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Abstract

Purpose
Long term follow-up studies on primary aldosteronism (PA) diagnosis, treatment response and
comparison of the two major subgroups – unilateral (UD) and bilateral disease (BD) – are lacking. While
adrenalectomy for UD is considered effective, less is known about long-term effects of specialized
treatment for BD. We present the results from our nationwide observational study, executed at Landspitali
University Hospital, tertiary referral center. We aim to review results of diagnostic procedures and
histopathology for PA patients diagnosed in 2012-2016 in Iceland, compare UD and BD and assess
treatment response.

Methods
A total of 32 PA patients aged 28-88 years were diagnosed and treated according to current guidelines.
Adrenalectomy was used for AVS-con�rmed UD and mineralocorticoid receptor antagonists for BD.

Results
The majority of patients had BD, roughly half of them had a unilateral nodule. With specialized treatment,
a reduction was seen in UD and BD in systolic blood pressure (BP) (p<0,001, both groups),
antihypertensive drug count (p=0,002 and p=0,04, respectively) and need for potassium supplementation
(p<0,001, both groups). Diastolic BP decreased signi�cantly in UD (p<0,001).

Conclusion
Our results show similarly good treatment response in both subgroups. Ratio of hypokalemia and number
of cases indicates severe PA underdiagnosis in Iceland. Adrenal nodules diagnosed using CT can be
misleading and AVS is mandatory in diagnosing unilateral vs bilateral PA.

Introduction
Primary aldosteronism (PA) is an important, potentially curable cause of hypertension (HT), with
hypokalemia in 9-37% of patients [1, 2]. There has been controversy on its prevalence, studies report PA in
possibly >10% of HT patients and up to 22% in selected populations [3-5]. The main subtypes of PA are
bilateral adrenal hyperplasia (BAH) and aldosterone-producing adrenal adenomas (APA) [6]. Compared to
patients with essential HT, PA carries more risk of cardiovascular events and chronic kidney disease [7, 8].
Aldosterone itself may play an important role in vascular dysfunction [9]. Thus, diagnosing and treating
PA correctly is of major importance and despite being complicated and expensive, screening patients with
resistant HT for PA has been found to be cost-effective [10]. Adrenalectomy is recommended for
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unilateral disease (UD), resulting in cure or improvement in HT and hypokalemia [11-13]. Bilateral
disease (BD) is treated with mineralocorticoid receptor antagonists (MRA) [14]. Treatment appears to
reduce cardiovascular and renal complications and long-term mortality to levels seen in patients with
essential HT [15-17]. Thus, diagnosing and treating PA appropriately decreases morbidity and mortality
and increases quality of life [18, 19].

Even though outcomes after adrenalectomy have been reported [20, 21] and several studies have
assessed treatment response for UD and BD, these studies do not necessarily rely on adrenal venous
sampling (AVS) for subtyping or take into account the number of hypertension medications (HTM).
Moreover, the follow-up period is either relatively short (3-4 years) or only a single visit [22-25]. Therefore,
data regarding long term outcomes for AVS-con�rmed BD is lacking.

In 2007, a standardized evidence-based work-up protocol for PA was introduced in Landspitali University
Hospital of Iceland (LUH). Results from the �rst 5 years; 2007-2011, have been reported [26]. We present
the results for the patients in the work-up for PA through the later 5 years of the study-period, 2012-2016.
The objectives were to review characteristics and results of diagnostic procedures and histopathology for
all patients diagnosed with PA and compare the two subgroups: UD and BD. Furthermore, the aim was to
assess long-term outcome for all PA patients diagnosed in Iceland during the 10-year period 2007-2016 .

