown in Supplement Table 3. The P for trends were maintained significant 
not only in unadjusted model (P < 0.001) but also in adjusted model 1 (P < 0.001) and 2 (P = 0.001), indicating a stronger 
correlation between lymphocyte and aldosterone with the increasing of aldosterone level. A significant correlation 
between NLR/MLR and aldosterone levels was present in unadjusted model and adjusted models 1 and 2, indicating 
an independent correlation between NLR/MLR and aldosterone levels in total population. After trisecting the group 
according to aldosterone levels, p for trends of NLR was maintained significant not only in unadjusted model (P < 0.001) 
but also in adjusted model 1 (P < 0.001) and 2 (P < 0.001), and p for trends of MLR were significant in adjusted model 1 

Table 4 Multivariate Regression Analysis of the Lymphocyte Count, NLR, MLR, and Aldosterone 
Levels in Hypertensive Patients

Dependent Variable Unadjusted Model β (95% CI) Adjust Model 2

Adjust Model 1

LC, 109/L −0.004 (−0.005, −0.002)* −0.004 (−0.005, −0.002)* −0.003 (−0.005, −0.002)*

Subgroups

T1 (< 17.65) Reference Reference Reference

T2 (17.65–25.28) −0.026 (−0.081, 0.030) −0.039 (−0.094, 0.016) −0.041 (−0.096, 0.015)

T3 (> 25.28) −0.115 (−0.169, −0.060) −0.123 (−0.178, 0.067) −0.096 (−0.154, −0.039)

P for trend < 0.001 < 0.001 0.001

NLR 0.004 (0.003, 0.006)* 0.004 (0.003, 0.006)* 0.004 (0.002, 0.006)*

Subgroups

T1 (< 17.65) Reference Reference Reference

T2 (17.65–25.28) 0.047 (−0.010, 0.103) 0.051 (−0.007, 0.109) 0.055 (−0.004, 0.114)

T3 (> 25.28) 0.139 (0.082, 0.195) 0.138 (0.080, 0.196) 0.121 (0.061, 0.182)

P for trend < 0.001 < 0.001 < 0.001

MLR 0.005 (0.000, 0.010)* 0.007 (0.002, 0.012)* 0.005 (0.000, 0.011)*

Subgroups

T1 (< 17.65) Reference Reference Reference

T2 (17.65–25.28) −0.041 (−0.223, 0.141) 0.030 (−0.152, 0.212) 0.029 (−0.153, 0.212)

T3 (> 25.28) 0.172 (−0.010, 0.354) 0.274 (0.090, 0.458) 0.238 (0.049, 0.427)

P for trend 0.064 0.003 0.014

Notes: Subjects were ranked by aldosterone level and then divided equally into T1, T2, and T3 subgroups based on the number of 
subjects. (1) Lymphocyte count, NLR, and MLR all undergo a box-Cox normal conversion. (2) *N = P <0.05. (3) Adjustment 
model 1: adjusted for age, sex, and ambulatory blood pressure. (4) Adjustment model 2: adjusted for age, sex, ambulatory blood 
pressure, BMI, diabetes mellitus, cardiovascular and cerebrovascular disease, carotid plaque, smoking history, drinking history, 
eGFR, antiplatelet drugs, and lipid-lowering drugs. 
Abbreviations: LC, lymphocyte count; MLR, monocyte/lymphocyte ratio; NLR, neutrophil/lymphocyte ratio.
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(P = 0.003) and 2 (P = 0.014), indicating a stronger correlation between NLR/MLR and aldosterone with the increasing 
of aldosterone level.

Table 5 shows the correlations of the lymphocyte, NLR, and MLR with aldosterone levels in PA and EH patients by 
multivariate regression analysis. Subjects were ranked by aldosterone level and then divided equally into 3 subgroups 
based on the number of subjects. The average level of each tertile in EH group was 11.79, 18.00, and 26.56 ng/dl, 
respectively (Supplement Table 3). The average level of each tertile in PA group was 16.65, 24.48, and 39.33 ng/dl, 
respectively (Supplement Table 3). Lymphocyte counts were significantly and negatively correlated with aldosterone 
levels in the unadjusted model and adjusted models 1 and 2 in PA patients. However, such a correlation was not found in 
EH patients, indicating the negative correlation of lymphocyte and aldosterone levels present independently only in PA 
patients but not in EH patients. After trisecting the group according to aldosterone levels, the P for trend remained 
significant not only in the unadjusted model (P < 0.001) but also in the adjusted models 1 (P < 0.001) and 2 (P = 0.004), 
indicating a stronger correlation between lymphocytes and aldosterone as aldosterone levels increased in PA patients. In 
contrast, p for trend was not significant in EH patients. NLR was significantly and positively correlated with aldosterone 
levels in both PA and EH patients. After trisecting the group according to aldosterone levels, p for trends remained 
significant not only in the unadjusted model but also in the adjusted models 1 and 2 for both PA and EH patients, 
indicating that NLR and aldosterone levels were correlated independently, and such a correlation increased as aldosterone 

