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Abstract

Background: Hypertension is a common condition that affects many people all over the world. It could be associated with
several complications especially in cases of resistant hypertension. Many clinical practice guidelines recommend screening for
primary aldosteronism especially in persons with resistant hypertension owing to the worse prognosis when compared with
blood pressure-matched essential hypertension.

Objective: The study aimed to screen for primary aldosteronism in high-risk hypertensive Egyptian patients, and to deter-
mine the challenges faced in the diagnosis.

Material and methods: 50 high-risk hypertensive patients were recruited from the Outpatient Endocrinology Clinic out of
200 hypertensive patients in the period from February 2019 and April 2021. Creatinine, Glycosylated hemoglobin (HBA1c),
lipid profile, potassium level, sodium level, Plasma Aldosterone Concentration (PAC), Active Renin Concentration (ARC), and
aldosterone/ Renin Ratio (ARR) were assessed in all patients.

Results: A series of 50 hypertensive patients screened for PA (26 females and 24 males) with a mean age of 41.88+11.91
SD. We found that 41(82%) patients were receiving antihypertensive medications and 9(18%) patients didn’t receive treatment
for hypertension previously. 9(18%) patients kept on no treatment, 6(12%) patients were kept on the same anti-hypertensive
medications, and 35(70%) of them were shifted to other anti-hypertensive drugs. 4 patients out of total 50 patients had a
positive ARR (>46), while 13(26%) patients out of total 50 hypertensive patients had low renin levels. There was a statistically
significant relation between serum Aldosterone/ Renin Ratio (ARR) and serum Potassium (K) with P-value=0.001 (Figure 4), also
a statistically significant relation between serum aldosterone/ renin ratio (ARR) and (systolic blood pressure, diastolic blood
pressure) with P-value=0.001 was found.

Conclusion: We recommend routine screening for PA in high-risk hypertensive patients that could offer targeted treatment
before adverse cardiovascular consequences develop.
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Background

Primary Aldosteronism (PA) has been reported to be 1-14%
in the general hypertensive population and reaching up to 20%
in populations with resistant hypertension [1]. In deed hyper-
tensive patients with PA have higher rates of complications
such as cardiovascular disease, kidney disease, and death when
compared with patients with blood pressure-matched essential
hypertension [2,3]. PA occurs as the result of a dysregulation
of the mechanism controlling adrenal aldosterone production,
leading to hypertension with low plasma renin and elevated
aldosterone sometimes associated with hypokalemia. Among
subtypes of PA, Aldosterone-Producing Adenoma (APA) and
bilateral adrenal hyperplasia (also known as idiopathic hyper-
aldosteronism) together account for =95% of cases [4]. One
of the key consequences of primary aldosteronism (PA) is the
overproduction of aldosterone and the compensatory low re-
nin levels. However, the term low-renin hypertension was ini-
tially proposed after studies dividing hypertensive patients into
subgroups based on renin activity relative to urinary sodium
excretion but is in many cases more or less a reflection of the
sodium status [5]. Screening of suspicious cases of PA is usually
started by measuring the plasma Aldosterone-to-Renin Ratio
(ARR). Patients who have a positive ARR should undergo a con-
firmatory test with either saline infusion, fludrocortisone sup-
pression, captopril challenge, or oral sodium loading to confirm
or exclude the diagnosis [3]. The Plasma Aldosterone (PAC)-to
Plasma Renin Activity (PRA) ratio as a screening test has been
reported to be associated with a higher prevalence that is ac-
counting for 10-32% of the patients with essential hypertension
[6]. A subset of the population with Essential Hypertension (EH)
has low renin, approximately 25 % [7]. In most of these Patients
plasma aldosterone is normal, but the aldosterone—renin ratio
becomes increased. Further support of low-renin hypertension
and PA being in the spectrum of the same disease is a similar
response to treatment with mineralocorticoid antagonists [8].
Not only the screening of PA for diagnosis but it also offers tar-
geted treatment, either in the form of unilateral adrenalectomy
for APA, or mineralocorticoid receptor antagonists for APA or
more usually, for Bilateral Adrenal Hyperplasia (BAH) [9]. Cost
should not be a barrier for screening adherence of primary al-
dosteronism in facing of cost of cardiovascular risk averted [10].

