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ABSTRACT

Context Recent studies support a bidirectional interaction
between aldosterone and parathyroid hormone (PTH), possibly
increasing the individual cardiovascular risk. Primary aldoster-
onism (PA) and primary hyperparathyroidism can occur simul-
taneously.

Objective Ouraim was to investigate the prevalence of hyper-
parathyroidism in PA.

Patients We performed a case finding of primary hyperpar-
athyroidism in a retrospective series of 503 patients with PA
(cohort 1). We analysed primary and secondary hyperparathy-
roidism in 141 prospective PA patients who underwent PTH,
serum calcium and phosphate measurements at time of diag-
nosis of PA (cohort 2).

Results The prevalence for primary hyperparathyroidism was
1.2%in cohort 1, and 2.1 % in cohort 2. Secondary hyperpar-
athyroidism was found in 54.6 % of the patients. Patients with
secondary hyperparathyroidism had significantly higher aldos-
terone and lower potassium levels and took more antihyper-
tensive medications compared to those with normal PTH levels.
In multivariate analysis, aldosterone and 25-hydroxyvitamin D
levels were significantly correlated with serum PTH levels.
There was a nonsignificant trend to a higher cardiovascular
morbidity in patients with secondary hyperparathyroidism.
Patients with aldosterone producing adenoma had significant-
ly higher PTH levels compared to patients with bilateral adrenal
hyperplasia. After treatment, there was a significant decrease
of PTH levels in both groups.

Conclusion Patients with PA frequently have primary or sec-
ondary hyperparathyroidism, which is alleviated by correction
of PA by surgical or medical means. Patients affected by sec-
ondary hyperparathyroidism seem to have a more severe phe-
notype of PA and have a trend towards more cardiovascular
co-morbidities.
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Introduction

Primary aldosteronism (PA) represents the most frequent cause of
endocrine hypertension [1]. The two main forms are aldosterone
producing adenoma (APA) and idiopathic bilateral adrenal hyper-
plasia (IAH) [2]. Compared to essential hypertension, PA is associ-
ated with a higher prevalence of cardiovascular and renal compli-
cations [3, 4]. The correction of aldosterone excess reduces cardi-
ovascular and overall mortality to that of essential hypertension
patients [5]. The role of parathyroid hormone (PTH) and its influ-
ence on aldosterone secretion as well as the effect of aldosterone
excess on the calcium phosphate homeostasis are so far not clearly
understood. Recent studies support a bidirectional interaction be-
tween the two hormonal systems [6-8]. Increased levels of PTH have
been demonstrated in PA patients, possibly triggered through aldos-
terone-mediated tubular calcium and magnesium losses [9-12]. In
addition, several case reports of coincident PA and primary hyper-
parathyroidism have been reported [13-15]. The coexistence of in-
creased PTH levels and aldosterone overproduction may increase
the individual cardiovascular risk with ultimately adverse outcome
[16].

Our aim was to perform a case finding of primary and secondary
hyperparathyroidism in one of the largest PA dataset, the German
Conn’s Registry and to analyse the changes in calcium, phosphate,
PTH and 25-hydroxyvitamin D following PA directed therapy.

Patients and Methods

Study population

The German Conn’s registry - Else Kroner-Fresenius Hyperaldoster-
onismus registry was established in 2008 [5]. It documents diag-
nosis, therapy and outcome of patients with PAin Germany. A total
of 503 patients from the centers in Munich (n=313), Berlin (n=
114), and Wiirzburg (n=76) diagnosed between 1995 and March
2014 were included. The German Conn’s registry has been ap-
proved by the local ethical committee. Written informed consent
was obtained from all subjects.

The diagnosis of PA was based on the guidelines of the Endo-
crine Society as described before [2, 17]. In short, the patients had
arterial hypertension, an elevated aldosterone to renin ratio (ARR)
and abnormal confirmatory test (saline infusion test, fludrocorti-
sone suppression test, captopril test or oral salt loading test). The
patients were studied without antihypertensive medication during
diagnostic procedures whenever possible. Adjustment of medica-
tion prior to screening and confirmation was performed according
to the guidelines, with beta-blockers, central alpha-2 agonists, an-
giotensin-converting enzyme inhibitors, angiotensin receptor
blockers and diuretics withdrawn for at least 1 week, and mineralo-
corticoid receptor antagonists for at least 4 weeks. If blood pres-
sure required antihypertensive medication, preferably the calcium
channel blocker verapamil and the alpha-adrenoceptor antagonist
doxazosin were used. Subtype differentiation was determined using
adrenal vein sampling as described earlier [18]. We used a selectiv-
ity index of = 2 and a lateralization index of = 4 for the diagnosis
of unilateral aldosterone excess. One year after initiation of PA-
based therapy, patients were reevaluated.

