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ABSTRACT 
 
Objectives 
 
To assess the prevalence of primary aldosteronism and its association with cardiometabolic 
complications in patients with resistant and refractory hypertension. 
 
Methods 
 
One hundred and ten consecutive patients with true resistant hypertension [insufficient blood 
pressure control despite appropriate lifestyle measures and treatment with at least three classes of 
antihypertensive medication, including a diuretic] and without previous cardiovascular events were 
screened for secondary hypertension. Refractory hypertension was diagnosed in case of 
uncontrolled blood pressure despite the use of at least five antihypertensive drugs. 
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Results 
 
Primary aldosteronism was diagnosed in 32 cases (29.1%). The multivariate analysis showed that 
primary aldosteronism is a strong factor positively associated with left ventricular hypertrophy [odds 
ratio (OR) = 12.98, 95% confidence interval (CI) 3.82–60.88; P < 0.001], microalbuminuria (OR = 3.67, 
95% CI 1.44–9.78; P = 0.007), carotid intima–media thickness at least 0.9 mm (OR = 2.69, 95% CI 
1.02–7.82; P = 0.037), aortic ectasia (OR = 4.08, 95% CI 1,18–15.04; P = 0.027) and atrial fibrillation 
(OR 8.80, 95% CI 1.53–73.98; P = 0.022). Moreover, primary aldosteronism was independently 
associated with the presence of at least one (OR = 8.60, 95% CI 1.73–69.88; P = 0.018) and at least 
two types of organ damage (OR = 3.08, 95% CI 1.19–8.24; P = 0.022). Thirteen patients (11.8%) were 
affected by refractory hypertension. This group was characterized by significantly higher values of 
carotid intima–media thickness, higher rate of aldosterone-producing adenoma and atrial 
fibrillation, compared with the other individuals with resistant hypertension. 
 
Conclusion 
  
The current study indicates that primary aldosteronism is a frequent cause of secondary 
hypertension and cardiovascular complications among patients with resistant and refractory 
hypertension, suggesting a crucial role of aldosterone in the pathogenesis of severe hypertensive 
phenotypes and cardiovascular disease. 
 

INTRODUCTION 
 
Primary aldosteronism is a group of disorders caused by an excessive and autonomous aldosterone 
secretion [1] and is the most frequent form of secondary hypertension. Its prevalence increases with 
the severity of hypertension [2,3], reaching over 20% in individuals with resistant hypertension, a 
condition of insufficient blood pressure (BP) control despite appropriate lifestyle measures and 
treatment with at least three classes of antihypertensive medication, including a diuretic [4]. In a 
large number of studies on hypertensive population, the reported primary aldosteronism prevalence 
varies due to different study design and study populations. Additional problems in the interpretation 
of study results are the different diagnostic cut-offs used in different centres and the low 
performance/diffusion of the adrenal vein sampling (AVS), that has a central role in the primary 
aldosteronism diagnostic and therapeutic approach. It has been reported that about 10% of patients 
with resistant hypertension are affected by the so-called refractory hypertension (ReH), a condition 
of persistently elevated BP values despite therapy with five drugs [5]. In this condition, characterized 
by heightened sympathetic activity [6], the prevalence of primary aldosteronism is not known. 
Moreover, even if data on the contribution of primary aldosteronism on cardiometabolic 
complications have heterogeneous results, it is generally accepted that primary aldosteronism 
increases the cardiovascular risk independently from high BP levels. Diagnosing primary 
aldosteronism is important to give patients the opportunity of a specific surgical or medical 
treatment to reduce the development of subclinical organ damage, the cardiovascular risk and the 
primary aldosteronism-associated mortality [7–14]. Therefore, we aimed to investigate the prevalence 
of primary aldosteronism and its association with cardiovascular and metabolic complications in 
consecutive patients with resistant and refractory hypertension. 
 

