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Abstract: Objective: To explore the early clinical screening and intervention scheme for primary aldosteronism (PA). 
Methods: 70 patients with PA and 90 patients with essential hypertension (EH) were selected as the observation 
group and control group respectively for the retrospective study. The clinical data of the two groups were compared, 
and the association between aldosterone-to-renin ratio (ARR), cardiac echocardiographic parameters, and cervical 
vascular ultrasound parameters with PA was analyzed using univariate and multivariate analysis. The ROC curve 
was drawn to explore the diagnostic efficacy of the meaningful indicators in multivariate analysis for PA. Besides, 
patients with PA were divided into group A and group B according to different treatment methods. Group B received 
conventional therapy, while group A adopted additional irbesartan based on conventional therapy. The efficacy 
and safety of these two methods were then compared. Results: Multivariate logistics regression analysis showed 
that ARR (OR=3.149; P=0.015; 95% CI: 2.359-3.911), LVEDD (OR=2.044; P=0.018; 95% CI: 1.542-2.710), LVESD 
(OR=1.504; P=0.022; 95% CI: 0.956-2.053), LVEF (OR=2.790; P=0.008; 95% CI: 2.401-3.158), intima-media thick-
ness of common carotid artery (OR=2.768; P=0.011; 95% CI: 2.266-3.137), and intima-media thickness of internal 
carotid artery (OR=2.303; P=0.026; 95% CI: 1.573-2.822) were all independent risk factors for PA (all P<0.05). ROC 
curve analysis showed that the AUC of ARR, LVEF, and medical thickness of common carotid artery media thickness 
were 0.741, 0.738 and 0.637 respectively, all of which were greater than 0.5, indicating their diagnostic value for 
PA. Besides, combined diagnosis could further improve the diagnostic efficacy, with an AUC of 0.845 and sensitiv-
ity and specificity of 91.46% and 88.42%, respectively (Z=2.079, P<0.05). The research about different treatment 
schemes revealed that total effective rate of group A was significantly higher than that in group B (P<0.05). After 
treatment, the blood pressure and cardiac function indexes in both groups were significantly improved (P<0.05 or 
P<0.001), but more significant improvement was found in group A (all P<0.05). At the same time, the incidence of 
total adverse reactions in group A was slightly lower than that in group B, but without statistically significant differ-
ence (P>0.05). What is more, the maintenance dose of spironolactone in group A was much lower than that in group 
B (P<0.05). Conclusion: ARR, LVEF and intima-media thickness of the carotid artery are all independent risk factors 
for PA, through which PA can be effectively screened and diagnosed. At the same time, combination of irbesartan 
and conventional clinical therapy can further improve the therapeutic effect with higher safety.
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Introduction

Primary aldosteronism (PA) means excessive 
secretion of aldosterone by adrenal cortex, with 
main clinical presentation as hypertension with 
hypokalemia. PA was considered to be a rare 
disease previously, but the use of aldosterone-
to-renin ratio (ARR) has greatly increased the 
detection rate of PA [1]. The latest research 
shows that PA accounts for 5-13% of all the 
hypertensive patients, and it goes up to 20% 

among patients with refractory hypertension  
[2, 3]. In addition to increased blood pressure, 
high plasma aldosterone levels in patients with 
PA also damage other body functions. Besides, 
patients with PA are more prone to heart, brain, 
kidney and other organ damage compared with 
patients with essential hypertension (EH) [4]. 
However, despite the high prevalence and risk, 
missed clinical diagnosis of PA is still very seri-
ous because some physicians still rely solely on 
hypertension with hypokalemia for diagnosis. In 
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fact, about half of the PA patients may not suf-
fer from hypokalemia, thus a large number of 
PA patients were misdiagnosed as EH for a  
long time which delayed the treatment [5, 6]. 
Moreover, the insufficient capacity of ARR 
inspection has also markedly affected the 
detection of PA. Therefore, it is crucial to 
strengthen the screening of PA. Comprehen- 
sive report on the screening of patients with  
PA is rare at present, thus our study conducted 
associated exploration. At the same time, we 
also tested the therapeutic efficacy and safety 
of the combination of irbesartan and spirono-
lactone with a view to provide a theoretical 
basis for clinical practice. The research results 
are presented as follows.