Materials And Methods
Study population

Charts were viewed retrospectively for all patients in LUH, aged 18 and over, diagnosed with PA (ICD-10
Code E26) in 2012-2016. LUH is a referral center for the entire Icelandic population consisting of
approximately 330 thousand inhabitants during the study period. The most common reason for referral
was resistant hypertension and hypokalemia. A few patients had case detection and con�rmation tests
performed by endocrinologists in other Icelandic hospitals using protocols in line with the LUH protocol. If
PA was con�rmed or suspected, further work-up was directed in LUH, the only Icelandic hospital
performing AVS and adrenalectomies. The same radiologist performed all AVS interventions, and the
same surgeon performed all laparoscopic adrenalectomies during the study period.

Case detection

Patients were diagnosed using a standardized work-up protocol introduced in 2007 and described earlier
by Jonsdottir et al [26]. The protocol was based on the Endocrine Society guidelines from 2008 [27] and
in line with those published in 2016 [14]. 

Following referral, screening was performed after 4 weeks’ discontinuation of HTM affecting the renin-
angiotensin-aldosterone system (RAAS), was considered positive if morning serum aldosterone (s-
aldosterone) and/or 24 h urinary aldosterone excretion was increased, and direct renin concentration
(DRC) decreased. Cut-off values were, as before, morning s-aldosterone concentration >430 pmol/l
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and/or 24 h urinary aldosterone >25μg/24 h and DRC levels below the reference range from the
manufacturer (see Analytical methods) [26].

Con�rmation and subtyping

The saline infusion test (SIT) was used for con�rmation. The patient remained recumbent after a 10 h
bedrest and received an infusion of 2 l of isotonic saline between 8 and 12 noon [27]. The test was
considered positive if s-aldosterone was above 140 pmol/l. Serum potassium was measured the day
before SIT and pre- and post-infusion. Normal potassium levels were maintained during the test using
appropriate potassium supplementation. Adrenal computed tomography (CT) scan was conducted.
Synachten-stimulated AVS was performed for subtyping and lateralization index (LI) was calculated as
previously described [5, 26]. UD was de�ned as LI>3 along with contralateral suppression of aldosterone
secretion [28]. Selectivity index was calculated and interpreted as described by Jacobsson et al [29].

Treatment and follow-up

Laparoscopic adrenalectomy was offered if UD was con�rmed by AVS. Histopathological diagnosis was
established using routine H&E staining. Patients diagnosed with BD, or unable to undergo surgery, were
offered treatment with selective (eplerenone) or non-selective (spironolactone) MRA. Follow-up was
directed by the same endocrinologist at LUH or Laeknasetrid, a private outpatient clinic in Reykjavik,
Iceland. Follow-up began one week after surgery or one month after initiation of MRA and was continued
yearly. At each visit, blood samples for serum-potassium were examined, blood pressure measured, HTM
reviewed and need for potassium supplementation assessed. End of follow-up period was January 1st
2017 for patients diagnosed 2007-2011 and January 1st 2020 for patients diagnosed 2012-2016.

Analytical methods

Reference values for s-aldosterone in LUH changed in 2015 due to replacement of reagents. The
manufacturing of the Coat-A-Count (Siemens, Los Angeles, CA, USA) substrate for radioimmunoassay
(RIA) of aldosterone was discontinued and LUH switched to RIA substrates from DRG Instruments GmbH
(Marburg, Germany). Manufacturers‘ reference values were used; s-aldosterone 111-860 pmol/l
(standing) and 28-444 pmol/l (recumbent) throughout 2014 and from 2015 s-aldosterone 75-754 pmol/l
(standing) and 36-402 pmol/l (recumbent). Urinary aldosterone was measured using the same equipment
and reagents. Urine was acidi�ed 24 h before measuring aldosterone, reference range from manufacturer
was used; 6-25 mcg/24 h (regular diet). DRC and serum-potassium were measured as described by
Jonsdottir et al [26]. Manufacturers’ reference values during the study period were for DRC 5-30 mIU/l
(recumbent position) and 5-60 mIU/l (standing position) and for serum-potassium 3,5-4,8 mmol/l. Need
for potassium supplementation was used as an assessment for hypokalemia since potassium levels
were kept within normal limits whenever possible.

