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CHAPTER 1

GENERAL
INTRODUCTION

Chapter 1

PRIMARY ALDOSTERONISM
Primary aldosteronism (PA) is an endocrine disorder, defined by relatively autonomous
hypersecretion of aldosterone by one or both adrenal glands. Conn’s syndrome,
sometimes used as a synonym for PA, is named after Jerome W. Conn (1907–1981),
the American endocrinologist who first described adenomas as a cause of PA in 1955.
The main signs of PA are hypertension and sometimes hypokalemia (9-37%).1 It is the
most common type of secondary hypertension. The prevalence of PA in hypertension
depends on the setting it is studied in, ranging from 2.6%-12.7% in primary practices
to 1.0-29.8% in referral centers.2-5 The burden of this disease not only resides in its
frequent occurrence, but also in the greater risk for cardiovascular disease compared to
primary hypertension: an increased rate of cardiovascular events (i.e. stroke, coronary
artery disease, atrial fibrillation, and heart failure),6,7 renal damage,8-10 metabolic
syndrome, diabetes,7 and left ventricular hypertrophy.7,11,12 These additional risks are
probably the direct result of the aldosterone excess, resulting in impairment of reactive
hyperemia-induced endothelial nitric-oxide release.13 Aldosterone also affects left
ventricular remodeling, pre- and afterload and causes cardiac fibrosis.12,14 Fortunately,
appropriate treatment of PA has the potential to reverse these alterations to a large
extent,13 thereby reducing the long term risks.11,12
Apart from the few very rare genetic causes of PA and adrenocortical carcinoma, the
two main subtypes that are currently discerned are an aldosterone-producing adenoma
(APA 30-35%) and bilateral adrenal hyperplasia (BAH 60-65%).1,15 The prevalence of
extra-adrenal aldosterone production as a cause of hyperaldosteronism is exceedingly
small (< 0.5%).16
It has been shown that some patients have features of both APA and BAH. Pathology
reports of excised adrenals in unilateral disease show cortical nodular hyperplasia in a
substantial percentage.17 These findings, together with the frequent finding of small socalled aldosterone producing cell clusters in the adjacent adrenal cortex of an APA, led
to the hypothesis that the pathology of PA spans a continuum, from single or multiple
APA to zona glomerulosa hyperplasia.18
In patients with an APA, aldosterone hypersecretion is assumed to be unilateral and
therefore these patients are generally treated by adrenalectomy (ADX), whereas
BAH is treated with mineralocorticoid receptor antagonists (MRAs).19 Patients have a
marked clinical benefit with regard to hypertension, hypokalemia and left ventricular
hypertrophy from both treatments, although ADX seems superior with regard to
minimizing decline in glomerular filtration rate.11,20,21 Also, the intensity of MRA
8
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treatment appears to be essential for reducing the risk of cardiometabolic events, atrial
fibrillation and death. 22,23
Complete biochemical success (correction of hypokalemia and normalization of the
aldosterone-to-renin ratio or adequate suppression of aldosterone in a confirmatory
test) after ADX is seen in 94% of patients.20 Complete clinical success, defined as
normotension and no use of antihypertensive agents is seen in 37%, and partial clinical
success (less antihypertensive medication and/or reduction in blood pressure) in 47%
of cases.20 Given this efficacy of surgical treatment of PA, identifying patients with PA
and distinguishing them from primary hypertension is important to improve clinical
outcome.

9
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DIAGNOSIS
According to the Endocrine Society Guideline,19 only patients with hypertension and an
increased risk for PA must be screened. An increased risk is defined by 1. hypertension
resistant to three conventional antihypertensive drugs (including a diuretic); 2.
controlled blood pressure by four or more antihypertensive drugs; 3. spontaneous or
diuretic-induced hypokalemia; 4. adrenal incidentaloma; 5. sleep apnea; 6. a family
history of early onset hypertension or cerebrovascular accident at a young age (<40
years); or 7. a first-degree relative with PA.

Figure 1. Algorithm for the detection, confirmation, subtype testing, and treatment of primary aldosteronism (PA). ARR: aldosterone-to-renin ratio, AVS: adrenal vein sampling, PAC: plasma aldosterone
concentration, MR: mineralocorticoid receptor. 1 recommended, 2 suggested. Quality of evidence
for recommendation: © very low; ©© low; ©©© moderate; ©©©© high. This figure is copied and
adjusted from “The Management of Primary Aldosteronism: Case Detection, Diagnosis, and Treatment:
An Endocrine Society Clinical Practice Guideline”.19

The diagnostic algorithm as recommended by the Endocrine Society (Figure 1) consists
of three steps which all have their limitations. The first, screening step is measurement
of the plasma aldosterone-to-renin ratio (ARR).19 There is no consensus on the best
performing cut-off value for the ARR. The guideline hence offers varying values of the
ARR at which, if exceeded, further diagnostic steps should follow without providing clear
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criteria on how to make a choice for cut-off levels. In addition, sensitivity of the ARR for
PA may be too low for a screening test for all suggested cut-off values.24-26
Notwithstanding the problems with ARR, it is recommended in the guideline19 that in
case of a positive screening test, in most cases PA has to be confirmed by one of the
available confirmation tests as second step: an oral or intravenous salt loading test (SLT),
a fludrocortisone suppression test or the captopril challenge test.19 The intravenous SLT
is probably the most widely used confirmatory test: in healthy subjects the infusion of
two litres of sodium chloride 0.9% suppresses aldosterone levels through inhibition of
the renin-angiotensin-aldosterone system (RAAS). In PA, in which aldosterone levels
are relatively independent of the RAAS, aldosterone is insufficiently suppressed upon
an intravenous load with saline. The Endocrine Society guideline suggests the use
of two cut-off values: a post-infusion plasma aldosterone concentration (PAC) > 280
pmol/L confirms the diagnosis of PA, whereas a post-infusion <140 pmol/L excludes the
diagnosis.19 A post-infusion PAC from 140 to 280 pmol/L is referred to as indeterminate
or inconclusive. In these cases a diagnosis of PA is arbitrarily established or rejected by
experts based on poorly defined contextual clinical and biochemical parameters. This
recommendation illustrates another weakness of the current diagnostic sequence for
PA: ideally, a reference test should not have an inconclusive result.

1

When PA has been confirmed, the last phase in the diagnostic process is the subtyping
of PA. This differentiation between unilateral and bilateral disease is generally done by
adrenal vein sampling (AVS) (Figure 2 and box principle adrenal vein sampling) or by a
CT-scan of the adrenal glands.
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Principle of adrenal vein sampling
During AVS blood samples are withdrawn from the left and the right adrenal vein and
a peripheral vein. In all samples the aldosterone and cortisol levels are determined.
Cortisol levels must be high enough to conclude that the cannulation was successful
(selectivity index). Then the aldosterone/cortisol ratios from the left and right adrenal
vein are divided to calculate the lateralization index. This index determines the
side(s) of excess aldosterone secretion. Finally, the contralateral suppression index
is calculated by dividing the aldosterone/cortisol ratio in the contralateral adrenal
vein by the same ratio from the peripheral blood. See also Figure 2.

Unilateral aldosterone hypersecretion (AVS) or adrenal enlargement (CT) indicates
the presence of an APA. In cases with near-symmetric aldosterone secretion (AVS) or
bilateral adrenal enlargement (or bilateral glands of normal size on CT) BAH will be
diagnosed. Although AVS is advocated as the reference standard, both AVS and CT
have their drawbacks26 and a diagnostic discordance between CT and AVS of 38% has
been found.27,28 In the so-called SPARTACUS trial, which compared adrenal CT-scanning
and AVS for subtyping of PA, the discordance even reached 50%.29 One reason for the
fallibility of AVS (figure 2 and box adrenal vein sampling) could be that the underlying
assumptions are wrong: First, it is assumed that an adrenal gland has only one vein
draining from the right adrenal into the vena cava inferior and from the left adrenal
into the vena renalis. However, multiple anatomic anomalies have been described in
the literature, including duplicate veins and veins joining the accessory hepatic vein for
example.30 If there are two veins on one side and only one is draining an aldosterone
hypersecreting region such as an adenoma, this adenoma could be missed. The
second basic assumption is that cortisol production is symmetrical, as the aldosterone
concentration is normalized for the cortisol concentration to adjust for peripheral
blood admixture.19 In the situation of a one-sided ipsilateral co-secretion of cortisol
for example, this assumption causes serious misinterpretation. Another disadvantage
of AVS is that there is little uniformity in the way AVS is performed and the data are
interpreted.31 For example, there is no consensus whether to use ACTH stimulation
during AVS32 and whether to perform sequential or simultaneous catheterization of
the adrenal veins. Also, the used lateralization index to determine whether the patient
has unilateral or bilateral disease varies considerably across centers and contralateral
suppression (suppression index <1.0) is not a criterion for unilateral disease in all
centers. These lack of uniformity in procedures impacts heavily on the conclusion of
AVS.31
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One of the limitations of CT-scan is the detection of nonfunctioning adrenal adenomas.
On CT these are indistinguishable from an APA. Adrenal incidentalomas mostly have
an adenomatous aspect and are present in 2.5 to 10% of the abdominal CT-scans in
patients without (the suspicion of) adrenal disease, increasing with age.19,33-36 On the
other hand, APAs or hyperplasia may also be too small to be detected. Moreover,
the criteria for adrenal enlargement and thus for APA on CT-scan are not very well
documented in the literature and radiologists may therefore reach different conclusions.
In one study the kappa for interobserver agreement for the presence of adrenal
enlargement between two radiologists was only 0.71,37 whereas kappa ideally should
approach 1.0. Furthermore, the complex shape of the adrenal glands can make it hard
to interpret the two-dimensional images of CT. At the Radboud University Medical
Center (Radboudumc) radiologists use, as a rule of thumb, that the thickness of the
adrenal body or limb must be 7 mm or more to qualify for an adenoma or hyperplasia,
aside from a low density on CT-scan (low Hounsfield Units number) suggesting lipid-rich
tissue. However, supportive literature is scarce.38,39 Applying the same cut-off level for
both adrenals seems also questionable, considering the difference in size of the normal
right and left adrenal (left 4.8 ml; right 3.6 ml).39

Health-related quality of life
As mentioned above it is now well recognized that PA causes substantially more
morbidity and probably mortality than essential hypertension.21-23 A similar difference
may be present for health-related quality of life (HRQoL) in the disadvantage of PA,
although literature is scarce. HRQoL, a quite neglected but important aspect in patients
with PA, is a multi-dimensional concept that includes domains related to physical,
mental, emotional, and social functioning. It goes beyond direct measures of population
health, life expectancy, and causes of death, and focuses on the impact health status
has on quality of life. In other words, HRQoL is defined by the functional effect of an
illness or its treatment upon a patient, as perceived by the patient.40 In this way HRQoL
reflects an outcome that is of direct importance for the patient. Although physicians
and hence studies on PA are far more focused on blood pressure and biochemical
features, there is some evidence that HRQoL in PA is reduced and that treatment of PA
improves HRQoL.41,42
Although the effects of ADX and MRAs on blood pressure and the cardiovascular system
seem to be similar, conflicting data have been reported in the literature concerning the
impact of both treatments on HRQoL.41-43 This is a relevant issue since an argument could
be made to refrain from operation, given the lack of good prospective, randomized trials
that ADX is more beneficial than medical treatment in case of an APA. However, if an
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operation would improve HRQoL it could –besides aiming for a minimalization of needed
medication– become an additional argument in PA to search for an APA.
For the assessment of HRQoL it is usually recommended that a generic HRQoL
questionnaire (assessing multiple domains of HRQoL) is combined with a diseasespecific questionnaire (assessing HRQoL aspects relevant for a specific disease), in
order to assess the general perspective of HRQoL, as well as disease-specific HRQoL
aspects.44 Although disease-specific HRQoL questionnaires have been developed
for several endocrine disorders such as Cushing’s disease, acromegaly and primary
hyperparathyroidism, no such questionnaire is available for PA.
A guideline for the development of a disease-specific questionnaire proposes to use
four different phases.45 In the first phase a systematic review needs to be performed
and focus groups with patients aimed at compiling an exhaustive list of relevant
HRQoL issues should be organized. Patients and health care professionals should
rate all issues for relevance and importance. Based on these ratings a selection of
issues for inclusion in the questionnaire will be made. In the next phase the issues are
converted into questions. In the third phase the questions are pre-tested by patients
to identify and solve potential problems. In the last phase the questionnaire is tested
in a large, international group of patients to determine acceptability, reliability, validity,
responsiveness and cross-cultural applicability.45

Well-being & psychological symptoms
While HRQoL is more or less an umbrella concept, we are able to measure well-being
and psychological symptoms more specifically. There is no consensus on a unique
definition of well-being, but there is general agreement that at a well-being includes
the presence of positive emotions and moods, the absence of negative emotions,
satisfaction with life, fulfillment and positive functioning.46,47 Well-being and HRQoL
are related concepts, but not interchangeable terms. Well-being is particularly related
to the psychological dimension, whereas HRQoL is more in accordance with the concept
of health.48 Well-being can be divided into three different components: psychological
well-being, emotional well-being and social well-being.49 These components have not
been studied in PA before.
PA has been associated with psychological symptoms, such as depression, anxiety and
stress.50,51 One might expect though that if these symptoms are present, they will affect
well-being as well as HRQoL. The number of studies and their methodological quality
is low.
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It is at present also unclear whether patients treated with MRAs for BAH report more
psychological symptoms and lower levels of well-being compared to patients treated
with ADX for APA.

Aim of this thesis
As outlined above, impaired HRQoL, psychological symptoms and reduced well-being
in patients with PA may be an extra incentive to diagnose as many patients with this
disease as possible and to strive for an operation in case of unilateral overproduction
of aldosterone, also taking into account the low rate of complications of ADX.52 To that
end, diagnostic procedures should be optimized. As is obvious from the above, there
is room for improvement of tests for confirmation and subtyping PA.
The aim of the first part of this thesis was to address some diagnostic problems as
observed in daily practice and to explore the potential for improvement of the imaging
step for the diagnosis of PA. In chapter 2 we describe the development of a model to
predict the presence of PA in case of an inconclusive result of the intravenous SLT.
In chapter 3 we studied the applicability of volumetric evaluation for subtyping of
PA as an alternative for qualitative assessment of adrenal enlargement in PA on CTscan. Chapter 4 is a case-report on a patient with PA with an extraordinary adenoma
and vascular anatomy, causing puzzling results of AVS, illustrating the drawbacks of
underlying assumptions for successful AVS interpretation.
The general aim of Part II is to gain more insight into HRQoL and psychological symptoms
in PA. We therefore first systematically reviewed the literature of HRQoL and mental
health in PA (chapter 5). We then prospectively compared the HRQoL of patients with
PA after ADX or initiation of MRAs in chapter 6. In chapter 7 we present a study on the
levels of well-being and the occurrence of psychological symptoms in patients with
APA after ADX compared to those in patients with BAH treated with MRAs. In the final
chapter (chapter 8) we describe the different phases of the development of a PA-specific
quality of life questionnaire.
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PART I
DIAGNOSTIC PROBLEMS IN
PRIMARY ALDOSTERONISM
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ABSTRACT
Objective
To develop a prediction model to confirm or exclude primary aldosteronism (PA) in
patients with an inconclusive salt loading test (SLT).
Context
Diagnosis in patients with a suspicion of PA can be confirmed using an SLT. In case of
inconclusive test results the decision about how to manage the patient is usually based
on contextual clinical data.
Design
We included a retrospective cohort of 276 patients in the final analysis.
Methods
All patients underwent an SLT between 2005 and 2016 in our university medical center.
The SLT was inconclusive (post-infusion aldosterone levels 140-280 pmol/L) in 115
patients. An expert panel then used contextual clinical data to diagnose PA in 45 of
them. Together with 101 patients with a positive SLT this resulted in a total of 146
patients with PA. A total of 11 variables were used in a multivariable logistic regression
analysis. We assessed internal validity by bootstrapping techniques.
Results
The following variables were independently associated with PA: more intense
potassium supplementation, lower plasma potassium concentration, lower plasma
renin concentration before SLT, and higher plasma aldosterone concentration after
SLT. The resulting prediction model had a sensitivity of 84.4% and a specificity of 94.3%
in patients with an inconclusive SLT. The positive and negative predictive value were
90.5% and 90.4%, respectively.
Conclusions
We developed a prediction model for the diagnosis of PA in patients with an inconclusive
SLT that results in a diagnosis that was in high agreement with that of an expert panel.
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INTRODUCTION
For the detection of primary aldosteronism (PA), hypertensive patients are screened
using the aldosterone-to-renin ratio (ARR). An elevated ratio requires confirmatory
testing. One commonly used confirmation test as recommended by the Endocrine
Society guideline is the salt loading test (SLT).1 Suppression of plasma aldosterone
concentration (PAC) after saline infusion is assumed to exclude PA. The optimal cutoff level of post-infusion PAC is a matter of debate and varies from 139 to 194 pmol/L
with corresponding sensitivity of 73-88% and specificity of 76-100%.2-4 The Endocrine
Society guideline suggests the use of two cut-off values: a post-infusion PAC > 280
pmol/L confirms the diagnosis of PA, whereas a post-infusion <140 pmol/L excludes the
diagnosis.1 A post-infusion PAC from 140 to 280 pmol/L is referred to as inconclusive. In
such cases, a diagnosis of PA is arbitrarily established or rejected based on contextual
clinical and biochemical parameters. The objective of this study was to develop a tool
for rendering the diagnosis in patients with suspected PA and an inconclusive SLT more
objective and transparent.
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SUBJECTS AND METHODS
Methods were based on the TRIPOD Statement for development and validation of
prediction models.5

Patients
Our cohort consisted of adult patients who underwent an SLT for clinically suspected PA
at the Radboud Adrenal Center, a tertiary centre of expertise for patients with adrenal
disorders in the Netherlands. Dutch law allows to analyze data from patient records
without specific informed consent, provided that anonymity is guaranteed.
We included the most recently referred consecutive patients (n=290) from January 2016
back to January 2005 in order to attain a number of approximately 140 patients with
and without PA based on the assumption that ~10 patients per variable are needed.6

Salt loading test
To prepare patients for the SLT all antihypertensive agents interfering with aldosterone
and/or renin levels were stopped and replaced by non-interfering agents for 4 to 6
weeks.1 In case of hypokalemia, potassium supplementation was prescribed. Plasma
renin concentration (PRC), PAC, and potassium concentration were assessed before
and after the intravenous infusion of 2 L of sodium chloride 0.9% over 4 hours, starting
between 08.00 and 09.30 h in the morning. Patients stayed in the semi-recumbent
position during the infusion.1 Blood was sampled from an intravenous cannula inserted
prior to the procedure according to standard operating procedures by trained personnel.
Blood pressure was measured every 30 minutes.
Analytical methods
Vacutainer blood collection tubes from Beckton Dickinson (Plymouth, UK) were used.
PRC was measured in EDTA plasma by an immunoradiometric assay (RENIN III generation,
CIS Bio International) with within and between day imprecision of 6.9% and 10.1% at
11.2 mU/L; and 2.6% and 5.1% at 168 mU/L. PAC was measured in serum after extraction
and paper chromatography with recovery correction, as described earlier,7 and with
an within and between day imprecision of 8.2% and 7.5% at 360 pmol/L. Potassium
and sodium concentration was measured by Architect c16000 (Abbott) or Cobas 6000
(Roche) random access analyzers. Bicarbonate was calculated from measured pH and
pCO2 on a Rapidpoint 500 blood gas analyzer (Siemens).
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Collected data
In addition to age and gender, we collected the following clinical characteristics that
were candidates for inclusion in our model, based on literature and suggested by our
expert panel: plasma sodium and bicarbonate concentration, office systolic and diastolic
blood pressure, and intensity of antihypertensive therapy (expressed as defined daily
dose, DDD, http://www.whocc.no/ddd/definition) at first outpatient clinic visit, plasma
potassium concentration and amount of potassium supplementation before SLT, and
pre- and post-infusion PRC and PAC values.8-11 All data were anonymized. When the
laboratory reported a PRC <3 mU/L, the PRC was considered as equal to 3 mU/L.
Diagnostic criteria
The diagnosis of PA was based on a positive SLT result (post-infusion PAC >280 pmol/L) or,
in case of an inconclusive SLT result (PAC after salt loading ≥140 to ≤280 pmol/L), based
on consensus reached during our regular clinical Adrenal Center meetings attended by
clinicians with expertise in the field of PA: a minimum of three endocrinologists and
a specialist in vascular medicine. This consensus was based on available clinical and
demographic data regarded as relevant by all experts (i.e. result of SLT, potassium,
medication, blood pressure, age etc.) and reached by discussion. We used no other
confirmatory tests.
Exclusion of the diagnosis of PA was based on a negative SLT result (PAC after salt loading
<140 pmol/L) or, in case of an inconclusive SLT result (PAC after salt loading ≥140 to ≤280
pmol/L), based on consensus reached during the same expert meetings.
Furthermore, all SLT results were discussed in these meetings. When SLT was conclusive
for the diagnosis of PA but other characteristics were contradictory to the diagnosis of
PA the experts could decide to reject the diagnosis. This was done in two patients with
borderline positive SLT results (PAC after salt loading 288 and 290 pmol/L respectively)
because PRC concentrations before SLT appeared to be high (both 23 mU/L), and PAC
dropped steeply during SLT, suggestive of secondary aldosteronism or even normal
renin-angiotensin-aldosterone regulation. For subtyping we used primarily adrenal vein
sampling (AVS), with continuous ACTH infusion (50 mcg/hr), applying a selectivity index
of > 3 and a lateralization ratio of >4 as cut-off values. Alternatively we used a CT-scan
for this purpose.

Statistical analysis
In order to identify factors that could predict the presence of PA we performed
multivariable binary logistic regression analysis with a diagnosis of PA as dependent
variable. All candidate predictors were included in the model as continuous variables,
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except for gender which was included as a categorical variable. We used backward
stepwise Wald regression in which each step consisted of removing the variable with
the smallest contribution to the model until only variables with a corresponding p-value
< 0.05 remained. The candidate predictors were available in 261 of 290 patients. To
test for possible bias caused by missing data the backward selection procedure was
performed using complete cases (n = 261) and using five datasets in which the missing
values had been imputed by multiple imputation using fully conditional specification
and predictive mean matching (each data set n=290).12,13
We used the pooled results from the imputed datasets to decide if possible predictors
should be dropped from the model. All analyses resulted in the same four predictors,
which were retained in the model. The coefficients that were found for these predictors
appeared to be comparable for both approaches (Table S1). We developed the final
model with the four identified predictors in the 276 patients for whom complete data
were available for these four variables. This analysis gave very similar results to the
preceding two approaches (Table 1 and Table S1). Additionally, we tested in this model
all clinically plausible first-order interactions. All analyses were performed using the
statistical program SPSS statistics 22.0 for Windows (SPSS Inc.).
Table 1. Variables included in final analysis (n=276) and their contribution to the model
Variable

Coefficient

p-value

OR (95% CI)

PRC before saline infusion (mU/L)

-0.256

<0.001

0.73 (0.63-0.86)

PAC after saline infusion (pmol/L)

0.052

<0.001

1.05 (1.03-1.07)

Potassium supplementation (mmol/day)

0.074

<0.001

1.07 (1.04-1.12)

Plasma potassium concentration (mmol/L)

-2.922

0.012

0.05 (0.01-0.53)

Constant

-0.582

Coefficients are unadjusted for the shrinkage factor. PRC, plasma renin concentration; PAC, plasma
aldosterone concentration; OR, odds ratio (for 1 unit difference); CI, confidence interval.

Internal validation of the model
We applied bootstrapping techniques to estimate overoptimism and to assess internal
validity.14,15 Random bootstrap samples with replacement were drawn from the whole
database. This was repeated 200 times. Logistic regression with the selected predictors
was repeated within every bootstrap sample, leading to a logistic function for every
bootstrap sample. We then calculated the area under the curve (AUC) for all 200 logistic
functions, when applied to their own bootstrap sample. The 200 logistic functions were
then applied to our original database. For each logistic function, but now applied to
the original data, an AUC was calculated. Overoptimism was defined as the mean AUC
of the bootstrap samples minus the mean AUC of the original database. We derived a
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shrinkage factor from this validity analysis to adjust for overoptimism. We multiplied
all coefficients with this shrinkage factor to recalibrate the final model.16

Model performance
To assess model performance, we used the computed AUCs resulting from the receiver
operator characteristic (ROC) analyses. This was done for the total cohort and for the
patients with an inconclusive SLT separately. The cut-off value with the highest sum of
sensitivity and specificity was considered as the optimal cut-off value. Additionally, we
calculated the AUC for the ARR.

2

RESULTS
Patient characteristics are shown in Table 2. For the characteristics of the patients with
an inconclusive SLT specifically we refer to Table S2.
Table 2. Characteristics of the study population
No Primary Aldosteronism
(n = 136)

Primary Aldosteronism
(n = 154)

Age (years)

52 (44-60)

51 (46-58)

Gender (male:female) – n (%)

49:87 (36:64)

107:47 (69:31)

Plasma sodium concentration (mmol/L)a

141 (140-143)

141 (140-142)

PRC before saline infusion (mU/L)

9.8 (6.5-16.3)

5.4 (3.0-8.3)

PRC after saline infusion (mU/L)c

7.2 (4.8-10.2)

4.2 (3.0-7.3)

PAC before saline infusion (pmol/L)d

300 (240-438)

585 (443-1055)

PAC after saline infusion (pmol/L)

150 (110-188)

410 (270-683)

Office systolic blood pressure (mm Hg)

158 (144-170)

157 (142-172)

Office diastolic blood pressure (mm Hg)

93 (86-100)

92 (84-100)

Antihypertensive medication (DDD)

0.83 (0.00-2.00)

3.00 (1.33-5.04)

Plasma bicarbonate concentration (mmol/L)e

26.8 (25.4-28.7)

26.6 (25.2-28.4)

Potassium supplementation (mmol/day)f

0 (0-0)

32 (0-72)

Plasma potassium concentration (mmol/L)f

3.8 (3.6-4.0)

3.6 (3.3-3.8)

Hypokalemia prior to SLT – n (%)

20 (15.5)

61 (41.2)

53.2 (40.0-72.3)

127.0 (87.0-273.3)

Screening ARR (pmol/mU)g

f

b

Data are expressed as median (interquartile range) unless otherwise specified. DDD, defined daily dose;
SLT, salt loading test; PAC, plasma aldosterone concentration; PRC, plasma renin concentration; ARR,
aldosterone-to-renin ratio; Hypokalemia is defined as plasma potassium concentration <3.5 mmol/l.
a
no PA n=130; PA n=152
b
no PA n=133; PA n=151
c
no PA n=132; PA n=148
d
PA n=152
e
no PA n=40; PA n=53
f
no PA n=133; PA n=148
g
PA n=153
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After exclusion of cases (n=14) with missing data in the final predictors 276 patients
remained of which 103 patients had a positive, 115 an inconclusive, and 58 a negative
SLT. Of all patients with an inconclusive SLT, 45 were diagnosed with PA (Figure 1).
Two patients with borderline positive SLT results (PAC after salt loading 288 and 290
pmol/L respectively) were considered by the expert team as having no PA because
PRC concentrations before SLT were high and PAC dropped steeply during SLT. In none
of the patients an adverse event occurred which led to discontinuation of the test. All
reported blood pressures during SLT remained < 200/120 mm Hg.
Of all patients with PA (n=146), 44 patients (28.8%) had an screenings ARR < 91
(aldosterone in pmol/L, renin in mU/L; one of the recommended diagnostic cut-offs for
the screening of PA according to the Endocrine Society guideline;1 when ARR screening
was not performed we used ARR from SLT). For the patients without PA this number was
110 (80.9%). Since there were 197 missing values (68%) for bicarbonate concentration
we omitted this variable from further analyses. All other candidate predictors and
gender (n=11) were explored in our model for their predictive value. We identified
four variables predictive of PA: plasma potassium and PRC before saline infusion, PAC
after saline infusion, and the required amount of potassium supplementation. We found
no interaction between PRC before saline infusion and PAC after saline infusion, nor
between potassium supplementation and plasma potassium concentration.
Coefficients of the regression equation, p-values and odds ratios are shown in Table 1.
Bootstrapping estimated the overoptimism at <0.0001. The shrinkage factor was 0.94,
resulting in the following logistic function:
Prediction score (p) = ebx / (1+ebx)
Where bx = 0.547– 0.2411*PRC before saline infusion (mU/L) + 0.0492*PAC after
saline infusion (pmol/L) + 0.070*potassium supplementation prior to SLT (mmol/day)
–2.746*plasma potassium concentration prior to SLT (mmol/L)
The ranges of the predictors are presented in Table S3. The ROC curves of the model
are displayed in Figure 2. When applied to all patients the AUC was 0.992 (95% CI
0.986-0.998). For the patients with an inconclusive SLT only, our model showed an AUC
of 0.958 (95% CI 0.926-0.990). Sensitivity, specificity, positive and negative predictive
value of various cut-off values are shown in Table S4. The optimal prediction score

1
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0.434 for PRC in ng/L
1.364 for PAC in ng/dL
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cut-off value was 0.59. A prediction score < 0.59 indicates the absence and > 0.59 the
presence of PA.

2

Figure 1. Flow-chart of the study participants
SLT, salt loading test.* These patients with borderline positive SLT results (PAC after salt loading 288
and 290 pmol/L respectively) were considered as having no PA because PRC concentrations before
SLT were high, and PAC dropped steeply during SLT.

This is associated with a sensitivity of 95.2% (95% CI 90.4-98.1%), a specificity of 96.9%
(95% CI 92.3-99.2%), a positive predictive value of 97.2 (95% CI 93.0-98.9%) and a
negative predictive value of 94.7% (95% CI 89.5-97.4%) for the total cohort. When
applied to patients with an inconclusive SLT only, sensitivity and specificity were 84.4%
(95% CI 71.2-92.3%) and 94.3% (95% CI 86.2-97.8%) respectively. The positive and
negative predictive value were 90.5% (95% CI 77.9-96.2%) and 90.4% (95% CI 81.595.3%) in our population. Hence, in patients with an inconclusive SLT, a positive score
increased the probability of PA from 39.1% (45/115) to 90.5%. Likewise, a negative score
decreased this probability for PA from 39.1% to 9.6%. A correct diagnosis was reached
in 90% of the patients (Table S5). In patients with a conclusive SLT the model always
predicted the diagnosis correctly.
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Figure 2. ROC curves of the model
ROC curves of the prediction model after adjustment for shrinkage factor applied to all patients and
to patients with inconclusive SLT only. SLT, salt loading test. * Optimal cut-off value of prediction
score (0.59).