Association between PA and hyperparathyroidism

To investigate the association between PA and hyperparathy-
roidism, a two-step approach was used.

Cohort 1

We used the data base of the German Conn’s registry for case find-
ing of primary hyperparathyroidism as referred to in the medical
diagnosis list. In total, 503 patients with PA were included (296
studied retrospectively after initiation of specific PA therapy, 207
patients diagnosed prospectively). The patients of this cohort were
not systematically screened for primary hyperparathyroidism, but
serum calcium determinations were part of the routine laboratory
in the majority of patients.

Cohort 2

We analysed 141 consecutive and prospective PA patients who un-
derwent routine intact PTH (iPTH), serum calcium and serum phos-
phate measurements at the time of diagnosis of PA. The system-
atic screening was started in 2008. Hundred and twenty five of
these 141 patients had a PA subtype differentiation (70 APA, 55
IAH). Of the 70 APA patients who underwent surgery 33 had a fol-
low-up of 12 months after adrenalectomy. 27 of the 55 IAH patients
had a follow-up investigation 12 months after initiation of miner-
alocorticoid receptor antagonist therapy. The other patients did
not have a follow up at the time of the analysis or were lost to fol-
low up.

Stored 24 h urine samples of 33 APA patients were analysed for
calcium levels at time of diagnosis and one year after unilateral ad-
renalectomy. Subjects did not receive a special ion diet during urine
collection. All samples were measured in one run.

Definitions

Secondary hyperparathyroidism was diagnosed if iPTH levels were
>65 pg/mL with albumin-corrected calcium in the lower normal
range or below normal. Primary hyperparathyroidism was diag-
nosed if iPTH levels were>65 pg/mL with albumin-corrected serum
calcium>2.6 mmol/L. In these patients parathyroid ultrasound was
performed in order to identify a parathyroid adenoma. Hypoka-
lemia was defined as serum potassium<3.5 mmol/l.

Cardiovascular events were classified according to the Interna-
tional Classification of Diseases, 10t revision: atrial fibrillation
(148.), coronary heart disease (125.), acute coronary syndrome (de-
fined as myocardial infarction (121.) or instable angina pectoris
(120.)) and cardiac insufficiency (150.). Cerebrovascular events in-
cluded stroke (164.), transient ischemic attack (G45.90) and cere-
brovascular stenosis (167.). Cumulative cardiovascular morbidity
was defined as the sum of atrial fibrillation, coronary heart disease,
cardiacinsufficiency, stroke, transientischemic attack and cerebro-
vascular stenosis. Only single independent events per patient were
used and documented in the database.

Analytical methods

Before 2006, aldosterone was measured using either a commercial
radioimmunoassay (RIA) (Maia Adaltis Italia S.p.a., Casalecchio di
Reno, Italy and Coat-a-Count, Siemens, Los Angeles, CA, USA) or a
chemiluminescence immunoassay (Nichols Advantage, Nichols In-
stitute, San Clemente, CA, USA). Since 2006, all plasma aldoster-
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one measurements were performed with Coat-a-Count-RIA (Bier-
mann DPC, Bad Nauheim, Germany). Since 2007 active renin con-
centration was measured by the Diasorin assay (Liaison, Saluggia,
Italy) in Munich and with the Cisbio assay (Berlin, Germany) in Ber-
lin and before that as renin activity with the Maia Adaltis Italia assay
(Casalecchio diReno, Italy). In our hands, the respective within- and
between-assay coefficients of variation were below 9% and 12 % for
aldosterone and below 5.6 % and 12.2 % for renin.

IPTH was determined in serum by electro-chemiluminescence
immunoassay (ECLIA) with the PTH STAT test (Cobas® Integra,
Roche, Mannheim, Germany). Measurement of 25-hydroxyvitamin
D was performed with the IDSiSYS kit (Immunodiagnostic Systems
GmbH, Frankfurt/Main, Germany). Total serum and urine calcium
were measured using the CA test, serum phosphate and urine phos-
phate were measured by using Phosphate (Inorganic) vers.2, all
Cobas® Integra (Roche Diagnostics, Mannheim, Germany). All other
biochemical variables were assayed in plasma or serumin our cen-
tral laboratory using standard methods.

