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Abstract

Objective: To compare the presentation and evolution of primary aldosteronism (PA) in 
the elderly (≥65 years) and young patients (<65 years).
Methods: A retrospective multicenter study was performed in 20 Spanish hospitals of PA 
patients in follow-up between 2018 and 2021.
Results: Three hundred fifty-two patients with PA <65 years and 88 patients ≥65 years 
were included. Older PA patients had a two-fold higher prevalence of type 2 diabetes, 
dyslipidemia, and cerebrovascular disease, but these differences disappeared after 
adjusting for hypertension duration. At diagnosis, diastolic blood pressure was lower 
than in young patients (83.3 ± 11.54 vs 91.6 ± 14.46 mmHg, P < 0.0001). No differences 
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in the rate of overall correct cannulation (56.5% vs 42.3%, P = 0.206) or the diagnosis 
of unilaterality (76.9% vs 62.5%, P = 0.325) in the adrenal venous sampling (AVS) was 
observed between the elderly and young groups. However, there was a lower proportion 
of PA patients who underwent adrenalectomy in the elderly group than in the younger 
group (22.7% (n  = 20) vs 37.5% (n  = 132), P = 0.009). Nevertheless, no differences in 
the rate of postsurgical biochemical (100% (n  = 14) vs 92.8% (n  = 90), P = 0.299) and 
hypertension cure (38.6% (n  = 51) vs 25.0% (n  = 5), P = 0.239) were observed between 
both groups.
Conclusion: Older patients with PA have a worse cardiometabolic profile than young 
patients with PA that it is related to a longer duration of hypertension. However, the results 
of the AVS, and adrenalectomy are similar in both groups. Therefore, the management of 
elderly patients with PA should be based not only on age, but rather on the overall medical, 
physical, social, and mental characteristics of the patients.

Introduction

Primary aldosteronism (PA) is the most common and 
curable cause of endocrine-related hypertension, with a 
prevalence of 5–10% among patients with hypertension 
in primary care and 20% among patients with resistant 
hypertension (1). Patients with PA have a higher 
cardiometabolic risk profile, with four times increased risk 
for stroke and six times for nonfatal myocardial infarction, 
than patients with essential hypertension (EHT) matched 
by blood pressure (BP), sex, and age (2, 3). Therefore, early 
diagnosis of PA and targeted treatment are necessary to 
prevent or mitigate cardiovascular complications (1).

On the other hand, people worldwide are living 
longer. Globally, a person who turned 65 years old could 
live 17 years from 2015 to 2020; however, this number 
could rise to 19 years in 2045–2050(4). Likewise, the 
prevalence of hypertension is increasing globally owing 
to population aging (5). This would mean that the 
candidate population for hypertension screening could 
be progressively older. This latter point has important 
implications for hypertension study. Postmortem 
studies suggest two notable adrenal histopathologic 
changes that are observed with older age: (i) the normal 
and contiguous expression of CYP11B2 appears to 
decline; (ii) aldosterone-producing cell clusters (APCC) 
appear to be more prevalent with older age (6, 7). These 
histopathological observations indicate that aging may 
be associated with an impaired ability to physiologically 
secrete aldosterone and an increased autonomous and 
pathophysiological aldosterone secretion (8). In fact, it 
has been proposed that the APCC can also be a cause of 
bilateral idiopathic hyperaldosteronism (9). Moreover, 
more recently, the HISTALDO consensus proposes that the 
CYP11B2 immunohistochemistry should be incorporated 

into the routine clinical diagnostic workup to localize the 
likely source of aldosterone production (10).

In addition, in older patients, the aldosterone-renin 
ratio (ARR) increases, mainly attributed to the reduction 
of renin in the context of the deterioration of kidney 
function, and thus the number of false-positive screening 
results can be high (11). In this context, PA is frequently a 
challenging condition in clinical practice. Currently, there 
are no specific recommendations for screening, diagnosis, 
and treatment for elderly patients with PA. Data on PA 
prevalence or outcomes in the elderly are scarce and there 
are few studies specific to the age group (12, 13).

The aim of our study was to compare the characteristics 
of PA that are present at diagnosis and during follow-up, 
including the results in adrenal venous sampling (AVS) and 
adrenalectomy, in elderly patients (≥65 years) and younger 
patients than 65 years old, to determine if it would be 
recommendable to follow specific recommendations for 
the screening, diagnosis, and treatment of elderly patients 
with PA.

Methods

Participants

The Spanish Primary Aldosteronism Registry (SPAIN-ALDO 
Registry) was created in February 2021 on the initiative 
of the work group of adrenal diseases of the Spanish 
Endocrinology and Nutrition Society. At the time of the 
analysis of this study (4 December 2021), 450 participants 
with a diagnosis of PA in follow-up between 2018 and 2021 
in twenty Spanish tertiary hospitals were included in the 
registry. The participation of the different centers in the 

Endocrine Connections
(2022) 11, e220169

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0169

https://ec.bioscientifica.com	 © 2022 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0169
https://ec.bioscientifica.com


P Parra Ramírez et al. e22016911:6

study is voluntary, all Spanish centers that attend patients 
with PA are invited to participate. The study investigators 
included endocrinologists, clinical biochemists, and general 
surgeons. We stratified the population according to age, 
considering age 65 as the threshold for old age in accordance 
with accepted conventional measures of aging (14).

Two control groups were selected from the ADRENAL 
INCIDENTALOMA register at Ramón y Cajal University 
Hospital (RCUH) (15), which contains information from 
730 patients with adrenal incidentalomas (AIs). Patients 
with primary hypertension, matched by age (±5 years old) 
in whom PA (normal plasma aldosterone (PAC)/renin ratio) 
and glucocorticoid excess (cortisol post-dexamethasone 
suppression test <1.8 µg/dL) was excluded, were included 
as control groups. Two control groups were established: 
one group <65 years old (n  = 60) and another group ≥65 
years old (n  = 112).