For the ARR, calculated from the renin and aldosterone concentration prior to salt
loading, the AUC for all patients was 0.851 (95% CI 0.807-0.896) and for the patients
with an inconclusive SLT 0.774 (95% CI 0.686-0.863), both statistically lower than the
AUCs of our model.
Of the 146 patients with PA 75 underwent adrenalectomy (based on AVS n=55/75,
based on CT-scan n=20/75). According to the consensus criteria on surgery outcomes17
3 patients (4.0%) had absent biochemical success, 58 patients (77.3%) had complete
biochemical success, and for 14 patients (18.7%) follow-up data were incomplete for
full assessment of outcome. Of the three patients with biochemical failure one had an
inconclusive SLT result prior to surgery. According to the model this patients also had PA.
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DISCUSSION
Major findings
In this retrospective study we have developed and internally validated a model with
adequate test characteristics to diagnose PA similarly to experts in patients with
an inconclusive SLT. The identified predictors are in line with previous research on
characteristics of patients with PA.1,8,10,11 Our model should be viewed as a means to
make implicit reasoning by experts in the field, based on their expert knowledge and
experience, more explicit and accountable.
Limitations
A limitation of this study is the lack of a gold standard as a confirmation test is not
available. A recent study reported that patients with a conclusively negative SLT result
may still have an aldosterone-producing adenoma according to adrenal vein sampling.18
If true this would nullify the value of SLTs but this observation should first be reproduced
in a prospective study. Another limitation is the retrospective single-center design of
our study. Nevertheless, all consecutive patients who fulfilled the inclusion criteria
were included. A third limitation is that our model has not been validated in another
data set, although our method of internal validation is also accepted.5 Various renin
and aldosterone assays with different units and reference values exist. The regression
coefficients of our model should therefore be adjusted when other assays are used.
Plasma renin activity is not easily converted into plasma renin concentration19,20 and
may therefore not be used for our model.
Perspectives
It must be acknowledged that recent literature questions the dichotomous approach
to PA.21 For example, in patients with normal blood pressure levels aldosteroneproducing cell clusters (APCCs) have been demonstrated.22 Some APCCs harbor
mutations associated with autonomous aldosterone production in aldosteroneproducing adenomas, suggesting that an APCC might be considered as a precursor for
an aldosterone-producing adenoma.23 Furthermore, Ito et al. found a prevalence of PA
of 6.8% in patients with prehypertension and normal potassium level. So, it might well
be that we should consider it as continuum from low-renin hypertension and subclinical
aldosteronism to overt PA.
A matter of debate in our study is our choice not to use an elevated ARR as an inclusion
criterion. In daily practice sometimes clinicians choose to omit ARR testing to save time
in case blood pressure is uncontrolled or potassium difficult to normalize. In addition
sensitivity of the ARR for PA is, although depending on the cut-off value, limited.24-26
33
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Consequently we observed a considerable number of patients with PA (n=44) that had a
normal ARR but an abnormal or inconclusive result of the SLT in whom a final diagnosis
of PA was made.
Regarding this moderate sensitivity of the ARR and the high percentage of patients with
an inconclusive SLT result, an alternative strategy would be replacement of these two
diagnostic steps by an SLT combined with our model. Prospective studies are needed
to validate our model and explore this approach.

Conclusion
A decision model containing the predictors PRC before and PAC after saline infusion, the
quantum of potassium supplementation, and plasma potassium concentration, seems a
well-performing tool in diagnosing PA in patients with an inconclusive SLT. Prospective
research and external validation have to be performed before implementing this model
in clinical practice.
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SUPPLEMENTAL TABLES
Table S1. Coefficients resulting from logistic regression analysis on original and imputed data sets
Variable

Coefficient
Original data
n=261

Pooled imputed data
n=290

PRC before saline infusion (mU/L)

-0.262

-0.246

PAC after saline infusion (pmol/L)

0.051

0.049

Potassium supplementation (mmol/day)

0.087

0.063

Plasma potassium concentration (mmol/L)

-3.164

-2.877

Constant

1.753

0.928

2

Coefficients are unadjusted for the shrinkage factor. PRC, plasma renin concentration; PAC, plasma
aldosterone concentration.
Table S2 . Characteristics of the patients with an inconclusive SLT
No Primary Aldosteronism Primary Aldosteronism
(n = 136)
(n = 154)
Age (years)

54 (46-63)

58 (48-63)

Gender (male:female) – n (%)

32:38 (46:54)

29:16 (64:36)

Plasma sodium concentration (mmol/L)a

141 (140-143)

141 (140-142)

PRC before saline infusion (mU/L)b

7.3 (5.0-12.0)

4.4 (3.0-6.5)

PRC after saline infusion (mU/L)

5.9 (4.0-8.5)

3.1 (3.0-4.3)

PAC before saline infusion (pmol/L)d

320 (280-463)

450 (350-547)

PAC after saline infusion (pmol/L)

180 (160-210)

240 (220-270)

Office systolic blood pressure (mm Hg)

158 (145-173)

160 (139-169)

Office diastolic blood pressure (mm Hg)

94 (86-104)

90 (81-101)

Antihypertensive medication (DDD)

0.83 (0.00-2.00)

2.33 (0.83-4.16)

Plasma bicarbonate concentration (mmol/L)e

26.5 (25.2-29.0)

26.6 (25.2-29.2)

Potassium supplementation (mmol/day)f

0 (0-0)

24 (0-48)

Plasma potassium concentration (mmol/L)f

3.8 (3.6-4.0)

3.6 (3.4-3.8)

Hypokalemia prior to SLT – n (%)f

11 (16)

15 (33)

Screening ARR (pmol/mU)

56.8 (41.0-94.3)

109.8 (76.0-162.0)

g

c

Data are expressed as median (interquartile range) unless otherwise specified. DDD, defined daily dose;
SLT, salt loading test; PAC, plasma aldosterone concentration; PRC, plasma renin concentration; ARR,
aldosterone-to-renin ratio; Hypokalemia is defined as plasma potassium concentration <3.5 mmol/l.
a
no PA n=130; PA n=152
b
no PA n=133; PA n=151
c
no PA n=132; PA n=148
d
PA n=152
e
no PA n=40; PA n=53
f
no PA n=133; PA n=148
g
PA n=153
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Table S3. Ranges of variables in final model
Variable

Range

PRC before saline infusion (mU/L)

<3.0-57.8

PAC after saline infusion (pmol/L)

30-2790

Potassium supplementation (mmol/day)

0-240

Plasma potassium concentration (mmol/L)

1.9-4.7

PRC, plasma renin concentration; PAC, plasma aldosterone concentration.

Table S4. Accuracy of different cut-off values of the prediction score
Cut-off value

Sensitivity

Specificity

PPV

NPV

0.43

95.9

93.8

94.6

95.3

0.59

95.2

96.9

97.2

94.7

0.68

93.2

97.7

97.8

92.7

Specificity, sensitivity, PPV and NPV are calculated for the different cut-off values. PPV, positive
predictive value; NPV, negative predictive value.

Table S5. Performance of our model in patients with an inconclusive SLT in our cohort
Primary aldosteronism
PA according to model

No primary aldosteronism

Total

38

4

No PA according to model

7

66

73

Total

45

70

115

PA, primary aldosteronism; SLT, salt loading test.
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ABSTRACT
Background
CT-scan and adrenal vein sampling (AVS) are used for subtyping primary aldosteronism
(PA) in unilateral versus bilateral disease. The criteria to define enlargement of the
complexly shaped and asymmetric adrenals on two-dimensional CT-scan are poorly
documented. The aim of this study was to investigate whether adrenal volumetry
provides better agreement with AVS than does conventional CT for assessment of
unilateral PA. In addition we evaluated whether the contralateral adrenal was enlarged
in unilateral disease and whether the size of this contralateral adrenal was a prognostic
factor for clinical outcome after unilateral adrenalectomy.
Methods
We analyzed the 180 CT-scans (88/180 with unilateral and 92/180 with bilateral disease)
of the patients with PA included in the SPARTACUS trial of which 85 also had undergone
an AVS. Additionally, we examined CT-scans of 20 healthy individuals to compare adrenal
volumes with published normal values. We measured volumes of both adrenal glands
by using an in-house developed annotation workstation (CIRRUS Essentials).
Results
Adrenal volume in the 180 patients with PA was higher for the left adrenal (mean and SD:
6.49±2.77 ml versus 5.25±1.87 ml for the right adrenal; p<0.001). Concordance between
volumetry and AVS in subtyping was 58.8%, versus 51.8% between conventional CT
results and AVS (not significantly different). The volumes of the contralateral adrenals
in the patients with unilateral disease (right 4.78±1.37 ml; left 6.00±2.73 ml) were higher
than those of healthy controls reported in the literature (right 3.62±1.23 ml p<0.001;
left 4.84±1.67 ml p=0.02). In a multivariable analysis the contralateral volume was not
associated with biochemical or clinical success, nor with the defined daily doses of
antihypertensive agents at one year follow-up. Only female gender appeared to be a
positive predictor for complete clinical success (OR 9.0; 95%-CI 2.44 to 33.24) and lower
defined daily dosages of antihypertensive medication at one year follow-up.
Conclusion
Volumetry of the adrenal glands is not superior to current assessment of adrenal size
by CT for subtyping patients with PA. Furthermore, in patients with unilateral disease
the size of the contralateral adrenal is enlarged but its size is not associated with
biochemical outcome nor with the need for antihypertensive medication after surgery.
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INTRODUCTION
Primary aldosteronism (PA) is an endocrine disorder caused by adrenal hypersecretion
of aldosterone resulting in hypertension. PA is generally classified into two subtypes:
aldosterone-producing adenoma (APA) and bilateral adrenal hyperplasia (BAH) which can
be distinguished by adrenal CT-scan or adrenal vein sampling (AVS).1 APA is mainly treated
by adrenalectomy (ADX), and BAH by mineralocorticoid receptor antagonists (MRAs).
Both subtyping procedures have their limitations, occasionally resulting in biochemical
failure after ADX.2 The concordance between CT and AVS results is disappointingly low,
around 60%.3 In the SPARTACUS (Subtyping Primary Aldosteronism: A Randomized Trial
Comparing Adrenal Vein Sampling and Computed Tomography Scan) trial, the only study
thus far that has compared outcome after both subtyping modalities in a randomized
prospective design,2 this was even lower with 50%. However, clinical outcome of
adrenalectomy is similar when therapy is based on either CT or AVS in the SPARTACUS
study.
No consensus exists on the criteria for adrenal enlargement on CT-scan. Furthermore,
the complex shape of the adrenal glands can complicate the interpretation of the twodimensional images of CT. At our center we use, as a rule of thumb, that the thickness
of the adrenal body or limb must be 7 mm or more for diagnosing an adenoma or
hyperplasia, provided that density and, if contrast is administered, contrast wash-out
are compatible with adenoma.4,5 Applying the same cut-off for both adrenals seems
questionable, considering the difference in size of the right and left adrenal that has
been reported previously.5 An alternative for conventional two-dimensional measurement
of the adrenal glands is three-dimensional volumetric evaluation.5 It has been shown
before that in PA patients adrenal volumes are higher than in controls, irrespective of
the presence of an APA or BAH.6
In the SPARTACUS study 20% of patients were not biochemically cured after CT-guided
adrenalectomy. This raised the question whether conventional CT-interpretation might
miss contralateral adrenal enlargement or overestimates unilateral enlargement. The first
aim of the present study was to investigate whether assessment of the adrenal size by
adrenal volumetry has better agreement with AVS than when assessed by conventional
two-dimensional CT. If so, volumetry might provide superior prediction of successful ADX
than conventional reading of adrenal CT-scans. The second aim was to investigate whether
this contralateral adrenal is indeed enlarged, as described by Degenhart et al.6 Our last
aim was to evaluate whether the size of the contralateral adrenal was a prognostic factor
for clinical outcome after ADX.
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METHODS
Patients
We analyzed the data from the SPARTACUS study in which 184 patients underwent
adrenal CT-scanning and all had a clinical follow-up. In 92 (50%) of these patients an AVS
was also performed (Figure 1). Of these 92 patients, four were excluded because CTscans were inconclusive (n=2) or not available (n=2). In another three patients AVS failed.
For this post-hoc analysis we included the 180 patients in whom CT result was available.
PA was confirmed in all by a salt loading test. In 85 patients AVS was used for subtyping
while in 95 patients subtyping was based on the results of the CT-scan (in three cases
Figure 1. Patient flow chart
because AVS failed). Of all patients, 88 were treated by ADX and 92 by MRA-based
treatment.
Primary aldosteronism n=184

AVS procedure and CT n=92
Excluded:
CT not available n=2
CT inconclusive n=2
AVS failed
n=3

AVS and CT result n=85

Unilateral disease*
right n=20

left n=21

CT only n=95

Bilateral
disease*
n=44

Unilateral disease
right n=12

left n=35

Bilateral
disease
n=48

N=

N=

Adrenalectomy n=88

Mineralocorticoid receptor antagonists n=92

AVS=adrenal vein sampling. *Based on AVS result.

Figure 1. Patient flow chart
The purpose of this group was to check whether reference values for the volumes of normal adrenal
glands as reported in the literature5 were applicable to patients at our center.

Additionally, we used CT-scans from 20 healthy subjects without PA as controls.
These adult participants had been screened for kidney donation and were included
Study design
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adrenal glands as reported in the literature were applicable to patients at our center.
sampling underwent ADX if, respectively, unilateral adrenal enlargement or unilateral aldosterone
hypersecretion with contralateral aldosterone suppression was demonstrated. All other patients
received MRA-based treatment. All patients were further treated with conventional antihypertensive
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Study design
We performed a retrospective, observational study of CT-scans of adrenal glands of
patients with PA. The CT-scanning images used to derive the data for this study have
been collected in the framework of the randomized diagnostic multicenter SPARTACUS
trial (registered at clinicaltrials.gov as NCT01096654) performed between July 2010
and August 2015 in 12 Dutch teaching and academic hospitals and 1 Polish hospital.2
This trial compared adrenal computed tomography (CT) scanning and adrenal vein
sampling for subtyping of PA. Briefly, patients randomized to CT or adrenal vein sampling
underwent ADX if, respectively, unilateral adrenal enlargement or unilateral aldosterone
hypersecretion with contralateral aldosterone suppression was demonstrated. All
other patients received MRA-based treatment. All patients were further treated with
conventional antihypertensive drugs according to a treatment algorithm targeting a
blood pressure of 135/85 mm Hg using a semiautomatic device or 140/90 mm Hg
using office blood pressure. Approval for this study was obtained from institutional
review boards of all participating centers, and informed consent was obtained from all
participants. For the control cohort of CT-scans of 20 kidney donation participants the
Ethics Committee of the Radboud University Medical Center judged that no detailed
review was warranted given the non-intrusive and non-experimental character of the
study. All CT-scans were anonymized before volumetric measurement.
CT examinations
Because the CT-scans were carried out in different centers, CT-scanners from different
manufacturers were used (table S1). The slice thickness ranged from 0.75 mm to 5 mm
(0.75 n=13, 0.90 n=3, 1.0 n=100, 1.5 n=1, 2.0 n=16, 2.5 n=3, 3.0 n=42, 5.0 n=2).
In the cohort of healthy kidney donors all CT-scans were made according to a protocol in
which the Toshiba Aquilion Precision CT-scanner was used resulting in a slice thickness
of 1 mm.

Conventional adrenal measurement on CT-scan
Adrenal glands with a transversal diameter of 7 mm or more of lesions in the body or
limb on CT as judged by a radiologist were considered enlarged, indicating an adenoma
or hyperplasia.2,4
Volumetry
For the current analysis, we measured volumes of both adrenal glands by using an
in-house developed annotation workstation (CIRRUS Essentials, Diagnostic Image
Analysis Group, Nijmegen, the Netherlands). Volumetric analysis was performed by
two observers (MV n=90 and LC n=90), both endocrinologists and both trained by
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a radiologist with expertise in the field of adrenal disorders. Scans were randomly
assigned to one of two observers (MV and LC). They were blinded for both AVS results
and previous CT interpretations and reports. We used the images from the venous
phase when available (n=167) and the images without contrast enhancement in other
cases (n=13). We performed volumetry at standard abdominal settings with a window
width of 360 and a window level of 60. We used axial slices. We outlined the adrenals
manually at two-fold magnification. In the slices between those who were manually
outlined, the software program calculated the expected demarcations of the adrenal.
Then, we adapted these automatically generated lines when deemed appropriate.
Finally the CIRRUS software calculates the volume in milliliters by adding the volumes
determined of each slice.
For interobserver and intraobserver reliability, the analysis was performed twice by
the two observers and in 30 randomly selected CT-scans of patients with PA. The time
between evaluations of the same CT by one and the same observer was at least three
weeks.
In the cohort of healthy kidney donors, volumetry was carried out by an endocrinologist
(MV) similarly, using the venous phase.

Statistical analysis
For clinical outcomes after ADX we used the PASO criteria:7 Complete biochemical
success was defined as correction of hypokalemia (if present pre-surgery) and
normalization of the aldosterone-to-renin ratio (ARR); in patients with a raised ARR
post-surgery, aldosterone should be suppressed in a confirmatory test. Complete clinical
success was defined as a normal blood pressure without the aid of antihypertensive
medication. Total adrenal volume was defined as right plus left adrenal volumes. We
expressed intensity of antihypertensive medication as defined daily doses (DDD, https://
www.whocc.no/ddd). We compared the right and the left adrenal volumes with a
paired-samples t-test.
For the interobserver and intraobserver reliability analysis of the volume measurements
we calculated an intraclass correlation coefficient (ICC) using a two-way mixed model,
characterized by absolute agreement (single measures). ICC values ranging between
0 and 1 can be interpreted as follows: <0.4 poor agreement; 0.40–0.74 fair to good
agreement, and ≥0.75 excellent agreement.8
We compared measured volumes with published data on adrenal volumes in healthy
subjects5 with a one sample t-test. In addition, we explored whether these reported
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reference values for adrenal volumes of these healthy individuals were applicable for
Dutch people using a different CT-scanner with a different protocol. For this purpose,
we used the cohort of 20 kidney donors and compared the measured adrenal volumes
with the published reference values5 by using a one sample t-test.
We considered the best cut-off value for enlargement of the adrenal gland by volumetry
the value which yielded the best concordance with AVS result for the subtyping of PA.
For this purpose, we calculated this concordance for every 0.125 SD volume in addition
to the expected mean volume based on gender and side of the adrenal (from the
expected mean up to plus three SD).5 The concordances between AVS and conventional
CT and AVS and volumetry were compared with a Chi-square test.
To determine the predictive value of the contralateral adrenal volume we performed
multivariable binary logistic regression analysis with the outcome after ADX (complete
biochemical and complete clinical success yes/no) as dependent variable and univariate
multivariable linear analysis with DDD after ADX as the dependent variable. The
candidate predictors for outcome which, based on literature, could be associated
with adrenal volume were included in the model: age, side, gender and weight. We
used backward stepwise Wald regression in which each step consisted of removing
the variable with the smallest contribution to the model until only variables with a
corresponding P value <0.05 remained. To compare age and weight between the
patients with unilateral versus bilateral disease, we used an unpaired t-test.
P values of <0.05 were considered to indicate statistical significance. All analyses were
performed with the use of SPSS statistics 22.0 for Windows (SPSS, Inc., Chicago, IL). All
results are given as mean ±SD unless stated otherwise.
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RESULTS
Baseline characteristics of all patients with PA
The majority of the PA patients were male (78.9%) (Table 1). Unilateral disease,
defined by either CT or AVS, was present in 88/180 patients while bilateral disease
was diagnosed in 92/180 patients. (Figure 1). There were no differences in weight and
age between the patients with unilateral versus bilateral disease (respectively weight
89.5 versus 91.9 kg, p=0.30; age 51.9 and 54.4 years, p=0.08).
After ADX 73/88 (83.0%) patients had complete biochemical cure and 13/88 (14.8%)
patients had complete clinical success.
Table 1. Baseline characteristics
Characteristics

All patients (n=180)

Male – n (%)

142 (78.9)

Age, years

53.2 (9.6)

Polish – n (%)

32 (17.8)

BMI, kg/m – median (IQR)
2

28.4 (25.7 to 32.0)

Systolic ambulatory blood pressure 24 h, mm Hg

146.1 (18.2)

Diastolic ambulatory blood pressure 24 h, mm Hg

90.1 (11.1)

DDD antihypertensive medication – median (IQR)

3 (2 to 4)

DDD MRAs – median (IQR)
Serum potassium, mEq/l
ARR, pmol/mU (n=105)

Ɨ

Post SLT plasma aldosterone, pmol/l – median (IQR) (n=158)ǂ

0 (0 to 0.6)
3.5 (0.5)
194 (79 to 233)
412 (290 to 678)

Data presented as mean (SD) unless stated otherwise. Aldosterone ng/dl to pmol/l conversion factor
27.74. BMI=Body Mass Index; AVS=adrenal vein sampling; DDD= defined daily doses; ARR=Aldosteroneto-Renin Ratio; SLT=Salt Loading Test intravenously. Ɨ in n=75 renin activity was measured; ǂ in n=24 postSLT urinary aldosterone were measured.

Interobserver and intraobserver reliability
The ICC between both observers (MV and LC, n=30) was 0.938 (95% CI 0.851 - 0.975)
for the right adrenal and 0.937 (95% CI 0.849 - 0.974) for the left adrenal. The ICC
of intraobserver reliability of MV was 0.987 (95% CI 0.968 - 0.995, n=30) for the
right adrenal and 0.946 (95% CI 0.87 - 0.978, n=30) for the left adrenal. The ICC of
intraobserver reliability of LC was 0.945 (95% CI 0.869 - 0.978, n=30) for the right adrenal
and 0.924 (95% CI 0.820 - 0.969, n=30) for the left adrenal.
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Comparison of adrenal volumes of healthy individuals with published normal
values
The adrenal volumes of our 20 subjects without adrenal disease were comparable with
published normal values for adrenal volumes of healthy subjects by Schneller et al5
(for men 5.18 ml versus 4.58, for women 3.79 versus 3.57, both p>0.05, see Table S2).
Measurements of adrenal volumes in PA patients
The adrenal volume in all 180 patients was 1.24 ml (95% CI 1.57 - 0.92) lower for the
right adrenal (5.25 ± 1.87 ml) than for the left adrenal (6.49 ± 2.77 ml) (Table 2). The
volume of the contralateral adrenals in the patients with left unilateral disease was 4.78
ml ± 1.37 whereas this was 6.00 ml ± 2.73 in patients with right unilateral disease. Table
2 shows that these differences were similar in the patients in whom unilateral disease
was established by CT or by AVS. The volumes of the contralateral adrenals were higher
than the published reference volumes of adrenal glands in healthy subjects5 (mean
difference right 1.16 ml, 95% CI 0.17-2.17; left 1.16 ml, 0.79-1.52).
In subgroup analysis for gender the volumes of the contralateral adrenal in patients
with unilateral disease remained higher than the published reference volumes of both
left and right adrenal glands in healthy men. This was also the case in women regarding
the right contralateral gland but not for the left contralateral gland (Table S3).
Table 2. Adrenal volumes (ml)
n
All patients

AVS group*

CT only groupƗ

Right adrenal

Left adrenal

p-value

Total

180

5.25 ± 1.87

6.49 ± 2.77

<0.001

Unilateral right

32

6.09 ± 1.98

6.00 ± 2.73

0.92

Unilateral left

53

4.78 ± 1.37

7.15 ± 2.84

<0.001

Bilateral

92

5.24 ± 2.01

6.26 ± 2.69

<0.001

Total

88

5.42 ± 2.22

6.83 ± 3.08

<0.001

Unilateral right

20

6.17 ± 1.74

6.57 ± 2.60

0.40

Unilateral left

21

4.89 ± 1.80

7.43 ± 3.26

<0.001

Bilateral

43

5.35 ± 2.55

6.66 ± 3.23

<0.001

Total

92

5.10 ± 1.50

6.19 ± 2.43

<0.001

Unilateral right

12

6.04 ± 2.41

5.05 ± 2.78

0.27

Unilateral left

35

4.70 ± 1.05

6.98 ± 2.60

<0.001

Bilateral

49

5.15 ± 1.41

5.91 ± 2.08

0.004

Mean volumes ± SD of adrenal glands on CT-scan as measured by volumetry. Unilateral and bilateral
means unilateral and bilateral adrenal disease. AVS=adrenal vein sampling. * Subtyping based on AVS
results. Ɨ Subtyping based on CT results.
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Concordance of subtyping based on volumetry with AVS results
We reached the best concordance with AVS results for subtyping PA at a cut-off level
for enlargement of the adrenal gland at an expected volume + 2.125 SD (based on
published reference values, see Statistics).5 With this cut-off value the concordance
was 58.8% (50/85, 95% CI 47.6-69.4) for the classification of unilateral right, unilateral
left or bilateral disease (Figure 2). For the conventional CT results this concordance
with AVS was 51.8% (44/85, 95% CI 40.7-62.7) and not significantly different from the
concordance of volumetry with AVS (p=0.43).
The overlap of the adrenal volumes of both sides was substantial between right and
left unilateral disease and bilateral disease (Figure 3).
Figure 2. Concordance of adrenal vein sampling and volumetry results regarding subtype classification
(n=85)
AVS bilateral - Volumetry left
2,4%
AVS bilateral - Volumetry
AVS right - Volumetry right
right 3,5%
7,1%

AVS left - Volumetry right
5.9%
AVS left - Volumetry bilateral
15,3%
AVS bilateral - Volumetry
bilateral 8.2%

AVS left - Volumetry bilateral
3,5%

AVS right - Volumetry normal
11,8%
AVS bilateral - Volumetry
normal 37.6%

AVS right - Volumetry normal
2,4%
AVS right - Volumetry left 2,4
%
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Figure 3. Scatter plot of the measured adrenal volumes on CT of both sides according to subtype minus
the expected value based on healthy subjects. Subtype was based on AVS (n=85) or conventional CT
results. Mean and SD are presented. R=right L=left

3

Subtype according to AVS or conventional CT result and sides of adrenal gland

Volume of contralateral adrenal and outcome after ADX
The volume of the contralateral adrenal gland was not significantly associated with
complete biochemical or clinical success, nor with DDD (data not shown). We found also
no association for weight and laterality. Gender was a significant predictor for complete
clinical success with an odds ratio of 9.0 (95%CI 2.44 to 33.24). Female had a lower DDD
than male (0.84; 95%CI 0.12 to 1.56 versus 2.13; 95%CI 1.69 to 2.57). Gender was not
associated with biochemical success.
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DISCUSSION
The two main findings of our study are that volumetry of adrenal glands on CT-scan
for subtyping of PA seems to be no improvement compared to conventional CT
measurements and that the size of the contralateral adrenal is not associated with
outcome after ADX in a multivariable analysis. Additionally, we confirm the findings of
Degenhart et al,6 that the contralateral adrenal gland is clearly enlarged in unilateral
disease and that on average, like in healthy subjects,5 the left adrenal gland is larger than
the right one. To our knowledge, this is the first study in which results of volumetry of
adrenals in PA are related to clinical parameters and outcome after ADX and in which
the concordance of volumetry as a subtyping modality with AVS is explored.
In the SPARTACUS trial it was remarkable that, although the distribution of right and
left unilateral disease was fairly equal for the AVS results (respectively n=20 and n=21),
it was not for the conventional CT results in the same group (respectively n=6 and
n=39),2 regarding the patients included in this study (n=85). We speculated that the
discordance between both conventional subtype modalities might be the result of
underdetection of an enlarged right adrenal or overdetection of an enlarged left adrenal
based on conventional CT measurements, given the higher volume of the left adrenal
gland in healthy subjects6 as well as in patients with PA. However, this hypothesis is not
supported by our results. In our study, for example, in patients with bilateral disease
according to AVS, the volume of the left adrenal gland was 1.31 ml higher on average
than the right one, suggesting that the criteria for adrenal enlargement should be side(and perhaps gender-)specific. However, the concordance between AVS and CT does
not substantially improve when applying age- and gender adjusted volume CT-based
measurement.
Degenhart et al. already suggested that volumetry is not very promising for subtyping
PA.6 In this study we calculated the concordance of volumetry with AVS results. This was
indeed not superior to the concordance between conventional CT measurements and
AVS. Volumetry appeared not to have any additional value over gender in predicting
the outcome post-surgery.
It is known that, although biochemical remission will be achieved in most cases, a
majority of patients (63%) after ADX still needs antihypertensive medication to reach
target blood pressure.9 Female patients need less medication to reach target pressure
and, analogous to this, more of them have complete clinical cure. This is in line with
earlier findings.10-13 In this way gender might be used when there is doubt whether to
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perform an ADX. In other words, female gender could be an incentive to proceed to
surgery.
The enlarged contralateral adrenal, the opposite of what is seen in cortisol-producing
adenomas where the contralateral gland is atrophic, is in line with histopathological
findings of hyperplasia and nodularity of the zona glomerulosa in some patients with
an APA in the adjacent cortex,14 suggesting the presence of an unknown trigger of
cell proliferation.6 Although most patients are cured after ADX, in some patients the
enlarged contralateral adrenal might also be the result of inadequate subtyping, i.e.
these patients actually suffer from bilateral disease. An enlarged contralateral gland
and, hence, bilateral disease, is also in line with APA and BAH being two ends of a
spectrum.15 The adrenal volumes of our PA patients were slightly lower than published
by Degenhart et al.6 It might be that the volume is higher in this previous study because
these patients had been suffering from PA for a longer time. Regarding the similarity of
the volumes in healthy subjects measured in Germany and in our center, it is unlikely
that the differences in software and interobserver variability has had a substantial
impact on the volumes.
The strengths of this study are the excellent agreement between observers, the low
intraobserver variability and the high number of patients. Also, the prospective design
of the original SPARTACUS trial provided a complete set of data and the observers were
blinded for these data, minimizing bias. A limitation of our study is the use of different
CT-scans and CT protocols, as a result of the multicenter character of the original study.
However, this reflects clinical practice and it is unlikely that this had a substantial impact
on our results, because we used similar software for volumetry. A higher slice thickness
will result in a slightly less precise estimate, but will have little effect on the mean
values. Secondly, we used normative data from healthy subjects from a German study
that used different software. A different population might affect the measured volume.
We overcame this by comparing the adrenal volumes of the healthy subjects without
adrenal disease with these published normal values, showing similar results.
Furthermore, although we could determine concordance with AVS results, it was
impossible to draw a firm conclusion regarding diagnostic accuracy in subtyping of
PA, due to the lack of a gold standard.2 The last limitation is that there is no validated
cut-off value for an enlarged adrenal. We overcame this by calculating the cut-off value
corresponding with the best concordance with AVS results, which was the mean volume
+2.125 standard deviation of the published reference values of adrenals in healthy
individuals.5
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In conclusion, volumetry of the adrenal glands provides no additional value to current
routine assessment of adrenal size for subtyping patients with PA, nor in predicting
outcome after ADX.
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SUPPLEMENTAL TABLES
Table S1. Different CT-scanners that were used for the adrenal CT-scans
Manufacturer

Number of patients

Models

Siemens

78

Sensation 64 (n=71), Sensation 16 (n=1), Definition (n=3),
Somatom Definition AS+ (n=1), Somatom Definition Edge
(n=1), Somatom Definition Flash (n=1)

Toshiba

77

Aquillion One (n=76), Asteion (n=1)

Philips

21

Brilliance 64 (n=16), Mx 8000 (n=3), Brilliance 16 (n=1), iCT
256 (n=1)

GE Medical Systems

4

Brightspeed (n=2), Lightspeed (n=2)

3

Table S2. Comparison adrenal volumes of healthy participants with published norm values
Measured volume in ml
(mean ± SD)

Published norm
volume in ml (mean)

P-value

10

4.96 ± 1.51

3.97

NS

10

5.40 ± 1.64

5.18

NS

Female

10

3.47 ± 0.70

2.95

0.042

Left

Female

10

4.12 ± 1.65

4.19

NS

Right

Both

20

4.22 ± 1.38

3.46

NS

Left

Both

20

4.76 ± 1.73

4.69

NS

Both

Male

20

5.18 ± 1.55

4.58

NS

Both

Female

20

3.79 ± 1.28

3.57

NS

Both

Both

40

4.49 ±1.57

4.07

NS

Side

Gender

n (adrenals)