Statistics and ethics

If not stated otherwise, results are expressed as median and 25th -
75t percentiles. Data between groups were compared using Mann-
Whitney U test. Within group changes from baseline to follow-up
were calculated by Wilcoxon signed-rank-test. x2 test was used to
compare frequency distributions. P<0.05 was considered to be
statistically significant. Statistical analysis was performed using
standard statistical software (SPSS 23, IBM USA).

Results

Prevalence of primary hyperparathyroidism in the
German Conn’s Registry (cohort 1)

Six of 503 PA patients (1.2 %) of the Conn’s registry had a docu-
mented diagnosis of primary hyperparathyroidism. Three of the 6
patients received the diagnosis of primary hyperparathyroidism
after the diagnosis of PA was established (after 2, 2.5, and 7 years,
respectively). One patient received the diagnosis of primary hyper-
parathyroidism at the time of the diagnosis of PA. In the remaining
2 patients the diagnosis of primary hyperparathyroidism was es-
tablished 8 months and 1 year before the diagnosis of PA, respec-
tively. Two of the 6 primary hyperparathyroidism/PA patients had
an APA and underwent adrenalectomy, 1 patient had an IAH, and
in the remaining patients no subtype differentiation was per-
formed. All the patients underwent parathyroidectomy; histopa-
thology revealed a single adenoma in all cases, and postoperative
serum calcium and PTH levels returned to normal.

Prevalence of primary and secondary
hyperparathyroidism in prospectively diagnosed PA
patients (cohort 2)

The prevalence for primary hyperparathyroidism was 2.1 % (3 of
141 patients) and 54.6 % for secondary hyperparathyroidism (77
of 141 patients). We classified 138 prospectively studied patients
into those having normal PTH levels (n=61, no hyperparathy-
roidism) and patients having elevated PTH and low-normal or low

serum calcium levels (n=77, secondary hyperparathyroidism). Pa-
tients with secondary hyperparathyroidism had significantly high-
er aldosterone (p=0.003) and lower potassium levels (p=0.002)
and took more antihypertensive medications (p=0.025) compared
to patients with normal iPTH levels (see » Table 1). Patients with
secondary hyperparathyroidism suffered from lower 25-hydroxy-
vitamin D levels (p=0.021). A total of 4 patients were on 25-hy-
droxyvitamin D supplementation. In multivariate analysis, aldos-
terone (R=0.209, p=0.000) and 25-hydroxyvitamin D levels
(R=-0.257, p=0.000) were significantly correlated with serum
iPTH levels. When comparing the cumulative cardiovascular mor-
bidity, there was a nonsignificant trend to a higher morbidity in pa-
tients with secondary hyperparathyroidism.

Hundred twenty five of 141 patients (89 %) underwent subtype
determination of PA using adrenal vein sampling. As expected, APA
patients (n=70) had significantly higher aldosterone (p=0.012)
and lower potassium values (p=0.000) compared to IAH (n=55)
patients. Further, APA patients had significantly higher iPTH levels
compared to patients with IAH (p=0.007). In APA patients there
were 1.4 % with primary hyperparathyroidism and 68.6 % with sec-
ondary hyperparathyroidism, in IAH patients there were 1.8 % with
primary hyperparathyroidism and 40.0 % with secondary hyperpar-
athyroidism (p=0.006). Characteristics of the study population are
presented in > Table 2.

Analysis one year after initiation of treatment of PA
(cohort 2, n=60)

We re-analysed 33 patients with APA and 27 patients with IAH one
year after initiation of treatment. Adrenalectomy resulted in ex-
pected improvements of blood pressure and aldosterone levels and
normalisation of potassium levels. In addition, there was a signifi-
cant decrease of iPTH levels (p=0.001, see » Table 3 and » Fig. 1b)
and a significant increase of serum calcium levels (p=0.001, see
> Fig. 1a). Levels of 25-hydroxyvitamin D did not change signifi-
cantly. In none of the patients substitution with cholecalciferol had
been initiated in the meantime.

Urinary analysis of 33 APA patients at diagnosis and 1 year after
adrenalectomy revealed a significant decrease of urinary calcium
excretion (p=0.003) (See > Fig. 2).