Materials and methods

General information

Seventy patients with PA who were admitted  
to The Second Hospital of Shijiazhuang during 
January 2020 to December 2014 were select-
ed as the observation group.

Inclusion criteria: (1) all the patients were diag-
nosed according to the diagnostic criteria of 
the 2016 European Endocrine Association 
Management of primary aldosteronism: Case 
screening, diagnosis and treatment [7]. The 
patients were initially screened by ARR and 
diagnosed through intravenous saline load  
test or surgery; (2) the patient had complete 
clinical data related to this study; (3) the 
patients had undergone drug elution before PA 
screening: Diuretics were discontinued for at 
least 6 weeks prior; other drugs that might 
affect ARR screening such as beta-blockers, 
AT2 receptor antagonists, angiotensin-convert-
ing enzyme inhibitors, and dihydropyridine cal-
cium channel blockers were stopped for at 
least 4 weeks; alpha-blockers and non-dihy- 
dropyridine calcium channel blockers were 
used to control the blood pressure; (4) all the 
patients voluntarily participated in this study 
and signed the informed consent.

Exclusion criteria: (1) patients with secondary 
hypertension such as renal parenchymal hy- 
pertension, pheochromocytoma, renal vas- 
cular hypertension, and hypercortisolism; (2) 
patients complicated with coronary heart 
disease.

At the same time, 90 patients with EH admitt- 
ed to The Second Hospital of Shijiazhuang dur-
ing the same time period were randomly se- 
lected as the control group. Diagnosis of EH 
was made according to the Guidelines for the 
Prevention and Treatment of Hypertension:  
systolic blood pressure ≥140 mmHg, and/or 
diastolic blood pressure ≥90 mmHg without 
taking antihypertensive drugs in the absence of 
any apparent reason [8].

According to the different treatment regimens, 
the patients with PA were divided into groups  
A and group B. Group B (38 cases) received 
routine clinical therapies and group A (32 
cases) adopted additional irbesartan on the 
basis of routine clinical therapies. This study 
was reviewed and approved by the Ethics 
Committee of The Second Hospital of Shijia- 
zhuang.

Methods

Clinical data collection: The clinical data of the 
patients including age, gender, body mass 
index, symptoms, systolic/diastolic blood pres-
sure, blood biochemical indexes, ARR, echo- 
cardiographic parameters of heart, and cervi-
cal vascular ultrasound parameters were col-
lected. A mercury sphygmomanometer was 
used for blood pressure measurement, which 
was calibrated before use. Patients were for-
bidden to consume strong tea and coffee, or 
smoke 30 minutes before the measurement, 
and were advised to take rest quietly for at 
least 5 minutes and not to hold urine or speak 
during the measurement. During the measure-
ment, the patients were kept in a sitting posi-
tion. Two consecutive measurements were 
taken on different days and the average value 
was noted. All the patients had finished drug 
elution before the blood samples were collect-
ed. The patients need to rest on lying position 
from 22:00 on the day of admission and the 
venous blood was drawn in a lying position at 
06:00 the next day after admission. After the 
blood was drawn, the patients were asked to 
maintain a sitting position for another 2 hours. 
Then, the venous blood was drawn at 08:00  
for aldosterone, renin activity, and ARR 
measurement.

In addition, fasting cubital venous blood was 
collected in the morning. Blood biochemical 
indicators were detected by automatic bio-
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chemical analyzer (Shandong Boke Biological 
Industry Co., Ltd. BK200).

ARR assay method: Radioimmunoassay was 
used to determine plasma renin activity (Renin 
kit: Beijing North Institute of Biotechnology) 
and aldosterone (Beijing North Institute of 
Biotechnology).