Figure 1 shows the flow of patient selection for the 
study. Patients were entered into an online database 
(REDCap® database) (16, 17) after pseudonymization using 
an identification number (record_Id). This study was 
approved by the ethical committee of the RCUH (approval 
date: 10 November 2020, code: ACTA 401).

Clinical evaluation and definitions

Clinical and laboratory data were extracted from the 
medical records of each referral center. As we previously 
published (18), the register included more than 230 
variables per patient, including data about demographic 
factors (age, sex, and smoking habits), comorbidities such 
as hypertension (grade based on ESC 2018 classification 
(19)), hypertension duration, target organ damage 
(chronic kidney disease, left ventricular hypertrophy, 
and cardiovascular and cerebrovascular events), 
family history of hypertension, hypokalemia, type 2 
diabetes mellitus, obesity, dyslipidemia and sleep apnea 

syndrome. Information about pharmacological history 
with antihypertensive (type, number, and doses), oral 
antidiabetic and lipid-lowering medications, potassium 
supplements and antiplatelet agents was also registered. 
Data about physical examination including systolic blood 
pressure (SBP), diastolic blood pressure (DBP), and BMI  
(kg/m2). All variables were measured in the outpatient 
clinic and data were collected from the moment of the 
diagnosis of PA, after surgery, and in the last available visit 
during the follow-up as registered in clinical records.

The diagnosis of PA was established according to the 
current clinical International guidelines of PA (1, 20). A 
total of 267 patients underwent a confirmatory test (162 
saline infusion test, 89 captopril test, and 16 oral sodium 
loading test), whereas 173 patients meeting the criteria of 
plasma aldosterone concentration (PAC) >20 ng/dL in the 
context of a spontaneous hypokalemia, suppressed renin, 
pathological PAC/renin ratio and hypertension did not 
submit to dynamic tests.

Radiological evaluation, adrenal venous sampling, 
and surgical outcomes

CT and/or MRI were performed at diagnosis in all patients 
included in the study. Furthermore, (6β-131I) iodomethyl-
19-norcholesterol scintigraphy was evaluated in 75 patients. 
AVS was not a prerequisite for a hospital to participate in 
the registry. When the selectivity index, computed as the 
ratio of concentrations of cortisol from an adrenal vein and 
the infra-renal inferior vena cava, was at least 2 without 
ACTH stimulation and at least 3 with ACTH stimulation, 
AVS was deemed successful. Lateralization index (LI) was 
calculated by dividing the aldosterone-to-cortisol ratio on 
the dominant side by that on the nondominant side. LI 
was indicative of unilaterality if it was higher than 2 or 3 
without or with ACTH stimulation, respectively (21).

Figure 1
Study population.
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In patients who underwent adrenalectomy, the 
definitions of biochemical and clinical cure for PA were 
based on the PASO classification system (22), as we have 
previously described (18). Only patients with complete 
biochemical response (normokalemia and normalization 
of the ARR) were classified as biochemically cured.

Statistical analysis

STATA 15 (StataCorp LLC, College Station, TX, USA) 
was used for statistical analysis. Data for continuous 
variables were expressed as mean ± s.d. or median and 
(interquartile range), and as percentages (and absolute 
values) for categorical variables. We checked continuous 
variables for normality using the Shapiro–Wilk test, and 
for homogeneity of the variances using Levene’s test. The 
Student’s t-test was used to compare quantitative variables 
and the Χ2β test for qualitative variables between two 
groups. Odds ratios (OR) were calculated using a logistic 
regression analysis, considering the younger group as a 
reference. For the adjustment by possible confounding 
factors, a multivariate logistic regression analysis was 
employed. In all cases, a two-tailed P value <0.05 or a 
95% CI not including the number 1, were considered 
statistically significant. Pearson’s correlation coefficient 
(r) was used for the estimation of the correlation between 
continuous variables.

Results

Age distribution of patients with 
primary aldosteronism

Data from 440 patients with PA were examined. A total 
of 88 (20%) were included in the group of ≥65 years old 
and 352 in the group of <65 years old. The mean age of 

the cohort was 54.6 ± 12.1 years old. The distribution of 
patients according to age is shown in Fig. 2.

Differences in clinical and hormonal characteristics

As expected, patients with PA of the elderly group had a 
two-fold higher prevalence of type 2 diabetes (OR = 1.9 (1.1–
3.3), dyslipidemia (OR = 2.2 (1.4–3.5), and cerebrovascular 
disease (OR = 2.4 (1.1–5.2) than the younger patient group 
(Table 1). These differences in the cardiometabolic profile 
disappeared after adjusting for hypertension duration. A 
longer time elapsed between the diagnosis of hypertension 
and primary hyperaldosteronism was observed in the 
group of PA ≥65 than in the younger group (10.2 ± 10.26 vs 
4.1 ± 7.54 years, P < 0.0001). We found that the older group 
had lower levels of DBP than the younger group. A negative 
correlation between age and DBP was observed (r = −0.29, 
P < 0.0001), but not with SBP (r = −0.00, P = 0.952). 
Nevertheless, no correlation was found between age and 
PAC levels (r = −0.04, P = 0.466), renin activity (r = −0.03, 
P = 0.636) nor concentration (r = 0.01; P = 0.971). The mean 
creatinine clearance in the elderly was significantly lower 
than in the non-elderly PA group. Based on CT/MRI, 66.4% 
of the patients had unilateral disease. Overall, unilateral 
PA was significantly more common in women than men 
(73.3% vs 61.0%, P = 0.007); however, when we considered 
only patients ≥65 years old in the analysis, these differences 
disappeared (65.7% vs 66.0%, P = 0.975).

Compared with the control group of the same age, 
patients with PA ≥65 years old had higher DBP and SBP levels 
and a higher prevalence of cerebrovascular events (OR = 7.9 
(1.7–36.5)). However, patients with primary hypertension 
≥65 years old had diabetes more frequently than patients 
with PA of the same age, and the control group <65 years 
old had a higher prevalence of dyslipidemia than PA 
patients of the same age (Table 2). Similar to the observed 
in patients with PA, patients with primary hypertension in 

Figure 2
Age distribution of patients with primary 
aldosteronism.
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Table 1 Clinical characteristics and laboratory parameters of the two age groups of patients with primary aldosteronism at diagnosis.