METHODS 
 
Design and study population 
 
The study is a cross-sectional analysis of consecutive patients with diagnosis of true resistant 
hypertension (uncontrolled BP despite the use of at least three classes of antihypertensive 
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medication, including a diuretic), referred to our Center for Hypertension, Division of Endocrinology, 
Diabetes and Metabolism, University of Turin, between 09/2011 and 09/2019. ReH (uncontrolled BP 
despite the use of at least five antihypertensive drugs) and controlled resistant hypertension were 
diagnosed as showed in Fig. 1. Exclusion criteria were: age less than 18 or more than 80 years old, 
pseudo-resistant hypertension, previous cardiovascular disease (CVD), other cause of secondary 
hypertension (we identified 37 patients with obstructive sleep apnoea, seven with renal artery 
stenosis, three with pheochromocytoma/paraganglioma, two with primary hyperparathyroidism, 
eight with autonomous cortisol secretion and three with overt hypercortisolism), liver cirrhosis, 
chronic heart failure, known malignant neoplasm, chronic diseases with major organ involvement, 
excessive alcohol ingestion, current steroids assumption, sympathomimetics or oral contraceptives 
use and insulin treated diabetes. The study protocol was approved by the Institutional Ethics 
Committee (no. 0029505) and written informed consent was obtained from all enrolled patients 
(ClinicalTrials.gov no. 04213963). 
 
Clinical and biochemical investigations 
 
Complete clinical evaluation, levels of glucose, lipid profile, sodium, potassium, 24-h urinary sodium 
and metanephrines were determined in all patients at diagnosis of resistant hypertension. Metabolic 
syndrome was defined according to the ATP III criteria [15]. Plasma aldosterone concentration (PAC), 
plasma renin activity (PRA) and PAC after saline infusion test (SIT) were assessed in the same 
morning, after the replacement of interfering drugs, according to ES guidelines [1]. Furthermore, 
before the hormonal testing, patients were advised to be on normal sodium intake and hypokalemia 
was corrected. Primary aldosteronism was diagnosed when the following conditions were met at the 
same time: PAC more than 150 pg/ml, PRA less than 1 ng/ml/h, aldosterone-to-renin ratio (ARR) 
more than 400 and PAC after SIT more than 100 pg/ml. 
 
Blood pressure measurements 
 
The office BP values were collected according to guidelines [4]. BP control was defined with average 
office BP less than 140/90 mmHg. All patients underwent to 24-h ambulatory BP monitoring (ABPM), 
using an automated, noninvasive and oscillometric device (TM-2430; Intermed S.r.l., Milan, Italy). 
Recordings were made every 15 min for the daytime and every 20 min for the night-time. Valid 24-h 
ABPM had to have recorded more than 80% of successful measurements. Controlled ambulatory BP 
was defined according to current guidelines [4]. Heart rate variability (HRV) was determined as the 
standard deviation of daytime, night-time and 24-h heart rate (HR) obtained by ABPM. For the 
assessment of the nocturnal BP profile, we considered reverse dipping when night-time BP was 
higher than daytime one, reduced dipping a night reduction of 0–10%, normal dipping a night 
reduction of 10–20% and extreme dipping a night reduction of more than 20%. Ambulatory arterial 
stiffness index was determined according to a proposed formula [16]. 
 
Evaluation of organ damage 
 
Organ damage was defined according to the 2018 ESC/ESH guidelines. Glomerular filtration rate 
(GFR) was estimated using chronic kidney disease epidemiology collaboration (CKD-EPI) formula and 
microalbuminuria was defined between 30 and 300 mg/24 h or by an albumin to creatinine ratio of 
30–300 mg/g. Carotid intima–media thickness (cIMT) was assessed with carotid Doppler ultrasound, 
using a standardized protocol (positive cut-off: ≥0.9 mm) [17]. Left ventricular (LV) mass index was 
calculated with the formula: 0.8 × 1.04 × [(interventricular septum + LV internal diameter + 
inferolateral wall thickness)3 − LV internal diameter3] + 0.6 g; LV hypertrophy, assessed by 
echocardiography, was defined by a LV mass index more than 115 g/m2 for men and more than 95 
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g/m2 for women; for obese individuals LV mass was indexed for height (LV hypertrophy was defined 
by a LV mass index >50 g/m2.7 for men >50 g/m2.7 for women) [4]. 
 