Data analysis and ethical considerations
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We used descriptive statistics to describe outcomes from case detection, veri�cation and
subclassi�cation of unilateral and bilateral PA. Wilcoxon rank-sum test was used for comparing non-
normally distributed continuous data, numbers presented as median and interquartile range (IQR).
Analysis was performed using JMP, version 14.0.0, SAS Institute Inc. Tables regarding case detection and
work-up display separately data from 2012-2016 and the combined 10-year period 2007-2016. A linear
mixed effect model was applied for follow-up calculations for the 10-year period, using Stata Statistical
softwear, release 13, StataCorp LP. The mean of available BP measurements prior to intervention
(adrenalectomy or starting MRA) was compared to BP at 1, 2, ..., 8 years of follow-up. A separate
comparison was done for systolic blood pressure (SBP) and diastolic blood pressure (DBP). To compare
HTM before and after treatment initiation, number of HTM at case detection was used as baseline. For
comparison of BP and HTM at above-mentioned baseline vs median of follow-up, repeated-measures t-
test was applied using JMP. For all statistical analysis, a two-sided P-value of <0,05 was considered
statistically signi�cant. Positive predictive value for CT with regards to lateralization was calculated by
dividing number of patients with AVS-con�rmed UD and ipsilateral adrenal nodule on CT by number of
patients with unilateral adrenal nodule on CT.

Permissions were obtained from the National Bioethics Committee (License nr: VSNb2011110022/03.11)
and the Icelandic Data Protection Authority, the Chief Medical O�cer at LUH (License nr: OB/ei Tilv. 16,
LSH 16) and from the Ethics Committee at Laeknasetrid Outpatient clinic (License nr: 1072016).

Results
Overview

Between 2012-2016, twenty-�ve patients completed full work-up and were diagnosed with PA; 14 with BD
and 11 with UD, see Table 1 for baseline characteristics. Seven additional patients, listed in Online
Resource 1, were diagnosed during the period and treated as BD, without undergoing AVS. Two of them
were unable to discontinue treatment affecting the RAAS because of comorbidities, four had no SIT
because of comorbidities (aldosterone/renin ratio, ARR, range 177-318 pmol/mIU) and one rejected AVS.
These seven patients all had a long history of HT and hypokalemia and responded well to MRA. They
have been excluded from statistical analysis regarding subgroups. One more patient completed work-up
and was diagnosed with pheochromocytoma and therefore excluded. See Fig. 1 for overview of patients.
Ten out of 11 patients with UD underwent adrenalectomy, all were histopathologically diagnosed with
cortical adenoma. One patient emigrated before surgery. One patient with BD (no. 11, Online Resource 2)
underwent adrenalectomy as an attempt to lower aldosterone levels since extensive HTM, including MRA,
was insu�cient and the patient was severely ill. The decision was made after expert consultation from
abroad and repeated AVS. Histopathological examination revealed hyperplasia, as expected.

Case detection

From BG, 12/14 patients initially had morning s-aldosterone levels >430 pmol/l, all had values >430
pmol/l on repetition. In UG, one patient had s-aldosterone <430 pmol/l despite elevated 24 h urinary
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aldosterone, further addressed in Discussion chapter. Urinary aldosterone was >25 mg/24 h in 5/10 from
BG, and 6/8 from UG. See Table 2 for results from case detection. Seven patients highly clinically
suspective for PA had DRC >5 mIU/l at case detection (range 5,6-21,0 mIU/l). They all went through full
work-up and PA was con�rmed, see Online Resource 3. Three of them had DRC ≤5mIU/l later on and all
seven had s-aldosterone >190 pmol/l after SIT. For the 10-year period, DRC at 8 am was signi�cantly
lower after 10 h bedrest (median 4,25; IQR 3,7) compared with that after 15 min sitting (median 5; IQR
9,4), p=0,03.