Global cohort ≥65 years old (n  = 88) <65 years old (n  = 352) P value

Age (years) 54.6 ± 12.1 71.3 ± 4.81 50.5 ± 9.49 <0.0001
Female, n (%) 191 (43.4) 35 (39.8) 156 (44.3) 0.442
Treatment
 Antihypertensive medications (n) 2.6 ± 1.4 2.8 ± 1.15 2.6 ± 1.43 0.300
 Antihypertensive drug classes, n (%)
  MRAs 96 (21.8) 16 (18.2) 80 (22.7) 0.356
  IECAS/ARA2s 281 (63.9) 56 (63.6) 225 (63.9) 0.960
  Alpha blockers 129 (29.3) 27 (30.7) 102 (29.0) 0.753
  Beta blockers 137 (31.1) 33 (37.5) 104 (29.6) 0.149
  Calcium blockers 259 (58.9) 60 (68.2) 199 (56.5) 0.047
  Diuretics 165 (37.5) 35 (39.8) 130 (36.9) 0.622
  Other drugs 22 (5.0) 5 (5.7) 17 (4.8) 0.743
Hypertension
 Hypertension grade ≥2 (n = 432), (%)  262 (60.7) 47 (53.4) 215 (62.5) 0.119
 Hypertension duration (years) (n = 390) 9. 8 ± 9.0 16.0 ± 10.33 8.2 ± 7.85 <0.0001
PA duration (years) 4.4 ± 0.97 5.7 ± 0.39 4.1 ± 0.77 <0.0001
Comorbid disease, n (%)
 Type 2 diabetes 82 (18.6) 24 (27.3) 58 (16.5) 0.020
 Dyslipidemia 179 (40.9) 49 (56.3) 130 (37.0) 0.001
 Cardiovascular events 106 (24.1) 28 (31.8) 78 (22.2) 0.058
 Cerebrovascular events 31 (7.1) 11 (12.5) 20 (5.6) 0.025
 Hypokalemia at any time 251 (57.1) 52 (61.9) 187 (55.7) 0.301
SBP (mmHg) 150.0 ± 22.6 150. 2 ± 23.11 150.0 ± 22.51 0.936
DBP (mmHg) 89.9 ± 14.3 83.3 ±11.54 91.6 ± 14.46 <0.0001
BMI (kg/m2) (n  = 389) 29.7 ± 5.8 29.2 ± 4.16 29.9 ± 6.19 0.293
Blood chemistry
 Creatinine (mg/dL) 1.2 ± 4.62 1.0 ± 0.41 1.3 ± 5.18 0.263
 Creatinine clearance (MDRD-4)  

(mL/min per 1.73 m2)
85.1 ± 22.33 76.8 ± 21.91 87.3 ± 21.95 <0.001

 Serum potassium (mEq/L) 3.7 ± 0.6 3.7 ± 0.58 3.7 ± 0.62 0.510
 Serum sodium (mEq/L) 141.4 ± 9.9 142.2 ± 2.64 141.3 ± 10.98 0.144
 PAC (ng/dL) 36.6 ± 25.1 35.0 ± 25.97 37.0 ± 24.9 0.524
 PRA (ng/mL/h) (n = 204) 0.4 ± 0.9 0.3 ± 0.41 0.5 ± 1.0 0.062
 PRC (µU/mL) (n = 104) 3.7 ± 8.6 2.5 ± 2.79 3.7 ± 7.82 0.150
CT and MRI evaluation
 Tumour size (n = 315, mm) 17.5 ± 8.25 17.2 ± 8.41 17.6 ± 8.22 0.703
 Unilaterality (n, %) 292 (66.4) 58 (65.9) 234 (66.5) 0.920

Diagnostic value for PA were established as described in the ‘Materials and methods’ section.
Bold indicates statistical significance.
DBP, diastolic blood pressure; IECAS/ARA2, ACE inhibitor or angiotensin II receptor blocker; MRA, mineralocorticoid receptor antagonists; PA, primary 
aldosteronism; PAC, plasma aldosterone concentration; PRA, plasma renin activity; PRC, plasma renin concentration; SBP, systolic blood pressure.

Table 2 Differences in the cardiometabolic profile between patients with primary aldosteronism and primary hypertension.

Variable
Group ≥65 years old Group <65 years old

PA (n  = 88) vs primary hypertension (n  = 112) PA (n  = 352) vs primary hypertension (n  = 93)

Age 71.3 ± 4.81 vs 71.9 ± 3.96, P = 0.329 50.5 ± 9.49 vs 52.9 ± 5.29, P = 0.056
Female sex 39.8% vs 52.7%, P = 0.069 44.3% vs 53.3%, P = 0.195
Type 2 diabetes 27.3% vs 42.0%, P = 0.031 16.5% vs 23.3%, P = 0.196
Dyslipidemia 43.7% vs 31.3%, P = 0.071 37.0% vs 51.7%, P = 0.032
Cardiovascular events 68.2% vs 79.5%, P = 0.069 22.2% vs 13.3%, P = 0.120
Cerebrovascular events 12.5% vs 1.8%, P = 0.002 5.7% vs 3.3%, P = 0.455
SBP (mmHg) 150.2 ± 23.11 vs 143.1 ± 16.26, P = 0.017 150.0 ± 22.51 vs 136.0 ± 17.79, P < 0.001
DBP (mmHg) 83.3 ± 11.54 vs 79.0 ± 9.91, P = 0.008 91.6 ± 11.46 vs 84.3 ± 10.56, P = 0.005
BMI (kg/m2) 29.2 ± 4.16 vs 30.5 ± 3.99, P = 0.045 29.9 ± 6.19 vs 31.4 ± 6.12, P = 0.119

BMI, body mass index; DBP, diastolic blood pressure; PA, primary aldosteronism; SBP, systolic blood pressure.
Bold indicates statistical significance.
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the elderly group had a higher prevalence of type 2 diabetes 
(OR = 2.4 (1.2–4.8) and dyslipidemia (OR = 2.1 (1.1–3.9) 
than the younger patient group.