Similar results were found in the 27 IAH patients analysed 1 year
afterinitiation of mineralocorticoid receptor antagonist treatment
(see » Table 4, » Fig. 1cand d).

Discussion

The main findings of our manuscript are twofold: a) we determine
the prevalence of primary (1-2 %) or secondary hyperparathy-
roidism (55 %) in patients with PA and show that hyperparathy-
roidism is more frequent in patients with more severe PA; b) we
show that correction of PA by surgical or medical means alleviates
secondary hyperparathyroidism.

The occurrence of PA and hyperparathyroidism is probably not
only coincidental. Despite intensive research it remains unclear
whether hyperparathyroidism triggers PA or whether high aldos-
terone levels are more relevant for the perturbation of calcium ho-
meostasis. On the basis of gene expression and immunohistochem-
istry studies, Maniero et al. were the first to demonstrate that the
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» Table 1 Characteristics of PA patients with secondary hyperparathyroidism and normal PTH at time of diagnosis of PA. Data are median (25t - 75t

percentile).
No hyperparathyroidism Secondary hyperparathyroidism p

n 61 77 -

Age (y) 47.0 (42.0; 59.5) 48.0 (42.0; 55.5) 0.777
Gender (f/m) 22/39 31/46 0.615
BMI (kg/m?) 26.8 (24.9; 30.5) 28.3(25.9; 30.9) 0.123
Systolic blood pressure (mmHg) 152 (139; 166) 153 (140; 170) 0.845
Diastolic blood pressure (mmHg) 94 (85; 106) 94 (87; 105) 0.796
Duration hypertension (y) 8.0(2.0; 14.8) 8.0 (2.0;13.0) 0.610
Hypokalemic PA (%) 67.2 81.8 0.048
GFR (ml/min/1,73m2) 94.2 (86.6; 104.8) 88.8(74.3;100.2) 0.054
Aldosterone (ng/l) 151 (101.5; 187.5) 200.0 (139.0; 349.0) 0.003
Renin (mIU/l) 3.8(2.0;5.9) 3.9(2.1;7.4) 0.609
Potassium (mmol/l) 3.7(3.3;3.8) 3.3(3.0;3.6) 0.002
Total serum Calcium (mmol/l) 2.39 (2.34; 2.46) 2.33 (2.26; 2.40) 0.001
PO4 (mg/dl) 3.0(2.5;3.4) 2.8(2.2;3.2) 0.133
iPTH (pg/ml) 49.2 (45.6; 58.7) 82.5(72.1; 105.0) 0.000
25-hydroxyvitamin D (ng/ml) 22.7 (16.1; 34.6) 18.7 (12.2; 26.9) 0.021
Cumulative cardiovascular morbidity (%) 21.3 31.2 0.166
Atrial fibrillation (%) 4.9 7.8 0.497
Coronary heart disease (%) 4.9 5.2 0.941
Acute coronary syndrome (%) 0 3.9 0.119
Cardiac insufficiency (%) 6.6 11.7 0.305
Stroke (%) 0 3.9 0.119
Cerebrovasc. stenosis (%) 4.9 2.6 0.469

mineralocorticoid receptor is present in the parathyroid gland
whereas the PTH receptor type 1 is present in the adrenal gland in
a patient with concomitant PA and primary hyperparathyroidism
[15]. Brown et al. could demonstrate a 2- to 4-fold increase of min-
eralocorticoid and angiotensin Il type 1 receptors in adenomatous
tissue of the parathyroid gland [19]. A recent study of Lenzini et al.
in primary culture of human parathyroid cells showed that both al-
dosterone and angiotensin Il increased PTH secretion, by acting
through MR and angiotensin Il type 1 receptors, respectively [8].

It is a well-established clinical observation that the majority of
patients with primary hyperparathyroidism suffer from hyperten-
sion [20, 21]. A prospective analysis showed a positive correlation
between preoperative PTH levels and aldosterone plasma concen-
tration [22]. Different studies could demonstrate that blood pres-
sure is reduced after parathyroidectomy with a decline of renin-
angiotensin-aldosterone-system activation [22, 23]. A possible ex-
planation is that PTH directly increases aldosterone production
from the adrenal glands or stimulates aldosterone through activa-
tion of the renin-angiotensin-aldosterone-system [24, 25].