Right

Male

Left

Male

Right

Measured adrenal volumes of 20 participants without adrenal disease on CT-scan.
SD=standard deviation. NS=not significant (p>0.05)
Table S3. Size of the contralateral adrenal in PA patients with unilateral disease compared to adrenal size
in healthy subjects
Contralateral
adrenal
Men
Women

n

Volume (ml)
PA patients

Volume (ml)
healthy subjects

Mean difference (ml)
(95% CI)

Right

42

5.04 ± 1.31

3.97 ± 1.12

1.07 (0.67 to 1.48)

Left

22

7.06 ± 2.60

5.18 ± 1.57

1.88 (0.72 to 3.03)

Right

14

3.97 ± 1.23

2.95 ± 2.95

1.02 (0.31 to 1.74)

Left

10

3.67 ± 1.04

4.19 ± 1.67

-0.52 (-1.27 to 0.26)

PA, primary aldosteronism
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Primary aldosteronism (PA) is a common cause of endocrine hypertension in which two
main subtypes are distinguished: bilateral adrenal hyperplasia (BAH) and aldosteroneproducing adenomas (APA).1 Computed tomography (CT) and adrenal vein sampling
(AVS) are used to differentiate between these subtypes. There are two basic conditions
for AVS. First, aldosterone concentrations should be corrected for peripheral blood
admixture by normalizing for cortisol concentration. Second, it is assumed that either
adrenal is drained by one vein. Thus aldosterone hypersecretion, indicated by a much
higher aldosterone-to-cortisol ratio, is observed in one (in the case of APA) or both
(for BAH) veins. In this report we describe a patient with PA and initially bilaterally
suppressed aldosterone secretion who turned out to have a pedunculated adrenal
tumor secreting aldosterone through an accessory vein.
A 53-year-old male was referred for PA. Six years earlier, therapy-resistant hypertension
and spontaneous hypokalemia occurred. The aldosterone-to-renin ratio was increased
and a subsequent salt loading test confirmed the diagnosis of PA. Because of bilaterally
normal adrenals on CT-scan, the patient had been treated with a mineralocorticoid
receptor antagonist until referral.
We then performed sequential AVS with continuous ACTH infusion (50 mcg/hr)2
to reassess whether the patient was eligible for adrenalectomy. A first AVS was
unsuccessful, based on two attempts to catheterize the right adrenal vein revealing
cortisol concentrations not significantly higher than those in a peripheral vein. A
second AVS was successful with bilaterally selective cannulation. Remarkably, both
aldosterone-to-cortisol ratios were significantly lower than in the peripheral vein (Table
1). We excluded concurrent autonomous cortisol secretion with a 1 mg dexamethasone
suppression. Since use of metanephrine provides a useful alternative to assess
selectivity,3 we then measured concentrations of metanephrine and aldosterone in
all blood samples from the first non-selective AVS. Metanephrine concentrations
supported the non-selectivity at the right side of the first AVS (Table 1). Surprisingly,
in both right-sided blood samples aldosterone concentrations were exceptionally high
(Table 1).
A repeated inspection of the AVS images showed that those samples had been derived
from an extra vein entering the inferior vena cava dorsally (Figure 1A). In addition, on
the CT images that vein was connected to an oval structure located just above the right
adrenal gland, measuring 18x23mm (Figure 1C). This structure had been interpreted
as a protrusion of the liver.
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Table 1. Results of cortisol, aldosterone and metanephrine concentrations as measured in blood during
both AVS procedures.
AVS

Location

Cortisol
(umol/l)

Aldosterone Metanephrine Cortisol
(nmol/l)
(pmol/l)
CV/PVa

Aldosterone Metanephrine
/cortisol
CV/PVb

1.1

LAV

8.7

1.2

2

34.2

9095

10.9

3.9

47.1

Right
0.81
(extra vein)c

171

313

1.0

na

1.6

PV

0.80

19.8

193

na

24.8

na

LAV

15.7

36.7

14565

15.5

2.3

>86.7

Right
1.26
(extra vein)c

212

541

1.24

na

3.22

PV

1.01

24.3

<168

na

4.6

na

LAV

15.9

35.3

13393

12.3

2.2

37.4

RAV

42.0

100.3

20348

32.6

2.4

56.8

PV

1.29

18.6

358

na

14.4

na

1.1= first AVS, first attempt; 1.2= first AVS, second attempt; 2= second AVS. cortisol CV/PV ≥ 3
indicates selective catheter positioning in adrenal vein; b metanephrine CV/PV ≥ 12 indicates selective
catheter positioning in adrenal vein; c vein draining APA. AVS= adrenal vein sampling; CV= cannulated
vein; LAV= left adrenal vein; RAV = right adrenal vein; PV = peripheral vein; na= not applicable.
Conversion factors to metric units: cortisol umol/L to ug/dL, 36.25; aldosterone nmol/L to ng/dL, 36.05;
metanephrine pmol/l to pg/mL, 0.1972.
a

Figure 1. A: First adrenal vein sampling (AVS) image showing contrast enhanced blood flow in right-sided aldosterone-producing tumor (white arrow). B: Second AVS procedure image showing contrast
enhanced blood flow in right adrenal gland (white arrow). White dotted line = upper level of Th11.
C: CT-scan (coronal plane) showing normal adrenal gland (white arrow) and aldosterone producing
tumor (black arrow).
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We assumed that PA was caused by an extra-adrenal aldosterone-producing tumor.
The patient underwent retroperitoneoscopic surgery and the tumor was visible
craniomedially of the right adrenal gland with a fragile vein draining into the inferior
vena cava. During surgery the adrenal itself and the tumor were removed en bloc
as they appeared to be connected. Microscopic pathological examination revealed
a small tissue bridge between the tumor and the adrenal gland (Supplementary
Figure 1). The tumor had all characteristics of a benign adenoma. The adrenal itself
showed no abnormalities. Immunohistochemical staining of the tumor was positive
for both CYP11B1 and CYP11B2. Genetic analysis indicated a somatic ATP2B3 mutation
(c.1269_1274del (p.(Leu425_Val426del))).
Post-operatively, the patient had a normal blood pressure with nifedipine SR 60 mg
daily. He was in complete biochemical remission (normal potassium concentration and
salt loading test one year after operation).
Steroid profiling of blood obtained during the second attempt of the first AVS showed
in addition to the high aldosterone concentration a high testosterone concentration in
the vein draining the pedunculated adenoma (Supplementary Table 1).
An extra-adrenal origin of PA is very rare (prevalence ˂0.5%).4 Most published case
reports describe aldosterone-producing ovarian tumors 5 or tumors originating
from adrenal remnants located within the kidney.4 One report describes an ectopic
aldosteronoma located superior to the adrenal gland, but unlike in our patient there
appeared to be no connection with the adrenal.6 In most cases the tumors were
considered as originating from ectopic adrenocortical tissue that has been migrated
with the gonads during embryological development, often consisting of adrenal cortexlike tissue only.7
In general, explanatory hypotheses of low aldosterone-to-cortisol ratios in adrenal veins
in PA are fluctuating aldosterone secretion, accidental super-selective cannulation of a
tributary vein draining only normal adrenal tissue, an ectopic production of aldosterone,
or anomalous anatomy of the adrenal veins.8 An anatomical study showed the presence
of duplicate right adrenal veins in 2 out of 83 cases, of which one emptied into the vena
cava and one joined an accessory hepatic vein.9
The adenoma contained a mutation in the ATP2B3 gene, which has been associated
with PA.10 It has been suggested that the steroid profile of the adrenal vein draining
an APA-containing gland is specific for the presence of somatic mutations.10 In such
cases non-adenomatous tissue also contributes to this profile. However, in this unique
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case we have been able to specifically assess the steroids produced by an adenoma.
We show that other steroid-generating enzymes, for example 17-hydroxysteroiddehydrogenase, might be switched on as well, as exemplified by the increased
production of testosterone. One other case of co-production of testosterone by an
APA has been reported. This tumor, in contrast to our case, also produced cortisol.11
Immunohistochemical investigation revealed that the adenoma stained positive not
only for CYP11B2 but also for CYP11B1. This co-staining has been found in only 6% of
patients with PA caused by ATPase or CACNA1D mutations compared to 49% and 45%
in patients with a KCNJ5 mutant or wild-type tumor, respectively.12 Although positive
staining of CYP11B1 in APAs is associated with higher concentrations of cortisol after
1 mg dexamethasone overnight, only a minority of these patients have (subclinical)
Cushing’s syndrome.13 In our patient the results of the 1 mg dexamethasone test and
the low cortisol concentrations in the vein draining the adenoma indicate the absence
of significant cortisol production by the adenoma.
In conclusion, this case demonstrates that the combination of a CT-scan and AVS may
not immediately succeed in localizing the source of aldosterone excess. Bilaterally
low concentrations of aldosterone relative to cortisol in AVS may indicate a missed
unilateral accessory vein on one side. Awareness of the possibility of abnormal anatomy
is essential for correct interpretation of AVS results.
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SUPPLEMENTAL DATA

Figure S1. Elastica van Masson staining showing tissue bridge between adrenal gland (A) and adenoma
(B) surrounded by the capsule (C), original magnification x 50.
Table S1. Steroid profile first AVS procedure, second attempt.
Steroid
Aldosterone
Cortisol
Androstendione
Corticosterone
Cortisone
11-Deoxycorticosterone
11-Deoxycortisol
DHEA
DHEAS
17-Hydroxyprogesterone
Progesterone
Testosterone
Pregnenolone
21-Deoxycortisol
18-Hydroxyortisol
18-Oxocortisol

LAV
(ng/ml)
9.38
4080
74.50
1610.0
87.6
51.50
89.40
272.00
1470
338.00
156.00
2.97
1580.00
33.70
19.10
2.05

Right (extra vein)*
(ng/ml)
30.45
555
5.75
126.5
36.9
22.10
9.45
18.50
1430
23.15
9.75
38.35
87.00
2.66
9.95
3.58

PV
(ng/ml)
7.46
444
2.48
59.0
23.2
4.89
4.01
6.58
1520
8.13
3.28
3.26
40.30
1.32
4.69
1.31

Right/
LAV
3.246
0.136
0.077
0.079
0.421
0.429
0.106
0.068
0.973
0.068
0.063
12.91
0.055
0.079
0.521
1.746

Right/
PV
4.082
1.250
2.319
2.144
1.591
4.519
2.357
2.812
0.941
2.847
2.973
11.76
2.159
2.015
2.122
2.733

AVS= adrenal vein sampling, LAV= left adrenal vein, PV= peripheral vein. AVS was performed with
continuous ACTH stimulation. * vein draining tumor
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ABSTRACT
The aim of this review was to determine the impact of primary aldosteronism on healthrelated quality of life (HRQoL) and mental health.
We performed a systematic literature search up to July 2017 in six electronic databases.
Firstly, we screened the articles derived from this search based on title and abstract.
Secondly, the selected studies were systematically reviewed and checked for our
predefined inclusion criteria.
The search yielded 753 articles, of which 15 studies met our inclusion criteria. Untreated
patients with primary aldosteronism showed an impaired physical and mental HRQoL
as compared to the general population. Multiple domains of HRQoL were affected. This
applied to patients with both an aldosterone-producing adenoma and bilateral adrenal
hyperplasia. Adrenalectomy improves HRQoL. Conflicting results have been reported on
the extent of this improvement, the improvement after initiation of medical treatment,
and whether there is a difference in HRQoL after both treatments.
Similarly, psychopathological symptoms of anxiety, demoralization, stress, depression
and nervousness were more frequently reported in untreated patients with primary
aldosteronism than in the general population and patients with hypertension. Also
an impaired sleep quality has been reported. Improvement of these symptoms was
observed after treatment with both adrenalectomy and mineralocorticoid receptor
antagonists.
This review shows that HRQoL is impaired and psychopathology is more frequently
reported in patients with primary aldosteronism. This seems to be at least partly
reversible after treatment but the extent of improvement remains unknown. To assess
HRQoL in these patients more precisely a primary aldosteronism-specific HRQoL
questionnaire is required.
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INTRODUCTION
Primary aldosteronism (PA) is an endocrine disorder, defined by a relatively autonomous
adrenal hypersecretion of aldosterone. PA is an important cause of secondary
hypertension, affecting up to 10% of hypertensive patients.1 Generally, two causes of
PA are distinguished to guide optimal treatment: an aldosterone-producing adenoma
(APA ) and bilateral adrenal hyperplasia (BAH).1 APA is mostly treated by adrenalectomy
(ADX), which can lead to cure or clinical improvement.2-5 In case of BAH, medical
treatment with mineralocorticoid receptor antagonists (MRAs) is indicated, which is
highly effective to reduce blood pressure and treat hypokalemia.2,6 Previous studies
observed that health-related quality of life (HRQoL) is impaired in patients with PA.7,8 PA
is also associated with psychopathology.9 Both aspects seem to be somewhat neglected
in clinical care, although very relevant to patients and therefore appropriate outcomes
to assess therapeutic effects. We aimed to systematically review the extent of HRQoL
impairment and the mental state in patients with PA, including the effects of treatment.

5

METHODS
In this systematic review we adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).10 Methods and inclusion criteria were specified
in advance and documented in a protocol. The protocol for this review was published
in PROSPERO international prospective register of systematic reviews (registration
number: CRD42016045882).

Information sources and search strategy
We identified studies that examined HRQoL or mental health in patients with PA
by searching electronic databases. Via Ovid we searched Embase (1974 - present),
PsychInfo (1806 - present) and Pubmed (1946 - present). Additionally we searched
Web of Science (1945 - present), Cochrane Library, including Cochrane Central Register
of Controlled Trials (CENTRAL), and Cinahl (1981-present, EBSCOhost). The last search
was run on the 27th of July 2017. Our search consisted of terms for PA on one hand and
HRQoL or mental health on the other hand. We used synonyms, Mesh terms (Medline)
and headings (Embase and Cinahl), and applied no limits or publication date restrictions.
We excluded duplicates. Detailed search strategies can be found in the Supplemental
data. We designed the search together with an expert reference librarian, who also
conducted the search. Finally, we cross-checked reference lists of included articles and
of excluded reviews.
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Types of studies and participants
We included studies if: (1) they addressed adult (≥ 18 years) patients with PA, (2) HRQoL
or mental disorders or symptoms were assessed, (3) the publication was an original
article, (4) full text was retrievable, and (5) written in English. We excluded studies if: (1)
patients suffered from a familial form of PA, i.e. Familial Hyperaldosteronism I, II or III,
(2) the cause of aldosteronism was an adrenal carcinoma, or (3) case-reports in which
no assessment of symptoms after treatment was done. Considering the low number
of eligible studies and in order to give a complete overview, we included conference
abstracts. When the studies in these abstracts were also published in a full-text article,
we only included the full-text article.
Selection procedure and data extraction
Firstly, we assessed eligibility based on title and abstract. Secondly, we screened
remaining full-text articles for final inclusion (Figure 1). We extracted the following
data: sample size, gender distribution, mean age, disease status (untreated, post-ADX or
on MRA-based treatment), design, questionnaire(s) and outcome (or mental symptoms
in case reports). MV and VB screened titles and abstracts; from these possibly eligible
papers full-text versions were obtained and then MV, AN and VB assessed these articles
for inclusion. AN and VB extracted the data independently. MV, VB, and AN resolved
inconsistencies by discussion. If we could not reach agreement, a senior author decided
(JD). Moreover, we contacted four authors of included studies for further information
about their studies.
Quality assessment
Based on established criteria11 we assessed the methodological quality of the selected
studies (see Table S1 for the list of criteria). If an item was not properly described, we
gave zero points. The maximal score was 12. We arbitrarily divided the scores in three
categories; we considered studies scoring 9 points or more to be of adequate quality,
studies scoring in the range of 6 to 8 points were assigned to the category of moderate
quality, and scores below 6 indicated low quality. The methodological quality of the
selected case reports was separately assessed by the JBI Critical Appraisal Checklist
for Case Reports.12
Quality scores were not part of our inclusion criteria because of the small number of
eligible studies.
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RESULTS
Study selection and characteristics
After exclusion of duplicates the initial search identified 753 studies of which we selected
34 studies based on title and abstract. After detailed assessment we excluded 19 articles
for various reasons (Figure 1). A total of 15 articles were eligible for inclusion in this
review. Selection procedure is summarized in Figure 1. We included both prospective
and cross-sectional studies. Seven studies assessed HRQoL by a general questionnaire
in patients with PA. Five studies evaluated the prevalence of mental disorders or
symptoms in patients with PA by using a questionnaire. Of these twelve studies in
three studies only a conference abstract was available.13-15 Moreover, we found three
case reports describing mental symptoms.

5

Figure 1. Flow-diagram of article selection

Methodological quality assessment
We found quality scores in the range of 2 to 12 points with a mean score of 9.1 points
(Table 1, 2). One study was of low quality,15 three studies had a moderate quality9,13,14
and eight studies had an adequate quality.7,8,16-21 The main weaknesses were a small
study size, missing description of inclusion/exclusion criteria and a cross-sectional
design. The three case reports scored between 50% and 75%22-24 on the checklist (Table
3). The overall appraisal of these case reports was adequate.
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C-S

PS

C-S

Künzel et al., 201218

Dekkers et al., 201621

Christakis et al., 201716

Citton et al., 2016

PS

96

16

38

184

100

21

22

Na

na

17/21

144/40

63/37

7/14

14/8

APA

APA

APA

PA

PA

BAH

APA

Gender (M/F) Diagnosis

SF-12

German reference
population

Baseline

Patients with a nonsecreting adrenal
tumor

Baseline

Patients showed an impaired HRQoL; 3 and
6 months after adrenalectomy HRQoL scores
were improved.
Patients showed an impaired HRQoL; after 6
months of treatment with mineralocorticoid
receptor antagonist HRQoL was improved.
Both for treated (mineralocorticoid receptor
antagonist or adrenalectomy) and untreated
patients lower HRQoL scores were reported.
One year after treatment with adrenalectomy
HRQoL scores improved. In patients who
were treated with mineralocorticoid receptor
antagonists HRQoL scores did not improve.

Results

SF-36

SF-36,
DS

9

12

9

10

11

Quality
score*

No differences with controls were found. One
month after adrenalectomy mental HRQoL
7
and depression scores were improved and
physical HRQoL scores had worsened.
Improvement in 8 domains when
hypertension existed < 10 years vs in 4
8
domains when it existed > 10 years.

General health
score,
Improvement of general health and decrease
Symptom
in symptoms after a median of 28.9 months.
severity score†

RAND-36

SF-36

Australian reference
population

Baseline

SF-36

Scale

Australian reference
population

Control group

PS = prospective study, C-S = cross-sectional study, na = not available, APA = aldosterone-producing adenoma, BAH = bilateral adrenal hyperplasia, PA = primary
aldosteronism, SF-36 = Medical Outcomes Study Short Form 36 General Health Survey, SF-12 = short version of SF-36, DS = Depression Scale, RAND-36 = RAND 36Item Health Survey, HRQoL = health-related quality of life. * Quality assessment based on items presented in Table S1 (maximal score 12 points), † Self-established.

Kawasaki et al., 201714

13

PS

PS

Ahmed et al., 20117

Conference abstract

PS

Design N

Sukor et al., 20108

Full text publication

Study

Table 1. Studies assessing health-related quality of life in patients with primary aldosteronism
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na

51/30

8/7

APA

PA

PA

PA

PA

PA

Baseline

Long-term followup

Baseline

German reference
population

Patients with
essential HT and
normotensive
controls

Results

STAI, SDS, YG

11

11

10

10

7

Quality
score

A month after therapy for APA* a decrease in the
amount of abnormal scores for anxiety, depression 3
and nervousness was observed.

General anxiety disorder and demoralization seem
common in patients with PA.
Patients with PA suffer more frequently from an
anxiety disorder and high levels of stress compared
DSM-IV, DCPR, to patients with essential HT and normotensive
PSI, SQ
controls. Various psychological syndromes are more
frequently reported in patients with PA compared
to normotensive controls.
Patients with PA reported higher levels of
GAD-7, PHQD anxiety and depression compared to the general
population.
Untreated patients with PA reported lower sleep
quality. After initiation of treatment (adrenalectomy
ESS,
or mineralocorticoid receptor antagonists) the level
GBB-24
of daytime sleepiness did not change, whereas
scores for exhaustion tendency improved.
Treated PA patients reported poor sleep quality.
ESS, GBB-24,
The sleep quality did not significantly change in
PSQI
1.4±0.6 years in patients treated for 5.3±3.6 years.

Scale

General population DSM-IV, DCPR

Control group

PS = prospective study, C-S = cross-sectional study, na= not available, APA = aldosterone-producing adenoma, PA = primary aldosteronism, HT = hypertension,
DSM-IV = Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, DCPR = Diagnostic Criteria for Psychosomatic Research,
PSI = Psychosocial Index, SQ = Symptom Questionnaire, GAD-7 = General anxiety disorder questionnaire, PHQD = Patient Health Questionnaire Depression,
ESS = Epworth Sleepiness Scale, GBB-24 = Giessen Complaint List, PSQI = Pittsburgh Sleep Quality-Index, STAI = psychological test or anxiety, SDS = psychological test
for depression, YG = Yatabe-Gilford psychological test for both depression and nervousness. * Tumor resection or transcatheter adrenal arterial embolization. Quality
assessment based on items presented in Table S1 (maximal score 12 points). For one additional study concerning depression scores see Table 1, Citton et al.13

Tsuchimochi et al.,
200115

PS
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Conference abstract

12/11

5/5

Gender (M/F) Diagnosis

132 82/50

Hanusch et al., 201417 PS

C-S

Apostolopoulou et
al., 201420

23

15

C-S

Sonino et al., 201119

10

N

Hanusch et al., 201417 PS

C-S

Design

Sonino et al., 20069

Full text publication

Study

Table 2. Studies measuring occurrence of mental disorders or symptoms in patients with primary aldosteronism
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Table 3. Case reports reporting mental disorders and symptoms in patients with PA.
Study

Patient

Symptoms

Quality
score (%)*

Malinow et al., 1979 24 29-year-old female Insomnia, despondency, tearfulness, anorexia 63
Khurshid et al., 2005 23 44-year-old male

Decreased energy, insomnia, decreased
interest in previously pleasurable activities,
depression, anxiousness

75

Houlihan et al., 2011 22 51-year-old male

Irritable mood, escalating episodes of rage,
anxiety

75

* Quality assessment based on the JBI Critical Appraisal Checklist for Case Reports.

Health-related quality of life
Seven studies, of which five prospective7,8,13,14,21 and two cross-sectional,16,18 reported
the outcome of HRQoL in patients with PA (Table 1). Two prospective studies showed
that untreated patients with APA8 and untreated patients with BAH7 reported lower
mental and physical HRQoL than the general population on four domains of the SF-36:
physical functioning, role limitations due to physical health problems, general health
perceptions and vitality. Subtype of PA was not associated with HRQoL scores at
baseline. An improvement in HRQoL to the level of the general population at three and
six months after (initiation of) treatment was observed, except for medically treated
patients after three months of follow-up. The HRQoL was better in patients three
months after ADX than in medically treated patients for five domains.7 At six months,
only the difference in the score for role limitations due to emotional problems persisted.
Furthermore, Kawasaki et al. described an increase in HRQoL 6 months after ADX in
at least four domains with duration of hypertension being negatively associated.14 In
agreement, Christakis et al. reported an improvement in self-reported general health
and a decrease in a self-established symptoms severity score after ADX.16
Künzel et al. showed also an impaired HRQoL in patients with PA (untreated and treated
patients combined, mean follow-up after ADX 4.3 years and for patients on MRAs 5.4
years) compared to the general population.17 No difference in HRQoL was reported
between the three treatment groups (untreated, surgical and medical treatment). When
analyzing both genders separately, treated women scored higher on the mental scale
than untreated women. The physical HRQoL was higher in patients after ADX than in
patients on medical treatment. Another prospective study showed an improvement in
the mental component of HRQoL, but a decrease in the physical component one month
after ADX.13 No differences with the control group (non-secreting adrenal adenoma)
were found. Moreover, in a cohort of 184 patients with PA it was demonstrated that
the HRQoL had significantly improved at one year after ADX, while this improvement
was not seen in patients who were using MRAs. The specific scores of the HRQoL
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questionnaires are reported in Table S2. Because of high heterogeneity in questionnaires
among studies, we could not perform a meta-analysis.

Mental health
Two prospective15,17 and three cross-sectional studies9,19,20 assessed the presence of
mental disorders or symptoms in patients with PA (Table 2). For this assessment twelve
different questionnaires were used. Detailed assessment of occurrence of different
mental disorders is summarized in Table S3. In a prospective study a decrease in the
number of abnormal scores for anxiety, depression and nervousness one month after
therapy for APA (tumor resection or transcatheter adrenal arterial embolization) was
found.15 Hanusch et al. demonstrated more daytime sleepiness, higher exhaustion
tendency and poor sleep quality in untreated patients with PA.17 After initiation of
MRA-based treatment or ADX, exhaustion tendency significantly improved, but no
difference was reported for daytime sleepiness. Moreover, in another cohort of treated
patients with PA described in this article, all three measures concerning sleep quality
did not change in a mean time of 1.4 years in patients treated for 5.3 years on average.
However, sleep quality was poor on both time points. Moreover, the scores were similar
for patients treated with MRAs and ADX.
Sonino et al. observed a high prevalence of generalized anxiety disorder and
demoralization in untreated patients with PA compared to the general population.9 The
same group found also a higher prevalence of anxiety disorder in untreated patients with
PA compared with patients with essential hypertension and normotensive controls.19
Irritable mood was reported more frequently in patients with PA than in normotensive
controls. The use of self-rating scales showed that patients with PA had higher levels
of psychological distress, anxiety, depression and somatization and a lower level of
well-being compared to normotensive controls. Moreover, patients with PA showed
more stress than normotensive controls and patients with hypertension. The last crosssectional study showed that untreated patients with PA reported higher values for
anxiety and depression compared to the general population.20 Patients treated by ADX
(mean follow-up of 4.3 years) showed similar depression scores compared to the general
population, but they scored higher for anxiety. In patients on MRA-based treatment
(mean follow-up 5.4 years) both anxiety and depression were more prevalent. No
significant differences were found between the three investigated groups.
In one of the HRQoL studies also depression symptoms were assessed.13 These
symptoms decreased after ADX, but were not different from patients with a nonsecreting adrenal adenoma (Table 1).
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Case reports
Three case reports described mental disorders or symptoms in patients with PA22-24
(Table 3). They showed the presence of depression, anxiety, insomnia, tearfulness
and irritable mood. Two case reports described normalization of blood pressure and
aldosterone levels and disappearance of these symptoms after adrenalectomy.22,24
Another case report demonstrated the improvement of symptoms two months after
initiation of spironolactone.23
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DISCUSSION
In this systematic review we confirmed that both physical and mental HRQoL are
impaired in newly diagnosed patients with PA, and that this was the case in both
subtypes APA and BAH. ADX clearly improves HRQoL, while for MRA-based treatment
results are conflicting. Secondly, various mental disorders are associated with PA, which
seem to be reversible as well.
The impaired HRQoL might be explained by PA-associated physical symptoms (e.g.
muscle cramps and muscle weakness due to hypokalemia, fatigue, headache, side
effects of MRAs such as gynecomastia and menstrual disturbances), PA-associated
mental symptoms and disorders, and symptoms resulting from cerebrovascular
complications or events.1,25 In PA patients cardiovascular complications which might
result in a reduction of HRQoL, such as stroke and myocardial infarction, are more
prevalent than in patients with essential hypertension.26 However, whether this is
an important aspect is questionable, considering the normalization of HRQoL after
adrenalectomy 8. Therefore it is important to additionally assess these specific issues in
patients with PA when addressing HRQoL. For this reason it is usually recommended that
a generic HRQoL questionnaire is combined with a disease-specific HRQoL questionnaire
in order to assess HRQoL more precisely. So far, a PA-specific HRQoL questionnaire
is lacking, unlike in other endocrine diseases.27-30 Christakis et al. tried to overcome
this by establishing a symptom severity score specifically for PA assessing difficulties
in performing nine common daily tasks.16 However, this symptom severity score has
not been developed as recommended for HRQoL31 questionnaires and has not been
validated.
This review shows that data on HRQoL in PA are scarce and inconsistencies are
present regarding improvement after treatment. To explore this treatment effect
more large prospective studies with a universal follow-up of six to twelve months are
needed including assessment of disease-specific symptoms using a PA-specific HRQoL
questionnaire. Future studies should also assess well-being, as this is an important
aspect of health, closely related to HRQoL.32 It appeared to be impaired in the only
study assessing well-being.19
For mental disorders, different prevalences were reported, probably mainly due
to the heterogeneity in questionnaires that were used. For example, differences in
clinimetric aspects (self-reported versus clinician-reported, unidimensional versus
multidimensional scales, etc.) between these questionnaires might influence outcome.33
Together with a variety in control groups this resulted in low comparability of included
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studies. Nonetheless, the prevalence of depression and anxiety disorder seems to be
higher than in the general population. There are only two small prospective studies
documenting a reduction in mental symptoms after treatment. To examine the effect
of treatment large prospective studies are needed, assessing mental health in a similar
way.
The lower sleep quality in patients with PA might be associated with the high prevalence
of obstructive sleep apnea in PA. A correlation was observed between plasma
aldosterone concentration and severity of obstructive sleep apnea.34
The impairment in mental health and HRQoL might be explained by the effect of
aldosterone in the central nervous system. Animal studies showed the presence of the
mineralocorticoid receptors in the brains of rats,35 the ability of hippocampal neurons to
produce aldosterone36 and the sensitivity of specific neurons to aldosterone.37 Changes
in aldosterone levels might lead to alterations in central nervous system output and
thereby disturbed psychological function. Administration of aldosterone in rats caused
anxiety-like behavior,38 whereas administration of an MRA was observed to result in
anxiolytic effects.39 Administration of angiotensin-converting enzyme inhibitors and
angiotensin II receptor blockers has been reported to have anxiolytic effects and
improve mood in humans.40,41 MRAs probably also counteract the aldosterone effect
in the central nervous system to a great extent. On the other hand, side effects may
influence HRQoL negatively.42
When evaluating the outcomes of this review, a few limitations should be taken into
account. First of all, data on HRQoL and mental health in patients with PA are limited.
For that reason we decided to include also conference abstracts, although not all
information on study design and analysis was available. Secondly, in some studies
the numbers of included patients were small, data were not prospectively collected,
and information on analysis was lacking resulting in a moderate methodological study
quality. Thirdly, as mentioned earlier, there is a great heterogeneity among studies,
for example in follow-up period. One study measured HRQoL one month after ADX.15
A change in physical health so short after surgery is probably directly related to the
recent surgery itself and is not comparable to the outcomes of the other studies with
a prolonged follow-up period for three months to one year. Finally we would like to
emphasize that HRQoL and mental health, despite being different concepts, have
important overlap. For example, suffering from depression obviously impairs HRQoL.
Since we observed an impaired HRQoL and mental health in patients with PA,
physicians should be aware of the existence of these problems in their patients with
80
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PA. Furthermore the development of a PA-questionnaire is urgently needed for a more
specific assessment of disease- and treatment related symptoms.
Despite a limited number of studies, we can conclude that HRQoL and mental health
is clearly impaired in patients with PA. Fortunately, ADX improves both HRQoL and
mental health. For the effect of MRAs more research is needed. To evaluate HRQoL
more thoroughly, development of a PA-specific HRQoL questionnaire is required.
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SUPPLEMENTAL DATA
Search strategy
PubMed
(hyperaldosteronism[mesh] OR aldosteronism[tiab] OR aldosterone oversecretion[tiab]
OR hyperaldosteronism[tiab] OR hyper-aldosteronism[tiab] OR hyperaldosteron*[tiab]
OR hyper-aldosteron*[tiab] OR aldosterone-producing adenoma[tiab] OR bilateral
adrenal hyperplasia[tiab] OR aldosteronoma[tiab] OR conn syndrome[tiab] OR
conn’s syndrome[tiab] OR conns syndrome[tiab] OR conn disease[tiab] OR conn’s
disease[tiab] OR conns disease[tiab]) AND (quality of life[mesh] OR quality of life[tiab]
OR life quality[tiab] OR qol[tiab] OR HRQoL[tiab] OR health status[tiab] OR daily
functioning[tiab] OR daily routine[tiab] OR well-being[tiab] OR wellbeing[tiab] OR
life qualities[tiab] OR life satisfaction[tiab] OR surveys and questionnaires[mesh]
OR questionnaire[tiab] OR patient-reported outcome[tiab] OR patient-reported
outcomes[tiab] OR psychiatry[mesh] OR psychiatric[tiab] OR psychological[tiab] OR
psychosomatic*[tiab] OR psycho-somatic*[tiab] OR psychosocial[tiab] OR psychosocial[tiab] OR neuropsych*[tiab] OR neuro-psych*[tiab] OR emotions[mesh] OR
depression[mesh] OR depressive disorder[mesh] OR mood disorders[mesh] OR
depression[tiab] OR depressive symptoms[tiab] OR depressive disorder[tiab] OR
anxiety[mesh] OR anxiety disorders[mesh] OR anxiety[tiab] OR irritable mood[mesh]
OR mood[tiab] OR anger[mesh] OR angry[tiab] OR anger[tiab] OR aggression[mesh]
OR aggressiveness[tiab] OR agressiveness[tiab] OR aggression[tiab] OR agression[tiab]
OR aggressive[tiab] OR agressive[tiab] OR irritability[tiab] OR irritation[tiab] OR
rage[tiab] OR attention[mesh] OR impaired concentration[tiab] OR attention[tiab] OR
somatoform disorders[mesh] OR somatoform disorder[tiab] OR somatization[tiab] OR
somatisation[tiab] OR demoralization[tiab] OR mental health[mesh] OR mental[tiab])
Web of Science
TS=(hyperaldosteronism OR aldosteronism OR “aldosterone oversecretion” OR
“aldosterone-producing adenoma” OR hyper-aldosteronism OR hyperaldosteron*
OR hyper-aldosteron* OR “aldosterone-producing adenoma” OR “bilateral adrenal
hyperplasia” OR aldosteronoma OR “conn syndrome” OR “conn’s syndrome” OR
“conns syndrome” OR “conn disease” OR “conn’s disease” OR “conns disease”) AND
TS= (“quality of life” OR “life quality” OR qol OR HRQoL OR “health status” OR “daily
functioning” OR “daily routine” OR well-being OR wellbeing OR “life qualities” OR “life
satisfaction” OR questionnaire OR “patient-reported outcome” OR “patient-reported
outcomes” OR psychiatric OR psychological OR psychosomatic* OR psycho-somatic*
OR psychosocial OR psycho-social OR neuropsych* OR neuro-psych* OR depression
OR “depressive symptoms” OR “depressive disorder” OR anxiety OR mood OR angry
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OR anger OR aggressiveness OR agressiveness OR aggression OR agression OR
aggressive OR agressive OR irritability OR irritation OR rage OR “mental disorders” OR
“impaired concentration” OR attention OR “somatoform disorder” OR somatization OR
somatisation OR demoralization OR mental)