Differences in the success rate of the adrenal 
venous sampling and surgical outcomes

Of the 440 patients with PA, 153 (34.8%) underwent AVS. 
It was performed with adrenocorticotropic hormone 
stimulation in 111 patients and without stimulation in 
42 cases. Of the 153 patients underwent AVS, there was a 
tendency to higher proportion of patients <65 years old 
(85.0%) than ≥65 years old (15.0%). Nevertheless, the 
proportion of patients who underwent AVS in both groups 
was similar (36.9% of the younger group and 26.1% of the 
elderly group, P = 0.057). Overall, both adrenal veins were 
correctly canulated in 45.1% (n  = 69) of the procedures 
(77.8% of success rate in the left adrenal vein and 48.4% 
in the right adrenal vein). The rate of overall correct 
canulation was similar between patients <65 years old 
(42.3%) and ≥65 years old (56.5%) (P = 0.206). Based on a 
properly performed AVS, 35 patients <65 years old (62.5%) 
had unilateral disease and 10 patients ≥65 years old 
(76.9%) (P = 0.325). Only three patients experienced AVS 
complications, all of them mild (1 patient ≥65 years old 
experienced chest pain with spontaneously resolution and 
2 patients <65 years old an adrenal hemorrhage without 
significant hemodynamic repercussion).

Differences in surgical outcomes

A total of 152 patients underwent adrenalectomy. 
According to age, 86.8% of the patients who underwent 
adrenalectomy were <65 years old (n  = 132) and 13.2% 
(n  = 20) ≥65 years old. Surgery was based on the results 

of AVS in 34 patients (6 in the group ≥65 years old and 
28 in the group <65 years old), based on CT/MRI in 99 
patients, and based on CT/MRI and (6β-131I) iodomethyl-
19-norcholesterol scintigraphy in 19 patients. There 
was a higher proportion of PA patients who underwent 
adrenalectomy in the younger group than in the elderly 
group (37.5% vs 22.7%, P = 0.009). Overall, biochemical 
response was achieved in 93.7% (104/111) (there were 41 
patients in whom the results of renin activity nor renin 
concentration were available, so biochemical response 
could not be classified) and clinical response in 88.4% 
(HTA resolution in 56 patients and improvement in 74). 
No differences in the probability of hypertension cure 
were observed between the group of <65 years old and 
≥65 years old (38.6% vs 25.0%, P = 0.239), nor in the rate 
of biochemical cure (92.8% vs 100%, P = 0.299). After a 
mean follow-up of 40.4 ± 46.9 months, no differences 
were observed in the need for antihypertensive drugs for 
BP control nor in the evolution of clinical and hormonal 
parameters during the follow-up (Table 3). Compared to 
patients medically treated, we observed a decrease in the 
number of antihypertensive pills for BP control (−1.2 ± 1.2 
vs −0.1±1.2, P < 0.001) and there was an increased tendency 
to discontinue potassium supplements (78.1% vs 62.7%, 
P = 0.103) in the group of surgery. The reduction of BP 
pills was similar between elderly and young patients 
who underwent adrenalectomy (−1.0 ± 1.2 vs −1.3 ± 1.2, 
P = 0.421).

Discussion

As far as our knowledge goes, this is one of the largest 
studies focused on comparing the clinical and hormonal 

Table 3 Clinical and hormonal evolution after adrenalectomy according to the age group.

≥65 years old (n  = 20) <65 years old (n  = 132) P value

∆Number of antihypertensive drugs (n  = 118) −1.0 ± 1.19 −1.3 ± 1.21 0.421
∆SBP (mmHg) (n  = 132) −23.8 ± 37.51 −20.8 ± 22.22 0.746
∆DBP (mmHg) (n  = 132) −8.4 ± 16.29 −13.2 ± 14.35 0.198
∆GFR (MDRD-4) (n  = 71) −15.7 ± 18.32 −14.2 ± 24.36 0.819
∆Serum potassium (mEq/L) (n  = 143) 1.2 ± 0.83 1.0 ± 0.74 0.339
∆Serum Na (mEq/L) (n  = 141) −1.5 ± 3.09 1.0 ± 0.74 0.339
∆PAC (ng/dL) (n  = 118) −12.0 ± 17.29 −20.6 ± 28.47 0.115
∆PRA (ng/mL/h) (n  = 59)a 1.4 ± 2.02 1.1 ± 1.64 0.713
∆PRC (ng/mL/h) (n  = 41)a 64.4 ± 89.54 26. 7 ± 81.79 0.414

Diagnostic value for PA were established as described in the ‘Materials and method’ section.
aThere were 41 patients in whom the results of renin activity nor renin concentration were available, but these patients had resolution of hypokalemia 
after surgery.
Δ, mean differences between the value at list visit and first visit; DBP, diastolic blood pressure; PAC, plasma aldosterone concentration; PRA, plasma renin 
activity; SBP, systolic blood pressure.
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characteristics and AVS and surgical outcomes of elderly 
patients (≥65 years) and patients younger than 65 years old 
with PA. The main findings of our study were the following: 
(i) 20% of the patients with PA were older than 65 years 
old; (ii) as expected, they have a longer hypertension 
history, with a negative impact on the cardiometabolic 
profile of these patients; iii) patients with PA ≥65 years old 
had a higher prevalence of cerebrovascular events than 
the control group of the same with primary hypertension; 
(iv) AVS is a safe procedure in elderly patients, with a rate 
of success canulations similar to the observed in younger 
patients; (v) despite a longer duration of hypertension 
in elderly patients, no differences were observed in rates 
of hypertension and biochemical cure compared with 
younger patients.