Aim of the work: The study aimed to screen for primary al-
dosteronism in high-risk hypertensive Egyptian patients and to
determine the challenges faced in the diagnosis.

Material and methods

This study was enrolled 50 high-risk hypertensive patients re-
cruited from the Outpatient Endocrinology Clinic out of 200 hy-
pertensive patients in the period from February 2019 and April
2021. The study was approved by our institution’s Research Eth-
ics Committee and informed written consent was obtained from
all participated patients. All method details were conforming to
Endocrine Society Clinical Practice Guideline, 2008.

- Patients with Joint National Commission stage 2 (>160—
179/100-109 mmHg) and stage 3 (>180/110 mmHg).

- Drug-resistant hypertension (that is defined as subopti-
mally controlled hypertension on a three-drug program
that includes an adrenergic inhibitor, vasodilator, and di-
uretic).

- Hypertension and spontaneous or diuretic-induced hypo-
kalemia.

- Hypertension and a family history of early-onset hyper-
tension or cerebrovascular accident at a young age (<40

y).
- All hypertensive first-degree relatives of patients with PA.
The following patients were excluded:

- Patients aged >65 years, as renin can be lowered more
than aldosterone by age alone, leading to a raised ARR.

- Renal failure patients as it can lead to false-positive ARR.

All the participants were subjected to detailed history in-
cluding smoking, presence of diabetes mellitus, family history
of early-onset hypertension, and/or cerebrovascular accident at
a young age (<40 y). Drugs received by each patient were also
recorded. Clinical examination was performed with special em-
phasis on assessment of Systolic Blood Pressure (SBP), Diastolic
Blood Pressure (DBP), and Body Mass Index (BMI). BMI was cal-
culated according to patient’s height and weight {BMI = Weight
/ (height) 2} expressed in units of kg/m?2.

All the participants were subjected to the following investi-
gations: Creatinine, Glycosylated hemoglobin (HBA1c), lipid pro-
file (total cholesterol, HDL, LDL, VLDL, and triglyceride), potas-
sium level, and sodium level. According to the potassium level,
potassium supplements were prescribed and the patients were
advised to liberalize rather than restrict salt intake. Patients on
antihypertensive medications were switched on one or more of
the following drugs: Verapamil, Hydralazine, Prazosin, Doxazo-
sin mesylate, Terazosin hydrochloride Spironolactone, eplere-
none, amiloride, triamterene, Potassium wasting diuretics, and
products derived from licorice root were stopped for 4 weeks.
NSAIDs and other anti-hypertensive medications were stopped
for 2 weeks. Plasma Aldosterone Concentration (PAC), Active
Renin Concentration (ARC), and Aldosterone/ Renin Ratio (ARR)
were assessed in all patients.

On the next visit, ARR was calculated at the outpatient clinic
by measuring both PAC and ARC. An enzyme immunoassay for
the quantitative measurement of aldosterone and renin levels
in serum was used, taking the following precautions:

o Blood collection was done 8-10 am after the patient had
been up (sitting, standing, or walking) for at least 2 h and
seated for 5-15 min.

o ) ) ) J Blood collection was done carefully, avoiding stasis and
High-risk patients were selected for PA screening depending hemolysis.
on the presence of any of the following conditions:-
o Samples were kept at room temperature during delivery
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to laboratory and before centrifugation with rapid freez-
ing of plasma component pending assay.

Calculation of ARR: Plasma Aldosterone to Renin Ratio
(ARR) is the ratio of Plasma Aldosterone Concentration (PAC,
expressed in ng/L) to Plasma Renin Activity (PRC, expressed in
ng/L/). ARR = (PAC (ng/L))/ (PRC (ng/L))

Serum Aldosterone/Active renin concentration ratio 20-40
indicates probable primary aldosteronism [11].

ARR is the most reliable means to screen PA, but a unique
cutoff is difficult to define because of the wide variability of lab-
oratory assays and population-specific characteristics.

