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                          ORIGINAL ARTICLE     

 Primary aldosteronism among newly diagnosed and untreated 
hypertensive patients in a Swedish primary care area 

    CHRISTINA     WESTERDAHL 1   ,       ANDERS     BERGENFELZ2    ,       ANDERS     ISAKSSON 3   ,  
     CHRISTINA     NERBRAND 1     &        STIG     VALDEMARSSON  4   

  1  Department of General Practice,   2  Department of Surgery,   3  Department of Clinical Chemistry,   4  Department of Endocrinology, 
Lund University, Sweden                              

 Abstract 
  Objective.  To evaluate the prevalence of primary aldosteronism (PA) in newly diagnosed and untreated hypertensive patients 
in primary care using the aldosterone/renin ratio (ARR), and to assess clinical and biochemical characteristics in patients 
with high and normal ARR.  Design.  Patient survey study.  Setting and subjects.  A total of 200 consecutive patients with newly 
diagnosed and untreated hypertension from six primary health care centres in Sweden were included.  Main outcome measures.  
ARR was calculated from serum aldosterone and plasma renin concentrations. The cut-off level for ARR was 65. Patients 
with an increased ARR were considered for confi rmatory testing with the fl udrocortisone suppression test (FST), followed 
by adrenal computed tomographic radiology (CT) and adrenal venous sampling (AVS).  Results.  Of 200 patients, 36 patients 
had an ARR  �  65. Of these 36 patients, 11 patients had an incomplete aldosterone inhibition during FST. Three patients 
were diagnosed with an aldosterone producing adenoma (APA) and eight with bilateral adrenal hyperplasia (BHA). Except 
for moderately lower level of P-K in patients with an ARR  �  65 and in patients with PA, there were no biochemical or 
clinical differences found among hypertensive patients with PA compared with patients without PA.  Conclusion.  Eleven of 
200 evaluated patients (5.5%) were considered to have PA. The diagnosis of PA should therefore be considered in newly 
diagnosed hypertensive subjects and screening for the diagnosis is warranted.  

  Key Words:   Aldosterone  ,   aldosterone to renin ratio  ,   family practice  ,   hypertension  ,   primary aldosteronism  ,   renin   

 Hypertension affects up to 25% of the adult popula-
tion in Sweden [1,2]. Primary aldosteronism (PA) is 
a common form of secondary hypertension, charac-
terized by excessive aldosterone secretion and renin 
suppression, followed by hypertension, alkalosis and 
hypokalemia [3 – 6]. The latter is, however, not neces-
sarily an integral element [3 – 6]. Resistant hyperten-
sion requiring more than three antihypertensive 
drugs, hypertension diagnosed at a young age, or 
family history of stroke at a young age are factors 
that suggest the possibility of PA [7]. PA arises from 
one or both adrenal glands. The two major subtypes 
are aldosterone producing adenoma (APA; 1/3 of the 
cases) and bilateral adrenal hyperplasia (BAH; 2/3 of 
the cases). APA is preferably treated by surgery while 
BHA is treated with aldosterone antagonists. The 
diagnosis thus enables tailored medical therapy or 
surgical intervention with possible cure [8]. 

 PA has been considered a rare cause of hyperten-
sion [9] but recent studies suggest a prevalence of 
5 – 10% [3,4,10 – 17]. Frequencies vary in different 
study populations and are increased in severe hyper-
tension, especially at referral centres treating resistant 
hypertension [12]. Despite the fact that a number of 
studies have been carried out, the prevalence among 
primary care patients still remains uncertain. In a pre-
vious study [13] we confi rmed an 8.5% prevalence of 
PA among 200 screened hypertensive patients in pri-
mary care. However, these patients had all been treated 
with antihypertensive medication for several years, 
which might have affected the attendance for screen-
ing, since only approximately 50% of invited subjects 
participated. Furthermore, it is known that a number 
of antihypertensive drugs alter the aldosterone to 
renin ratio (ARR); therefore withdrawal of medication 
is strongly suggested before screening [18]. 