EMBASE
(hyperaldosteronism/ or primary hyperaldosteronism/ OR (aldosteronism or
“aldosterone oversecretion” or hyperaldosteronism or hyperaldosteron* or “hyperaldosteronism” or “aldosterone-producing adenoma” or “bilateral adrenal hyperplasia”
or hyper-aldosteron* or aldosteronoma or “conn syndrome” or “conn’s syndrome” or
“conns syndrome” or “conn disease” OR “conn’s disease” or “conns disease”).ti,ab,kw.)
AND (wellbeing/ OR “psychological well being”/ or “quality of life assessment”/ or
“health assessment questionnaire”/ OR questionnaire/ OR “international classification
of functioning, disability and health”/ or “short form 36”/ OR “general health status
assessment”/ or “functional status assessment”/ OR psychiatry/ OR emotion/ OR
“emotional disorder”/ OR depression/ OR mood/ OR “mood disorder”/ OR anxiety/
OR “anxiety disorder”/ OR irritability/ OR anger/ OR “mental irritation”/ OR rage/
OR aggression/ OR aggressiveness/ OR attention/ OR “mental concentration”/ OR
somatization/ OR “somatoform disorder”/ OR demoralization/ OR “mental disease”/
OR “psychosocial disorder”/ OR “mental instability”/ OR “thought disorder”/ OR
“cognitive defect”/ OR (“quality of life” OR “life quality” OR qol OR HRQoL OR “health
status” OR “daily functioning” OR “daily routine” OR “well-being” OR wellbeing OR
“life qualities” OR “life satisfaction” OR questionnaire OR “patient-reported outcome”
OR “patient-reported outcomes” OR psychiatric OR psychological OR psychosomatic*
OR “psycho-somatic*” OR psychosocial OR “psycho-social” OR “social determinants of
health” OR neuropsych* OR “neuro-psych*” OR depression OR “depressive symptoms”
OR “depressive disorder” OR “affective disorder” OR “affective disorders” OR anxiety
OR mood OR angry OR anger OR aggressiveness OR agressiveness OR aggression
OR agression OR aggressive OR agressive OR irritability OR irritation OR rage OR
“impaired concentration” OR attention OR “somatoform disorder” OR somatization
OR somatisation OR demoralization OR mental).ti,ab,kw.)
PsycINFO
(aldosteronism or “aldosterone oversecretion” or hyperaldosteronism or “hyperaldosteronism” or hyperaldosteron* or “hyper-aldosteron*” or “aldosterone-producing
adenoma” or “bilateral adrenal hyperplasia” or aldosteronoma or “conn syndrome”
or “conn’s syndrome” or “conns syndrome” or “conn disease” OR “conn’s disease” OR
“conns disease”).ti,ab,id.
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Cochrane
(aldosteronism OR “aldosterone oversecretion” OR hyperaldosteronism OR hyperaldosteronism OR hyperaldosteron* OR hyper-aldosteron* OR “aldosterone-producing
adenoma” OR “bilateral adrenal hyperplasia” OR aldosteronoma OR “conn syndrome”
OR “conn’s syndrome” OR “conns syndrome” OR “conn disease” OR “conn’s disease”
OR “conns disease”) AND (“quality of life” OR “life quality” OR qol OR HRQoL OR “health
status” OR “daily functioning” OR “daily routine” OR well-being OR wellbeing OR “life
qualities” OR “life satisfaction” OR questionnaire OR “patient-reported outcome” OR
“patient-reported outcomes” OR psychiatric OR psychological OR psychosomatic*
OR psycho-somatic* OR psychosocial OR psycho-social OR neuropsych* OR neuropsych* OR depression OR “depressive symptoms” OR “depressive disorder” OR anxiety
OR mood OR angry OR anger OR aggressiveness OR agressiveness OR aggression
OR agression OR aggressive OR agressive OR irritability OR irritation OR rage OR
“impaired concentration” OR attention OR “somatoform disorder” OR somatisation
OR somatization OR demoralization OR mental)
CINAHL
(MH “hyperaldosteronism+”) OR TI (aldosteronism OR aldosterone oversecretion OR
hyperaldosteronism OR hyperaldosteron* OR hyper-aldosteronism OR aldosteroneproducing adenoma OR aldosteronoma OR bilateral adrenal hyperplasia OR conn
syndrome OR conn’s syndrome OR conns syndrome OR conn disease OR conn’s
disease OR conns disease) OR AB (aldosteronism OR aldosterone oversecretion OR
hyperaldosteronism OR hyperaldosteron* OR hyper-aldosteronism OR aldosteroneproducing adenoma OR aldosteronoma OR bilateral adrenal hyperplasia OR conn
syndrome OR conn’s syndrome OR conns syndrome OR conn disease OR conn’s
disease OR conns disease) AND (MH “quality of life+”) OR (MH “health status+”) OR
(MH “questionnaires+”) OR (MH “psychological well-being+”) OR (MH “psychosocial
aspects of illness+”) OR (MH “psychiatry+”) OR (MH “emotions+”) OR (MH “affective
disorders+”) OR (MH “affective symptoms+”) OR (MH “anxiety disorders+”) OR (MH
“anger+”) OR (MH “aggression+”) OR (MH “attention+”) OR (MH “mental health”)
OR (MH “mental disorders+”) OR TI (quality of life OR life quality OR qol OR HRQoL
OR health status OR daily functioning OR daily routine OR well-being OR wellbeing
OR life qualities OR life satisfaction OR questionnaire OR patient-reported outcome
OR patient-reported outcomes OR psychiatric OR psychological OR psychosomatic*
OR psycho-somatic* OR psychosocial OR psycho-social OR neuropsych* OR neuropsych* OR depression OR depressive symptoms OR depressive disorder OR anxiety
OR mood OR angry OR anger OR aggressiveness OR agressiveness OR aggression OR
agression OR aggressive OR agressive OR irritability OR irritation OR rage OR impaired
concentration OR attention OR somatoform disorder OR somatization OR somatisation
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OR demoralization OR mental) OR AB (quality of life OR life quality OR qol OR HRQoL
OR health status OR daily functioning OR daily routine OR well-being OR wellbeing
OR life qualities OR life satisfaction OR questionnaire OR patient-reported outcome
OR patient-reported outcomes OR psychiatric OR psychological OR psychosomatic*
OR psycho-somatic* OR psychosocial OR psycho-social OR neuropsych* OR neuropsych* OR depression OR depressive symptoms OR depressive disorder OR anxiety
OR mood OR angry OR anger OR aggressiveness OR agressiveness OR aggression OR
agression OR aggressive OR agressive OR irritability OR irritation OR rage OR impaired
concentration OR attention OR somatoform disorder OR somatization OR somatisation
OR demoralization OR mental)
Table S1. Assessment of methodological quality of studies on health-related quality of life and mental
disorders in primary aldosteronism
Positive with respect to:

Score

Study population
Description of sociodemographic data (e.g. age, gender etc.)

0/1

Description of at least 2 clinical parameters (e.g. diagnosis, type of treatment etc.)

0/1

Inclusion/exclusion criteria are described

0/1

Study size is consisting of at least 50 patients (arbitrarily chosen)

0/1

5

Study design
The process of data collection is described (e.g. interview or self-report)

0/1

A standardized or valid questionnaire is used

0/1

Time since diagnosis or treatment is given

0/1

Data is prospectively collected

0/1

Results
The results are compared with a control group/reference population and/or results are
compared with another time point

0/1

Mean, median, standard deviations or percentages are reported for the most important
outcomes measures

0/1

Analysis
Appropriate analysis of association

0/1

Statistical tests for the findings

0/1
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Questionnaire

SF-36

SF-36

Study

Sukor et al.,
2010 8

Ahmed et al.,
20117

Australian
reference
population

Australian
reference
population

Control group

77.0±20.6
62.5±40.6
73.3±25.5
64.6±19.0
72.7±38.0
81.3±18.4
72.4±12.7
45.2±19.5
72.4±15.5
57.4±32.7
72.9±20.0
60.4±9.5
73.0±22.6
83.9±13.7
72.5±15.6
52.3±15.2

Bodily pain
General health
perceptions
Role limitations due to
emotional health
Social functioning
Mental health
Vitality
Physical functioning
Role limitations due to
physical health problems
Bodily pain
General health
perceptions
Role limitations due to
emotional health
Social functioning
Mental health
Vitality

Pretreatment

Role limitations due to
physical health problems

Subgroup
Physical functioning

Outcome

Table S2. Specific outcomes health-related quality of life questionnaires

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

67.0±14.0

79.5±16.1

87.5±22.2

92.4±20.4

74.7±19.7

81.1±25.3

83.0±31.2

83.2±26.5

ADX

After treatment

60.9 ± 17.0

75.8 ± 14.1

88.1 ± 10.8

76.1 ± 21.4

72.0 ± 9.9

75.5 ± 16.3

73.8 ± 18.5

79.7 ± 10.1

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

MRA

0.001

ns

ns

ns

<0.001

ns

0.017

<0.001

<0.05

<0.05

ns

<0.05

<0.05

ns

<0.05

<0.05

p-value

Pre-treatment vs.
after treatment

65.6± 9.0

75.7± 6.7

86.0±21.3

84.6±31.0

73.8±19.2

79.1±31.9

84.5± 1.9

87.4±19.7

65.6±19.0

75.7±16.7

86.0±21.3

84.6±31.0

73.8±19.2

79.1±31.9

84.5±31.9

87.4±19.7

Controls

0.001

ns

ns

0.001

ns

ns

<0.001

<0.001

<0.001

ns

ns

ns

<0.05

ns

<0.001

<0.05

(p-value)

Pretreatment
vs. controls
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Before
treatment

SF-36

RAND-36

General health
score,
Symptom
severity score†

Citton et al.,
201613

Dekkers et al.,
201621

Christakis et
al., 201716

Before
treatment

Patients with a
non-secreting
adrenal tumor

n.a.

47.1(32.4-53.9) 53.1(46.1-5.9)
49.2(40.8-53.8) n.a.

ADX
MRA

15 (na)

Symptom severity
na

6 (na)

General health

na

n.a.

Mental component*

n.a.

<0.001

na

n.a.

na

<0.001

n.a.

9 (na)

<0.001

n.a.

n.a.

n.a.

n.a.

n.a.

49.8(41.8-4.5) ns

9 (na)

n.a.

ns

na

51.2(41.3-6.3) <0.001

<0.05

na

48.4(38.0-54.6) n.a.

n.a.

52.7±9.7

0.01

51.3±8.4

47.2(37.7-54.8) 54.2(46.2-58.0) n.a.

n.a.

48.6±6.8

<0.03

53.3±7.8

MRA

49.8 ± 9.6

50.3±11.1

ns

47.9±9.7

50.2±8.7

ADX

49.8 ± 9.8

50.6±9.9

ns

ns

Physical component*

36.4 ± 11.1

49.1±10.9

Controls

43.2±15.0

36.5±7.4

female

46.3 ± 10.4

47.5±8.4

p-value

Mental component*

49.6±11.7

male

MRA

ADX

After treatment

52.4±8.2

43.7±9.1

48.0±8.2

male
female

Pretreatment

Subgroup

Pre-treatment vs.
after treatment

Physical component*

Mental component*

Physcial component*

Outcome

SF-36 = Medical Outcomes Study 36 Short Form General Health Survey, SF-12 = short version of SF-36, RAND-36 = RAND 36-item Health Survey, ADX = adrenalectomy,
MRA = mineralocorticoid receptor antagonist, n.a. = not applicable, ns = not significant (≥0.05), na = not available. * The physical component and the mental component
summary are summations of the eight weighted subscale scores † Self-established. Values are reported as mean ± standard deviation or median (interquartile range) unless
stated otherwise.

Kawasaki et al.,
SF-36
201714

Before
treatment

SF-12

German
reference
population

Künzel et al.,
201218

Control group

Questionnaire

Study

Table S2. (Continued)

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

ns

ns

<0.001

ns

ns

ns

(p-value)

Pretreatment
vs. controls
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Table S3. Detailed assessment mental disorders before and after treatment
Study

Patients

N

Depression

Anxiety

N

%

N

Panic disorder
N

%

Tsuchimochi et al., 200115

U

6

1

16.7

5

83.3

na

na

Sonino et al., 20069

U

10

1

10

6*

60*

1

Sonino et al., 201119

U

23

5

21.7

7*

30.4*

2

8.7

U

20

10

50

10

50

na

na

52

22

42

25

48

na

na

ADX

45

16†

38

20

44

na

na

General
population

6646

1243

18.7

1303

19.6

253

3.8

299*

4.5*

Apostolopoulou et al., 201420 MRA

de Graaf et al., 201243‡

%

U = untreated, MRA = mineralocorticoid receptor antagonist, ADX = adrenalectomy. na = not available
* Generalised anxiety disorder only, † 3 missings, ‡ Study assessing prevalence of anxiety in the general
population.
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ABSTRACT
Context
In primary aldosteronism (PA) two subtypes are distinguished: aldosterone-producing
adenoma and bilateral adrenal hyperplasia. In general these are treated by adrenalectomy
and mineralocorticoid receptor antagonists respectively.
Objective
To compare the effects of surgical treatment and medical treatment on health-related
quality of life (HRQoL).
Design
Post-hoc comparative effectiveness study within the SPARTACUS trial.
Setting
Twelve Dutch hospitals and one Polish hospital.
Participants
Patients with PA (n=184).
Interventions
Adrenalectomy or mineralocorticoid receptor antagonists.
Main outcome measures
At baseline, six months and one year follow-up we assessed HRQoL by two validated
questionnaires.
Results
At baseline, seven out of eight RAND SF-36 subscales and both summary scores and three
out of five EQ-5D dimensions and the visual analogue scale were lower in PA patients
compared to the general population, especially in women. The beneficial effects of
adrenalectomy were larger than for mineralocorticoid receptor antagonists for seven
RAND SF-36 subscales, both summary scores, and health change. For the EQ-5D, we
detected a difference in favor of adrenalectomy in two dimensions and the visual analogue
scale. Most differences in HRQoL between both treatments exceeded the minimally
clinically important difference. After one year almost all HRQoL measures had normalized
for adrenalectomized patients. For patients on medical treatment most HRQoL measures
had improved, but not all to the level of the general population.
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Conclusion
Both treatments improve HRQoL in PA, underscoring the importance of identifying
these patients. HRQoL improved more after adrenalectomy for suspected aldosteroneproducing adenoma than after initiation of medical treatment of suspected bilateral
adrenal hyperplasia.
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INTRODUCTION
Primary aldosteronism (PA) is a common cause of hypertension, accounting for 5-15%
of cases.1-3 Two main subtypes are distinguished: aldosterone-producing adenoma (APA)
and bilateral adrenal hyperplasia (BAH).1 The generally accepted treatment for the
former is adrenalectomy (ADX) and for the latter mineralocorticoid receptor antagonists
(MRAs). The vast majority of patients with an APA have a marked clinical benefit from
ADX.4-7 However, the comparable effects of MRAs in patients with BAH4,8 suggest that
this treatment may also be used in patients with an APA.
PA confers a greater risk for cardiovascular events9 and renal dysfunction3 than primary
hypertension10. A difference between ADX and MRAs in reducing these risks, for
example in improvement of left ventricular hypertrophy4,11 or endothelial function,12
has never been well established.10 Absence of such a difference would make putting
effort in selecting patients for ADX pointless.
A somewhat neglected aspect in patients with PA is the health-related quality of
life (HRQoL). HRQoL is commonly defined by the functional effect of an illness or its
treatment upon a patient, as perceived by the patient.13 PA is associated with reduced
HRQoL14 and also psychological symptoms such as anxiety, depression and stress.15-17
Given the probable similar effects of ADX and MRAs on blood pressure and the
cardiovascular system HRQoL could become an important additional determinant of
management decisions. Therefore, in this prospective study we compared HRQoL of
PA patients after ADX or initiation of MRAs.
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METHODS
An expanded methods section is available in the Supplement.

Study Design and Patients
The data for this comparative effectiveness study are derived from the randomized
diagnostic multicenter Subtyping Primary Aldosteronism: A Randomized Trial Comparing
Adrenal Vein Sampling and Computed Tomography Scan (SPARTACUS) trial (registered
at clinicaltrials.gov as NCT01096654 on 31 March 2010) performed between July 2010
and August 2015 in twelve Dutch teaching and academic hospitals and one Polish
hospital18 in which HRQoL was a predefined secondary endpoint. This trial compared
adrenal CT-scanning and adrenal vein sampling for subtyping of PA. Approval for this
study was obtained from institutional review boards of all participating centres and
informed consent was obtained from all participants. Briefly, patients randomized to CT
or adrenal vein sampling underwent ADX if, respectively, unilateral adrenal enlargement
or unilateral aldosterone hypersecretion with contralateral aldosterone suppression
was demonstrated. All other patients received MRA-based treatment. All patients were
further treated with conventional antihypertensive drugs according to a treatment
algorithm targeting a blood pressure of <135/85 mmHg using a semi-automatic device,
or <140/90 mmHg using office blood pressure.19 Since pre-treatment HRQoL was
comparable between the ADX and MRA groups from both study arms, we pooled all
patients treated by ADX and MRA from both diagnostic arms. We expressed intensity of
antihypertensive treatment as daily defined doses (DDDs; http://www.whocc.no/ddd/).
Assessment of Health-related Quality of Life
HRQoL was assessed at baseline, 6 and 12 months by two validated questionnaires:
RAND 36-Item Health Survey 1.0 (RAND SF-36)20,21 and the European Quality of Life-5
Dimensions (EQ-5D) instrument.22
RAND SF-36
The RAND SF-36 comprises 35 items evaluating eight domains: physical functioning,
role limitations due to physical problems (role physical), bodily pain, vitality, general
health perception, social functioning, role limitations due to emotional problems (role
emotional), and mental health. We used norm-based scoring, resulting in age- and
sex-adjusted scores in the individual patient (see expanded methods section in the
Supplement). The physical component summary (PCS) and the mental component
summary (MCS) are summations of the eight weighted subscale (domain) scores. In
these summary and subscale scores, 50 represents the age- and sex-adjusted mean
and 10 the standard deviation of the general population (higher score indicating higher
97
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HRQoL). Group mean scores below 47 signify decreased HRQoL.23 The 36th question
about health change (range 0-100), referring to general health compared to one year
ago, is reported separately.20
EQ-5D
The EQ-5D questionnaire comprises five items relating to current problems in the
dimensions mobility, self-care, usual activities, pain/discomfort, and anxiety/depression.
Responses in each dimension are divided into “no problems”, “some or moderate
problems” or “extreme problems”. The five dimensions are converted to a summary
index (EQ-5D index score) obtained by summation of the weighted item scores.24,25 The
EQ-5D also contains a visual analog scale (EQ-VAS), which allows respondents to place
their health status on a range from 0 to 100 (worst to best imaginable health status
respectively).26

Statistical analysis
Since we had not pre-specified a comparative analysis between surgically and medically
treated patients in the SPARTACUS protocol this is a post-hoc analysis. We compared
baseline characteristics between both treatment groups and HRQoL between sexes
with the use of the chi-square test for categorical variables and unpaired t-test for
continuous variables in case of normal distribution and the Mann-Whitney U test in
case of skewed distributions.
For comparison with the general population we performed one sample t-tests for RAND
SF-36 subscales, PCS, MCS, and EQ-VAS. We compared the EQ-5D dimensions with the
general Dutch25 and Polish27 population by calculating a Clopper-Pearson (exact) 95%
CI of the proportion of patients reporting no problems. For comparison of the EQ-5D
index score we used the Wilcoxon signed-rank test.
For the analysis of treatment effect, the RAND SF-36 subscales, summary scores, RAND
SF-36 health change, the EQ-5D index and EQ-5D-VAS scores after 6 and 12 months
and the change over time of these scores we used linear mixed models with these
HRQoL measures as dependent variables. We included time, treatment, sex, country of
residence as fixed factors. In addition, we added matching baseline HRQoL values, Body
Mass Index (BMI), intensity of MRA therapy at baseline, plasma potassium level, plasma
aldosterone levels during salt loading test (SLT; before and after) and age as covariates,
and the interaction between time and treatment and between HRQoL baseline values
and treatment to the model. We discarded factors, covariates and interactions that did
not show a statistically significant (p ≥ 0.1) result on the outcome of the model, except
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for treatment, time, and baseline scores. Residual plots from the mixed models were
examined to assess the model assumptions.
We analyzed the EQ-5D dimension scores at six months and final evaluation by a
Generalized Estimating Equations (GEE) analysis. We only included matching baseline
score, time, and treatment as factors since the number of patients reporting problems
was small. We enrolled cases in both models on the condition that baseline and at least
either the six month follow-up or the final evaluation HRQoL measure was completed.
P values of less than 0.05 were considered to indicate statistical significance unless
stated otherwise. All analyses were performed with the use of SPSS statistics 22.0 for
Windows (SPSS Inc., Chicago, IL).
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RESULTS
Follow-up was complete for 184 patients. Response rates of these patients for the RAND
SF-36 questionnaires at baseline, 6 months and 1 year follow-up were 94%, 93%, and
95%, respectively. For the EQ-5D these were 94%, 90%, and 96%, respectively.

Baseline Characteristics
Both the ADX and the MRA group comprised 92 patients. At baseline, sex, BMI, MRA
therapy and aldosterone levels before and after the SLT were different between groups:
the ADX group contained more females, used more MRAs and had lower BMI while
plasma aldosterone levels were higher than in the MRA group (Table 1). The baseline
HRQoL scores of all of the RAND SF-36 and all but mobility of the EQ-5D items were not
different between ADX and MRA (Table 1).
Table 1. Baseline characteristics according to treatment group
Characteristics

ADX (n=92)

MRA (n=92)

P value

Male – n (%)

66 (71.7)

78 (84.8)

0.03

Age, years

51.8 (10.1)

54.4 (8.8)

0.07

Polish – n (%)

12 (13.0)

22 (23.9)

0.06

BMI, kg/m2 – median (IQR)

27.5 (25.2 to 30.5)

29.4 (26.7 to 32.6)

0.02

AVS – n (%) / CT – n (%)

46 (50)

46 (50)

1.00

Systolic ambulatory blood pressure 24 h, mm Hg 147 (17)

145 (19)

0.22

Diastolic ambulatory blood pressure 24 h, mm Hg 91 (11)

89 (11)

0.06

DDD antihypertensive medication – median (IQR) 3 (2 to 4)

3 (2 to 4)

0.88

DDD MRAs – median (IQR)

0 (0 to 0.6)

0 (0 to 0)

0.04

Serum potassium, mEq/l

3.5 (0.5)

3.6 (0.4)

0.05

Plasma aldosterone, ng/dl – median (IQR)

20.8 (13.9 to 34.3)

17.0 (13.0 to 25.3)

0.03

Post SLT plasma aldosterone, ng/dl – median
(IQR) (n=80/n=80)

19.1 (12.2 to 32.5)

12.6 (10.1 to 17.3)

<0.001

Physical functioning

48.2 (10.5)

47.9 (12.3)

0.88

Role physical

43.9 (12.1)*

46.8 (12.3)*

0.13

Bodily pain

51.5 (9.7)

49.9 (9.8)

0.29

General health

44.0 (10.0)*

44.1 (10.7)*

0.96

Vitality

41.4 (10.9)*

42.9 (10.8)*

0.35

Social functioning

43.9 (11.8)*

46.0 (11.4)*

0.26

Role emotional

46.0 (12.7)*

48.3 (11.5)

0.21

Mental health

46.2 (11.1)*

47.0 (9.2)*

0.61

Physical component summary

45.7 (10.8)*

46.0 (11.7)*

0.84

RAND SF-36 (n=88/n=85)
Subscales:
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Table 1. (Continued)
Characteristics

ADX (n=92)

MRA (n=92)

P value

Mental component summary

43.0 (11.9)*

45.4 (10.3)*

0.15

Health change – median (IQR)

50 (25 to 50)

50 (25 to 50)

0.61

Mobility

89.8

76.5

0.02

Self-care

97.7

96.5

0.62

Usual activities

71.6*

76.2*

0.49

Pain/discomfort

51.1*

48.2*

0.70

Anxiety/depression

69.3*

69.4*

0.99

EQ-5D index – median (IQR)

0.856 (0.774 to 1.00)* 0.868 (0.775 to 1.00)* 0.90

EQ-VAS

68.9 (15.2)*

EQ-5D (n=88/n=84)
Dimensions (% reporting no problems):

72.4 (16.1)*

0.08

Data presented as mean (SD) unless stated otherwise. For the RAND SF-36 subscales and both summary
scores raw scores were converted into z-scores using mean and SD in a healthy Dutch population and
then transformed to t-scores (resulting in a mean of 50 and a SD of 10 in the healthy Dutch population).
Aldosterone ng/dl to pmol/l conversion factor 27.74. * Lower percentage compared to general population
(p < 0.05). Population scores for EQ-5D dimensions are presented in Table 4. ADX=adrenalectomy;
MRA=mineralocorticoid receptor antagonist; BMI=Body Mass Index; AVS=adrenal vein sampling;
DDD= defined daily doses; SLT=Salt Loading Test; RAND SF-36=RAND 36-Item Health Survey 1.0; EQ-5D
index: European Quality of Life–5 Dimensions index score (maximum= 1). VAS=visual analogue scale (range
0 to 100).

Baseline Health-related Quality of Life of ADX group
Patients from the ADX group scored worse on six out of eight RAND SF-36 subscales
and both of its summary scores (Table 2) than the general population. Concerning the
EQ-5D dimensions, at baseline the percentage of patients reporting “no problems” on
usual activities, pain/discomfort and anxiety/depression was lower than in the general
population (Table 1). When comparing EQ-5D index scores with the population score,
ADX patients scored also worse at baseline: median 0.86 (IQR 0.77 to 1.00) versus 0.99
(IQR 0.84 to 1.00) in general population (p<0.001). The mean EQ-VAS showed reduced
rates as well: 68.9 (SD 15.2) compared to 80.3 in the general population, p <0.001.
Baseline Health-related Quality of Life of MRA group
Concerning patients on MRAs, scores on five out of eight RAND SF-36 subscales and the
PCS and MCS were lower compared to the general population (Table 2). The percentage
of patients reporting “no problems” on the EQ-5D dimension usual activities, pain/
discomfort and anxiety/depression was lower than in the general population (Table
1). The median of the EQ-5D index score in this group was also lower: 0.87 (IQR 0.78
to 1.00), compared to 0.98 (IQR 0.84 to 1.00) in the general population (p<0.001). The
same applied to the mean EQ-VAS: 72.4 (SD 16.1) in the MRA group compared to 78.2
in the general population, p<0.001.
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Table 2. Mean differences of RAND SF-36 normalized t-scores between patients and general Dutch
population at baseline and final evaluation
Mean difference with reference population* (95% CI)
BASELINE

ADX

MRA

Subscales:
Physical functioning

-1.8 (-4.0 to 0.4)

-2.1 (-4.7 to 0.6)

Role physical

-6.1 (-8.6 to -3.5)

-3.2 (-5.9 to -0.5)

Bodily pain

1.5 (-0.6 to 3.6)

-0.1 (-2.2 to 2.0)

General health

-6.0 (-8.1 to -3.9)

-5.9 (-8.2 to -3.6)

Vitality

-8.6 (-11.0 to -6.3)

-7.1 (-9.4 to -4.8)

Social functioning

-6.1 (-8.5 to -3.6)

-4.0 (-6.5 to -1.6)

Role emotional

-4.0 (-6.7 to -1.3)

-1.7 (-4.2 to 0.8)

-3.8 (-6.2 to -1.5)

-3.0 (-5.0 to -1.1)

PCS

Mental health

-4.3 (-6.6 to -2.0)

-4.0 (-6.5 to -1.4)

MCS

-7.0 (-9.5 to -4.5)

-4.6 (-6.8 to -2.3)

n=84

n=91

Physical functioning

2.5 (0.7 to 4.3)

-0.4 (-2.8 to 2.0)

Role physical

1.1 (-1.0 to 3.2)

-0.2 (-2.6 to 2.2)

Bodily pain

4.0 (2.1 to 5.9)

1.3 (-0.9 to 3.4)

General health

0.8 (-1.4 to 3.0)

-4.4 (-6.6 to -2.2)

Vitality

-0.8 (-3.0 to 1.3)

-6.1 (-8.1 to -4.1)

Social functioning

0.2 (-2.0 to 2.4)

-3.0 (-5.6 to -0.5)

Role emotional

0.7 (-1.6 to 2.9)

-0.7 (-3.0 to 1.7)

Mental health

0.8 (-1.4 to 3.1)

-3.7 (-5.8 to -1.5)

FOLLOW-UP EVALUATION (1 YEAR)
Subscales:

PCS

2.4 (0.3 to 4.5)

-1.5 (-4.0 to 0.9)

MCS

-0.2 (-2.4 to 2.1)

-4.0 (-6.3 to -1.8)

* Compared to general Dutch population in which 50 represents the mean and 10 the SD. RAND SF36=RAND 36-Item Health Survey 1.0; ADX=adrenalectomy; MRA= mineralocorticoid receptor antagonist;
PCS=physical component summary; MCS=mental component summary.