Statistical analysis: Data were coded and entered using the
statistical package SPSS (Statistical Package for the Social Sci-
ences) version 25. Data were summarized using mean, standard
deviation, median, minimum and maximum in quantitative data
and using frequency (count) and relative frequency (percent-
age) for categorical data. Comparisons between quantitative
variables were done using the non-parametric Mann-Whitney
test [12]. Correlations between quantitative variables were
done using the Spearman correlation coefficient [13]. P-values
less than 0.05 were considered statistically significant.

Results

A series of 50 hypertensive patients screened for PA (26 fe-
males and 24 males) with a mean age of 41.88+11.91 SD. From
the total 200 patients, 70 patients were excluded due to renal
impairment, 45 patients were excluded due to their age which
was >65, and the other 35 patients refused to shift medications
to other forms. In our study, we found that 18(36%) of the pa-
tients had a positive family history of early-onset hypertension
or cerebrovascular accident at a young age (<40y), and 32(64%)
patients had a negative history. We also reported that 41(82%)
patients were receiving antihypertensive medications and
9(18%) patients didn’t receive treatment for hypertension pre-
viously. 9(18%) patients kept on no treatment, 6(12%) patients
were kept on their same anti-hypertensive medications, and
35(70%) of them were shifted to other anti-hypertensive drugs
(e.g. verapamil and a blockers), Figure 1. The characteristic of
the studied patients Were demonstrated in Table 1. 40% of our
patients were diabetic and 30(60)% non-diabetic. The Body
Mass Index (BMI) of the patients were ranged between 19 and
40 kg/m? with mean * SD = 29.02+4.55. There were 11(22%)
patients with normal BMI, 20(40%) overweight patients, and
19(38%) obese (Figure 2). Serum potassium levels (K) in our
studied patients were ranged between 2.7 and 5.2 mEqg/L with
mean £ SD = 3.7+0.59 mEq/L. 22 patients were hypokalemic and
28 patients were normokalemic (Figure 3). Serum aldosterone
(PAC) of our patients were ranged between 5.3 and 915.5 ng/L
with mean = SD = 118.02+173.37 ng/L, meanwhile direct renin
(ARC) Were ranged between 0.11 and 276.1 ng/L with mean +
SD = 47.79%74.54 ng/L, and serum Aldosterone/direct renin ra-
tio (ARR) were ranged between 0.1 and 758.1 with mean £ SD =
40.04+131.95. In our study; 9 patients were recently diagnosed
on no treatment, 6 patients were kept on their same anti-hyper-
tensive medications, and 35 of them were shifted to other anti-
hypertensive drugs (e.g. verapamil and a blockers), 4 patients
out of total 50 patients had a positive ARR (>46), while 13 (26%)
patients out of total 50 hypertensive patients had low renin lev-
els. There was a statistically significant relation between serum
Aldosterone/ Renin Ratio (ARR) and serum Potassium (K) with
P-value=0.001 (Figure 4), also a statistically significant relation

between serum Aldosterone/ Renin Ratio (ARR) and (SBP, Dia-
stolic blood pressure) with P-value=0.001 was found (Figures 5
and 6).
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Figure 1: Percentage of patients shifted to other treatment.
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Figure 2: BMI of the studied patients.
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Figure 4: Relation between aldosterone/renin ratio and serum Po-
tassium.
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Table 1: The characteristic of the studied patients.

Variable Mean
Age 41.88+11.91
Family history 18 (36%)
BMI 29.02%4.55
Waist circumference (cm) 100.3+1.55
Systolic BP (mmHg) 161.3+19.66
Diastolic BP (mmHg) 96.419.42
Serum sodium (mEq/L) 137.06£3.66
Serum potassium (mEq/L) 3.7+0.59
Serum creatinine (mg/dl) 0.88+0.21