Scandinavian Journal of Primary Health Care, 2011; 29: 57–62

ISSN 0281-3432 print/ISSN 1502-7724 online © 2011 Informa Healthcare
DOI: 10.3109/02813432.2011.554015



58 C. Westerdahl et al.

 The aim of this study was to clarify the prevalence 
of PA by screening newly diagnosed and medically 
untreated hypertensive patients in primary care. 
Patients with a high ARR were referred for confi rma-
tory testing. In addition, the study compared clinical 
and biochemical characteristics in patients with high 
or normal ARR.  

 Material and methods  

 Ethics 

 The Ethics Committee of the Faculty of Medicine, 
Lund University approved the study. After medical 
examination, and written and oral information, 
informed consent was obtained from all patients par-
ticipating in the study.   

 Study population 

 The study population was recruited from six primary 
health care centres in Lund, Sweden. Consecutive 
patients, 75 years of age or younger, with newly diag-
nosed hypertension were invited to participate. The 
diagnosis of hypertension was confi rmed by ambula-
tory 24-hour blood pressure measurement or by 
three high blood pressure records ( � 140/90). We 
recruited 200 patients: 115 women, age 24 – 75 and 
85 men, age 21 – 75. Apart from hypertension there 
were four patients with diabetes mellitus, two medi-
cally treated. One patient had atrial fi brillation, two 
patients had TIA and one patient had stroke recorded 
in their medical history. Some 30 patients were doc-
umented with hyperlipidemia. There were no patients ’  
records with heart failure or renal insuffi ciency in 
their medical history. None of the patients was on 

antihypertensive medication and all patients com-
pleted the study.   

 Study design 

 The patients ’  medical history was recorded, includ-
ing heredity, current medication, and diseases. A 
physical examination of the patient was performed 
by the attending physician.   

 Handling of blood samples 

 Blood samples were centrifuged at room tempera-
ture. Plasma and serum were frozen at  – 20 ° C, with 
the exception of samples for sodium, potassium, and 
creatinine, which were analysed the same day on a 
routine auto-analyzer.   

 Biochemical methods 

 Blood samples for serum aldosterone concentration 
(SAC) and plasma renin concentration (PRC) were 
drawn in the morning with the patient seated and 
after 10 minutes ’  rest. The SAC and PRC were drawn 
twice, with a week in between the samples. 

 The SAC was determined with the DPC method 
(Aldosterone Coat-A-Count, DPC, California, 
USA). The total inter-assay variation (CV) was 
8.7% and 8.9% at 90 and 725 pmol/L, respectively. 
The reference range in the morning was 110 – 860 
pmol/L. 

 The PRC was determined with the direct method 
from Cis-Bio (Renin III generation, Cis-Bio, Inter-
national France). The CV was 4.4% and 3.7% at 27 
and 100 mIU/L, respectively. The reference range for 
morning samples was 4 – 64 mIU/L. 

 The plasma concentrations of creatinine, sodium, 
and potassium were determined with routine 
methods on Hitachi Modular P (Roche Diagnos-
tics, Mannheim, Germany). The reference ranges 
for sodium was 136 – 146 mmol/L, for potassium 
3.2 – 4.7 mmol/L and for creatinine 50 – 100 umol/L. 
The reference range for ARR with a morning 
sample is 4 – 65 pmol/mIU.   

 Confi rmatory testing 

 Patients with one or two high ARR ( � 65 pmol/mIU) 
at screening were referred for a fl udrocortisone 
suppression test (FST) at the department of endo-
crinology. A few patients who had very high blood 
pressure at diagnosis were treated by an alpha-
blocking agent (doxacozin) or a calcium channel 
blocker (amlodipin), since these drugs have no or 
minor impact on the renin – angiotensin axis.   

 Primary aldosteronism (PA) is common in 
patients diagnosed with  “ essential hypertension ”  
in specialized centres; however, reports on preva-
lence in primary care are few. 