Table 5 Multivariate Regression Analysis of the Lymphocyte Count, NLR, MLR, and Aldosterone Levels in PA and 
EH Patients

Study Target Dependent Variable Unadjusted Model β (95% CI) Adjust Model 2

Adjust Model 1

PA LC, 109/L −0.004 (−0.006, −0.002)* −0.004 (−0.006, −0.002)* −0.003 (−0.005, −0.001)*

Subgroups

T1 (< 20.71) Reference Reference Reference

T2 (20.71–29.16) −0.121 (−0.198, −0.043) −0.122 (−0.200, −0.044) −0.122 (−0.200, −0.044)

T3 (> 29.16) −0.157 (−0.235, −0.080) −0.157 (−0.235, −0.079) −0.114 (−0.195, −0.033)

P for trend < 0.001 < 0.001 0.004

NLR 0.004 (0.002, 0.006)* 0.004 (0.002, 0.006)* 0.004 (0.002, 0.006)*

Subgroups

T1 (< 20.71) Reference Reference Reference

T2 (20.71–29.16) 0.102 (0.020, 0.183) 0.103 (0.021, 0.186) 0.120 (0.036, 0.204)

T3 (> 29.16) 0.147 (0.065, 0.228) 0.144 (0.062, 0.227) 0.110 (0.022, 0.197)

P for trend < 0.001 < 0.001 0.011

MLR 0.005 (−0.001, 0.011) 0.006 (0.000, 0.012)* 0.005 (−0.002, 0.011)

Subgroups

T1 (< 20.71) Reference Reference Reference

T2 (20.71–29.16) 0.261 (0.009, 0.514) 0.283 (0.035, 0.531) 0.292 (0.046, 0.538)

T3 (> 29.16) 0.245 (−0.007, 0.497) 0.311 (0.063, 0.560) 0.221 (−0.035, 0.476)

P for trend 0.058 0.015 0.074

(Continued)
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increased in PA and EH patients. Compared to NLR, a significant correlation between MLR and aldosterone was only 
found in the adjusted model 1 of PA patients suggesting that the association between MLR and aldosterone levels was 
unstable in PA patients. In contrast, for EH patients, no significant correlation between MLR and aldosterone levels was 
found in either model. Supplement Table 4 shows the white blood cell count, neutrophil count, lymphocyte count, 
monocyte count, NLR, and MLR within each tertile range in different groups.

Discussion
In this study, we found that lymphocyte counts were significantly lower and NLR and MLR were significantly higher in 
PA patients compared with EH patients. We also found that lymphocyte count, NLR, and MLR, were significantly and 
independently correlated with plasma aldosterone levels in the whole hypertensive population. These correlations 
remained significant in PA patients and were more robust as the aldosterone increased in the whole hypertensive 
population and PA patients. However, the above correlations were not always present in patients with EH matched for 
clinical characteristics. With these results, our study supported the role of aldosterone in inflammation in hypertensive 
patients.

Table 5 (Continued). 

Study Target Dependent Variable Unadjusted Model β (95% CI) Adjust Model 2

Adjust Model 1

EH LC, 109/L −0.002 (−0.005, 0.002) −0.003 (−0.006, 0.001) −0.002 (−0.006, 0.001)

Subgroups

T1 (< 15.35) Reference Reference Reference

T2 (15.35–22.25) 0.001 (−0.076, 0.078) −0.003 (−0.080, 0.074) −0.005 (−0.083, 0.074)

T3 (> 22.25) −0.020 (−0.097, 0.057) −0.040 (−0.121, 0.041) −0.037 (−0.122, 0.047)

P for trend 0.605 0.329 0.388

NLR 0.004 (0.001, 0.008)* 0.005 (0.001, 0.008)* 0.005 (0.001, 0.009)*

Subgroups

T1 (< 15.35) Reference Reference Reference

T2 (15.35–22.25) 0.005 (−0.074, 0.084) 0.014 (−0.067, 0.094) 0.000 (−0.082, 0.081)