Saline infusion test

All twenty-�ve con�rmed PA patients had post-infusion s-aldosterone >190 pmol/l. No statistical
difference was seen in post-infusion s-aldosterone for the two subgroups during the 5-year period, see
Table 2. One patient rejected further work-up after SIT and six patients were unable to undergo SIT
because of comorbidities. These seven patients are listed in Online Resource 1. Five patients underwent
more than one SIT; one had subcutaneous saline infusion on the �rst test, one had borderline results and
three needed repetition because of HTM interfering with RAAS and/or excessive liquorice consumption.
These test results were excluded and the patient with excessive liquorice consumption was tested again
after three months without liquorice consumption.

CT results

Following a positive SIT, all patients underwent an adrenal CT scan. Roughly half of the patients with BD
had an adrenal nodule on CT, see Table 2. In total, �fteen patients had a unilateral adrenal nodule, 9 of
whom had ipsilateral UD con�rmed by AVS, positive predictive value of 0,6. Six patients with adrenal
nodule had BD.

Adrenal venous sampling and success rate

Thirty AVS were performed on 25 con�rmed PA patients during the 5-year period. Four tests were
excluded and repeated because of di�culties accessing the right adrenal vein and/or HTM greatly
affecting RAAS. One patient from BG underwent a second AVS to plan adrenalectomy. See Online
Resource 2 for borderline AVS results and repeated testing. All except one patient from UG had LI>4.
Three patients from BG had LI>3; two of them did not have contralateral suppression of aldosterone
secretion and one patient’s sibling had previously been diagnosed with unilateral hyperplasia and
relapsed a few years later, therefore the presented patient was classi�ed and treated as BD. See Table 2
for LI of subgroups. Success rate for AVS based on selectivity index during the 5-year period was 87%
(26/30).

Follow-up

For the 10-year period, median duration of follow-up was 6 years, IQR 4. In the 2007-2016 cohort, patients
went from 157/90-95 mmHg under three HTM before specialized treatment, to 143-145/86-89 mmHg
under 1,8-2,3 HTM one year after initiation of specialized treatment. Both the UG and BG had a signi�cant
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improvement in SBP during follow-up (p<0,001 for both groups) and decreased need for HTM (p=0,002
and p=0,04, respectively). See Table 3 for results from follow-up of patients diagnosed with PA during
2007-2016. A decrease in DBP was seen in both groups, signi�cant for the UG (p<0,001). All 31 patients
from BG were started on MRA treatment; 19 (61%) on eplerenone and 12 (39%) on spironolactone. The
majority of the eplerenone group (14/19) were men. Two out of 27 (7%) from UG and 1/31 (3%) from BG
needed potassium supplementation at the end of follow-up, signi�cantly fewer than at case detection
when all patients needed potassium supplementation (p<0,001 for both subgroups).

Comparing values from median of follow-up (6 years) to pre-intervention, SBP and DBP decreased
signi�cantly in the UG (mean SBP 157 ± 16 to 138 ± 15 and DBP 95 ± 11 to 84 ± 11), p=0,003 and p=0,01,
respectively. Same applies to the BG (SBP 158 ± 19 to 137 ± 11 and SBP 90 ± 11 to 84 ± 7), p<0,001 and
p<0,05, respectively. From baseline to median of follow-up, number of HTM decreased for both groups
(UG 2,8 ± 0,9 to 2,6 ± 1,5 and BG 2,4 ± 1,0 to 2 ± 0,9) although this difference was not statistically
signi�cant, p=0,6 and p=0,1, respectively. Based on PASO criteria [30] at 12 months post-op, 5/26 (19%)
from UG had complete clinical success and 21/26 (81%) had partial clinical success.