Triglycerides (mg/dl) 165.36+80.77

Cholesterol (mg/dl) 136.18+42.38

HA1C % 6.46+0.89

Serum aldosterone (ng/L) 118.02+173.37

Active renin concentration (ng/L/) 47.79+74.54

Serum Aldosterone/active concentration 40.04+131.95
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Figure 5: Relation between serum Aldosterone / Renin Ratio (ARR)
and SBP.
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Table 3: Correlation between ARR and studied parameters. wx P 2
ARR Correlation coefficient P value
80.00+ o o
Serum Potassium -.516- 0.001*
Systolic blood pressure 0.533 0.001* iy po 40000 60000 50000
ARR
Diastolic blood pressure 0.357 0.011* . . . .
P Figure 6: Relation between serum Aldosterone / Renin Ratio (ARR)
LDL .035 .811 and DBP.
AlC 199 .166
Table 2: Characteristic of suspected PA patients.
Patient Sex Age Treatment BP BMI AlC Potassium ARC PAC ARR
1 female 39 none 210/120 36 6.4 2.9 0.19 68.5 360
2 female 63 C, D, BB 170/110 32 8.5 3.2 0.11 83.4 758.1
3 female 64 A 200/100 30 6.4 3 2.1 1235 58.8
4 male 54 none 170/100 20 8.7 2.8 0.19 88.9 467.8
Discussion of hypertensives. Also, Kline GA et al. [16] concluded that PA

PA has been reported as a relatively common endocrine
cause of secondary hypertension, with a prevalence of 1-2%
among unselected individuals with hypertension, although
some groups have suggested this may be as high as 10-14%
among selected specialist clinic populations with resistant hy-
pertension [3,14]. however it is still under-diagnosed in a real-
world setting [3]. Because PA may be either asymptomatic or
presented with nonspecific symptoms particularly in its early
stages and the deleterious effects of aldosterone overproduc-
tion are often reversible, thus, screening of patients with resis-
tant hypertension at increased risk of primary aldosteronism
is beneficial [15]. The diagnosis of PA is a step-wise approach
that starts by screening, confirmation and subtype classification
[3]. In our study, out of 200 hypertensive patients, only 50 pa-
tients were included (26 females and 24 males) with a mean
age of 41.88+11.91 SD and 4 of them (8%) had a positive ARR
(>46). This was in agreement with Gonzaga CC et al. [14] who
stated that PA is the most common form of secondary hyper-
tension, with an estimated prevalence between 6% and 12%

can be considered one of the leading causes of secondary hy-
pertension, accounting for 5-10% of all hypertensive patients
and more strikingly 20% of those with resistant hypertension.
Although the guidelines do not specify which ARR cut-off value
should be used to define a positive result cutoff, commonly
placed between 20 and 40 (in [ng/dL]/ [ng/mL per hour] for
Plasma Aldosterone Concentration [PAC] and Plasma Renin
Activity [PRA] [17]. Detection of increasing ARR values are as-
sociated with an exponential increase of the likelihood of an
APA [18]. Such liberal cutoffs maximize sensitivity but generate
many false-positive results, hence the Endocrine Society and
the Japanese guidelines concur in supporting the use of confir-
matory tests. Lack in using a uniform testing protocol or cut-off
values across centers impeding an accurate, and consistent, di-
agnosis of PA in all affected patients [17]. The systematic use of
confirmatory tests in clinical practice increases times, complex-
ity, and costs of the diagnostic workup, thus contributing to the
underdiagnosis of PA high ARR values could be associated with
a high likelihood of APA [17]. Hypokalemia (defined as serum
K+ <3.6 mEq/l) was prevalent in 22 patients out of 50(44%) in