Analytical methods 
 
As previously described [18], serum aldosterone levels (pg/ml) were measured by RIA (ALDOCTK-2; 
Sorin Biomedica, Saluggia, Italy). The sensitivity of the assay was 10 pg/ml; the intraassay and 
interassay coefficient of variation ranges from 1.7 to 5.3% and from 3.4 to 7.0%, respectively. PRA 
(ng/ml per h) was assessed by radioimmunoassay (RENCTK; Sorin Biomedica, Saluggia, Italy). The 
sensitivity of the assay was 0.20 ng/ml; the intraassay and interassay coefficient of variation ranges 
from 5.4 to 9.9% and from 7.7 to 11.5%, respectively. 24-h urinary metanephrines were measured 
with HPLC. All other biochemical variables were assayed in plasma or serum using standard 
methods. 
 
Statistical analysis 
 
Baseline characteristics of all patients included in the analysis are summarized using median and 
interquartile range for continuous nonnormally distributed variables (or mean and standard 
deviation for normally distributed parameters) and percentage values for binary and categorical 
data. Shapiro–Wilk test was used to assess normality. Between-group differences in personal and 
clinical features were evaluated by the t-test or the Mann–Whitney U test for continuous variables 
and the Chi-square test or Fisher's exact test for categorical variables. Multivariate analysis with 
logistic regression was performed to identify variables independently associated with organ damage. 
The criteria for the inclusion in multivariate models were based on statistical significance in 
univariate analysis and/or clinical importance, considering also the number of outcomes, to avoid 
overfitted models. A P value less than 0.05 was considered statistically significant. 
Statistical analysis was performed using the computing environment R (R Core Team, Vienna, 
Austria). 
 

RESULTS 
 
One hundred and ten individuals were enrolled in the study, 60 males (55%) and 50 females (45%). 
Primary aldosteronism was diagnosed in 32 patients (29.1%), while 78 individuals (70.9%) were 
affected by essential resistant hypertension (eRH). The subtyping diagnosis of primary aldosteronism 
was possible in 24 patients, identifying nine aldosterone-producing adenoma (APA) and 15 bilateral 
adrenal hyperplasia (BAH). In three cases AVS was suboptimal, while five patients did not desire 
surgery and so were not submitted to AVS. A re-evaluation of APA patients 6 months after surgery 
revealed normalization of hypokalemia and improvement of BP control in all patients. No individuals 
could stop all antihypertensive treatment. 
No differences between primary aldosteronism and eRH group were found in age, familial history, 
duration of arterial hypertension (AH), smoking habit, number of antihypertensive drugs, rate of BP 
control with four drugs, BMI, waist circumference, rate of diabetes and metabolic syndrome, levels 
of glucose, total/HDL/LDL cholesterol, triglycerides, sodium, creatinine, eGFR (CKD-EPI formula), 24-
h urinary normetanephrines and electrocardiographic QT corrected interval (Table 1). 
Primary aldosteronism patients had high rate of male sex (84 vs. 42%; P < 0.001), high values of 
office SBP (170, 160–183 vs. 155, 145–176 mmHg; P = 0.008), DBP (100, 95–106 vs. 90, 85–100 
mmHg; P < 0.001) and 24-h urinary metanephrines (133, 57–132 vs. 98, 57–132 μg/die; P = 0.046). 
As expected, when compared with eRH patients (Table 1), primary aldosteronism individuals showed 
higher levels of PAC (358, 247–442 vs. 199, 117–312 pg/ml; P < 0.001), ARR (1416, 774.4–2549.0 vs. 
241.7, 131.0–545.6 pg/ml/ng/ml/h; P < 0.001) and PAC post SIT (185, 124–227 vs. 62, 32–98 
pg/ml; P < 0.001), with lower values of PRA (0.21, 0.1–0.4 vs. 0.9, 0.32–1.83 ng/ml/h; P < 0.001), 

javascript:void(0)