Comparisons between HRQoL after surgical and medical treatment during
follow-up
In the mixed model analysis to compare HRQoL after surgical and medical treatment
we found baseline HRQoL score to be a statistically significant predictor in all models
describing HRQoL and change in HRQoL. When baseline score was low, HRQoL score
after 6 and 12 months was lower but the increase is larger than when baseline score
was high.
RAND SF-36
Modeled data (Figure 1; Table S1) showed a larger beneficial effect of ADX than MRAs
for seven out of eight RAND SF-36 subscales. Both summary scores (and health change)
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also indicated a benefit of ADX over MRA: at final evaluation the estimated PCS was 53.0
for ADX and 50.0 for MRA, mean difference 3.0 (95% CI 0.9-5.1); for MCS this was 50.4
for ADX and 46.4 for MRA, mean difference 4.1 (95% CI 1.5-6.7). For social functioning,
mental health and MCS this difference was only present at final evaluation. For physical
functioning and role limitations due to physical problems significance of the difference
depended on baseline scores, i.e. the lower the baseline score, the more distinct the
difference between treatments (Table S1).

Figure 1. Mean baseline scores and estimated means after 6 and 12 months of RAND SF-36 subscale
scores for both treatment groups according to mixed models
* P < 0.05 for difference between patients with primary aldosteronism (ADX and MRA combined)
and norm score. † P < 0.05 for difference between ADX and MRA. ‡ Difference depending on baseline score. Estimates at 6 and 12 months are based on mixed models in which equal baseline values
(mean scores of all patients) were assumed. No differences between baseline RAND SF-36 scores of
ADX and MRA were present. Norm score for subscales were based on Dutch reference population.
RAND SF-36=RAND 36-Item Health Survey 1.0; ADX=adrenalectomy; MRA=mineralocorticoid receptor antagonist; PF=physical functioning; SF=social functioning; RE=role limitations due to emotional
problems; RP=Role limitations due to physical problems; MH=mental health; VT=vitality; BP=bodily
pain; GH=general health.

EQ-5D
Odds ratios for reporting problems on two dimensions of the EQ-5D, usual activities and
pain/discomfort, were in favor of ADX during follow-up (Figure 2; Table 3). The difference
in EQ-5D index score between treatment groups did not reach statistical significance.
Modeled data showed higher EQ-VAS scores in patients treated by ADX (Table S1).
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Figure 2. Percentages of patients reporting no problems on EQ-5D dimensions at baseline, 6 and
12 months
* P < 0.05 for difference between ADX and MRA. Significance is based on GEE analyses (Table 3).
Norm scores based on Dutch and Polish reference population. ADX=adrenalectomy; MRA=mineralocorticoid receptor antagonist; MO=mobility; SC=self-care; UA=usual activities; PD=pain/discomfort;
AD=anxiety/depression.

Clinical parameters in relation to health-related quality of life
At final evaluation no differences were found in blood pressure and potassium between
treatment groups (Table S2). Intensity of (non-MRA) antihypertensive medication was
stronger in the MRA group than in the ADX group (Table S2). Intensity of antihypertensive
medication (including MRAs) at final evaluation was an important determinant of the
difference in HRQoL between treatment groups (Table S3). Intensity of MRA-based
treatment was not added to these models as this resulted in a statistically significant
contribution for only one domain.
Antiandrogenic adverse events of MRAs (gynaecomastia, mastopathy, menstrual
disturbances, erectile dysfunction and decreased libido) were present in 1 patient
in the ADX group (1.1%) and 52 in the MRA group (56.5%). Of these 52 patients, 31
were switched to eplerenone (33.7%). An additional twelve patients were switched to
eplerenone for other reasons (13.0%).

Change in HRQoL
ADX group
Table S1 shows that all measures of the RAND SF-36 and EQ-5D increased from baseline
to final evaluation at twelve months. From six to twelve months follow-up we observed
a further increment only for the RAND SF-36 subscale social functioning.
MRA group
In this group five out of eight RAND SF-36 subscales, both summary scores and the
EQ-5D index score increased between baseline and one year follow-up, albeit to a
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lesser extent than after ADX. From six months until final evaluation at twelve months
we found no further increase in any of the HRQoL measures (Table S1).

HRQoL at final evaluation compared with the general population
ADX group
For the patients treated by ADX we found no differences in six RAND SF-36 subscales
and MCS at final evaluation compared to the general population. For two subscales and
PCS the scores were even higher (Table 2). Four dimensions of the EQ-5D, the EQ-5D
index (median 1.00, (IQR, 0.84 to 1.00) vs 0.99, P = 0.12) and EQ-VAS scores (mean 78.5,
SD 11.8, vs 80.3, P = 0.17) were equal to those of the general population. Patients still
scored lower only on the EQ-5D dimension anxiety/depression (Table 4).
MRA group
For the MRA group RAND SF-36 scores were still lower after one year for social
functioning, mental health, vitality and general health and for MCS compared to those
of the general population. Scores on the other subscales and the PCS were not different
(Table 2). The EQ-5D dimensions anxiety/depression and usual activities showed a lower
percentage of patients reporting “no problems” (Table 3).
Also scores of the EQ-5D index (median, 0.92 (IQR, 0.81 to 1.00) vs 0.98 (IQR, 0.84 to
1.00), P < 0.001) and the EQ-VAS (mean 72.1, SD 17.8 vs 78.2, P = 0.002) were lower
than those of the general population.
Table 3. Odds ratios for reporting problems on EQ-5D dimensions during follow-up according to GEE analyses
Dimensions

Adjusted odds ratio ADX/MRA (95% CI)

Mobility

0.52 (0.23 to 1.20)

Self-care

0.14 (0.01 to 2.50)

Usual activities

0.35 (0.17 to 0.75)

Pain/discomfort

0.52 (0.30 to 0.91)

Anxiety/depression

0.79 (0.39 to 1.60)

Odds ratios are based on a general estimating equations (GEE) model in which treatment, time and baseline
scores were included as factors. For example, an odds ratio of 0.52 for mobility means that the odds for
reporting problems for mobility after ADX is 0.52 times the odds in case of MRA (in this case non-significant).
This was adjusted for the baseline score. Time was not a significant factor in any dimension, i.e. odds ratios
apply to 6 and 12 month evaluation. EQ-5D=European Quality of Life–5 Dimensions; ADX=adrenalectomy;
MRA=mineralocorticoid receptor antagonist.

Sex differences
At baseline, female patients had a lower HRQoL (RAND SF-36: PCS, physical functioning,
social functioning, general health and role physical; EQ-5D: two dimensions, VAS and
index score; Table S4). During follow-up sex was not a predictor of (change in) HRQoL
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in our mixed models, except for the PCS for which the female patients scored higher
(ADX: men 51.3, women 54.3; MRA: men 48.3; women 51.1; all at a baseline score of
46.0, independent of time point, p=0.035).
Table 4. Percentage of patients reporting no problems on EQ-5D dimensions at final evaluation for both
treatment groups and general population
Reporting no problems (%) (95% CI)
EQ-5D

Follow-up evaluation (1 year)

General population†

Dimensions:

ADX

MRA

ADX

MRA

Mobility

90.6 (82.3 to 95.8)

78.3 (68.4 to 86.2)

87.4

84.2

Self -care

98.8 (93.6 to 1.0)

95.7 (89.2 to 98.8)

96.8

95.3

Usual activities

87.1 (78.0 to 93.4)

76.1* (66.1 to 84.4)

87.0

84.9

Pain/discomfort

72.9 (62.2 to 82.0)

60.9 (50.1 to 70.9)

64.0

60.9

Anxiety/depression

83.5* (73.9 to 90.7)

77.2* (67.2 to 85.3)

93.1

88.9

*Lower percentage compared to general population (p < 0.05). † Calculated from data of Dutch and
Polish reference population based on composition (age, gender and country of residence) of both groups.
ADX=adrenalectomy; MRA= mineralocorticoid receptor antagonist.

RAND SF-36 analysis of Dutch Patients only
The above results pertain to the entire cohort, comprising 150 Dutch and 34 Polish
patients, using Dutch RAND SF-36 normative scores. Because Polish normative scores
are not available we also analyzed the Dutch patients separately to circumvent bias.
This analysis yielded similar baseline and follow-up results as those of the entire cohort
for the comparison of the RAND SF-36 measures with the general population (Table S5).
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DISCUSSION
The main findings of our prospective study are that treatment of PA results in substantial
improvement of the HRQoL of PA patients and that this improvement one year after
ADX for APA not only exceeds that of the patients treated by MRAs for BAH but also
restores the HRQoL to the level of the general population.
To our knowledge, this is the first prospective evaluation of HRQoL comparing the
treatment modalities ADX and MRA with a follow-up of one year. The previously
described lower HRQoL in PA patients as compared to the general population14,28,29 is
confirmed by our study.
An explanation for the impaired HRQoL is the direct effect of aldosterone on neurons in
the central nervous system receiving and integrating information on fluid, electrolyte,
and cardiovascular status, leading to alterations in central sympathetic nervous system
output and thereby disturbed psychological function 30. Administration of aldosterone in
rats caused anxiety-like behavior,31 whereas administration of an MRA was observed to
result in anxiolytic effects.32 Administration of angiotensin-converting enzyme inhibitors
and angiotensin II receptor blockers has been reported to have anxiolytic effects and
improve mood in humans.33,34 To which extent above-mentioned effects are related to
the mineralocorticoid receptors in the brain is unknown.
We showed that before treatment female patients with PA have a lower HRQoL
compared to men. Although Apostolopoulou et al. observed more anxiety in female
patients with PA than in male patients,17 the same group could not detect any differences
in HRQoL between both sexes before treatment.29 Females harbor KCNJ5 somatic
mutations more often than males, and it may be surmised that phenotype depends on
such a mutation. However, the presence of a KCNJ5 mutation has not been associated
with a more severe phenotype of PA.35 Our results also show that women benefit more
than men from both treatments regarding this physical component summary. This is
in line with findings on hypertension, another aspect of health, that show that the
female sex is a predictor for cure of hypertension after ADX.36,37 In a cross-sectional
study female patients suffering from PA treated by ADX scored better on the physical
component of HRQoL compared to medically treated female patients.29 In a prospective
trial in patients treated with MRAs an improvement was seen in HRQoL six months after
initiating medical treatment with spironolactone and/or amiloride.28 In contrast to our
findings only in one domain of HRQoL the medically treated patients scored worse
compared to patients who had undergone ADX,14 and no differences were found with
the general population at follow-up.
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Incomplete blockade of the mineralocorticoid receptors might explain the observed
differences in HRQoL between the ADX group and the MRA group. This difference can
be further explained by the side effects of the used antihypertensive medication as
illustrated by the reduced difference in HRQoL between both treatments after adjusting
for intensity of antihypertensive therapy (Table S3). Especially MRAs are associated with
many side effects.38 Blood pressure itself, being identical in both groups, is unlikely to
have influenced HRQoL at final evaluation.
The minimally clinically important difference (MCID) is 0.09 to 0.28 SD for the RAND
SF-36 subscales and summary scores,39 0.0747 for the EQ-5D index40 and 7 for the
EQ-VAS41 respectively but it has to be noted that these cut-off values have not been
established in PA patients. With the exception of physical functioning, role limitations,
bodily pain and the EQ-VAS most HRQoL differences we observed between ADX and
MRA are larger and thus seem to be of clinical relevance (Table S1).
A possible explanation for not finding a statistically significant difference between the
ADX and the MRA group in the EQ-5D index score, as well as three out of five EQ-5D
dimensions is the ceiling effect of the EQ-5D. This effect is considered to be present if
more than 15% of respondents report the highest possible score. In our population this
was 41% at baseline. Such patients cannot show improvement.42
A limitation of our study is that all patients with APA were treated with ADX. However,
it is impossible to obtain ethical approval for a randomized trial, because ADX is
generally accepted to be the preferred treatment for APA.43 The biology of APA and
BAH may differ and these differences may lead to a difference in HRQoL. However, we
observed no solid differences in HRQoL at baseline between patients with APA and
BAH. Furthermore, we adjusted for baseline scores and for confounders. Since surgery
is no option for patients with BAH our findings are especially relevant to patients with
APA. It is likely that our findings in BAH would also apply to medically treated patients
with APA. For the RAND SF-36 we used Dutch reference scores for the Polish subjects,
since Polish normative data are lacking. We overcame this by adjustment for country of
residence. Moreover, a separate analysis of the Dutch patients yielded similar results.
The differences between HRQoL in both treatment groups may be underestimated
if patients with BAH are present in the ADX group which is suggested by the 50%
discordance between CT and adrenal vein sampling results in the Spartacus study.
In conclusion, HRQoL in PA is better one year after ADX than one year after initiation of
MRAs. However, both treatment modalities improve HRQoL, which is relevantly impaired
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before treatment compared to the general population. Our findings underscore the
need to identify patients suffering from PA and support the practice to select patients
who are amenable for ADX.
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SUPPLEMENTAL MATERIAL
EXtended Methods
Assessment of Health-related Quality of Life
The Dutch21 or Polish translation of the RAND-36 Item Health Survey 1.0 (RAND-36)
questionnaire44 was filled out by patients at three time points (baseline, 6 and 12 months
after adrenalectomy or initiation of mineralocorticoid receptor antagonists). The RAND36 is nearly identical to the MOS-36 Item Short-Form Health Survey (SF-36) developed
by RAND. The only differences are the lay-out, the slightly different formulation of a few
items and the scoring for the subscales bodily pain and general health. Normative data
of the RAND/SF-36 are age and gender-dependent.45 No Dutch age- and gender-specific
normative data for the RAND-36 are available, which are needed to use the norm-based
scoring as explained below in order to compare the results with the general population
and between treatment arms in a more reliable way. Considering the identical items
of the RAND-36 and the SF-36 we therefore applied the SF-36 scoring. As a result the
outcomes have to be interpreted as SF-36 outcomes.
All RAND SF-36 item scores (except for health change) were coded, summed, and
transformed linearly to a 0 (worse health) to 100 (best health) range. When fewer than
half of the items in a scale were missing, the average of the answered items was used
to create RAND SF-36 subscale scores.46 Of all subscale scores z-scores were computed
using age- and gender-specific means and standard deviations from a Dutch reference
population45 according to Ware et al.47 The weights for these scores used to construct
the physical component summary (PCS) and the mental component summary (MCS)
were obtained from a principle components analysis in a Dutch cohort using an oblique
rotation approach, which by definition allows PCS and MCS to be correlated.48 This
approach has higher empirical correlations than the conventional weights constructed
by the orthogonal rotation approach proposed by Ware et al,47 which assumes physical
and mental health to be unrelated.49 Subsequently, the subscale scores, PCS and MCS
are standardized to a mean of 50 and a standard deviation of 10. No specific Polish
population weights were available, however, the weights used may also be applied
in other European nationalities.50 For the RAND SF-36 the reported Cronbach alphas
range from 0.78 to 0.92 in a general Dutch population sample. Values of >0.70 can be
regarded as satisfactory.51
For the Dutch patients the weights of the dimensions to compute the EQ-5D index score
were derived from a Dutch population study which used the ‘time to trade’ method.52
For the Polish patients these came from a comparable Polish study.24
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Statistical analysis
Since very few patients reported “extreme problems” on the EQ-5D dimensions
we dichotomized the dimension scores in “reporting no problems” and “reporting
any problem” (“some or moderate problems” and “extreme problems” combined).
The EQ-5D proper reference proportion (“reporting no problems”) for each
dimension was computed by calculating a weighted average of a Dutch25 and
Polish27 population study based on distribution of the age, gender and country of
residence of our patients.
We concluded that EQ-5D dimension scores of our patients differed from norm
scores when this reference proportion was not included in the calculated 95% CI.
For the EQ-5D index and EQ-VAS scores correct reference values were calculated
similarly based on a weighted averages of above mentioned population studies.
To evaluate the association of medication use and health-related quality of life and
to explore intensity of antihypertensive medication use as an explanatory factor for
reduced HRQoL, DDD at final evaluation was added to the mixed model (Table S4).
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48.1

MRA

45.5

45.5

ADX

MRA

50.3

50.3

ADX

MRA

43.2

43.2

ADX

MRA

42.3

42.3

ADX

MRA

45.2

45.2

ADX

MRA

47.2

47.2

ADX

MRA

46.8

46.8

ADX

MRA

46.0

MRA

mean difference (95% CI)

46.0

ADX

mean difference (95% CI)

Mental health

mean difference (95% CI)

Role emotional

mean difference (95% CI)

Social functioning

mean difference (95% CI)

Vitality

mean difference (95% CI)

General health

mean difference (95% CI)

Bodily pain

mean difference (95% CI)

Role physical

PCS

48.1

baseline

ADX

mean difference (95% CI)

Physical functioning

Subscales:

RAND SF-36

3.0 (0.9 to 5.1)

49.4

52.4

0.4 (-1.9 to 2.8)

47.8

48.2

1.1 (-1.7 to 3.4)

49.7

50.8

-1.1 (-3.9 to 1.7)

49.4

48.3

2.9 (0.4 to 5.4)

44.3

47.2

3.6 (1.2 to 6.1)

45.5

49.1

2.3 (0.2 to 4.4)

51.0

53.3

2.2 (-0.3 to 4.7)*

48.6

50.8

2.2 (0.3 to 4.1)*

49.6

51.8

6 months
50.2

52.4

12 months

3.0 (0.9 to 5.1)

50.0

53.0

3.5 (1.2 to 5.8)

46.4

49.9

1.1 (-1.7 to 3.4)

49.8

50.9

2.9 (0.1 to 5.6)

48.0

50.8

5.4 (2.9 to 7.9)

43.2

48.7

3.6 (1.2 to 6.1)

46.5

50.2

2.3 (0.2 to 4.4)

51.3

53.6

2.2 (-0.3 to 4.7)*

49.4

51.7

2.2 (0.3 to 4.1)*

Estimated means

4.0 (2.2 to 8.5)

7.0 (5.4 to 8.7)

-0.4 (-2.1 to 1.3)

3.1 (1.2 to 5.0)

2.7 (0.7 to 4.7)

3.5 (1.6 to 5.5)

2.8 (0.8 to 4.7)

5.6 (3.7 to 7.6)

0.9 (-0.9 to 2.7)

6.3 (4.3 to 8.4)

3.2 (1.4 to 4.9)

6.1(4.5 to 7.8)

1.3 (-0.2 to 2.7)

3.2 (1.8 to 4.7)

3.9 (2.0 to 5.8)

6.1 (4.2 to 8.0)

2.1 (0.7 to 3.6)

4.3 (2.9 to 5.8)

0-12 months

3.3 (1.5 to 5.1)

6.3 (4.7 to 8.0)

1.0 (-0.7 to 2.7)

1.4 (-0.5 to 3.3)

2.7 (0.7 to 4.6)

3.5 (1.5 to 5.5)

4.2 (2.2 to 6.1)

3.1 (1.1 to 5.1)

2.0 (0.2 to 3.9)

4.9 (2.9 to 7.0)

2.1 (0.4 to 3.8)

5.1 (3.4 to 6.8)

1.1 (-0.4 to 2.5)

3.0 (1.5 to 4.4)

3.0 (1.2 to 4.9)

5.3 (3.4 to 7.2)

1.5 (0.0 to 3.0)

3.7 (2.2 to 5.2)

0-6 months

Mean change (95% CI)

0.7 (-0.4 to 1.7)

0.7 (-0.4 to 1.7)

-1.4 (-3.1 to 0.3)

1.7 (-0.1 to 3.4)

0.0 (-1.6 to 1.6)

0.0 (-1.6 to 1.6)

-1.4 (-3.4 to 0.5)

2.5 (0.5 to 4.6)

-1.1 ( -2.9 to 0.7)

1.4 (-0.5 to 3.3)

1.0 (-0.1 to 2.2)

1.0 (-0.1 to 2.2)

0.3 (-0.9 to 1.5)

0.3 (-0.9 to 1.5)

0.8 (-0.5 to 2.2)

0.8 (-0.5 to 2.2)

0.6 (-0.5 to 1.7)

0.6 (-0.5 to 1.7)

6-12 months

Table S1. Estimated means for the RAND SF-36 t-scores, health change and EQ-5D at 6 months and 12 months follow up, mean difference between treatment groups, and
change in time according to mixed models
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44.5

44.5

MRA

43.2

43.2

ADX

MRA

0.85

0.85

ADX

MRA

70.6

70.6

ADX

MRA
5.5 (2.0 to 9.0)

72.2

77.7

0.03 (-0.01 to 0.06)

0.88

0.91

9.8 (2.7 to 17.0)

64.0

73.9

0.8 (-1.8 to 3.4)

47.8

48.6
46.4

50.4

12 months

5.5 (2.0 to 9.0)

73.1

78.6

0.03 (-0.01 to 0.06)

0.89

0.92

9.8 (2.7 to 17.0)

64.8

74.6

4.1 (1.5 to 6.7)

Estimated means
6 months

0.03 (0.00 to 0.05)
7.1 (4.5 to 9.8)

0.04 (0.02 to 0.07)

0.05 (0.03 to 0.08)
0.04 (0.01 to 0.06)

1.6 (1.0 to 4.3)

20.8 (15.1 to 26.4)

21.6 (16.1 to 27.1)

2.5 (-0.1 to 5.1)

0.01 (-0.01 to 0.03)

30.7 (24.9 to 36.5)

31.2 (25.6 to 36.9)

8.0 (5.4 to 10.6)

0.8 (-3.3 to 4.9)

3.3 (1.5 to 5.1)

1.8 (0.0 to 3.6)

6-12 months

0.9 (-1.1 to2.8)

0.9 (-1.1 to2.8)

0.01 (-0.01 to 0.03)

0.8 (-3.3 to 4.9)

-1.5 (-3.1 to 0.2)

1.8 (0.0 to 3.6)

0-6 months
4.1 (2.2 to 6.0)

5.9 (4.1 to 7.7)

Mean change (95% CI)
0-12 months

For the RAND SF-36 subscales, PCS and MCS z-scores were standardized to a mean of 50 and a standard deviation of 10 in the healthy Dutch population (higher score means higher quality of
life). Estimates are based on linear mixed models in which time and treatment were included as factors. The other factors, covariates and interactions were only included in the model, and
thus adjusted for, when p < 0.1. We included for physical functioning and role physical the interaction between HRQoL baseline scores and treatment (resulting in a treatment effect dependent
on the baseline HRQoL score); included for bodily pain, general health and the EQ-5D index was the Body Mass Index; for vitality and mental health, country of residence and the interaction
between time and treatment (resulting in different treatment effects across time points) were included; for social functioning and the MCS, we only included the interaction between time
and treatment; for the PCS we included gender, and for health change aldosterone level. * Valid for given baseline score: the lower the baseline score, the more distinct the difference (zero
is not included in 95% CI when baseline score < 49.3 for physical functioning and < 45.0 for role physical). For example, when baseline score for physical functioning is 30, mean difference
will be 5.7, 95% CI 2.0-9.3. Baseline scores are mean baseline scores of all patients. Equal baseline values were assumed in the model. Baseline score was a significant predictor in all analyses,
resulting in lower estimated means and higher mean changes when baseline score is lower. So in general, when quality of life is low before treatment, there will be more improvement as
a result of treatment, but after one year quality of life will still be lower than when baseline quality of life is higher. RAND SF-36=RAND 36-Item Health Survey 1.0; ADX=adrenalectomy;
MRA= mineralocorticoid receptor antagonist; PCS=physical component summary; MCS=mental component summary; EQ-5D index: European Quality of Life–5 index score (maximum 1);
VAS: visual analogue scale (range 0 to 100).

mean difference (95% CI)

EQ-VAS

mean difference (95% CI)

EQ-5D index

mean difference (95% CI)

Health change

baseline

ADX

mean difference (95% CI)

MCS

Subscales:

RAND SF-36

Table S1. (Continued)
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Table S2. Clinical group characteristics at final evaluation
ADX

MRA

p value

Systolic ambulatory blood pressure 24 h, mm Hg

130.0 (12.3)

128.2 (12.5)

0.35

Diastolic ambulatory blood pressure 24 h, mm Hg

81.0 (8.1)

79.7 (8.6)

0.29

Serum potassium, mEq/l

4.2 (0.4)

4.3 (0.5)

0.11

1.08 (0.00 to 3.00)

2.00 (0.99 to 4.00)

0.008

-

2.00 (1.08 to 3.75)

-

DDD non MRA – median (IQR)
DDD MRA – median (IQR)

Data shown as mean (SD) unless otherwise specified. ADX=adrenalectomy; MRA=mineralocorticoid
receptor antagonist; DDD = daily defined dose.

Table S3. Influence of number of DDD on RAND SF-36 and EQ-5D at final evaluation and mean difference
between treatment groups after adjustment for intensity of medical treatment
Regression coefficients at final evaluation (β)
RAND SF-36
Subscales:

DDD at final evaluation
(95% CI)

Treatment with ADX*
(95% CI)

-0.59 (-1.98 to -0.20)

0.09 (-2.27 to 2.45)†

Role physical

-0.74 (-1.24 to -0.24)

-0.49 (-3.54 to 2.56)†

Bodily pain

-0.62 (-1.04 to -0.20)

-0.07 (-2.65 to 2.52)

General health

-0.87 (-1.36 to -0.38)

0.25 (-2.81 to 3.29)

Vitality

-0.14 (-0.58 to 0.29)

4.93 (2.00 to 7.86)

Social functioning

-0.20 (-0.68 to 0.28)

2.16 (-1.09 to 5.40)

Role emotional

0.14 (-0.38 to 0.67)

1.37 (-1.87 to 0.67)

Mental health

-0.08 (-0.49 to 0.32)

3.21 (0.49 to 5.93)

-0.71 (-1.15 to -0.27)

0.63 (-1.92 to 3.18)

Physical functioning

PCS
MCS

0.01 (-0.45 to 0.48)

4.15 (1.05 to 7.24)

Health change

-1.72 (-3.07 to -0.38)

3.10 (-5.69 to 11.88)

-0.006 (-0.013 to 0.001)

0.006 (-0.039 to 0.051)

-0.50 (-1.19 to 0.18)

3.68 (-0.57 to 7.93)

EQ-5D
EQ-5D index score
EQ-VAS

* A positive value for the treatment effect indicates that ADX provides more benefit than MRAs. † Valid for
mean baseline score: the lower the baseline score the higher the coefficient. For physical functioning the
coefficient is non-significant for any baseline score. For role physical it is significant when baseline score
is <14. DDD at final evaluation was added to the general linear mixed model (Table 1): the estimate effect
for DDD at final evaluation shows the change in HRQoL score per increase of one DDD. For example, for
role physical a patient with 4 DDD at final evaluation scores 4*0.74=2.96 lower than a patient with 0 DDD.
Likewise, the score for vitality is 4.93 higher after ADX than when on MRAs, independent of the number of
DDD. RAND SF-36= RAND 36-Item Health Survey 1.0; EQ-5D index: European Quality of Life–5 index score;
DDD=daily defined dose; ADX=adrenalectomy; MRA=mineralocorticoid receptor antagonist; PCS=physical
component summary; MCS=mental component summary; VAS=visual analogue scale.
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Table S4. Quality of Life scores according to gender at baseline
RAND SF-36 (n=133/n=40)

Men (n=144)

Women (n=40)

p-value

Physical functioning

49.1 (10.6)

44.9 (13.3)

0.041

Role physical

47.7 (12.1)

46.7 (12.1)

0.008

Bodily pain

51.3 (9.0)

48.7 (11.8)

0.146

General health

45.4 (9.9)

39.8 (10.4)

0.003

Vitality

42.8 (11.1)

39.8 (9.8)

0.129

Social functioning

46.4 (10.8)

40.2 (13.0)

0.003

Role emotional

47.8 (12.0)

44.8 (11.7)

0.176

Mental health

47.0 (9.8)

45.1 (11.3)

0.313
0.004

Subscales:

Physical component summary

47.2 (10.6)

41.4 (12.1)

Mental component summary

45.1 (10.8)

41.2 (12.1)

0.053

Health change – median (IQR)

50 (25 to 50)

50 (25 to 50)

0.663

Mobility

82.1

87.2

0.454

Self-care

97.0

97.4

0.890

EQ-5D (n=133/n=39)
Dimensions (% reporting no problems):

Usual activities

76.7

64.1

0.116

Pain/discomfort

55.2

30.8

0.007

Anxiety/depression

73.9

53.8

0.017

EQ-5D index – median (IQR)
EQ-VAS

0.894 (0.805 to 1.00) 0.811 (0.719 to 0.925)
73.0 (13.7)

62.4 (19.4)

6

0.012
<0.001

Data presented as mean (SD) unless stated otherwise. For the RAND SF-36 subscales and both summary
scores raw scores were converted into z-scores using mean and SD in a healthy Dutch population and then
transformed to t-scores (resulting in a mean of 50 and a SD of 10 in the healthy Dutch population). RAND
SF-36=RAND 36-Item Health Survey 1.0; EQ-5D index: European Quality of Life–5 Dimensions index score
(maximum= 1). VAS=visual analogue scale (range 0 to 100)
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Table S5. Mean differences of RAND SF-36 normalized t-scores between Dutch patients only and general
Dutch population at baseline and final evaluation
Mean difference with reference population* (95% CI)
BASELINE†

ADX (n=80)

MRA (n=70)

Subscales:
Physical functioning

-1.2 (-3.5 to 1.1)

-2.1 (-4.7 to 0.6)

Role physical

-5.8 (-8.6 to -3.0)

-2.7 (-5.9 to -0.5)

Bodily pain

1.6 (-0.7 to 3.9)

0.7 (-1.9 to 3.4)

General health

-5.1 (-7.3 to -2.8)

-5.5 (-8.6 to -2.7)

Vitality

-8.9 (-11.5 to -6.3)

-7.0 (-9.9 to -4.0)

Social functioning

-6.2 (-9.0 to -3.3)

-4.3 (-7.3 to -1.3)

Role emotional

-3.1 (-6.0 to -0.2)

-1.1 (-3.9 to 1.8)