Ultrasound examination (Philips iE Elite color 
Doppler ultrasound diagnostic apparatus; 
Phillips, US): Left ventricular end-diastolic  
diameter (LVEDD), left ventricular end-systolic 
diameter (LVESD), left ventricular ejection frac-
tions (LVEF), and other indicators were collect-
ed by echocardiography. Intima-media thick-
ness of common carotid artery and internal 
carotid artery were measured through carotid 
ultrasonography, which were examined accord-
ing to the Guidelines for Carotid Ultrasound 
Examination, and the mean values on both 
sides were used as experimental data. Ul- 
trasound examination and report issuance 
were performed by physicians above the inter-
mediate level in The Second Hospital of 
Shijiazhuang [9].

Treatment methods: Group B was treated with 
routine clinical therapies, including taking spi-
ronolactone (manufacturer: Hangzhou Min- 
sheng Pharmaceutical Group Co., Ltd.) and cal-
cium channel blockers (levamlodipine maleate 
tablets, manufacturer: CSPC Ouyi Pharmaceu- 
tical Co., Ltd.) and symptomatic treatment  
for complications. Group A was treated with 
irbesartan (manufacturer: Hangzhou Sanofi 
Aventis Minsheng Pharmaceutical Co., Ltd.) 
150 mg/d based on the routine methods in 
group B. The initial dose of spironolactone  
was 80 mg/d, to be completed for 2-3 times 
orally. During the treatment period, the chang-
es in serum potassium levels were monitored, 
and the dose of spironolactone was adjusted  
to insure that the serum potassium concen- 
tration should not exceed 5.5 mmol/L, and at 
last the selected dose was taken as mainte-
nance dose. The adverse reactions in both 
groups during treatment were observed, and 
the efficacy was evaluated 3 months after 
treatment. At last, the blood pressure and 
echocardiographic results before and after the 
treatment were compared.

Outcome measures

(1) Comparison of clinical data between obser-
vation group and control group; (2) Analysis of 

the risk factors of PA; (3) Receiver operating 
characteristic (ROC) analysis of the diagnostic 
value of independent risk factors; (4) Com- 
parison of efficacy between group A and group 
B; (5) Comparison of maintenance dose of spi-
ronolactone between group A and group B  
and incidence of adverse reactions during 
treatment.

Efficacy evaluation criteria

Efficacy evaluation criteria: According to the 
Expert Consensus on Diagnosis and Treat- 
ment of Primary Aldosteronism, markedly eff- 
ective was defined as systolic blood pressure 
<140 mmHg, diastolic blood pressure <90 
mmHg, and complete disappearance of symp-
toms; effective was defined as a reduction in 
systolic and diastolic blood pressure of >10 
mmHg but did not reach the normal level, and 
an improvement in symptoms; ineffective was 
defined as no significant improvement in blood 
pressure and symptoms [10]. The total effec-
tive rate = markedly effective rate + effective 
rate.

Statistical methods

The statistical analysis was performed using 
SPSS 25.0. The enumeration data was ex- 
pressed as percentage (n, %), and was com-
pared with Chi-square test. Measurement data 
was expressed as mean ± standard deviation  
(
_
x  ± sd), and independent-samples t-test and 

paired-samples t-test were used for inter- 
group comparison and intra-group compari- 
son, respectively. A multivariate logistic regres-
sion model was used to evaluate risk factors. 
ROC curve was drawn to evaluate the diagnos-
tic efficiency, and Z test was used to compare 
the area under the curve (AUC). P<0.05 was 
considered as statistically significant.

Results

Comparison of clinical data between the ob-
servation group and control group

The comparison between the two groups 
showed that there existed significant differenc-
es in periodic paralysis, serum potassium lev-
els, sitting aldosterone levels, sitting renin 
activity, ARR, LVEDD, LVESD, LVEF, common 
carotid artery media thickness, and internal 
carotid artery media thickness between the 
two groups (all P<0.05). As shown in Table 1.
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Analysis of risk factors of PA

Indicators with inter-group differences were 
analyzed by univariate analysis, including 
serum potassium, sitting aldosterone, sitting 
renin activity, ARR, LVEDD, LVESD, LVEF, com-
mon carotid artery media thickness, and inter-
nal carotid artery media thickness. These 
above indicators were included as independent 
variables for multivariable logistic regression 
analysis. The results showed that ARR (OR= 
3.149; P=0.015; 95% CI: 2.359-3.911), LVEDD 
(OR=2.044; P=0.018; 95% CI: 1.542-2.710), 
LVESD (OR=1.504; P=0.022; 95% CI: 0.956-