 Screening with the aldosterone to renin ratio  •
followed by confi rmatory testing showed 
that 5.5% of newly diagnosed and untreated 
hypertensive patients had PA. 
 No particular clinical features could distin- •
guish these patients from patients with 
essential hypertension. 
 Screening for PA should always be performed  •
in younger patients with newly diagnosed 
hypertension and in patients with resistant 
hypertension irrespective of potassium con-
centrations. 
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 Fludrocortisone test 

 The rationale of the fl udrocortisone suppression test 
is that the aldosterone secretion is insuffi ciently sup-
pressed in primary aldosteronism (PA) [19,20]. 
Before the start of the FST the potassium level was 
controlled and adjusted if necessary. Over four days, 
0.1 mg fl udrocortisone was administered orally four 
times daily (at 08.00, 12.00, 16.00, 20.00 o ’ clock) 
and 500 mg sodium chloride was supplemented 
daily. The blood pressure was measured and blood 
samples for aldosterone and renin were drawn in the 
morning.   

 Additional diagnostic work-up 

 When the fl udrocortisone suppression test had con-
fi rmed primary aldosteronism, computerized tomog-
raphy (CT) of the adrenals was done, followed by 
adrenal venous sampling (AVS). The adrenal CT 
used 1.5 mm cuts, before and after the intravenous 
contrast. The detection rate of pathological fi ndings 
on CT was 5 mm. AVS was done by sequential cath-
eterization from the inguinal veins. Blood from the 
right and the left adrenal vein was analysed, compar-
ing the concentrations of aldosterone and cortisol 
between the adrenal and peripheral veins [21]. For 
confi rmation of an aldosterone producing adenoma 
the aldosterone/cortisol ratio should be  � 3 times 
higher on one side [21].   

 Statistics 

 Statistical analysis was performed using Stat-View 
for Windows, version 5.0.1 (SAS Institute Incorpora-
tion). For numeric data, the results are given as 
median (IQR) and for categorical data, as numbers 
and percentage if not stated otherwise. The Mann – 
Whitney U-test was used for numerical data when 
analysing differences between groups. For categori-
cal data, the chi-squared test or Fisher ’ s exact test 
was used when the expected frequency was less than 
fi ve. A probability level of p  �  0.05 was considered 
signifi cant.    

 Results  

 Aldosterone to renin ratio (ARR) at screening 

 Of 200 patients, 36 patients (18%) had an ARR  � 65 
(Figure 1). Compared with patients with an 
ARR  � 65, these 36 patients had lower potassium 
(p  �  0.002), as well as higher serum aldosterone 
concentration (SAC) (p  �  0.0001) and lower plasma 
renin concentration (PRC) (p  �  0.0001) on both 
screening occasions (Table I). Otherwise, there were 

no signifi cant differences in medical history, blood 
pressure, or biochemical variables studied between 
patients with normal or high ARR.   

 Confi rmatory testing 

 All 36 patients with an aldosterone to renin ratio  �  65 
were referred for further evaluation. However, four 
patients abstained from further testing, one patient 
was diagnosed with renal failure and one patient with 
Liddle ’ s syndrome, and thus they were not eligible 
for the fl udrocortisone suppression test. Further-
more, an increased aldosterone to renin ratio was not 

Newly diagnosed
hypertension

n=200 (100%)

Normal ARR
n=164 (82%)

Raised ARR
n=36 (18%)

Essential hypertension
No further investigation

Fludrocortisone test
n=27 (13.5%)

Refused fludrocortisone
test n=4 (2%)

No suppression
n=11 (5.5%)

Suppression
n=16 (8%)

Essential hypertension
Adenoma n=3

Hyperplasia n=8

Normal ARR at
endocrine unit

n=3 (1.5%)

Renal insufficiency n=1
Liddle Syndrome n=1

  

Figure 1.     Flow diagram of patients with newly diagnosed 
hypertension screened with the aldosterone to renin ratio (ARR).  

Table I. Clinical and biochemical variables in patients 
screened for PA with a raised ARR and a normal ARR.