Mental health

-3.7 (-6.4 to -1.1)

-2.6 (-5.0 to -0.1)

PCS

-3.9 (-6.4 to -1.4)

-3.5 (-6.5 to -0.5)

MCS

-6.8 (-9.6 to -3.9)

-4.2 (-7.0 to -2.8)

FINAL EVALUATION‡
Subscales:
Physical functioning

3.2 (1.4 to 5.1)

-0.6 (-3.5 to 2.3)

Role physical

1.3 (-1.0 to 3.6)

-0.5 (-3.5 to 2.5)

Bodily pain

4.3 (2.2 to 6.4)

1.8 (-0.9 to 4.5)

General health

1.7 (-0.6 to 4.1)

-5.1 (-7.9 to -2.4)

Vitality

-0.7 (-3.2 to 1.8)

-5.7 (-8.2 to -3.3)

Social functioning

0.9 (-1.6 to 3.3)

-4.3 (-7.6 to -1.1)

Role emotional

0.6 (-1.9 to 3.1)

-1.5 (-4.4 to 1.4)

Mental health

1.3 (-1.2 to 3.8)

-3.3 (-6.0 to -0.6)

PCS

3.1 (0.7 to 5.4)

-1.7 (-4.8 to 1.3)

MCS

0.1 (-2.5 to 2.7)

-4.5 (-7.3 to -1.6)

* Compared to general Dutch population in which 50 represents the mean and 10 the SD.
† n=76/n=63. ‡ n=72/n=69. RAND SF-36=RAND 36-Item Health Survey 1.0; ADX=adrenalectomy;
MRA= mineralocorticoid receptor antagonist; PCS=physical component summary; MCS=mental component
summary.
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ABSTRACT
Primary aldosteronism (PA) is an increasingly identified cause of secondary
hypertension. PA can be caused by an aldosterone-producing adenoma or by bilateral
adrenal hyperplasia, generally treated by adrenalectomy or mineralocorticoid receptor
antagonists respectively. Recent studies suggest that PA is associated with more
psychological symptoms and lower levels of well-being. The purpose of this study was
to investigate the associations between subtype of PA and psychological symptoms and
well-being after specific treatment.
We analyzed the outcomes of the Mental Health Continuum-Short Form and the
Symptom Checklist in 160 patients (mean age 57 years; 74.3% male) with PA, comparing
the scores for psychological symptoms and well-being between both subtypes of
PA. Additionally, we performed subgroup analyses based on gender, age, time since
initiation of treatment, and co-morbidity. Moreover, we compared the results with
published norm scores.
Mean follow-up after adrenalectomy or start of medication was four years and two
months. Depressive symptoms, anxiety and obsessive-compulsive thoughts and wellbeing did not differ between subtypes of PA. Subgroup analysis did not reveal any
differences, except for women with bilateral adrenal hyperplasia who scored higher
on the anxiety subscale than women after adrenalectomy. Compared to the general
population, patients with treated PA reported more psychological symptoms. In
contrast, well-being did not differ significantly from norm scores.
Subtype and treatment of PA were no important determinants of psychological
symptoms and well-being on the long-term. We suggest that physicians should be alert
for psychological symptoms, as these were more frequently present in patients with PA.
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INTRODUCTION
Primary aldosteronism (PA) is an endocrine disorder, defined by adrenal hypersecretion
of aldosterone. It is the most common cause of secondary hypertension1 and is
associated with an increased rate of cardiovascular complications.2,3 Furthermore, it is
associated with psychological symptoms such as depressive symptomatology, anxiety,
irritable mood and with lower levels of well-being.4-6 Over the last decade attention for
patients’ perspective of PA has been growing with assessment of subjective outcome
measures like well-being and health-related quality of life (HRQoL); various studies
reported a significant reduction in HRQoL in patients with PA compared to the general
population.6-8 PA is traditionally categorized as due to an aldosterone-producing
adenoma (APA) or to bilateral adrenal hyperplasia (BAH).2 Generally, APA is treated
by adrenalectomy (ADX) and BAH by mineralocorticoid receptor antagonists (MRAs).
Patients have a marked clinical benefit from both treatments.9,10 Moreover, studies have
shown that treatment improves HRQoL7,8,11 and reduces psychological problems.12,13
However, also patients with PA who received specific treatment might still have an
impaired HRQoL11,14 and more anxiety and depression.4 Although research is scarce on
the potential differences in psychological problems and well-being after treatment for
APA as compared to BAH, the superiority of ADX over MRA-based treatment for HRQoL
has been observed for the domain role limitations due to emotional problems after six
months of treatment7 and for seven domains and both the mental and physical summary
score of RAND 36-Item Health Survey 1.0 (RAND SF-36) after one year of treatment.11 It
remains unclear whether patients treated with MRAs for BAH report more psychological
symptoms and lower levels of well-being compared to patients treated with ADX for
APA. This study aims to answer this question.
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METHODS
Design and patients
We performed a cross-sectional study to compare patients with PA treated for an APA
with those treated for BAH with regard to well-being and psychological symptoms.
All eligible patients ≥ 18 years with confirmed PA by salt loading test who visited
the Radboud University Medical Center between 1979 and 2015 were invited for
participation (n=349). Furthermore, all members of the Dutch patient association for
adrenal disorders diagnosed with PA were approached by mail (n=48). After written
consent and together with the questionnaires, included patients were asked to indicate
whether they (had) suffered from unilateral or bilateral disease. PA subtype was based
on this answer. Patients who reported to have had both an adenoma and bilateral
disease were assigned to the bilateral disease group (n=18). We assumed that these
patients underwent an unsuccessful adrenalectomy. The Ethics Committee of the
Radboud University Medical Center judged that no detailed review was warranted
given the non-intrusive character of this study.
Assessment of psychological symptoms, well-being and co-morbidity
Three validated self-rating questionnaires assessed psychological symptoms, well-being,
and co-morbidity, which were filled out online using the Internet application ThesisTools
(www.thesistools.com). Furthermore, we obtained information on age, gender, and
time since initiation of treatment by standard questions. Psychological symptoms were
screened by three out of nine subscales of the Symptom Checklist (SCL-90), a validated
questionnaire for the measurement of frequency and degree of physical and mental
problems.15 Administering the SCL-90 was limited to the subscales anxiety (10 items),
depression (16 items) and obsessive-compulsive thoughts and activities (9 items) since
only these problems have previously been reported in patients with PA.4,5 All items were
rated on a five-point likert scale (1 = not at all, 5 = extremely). Examples of items for the
three used subscales are respectively: For the past week, how much were you bothered
by: (1) feeling fearful, (2) feeling blue and (3) trouble concentrating. We reported the
sum of these three subscales as ‘psychological symptoms’ with a higher score indicating
more symptoms. The range of the score for psychological symptoms was 35-175 (10-50
for anxiety, 16-80 for depression, and 9-45 for obsessive-compulsive thoughts and
activities).
We measured well-being using the Dutch Mental Health Continuum-Short Form (MHCSF) which was validated by Lamers et al.16 This questionnaire consists of 14 questions
about feelings of well-being divided in three dimensions: emotional (3 items), social
(5 items) and psychological well-being (6 items). The emotional well-being subscale is
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defined in terms of positive affect or satisfaction with life. The social well-being subscale
assesses social contribution, social integration, social actualization, social acceptance,
and social coherence. Finally, the psychological well-being subscale maps selfacceptance, environmental mastery, positive relations with others, personal growth,
autonomy, and purpose in life. Respondents rated their feelings of well-being on a
six-point likert scale (0 = never, 5 = every day). We combined these three dimensions
into a mean total score for well-being according to the questionnaire guideline, with a
higher score indicating greater well-being.
Additionally, we assessed co-morbidity with the validated Self-Administrated Comorbidity Questionnaire (SCQ) by Sangha et al.17 which has been translated into Dutch
by Stolwijk et al.18 Twelve common medical conditions (e.g., cardiovascular diseases,
diabetes, COPD) were assigned by scoring one if present and zero for absent. For each
present condition, additional points are assigned if treatment has been initiated (one
point) or when it limits functioning of the individual (one point). The total score for
co-morbidity is the sum score, resulting in a maximal total score of 36 (score three for
each of the twelve conditions).

Data analysis
The data were analysed using IBM SPSS 22 for Windows. Missing items were replaced
by a combination of the mean score of the respondent and the mean score of the total
group according to van Sonderen.19 Participants with more than two missing items for
all subscales of the SCL-90, the psychological subscale of the MHC-SF and more than
one for the emotional or social well-being subscales of the MHC-SF were excluded from
analysis. To check for equality in demographic and clinical background between the APA
and the BAH group, we performed an unpaired t-test for age, a chi-squared test for
gender, and a Mann-Whitney U test for time since treatment and co-morbidity. As most
of the variables were not normally distributed, even not after various transformations,
we used a non-parametric Mann-Whitney U test to compare the outcome measures
(psychological symptoms, well-being) for APA and BAH. Additionally, we performed
subgroup analyses on gender using a median-split on age (≤ or >57 years ), time since
initiation of treatment (≤ and >1 year), and comorbidity (SCQ ≤ or > 3). P values of ˂0.05
were considered to indicate statistical significance. Moreover, results of the current
study were compared with published Dutch gender-specific norm scores for the SCL-90
(based on 1052 men and 1040 women, mean age 41.1 years)15 and the MHC-SF (based
on 828 men and 834 women, mean age 47.6 years),16 using a t-test. Because only mild,
non-substantial differences are present in norm scores for different age groups no agespecific norm scores were needed.15,16 We tested for a correlation between age and all
outcomes by computing a Spearman correlation coefficient. Since we performed 14
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tests to compare our results with the norm scores, we corrected for multiple testing
with a Bonferroni procedure. Therefore, P values of ˂0.0036 were considered to indicate
statistical significance for the comparisons with the norm scores.
Patient invitation
- Radboudumc (n=349)
- NVACP (n=48)

176 respondents
16 respondents excluded
(incomplete questionnaires)
160 respondents included for analysis
- Aldosterone-producing adenoma (n=114)
- Bilateral adrenal hyperplasia

Figure 1. Flow-diagram of patient inclusion
NVACP = Dutch patient association for adrenal disorders
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RESULTS
Demographic and clinical data
The total number of respondents was 176 (response rate 44%) of which 160 (71.3% male
and 26.3% female, mean age 57±10.8 years) were included for analysis after exclusion
of incomplete questionnaires (9.1%). The flow-chart of patient inclusion is presented
in Figure 1. A number of 114 respondents (71%) were diagnosed with APA and 46
respondents (29%) with BAH. Time since initiation of treatment ranged from zero to
415 months (mean 50 months). Missing items were imputed for 18 respondents (11%).
The total number of missing items was 23. The number of missing items was equal for
both types of PA. The characteristics for both treatment groups are presented in Table
1, which shows that the groups were comparable.
There was no correlation between age and one of the outcomes for psychological
outcomes and well-being.
Table 1. Demographic and clinical characteristics of patients
APA (n=114)

BAH (n=46)

p-value

58±10.7

54±10.7

0.09

Men

83 (73)

31 (67)

Women

27 (24)

15 (33)

Not available

Age, years – mean (SD)*
Sex, %

7

0.30

4 (4)

0 (0)

Time since treatment, months*

31 (17-62)

31 (15-59)

0.70

SCQ

3 (2-5)

5 (2-8)

0.20

Data are expressed as median (IQR) unless otherwise indicated. APA = aldosterone-producing adenoma,
BAH = bilateral adrenal hyperplasia, IQR = inter quartile range, SCQ = Self-Administered Comorbidity
Questionnaire. *Not available for APA/BAH in n=4/2 (age) and n=19/8 (time since treatment).

Comparisons between APA and BAH
Psychological symptoms
We observed no differences between patients with APA and BAH in the total score for
psychological symptoms (Table 2), nor in one of the three subscales (Table S1). Subgroup
analysis showed that women with BAH reported higher scores for anxiety compared
to women with APA (Table S1). All other scores were similar for both subtypes in all
subgroups (Table 2).
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Table 2. Outcomes of the SCL-90 questionnaire for psychological symptoms and the MHC-SF for wellbeing for different subtypes of primary aldosteronism, including subgroup analysis
SCL-90*
APA

BAH

MHC-SF*
p-value

APA

BAH

p-value

Total cohort (n=160)

48 (40-62) 49 (43-65)

0.25

3.1 (2.4-3.9)

3.1 (2.3-3.9)

0.82

Men (n=114)

49 (41-64) 46 (42-63)

0.82

3.1 (2.4-3.9)

3.1 (1.9-3.8)

0.62

Women (n=42)

43 (40-62) 60 (45-73)

0.06

3.4 (2.8-3.9)

3.1 (2.4-4.1)

0.92

≤ 57 years (n=76)

53 (42-67) 48 (43-68)

0.83

3.1 (2.4-4.0)

3.4 (2.7-4.0)

0.26

> 57 years (n=78)

46 (40-59) 51 (43-63)

0.33

3.2 (2.6-3.9)

2.9 (1.9-3.7)

0.26

> 1 year of treatment (n=106) 48 (40-59) 48 (43-69)

0.29

3.2 (2.5-3.8)

3.1 (2.3-4.1)

0.93

≤ 1 year of treatment (n=27)

46 (38-58) 51 (43-65)

0.41

3.2 (2.5-4.1)

3.1 (1.7-3.3)

0.25

SCQ ≤ 3 (n=81)

56 (44-76)

60 (45-75)

0.80

2.9 (2.1-3.5)

2.9 (2.3-4.1)

0.41

SCQ ˃ 3 (n=79)

42 (38-52) 43 (38-59)

0.61

3.4 (2.7-4.1)

3.2 (1.9-3.8)

0.29

Data are expressed as median (IQR). SCL-90 = Symptom Checklist (Total score for subscales anxiety,
depression, and obsessive-compulsive thoughts; higher score indicates more symptoms), MHC-SF =
Dutch Mental Health Continuum-Short Form (Total score; higher scores indicates higher well-being),
APA = aldosterone-producing adenoma (n=114), BAH = bilateral adrenal hyperplasia (n=46), SCQ = SelfAdministered Comorbidity Questionnaire.

Well-being
Total score for well-being (Table 2) as well as the score on its three subscales (Table S2)
did not differ significantly between patients with APA and BAH. Additional subgroup
analysis also did not reveal any difference between both subtypes.

Comparison to the general population
Psychological symptoms
Table 3 shows the subscale scores of the SCL-90 questionnaire compared with the
mean scores of the general population as published by Arrindel et al.15 Since we did
not observe differences for APA or BAH, we compared the scores of all patients with PA
with the norm scores. The scores for men with PA were higher for anxiety, depression,
and obsessive-compulsive thoughts and actions. A similar trend is present for women,
but the difference did not reach statistical significance.
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Table 3. Comparison psychological symptoms and well-being of treated patients with primary
aldosteronism with the general population
Men

SCL-90

MHC-SF

Women

SCL-90

MHC-SF

Norm score

PA

p-value

ANX

12.2±3.8

14.6±6.2

<0.001*

DEP

20.6±6.8

25.9±11.2

<0.001*

OCTA

12.5±4.1

15.9±7.0

<0.001*

Emotional

3.6±1.0

3.4±1.3

0.03

Social

2.3±1.0

2.6±1.2

0.04

Psychological

3.2±1.0

3.2±1.2

0.68

Total

3.0±0.9

3.0±1.1

0.65

ANX

13.4±4.9

14.8±5.6

0.12

DEP

22.9±8.2

24.6±8.7

0.23

OCTA

13.0±6.1

15.8±6.2

0.005

Emotional

3.7±0.9

3.7±1.0

0.82

Social

3.3±1.0

2.6±1.1

<0.001*

Psychological

3.2±1.0

3.4±1.1

0.34

Total

3.0±0.8

3.2±0.9

0.29

Data are expressed as mean (± SD). PA = primary aldosteronism (treated), SCL-90 = Symptom Checklist
(higher score indicates more symptoms), ANX = anxiety, DEP = depression, OCTA = obsessive-compulsive
thoughts and activities, MHC-SF = Dutch Mental Health Continuum-Short Form (higher score indicates
higher well-being). *Statistically significant (p<0.0036).

Well-being
Comparison of the MHC-SF scores of patients with PA (both APA and BAH) versus
the general population16 is presented in Table 3. The total scores for well-being for
respectively men and women with PA were not significantly different from the norm
scores. The only significant difference was observed for social well-being in women:
this score was significantly lower compared to the norm scores of social well-being in
women.
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DISCUSSION
Firstly, we observed that overall psychological symptoms and levels of well-being were
similar for treated patients with an APA and BAH. Secondly, patients with treated PA still
reported more psychological symptoms compared to the general population. However,
their self-reported well-being did not differ from norm groups.
In PA the occurrence of psychological symptoms might be explained by the effect
of aldosterone on neurons in the central nervous system, causing alterations in the
central sympathetic nervous system output.20 However, one would expect that this
does not solely explain the psychopathology we found in treated patients: aldosterone
excess is expected to usually resolve after ADX and MRAs are thought to counteract the
aldosterone effect in the central nervous system, which fits the absence of differences
between studied groups. Perhaps the effects of aldosterone on the central nervous
system are not completely reversible, analogous to hypercortisolism.21,22 Another
explanation might be co-secretion of other steroids, such as cortisol.23 However, this
does not easily explain the observed psychological symptoms in patients after ADX.
Remarkably, the overall impact of side-effects of MRAs, on well-being and psychological
symptoms seems to be limited considering similarity between treated APA and BAH
patients.
Regarding psychological symptoms, only one former study compared outcomes
after ADX with non-surgical treated patients.4 We confirm its findings showing that
depression and anxiety were similar between both treatment groups. Our study showed
that only women with subtype BAH had clinically significant15,24 higher anxiety scores
than the APA females. An explanation might be that more females are cured by ADX25,26
and untreated female PA patients suffer more from psychological problems, such as
anxiety and depression.4,5,27 However, reports in the persistence of these problems
after treatment are inconsistent.13,28 Nevertheless, the results of our study suggest that
psychological symptoms remain more common in patients with PA despite initiation
of treatment. The differences in men are all > 0.5 of the standard deviation of the
norm score, a proposed cut-off point for minimally important difference which can
be generally applied to questionnaires concerning for example HRQoL.24 Moreover
the mean score of the male patients can be classified as ‘above normal’ (anxiety and
obsessive-compulsive thoughts and actions) or ‘high’ (depression) for all three subscales
according to the norm scale of the SCL-90.15 Unfortunately we are not able to answer
the question whether more psychological symptoms are present than in patients with
essential hypertension, due to the lack of normative data for this group. Nevertheless,
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in another study more anxiety and higher levels of stress were reported among patients
with PA compared to patients with essential hypertension.5
Concerning well-being we confirm the findings by Künzel et al. that there is no difference
in HRQoL between patients treated with ADX and MRA.14 For female patients they found
a lower physical HRQoL for patients on MRAs than for patients after ADX. This finding
and two other studies seem to contradict our results: Ahmed et al.7 observed a lower
HRQoL for one domain after six months in favour of patients treated by APA and in a
previous study we detected a better physical and mental HRQoL after ADX.11
In this study we also did not observe a significant difference in levels of well-being
between treated patients with PA and the general population, except for social wellbeing in women. This difference might be clinically relevant, as it is >0.5 standard
deviation of the norm score.24 Ahmed et al.7 and Sukor et al.8 have reported similar
findings. They observed an improvement of HRQoL after starting surgical or medical
treatment, resulting in normalization of HRQoL scores. However, Künzel et al.14 observed
worse HRQoL scores in both treated subtypes of PA compared to the general population
whereas our group observed worse HRQoL scores in medically treated patients only.11 It
should be emphasized that HRQoL and well-being are two different concepts. In general,
HRQoL includes functional status, including physical challenges, and the evaluation of
someone’s position in life, whereas well-being is reported as satisfaction with life and
positive psychological functioning.29 Although well-being and HRQoL are not the same,
the correlation is significant.30 For example, the mental part of HRQoL and psychological
well-being have similarities.
The presence of psychological symptoms in combination with the absence of low
levels of well-being can be explained by the two-continua model of mental health in
which well-being as measured with the MHC-SF and psychopathology as measured
with the SCL-90 are correlated but also distinct.16,31 The model suggests that patients
with psychological symptoms can report high level of well-being and vice versa. The
combination of these two components of mental health combined were not investigated
before in patients with PA. In this study we showed that psychological symptoms were
present without reducing well-being. Another explanation for this finding might be that
the investigated psychological symptoms are disease-specific, while well-being is more
generic and thus less sensitive.
In our study a few limitations need to be considered. Firstly, the use of self-rating could
influence our results since this is a subjective outcome. Also the subtype of PA (BAH
or APA) was self-reported. We are not informed about the treatment, although it is
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reasonable to assume that most patients with APA were treated by ADX. In addition
to treatment modality, the subtype might also affect well-being and psychological
symptoms. However, over the last decade APA and BAH are more and more considered
to be two ends of one spectrum.32 The main difference between both subtypes
that might be relevant for well-being and/or psychological symptoms is the level of
aldosterone excess, which is greater in APA.11 Furthermore, the design did not allow
us to collect data before initiation of treatment, therefore it remains unclear whether
there was an improvement of psychological symptoms and well-being due to treatment.
Moreover, selection bias might have influenced our outcomes (moderate response rate
and recruitment via patient association); patients with more psychological symptoms
and lower levels of well-being might be more likely to respond. In addition, the variance
in time since initiation of treatment may also have affected our results, while there
might be an ongoing improvement. Although suboptimal, we used a non-parametric
test for analysis since the outcomes were not normally distributed. To compare the
scores with norm scores we were forced to perform a t-test since only the mean score
and standard deviation of the reference population were available.
In conclusion, this study showed that subtype of PA and associated treatment is not
related to psychological symptomatology or well-being after initiation of treatment.
However, the occurrence of psychological symptoms was more frequent in patients
with PA despite treatment with ADX or MRAs as compared to the general population.
Therefore, physicians should be alert for psychological disorders even after treatment
for PA. Prospective studies are needed to further investigate the change in prevalence
of psychological symptoms and well-being after initiation of treatment.

132

Psychological symptoms and well-being after treatment for primary aldosteronism

SUPPLEMENTAL TABLES
Table S1. Outcomes of the SCL-90 questionnaire subscales for psychological symptoms for different
subtypes of primary aldosteronism, including subgroup analysis
Total cohort (n=160)

Men (n=114)

Women (n=42)

≤ 57 years (n=76)

> 57 years (n=78)

> 1 year of treatment (n=106)

≤ 1 year of treatment (n=27)

SCQ ≤ 3 (n=81)

SCQ ˃ 3 (n=79)

APA

BAH

ANX

12 (10-16)

13 (11-17)

p-value
0.22

DEP

22 (18-29)

22 (19-29)

0.33

OCTA

14 (11-19)

14 (12-19)

0.33

ANX

12 (11-17)

12 (11-14)

0.52

DEP

23 (19-30)

22 (19-29)

0.80

OCTA

14 (11-19)

13 (11-20)

0.93

ANX

12 (10-16)

17 (12-23)

0.01*

DEP

20 (18-24)

25 (22-30)

0.09

OCTA

13 (9-21)

17 (12-19)

0.26

ANX

13 (11-17)

14 (11-17)

0.59

DEP

23 (19-30)

22 (19-30)

1.00

OCTA

15 (11-21)

14 (11-19)

0.72

ANX

11 (10-16)

12 (11-14)

0.55

DEP

21 (18-29)

22 (19-30)

0.38

OCTA

13 (10-17)

15 (12-21)

0.22

ANX

12 (10-16)

12 (11-17)

0.45

DEP

22 (19-28)

23 (19-31)

0.26

OCTA

13 (10-19)

14 (12-18)

0.36

ANX

12 (11-15)

14 (11-16)

0.27

DEP

19 (17-30)

22 (18-28)

0.49

OCTA

14 (11-17)

16 (11-27)

0.38

ANX

15 (11-20)

14 (11-17)

0.97

DEP

24 (21-33)

25 (22-32)

0.93

OCTA

17 (12-22)

17 (13-21)

0.86

ANX

11 (10-13)

11 (10-14)

0.46

DEP

19 (17-24)

19 (18-27)

0.58

OCTA

12 (9-15)

12 (10-14)

0.72

7

Data are expressed as median (IQR). SCL-90 = Symptom Checklist (higher score indicates more symptoms),
APA = aldosterone-producing adenoma, BAH = bilateral adrenal hyperplasia, ANX = anxiety subscale,
DEP = depression subscale, OCTA = obsessive-compulsive thoughts and activities subscale, SCQ= SelfAdministered Comorbidity Questionnaire.*Statistically significant (p<0.05).
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Table S2. Mean scores of the MHC-SF subscales for well-being for different subtypes of primary
aldosteronism, including subgroup analysis
Total cohort (n=160)

Men (n=114)

Women (n=42)

≤ 57 years (n=76)

≥ 58 years (n=78)

> 1 year of treatment (n=106)

≤ 1 year of treatment (n=27)

SCQ ≤ 3 (n=81)

SCQ ˃ 3 (n=79)

APA

BAH

p-value

Emotional

3.8 (3.0-4.3)

3.7 (2.7-4.3)

0.51

Social

2.4 (1.8-3.2)

2.6 (1.4-3.8)

0.94

Psychological

3.5 (2.5-4.2)

3.5 (2.3-4.0)

0.79

Emotional

3.7 (2.7-4.3)

3.7 (2.7-4.3)

0.49

Social

2.4 (1.8-3.4)

2.6 (1.4-3.8)

0.49

Psychological

3.5 (2.5-4.0)

3.5 (2.0-4.0)

0.72

Emotional

3.7 (3.3-4.3)

4.0 (2.7-4.3)

0.93

Social

2.6 (1.6-3.0)

2.8 (1.8-3.8)

0.43

Psychological

3.8 (3.0-4.2)

3.7 (2.7-4.2)

0.84

Emotional

3.5 (2.4-4.3)

3.8 (3.1-4.6)

0.16

Social

2.5 (1.7-3.2)

2.6 (1.9-3.8)

0.49

Psychological

3.4 (2.5-4.2)

3.8 (2.8-4.2)

0.42

Emotional

4.0 (3.3-4.3)

3.3 (1.8-4.0)

0.06

Social

2.5 (1.8-3.2)

2.4 (1.3-3.4)

0.50

Psychological

3.6 (2.8-4.0)

3.2 (1.8-4.0)

0.30

Emotional

3.8 (3.0-4.3)

3.7 (2.7-4.3)

0.76

Social

2.7 (2.0-3.2)

2.7 (1.7-3.8)

0.67

Psychological

3.5 (2.5-4.0)

3.3 (2.3-4.0)

0.86

Emotional

4.0 (3.3-4.30

3.7 (1.3-4.0)

0.36

Social

2.4 (1.8-4.0)

1.9 (1.2-3.1)

0.23

Psychological

4.0 (3.0-4.3)

3.5 (1.8-4.1)

0.41

Emotional

3.3 (1.7-4.1)

3.7 (2.7-4.3)

0.58

Social

2.2(1.6-3.1)

2.4 (1.4-4.0)

0.50

Psychological

3.2 (2.0-3.9)

3.3 (2.5-4.2)

0.31

Emotional

4.0 (3.3-4.6)

3.7 (3.3-4.3)

0.23

Social

2.8 (2.1-3.6)

2.6 (1.4-3.2)

0.41

Psychological

3.8 (2.8-4.5)

3.5 (1.8-4.0)

0.18

Data are expressed as median (IQR). MHC-SF = Dutch Mental Health Continuum-Short Form (higher
scores indicates higher well-being), APA = aldosterone-producing adenoma, BAH = bilateral adrenal
hyperplasia.
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ABSTRACT
Objective
To develop a primary aldosteronism (PA) disease-specific Health-Related Quality of Life
(HRQoL) questionnaire.
Methods
We included newly diagnosed patients with PA (n=26), and patients with PA after
adrenalectomy (n=25) or treated with mineralocorticoid receptor antagonists (n=25).
According to the guidelines for developing HRQoL questionnaires from the European
Organization for Research and Treatment of Cancer (EORTC): Phase I: systematic
literature review followed by focus group meetings with patients (n=13) resulting in a
list of 94 HRQoL issues. Relevance of issues was rated by 18 other patients and by health
care professionals (n=15), resulting in 30 remaining issues. Phase II: selected issues
were converted into questions. Phase III: the provisional questionnaire was pre-tested
by a third group of patients (n=45) who also completed the EORTC core quality of life
questionnaire (QLQ-C30). Psychometric testing resulted in a final selection of questions
with their scale structure.
Results
After the collection and selection of HRQoL issues a provisional questionnaire consisting
of 30 items was formed. Of these items, 26 could be assigned to one of the four scales
‘physical and mental fatigue’, ‘anxiety and stress’, ‘fluid balance’ and ‘other complaints’
cumulatively accounting for 68% of variation in all items. All scales had good reliability
and validity. There was a significant correlation of all four scales with the QLQ-C30 in
most cases.
Conclusions
We developed the first PA-specific HRQoL questionnaire (PA-QoL) using standard,
methodologically proven guidelines. After completion of the final validation (phase IV,
international field testing), the questionnaire can be implemented into clinical practice.
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INTRODUCTION
Primary aldosteronism (PA) is a common cause of hypertension, accounting for 5-15% of
hypertensive patients.1-3 PA is categorized in an aldosterone-producing adenoma (APA)
or bilateral adrenal hyperplasia (BAH). When unilateral aldosterone hypersecretion is
suspected (APA), patients generally undergo adrenalectomy (ADX). Patients with BAH
receive a mineralocorticoid receptor antagonist (MRA).
Over the last decade there has been increasing interest in the patient perspective
with the assessment of Health-related Quality of Life (HRQoL), commonly defined by
the functional effect of an illness and/or its treatment upon a patient, as perceived by
the patient.4
HRQoL studies in patients with PA demonstrated a reduced HRQoL compared to
reference values,5,6 and improvement in HRQoL after ADX5 and during MRA-based
treatment.6 Furthermore, psychological symptoms impairing HRQoL in patients
with PA have been reported: occurrence of anxiety disorders ands stress is higher
than in the general population7 and in patients with essential hypertension.8 Also,
depression, somatization, psychological distress and a lower level of well-being among
patients with PA compared to healthy controls have been demonstrated.8 This can be
explained by overstimulation of the abundantly present mineralocorticoid receptors
in brain structures that are involved in fear and anxiety,9 as well as the multiple drugs
needed to control blood pressure and hypokalemia (and thereby adverse reactions)
to which patients affected by PA are frequently exposed to. Additonally, uncontrolled
hypertension, especially when it cannot be explained by their physician, and diagnostic
delay can increase anxiety and stress.
For the assessment of HRQoL it is usually recommended that a generic HRQoL
questionnaire (assessing multiple domains of HRQoL) is combined with a diseasespecific questionnaire (assessing HRQoL aspects relevant for a specific disease).10 In
previously conducted studies among patients with PA, HRQoL was assessed with a
generic HRQoL questionnaire (for example the Short Form 36 General Health Survey (SF36)). No disease-specific HRQoL questionnaire for patients with PA is currently available.
Therefore, the aim of this study was to develop a PA-specific HRQoL questionnaire in
order to be able to assess HRQoL and the effect of treatment in PA more accurately.
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METHODS
Patients and study design
The European Organization for Research and Treatment of Cancer (EORTC) is an
independent, non-profit cancer research organization which coordinates and conducts
international translational and clinical research to improve the standard of cancer
treatment for patients. The EORTC Quality of Life Group is dedicated to the development
of HRQoL questionnaires. We decided to develop our questionnaire according to their
guidelines for developing HRQoL questionnaires as this is the most widely used and
comprehensive guideline in the field.11-13 The questionnaire will not be part of the EORTC
portfolio, since the latter is primarily designed for use in cancer clinical trials, but the
guideline can be used in other research settings and clinical practice as well.11
Below we describe the different phases of development of a PA-specific HRQoL
questionnaire. All patients included in this study were treated at the Radboud University
Medical Center and had been diagnosed with PA (aldosterone after intravenous salt
loading test >280 pmol/l or 140-280 pmol/l and positive consensus of PA by an expert
panel)14 and had sufficient Dutch languages skills.15 All patients have undergone
subtyping by adrenal vein sampling (cut-off value for selectivity index ≥ 3 and for
lateralization index ≥ 4). The Ethics Committee of the Radboud University Medical
Center judged that no detailed review was warranted given the non-intrusive and nonexperimental character of this study. We obtained written informed consent of all
patients.