2.053), LVEF (OR=2.790; P=0.008; 95% CI: 
2.401-3.158), common carotid artery me- 
dia thickness (OR=2.768; P=0.011; 95% CI: 
2.266-3.137), and internal carotid artery me- 
dia thickness (OR=2.303; P=0.026; 95% CI: 
1.573-2.822) were all independent risk fa- 
ctors for PA (all P<0.05). See Table 2.

ROC curve analysis for diagnosis of PA by inde-
pendent risk factors

The index with the most contributive OR in 
these independent risk factors for PA was used 
as the diagnostic index, and the ROC curve was 

Table 1. Comparison of clinical data between observation group and control group [n (%)/(
_
x  ± sd)]

Index Observation 
group (n=70)

Control group 
(n=90) χ2/t P

Gender 0.423 0.515
    Male 44 (62.86) 52 (57.78)
    Female 26 (37.14) 38 (42.22)
Age (years) 46.5±8.2 44.4±7.9 1.657 0.100
BMI (kg/m2) 25.81±3.15 25.18±3.62 1.175 0.242
Symptoms
    Dizziness and headache 41 (58.57) 52 (57.78) 0.010 0.920
    Fatigue 33 (47.14) 46 (51.11) 0.248 0.618
    Palpitation 38 (54.29) 44 (48.89) 0.459 0.498
    Chest tightness 19 (27.14) 25 (27.78) 0.008 0.929
    Periodic paralysis 8 (11.43) 0 (0.00) 8.555 0.003
Systolic blood pressure (mmHg) 161.34±21.07 159.82±19.15 0.471 0.638
Diastolic blood pressure (mmHg) 96.84±14.67 97.20±14.16 0.156 0.876
Serum potassium (mmol/L) 3.74±0.33 3.95±0.36 3.837 <0.001
Serum sodium (mmol/L) 141.35±1.68 140.98±1.72 1.368 0.174
Triglycerides (mmol/L) 2.57±0.28 2.61±0.31 0.855 0.394
Total cholesterol (mmol/L) 2.08±0.57 2.15±0.71 0.692 0.490
High density lipoprotein (mmol/L) 1.33±0.32 1.31±0.26 0.425 0.672
Low density lipoprotein (mmol/L) 3.03±0.69 3.12±0.74 0.793 0.429
Fasting blood glucose (mmol/L) 5.21±1.20 5.26±1.24 0.258 0.797
Serum creatinine (μmol/L) 69.18±16.43 68.95±15.57 0.090 0.929
Sitting aldosterone (ng/mL) 0.45±0.33 1.71±1.20 9.510 <0.001
Sitting renin activity (ng/mL•h) 24.21±10.57 13.25±7.17 7.445 <0.001
ARR (ng/dL)/(ng/mL•h) 83.29±66.18 16.40±14.38 8.305 <0.001
LVEDD (mm) 55.41±3.17 48.37±5.62 10.011 <0.001
LVESD (mm) 36.11±3.10 30.54±3.58 10.532 <0.001
LVEF (%) 58.23±5.49 66.37±6.40 8.649 <0.001
Intima-media thickness of common carotid artery (mm) 0.66±0.15 0.59±0.12 3.190 0.002
Intima-media thickness of internal carotid artery (mm) 0.57±0.11 0.52±0.10 2.967 0.004
Note: BMI: body mass index; ARR: aldosterone-to-renin ratio; LVEDD: left ventricular end-diastolic diameter; LVESD: left ven-
tricular end-systolic diameter; LVEF: left ventricular ejection fractions.
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drawn to analyze its diagnostic efficacy for PA. 
The results showed that AUCs of ARR, LVEF, 
and intima-media thickness of the carotid 
artery were 0.741, 0.738 and 0.637, respec-