Variables

Ratio � 65 
n � 36 
(IQR)

Ratio � 65 
n � 164 
(IQR) p-value

Heredity (n) 11 (31%) 72 (44%) 0.14
Systolic BP (mmHg) 160 (20) 160 (20) 0.93
Diastolic BP (mmHg) 95 (10) 95 (14) 0.47
S-Na� (mmol/L) 141 (3) 141 (3) 0.66
S-K� (mmol/L) 3.8 (0.3) 4.0 (0.4) 0.002
Creatinine (umol/L) 70 (16) 72 (18) 0.27
SAC 1 (pmol/L) 354 (148) 204 (182)  � 0.0001
SAC 2 (pmol/L) 330 (136) 207 (178)  � 0.0001
PRC 1 (mIU/L) 4.0 (2.2) 12 (8.5)  � 0.0001
PRC 2 (mIU/L) 3.6 (2.8) 11.0 (8.2)  � 0.0001
Age (years) 58 (8) 60 (18) 0.29
Gender (m/f) 12/24 79/92 0.24
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confi rmed in three patients. Therefore, the fl udrocor-
tisone suppression test was performed in 27 patients 
of whom 11 showed incomplete suppression (see 
Figure 1). 

 There were no signifi cant differences in medical 
history, blood pressure, or measured biochemical 
variables between patients with a positive or negative 
fl udrocortisone suppression test (Table II).   

 Radiology and adrenal venous sampling (AVS) 

 Computer adrenal tomography (CT) and adrenal 
venous sampling (AVS) were done in all patients with 
a positive FST. Six CT scans were normal and two had 
bilateral adrenal enlargement. Three CT scans showed 
an adenoma (see Figure 1), and AVS confi rmed later-
alization of aldosterone secretion in two patients.   

 Summary of outcome 

 Eleven of 200 evaluated patients (5.5%) had incom-
plete suppression with fl udrocortisone. Three patients 
were diagnosed with aldosterone producing adenoma 
(APA) and eight patients with bilateral adrenal hyper-
plasia (BAH) (see Figure 1). All patients with BAH 
and one patient with an APA were treated medically 
with spironolactone. Two patients with APA were 
operated on by unilateral laparoscopic adrenalec-
tomy, confi rming an APA. 

 Compared with patients with essential hyperten-
sion, patients with primary aldosteronism had lower 
potassium (p  �  0.003), higher SAC (p  �  0.005), and 
lower PRC (p  �  0.001) on both screening occasions 
(Table III). The overlapping of potassium between 
the two groups of patients was, however, considerable 
(Figure 2). Otherwise, there were no signifi cant dif-
ferences in medical history, blood pressure, or bio-
chemical variables between patients with essential 
hypertension and primary aldosteronism (Table III).    

 Discussion 

 This study confi rms a high prevalence of primary 
aldosteronism (PA) in an unselected newly diagnosed 
group of hypertensive patients. The strength of this 
investigation, compared with study populations from 
tertiary units, is that the patients were unselected and 
better refl ect the hypertensive population. The 
patients were screened without medication that could 
disturb the aldosterone – renin – angiotensin system. 
Two sets of aldosterone to renin ratio (ARR) tests 
were performed and patients with an ARR  � 65 were 
further investigated with the fl udrocortisone sup-
pression test (FST) for aldosterone autonomy. 

 The present high frequency of PA is in accor-
dance with the reported 5 – 10% prevalence of PA in 
studies from specialized centres [12,15] and our ear-
lier study [13]. However, in our previous study the 
frequency was somewhat higher, i.e. 8.5%, probably 
because these patients were well-known hyperten-
sives who had been on treatment for several years, 

Table II. Clinical and biochemical variables in patients 
with a positive and a negative fl udrocortisone suppression 
test (FST). 

Variables

Positive 
fl udrocortisone 

suppression 
test

n � 11 
(IQR)

Negative
fl udrocortisone

suppression 
test

n � 16
(IQR) p-value

Heredity (n) 4 (36%) 7 (44%) 0.67
Systolic BP (mmHg) 165 (28) 160 (20) 0.44
Diastolic BP (mmHg) 100 (8) 92 (12) 0.47
S-K� (mmol/L) 3.7 (0.5) 3.8 (0.2) 0.32
Creatinine (umol/L) 70 (14) 76 (10) 0.13
Age (years) 46 ( 22) 58 (7) 0.22
Gender (m/f) 6/5 7/9 0.58

Table III. Clinical and biochemical variables in patients 
with PA and patients with essential hypertension. 