Discussion
In this nationwide study, we describe the results from diagnostic work-up and treatment of PA patients
diagnosed in Iceland 2012-2016, and the sum of 10 years, adding results from the 5 years published
before [26]. During the presented 5-year period, 25 patients were diagnosed with SIT- and AVS-con�rmed
PA. Our unilateral and bilateral subgroups had fairly similar baseline characteristics which is in line with
results from earlier studies [15, 24, 25]. Both groups bene�tted from specialized treatment, indicated by
sustained decline in BP and need for HTM during our long follow-up, and negligible need for potassium
supplementation. Although treatment is initiated at a single time-point, we continue to see a reduction in
BP and HTM count throughout the follow-up period. These important results emphasize keeping a close
eye on PA patients after treatment initiation and the forthgoing successful effect of adrenalectomy in PA
patients with UD. It would be interesting to view factors in-common of those who respond particularly well
to treatment and predict who can be discharged early from follow-up.

According to studies, normokalemic hypertension is the most common presentation of PA, with
hypokalemia in only 9-37% of patients [14]. Interestingly, all our patients needed potassium
supplementation before initiation of specialized treatment. We believe most our patients' hypertension
had been undertreated for a long time, possibly decreasing the effect of specialized treatment. This,
along with insu�cient doses of MRA, may explain the relatively small decrease in number of HTM in the
BG.

We found DRC and s-aldosterone measurements to be very informative for case detection. In addition, it
may be more convenient to interpret two separate values than one ratio (ARR) if patients are using HTM
interfering with RAAS. One patient had morning s-aldosterone <430 pmol/l – LI was 7,7 and an adrenal
adenoma was con�rmed histopathologically. Interestingly, we found DRC to be signi�cantly lower after



Page 8/17

10 h bedrest than after 15 min of sitting. This underlines the complexity of interpreting renin and
aldosterone values [31]. In our study, four patients (No. 13, 14, 16 and 17 in Online Resource 3) had renin
values at the lower end of the reference range even though they were above our pre-set cut-off (5 mIU/l).
No other diagnoses were considered more likely. All four had a classical PA presentation – resistant HT
with hypokalemia - and responded well to specialized treatment. Two of them even had
histopathologically veri�ed adrenal adenoma, the other two had BD. We found urinary aldosterone
excretion to be greater among patients with UD. Higher excretion has been linked to better outcome after
adrenalectomy [32]. Despite this, we decided to remove this measurement from our current protocol as it
did not add enough information to other parts of work-up and is troublesome for outpatients.

We consider the SIT to be fairly convenient and reliable as a con�rmatory test. Our 10-year results
indicate that post-infusion aldosterone is higher in patients with UD. This highlights the importance of SIT
as part of the PA work-up and is consistent with results from Weigel et al [33]. Approximately one-third of
the 10-year BG had a nodule on adrenal-CT, underlining that CT can be misleading for subclassi�cation
[34, 35]. This indicates the importance of AVS in subgroup analysis of PA. The majority of AVS
interventions were successful (87%) and gave a clear distinction between subgroups. One patient was
diagnosed with UD yet treated as BD due to unusual family history described earlier.

A much higher number of PA cases would be expected in Iceland. Estimating that around 20% of adult
Icelanders (between 200 and 250 thousand) have HT and 5-10% of HT is caused by PA, prevalence of PA
should be a few thousand – making 58 (65) cases during a 10-year period an abnormally low number [1,
2]. We sense that many patients with resistant HT in Iceland receive MRA without undergoing PA work-up.
This could be due to work-up complexity and fear of changing a complicated combination of HTM.
Making the work up easier for the patient as well as the doctor is important. As angiotensin converting
enzyme inhibitors, angiotensin-receptor blockers and MRA are commonly used, we may need to
emphasize that work-up on patients taking RAAS-interfering HTM (excluding MRA) is valid if renin is
suppressed, although a washout of all interfering drugs is preferred [14]. As studies have indicated that
aldosterone itself plays an important role in the increased cardiovascular risk among PA patients, it is
vital to diagnose and treat according to evidence-based guidelines. Most studies, including ours, agree
that specialized treatment is overall more successful for UD [13, 16, 25]. Also, to minimize risk of
cardiometabolic events and death among unilateral PA patients on treatment, su�cient doses of MRA are
essential [36].