There were 21 cases (65.63%) markedly effec-
tive, 7 cases effective (21.88%), and 4 cases 
ineffective (12.50%) in group A, with the total 
effective rate of 87.50%. There were 15 cases 

Table 2. Multivariate logistic regression analysis of patients with PA (n=160)
Factors B Wald P OR (95% CI)
Serum potassium 0.141 3.512 0.084 1.152 (0.761-1.743)
Sitting aldosterone 0.335 1.647 0.126 1.398 (0.742-1.890)
Sitting renin activity 0.497 1.318 0.147 1.644 (0.818-2.255)
ARR 1.147 6.681 0.015 3.149 (2.359-3.911)
LVEDD 0.715 6.282 0.018 2.044 (1.542-2.710)
LVESD 0.408 6.157 0.022 1.504 (0.956-2.053)
LVEF 1.026 8.360 0.008 2.790 (2.401-3.158)
Intima-media thickness of common carotid artery 1.018 8.253 0.011 2.768 (2.266-3.137)
Intima-media thickness of internal carotid artery 0.834 5.972 0.026 2.303 (1.573-2.822)
Note: PA: primary aldosteronism; ARR: aldosterone-to-renin ratio; LVEDD: left ventricular end-diastolic diameter; LVESD: left 
ventricular end-systolic diameter; LVEF: left ventricular ejection fractions; OR: odds ratio; CI: confidence interval.

Table 3. ROC curve analysis for diagnosis of PA by independent risk factors

Index Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%) AUC (95% CI) Cut-off 

value
ARR 75.38 74.37 80.46 70.69 0.741 (0.658, 0.824) 50.242
LVEF 71.52 74.13 81.35 72.84 0.738 (0.660, 0.815) 64.353
Medical thickness of common carotid artery 61.79 68.82 82.14 73.71 0.637 (0.549, 0.725) 0.630
Combination 91.46 88.42 90.73 85.45 0.845 (0.780, 0.910)
Note: PA: primary aldosteronism; ARR: aldosterone-to-renin ratio; LVEF: left ventricular ejection fractions; AUC: area under the curve; CI: confi-
dence interval; ROC: receiver operating characteristic; PPV: positive predictive value; NPV: negative predictive value.

Figure 1. ROC curve for PA diagnosis. PA: primary aldosteronism; ARP: an-
giotensin-to-renin ratio; LVEF: left ventricular ejection fraction; IMT: Intima-
media thickness; ROC: receiver operating characteristic.

tively, which were all greater 
than 0.5, indicting high diag-
nostic efficacy. According to 
the Youden index calculation 
rule, the cut-off values of  
ARR, LVEF, and medial thick-
ness of the common carotid 
artery were 50.242, 64.353 
and 0.630, respectively. The 
results showed that the AUC 
of combined diagnosis was 
0.845, which was significan- 
tly higher than that of ARR, 
LVEF, and medial thickness of 
the common carotid artery 
alone (Z=2.079, P<0.05), with 
the sensitivity and specificity 
of 91.46% and 88.42%, re- 
spectively, as shown in Table 
3 and Figure 1.

Comparison of clinical effi-
cacy between groups A and B
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(39.47%) markedly effective, 9 cases effective 
(23.68%), and 14 cases ineffective (36.84%) in 
group B, with the total effective rate was 
63.16%. Thus, the total effective rate in group 
A was significantly higher than that in group B 
(χ2=4.190, P=0.041). Before treatment, no sig-
nificant differences were shown in LVEDD, 
LVESD, LVEF, and blood pressure values 
between the two groups (P>0.05). After treat-
ment, the LVEDD, LVESD, systolic blood pres-
sure, and diastolic blood pressure of group A 
and group B were all much lower than those 
before treatment and LVEF was higher than 
that before treatment, all with statistically sig-
nificant differences (all P<0.05 or P<0.001). 

After treatment, LVEDD, LVESD, systolic blood 
pressure, and diastolic blood pressure in group 
A were all significantly lower than those in group 
B, while LVEF was significantly higher than that 
in group B (all P<0.05). See Table 4 and Figure 
2 for details.