Variables

PA 
n � 11
(IQR)

Essential
hypertension

n � 189 
(IQR) p-value

Heredity (n) 4 (57%) 79 (72%) 0.72
Systolic BP (mmHg) 165 (28) 160 (20 0.72
Diastolic BP (mmHg) 100 (8) 95 (12) 0.11
S-Na� (mmol/L) 143 (4) 141 (3) 0.27
S-K� (mmol/L) 3.7 (0.5) 4.0 (0.4) 0.003
Creatinine (umol/L) 70 (14) 72 (17) 0.25
SAC 1 (pmol/L) 327 (240) 237 (212)  � 0.005
SAC 2 (pmol/L) 356 (199) 231 (200)  � 0.003
PRC 1 (mIU/L) 4.0 ( 2.2) 10 (9.0)  � 0.0001
PRC 2 (mIU/L) 2.9 (2.9) 10.0 (9.6)  � 0.0001
Age (years) 46 (22) 60 (17) 0.07
Gender (m/f) 6/5 78/111 0.39

3.2

3.4

3.6

3.8

4.2

4.4

PA Essential
Hypertension

K+

4.0

Figure 2. Box plot analysis of the value of plasma potassium 
(mmol/L) in patients with PA and in patients with essential 
hypertension, p between mean values � 0.003.
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which might have biased the result. Nevertheless, PA 
is one of the most frequent causes of secondary 
hypertension [4,17]. Since it is a potentially curable 
disease and associated with a high rate of cardiovas-
cular complications [22,23], it is important not to 
miss the diagnosis of PA. Removal of an aldosterone 
producing adenoma (APA) or unilateral autonomous 
hyperplasia (IHA) corrects hyperaldosteronism and 
cures or signifi cantly decreases hypertension and car-
diovascular alterations [23]. Therefore, early diag-
nostic efforts are warranted. 

 In the present study, the results show that PA 
cannot be recognized from clinical characteristics or 
routine laboratory tests. In order to diagnose PA, the 
family practitioner should incorporate the ARR 
screening as a diagnostic tool. This study shows that 
it is possible for doctors in primary care to use the 
ARR to identify possible cases of PA. Several of the 
patients in the present study with confi rmed PA had 
normokalemia. This clearly implies that hypokalemia 
is an insensitive screening test for PA [19]. Another 
important fi nding is the high percentage of false 
positive ARR results, which is in line with previous 
reports showing that 30 – 50% of patients with a high 
ARR do not have PA [20,24,25]. To avoid a high 
number of false-positive screened cases, the combi-
nation of increased ratio and high aldosterone levels 
has been suggested [26]. Furthermore, possibly two 
or more samples should be analysed before referring 
the patient for confi rmatory testing, which is neces-
sary for accurate diagnosis. 

 Using ARR for screening, it is also important to 
avoid false-negative results, which may conceal PA. 
Patients with negative results are not further inves-
tigated in most centres, nor was this done in the 
present investigation. Cut-off values for ARR vary 
among centres. It is still possible that the cut-off 
value for ARR was too high in this context, with the 
potential consequence that mild forms of PA may 
not have been detected. However, using a cut-off 
based on samples from healthy subjects analysed at 
the local laboratory should be the best possible way 
to avoid this. 

 The results from the present study suggest that 
the ARR could be used as a screening tool for PA in 
newly diagnosed patients with hypertension, although 
the possibility to diagnose patients can be expected 
to be higher in selected patient groups. When per-
formed, measurement of ARR in all hypertensive 
individuals, followed by FST in patients with an 
ARR  � 65 to confi rm or exclude PA, and computed 
tomography (CT) and adrenal vein sampling (AVS) 
to determine the subtype, can result in the detection 
of signifi cant numbers of patients with specifi cally 
treatable or curable hypertension. 

 Finally, there is a need for guidelines based on 
standardized and simple tests for PA screening in 
primary health care. A national screening programme 
for PA among hypertensive patients could potentially 
be justifi ed in light of the present results, and the 
benefi cial outcome of surgical and medical treatment 
of PA [27,28]. Particular attention should be paid to 
newly discovered hypertension, especially in younger 
patients.   
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