Phase I
This phase was aimed at compiling an exhaustive list of HRQoL issues relevant to
patients with PA. For this purpose three sources were used. First, we performed an
extensive systematic literature search identifying all studies investigating HRQoL, related
constructs as well as physical and mental symptoms in patients with PA, published
previously.16 The review resulted in a list of issues. Secondly, we organized two patient
focus group meetings. We invited 43 patients, of whom 13 were willing to participate:
one meeting for untreated patients (no previous ADX and no use of MRA; n=5) and one
for patients treated by ADX (n=4) or with MRA (n=4). Treated patients were included in
order to explore treatment-related HRQoL issues. Furthermore, these patients could
also contribute to the issues they experienced before treatment, by remembering the
changes caused by the treatment and comparing pre- and post-treatment period. In
these qualitative interviews we collected all possible relevant issues for HRQoL in a
semi-structured way. Additionally we asked the patients to describe their experience
and to provide information freely. Finally, they were asked to add missing issues on a
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form, in view of privacy matters. We recorded these meetings and wrote out these
recordings verbatim. From these, two authors (MV and AN) made a list of issues and
combined this with the items from the list from the literature review.
We presented this combined list to health care professionals (HCP n=15) with expertise
in the field of PA from different countries and with different professional background
and to another group of 18 patients (untreated n=6; ADX n=6; MRA n=6, invited n=39).
These were all asked to indicate relevance on a four point Likert scale (1= not at all; 2=a
little bit; 3=moderately; 4=extremely) and to select a maximum of 15 most important
issues. An issue was selected for inclusion in Phase II on the condition that the mean
score for both patients and HCPs was >2 and/or that >30% of the patients stated an
issue as important. We also asked them to indicate missing issues, serving as our third
source for HRQoL issues.

Phase II
We converted the final list of HRQoL issues into Dutch questions (items) fitting the
following response options ‘not at all’, ‘a little’, ‘quite a bit’ and ‘very much’. When
available we used phrases that had been used previously in EORTC HRQoL modules.17
The Dutch questions were then translated into English by applying an iterative forward
–backward procedure.18

Phase III
We asked 45 patients not included in phase I (untreated n=15; ADX n=15; MRA n=15,
invited n=54) to fill out the provisional questionnaire together with the EORTC core
cancer quality of life questionnaire (QLQ-C30) online in Castor EDC (Ciwit B.V. 2017)
or, when preferred, on paper. The QLQ-C30 served as a generic HRQoL questionnaire
for validation purposes and is a standard item in this phase according to the EORTC
guideline.11 When specific HRQoL items are included in the provisional questionnaire
there should be an adequate correlation with the QLQ-C30. Most questions (1-26)
referred to the patient’s experience during the last week, some (27-30) to the patient’s
experience during the last four weeks. Additionally they underwent a debriefing in which
they had to indicate whether they felt any questions to be confusing, intrusive, annoying
or upsetting. Furthermore, we asked patients to indicate any missing questions. For
every item we checked the following criteria for inclusion in the final questionnaire
(response categories: 1=not at all; 2=a little; 3= quite a bit; 4= very much): 1. Mean score
> 1.5; 2. Prevalence ratio >30% (number of patients reporting score 2,3 or 4); 3. Range
> 2 points; 4. Responses of scores in categories 1/2 and 3/4 >10%; 5. No significant
concerns expressed by patients; 6. Response >95%. When >2 criteria were not met in
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the total group (n=45) nor in the untreated group (n=15), we did not include the item
in the final questionnaire. Items with low correlation with the total of other items were
excluded for the final factor analysis (initial communalities < 0.1, see data analysis).
For the issues added in the last step of phase I (missing issues) patients had to indicate
relevance and importance according to phase I and issues were included in the final
questionnaire on corresponding condition (mean score >2 and/or >30% of the patients
stated an issue as important).
For a disease-specific HRQoL questionnaire it is not possible to include healthy or
essential hypertension controls for any comparison in this phase, because not all
questions are applicable for them.

Data analysis
We performed all analyses in SPSS version 22.0 for Windows (SPSS Inc., Chicago, IL).
We used descriptive statistics for phase I and phase III.
We tested the suitability of the data for exploratory factor analysis with the KaiserMeyer-Olkin (KMO) method, of which the value must be > 0.5.19 Initial communalities,
estimates of the variance in each variable accounted for by all factors, were determined
(R2 between one variable and all others in multiple regression analysis). We used
exploratory factor analysis to explore the underlying constructs, explaining significant
portions of variance. We based the number of constructs on the Kaiser-Guttman rule
(the amount of the total variance explained by that factor must be >1) and the Cattell’s
scree plot. We analyzed the factor loadings to explain the meaning of each construct.
This was done by oblique rotation, which assumes that the factors could be related,
simplifying their interpretation. Only items with factor loadings of > 0.325 were retained
for further analysis.
We performed multi-trait scaling analysis to confirm the scale structure found in
exploratory factor analysis. We examined for item-scale convergent validity, corrected
for overlap. We tested item-scale discriminant validity by comparing the correlation
of each item with its own scale versus the other scales. Convergent and discriminant
validity are subtypes of construct validity. Demonstration of both convergent and
discriminant validity implicate construct validity, i.e. the questions are actually
measuring what they suppose to measure.
We tested reliability by measuring Cronbach’s alpha coefficient, of which the preferred
level is > 0.7.20 Additionally convergent and discriminant validity were examined by
calculating Spearman’s correlations between the scales and the items, and between
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the scales / items and those of the EORTC QLQ-C30. 21 For the inclusive criterion, we
considered an item-scale correlation of >0.40 (corrected for overlap) as adequate. The
exclusive criterion was met on the condition that the correlation with the other scales
was lower than the correlation with the corresponding scale. When both criteria were
met, we concluded that there was scaling fulfillment.20
For the summed (scale) scores, all answers of the items contributing to the scale were
summed, with a higher score corresponding with a lower HRQoL. Finally, we compared
all summed scale scores and the total score (also added up) of the three patient groups
with the Kruskal Wallis H test.

8

145

Chapter 8

RESULTS
Phase I
The patient characteristics are listed in Table S1. We included 15 studies in our
systematic review,16 from which we extracted 66 HRQoL issues. Both focus group
meetings resulted in an additional 28 issues. These 94 issues were rated by 18 patients
(mean age 53 years) and 15 HCP (ten Dutch and five other European professionals; six
internist-vascular specialists, six endocrinologists, two nurses, and one surgeon). This
resulted in removal of 65 issues. As more than one patient indicated ‘edema’ as missing
issue, we added this to the list.
Phase II
The resulting 30 issues were converted into questions, resulting in the provisional PAQoL. Whenever possible, we selected questions from the EORTC item bank (http://
www.eortc.be/itemlibrary/), a collection of all available EORTC (HRQoL) questionnaires.
The issues for which no corresponding question was available in the EORTC item bank
(n=11) were converted into questions after consensus by MV, JD and OH, in line with
the EORTC style.
Table 1. Characteristics of the patient groups involved in phase III
Untreated
(n=15)

Characteristics
Gender M/F
Age (years)

b

Subtype APA/BAH
Years since diagnosis of PA (SLT) b
Years since diagnosis of hypertensionb
Years since (start of) treatmentb
Hypokalemia yes/nod

MRA-based treatmenta Adrenalectomy
(n=15)
(n=15)

9/6

13/2

12/3)

50.7 ± 10.4

59.6 ± 10.3

55.7 ± 8.3

9/5c

0/15

15/0

<1

4.6 ± 1.4

3.8 ± 0.8

11.3 ± 8.7

17.2 ± 12.3

15.6 ± 12.1

NA

3.9 ± 1.8

2.7 ± 0.4

11/4

2/13

0/15

159 ± 23

162 ± 22

155 ± 18

Diastolic BP at first visitb

94 ± 12

92 ± 9.8

92 ± 14

Number of antihypertensive drugs at first
visit e

2 (1-3)

2 (1-4)

2 (1-3)

Renin concentration (SLT at T=0) (mU/l)e,f,g

4.9 (2.0-8.5)

3.4 (3.0-4.6)

5.1 (3.0-9.2)

0.48 (0.33-0.77)

0.38 (0.31-0.47)

0.49i
(0.32-1.09)

Systolic BP at first visit

b

Aldosterone concentration (SLT at T=4h)
(nmol/l)e,f,h

spironolacton (n=6), eplerenon (n=8), methyldopa (n=1, due to pregnancy wish); b mean ± SD; c
unknown in one patient; d at time of fillling out questionnaire; e median (25th-75th percentile); f Pretreatment; g n=11/13/10 (missings due to renin activity measurements in other patients), if renin was <3
(n=11) it was considered as renin=3, reference values 6.2 – 65 mU/l; h > 0.28 nmol/l confirms PA; i n=14.
APA=aldosterone-producing adenoma, BAH=bilateral adrenal hyperplasia, PA=primary aldosteronism,
NA=not applicable, SLT=salt loading test.
a
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Phase III
All questionnaires were filled out completely. This was done online by 37 patients and on
paper by 8 patients. Patient characteristics are shown in Table 1. Response information
is provided in Table 2. The time for completion of the provisional PA-QoL was ≤ 10
minutes for 24 patients, 11 to 15 minutes for 15 patients, 16 to 20 minutes for 3 patients
and 21 to 25 minutes for 3 patients. Two patients indicated gynecomastia as missing
item. Therefore this item was added as a single item only for men on spironolactone.
We excluded item 24 about impaired concentration based on our pre-defined criteria
(mean score was <1.5 for the total group as well as for the untreated patients, prevalence
ratio <30%, and responses of scores ‘quite a bit’/‘very much’ <10%). We treated the
item regarding erectile dysfunction as a single item. The KMO value for the remaining
28 items was 0.78. All initial communalities were > 0.1. Four factors were identified,
cumulatively accounting for 68% of variation in all items (respectively 48%, 9%, 6% and
5%). The oblique rotation of the exploratory factor analysis resulted in factor loadings
and correlations which are shown in Table 3. We adopted a cut-off value of 0.325 for
factor loadings. In other words, only those items scoring higher than this threshold
were retained for further analysis. As a result, we treated item 13 (snoring) and item
21 (impatient) also as single items.
Table 2. Item descriptive statistics of 45 patients with (treated) primary aldosteronism (phase III)
Distribution of
responses n=45 a

Mean
Item
1
2
3
4
5
6
7
8
9
10
11
12

Question
Have you had headaches?
Have you had muscle weakness?
Have you been physically limited?
Have you lacked energy?
Have you felt restless or agitated?
Have you felt physically exhausted?
Have you felt mentally exhausted?
Have you had to urinate frequently
during the day?
Have you had to urinate frequently
at night?
Have you felt overly thirsty?
Have you taken large quantities of
fluid?
Have you woken up for long periods
during the night?

Total
n=45
1.38
1.38
1.73
1.89
1.47
1.56
1.47
1.69

Untreated
n=15
1.53
1.40
2.00
2.20
1.80
1.93
1.67
1.87

MRA
n=15
1.40
1.60
1.87
1.93
1.40
1.53
1.40
1.60

ADX
n=15
1.20
1.23
1.33
1.53
1.20
1.20
1.33
1.60

1
30
33
24
17
30
27
31
22

2
13
8
13
19
10
14
10
15

3
2
3
4
6
4
1
1
8

4
0
1
4
3
1
3
3
0

2.04

2.07

2.27

1.80

11 23

9

2

1.58

1.93

1.47

1.33

28

8

9

0

1.56

1.87

1.33

1.47

28

9

8

0

1.71

1.53

1.93

1.67

23 14

6

2
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Table 2. (Continued)
Distribution of
responses n=45 a

Mean
Item Question

Total
n=45

Untreated
n=15

MRA
n=15

ADX
n=15

1

2

3

4

13

2.09

2.33

1.87

2.07

15 16

9

5

1.84
1.84

2.20
2.20

1.67
1.80

1.67
1.53

16 22
20 14

6
9

2
2

1.64

2.07

1.57

1.40

24 15

4

2

1.76

2.27

1.67

1.33

21 16

6

2

1.71

1.87

1.93

1.33

22 15

7

1

1.71

2.00

1.80

1.33

23 14

6

2

1.93

2.20

1.87

1.73

22 10

7

6

1.49
1.69
1.58
1.36

1.67
2.00
1.73
1.40

1.60
1.67
1.60
1.33

1.20
1.40
1.40
1.33

29
22
25
32

11
16
15
11

4
6
4
1

1
1
1
1

1.58

1.60

1.60

1.53

23 19

2

1

1.47

1.80

1.40

1.20

31

9

3

2

1.49

2.00

1.33

1.13

31

6

8

0

1.53

2.07

1.33

1.20

28 11

5

1

1.82

1.93

1.80

1.73

25

8

7

5

1.68

1.78

2.08

1.17

22

4

5

3

14
15
16

17

18

19
20
21
22
23
24b

25
26
27

28
29
30

Have you, as far as you know,
snored?
Did you feel sleepy during the day?
Have you felt tired (not rested) when
you woke up?
Have you worried about the
consequences of your high blood
pressure?
Have you been worried about the
consequences of the elevated levels
of aldosterone?
Have you worried about your
treatment causing future health
problems?
Have you been worried about the
side-effects of your treatment?
Have you felt frustrated about the
number of pills that you are taking?
Have you felt impatient?
Did you feel irritable?
Did you get angry easily?
Have you had difficulty in
concentrating on things, like reading
a newspaper or watching television?
Have you had difficulty remembering
things?
Have you had swelling in your legs or
ankles?
Have you felt frustrated about a
possible delay in the diagnosis of
primary aldosteronism?
Have you felt worried about the
diagnosis?
Have you had decreased libido?
For men: Did you have difficulty
obtaining or maintaining an erection?

n=34

n=9

n=13

n=12

Patients were untreated, after adrenalectomy (ADX) or on mineralocorticoid receptor antagonists
(MRA). a 1=Not at all; 2=A little; 3= Quite a bit; 4= Very much. b Item deleted based on pre-defined
criteria (see text).
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Table 3. Rotated component matrix of all items with a factor loading > 0.325
Factor loadings

Correlations

Muscle weakness

-0.391

-0.645

3

Physically limited

-0.663

-0.806

4

Lack energy

-0.531

-0.783

6

Physically exhausted

-0.331

-0.706

7

Mentally exhausted

-0.777

-0.882

12

Woken up long period night

-0.633

-0.668

14

Sleepy daytime

-0.582

-0.766

15

Tired wake up

-0.326

-0.641

25

Problems remember

-0.682

-0.663

29

Decreased libido

-0.454

-0.602

5

Restless agitated

-0.463

0.623

16

Worries high blood pressure

-0.663

-0.714

17

Worries aldosterone

-0.988

-0.947

18

Worries future health

-0.704

-0.820

19

Worries side-effects

-0.864

-0.893

20

Frustrated number pills

-0.432

-0.551

27

Frustrated delay diagnosis

-0.645

-0.733

28

Worries diagnosis

-0.842

-0.818

Fluid balance

9

Urinate night

0.426

0.566

10

Thirsty

0.737

0.802

11

Fluids

0.779

0.789

Other complaints

1

Headaches

0.654

0.724

8

Urinate frequently day

0.663

0.674

22

Irritable

0.757

0.893

23

Angry

0.668

0.779

26

Swelling legs ankles

0.448

0.510

Scale
Physical and mental fatigue

Item

Description

2

Anxiety and stress

8

The multi-trait analysis showed that scaling assumptions were not met for one item in
three of the four scales (Table 4). The reliability of all scales was adequate. There was
a significant correlation of all four scales with the EORTC QLQ-C30 in most cases (Table
5). We named the scales physical and mental fatigue, anxiety and stress, fluid balance
and other complaints.
The summed scale scores were the highest for the untreated patients, and the lowest
for the patients after ADX (Table 6). This was statistically significant for scale 2 and for
the total of all 28 items (item concerning erectile dysfunction not included).
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8

3

5

1

2

3

4

7.8 (2.9)

5.2 (2.0)

13.2 (5.5)

16.8 (6.7)

Mean (SD)

0.84

0.77

0.92

0.93

Cronbach’s α

0.37-0.81 (0.62)

0.55-0.67 (0.61)

0.51-0.87 (0.69)

0.39-0.79 (0.64)

4/5

3/3

8/8

9/10

Range (mean) of item- Number of item-scale
correlations b
scale correlations a

Item-scale convergent validity
(inclusive criterion)

0.25-0.77 (0.48)

0.31-0.52 (0.42)

0.29-0.74 (0.42)

0.23-0.76 (0.44)

0/5

0/3

1/8

0/10

Range (mean) of
Number of items
correlations with other higher correlations
scalesc
with other scale d

Item-scale divergent validity
(exclusive criterion)

4/5

3/3

7/8

9/10

Number of items that
meet criterion 1 and 2

Scaling fulfillment

a

b

Correlation between items and hypothesized scale. Number of item-scale correlation that meet minimum standard for convergent validity (≥0.40). c Correlation
between items and other scales. d Number of items that have higher correlation with at least one of the other scales compared to that with the hypothesized scale.

N

Scale

Table 4. Results of multi-trait analysis
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Table 5. Correlations between EORTC QLQ-C30 and scales/items PA-QoL
Scales

EORTC QLQ-C30

1

2

3

4

Physical and
mental fatigue

Anxiety
and stress

Fluid
balance

Other
complaints

Single items
Snoring

Impatience

Physical functioning a

-0.77**

-0.37*

-0.47**

-0.67**

-0.18

-0.51**

Role functioning a

-0.77**

-0.52**

-0.45**

-0.61**

-0.16

-0.43**

Emotional
functioning a

-0.78**

-0.53**

-0.48**

-0.73**

-0.29

-0.65**

Cognitive
functioning a

-0.73**

-0.54**

-0.50**

-0.74**

-0.46**

-0.68**

Social functioning a

-0.72**

-0.63**

-0.38**

-0.52**

-0.33*

-0.66**

Global QoL/health
status

-0.63**

-0.58**

-0.41**

-0.63**

-0.33*

-0.51**

Fatigue

0.87**

0.45**

0.45**

0.75**

0.21

0.50**

Nausea/vomiting

0.54**

0.30*

0.30*

0.39**

0.20

0.26

Pain

0.60**

0.29

0.13

0.36*

0.06

0.30*

Dyspnea

0.63**

0.26

0.27

0.52**

0.06

0.30*

Sleep/insomnia

0.60**

0.52**

0.33*

0.49**

0.32*

0.42**

Appetite loss

0.51**

Constipation

0.07

0.34*
-0.05

0.43**

0.52**

0.33*

0.04

0.15

0.26

0.58**
-0.06

Diarrhea

0.27

0.18

0.20

0.26

0.06

0.24

Financial difficulties

0.28

0.32*

0.30*

0.27

0.27

0.19

< 0.40 weak correlation, 0.40-0.60 moderate and >0.60 high; a A high score for these functional scales
represents a high / healthy level of functioning* p <0.05; * * p <0.01.

8

Table 6. Comparison of treatment groups for outcomes provisional PA HRQoL questionnaire
Scale
1

Physical and
mental fatigue

Items (n)

Untreated
(n=15)

MRA-based
treatment (n=15)

Adrenalectomy
(n=15)

P value

10

18 (14-22)

14 (12-21)

13 (11-17)

0.134

2

Anxiety and stress

8

9 (8-12)

13 (9-14)

9 (8-12)

0.006

3

Fluid balance

3

6 (4-7)

4 (4-6)

4 (3-5)

0.112

4

Other complaints

5

8 (6-12)

7 (5-10)

6 (5-9)

0.192

28

38 (23-43)

42 (36-49)

49 (40-64)

0.027

Total

Data expressed as medians (25th-75th percentile). MRA=mineralocorticoid receptor antagonists
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DISCUSSION
We have developed the first disease-specific HRQoL questionnaire for patients with PA, the
PA-QoL, consisting of the 30 most relevant items, according to an established guideline.11
This preliminary analysis resulted in four scales, all with a fair reliability and validity. There
is an adequate correlation with the validated EORTC QLQ-C30 questionnaire. Also, the
PA-QoL demonstrates the differences in HRQoL between the different treatment groups,
with the lowest QoL in untreated patients and the highest in patients treated by ADX, as
established before.22
This is the first study which assessed all specific and relevant QoL issues in patients
with PA, with contributions of 76 patients with PA. The items included in the provisional
questionnaire cover a range of difficulties that patients with PA are facing. Some of
them can be directly assigned to the pathophysiological effects of high aldosterone,
such as edema, disturbances of the fluid balance and muscle weakness (mediated by
hypokalemia). The questionnaire also consists of a number of mental issues, which is in
line with earlier findings.16 Sleeping disorders and snoring might be due to the association
of PA with obstructive sleep apnea.23 Finally, a decreased libido and erectile dysfunction
might be the result of spironolactone, as this mineralocorticoid receptor antagonist has
anti-androgen activity.24 All these issues are specific for PA and are not covered by a
general HRQoL questionnaire. Remarkably the specific issues concerning depression and
generalized anxiety were not included in phase III because relevance and importance was
judged low by patients and HCPs, although these problems are known from the literature
as associated with PA.16
This study confirms the impaired HRQoL of patients with PA, and its improvement by
treatment. An impaired HRQoL has been reported by various studies before,5,6,16,22,25 as
well as the improvement after therapy.5,6,16,22,26 In our study, patients after ADX have a
better disease-specific HRQoL than patients on MRA-based treatment. This is in line with
our earlier findings with a generic HRQoL questionnaire.22 However, in other studies this
relation between therapy for PA and QoL has been questioned.6,25 This inconsistency
might have been the result of a too small number of patients and/or the use of a general
/ less extensive HRQoL questionnaire. As the PA-QoL is disease-specific, it has presumably
more potential to discriminate.
A few limitations should be taken into account. Firstly, the PA-QoL has not yet been tested
in a large group of patients from different countries. Therefore, the created scales have
a preliminary status. Furthermore, because the scaling is mainly a result of statistical
procedures, the grouped items are not always consistent with how we would create scales
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intuitively. Therefore, the scale structure needs to be confirmed in a large international
sample of patients with PA. Also, one item regarding gynecomastia (Have you had sore
or enlarged nipples or breasts?) was added to the questionnaire specifically for men
using spironolactone as a single item. The relevance will be checked in the final phase.
Moreover, when interpreting the outcome of the PA-QoL we have to take into account
the possibility of a selection bias, which might have influenced the scores (in all groups)
in phase III, assuming that patients with more complaints are more willing to participate
for example. However, we do not think this has influenced the final questionnaire because
a lot of issues were eliminated in the following phases due to the elaborated process of
constructing this questionnaire. Finally, the gender distribution in phase III might have
influenced our results. It has been suggested in previous studies that (untreated) female
patients are more affected regarding mental QoL,25 anxiety and depression.7,8,27 In our
study more male patients were included, especially in the post-treatment groups. This is
a result of a structural higher percentage of men compared to women with PA that are
treated in our hospital.
The PA-QoL could be used in clinical as well as research setting to measure an important
outcome, especially from the patients’ perspective. This will allow a more optimal and
precise mapping of the impaired HRQoL in patients with PA, and make physicians more
aware of the potential HRQoL issues that patients with PA are dealing with. Furthermore,
it will help them to inform patients adequately, and to identify those who most suffer
from PA-related health problems, other than hypertension or hypokalemia.
The final phase of the development of the PA-QoL will assess responsiveness to change
and cross-cultural validity. The larger number of patients will help to fully validate the
scales. We expect that this will also result in a significant difference between treatment
groups in all subscales. In our study for two out of three subscales there was a nonsignificant trend, probably due to the limited number of patients in each group (n=15).
In conclusion, we developed the first PA-specific HRQoL questionnaire using standard,
methodologically proven guidelines. This questionnaire can be of value in the care for
patients with PA. After final validation in phase IV is completed, it can be implemented
into practice.
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SUPPLEMENTAL TABLE
Table S1. Characteristics of all patients involved in phase I
Untreated
(n=11)

MRA-based treatment
(n=10)

Adrenalectomy
(n=10)

Gender M/F

9/2

7/3

4/6

Age (years)

51.0 ± 7.7

58.8 ± 9.2

53.2 ± 10.8

<1

5.6 ± 3.9

2.1 ± 1.9

1 (1-2)

2 (1-3.3)

0 (0-1.25)

7/4

1/9

0/10

Characteristics

a

Years since diagnosisa
Number of anthypertensive drugsb,c
Hypokalemia yes/noc

mean ± SD; median (25th-75 percentile); at time of focus group meeting or fillling out questionnaire.
MRA=mineralocorticoid receptor antagonists.

a
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DISCUSSION AND PERSPECTIVES
In 2014, at the start of the journey described in this thesis, it was generally accepted
that PA was not a rare cause of hypertension, and that PA yielded a higher risk of
cardiovascular morbidity than essential hypertension.1 It was also clear that hypokalemia
was not a key feature of PA, as was previously thought, but that it was present in only
a minority of patients. At that time a clinical guideline by the Endocrine Society was
already available, guiding diagnostic and therapeutic strategies. We were however
puzzled by a few aspects. First, the salt loading test, being the most frequently used
gold standard test for PA, could in many cases not give a simple yes-or-no answer
regarding the presence of PA. In some patients, the test result was ‘indeterminate’.
This seemed to call for experts to rule sometimes inimitable verdicts on diagnosis,
appropriately called ‘a cottage industry’ by Rossi and Funder.2 We felt that this need
for experts was quite unsatisfactory for a guideline recommendation. Second, the
first analyses of a randomized diagnostic study we were doing to compare AVS with
CT-scanning in order to select PA patients for adrenalectomy showed similar clinical
outcomes whereas the discrepancy between the conclusions of both procedures was
around 50%. In addition, the right-left distribution of APAs was highly unequal, and this
made us wonder if conventional image reading of CT-scans could cause these confusing
results. Finally, many of our patients with established PA complained of feeling unwell,
functioning suboptimally at work and at home. It struck us that often these symptoms
disappeared after adrenalectomy. Little could be found in the literature regarding these
complaints that evidently were highly relevant to patients’ daily life. All these issues
motivated the research described in this thesis.