5 
 

potassium (3.7, 3.4–4.0 vs. 4.0, 3.8–4.3; P < 0.001) and higher rate of hypokalemia, defined as 
potassium less than 3.5 mmol/l (38 vs. 5%; P < 0.001). 
Regarding the ABPM data, primary aldosteronism patients had higher levels of 24-h (88.4, 84.0–92.9 
vs. 80.4, 73.9–86.7 mmHg; P = 0.001), daytime (93.1 ± 11.8 vs. 83.9 ± 11.0; P = 0.002) and night-time 
DBP (79.5, 73.8–86.8 vs. 70.3, 65–79 mmHg; P = 0.005), of 24-h (107.8, 100.8–111.9 vs. 100.6, 93–
105.6 mmHg; P = 0.012) and daytime mean arterial pressure (112.2, 103.4–116.4 vs. 104.5, 97.5–
110.5 mmHg; P = 0.008), if compared with the eRH group (Table 2). 
The antihypertensive drug classes used by patients at diagnosis of resistant hypertension are shown 
in Table S1, https://links.lww.com/HJH/B325. All patients were treated with at least a three-drug-
based therapy and a lower rate of α-2 agonists treatment (0 vs. 13%; P = 0.034) was found in 
patients with primary aldosteronism, when compared with eRH patients. 
Thirteen patients (12%) were considered affected by ReH, that was more frequent in primary 
aldosteronism group than in eRH patients, but this difference did not reach statistical significance 
(19 vs. 9%; P = 0.199). The comparison between ReH and resistant hypertension groups is showed in 
supplementary material (Tables S2, https://links.lww.com/HJH/B325 and 
S3, https://links.lww.com/HJH/B325). Higher number of drugs (6, 5–6 vs. 4, 3–4 mmHg; P < 0.001), 
lower rate of BP control with four drugs (0 vs. 29%; P = 0.020), higher value of cIMT (1.20, 1.00–1.40 
vs. 0.70, 0.60–0.90 mm; P = 0.002), higher rate of APA (23 vs. 6%; P = 0.041) and atrial fibrillation (23 
vs. 5%; P < 0.049) were observed in ReH patients compared with all other resistant hypertension 
individuals. 
 
Organ damage, aortic ectasia and atrial fibrillation 
 
The univariate analysis (Table 1) did not show significant differences in creatinine and eGFR levels, in 
eGFR less than 60 ml/min per 1.73 m2 and cIMT greater than or equal to 0.9 mm rates between the 
two groups, while higher IMT values were found in primary aldosteronism patients (0.90, 0.70–1.00 
vs. 0.70, 0.55–0.90 mm; P = 0.011). Furthermore, also significant higher rate of microalbuminuria (44 
vs. 26%; P = 0.005), echocardiographic LV hypertrophy (LVH) (91 vs. 39%; P < 0.001), aortic ectasia 
(22 vs. 6%; P = 0.016) and atrial fibrillation (19 vs. 3%; P = 0.007) were observed in primary 
aldosteronism patients, in comparison with eRH group. Moreover, absence rate of organ damage 
was fewer and the prevalence of 2–3–4 types of organ damage was higher in primary aldosteronism 
patients, compared with eRH group (P < 0.001, Fig. 2). 
To better define the independent association of primary aldosteronism diagnosis with organ 
damage, we performed the multivariate analysis with logistic regression models. Primary 
aldosteronism was a strong factor associated with: 

 1. LVH (OR = 12.98, 95% CI 3.82–60.88; P < 0.001), after correction for office SBP and DBP, 
age, familial history of CVD and BMI (Table S4, https://links.lww.com/HJH/B325); 

 2. microalbuminuria (OR = 3.67, 95% CI 1.44–9.78; P = 0.007), using office SBP, presence of 
diabetes mellitus and age as covariates (Table S5, https://links.lww.com/HJH/B325); 

 3. cIMT greater than or equal 0.9 mm (OR = 2.69, 95% CI 1.02–7.82; P = 0.037), after 
correction for office SBP (OR = 1.03, 95% CI 1.01–1.06; P = 0.007), office DBP (OR = 1.06, 95% 
CI 1.03–1.10; P = 0.007), LDL cholesterol (OR = 1.01, 95% CI 1.00–1.03; P = 0.050) and 
diabetes mellitus (Table S6, https://links.lww.com/HJH/B325); 

 4. aortic ectasia (OR = 4.08, 95% CI 1.18–15.04; P = 0.027), using age as covariate (Table 
S7, https://links.lww.com/HJH/B325); 

 5. atrial fibrillation (OR = 8.80, 95% CI 1.53–73.98; P = 0.022), after correction for age and 
potassium levels (Table S8, https://links.lww.com/HJH/B325). 