T3 (> 22.25) 0.096 (0.017, 0.175) 0.113 (0.029, 0.197) 0.118 (0.030, 0.206)

P for trend 0.017 0.009 0.009

MLR 0.000 (−0.012, 0.012) 0.006 (−0.006, 0.019) 0.009 (−0.004, 0.022)

Subgroups

T1 (< 15.35) Reference Reference Reference

T2 (15.35–22.25) 0.042 (−0.221, 0.305) 0.140 (−0.129, 0.408) 0.117 (−0.153, 0.387)

T3 (> 22.25) 0.006 (−0.257, 0.269) 0.158 (−0.124, 0.441) 0.205 (−0.086, 0.495)

P for trend 0.968 0.276 0.168

Notes: Subjects were ranked by aldosterone level and then divided equally into T1, T2, and T3 subgroups based on the number of subjects. (1) 
Lymphocyte count, NLR, and MLR all undergo a box-Cox normal conversion. (2) *N = P <0.05. (3) Adjustment model 1: adjusted for age, sex, and 
ambulatory blood pressure. (4) Adjustment model 2: adjusted for age, sex, ambulatory blood pressure, BMI, diabetes mellitus, cardiovascular and 
cerebrovascular disease, carotid plaque, smoking history, drinking history, eGFR, antiplatelet drugs, and lipid-lowering drugs. 
Abbreviations: EH, essential hypertension; LC, lymphocyte count; MLR, monocyte/lymphocyte ratio; NLR, neutrophil/lymphocyte ratio; PA, primary 
aldosteronism.
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Previously, few studies had investigated aldosterone-related inflammation in human beings. One study found that the 
NLR did not differ between PA patients and EH patients, and NLR was correlated with plasma aldosterone levels only in 
PA patients.17,18 Another study found that PA patients had a higher MLR than EH patients, and neutrophil counts were 
positively correlated with plasma aldosterone levels, and lymphocyte counts were negatively correlated with plasma 
aldosterone levels in all patients.17,18 However, the previous study did not match BP levels between PA patients and EH 
patients, and the office BP levels were significantly higher in PA patients than in EH patients. The effect of BP levels on 
leukocyte-related inflammatory markers has been confirmed by extensive studies. The latter study had a very limited 
number of subjects and included a total of 15 PA patients and 15 EH patients.

The NLR is a cheap, easily obtained and widely available inflammatory marker. On the one hand, it reflects the role of 
neutrophils (responsible for the nonspecific immune response in inflammation); on the other hand, it reflects the role of 
lymphocytes as a key player in a specific immune response, so the NLR represents the ratio of two opposite but 
complementary immune pathways. Compared to leukocytes, the NLR is much less affected by physiological 
conditions.21,22 Data from an international study showed that a healthy adult NLR had values between 0.78 and 3.53, 
with an average NLR of 1.65.23 The average NLRs for healthy men and women were 1.550 and 1.587, respectively.24 In 
hypertension studies, an increased NLR (especially an NLR > 2) was significantly associated with hypertensive events, 
especially in the older male population.14,15 An elevated NLR was also independently associated with the severity of 
hypertension in untreated EH patients.16 The mean NLR of EH patients in this study was 2.01, which was higher than 
that of the healthy population, indicating the presence of systemic low-grade inflammation in patients with hypertension. 
This study also showed that the mean NLR of PA patients was 2.21, which was significantly higher than that of EH 
patients. Combined with the significant positive association between NLR and aldosterone levels, these results suggested 
that PA patients had higher levels of inflammation than EH patients and that this inflammation was positively correlated 
with aldosterone levels. Persistent systemic inflammation may be harmful and will lead to progressive tissue damage, 
organ dysfunction, and fibrosis. An elevated NLR had been found to be associated with the presence and amount of 
carotid atherosclerotic plaque25 and the severity of coronary artery disease.26 The disease-related NLR was independently 
associated with left ventricle (LV) hypertrophy in hypertensive patients and could be used as a simple indicator to judge 
LV hypertrophy.27 Other studies have found a significantly higher NLR in nondipper hypertension than in dipper 
hypertension.28 Patients with resistant hypertension also had a higher NLR than those with BP control.29 Therefore, 
an elevated NLR positively associated with aldosterone levels may be one of the reasons for the significantly higher risk 
of cardiovascular and cerebrovascular adverse events in PA patients than in EH patients, and the NLR is expected to be 
a biomarker indicating PA severity.