Diagnosis
All available methods for screening, confirming and subtyping PA have major limitations.
For example, there is no consensus on the best performing cut-off value for the ARR, the
recommended screening test for PA. Its sensitivity, although depending on the cut-off
value, is limited, which is unacceptable for a screening test.3-5 Moreover, the SLT, the
reference or gold standard test for PA, designated as such by the Endocrine Society
guideline has a broad range of results in which the test is referred to as inconclusive or
indeterminate. This is peculiar for a reference test, to put it mildly. Finally, AVS and CT
both have their drawbacks in subtyping PA and have a concordance of only 50-62%.6,7
Therefore, expert opinion is often essential in the diagnostic process. In the thesis
we addressed issues of the SLT and AVS. In chapter 2 we provide a diagnostic tool for
patients suspected of PA, where the Endocrine Society guideline8 is not helpful, namely
for patients with an inconclusive SLT. We suspected that in case of an indeterminate
result of the SLT it should be possible to extract clinical parameters from files that
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experts use to finally diagnose PA. Indeed, the apparently well performing diagnostic
tool we developed now uses four easily obtainable continuous parameters. Because it
is well-known that models with apparently adequate predictions fail when validated
in a new patient cohort,9 we would like to see our prediction model applied to another
cohort of patients from another expert center to see whether diagnostic accuracy is
confirmed. After successful external validation this instrument can be implemented in
all teaching and regional hospitals in the Netherlands where extensive expertise in PA
may be lacking.
The SPARTACUS study showed similar outcomes in patients subtyped by AVS and by
CT-scan but the concordance of the subtyping result between both procedures was
only 50%.10 This finding implies that both modalities have their own limitations. The
criteria for enlargement of the complexly shaped adrenal glands on two-dimensional
CT-scan are poorly documented. At our center we use as criterion for diagnosing an
adenoma or hyperplasia a thickness of the adrenal body or limb of 7 mm or more (in
addition to a low density or high washout percentage of contrast), but supportive
literature is scarce.11,12 Applying the same cut-off for both adrenals seems questionable,
considering the difference in size of the right and left adrenals.12 We were puzzled in
this respect by the findings of the SPARTACUS study, where there was a very strong
discrepancy between the frequency of right-sided and left-sided enlargement: in 92%
of all patients the left adrenal was enlarged (left APA and bilateral disease), versus only
53% for the right adrenal (right APA and bilateral disease). In contrast, AVS showed
hypersecretion of aldosterone from the left adrenal gland (left APA and bilateral disease)
in 76%, versus 71 % for the right adrenal (right APA and bilateral disease). In line with
this finding, incidentalomas of the adrenal are also more frequently found on the left
side (65% left versus 21% right and 14% bilateral).13 It is also known that the left adrenal
gland in healthy individuals is substantially larger than the right one.12 We presumed
that when applying similar cut-off levels for both glands, CT-scanning might give an
overestimation of the presence of adenomas on the left side compared to the right
side. Therefore we hypothesized that volumetric (three-dimensional) evaluation, by
applying side- and gender-specific reference values for adrenal volume, could improve
accuracy of CT with two-dimensional readings and might be superior to AVS. Since
CT-scanners are available in all hospitals, volumetry software is easily applied and AVS
has very limited availability, volumetric evaluation of adrenal glands could have the
potential to make PA a condition that can be managed more cheaply in regional and
teaching hospitals. However, we found that volumetry of the adrenals on CT-scan did
not significantly improve the concordance between AVS results and CT-scan in subtyping
PA (chapter 3). Apparently, considering the need for optimization of subtyping in PA, we
should focus on other modalities. Incidentally, the size of the contralateral adrenal on
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volumetry appeared not to be a predictor of biochemical or clinical success after ADX,
whereas female gender was only associated with clinical success and the need for less
medication, which is in line with earlier findings.14-17
Our case report (chapter 4) shows in a Popperian a way that the assumptions on which
AVS is based, as outlined in the introduction (symmetric cortisol production, one
draining vein per adrenal glandb ), are not always met. This might be one explanation
why AVS may fail in some patients to identify APA. It should be noted that failure to
detect an APA by AVS cannot be verified because currently the only way to check for
correctness of the AVS result is an adrenalectomy. Adrenalectomy is not commonly
performed in patients who do not show clear lateralization of aldosterone production.
The finding that triggered us to further study this patient was the bilateral suppression of
aldosterone, as can be concluded from the lower aldosterone-to-cortisol ratios in both
adrenal veins compared to the iliac vein. The lesson in this case report is therefore that
not only lateralization ratios should be examined but also the individual aldosterone-tocortisol ratios in both adrenal veins in relation to the peripheral aldosterone-to-cortisol
ratio. In case of bilaterally suppressed ratios, there may either be an extra vein, or there
may be an extra-adrenal source of aldosterone production.
1

2

Because of the limitations of both AVS and CT-scan as outlined in the introduction,
future research in optimizing subtyping PA should focus on new modalities, of which
functional imaging with (11)C-metomidate positron emission tomography (PET)18 is
a promising example. Recently, also molecular imaging by a CXCR4 ligand has been
introduced as a tool for subtyping.19 An alternative approach could be to improve the
existing procedures. For example, for AVS alternative cut-off values or different steroids
for correction for dilution might be used.20 Also, the combination of multiple plasma
steroids (steroid profile) may be helpful in subtyping PA.21 The production of steroids
other than aldosterone in an APA is clearly different from that of BAH. Eisenhofer et
al. showed that subtyping by a peripheral steroid profile was correct in 80% of cases,
using AVS as gold standard, but this finding still needs to be validated in prospective,
preferably randomized diagnostic trials.21

a

b
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Karl Popper is generally regarded as one of the greatest philosophers of science of the 20th century. According
to Popper a theory in the empirical sciences can never be proven, but it can only be falsified, meaning that it
can and should be scrutinized by decisive experiments.
The best known example from Popper’s theory is the following: the statement ‘All swans are white’ -or there
is always one draining adrenal vein-, can be falsified by the observation of one black swan -or by the presence
of one extra draining vein.
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Health-related Quality of Life (HRQoL), well-being and psychological symptoms
in primary aldosteronism
HRQoL and well-being are two different concepts: HRQoL includes functional status,
physical challenges, and the evaluation of someone’s position in life (for example
social activities), whereas well-being is reported as satisfaction with life and positive
psychological function.22 Although HRQoL and well-being are not the same, the
correlation is significant.23
This thesis clearly shows that HRQoL is impaired in untreated patients with PA as well
as in patients on MRA-based treatment. The severity of impairment in untreated PA
is comparable to that in other diseases such as peritoneal dialysis 24 and untreated
primary hyperparathyroidism.25 Furthermore we demonstrate that treated as well as
untreated patients with PA suffer more from psychological symptoms than the general
population. This impairment can be explained by physical symptoms, such as headache,
fatigue, edema and muscle weakness (mediated by hypokalemia), medication, as well
as the effect of aldosterone on the central nervous system. Although the penetration
of aldosterone through the blood-brain barrier is poor, there are cells in the central
nervous system that are sensitive to aldosterone.26 Therefore, hyperaldosteronism may
lead to alterations in central sympathetic nervous system output and thereby disturbed
psychological function.27 Animal studies showed the presence of mineralocorticoid
receptors in the brains of rats,28 and the sensitivity of specific neurons to aldosterone.26
Administration of aldosterone in rats caused anxiety-like behavior, 29 whereas
administration of an MRA resulted in anxiolytic effects.30 Administration of angiotensinconverting enzyme inhibitors and angiotensin II receptor blockers, which will decrease
systemic aldosterone levels, has been reported to have anxiolytic effects and improve
mood in humans.31,32 Fortunately, MRAs cross the blood brain-barrier.33
In the Primary Aldosteronism Quality of Life questionnaire (PA-QoL) that we developed
we have collected all PA-associated symptoms in order to create a complete instrument
to measure HRQoL in patients with PA. The lower HRQoL in PA patients and the
improvement after treatment is an important additional incentive to look for PA patients
actively in high risk categories (e.g. therapy resistant hypertension, hypertension and
hypokalemia, hypertension and adrenal incidentaloma). Furthermore, considering
the lower HRQoL in patients with PA on MRA-based treatment than after ADX, all PA
patients who are able and willing to undergo surgery should be subjected to subtyping.
Remarkably, we found no differences in well-being or psychological symptoms between
patients after ADX and those on MRA-based treatment (chapter 7), whereas patients
using MRAs did have lower HRQoL than adrenalectomized patients (chapter 6).
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Apparently the HRQoL impairments measured by the RAND SF-36 for patients on MRAbased treatment are not measured by the well-being questionnaire we used, nor by
the questionnaire for psychological symptoms.
A comparable discrepancy is the presence of psychological symptoms in patients treated
by ADX on one hand (chapter 7), and the normal HRQoL on the other hand (chapter
6). One might expect that having more psychological symptoms impairs HRQoL, but
apparently a general HRQoL questionnaire is not able to detect this. We expect that
the PA-QoL is more sensitive for these psychological issues. This has to be confirmed
however in future research.
We demonstrated that well-being of treated patients with PA is comparable with
well-being of the general population. As elaborated in the Introduction of this thesis,
note that well-being is not the same as HRQoL. Whether well-being is compromised
in untreated patients with PA remains unknown and this should be a topic for future
research as well.
Untreated patients have the highest score on our PA-QoL (corresponding with the lowest
HRQoL), followed by the patients on MRA-based treatment. The patients after ADX have
the lowest score. This is in line with our findings with a general HRQoL questionnaire
and supports the validity of the developed questionnaire.
When the last phase of the development of our PA-QoL questionnaire will have been
completed and validated, this questionnaire could be implemented in clinical trials
for PA. It can also be of value in clinical practice in an individual patient to assess
the need for adrenalectomy (in case of hesitation), thus choosing for subtyping or for
psychological support.
In my opinion, HRQoL is very important from the patient’s perspective. Because HRQoL
improves with both treatments it is of great importance to diagnose PA. Although
studies of Hundemer et al. suggest that ADX might be superior to MRA in terms of renal
function, cardiometabolic events, atrial fibrillation34 and death35,36, the differences they
found might still be a result of undertreatment with MRAs by prescribing a dosage that
does not result in adequate renin increase (reflecting insufficiently opposed excessive
aldosterone effects). Other studies failed to provide any evidence for ADX being the
preferred treatment for unilateral disease8 in terms of improvement in left ventricular
mass, blood pressure or potassium level.37,38 Therefore HRQoL might serve as an
additional incentive for subtyping, as only ADX restores the HRQoL towards the level
of the general population.
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Most studies on clinical outcome parameters in treated PA are retrospective and
therefore susceptible to all kinds of bias. However, the Endocrine Society guideline
is based only on these retrospective data. So, decisions of a physician are currently
also based on these observational studies. Therefore we usually opt for ADX in case of
unilateral disease although evidence from randomized controlled trials is lacking. So,
future studies should have a prospective design: ideally optimal medical treatment with
MRAs, i.e. dosages that abolish renin suppression, should be compared with ADX for
unilateral disease combining somatic outcome parameters such as renal and cardiac
function, prevalence of atrial fibrillation, cardiovascular events and mortality. Based
on this thesis, I would like to advocate inclusion of other patient-relevant outcome
parameters like HRQoL, well-being and psychological symptoms. Such an RCT might
cause an ethical debate though, because what is written in a guideline is considered
as a ‘god-given truth’ by some experts. We feel though that guidelines can and should
only be improved by challenging them.
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SUMMARY
In this thesis I addressed two aspects of primary aldosteronism (PA): First, I refined
some diagnostic steps and second I focused on patient-centered outcomes. Here I will
summarize the results of the studies described in my thesis and I will start with a short
introduction.
The most commonly used confirmation test for PA in the Netherlands is the intravenous
salt loading test (SLT). However, a major percentage of SLT results is inconclusive according
to the cut-off values recommended by the Endocrine Society guideline.1 In these cases, for
confirmation or rejection of diagnosis we are dependent on experts. After confirmation of
diagnosis one of the subtyping modalities to differentiate unilateral (APA) from bilateral
disease (BAH) is adrenal CT-scan, although nowadays APA and BAH are more and more
considered as two ends of a spectrum.2 The criteria for adrenal enlargement are not very
well documented in the literature and might therefore be subjective. Furthermore, the
complex shape of the adrenal glands can make it hard to interpret the two dimensional
images of CT.
Health-related quality of life (HRQoL) and mental health are impaired in patients with
PA, although available literature is scarce. The literature is inconsistent concerning
the HRQoL after both treatments, i.e. adrenalectomy (ADX) and medical treatment
with mineralocorticoid receptor antagonists (MRAs). No disease-specific quality of life
questionnaire is available for PA.

Part I: diagnosis
We report the development of a diagnostic model for PA in chapter 2. The aim of the
study was to create a model which might replace the expert opinion for the diagnosis
of PA in case of an inconclusive SLT. We included a retrospective cohort of 276 patients
that had undergone an SLT for the suspicion of PA. After logistic regression four variables
appeared to predict the presence of PA, as judged by consensus in our Adrenal Center
meetings (so this expert opinion was used as gold standard, considering the absence
of a real gold standard): more intense potassium supplementation, lower plasma
potassium concentration, lower plasma renin concentration before SLT, and higher plasma
aldosterone concentration after SLT. When applied to the patients with an inconclusive
SLT the model reached a correct diagnosis in 90% of patients. Hence, the prediction model
for the diagnosis of PA in patients with inconclusive SLT results in a diagnosis that is in
high agreement with that of our expert panel.
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Chapter 3 concerns the volumetric evaluation of the adrenal glands in the patients
included in the Spartacus trial. In this diagnostic trial 92 patients were randomized for an
adrenal vein sampling (AVS) and 92 patients were randomized for an adrenal CT-scan for
subtyping PA. Patients in the AVS group underwent a CT-scan too, that was used for this
analysis. The aim of this study was to investigate whether adrenal volumetry might be
superior to conventional two-dimensional CT measurement of the adrenals in subtyping
PA.
The concordance in subtyping between volumetry results and AVS results (58.8%)
was not significantly different from the concordance between results of conventional
CT assessment and AVS (51.8%). So, volumetry of adrenal glands seems not superior
to conventional CT measurements. Furthermore, we found that the volume of the
contralateral adrenal was not associated with biochemical failure or the need for
antihypertensive medication after ADX.
In chapter 4, we report a case of a patient with PA in which the second AVS procedure
showed bilateral suppression of aldosterone secretion. On CT-scan initially no (adrenal)
abnormalities were reported. Metanephrines and aldosterone were then measured in
samples of the first AVS procedure on the right side, which was regarded as non-selective
because of low cortisol levels. Aldosterone appeared to be very high. After scrutiny of
images obtained during AVS it became clear that those samples had been derived from
an extra vein which was connected to an oval structure of 18x23 mm, which had been
interpreted as a protrusion of the liver. During surgery, the adenoma and the adrenal were
removed en bloc, as they appeared to be connected. Pathological examination revealed a
small tissue bridge between the adenoma and the adrenal. This case report illustrates that
the concept of AVS is based on assumptions (such as only one draining vein per adrenal)
that may not always be correct.

Part II: Quality of life and psychological symptoms in PA
In chapter 5 we present our systematic review of the literature on HRQoL and mental
health in PA: both physical and mental HRQoL are impaired in newly diagnosed patients
with PA. ADX clearly improves HRQoL, while for MRAs results are conflicting. Furthermore,
various mental disorders and symptoms are associated with PA, especially depression,
anxiety, distress and sleeping disorders. These psychological symptoms seem to be
reversible as well, although studies specifically proving this are lacking.
In the next chapter (chapter 6) we discuss the results of a post hoc analysis of HRQoL in
our diagnostic randomized controlled (Spartacus) trial, in which we measured HRQoL with
the RAND SF 36 generic HRQoL questionnaire before, and after six and twelve months of
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treatment with either ADX (n=92) or MRAs (n=92). We concluded that treatment of PA
resulted in substantial improvement of the physical and mental HRQoL of patients with
PA and that this improvement one year after ADX for APA not only exceeded that of the
patients treated by MRAs for BAH but also restored the HRQoL to the level of the general
population. Even though operated patients are not always free of antihypertensive drugs,
an important cause of the impairment of HRQoL in the patients treated with MRAs might
be the side effects of these drugs.
The seventh chapter reports a cross-sectional study we performed in patients treated for
APA (n=114) or BAH (n=46) by ADX or MRA respectively. We measured well-being by the
Mental Health Continuum-Short Form and anxiety, depression and obsessive-compulsive
thoughts and activities by the Symptom Checklist. After a mean interval since start of
treatment of 31 months we found that overall levels of well-being and psychological
symptoms were similar for treated patients with an APA and BAH. Furthermore, we
observed that patients with treated PA still reported more psychological symptoms
compared to the general population. However, well-being did not differ from Dutch
reference groups from the general population.
In the last chapter (chapter 8) we describe the development of a primary aldosteronismspecific HRQoL questionnaire. In the first phase we generated a HRQoL issue list (n=94)
using focus groups with patients (n=13) and the results of the systematic literature search
as described in chapter 5. Relevance and importance of these issues was rated by patients
(n=18) as well as by health care professionals (n=15). These rating resulted in a selection
of 30 issues. In the second phase, these issues were converted into questions (items).
These questions were pre-tested in phase three in 45 patients. One item was deleted
based on pre-defined criteria. Based on exploratory factor analysis followed by a multitrait analysis, 26/28 items could be assigned to one of the four scales ‘physical and mental
fatigue’, ‘anxiety and stress’, ‘fluid balance’ and ‘other complaints’. One item was treated
as single item and another single item was added in the third phase, resulting in a number
of 30 questions included in the provisional questionnaire.
In conclusion, we developed a diagnostic model to predict the presence of PA in patients
with an inconclusive SLT. Furthermore, we demonstrated that volumetry of adrenal glands
did not seem to have additional value for subtyping PA as compared to conventional CT
measurements. In the second part we showed that adrenalectomy improves the impaired
HRQoL in patients with PA more than medical treatment. We could not establish such
a difference for well-being or psychological symptoms. Psychological symptoms are still
more prevalent in treated PA patients. Finally, we developed the first PA-specific HRQoL
questionnaire that awaits further validation.
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Primair hyperaldosteronisme
Primair hyperaldosteronisme is een aandoening waarbij in één of beide bijnieren
teveel van het bloeddruk-verhogende hormoon aldosteron wordt aangemaakt. Naast
hoge bloeddruk kan het soms ook een laag kalium in het bloed veroorzaken. Primair
hyperaldosteronisme is de meest voorkomende eenduidige oorzaak voor hoge bloeddruk
en is aanwezig in ongeveer 5% van alle hoge bloeddruk patiënten. Normaal gesproken
wordt de bloeddruk op een goed niveau gehouden via het renine-angiotensinealdosteron-systeem. Dit is een zogenaamd negatief terugkoppelingssysteem. Als de
bloeddruk stijgt, daalt het renine waardoor uiteindelijk het aldosteron en de bloeddruk
weer daalt. Andersom, als de bloeddruk daalt, stijgt het renine en zal hierdoor het
aldosteron en ook de bloeddruk stijgen (zie Figuur 1).
Bijnier
Aldosteron
Bloeddruk

-

Angiotensinogeen

Nier

+

Renine

Angiotensine I

Angiotensine II

Figuur 1: RAAS: Renine-Angiotensine-Aldosteron-Systeem is een negatief terugkoppelingssysteem,
bestaande uit verschillende hormonen, dat de bloeddruk op niveau houdt

Bij een primair hyperaldosteronisme wordt er autonoom, dus onafhankelijk van de
hoogte van het renine, aldosteron geproduceerd en het renine zal dan permanent
onderdrukt of laag zijn. Primair hyperaldosteronisme gaat, in vergelijking met ‘gewone’
hoge bloeddruk gepaard met een hoger risico op onder andere hart- en vaatziekten
en nierschade.
Primair hyperaldosteronisme kan grofweg worden ingedeeld in twee subtypes: 1)
aldosteron producerend adenoom (slechts één bijnier maakt teveel aldosteron
aan) en 2) bilaterale bijnierhyperplasie (beide bijnieren maken teveel aldosteron
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aan). Dit is van belang voor de behandeling omdat bij een aldosteron-producerend
adenoom een operatie kan worden verricht waarbij de zieke bijnier wordt verwijderd
(adrenalectomie). Na deze operatie is bij een deel van de patiënten nog behandeling
met (algemene) bloeddrukverlagers nodig, maar de bloeddruk is vrijwel altijd wel
makkelijker behandelbaar. Bij bilaterale bijnierhyperplasie zal de aandoening moeten
worden behandeld met medicijnen die de receptor blokkeert waaraan aldosteron bindt,
mineralocorticoïde receptor blokkers (Figuur 2), waardoor aldosteron zijn werk niet
kan uitoefenen. Een laag kalium kan worden behandeld met kaliummedicatie.

MRB
Aldosteron
MR

Figuur 2: De werking van mineralocorticoïde receptor blokker (MRB) gaat de werking van aldosteron
tegen door de mineralocorticoïd receptor (MR) te blokkeren

Diagnose stellen
Als bij een patiënt een primair hyperaldosteronisme wordt vermoed, bijvoorbeeld omdat
er sprake is van een zeer moeilijk behandelbare hoge bloeddruk of een te laag kalium,
dan wordt er in het bloed een aldosteron-renine-ratio bepaald als screeningstest. Als
er sprake is van primair hyperaldosteronisme zal het aldosteron verhoogd zijn en het
renine, als gevolg van de negatieve terugkoppeling (Figuur 1), verlaagd. Hierdoor is
de ratio verhoogd. Als deze verhoogd is dan wordt er een zoutbelastingstest verricht
ter bevestiging van de diagnose. Bij een zoutbelastingstest wordt een infuus met
fysiologisch zout (zoutoplossing) toegediend aan de patiënt, waarbij normaal gesproken
via verhoging van de bloeddruk het renine en het aldosteron zou moeten dalen (Figuur
1). Als er echter sprake is van een autonome productie van aldosteron zoals bij primair
hyperaldosteronisme zal het aldosteron niet te onderdrukken zijn en is de diagnose
bevestigd. Voor de zoutbelastingstest zijn drie mogelijke uitslagen: 1) aldosteron <
0.14 nmol/l: primair hyperaldosteronisme kan worden verworpen. 2) aldosteron > 0.28
nmol/l: primair hyperaldosteronisme wordt bevestigd. 3) aldosteron ≥ 0.14 en ≤0.28
nmol/l: inconclusief, dat wil zeggen het is onzeker of er wel of niet sprake is van primair
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hyperaldosteronisme. Of er wel of niet sprake is van primair hyperaldosteronisme moet
dan door medische experts worden bepaald.

Subtypering van patiënten met primair hyperaldosteronisme
Met subtyperen bedoelen we onderscheid maken tussen de verschillende vormen
van primair hyperaldosteronisme. Er zijn twee gangbare methodes om onderscheid te
maken tussen eenzijdige (aldosteron-producerend adenoom) of dubbelzijdige (bilaterale
bijnierhyperplasie) ziekte: 1) een CT-scan van de bijnieren en 2) een bijniervenesampling
(in Engels adrenal vein sampling of AVS) waarbij de aldosteron concentratie in het
afvoerende bloedvat (vene) dat van de bijnier terugloopt richting hart links en rechts
wordt gemeten. Is er op de CT-scan slechts één bijnier vergroot (tweedimensionale
metingen), dan is er waarschijnlijk sprake van een aldosteron-producerend adenoom,
zijn beide bijnieren vergroot (of beide niet vergroot) dan is er waarschijnlijk sprake van
bilaterale bijnierhyperplasie. Bij bijniervenesampling is er sprake van een aldosteronproducerend adenoom als in een van beide bijniervenen het aldosteron verhoogd is en
van bilaterale bijnierhyperplasie als het aldosteron in beide bijniervenen is verhoogd.
Kwaliteit van leven en welbevinden
Gezondheidsgerelateerde kwaliteit van leven (in Engels Quality-of-Life) wordt
tegenwoordig gezien als een belangrijke aanvulling op de traditionele objectieve
lichamelijke parameters, zoals in het geval van primair hyperaldosteronisme bloeddruk,
kalium en hart- en vaatziektes. Kwaliteit van leven behelst de invloed van ziekte en
behandeling op het lichamelijk, psychologisch en sociaal functioneren van patiënten,
zoals dat door de patiënt wordt ervaren. Kwaliteit van leven kan met behulp van de
antwoorden op een vragenlijst worden vastgesteld.
Welbevinden staat voor de mate waarin iemand zich lichamelijk, geestelijk en sociaal
goed voelt. Welbevinden gaat dus over lekker in je vel zitten, maar ook over lichamelijk
gezond zijn en tevreden zijn met je leven.
Er zijn aanwijzingen dat de kwaliteit van leven en het welbevinden bij primair
hyperaldosteronisme zijn verminderd, hoewel er, in vergelijking met vergelijkbare
aandoeningen, weinig onderzoek naar gedaan is. Er is dan tot op heden ook geen ziektespecifieke kwaliteit van leven vragenlijst voor primair hyperaldosteronisme beschikbaar,
hoewel deze wel nodig is om de kwaliteit van leven precies en betrouwbaarder te
kunnen meten.
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Deel I: diagnose
In hoofdstuk 1 beschrijven wij de ontwikkeling van een diagnostisch model voor
primair hyperaldosteronisme. Dit model is bedoeld voor de patiënten met een
inconclusieve zoutbelastinsgtest , ter vervanging van de medische experts die in dit
geval normaliter nodig zijn. We hebben een bestand van 276 patenten onderzocht die
een zoutbelastinsgtest hadden gehad. Na logistische regressie bleken er vier variabelen
de aanwezigheid van primair hyperaldosteronisme te voorspellen (gebaseerd op de
meningen van de experts): hogere dosering kaliummedicatie, lagere renineconcentratie
bij start van de zoutbelastinsgtest en hogere aldosteron concentratie aan het eind van de
zoutbelastinsgtest. Door in dit model deze vier variabelen in te vullen wordt de diagnose
bij 90% van de patiënten met een inconclusieve uitslag van de zoutbelastinsgtest
juist voorspeld. Het predictiemodel is dus grotendeels in overeenstemming met de
mening van de experts maar kan dus ook door niet-experts worden gebruikt. De
betrouwbaarheid van het model was goed binnen deze onderzoeksgroep.
Hoofdstuk 2 gaat over het meten van de volumes (volumetrie) van de bijnieren op CTscan in de SPARTACUS-studie. In de diagnostische SPARTACUS-studie werden patiënten
geloot voor het ondergaan van een CT (n=92) dan wel een bijniervenesampling (n=92)
voor de subtypering van primair hyperaldosteronisme (aldosteron-producerend
adenoom versus bilaterale bijnierhyperplasie). De patiënten die geloot hadden voor
een bijniervenesampling kregen ook een CT-scan. Het doel van de studie was om te
onderzoeken of volumetrie (driedimensionaal) beter zou zijn dan de conventionele
(tweedimensionale) CT-metingen van de bijnieren bij het subtyperen van primair
hyperaldosteronisme. De overeenstemming van het subtyperen tussen de volumetrie
en de bijniervenesampling resultaten (58.8%) was niet significant verschillend met
de overeenstemming tussen de resultaten van de conventionele CT-metingen en
bijniervenesampling. Dus, volumetrie lijkt geen meerwaarde te hebben boven
conventionele CT-metingen. Verder vonden wij dat het volume van de niet-zieke bijnier
bij patiënten met een aldosteron-producerend adenoom niet geassocieerd was met
de hoeveelheid medicatie die nodig was om de bloeddruk onder de streefwaarde te
krijgen na adrenalectomie, noch met persisterende aanwezigheid van primair hyperaldosteronisme (geen genezing, na adrenalectomie kan blijken dat de nog aanwezige
bijnier toch ook teveel aldosteron produceert). Als laatste bleek, zoals al bekend uit
een eerdere studie, dat het volume van de niet-zieke bijnier bij patiënten met een
aldosteron-producerend adenoom groter was dan de bijnier van gezonde controles.
In hoofdstuk 3 beschrijven wij een casus van een patiënt met primair
hyperaldosteronisme waarbij de bijniervenesampling een laag aldosteron in beide
bijniervenen liet zien. De CT-scan liet aanvankelijk geen afwijkingen (aan de bijnieren)
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zien. Bij de eerste poging tot sampling van de rechter bijniervene, werd gedacht dat
het niet een bijniervene betrof omdat het cortisol (een van de andere hormonen die
door de bijnier wordt gemaakt) daar laag was. In ditzelfde bloed bleek het aldosteron
wel erg hoog te zijn. Bij opnieuw bekijken van de röntgenafbeeldingen gemaakt tijdens
deze sampling en de CT-scan bleek dat het bloedmonster was genomen uit een extra
bloedvat dat was verbonden met een structuur van 18x23 mm wat op de CT-scan
eerder was geïnterpreteerd als een deel van de lever. Patiënt werd geopereerd en
het adenoom (goedaardig kliergezwel) werd verwijderd, samen met de bijnier omdat
deze verbonden leek hiermee. Onderzoek door de patholoog liet inderdaad een kleine
weefselbrug zien tussen het adenoom en de bijnier. Deze casus illustreert dat het
concept van bijniervenesampling is gebaseerd op aannames (zoals dat er maar een
afvoerend bloedvat is per bijnier) die niet altijd correct zijn.

Deel 2: Kwaliteit van leven en psychologische symptomen in primair hyperaldosteronisme
In hoofdstuk 4 presenteren wij een systematisch overzicht van de literatuur over
kwaliteit van leven en mentale gezondheid in primair hyperaldosteronisme: zowel
fysieke als mentale gezondheid zijn verminderd bij onbehandelde patiënten met primair
hyperaldosteronisme. Adrenalectomie verbetert kwaliteit van leven duidelijk, maar de
resultaten van mineralocorticoïde receptor blokkers zijn wisselend in de verschillende
studies.
Verder zijn verschillende psychische aandoeningen en symptomen geassocieerd met
primair hyperaldosteronisme, vooral depressie, angst, stress en slaapstoornissen.
Deze psychische symptomen lijken ook reversibel, hoewel studies die dit specifiek
onderzoeken ontbreken.
In het volgende hoofdstuk (hoofdstuk 5) bediscussiëren wij de resultaten van een
analyse die wij uitvoerden op data uit een eerder verricht gerandomiseerd onderzoek, de
SPARTACUS-studie (zie ook hoofdstuk 2). In deze studie werden algemene kwaliteit van
leven-vragenlijsten afgenomen voor behandeling en 6 en 12 maanden na behandeling
(met adrenalectomie n=92 of mineralocorticoïde receptor blokkers n=92 afhankelijk van
subtype). We concludeerden dat beide behandelingen voor primair hyperaldosteronisme
resulteerden in een substantiële verbetering van de fysieke en mentale kwaliteit van
leven van patiënten met primair hyperaldosteronisme. Deze verbetering na een jaar
was groter voor de patiënten die geopereerd waren (adrenalectomie) dan voor de
patiënten behandeld met alleen medicatie (mineralocorticoïde receptor blokkers). De
kwaliteit van leven van patiënten na adrenalectomie was gelijk aan gezonde controles.
Echter, de patiënten behandeld met mineralocorticoïde receptor blokkers bleven een
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verminderde kwaliteit van leven houden. Hoewel patiënten na adrenalectomie nog
regelmatig bloeddrukverlagende medicatie nodig hebben, lijkt een belangrijke oorzaak
van de verminderde kwaliteit van leven in patiënten behandeld met mineralocorticoïde
receptor blokkers de bijwerkingen van de mineralocorticoïde receptor blokkers te zijn.
In het zesde hoofdstuk rapporteren wij een cross-sectionele studie verricht onder
behandelde primair hyperaldosteronisme patiënten. Het ene deel van de patiënten
was operatief behandeld (aldosteron-producerend adenoom n=114) en het andere
deel medicamenteus (mineralocorticoïde receptor blokkers n=46). We gebruikten de
volgende twee vragenlijsten: Mental Health Continuum-Short Form (MHC-SF en de 3
domeinen van de Symptom Checklist (SCL), namelijk 1) angst, 2) depressie en 3) obsessiefcompulsieve gedachtes en activiteiten. De MHC-SF meet het welbevinden en de SCL
meet psychische klachten. Gemiddeld 31 maanden na (start van) behandeling werden
de vragenlijsten afgenomen. Het welbevinden en de mate van psychische klachten
was gelijk voor patiënten behandeld met adrenalectomie en patiënten behandeld met
mineralocorticoïde receptor blokkers. Verder vonden wij dat de behandelde primair
hyperaldosteronisme patiënten meer psychische klachten rapporteerden dan de
algemene bevolking, echter het welbevinden bleek niet verminderd.
In het laatste hoofdstuk (hoofdstuk 7) beschrijven wij de ontwikkeling van een primair
hyperaldosteronisme-specifieke kwaliteit van leven vragenlijst. In de eerste fase hebben
we een lijst met kwaliteit van leven-onderwerpen (n=94) gegenereerd met behulp van
focusgroepen en het systematisch overzicht van de literatuur (hoofdstuk 4). Relevantie
en belang van deze onderwerpen werden beoordeeld door patiënten (n=18) en door
professionals in de gezondheidszorg (n=15). Deze beoordelingen resulteerden in een
selectie van 30 onderwerpen. In de tweede fase werden deze onderwerpen vertaald
in vragen. De vragen werden bij 45 patiënten getest in fase drie. 26/30 vragen konden
worden toegekend aan een van de vier schalen ‘fysieke en mentale vermoeidheid’,
‘angst en depressie’, ‘vochtbalans’ en ‘overige klachten’. Eén vraag werd uitgesloten op
basis van vooraf bepaalde criteria en één vraag was alleen van toepassing op mannen.
Een laatste vraag werd pas toegevoegd in de derde fase.
Samenvattend hebben we een diagnostisch model ontwikkeld dat de aanwezigheid
van primair hyperaldosteronisme kan voorspellen bij patiënten met een inconclusieve
zoutbelastingstest. Verder hebben we laten zien dat volumetrie van bijnieren niet
van toegevoegde waarde lijkt te zijn bij het subtyperen van patiënten met primair
hyperaldosteronisme in vergelijking met de conventionele CT-metingen.
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In het tweede deel van dit proefschrift hebben we laten zien dat adrenalectomie de
kwaliteit van leven bij patiënten met primair hyperaldosteronisme meer verbetert dan
medicamenteuze behandeling. We konden geen verschil aantonen in welbevinden of
psychologische symptomen tussen de verschillende behandelingen. Psychische klachten
komen meer voor bij patiënten behandeld voor primair hyperaldosteronisme dan onder
de gezonde bevolking. Tenslotte hebben wij een primair hyperaldosteronisme-specifieke
kwaliteit van leven vragenlijst ontwikkeld.
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Hans, hoewel je liever vlinders bestudeert in de nacht doe jij je werk als statisticus met veel
gedrevenheid. Je kunt goed uitleggen, waardoor ik uiteindelijk de moeilijkste analyses toch
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geleerd. Ik vond de statistiek het leukste onderdeel van mijn onderzoek, mede dankzij jou.
Je bent bijzonder, maar ik kan je vooral bijzonder waarderen.
Uiteraard wil ik ook graag al mijn andere mede-auteurs bedanken voor hun hulp en inzet.
I would like to thank all co-authors for their help. Bedankt Benno, Colin, Marjan, Gert-Jan,
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bedanken dat jullie mij de ruimte hebben geboden mijn proefschrift tot een goed einde
te brengen. Ik ben erg blij om met jullie samen te mogen werken in ons mooie ziekenhuis!
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hebben gehad. Maar jullie zijn nog veel belangrijker voor mij dan dit boekje, wat overigens
hartstikke saai is. Maar ik ben wel blij dat het af is want nu kan ik nog meer tijd besteden
aan wat echt belangrijk is voor mij: jullie! Ik houd zielsveel van jullie. Snik.
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