Comparison of spironolactone maintenance 
dose and adverse reactions during treatment 
between group A and group B

The maintenance dose of spironolactone in 
group A was significantly lower than that  
in group B (127.46±25.18 mg/d vs 143.61± 
34.75 mg/d; t=2.249, P=0.028). The incidence 

Table 4. Comparison of echocardiography parameters and blood pressure before and after treatment 
between group A and group B (

_
x  ± sd)

Cases LVEDD (mm) LVESD (mm) LVEF (%) Systolic blood 
pressure (mmHg)

Diastolic blood 
pressure (mmHg)

Pre-treatment
    Group A 32 54.78±3.52 36.08±3.16 58.49±5.62 160.28±22.49 96.94±13.52
    Group B 38 55.37±3.66 36.95±3.39 57.94±5.81 162.47±21.15 96.11±14.79
    t 1.384 1.110 0.402 0.417 0.245
    P 0.171 0.271 0.689 0.678 0.807
Post-treatment
    Group A 32 47.27±2.93*** 29.14±2.58*** 68.46±5.53*** 142.38±15.60*** 81.56±10.03***

    Group B 38 49.55±3.10*** 33.19±3.25*** 63.17±5.40*** 151.84±17.73* 88.36±12.44*

    t 3.143 5.698 4.038 2.374 2.531
    P 0.002 <0.001 <0.001 0.021 0.014
Note: Compared with the same group before treatment, *P<0.05, ***P<0.001. LVEDD: left ventricular end-diastolic diameter; 
LVESD: left ventricular end-systolic diameter; LVEF: left ventricular ejection fractions.

Figure 2. Comparison of heart function and blood pressure. Pre-treatment comparison, *P<0.05, ***P<0.001; com-
pare with group A after treatment, #P<0.05, ##P<0.01, ###P<0.001. LVEDD: left ventricular end-diastolic diameter; 
LVESD: left ventricular end-systolic diameter; LVEF: left ventricular ejection fraction; SBP: systolic blood pressure; 
DBP: diastolic blood pressure.
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of adverse reactions in group A was also lower 
than that in the control group, but without sta-
tistically significant difference (P>0.05). See 
Table 5 for details of adverse reactions in two 
groups.

Discussion

Our present study revealed that the symptoms 
of periodic paralysis and serum potassium lev-
els between patients with PA and EH were  
both significantly different, however, neither of 
them are independent risk factors for patients 
with PA. Therefore, periodic paralysis and hypo-
kalemia should not be used as the only basis 
for the diagnosis of patients with PA [11,  
12]. Multivariate logistics regression analysis  
and ROC analysis results suggest that ARR, 
LVEDD, LVESD, LVEF, intima-media thickness  
of the carotid artery and internal carotid artery 
media thickness are all independent risk fac-
tors for PA, and could be used to effectively dis-
tinguish PA from EH.

Increased aldosterone secretion is one of the 
main features of PA. By enhancing inflammato-
ry response and oxidative stress response, 
inhibiting vascular endothelial function, and 
promoting fibroblast proliferation and collagen 
production, aldosterone can lead to myocar- 
dial hypertrophy and fibrosis, as well as vascu-
lar injury [13-15]. However, plasma renin  
activity is decreased with the increasing aldo-
sterone secretion. According to the above  
characteristics, ARR was firstly proposed by 
Hiramatsu et al. in 1981, through which the 
detection rate of PA in clinical practice was 
greatly improved. At present, patients with PA 
were preliminarily screened using ARR which 
was approved by Chinese consensus and 
American guidelines, and further measures 
such as confirmatory tests and surgery can 
effectively improve the rate of diagnosis for  
the initially screened patients [16]. However, 
due to complexity of the detection of aldoste-