Regarding the cumulative organ damage, primary aldosteronism diagnosis was independently 
associated with the presence of: 
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 1. at least one type of organ damage (OR = 8.60, 95% CI 1.73–69.88; P = 0.018), after 
correction for male sex (OR = 3.86, 95% CI 1.28–12.86; P = 0.020), age (OR = 1.06, 95% CI 
1.00–1.12; P = 0.047), office SBP and DBP, LDL cholesterol, smoking habit and BMI (Table 3); 

 2. at least two types of organ damage (OR = 3.08, 95% CI 1.19–8.24; P = 0.022), using age 
(OR = 1.06, 95% CI 1.02–1.10; P = 0.008), familial history of CVD, smoking habit and office 
SBP as covariates (Table 4). 

 

DISCUSSION 
 
The current study reveals a prevalence of primary aldosteronism in resistant hypertension of 29.1%, 
a value even higher than previously reported in the few consecutive series in the literature. The 
reasons could be that these studies: 

 1. were not designed to estimate primary aldosteronism prevalence in resistant 
hypertension [19,20]; 

 2. underestimated primary aldosteronism prevalence (interfering therapy was not stopped 
before case detection of primary aldosteronism [21–24]); 

 3. did not enrol true resistant hypertension patients [19–25]; 
 4. enrolled patients with high dietary sodium intake and high rate of obstructive sleep 

apnea [20]; 
 5. have different protocols: in the current study, patients had not previous CVD and were 

submitted to both screening and confirmatory test for case detection of primary 
aldosteronism; 

 6. enrolled patients with a less severe hypertensive profile. In fact, individuals of our series 
were resistant to highly effective antihypertensive drugs (Table 
S1, https://links.lww.com/HJH/B325, all patients were taking at least an ACE 
inhibitor/angiotensin II receptor blocker, a calcium channel blocker and a thiazide/thiazide-
like diuretic), the 26% of them reached BP control with four drugs, the 62% with five drugs 
and the 11,8% were affected by ReH. 