Monocytes play a role in innate immunity; they remain in a steady state in blood vessels and cross the endothelium 
when stimulated with inflammatory cytokines into the vascular intima to differentiate into macrophages that absorb lipids 
to form foam cells that account for a large proportion of atherosclerotic plaques.30 The results of a cross-sectional 
community study showed that the monocyte count was an independent predictor of subclinical carotid atherosclerosis.31 

The percentage and number of monocytes may be used to predict cardiovascular events.32 Lymphocytes are an important 
part of the body’s immune system, and lymphopenia was found to be an independent risk factor for cardiovascular 
complications in kidney transplant recipients.33 The MLR combines risk factor monocytes with protective factor 
lymphocytes, and this increase may be associated with poorer outcomes of various diseases. A cohort study found that 
the MLR was associated with an increased risk of chronic kidney disease and that the MLR remained an independent risk 
factor for chronic kidney disease after adjustment for factors such as age, sex, and systolic blood pressure.34 Other 
studies have indicated that the MLR can be used as an independent predictor of the severity of carotid artery stenosis in 
ischemic stroke patients and can more effectively reflect the severity of coronary artery disease than the NLR.35,36 In the 
present study, we found that MLR was significantly higher in PA patients than in EH patients. At the same time, the 
correlation between MLR and aldosterone levels persisted in PA patients but not in EH patients. These results suggested 
that as excess aldosterone increased, more inflammation-related indicators occurred. It indicated the presence of higher 
levels of inflammation in PA patients, and further, it supported that higher inflammation levels in PA patients were 
associated with higher aldosterone levels.
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The low lymphocyte count was regarded as a marker of inflammation and immunosuppression, and a low lymphocyte 
percentage was associated with a higher risk of frailty, suggesting that lymphocytes might help in assessing patient health 
status.37 On the other hand, observational and genetic analyses demonstrated a positive and potentially causal relation-
ship between lymphocytes with a slight increase in SBP and DBP.38 These studies suggest a complex role of immune 
cells in diseases. This study also found that the lymphocyte count in PA patients was lower than that in EH patients and 
that the lymphocyte count was negatively correlated with aldosterone levels in PA patients, suggesting that aldosterone 
may have an inhibitory effect on lymphocytes.

Our study has limitations. First, we could not observe changes in leukocyte-related inflammatory markers in PA patients 
after the drug or interventional/surgical treatment, which is a significant limitation of the study. Comparing changes in 
leukocyte-related inflammatory markers before and after treatment in PA patients would provide valuable information for 
exploring aldosterone-related inflammation. Second, including non-hypertensive subjects matched for clinical characteristics 
would be more helpful in investigating the association between leukocyte-related inflammatory markers and high blood 
pressure. Third, the use of antihypertensive drugs (verapamil and/or terazosin), lipid-lowering drugs and antiplatelet agents 
might affect leukocyte-related inflammatory markers, and we could not match these the drug types and doses in the study. 
Fourth, limited by cross-sectional studies, our results could not yield a causal association between PA and leukocyte- 
associated inflammatory markers. Fifth, future analysis between other important inflammatory markers such as CRP, IL-6, 
TNF-α, and aldosterone levels would provide valuable information for the study of the role of inflammation in PA. Sixth, 
prospective observation of blood pressure levels and analysis of the correlation between blood pressure changes and 
leukocytes may provide important information on the correlation between aldosterone and leukocyte-related inflammation. 
Seventh, some EH patients who did not meet the diagnostic criteria for a confirmatory test but had high absolute values of 
aldosterone and an ARR >30 might develop typical PA after several years. It thus needed to be considered when interpreting 
the differences between the two groups of patients in the present study. Finally, in our study, cases were enrolled from one 
medical center, and despite the relatively large number of cases, there might still be a selection bias. In the present study, 
neither morphological nor functional subgroups provided data to support a causal association between lymphocyte count and 
PA. Therefore, the design of relevant prospective cohort studies may provide more research data for the causal association 
between the two. Moreover, in the future, a longitudinal cohort study of EH/PA populations and typing lymphocytes may 
provide more precise data for studies between aldosterone and lymphocyte-associated inflammation.

In summary, lymphocyte count significantly decreased, and NLR and MLR significantly increased in PA patients 
compared to EH patients. Further, these leukocyte-associated inflammatory markers were weakly but significantly 
correlated with aldosterone levels in PA patients. However, such a correlation was not always present in EH patients.
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