Strengths and limitations of the study

This nationwide study addressing uni- and bilateral PA, to our best knowledge, has both longer follow-up
and more visits than previously published PA studies. Adding the earlier 5 years of the total 10-year work-
up, makes the study quite extensive in this area and increases statistical impact. During the 10-year
period, the same endocrinologist, interventional radiologist and surgeon supervised work-up and
treatment of all patients making the process and registration even more standardized. However, our study
is retrospective and not a screening-study; only those who underwent AVS were included in statistical
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analysis. Possibly, some patients with severe disease, not tolerating changes in HTM, were missed
out. We excluded 7 PA patients not undergoing AVS. They all got MRA treatment although some of them
may have had UD. We cannot reach a conclusion regarding biochemical outcome other than correction of
hypokalemia as repeated measurements aldosterone and renin measurements were not performed nor
SIT repeated [30]. Finally, clinical events were not explored and no standardized questionnaire was used
for assessing well-being during follow-up.

The main external validity of our study is increased knowledge on the long-term e�cacy of specialized PA
treatment, especially on BD. Few studies have followed patients for this long and used the same work-up
protocol throughout the whole study period.

Conclusions
In this nationwide study of PA in Iceland during 5-years, both unilateral and bilateral subgroups
responded well to specialized treatment. The study indicates the importance of AVS in subgroup analysis
of PA as adenoma on CT can be misleading. The relatively small number of patients diagnosed during
the study period and good treatment response emphasizes the importance of screening patients with
resistant hypertension for primary aldosteronism.
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Period 2012-2016 2007-2016

PA subgroup Unilateral Bilateral  p-
value

Unilateral Bilateral p-
value

Patients, n (%) 11 (44%) 14 (56%)
 

27 (47%) 31
(53%)  

Male, n (%) 7 (64%) 7 (50%)
 

19 (70%) 14
(45%)  

Age, years  51 (19) 60 (12) 0,02 53 (14) 54 (14) 0,5

SBP, mmHg 151 (30) 162 (26) 0,06 156 (27) 158
(29)

0,8

DBP, mmHg

 

91 (21) 89 (13) 0,7 95 (22) 89 (18) 0,02

HTM, No.

 

3 (2)

 

3 (1,5) 0,79 3 (2) 3 (2) 0,9

K+ supplementation, n
(%)a

11 (100%) 14
(100%)  

25 (93%) 23
(74%)  

Histopathology            

Adenoma, n (%)b 10/10
(100%)  

  21/26
(81%)  

 

Hyperplasia, n (%) 0
 

  4/26 (15%)
 

 

Inconclusive, n (%) 0
 

  1/26 (4%)
 

 

Abbreviations: PA, primary aldosteronism; No., number; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HTM, hypertension medication(s).

Data presented as median (interquartile range) or as number (percentage of cohort). Histopathology was
assessed using routine H&E staining.

Statistical comparison: Wilcoxon rank sum test.

aBefore initiation of specialized treatment.

bOne patient was lost to follow-up, hence denominators 10 and 26.

Table 2 Results from case detection, saline infusion test and subtyping.
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Period 2012-2016 2007-2016

PA subgroup Unilateral

n=11

Bilateral

n=14

p-value Unilateral

n=27

Bilateral

n=31

p-value

S-aldosterone, pmol/la 745
(600)

778
(439)

0,8 746
(752)

794
(1007)

0,8

U-aldosterone, μg/24h 30,9
(20,8)

15,4
(5,9)

<0,001 33,9
(22,6)

24,6
(18,5)

<0,001

DRC, mIU/lb 4,2 (2,2) 3,7 (3,5) 0,7 4,9 (5,2) 5,4
(17,6)

0,09

DRC after 10 h bed rest, mIU/l 5,5 (4,5) 3,4 (2,0) 0,07 4,9 (3,5) 3,8 (4,6) 0,6

ARR, pmol/mIUc 206
(171)