The study of PA in the elderly has been poor and the 
prevalence in this population has rarely been reported 
(23); however, the higher prevalence of adrenal adenomas 
and hypertension has been confirmed in previous studies 
(24, 25). Approximately 65% of men and 75% of women 
develop high BP by 70 years (26), and the peak prevalence 
of adrenal incidentalomas is in the fifth and seventh 
decades (27). This is consistent with our results where 66% 
of patients had a CT or MRI showing an adrenal adenoma.

As could be expected, patients with PA ≥65 years old 
had a worse cardiometabolic profile than patients with 
PA younger than 65 years. These differences disappeared 
after adjusting for hypertension duration. Hypertension 
duration might be reflecting a longer duration of PA in 
the elderly group. Supporting this hypothesis, we found 
a difference between the diagnosis of hypertension and 
PA of more than 10 years in the elderly group and of 4 
years in the young group. This could be related to a delay 
in the diagnosis of PA, which seems to be higher in the 
elderly than in the young group, or the coexistence of 
primary hypertension. In this sense, it is known that with 
a longer duration of PA, a greater negative effect in the 
cardiometabolic system is expected (28). However, when 
we compared patients with PA and primary hypertension 
in the same group, the differences in the cardiometabolic 
profile disappeared, suggesting the worse cardiometabolic 
profile in elderly patients could be more related to the 
effects of age itself. Nevertheless, a negative effect of 
aldosterone excess was proved in the elderly group, where 
we found a prevalence of cerebrovascular events eight 
times higher in PA patients than in the control group of 
the same age. These results are in accordance with the 
reported previously by several authors (2, 3).

Regarding the evaluation of the ARR in an elderly 
patient, the following considerations should be taken 

into account: (i) there is a reduction in renin production, 
both basal and stimulated by sodium depletion, evident 
from the sixth decade of life (29). This reduction in 
renin levels is probably due to age-related decline in 
renal function (approximately 1 mL/min/year from the 
fourth decade); (ii) and there is a modest concomitant 
decrease in aldosterone levels, although to a lesser extent 
than renin concentrations. This could be attributed 
to the aging-related reduction in potassium excretion. 
In our series, we did not find any correlation between 
biochemical parameters such as aldosterone, renin, and 
age. However, it is important to realize that there is a 
continuum of renin-independent aldosteronism, with 
a broad clinical spectrum. In this regard, it might be 
expected that the severity of PA would be greater in older 
patients due to longer exposure to hypertension, but we 
found no difference in the prevalence of hypokalemia or 
hypertension grade ≥2. In fact, we even observed that older 
patients with PA had significantly lower DBP than younger 
patients. In this line, previous studies have shown an age-
related late fall in DBP in normotensive and untreated 
hypertensive subjects, especially after 60 years (26, 30). 
Although this phenomenon has not been adequately 
explained, the most plausible theory suggests that it is 
the manifestation of increased large artery stiffness. In 
addition, with aging, there is an increase in amplitude and 
velocity of incident pulse waves, so left ventricular ejection 
becomes affected during systole rather than diastole (31). 
These changes will produce a higher SBP and lower DBP 
with a wider pulse pressure. Therefore, it seems that the 
arterial hypertension phenotype in PA does not vary with 
age with respect to patients with essential hypertension. A 
longer observation is necessary to investigate whether the 
phenotypic presentation of PA in older patients is milder 
than in younger patients; if it shows a more insidious 
disease onset or if, on the contrary, it takes us a while to 
suspect and diagnose it.

We found that only 26.1% of the older patients with 
PA underwent AVS; however, the proportion of AVS 
performance was also low in the younger group. Little has 
been reported about the diagnosis performance of AVS in 
the elderly. A retrospective analysis of a Japanese dataset 
reported a similar proportion of unilateral PA in patients 
older and younger than 65 years (32). Although in our 
study there was a low rate of AVS performance, our results 
agree with those communicated by Takeda et al. (32). On 
the contrary, Akasaka et al. (33) found a trend of decreased 
incidence of unilateral PA with aging in women and 
increase incidence in men. However, there were modest 
age differences with a large overlap between men and 
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women. In any case, AVS appears to be a safe strategy for PA 
subclassification also in the elderly.

On the other hand, population aging is a 
multidimensional phenomenon. Assuming the people 
are older at a fixed chronological age (e.g. 65 years) means 
that the characteristics of individuals are invariant at that 
age. People’s characteristics are very different; however, 
there is a tendency in the medical field to believe that the 
benefits of making a PA diagnosis are low in the elderly 
cohort because they can be poor candidates for anesthesia 
or surgery. Despite the underlying disease and the 
significant comorbidity and longer hypertension duration 
in the elderly group, we did not find statistically significant 
differences in the rates of biochemical and clinical 
success between the elderly and non-elderly groups. Our 
findings are consistent with the previously reported that 
no significant differences in clinical or biochemical cure 
rate in PA were observed when stratified by age (34). Most 
patients experienced at least partial clinical success, even in 
the group older than 65 years, and complete biochemical 
success after adrenalectomy was found in at least 50% of 
patients, regardless of age at the time of surgery (34). A 
long history of hypertension has been described as an 
independent predictor of hyperkalemia after surgery in 
elderly patients (32), however, in our analysis we found 
no significant differences. Therefore, we believe that age 
should not be a limiting factor when screening, diagnosing, 
and treating PA. Nevertheless, we are aware that the limited 
sample size of patients who experienced hypertension 
could have limited the ability to find statistically significant 
differences, since only 5 out of 20 patients in the elderly 
group (25%) and 51 out of 132 in the young group (38.6%) 
experienced hypertension cure, difference that seems at 
least clinically relevant. Screening for PA and associated 
comorbidities in older adults should be individualized 
and periodically revised. Clinical judgment and discussion 
with patients would be the key to decide AVS or to undergo 
adrenalectomy. Importantly, prolonged follow-up is 
needed to examine whether biochemical improvement 
after adrenalectomy can decrease cardiovascular events 
and mortality in older patients.