The current study discovered a high prevalence of primary aldosteronism, particularly the APA 
subtype, and atrial fibrillation in ReH. As previously reported by Dudenbostel et al.[6], our series 
confirmed a heightened sympathetic activity (measured with 24-h urinary metanephrines and HRV) 
in ReH patients, without reaching statistical significance, probably due to small number of cases. 
Our study, according to Florczak et al.[20] but not with Demirkiran et al.[19], did not show differences 
in glucometabolic variables, metabolic syndrome and diabetes mellitus rate. Also in the unselected 
hypertensive population, some studies revealed impaired metabolic variables [3,26], high rate of 
diabetes mellitus [8–11,26] and metabolic syndrome [3,9,10,27,28], while other authors [7,29–34] did not show 
differences in metabolic variables and metabolic syndrome rate between primary aldosteronism and 
EH patients. 
In the current study, primary aldosteronism was independently associated with both single and 
cumulative types of organ damage (Fig. 2). Florczak et al.[20] found an increased rate of LVH and 
Demirkiran et al.[19] described increased cIMT and low flow-mediated dilation in primary 
aldosteronism, compared with eRH patients. The association of carotid atherosclerosis and primary 
aldosteronism in the unselected hypertensive population had heterogeneous results in the 
literature [30,35], while many studies [3,28,29,34,36] observed a high rate of LVH in primary aldosteronism 
compared with EH patients. 
Only Florczak et al.[20] described a positive association between microalbuminuria and primary 
aldosteronism in resistant hypertension, but in the unselected hypertensive population, many 
authors [2,3,37,38] showed an increased urinary albumin excretion in primary aldosteronism patients. 
Our study did not reveal difference on renal function between primary aldosteronism and resistant 
hypertension groups, in contrast with Demirkiran et al.[19] and according to Florczak et al.[20]. In the 
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unselected hypertensive population, some authors revealed a hyperfiltration [37,39,40] and a reduction 
eGFR [41] in primary aldosteronism patients. 
No data were available in literature on the association of primary aldosteronism and atrial fibrillation 
or aortic ectasia in resistant hypertension patients. This study found an association, according to 
Zavatta et al.[42] but not with Monticone et al.[3] in unselected hypertensive population. 
The strength of our study is the consecutive and precise design, the careful assessment of true 
resistant hypertension patients, the inclusion of individuals in primary prevention and the low rate 
of false positive primary aldosteronism, due to the strict criteria used for diagnosis. Given the small 
number of cases, it was not possible to assess the presence of significant differences in association 
with organ damage between APA, BAH and eRH patients. We have to emphasize the severe 
hypertensive phenotype of the enrolled patients, which suggests a referral bias, due to the tertiary 
nature of our centre, but this point could be also a strength of the series, because it confers 
homogeneity to the studied population. 
Our study suggests that primary aldosteronism is a frequent cause of organ damage among patients 
with resistant hypertension, even in ReH, supporting the role of aldosterone in the pathogenesis of 
cardiovascular disease. Considering the high prevalence of primary aldosteronism in resistant 
hypertension, which is a condition of high cardiovascular risk, a precocious screening of patients 
with this aggressive hypertensive phenotype is very important. Physicians should not stigmatize the 
relevance of an ineffective multiple drug antihypertensive therapy and should refer patients with 
resistant hypertension to hypertension reference centres, because spontaneous remission of 
primary aldosteronism in resistant hypertension is unlikely [18], while specific treatment of primary 
aldosteronism improves organ damage [36,43,44] and reduces the incidence of cardiometabolic 
complications [45–47]. 
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FIGURE 1 - Diagnostic work-up. ABPM, ambulatory blood pressure monitoring; BP, blood pressure; 
CVD, cardiovascular disease; eRH, essential resistant hypertension; PA, primary aldosteronism; ReH, 
refractory hypertension; RH, resistant hypertension. 
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TABLE 1 - Clinical characteristics for all patients and differences between the essential resistant 
hypertension and primary aldosteronism groups 
 

AH, arterial hypertension; ARR, aldosterone-to-renin ratio; BP, blood pressure; cIMT, carotid intima-
media thickness; CKD-EPI, chronic kidney disease epidemiology collaboration; CVD, cardiovascular 
disease; DM, diabetes mellitus; eRH, essential resistant hypertension; FH, family history; LVH, left 
ventricular hypertrophy; OD, organ damage; PA, primary aldosteronism; PAC, plasma aldosterone 
concentration; PRA, plasma renin activity; SIT, saline infusion test. 
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TABLE 2 - Ambulatory blood pressure monitoring data for all patients and differences between the 
essential resistant hypertension and primary aldosteronism groups 
 

 
AASI, ambulatory arterial stiffness index; ABPM, ambulatory blood pressure monitoring; eRH, 
essential resistant hypertension; HR, heart rate; HRV, heart rate variability; MAP, mean arterial 
pressure; PA, primary aldosteronism; PP, pulse pressure. 
 
 
FIGURE 2 – Comparison between primary aldosteronism and essential resistant hypertension 
patients on the association with cumulative organ damage. eRH, essential resistant hypertension; 
OD, organ damage; PA, primary aldosteronism. 
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TABLE 3 - Multivariate logistic regression analysis of the association with at least one type of organ 
damage (no of outcomes = 81) 
 

 
AH, arterial hypertension; CI, confidence interval; CVD, cardiovascular disease; FH, familial history; 
OR, odds ratio; PA, primary aldosteronism. 
 
 
TABLE 4 – Multivariate logistic regression analysis of the association with at least two types of organ 
damage (no of outcomes = 40) 
 

CI, confidence interval; CVD, cardiovascular disease; FH, familial history; OR, odds ratio; PA, primary 
aldosteronism. 