scibasejournals.org
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the overall study population. Patients with a positive ARR (8%)
had K levels ranging from 2.7 to 3 mEq/I. In our study, there
was a highly statistically significant relation between potassium
level and plasma Aldosterone to Renin Ratio (ARR) (P<0.001).
Among all the patients of the study group, the lower the potas-
sium level, the higher the ARR. A retrospective study that was
conducted on patients with PA who were diagnosed based on
a combination of diagnostic tests and surgical outcomes, con-
cluded that ARR had greater sensitivity and specificity than ei-
ther aldosterone levels or PRA alone [19]. On the other hand,
Harvey AM, et al. reported that hypokalemia should not be con-
sidered a diagnostic feature of PA [20]. In some studies, only
a minority of patients with PA (9-37%) had hypokalemia. thus
normokalemic hypertension constitutes the most common
presentation of the disease; hypokalemia is probably present
in only the more severe cases. In our study, we found that low
renin hypertension was prevalent in 13 patients out of 50(26%)
in the overall study population. Similarly, this goes with Adlin
et al. who found that a subset of the population with Essential
Hypertension (EH) has low renin, approximately 25%. In most
of these Patients plasma aldosterone is normal, but the aldo-
sterone—renin ratio becomes increased [7]. Interestedly, a study
conducted from five international referral centers following the
use of ARR as a routine screening test reported a 5- to 15-fold
increase in the identification of PA 21. further support of low-re-
nin hypertension and PA being in the spectrum of the same dis-
ease is a similar response to treatment with mineralocorticoid
receptor antagonists [8]. Also, low-renin essential hypertension
is typically salt and volume sensitive indicating a good response
to diuretics and dietary modifications. In addition, there was a
statistically significant relation between ARR and Systolic Blood
Pressure (SBP) (P<0.001), as well as, between ARR and Diastolic
Blood Pressure (DBP) (P<0.011). A study conducted by Calhoun
et al. providing data on subjects with resistant hypertension
found that the prevalence of PA is even higher, reaching 20%
of studied subjects. Thus, the spectrum of PA in EH seems to be
continuous from low frequencies in mild hypertensives, similar
to those found in normotensive subjects, to very high frequen-
cies in severe or resistant hypertension [6]. In our study HBA1C
was of mean + SD = 6.46+0.89% (prediabetic) despite the high
prevalence of resistant hypertension among diabetic patients,
the prevalence of primary aldosteronism is not known because
screening for primary aldosteronism is seldom performed. Ob-
served a prevalence of 14% of primary aldosteronism in dia-
betic subjects with poorly controlled hypertension while taking
>3 antihypertensive agents. A growing number of studies have
linked PA with metabolic syndrome, diabetes, and obstructive
sleep apnea that may be partly responsible for the higher rate
of cardio and cerebrovascular accidents in PA patients [22].
The strengths in our study were the use of Endocrine Society
guidelines, 2008 to diagnose PA and screen all patients with
ARR which is considered the most reliable means to screen for
PA, also, Active Renin Concentration (ARC) was used as a mea-
surement of ARR during PA screening instead of Plasma Renin
Activity (PRA). Furthermore, to increase the test’s accuracy, we
used a washout period for drugs that could affect the renin-an-
giotensin system and secondarily modify the ARR, which might
yield false-negative or false-positive results. A false-negative re-
sult was communicated by Stowasser M et al. [23] with the use
of angiotensin Il receptor blockers and other antihypertensive
drugs that were suspended 15 days before the study. We have
several limitations in our study first was the smaller number of
patients included in the study, the second was that the possibil-
ity of a false-positive result was not excluded with any of the

confirmatory tests that should be performed in patients with a
high PAC/PRC ratio and third was that we did not demonstrate
the cardiovascular morbidity and mortality amongst patients
with PA compared with blood pressure-matched essential hy-
pertension.

Conclusion

Screening for primary aldosteronism in individuals who both
fulfill the criteria for diagnosis of resistant hypertension, and
have unprovoked hypokalaemia of PA places a high value on
avoiding forgoing the opportunity for surgical or medical cure
thus ameliorating high cardiovascular morbidity and should be
given the priority for PA screening. ARR also considers a simple
reliable screening test for PA.

Recommendations: There is a strong need for screening and
further workup to diagnose primary aldosteronism especially in
high-risk hypertensive patients; also we need to highlight an op-
portunity to implement proper screening tests and to alert the
primary care providers and selected specialists to the impor-
tance of applying screening for PA for those high-risk patients
owing to consideration of a treatable risk factor for cardiovas-
cular disease. Also, raising the awareness of PA as a treatable
cause of hypertension is a must especially amongst clinicians
who manage hypertension. Also, we recommend further con-
firmatory tests in patients with high ARR that may offer the
possibility of surgical cure or targeted pharmacotherapy with
mineralocorticoid receptor antagonists. An alternative strategy
with patients displaying high ARR and relatively mild hyperten-
sive disease could be strict adherence to a low-sodium diet and
low-dose MRA therapy. Further studies conducted on a much
bigger number of patients are also needed.
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