169
(217)

0,5 165
(148)

99
(173)

0,07

Post-infusion s-aldosterone,
pmol/ld

381
(458)

292
(297)

0,3 385
(289)

251
(296)

0,01

CT nodule, n (%) 9 (82%) 6 (43%)
 

19 (70%) 10
(32%)  

LI after AVS 7,7 (13,1) 2,1 (1,7) <0,0001 7,5 (8,9) 1,7 (1,0) <0,0001

Abbreviations: PA, primary aldosteronism; s-aldosterone; serum aldosterone, U-aldosterone, urinary
aldosterone; DRC, direct renin concentration; SIT, saline infusion test; ARR, aldosterone/renin ratio; s-
aldosterone, serum aldosterone; CT, computed tomography; LI, lateralization index; AVS, adrenal venous
sampling.

Data presented as median (interquartile range) or as ratio (percentage of cohort). Statistical comparison:
Wilcoxon rank sum test.

a measured at 8am after 15 min. of sitting.

b measured at 8am after 15 min. of sitting.

c a common and recommended cut-off according to current ECE guidelines is 91 pmol/mIU [14].

d measured after 4h iv saline infusion.

Table 3 Comparison of blood pressure and number of hypertension medications in patients diagnosed
with primary aldosteronism 2007-2016, before and after adrenalectomy (unilateral disease) or initiation
of mineralocorticoid receptor antagonists (bilateral disease).
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Unilateral

n=27

Bilateral

n=31

  SBP
(mmHg)

DBP
(mmHg)

HTM,
No.

  SBP
(mmHg)

DBP
(mmHg)

HTM,
No.

Prior to
surgery

n=27

157±16 95±11 3,0±1,3 Prior to
MRA

n=31

157±19 90±11 3,0 ±1,4

1y post-op

n=25

143±20 89±11 1,8±1,7 1y after
MRA

n=27

145±18 86±14 2,3±1,1

2y post-op

n=22

138±23 84±13 1,8±1,5 2y after
MRA

n=29

143±20 89±13 2,4±1,2

3y post-op

n=13

141±20 89±13 2,1±1,7 3y after
MRA

n=25

146±22 89±14 2,3±1,1

4y post-op

n=14

137±18 84±11 2,4±1,6 4y after
MRA

n=23

138±19 84±12 2,4±1,2

5y post-op

n=12

138±17 86±10 2,5±1,9 5y after
MRA

n=21

144±15 87±8 2,2±1,1

6y post-op

n=10

138±15 84±11 2,6±1,5 6y after
MRA

n=18

137±11 84±7 2,0±0,9

7y post-op

n=6

138±16 73±21 1,8±1,2 7y after
MRA

n=9

139±13 86±13 1,9±0,9

8y post-op

n=3

130±7 79±2 1,5±0,7 8y after
MRA

n=3

142±15 70±7 2,7±0,6

Coe�cienta -3 -2 -0,14 Coe�cienta -2 -0,5 -0,05

95% CI -4,2; -1,7 -2,9; -1,2 -0,2;
-0,05

95% CI -2,9; -1,0 -1,1;+0,1 -0,1;
-0,001

p-value <0,001 <0,001 0,002 p-value <0,001 0,1 0,04
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Abbreviations: SBP, systolic blood pressure; SD, standard deviation; DBP, diastolic blood pressure; HTM,
hypertension medication(s); MRA, mineralocorticoid receptor antagonist; y, year(s); CI, con�dence interval.

Blood pressure values presented as mean ± SD.

aCoe�cient indicates the slope of the mixed effect model; mmHg or HTM per year.

Figures

Figure 1

Overview of patients diagnosed with PA in Iceland 2012-2016 Abbreviations: PA, primary aldosteronism;
AVS, adrenal venous sampling; SIT, saline infusion test. aExcluded from statistical analysis.
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