rone and renin activity, ARR application is  
largely restricted in many primary hospitals 
[17]. Therefore, research on effective methods 
to improve the detection efficiency of aldoste-
rone and renin activity is a hot spot in this  
field. For instance, Morimoto et al. had pro-
posed a chemiluminescent immunoassay 
(CLIA) that can screen PA rapidly [18]. A recent 
study showed that the optimal cut-point of  
ARR in erect position for predicting PA was 40 
(ng·dL-1)/(ng·mL-1·h-1), with a sensitivity of 93% 
and a specificity of 76% [19]. In our study,  
the cut-off value of ARR was 50.242 (ng·dL-1)/
(ng·mL-1·h-1), which was slightly higher than that 
in the previous study. Given that ARR could be 
greatly affected by age, we speculated that it 
was related to the age of the patients in our 
study. Therefore, establishing appropriate cut-
points for age-related ARR may be more es- 
sential for clinical practice. Besides, it is also 
worth noting that the determination of plasma 
aldosterone concentration and renin is greatly 
affected by certain antihypertensive drugs, 
menstrual cycle, body position, serum potassi-
um level, etc. [20]. Thus, appropriate prepara-
tion should be made according to the condi- 
tion of patients before screening, and these 
factors above should be fully taken into con- 
sideration for confirming the diagnosis. More- 
over, ROC analysis showed that combined  
measurement of ARR, cardiac LVEF, and in- 
tima-media thickness of the common carotid 
artery could effectively improve the ability to 
distinguish PA and EH, and the sensitivity and 
specificity of the combined diagnosis can  
even reach 91.46% and 88.42%. Therefore, 
combined diagnosis could be considered to fur-
ther improve the detection ability of the initial 
screening.

Spironolactone is a classical drug for clinical 
treatment of PA, which not only helps to lower 
the blood pressure, but also inhibits cardio- 
myocyte apoptosis and hamper or even reverse 
myocardial remodeling [21, 22]. However, stud-

Table 5. Adverse reactions during treatment in group A and group B (n (%))

Group Gastrointestinal 
dysfunction Hyponatremia Hepatic 

injury
Swelling of lower 

limbs Myalgia Total  
incidence

Group A (n=32) 1 (3.13) 1 (3.13) 0 (0.00) 1 (3.13) 1 (3.13) 4 (12.50)
Group B (n=38) 2 (5.26) 3 (7.89) 1 (2.63) 2 (5.26) 2 (5.26) 10 (26.32)
χ2 1.299
P 0.254
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ies have shown that long-term use of spirono-
lactone may induce unilateral or bilateral brea- 
st development in men, whose incidence and 
severity were positively correlated with the  
dosage taken [23]. Veeregowda et al. had 
reported a case of a 52-year-old male patient 
who had developed painful swelling in the right 
breast after taking spironolactone, and the 
pain and swelling were significantly reduced 
one month after withdrawal [24]. Irbesartan,  
an angiotensin II inhibitor, can not only help 
reduce vascular resistance and cardiac load 
directly, but also reduce aldosterone secretion 
[25]. In 2001, Stokes et al. pointed out that 
irbesartan had a better therapeutic effect on 
patients with PA and could further enhance  
the blood pressure control of patients [26]. Our 
present study showed that both the blood pres-
sure control and cardiac function of patients  
in group A were significantly improved after 
irbesartan was added to the regimen. Besides, 
no significant difference existed in the inci-
dence of adverse reactions between the two 
groups and no breast development was 
observed. However, sample size of this study 
was small, and the maintenance dose of spi-
ronolactone in group A was significantly lower 
than that in group B. Therefore, effects of irbe-
sartan on breast development in patients treat-
ed with spironolactone at a maintenance dose 
need to be further compared with a larger 
sample.

There are some limitations in this study, includ-
ing small sample size and short observation 
time, which could cause some ambiguity in the 
results of this study. Besides, this is a single-
center retrospective study, which does not nec-
essarily represent the characteristics of the 
whole population. Therefore, further studies 
with larger samples and longer observation 
periods are required.

In summary, ARR, cardiac echocardiography 
parameters, cervical vascular ultrasound 
parameters, etc. are all independent risk fac-
tors for patients with PA, and have high value 
for early diagnosis of PA. Combined diagnosis 
can further improve the diagnostic efficiency. In 
terms of treatment, irbesartan combined with 
clinical routine treatment can further improve 
the therapeutic effect with higher efficacy and 
helps to reduce the maintenance dose of 
spironolactone.
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