We are aware that there are some limitations in our 
study. First, its retrospective nature does not allow to fully 
control the risk of confounding factors. Secondly, only 153 
patients had performed AVS studies, and the rate of overall 
success rate of AVS was as low as 45%. In this sense, only in 
34 patients who underwent adrenalectomy the decision of 
surgery was based on the AVS that is considered the gold 
standard for the subtyping of PA (35). Moreover, due to the 
multicenter character of our study, the indications of AVS 

in an individual patient differ depending on the decisions 
of the physicians in each center. Thus, this factor could 
explain the lower rate of hypertension cure observed in our 
cohort study, reducing the probability to find differences 
between the group of elderly patients (≥65 years) and 
patients younger than 65 years old.

Conclusion

Older patients with PA have a long hypertension history 
that also may reflect a higher duration of the aldosterone 
excess. Both, associated with the effects of age itself, justify 
the presence of a worse cardiometabolic profile than 
young patients. However, AVS is a safe technique in the 
elderly, with comparable results in terms of cannulation 
rate that are observed in younger PA patients. Moreover, 
adrenalectomy offers a similar chance of biochemical and 
hypertension cure in older and young patients with PA. 
Therefore, the management of elderly patients with PA 
should be based not only on age, but rather on the overall 
medical, physical, social, and mental characteristics of 
the patients.

Declaration of interest
The authors declare that there is no conflict of interest that could be 
perceived as prejudicing the impartiality of the research reported.

Funding
This work was funded by Sociedad Española de Endocrinología y Nutrición 
(SEEN) https://www.seen.es/portal.

Institutional review board statement
The study was conducted according to the guidelines of the Declaration 
of Helsinki and approved by the Ethics Committee of the Hospital 
Universitario Ramón y Cajal. Madrid. Spain (approval date: 10th November 
2020, code: ACTA 401).

Informed consent statement
Patient consent was waived due to the retrospective nature of the study. 
Only those patients who continued follow-up or were prospectively 
included was informed consent requested.

References
	 1	 Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shibata H, 

Stowasser M & Young Jr WF. The management of primary 
aldosteronism: case detection, diagnosis, and treatment: an Endocrine 
Society clinical practice guideline. Journal of Clinical Endocrinology and 
Metabolism 2016 101 1889–1916. (https://doi.org/10.1210/ 
jc.2015-4061)

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0169

https://ec.bioscientifica.com	 © 2022 The authors
Published by Bioscientifica Ltd

https://www.seen.es/portal
https://doi.org/10.1210/jc.2015-4061
https://doi.org/10.1210/jc.2015-4061
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0169
https://ec.bioscientifica.com


P Parra Ramírez et al. e22016911:6

	 2	 Monticone S, D’Ascenzo F, Moretti C, Williams TA, Veglio F, Gaita F & 
Mulatero P. Cardiovascular events and target organ damage in primary 
aldosteronism compared with essential hypertension: a systematic 
review and meta-analysis. Lancet: Diabetes and Endocrinology 2018 6 
41–50. (https://doi.org/10.1016/S2213-8587(17)30319-4)

	 3	 Hundemer GL, Curhan GC, Yozamp N, Wang M & Vaidya A. 
Cardiometabolic outcomes and mortality in medically treated 
primary aldosteronism: a retrospective cohort study. Lancet. Diabetes 
and Endocrinology 2018 6 51–59. (https://doi.org/10.1016/S2213-
8587(17)30367-4)

	 4	 United Nations, Department of Economic and Social Affairs, 
Population Division, 2020. World Population Ageing 2019 (ST/ESA/
SER.A/444). (available at: https://www.un.org/en/development/desa/
population/publications/pdf/ageing/WorldPopulationAgeing2019-
Report.pdf)

	 5	 Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, 
Chen J & He J. Global disparities of hypertension prevalence and 
control: a systematic analysis of population-based studies from 90 
countries. Circulation 2016 134 441–450. (https://doi.org/10.1161/
CIRCULATIONAHA.115.018912)

	 6	 Nanba K, Vaidya A, Williams GH, Zheng I, Else T & Rainey WE. Age-
related autonomous aldosteronism. Circulation 2017 136 347–355. 
(https://doi.org/10.1161/CIRCULATIONAHA.117.028201)

	 7	 Nanba K, Vaidya A & Rainey WE. Aging and adrenal aldosterone 
production. Hypertension 2018 71 218–223. (https://doi.org/10.1161/
HYPERTENSIONAHA.117.10391)

	 8	 Vaidya A, Mulatero P, Baudrand R & Adler GK. The expanding 
spectrum of primary aldosteronism: implications for diagnosis, 
pathogenesis, and treatment. Endocrine Reviews 2018 39 1057–1088. 
(https://doi.org/10.1210/ER.2018-00139)

	 9	 Omata K, Satoh F, Morimoto R, Ito S, Yamazaki Y, Nakamura Y, 
Anand SK, Guo Z, Stowasser M, Sasano H, et al. Cellular and genetic 
causes of idiopathic hyperaldosteronism. Hypertension 2018 72 
874–880. (https://doi.org/10.1161/HYPERTENSIONAHA.118.11086)

	 10	 Williams TA, Gomez-Sanchez CE, Rainey WE, Giordano TJ, Lam AK, 
Marker A, Mete O, Yamazaki Y, Nogueira Zerbini MCN, Beuschlein F, 
et al. International histopathology consensus for unilateral primary 
aldosteronism. Journal of Clinical Endocrinology and Metabolism 2021 
106 42–54. (https://doi.org/10.1210/clinem/dgaa484)

	 11	 Mulatero P, Burrello J, Williams TA & Monticone S. Primary 
aldosteronism in the elderly. Journal of Clinical Endocrinology and 
Metabolism 2020 105 dgaa206. (https://doi.org/10.1210/CLINEM/
DGAA206)

	 12	 Nakama C, Kamide K, Kawai T, Hongyo K, Ito N, Onishi M, Takeya Y, 
Yamamoto K, Sugimoto K & Rakugi H. The influence of aging on the 
diagnosis of primary aldosteronism. Hypertension Research 2014 37 
1062–1067. (https://doi.org/10.1038/hr.2014.129)

	 13	 Ma L, Song Y, Mei M, He W, Hu J, Cheng Q, Tang Z, Luo T, Wang Y, 
Zhen Q, et al. Age-related cutoffs of plasma aldosterone/renin 
concentration for primary aldosteronism screening. International 
Journal of Endocrinology 2018 2018 8647026. (https://doi.
org/10.1155/2018/8647026)

	 14	 Scherbov S & Sanderson WC. New approaches to the 
conceptualization and measurement of age and ageing. In 
Developments in Demographic Forecasting. The Springer Series on 
Demographic Methods and Population Analysis, vol. 49, pp. 243–258. 
Eds S Mazzuco & N Keilman. Springer, Cham, 2020. (https://doi.
org/10.1007/978-3-030-42472-5_12)

	 15	 Araujo-Castro M, García Cano A, Jiménez Mendiguchía L, Escobar-
Morreale HF & Valderrábano P. Diagnostic accuracy of the different 
hormonal tests used for the diagnosis of autonomous cortisol 
secretion. Scientific Reports 2021 11 20539. (https://doi.org/10.1038/
s41598-021-00011-4)

	 16	 Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, 
McLeod L, Delacqua G, Delacqua F, Kirby J, et al. The REDCap 
consortium: building an international community of software 

platform partners. Journal of Biomedical Informatics 2019 95 103208. 
(https://doi.org/10.1016/j.jbi.2019.103208)

	 17	 Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N & Conde JG. 
Research electronic data capture (REDCap) – a metadata-driven 
methodology and workflow process for providing translational 
research informatics support. Journal of Biomedical Informatics 2009 42 
377–381. (https://doi.org/10.1016/j.jbi.2008.08.010)

	 18	 Araujo-Castro M, Fano MP, González Boillos M, Begoña PP, Pascual-
Corrales E, García Cano AM, Parra Ramírez P, Martín Rojas-Marcos P, 
Ruiz-Sanchez JG, et al. Evolution of the cardiometabolic profile of 
primary hyperaldosteronism patients treated with adrenalectomy and 
with mineralocorticoid receptor antagonists: results from the SPAIN-
ALDO Registry. Endocrine 2022 76 687–696. (https://doi.org/10.1007/
S12020-022-03029-4)

	 19	 Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, Burnier M, 
Clement DL, Coca A, de Simone G, Dominiczak A, et al. 2018 ESC/
ESH Guidelines for the management of arterial hypertension: the task 
force for the management of arterial hypertension of the European 
Society of Cardiology and the European Society of Hypertension. 
Journal of Hypertension 2018 36 1953–2041. (https://doi.org/10.1097/
HJH.0000000000001940)

	 20	 Mulatero P, Monticone S, Deinum J, Amar L, Prejbisz A, Zennaro MC, 
Beuschlein F, Rossi GP, Nishikawa T, Morganti A, et al. Genetics, 
prevalence, screening and confirmation of primary aldosteronism: 
a position statement and consensus of the working group on 
endocrine hypertension of the European Society of Hypertension. 
Journal of Hypertension 2020 38 1919–1928. (https://doi.org/10.1097/
HJH.0000000000002510)

	 21	 Araujo-Castro M. Treatment of primary hyperaldosteronism. 
Medicina Clinica 2020 155 302–308. (https://doi.org/10.1016/j.
medcli.2020.04.029)

	 22	 Williams TA, Lenders JWM, Mulatero P, Burrello J, Rottenkolber M, 
Adolf C, Satoh F, Amar L, Quinkler M, Deinum J, et al. Outcomes 
after adrenalectomy for unilateral primary aldosteronism: an 
international consensus on outcome measures and analysis of 
remission rates in an international cohort. Lancet Diabetes and 
Endocrinology 2017 5 689–699. (https://doi.org/10.1016/S2213-
8587(17)30135-3)

	 23	 Cesari M, Seccia TM, Maiolino G & Rossi GP. Primary aldosteronism in 
elderly, old, and very old patients. Journal of Human Hypertension 2020 
34 807–813. (https://doi.org/10.1038/S41371-020-00395-2)

	 24	 Fassnacht M, Arlt W, Bancos I, Dralle H, Newell-Price J, Sahdev A, 
Tabarin A, Terzolo M, Tsagarakis S & Dekkers OM. Management of 
adrenal incidentalomas: European Society of Endocrinology Clinical 
Practice Guideline in collaboration with the European Network for the 
Study of Adrenal Tumors. European Journal of Endocrinology 2016 175 
G1–G34. (https://doi.org/10.1530/EJE-16-0467)

	 25	 Lloyd-Jones DM, Evans JC & Levy D. Hypertension in adults across the 
age spectrum: current outcomes and control in the community. JAMA 
2005 294 466–472. (https://doi.org/10.1001/JAMA.294.4.466)

	 26	 Franklin SS, Larson MG, Khan SA, Wong ND, Leip EP, Kannel WB & 
Levy D. Does the relation of blood pressure to coronary heart disease 
risk change with aging? The Framingham Heart Study. Circulation 
2001 103 1245–1249. (https://doi.org/10.1161/01.CIR.103.9.1245)

	 27	 Kebebew E. Adrenal incidentaloma. New England Journal of Medicine 
2021 384 1542–1551. (https://doi.org/10.1056/NEJMcp2031112)

	 28	 Rossi GP, Bolognesi M, Rizzoni D, Seccia TM, Piva A, Porteri E, 
Tiberio GAM, Giulini SM, Agabiti-Rosei E & Pessina AC. 
Vascular remodeling and duration of hypertension predict 
outcome of adrenalectomy in primary aldosteronism patients. 
Hypertension 2008 51 1366–1371. (https://doi.org/10.1161/
HYPERTENSIONAHA.108.111369)

	 29	 Weidmann P, De Myttenaere Bursztein S, Maxwell MH & De Lima J. 
Effect on aging on plasma renin and aldosterone in normal man. 
Kidney International 1975 8 325–333. (https://doi.org/10.1038/
KI.1975.120)

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0169

https://ec.bioscientifica.com	 © 2022 The authors
Published by Bioscientifica Ltd

https://doi.org/10.1016/S2213-8587(17)30319-4
https://doi.org/10.1016/S2213-8587(17)30367-4
https://doi.org/10.1016/S2213-8587(17)30367-4
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2019-Report.pdf
https://doi.org/10.1161/CIRCULATIONAHA.115.018912
https://doi.org/10.1161/CIRCULATIONAHA.115.018912
https://doi.org/10.1161/CIRCULATIONAHA.117.028201
https://doi.org/10.1161/HYPERTENSIONAHA.117.10391
https://doi.org/10.1161/HYPERTENSIONAHA.117.10391
https://doi.org/10.1210/ER.2018-00139
https://doi.org/10.1161/HYPERTENSIONAHA.118.11086
https://doi.org/10.1210/clinem/dgaa484
https://doi.org/10.1210/CLINEM/DGAA206
https://doi.org/10.1210/CLINEM/DGAA206
https://doi.org/10.1038/hr.2014.129
https://doi.org/10.1155/2018/8647026
https://doi.org/10.1155/2018/8647026
https://doi.org/10.1007/978-3-030-42472-5_12
https://doi.org/10.1007/978-3-030-42472-5_12
https://doi.org/10.1038/s41598-021-00011-4
https://doi.org/10.1038/s41598-021-00011-4
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1007/S12020-022-03029-4
https://doi.org/10.1007/S12020-022-03029-4
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.1097/HJH.0000000000002510
https://doi.org/10.1097/HJH.0000000000002510
https://doi.org/10.1016/j.medcli.2020.04.029
https://doi.org/10.1016/j.medcli.2020.04.029
https://doi.org/10.1016/S2213-8587(17)30135-3
https://doi.org/10.1016/S2213-8587(17)30135-3
https://doi.org/10.1038/S41371-020-00395-2
https://doi.org/10.1530/EJE-16-0467
https://doi.org/10.1001/JAMA.294.4.466
https://doi.org/10.1161/01.CIR.103.9.1245
https://doi.org/10.1056/NEJMcp2031112
https://doi.org/10.1161/HYPERTENSIONAHA.108.111369
https://doi.org/10.1161/HYPERTENSIONAHA.108.111369
https://doi.org/10.1038/KI.1975.120
https://doi.org/10.1038/KI.1975.120
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0169
https://ec.bioscientifica.com


P Parra Ramírez et al. e220169

PB–XX

11:6

	 30	 Franklin SS, Gustin IV W, Wong ND, Larson MG,  
Weber MA, Kannel WB & Levy D. Hemodynamic patterns of  
age-related changes in blood pressure. The Framingham Heart  
Study. Circulation 1997 96 308–315. (https://doi.org/10.1161/01.
CIR.96.1.308)

	 31	 Karamanoglu M, O’Rourke MF, Avolio AP & Kelly RP. An analysis of the 
relationship between central aortic and peripheral upper limb pressure 
waves in man. European Heart Journal 1993 14 160–167. (https://doi.
org/10.1093/EURHEARTJ/14.2.160)

	 32	 Takeda M, Yamamoto K, Akasaka H, Rakugi H, Naruse M, Takeda Y, 
Kurihara I, Itoh H, Umakoshi H, Tsuiki M, et al. Clinical characteristics 
and postoperative outcomes of primary aldosteronism in the elderly. 
Journal of Clinical Endocrinology and Metabolism 2018 103 3620–3629. 
(https://doi.org/10.1210/jc.2018-00059)

	 33	 Akasaka H, Yamamoto K, Rakugi H, Nagasawa M, Nakamaru R, 
Ichijo T, Takeda Y, Kurihara I, Katabami T, Tsuiki M, et al. Sex difference 
in the association between subtype distribution and age at diagnosis 
in patients with primary aldosteronism. Hypertension 2019 74 368–374. 
(https://doi.org/10.1161/HYPERTENSIONAHA.119.13006)

	 34	 Thiesmeyer JW, Ullmann TM, Stamatiou AT, Limberg J, Stefanova D, 
Beninato T, Finnerty BM, Vignaud T, Leclerc J, Fahey 3rd TJ, et al. 
Association of adrenal venous sampling With outcomes in primary 
aldosteronism for unilateral adenomas. JAMA Surgery 2021 156 
165–171. (https://doi.org/10.1001/JAMASURG.2020.5011)

	 35	 Reincke M, Bancos I, Mulatero P, Scholl UI, Stowasser M & Williams TA. 
Diagnosis and treatment of primary aldosteronism. Lancet. Diabetes 
and Endocrinology 2021 9 876–892. (https://doi.org/10.1016/S2213-
8587(21)00210-2)

Received in final form 13 May 2022
Accepted 18 May 2022
Accepted Manuscript published online 18 May 2022

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-22-0169

https://ec.bioscientifica.com	 © 2022 The authors
Published by Bioscientifica Ltd

https://doi.org/10.1161/01.CIR.96.1.308
https://doi.org/10.1161/01.CIR.96.1.308
https://doi.org/10.1093/EURHEARTJ/14.2.160
https://doi.org/10.1093/EURHEARTJ/14.2.160
https://doi.org/10.1210/jc.2018-00059
https://doi.org/10.1161/HYPERTENSIONAHA.119.13006
https://doi.org/10.1001/JAMASURG.2020.5011
https://doi.org/10.1016/S2213-8587(21)00210-2
https://doi.org/10.1016/S2213-8587(21)00210-2
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-22-0169
https://ec.bioscientifica.com

	Abstract
	Introduction
	Methods
	Participants
	Clinical evaluation and definitions
	Radiological evaluation, adrenal venous sampling, and surgical outcomes
	Statistical analysis

	Results
	Age distribution of patients with primary aldosteronism
	Differences in clinical and hormonal characteristics
	Differences in the success rate of the adrenal venous sampling and surgical outcomes
	Differences in surgical outcomes

	Discussion
	Conclusion
	Declaration of interest
	Funding
	Institutional review board statement
	Informed consent statement
	References