The prevalence of primary hyperparathyroidism is 233 per
100000 in women and 85 per 100000 in men [26]. In a large lon-
gitudinal prospective study of older women, hypertension was as-
sociated with a 45 % higher risk of developing primary hyperpar-
athyroidism than that of participants without a diagnosis of hyper-
tension [27]. Over the last 30 years a number of case reports noted
the coincidence of PA and primary hyperparathyroidism [13, 15].
Here, we describe a series of 6 patients with coincidental PA and

primary hyperparathyroidism. The diagnosis of primary hyperpar-
athyroidism occurred before, at the same time and after the diag-
nosis of PA. A retrospective analysis of 306 PA patients revealed a
slightly higher primary hyperparathyroidism prevalence of 2.6 %
[14]. Up to now both diseases are usually treated independently.
Animproved understanding of the interdependence of PA and pri-
mary hyperparathyroidism would have the potential to influence
these mechanisms earlier and with more targeted approaches.

Significant associations between plasma aldosterone and PTH
were found in several population based studies [28-30]. We report-
ed a significant association of high ARR with high PTH concentrations
in the general population of northeast Germany [31]. Another study
described significant associations between aldosterone, ARR and
PTH levels independent of vitamin D status, phosphate levels, calci-
um, antihypertensive agents, coronary heart disease, cardiac insuf-
ficiency and kidney function [32]. In the present investigation, we
found a significant correlation of aldosterone and 25-hydroxyvita-
min D levels with serum PTH levels. A study found that serum potas-
sium and calcium levels were the main factors influencing the plas-
ma PTH levels in PA patients [33].

Several studies demonstrated that PTH levels are higher and
serum calcium levels are lower in patients with PA in comparison
to patients with essential hypertension [9-12, 33, 34]. These re-
sults were recently emphasised in a meta-analysis involving 748
subjects from 6 case-control-studies [35]. In our current evalua-
tion, 54.6 % of newly diagnosed PA patients had elevated iPTH lev-
els resembling secondary hyperparathyroidism. We observed that
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> Table 2 Baseline characteristics of 125 of 141 patients who had subtype determination by adrenal vein sampling. Data are given as median (25th - 75th

percentile).
Total PA APA IAH p
n 125 70 55 -
Age (y) 47 (42;56) 49 (43;59) 45 (41;53) 0.079
Gender (f/m) 46/79 26/44 20/35 0.929
BMI (kg/m?) 27.9(25.5:30.9) 28.0 (25.8;30.9) 27.7 (25.2:31.0) 0.629
Systolic blood pressure (mmHg) 153 (140;166) 153 (140;162) 152 (135;169) 0.877
Diastolic blood pressure (mmHg) 95 (87;105) 94 (87;103) 96 (87;110) 0.366
Duration hypertension (y) 8(2;14) 8(3;15) 9(1;13) 0.784
Hypokalemic PA (%) 76.8 90.0 60.0 0.000
GFR (ml/min/1,73m2) 93.0 (78.7;102.0) 87.6 (72.9;101.7) 93.80 (88.6;103.2) 0.087
Aldosterone (ng/l) 173.0 (123.5;277.0) 195.5 (141.8;364.0) 160.0 (107.0;221.0) 0.012
Renin (mIU/1) 3.5(2.0;5.8) 3.9(2.0;6.2) 3.9(2.0;7.5) 0.451
Potassium (mmol/l) 3.4(3.1;3.8) 3.3(3.0;3.6) 3.7(3.3;3.8) 0.000
Total serum Calcium (mmol/l) 2.4(2.3;2.4) 2.3(2.3;2.4) 2.39(2.31;2.43) 0.011
PO4 (mg/dl) 2.9(2.2:3.3) 2.9(2.2;3.2) 3.00 (2.40;3.30) 0.395
iPTH (pg/ml) 67.7 (50.9;88.1) 72.1 (62.2;90.8) 61.8 (46.4:85.1 0.007
25-hydroxyvitamin D (ng/ml) 20.9 (13.6;29.0) 19.6 (13.9;25.8) 24.4(12.7;32.0) 0.359
Primary hyperparathyroidism (%) 1.6 1.4 1.8 0.006
Secondary hyperparathyroidism (%) 56.0 68.6 40.0
Cumulative cardiovascular morbidity (%) 24.8 30.0 10.0 0.095
Atrial fibrillation (%) 6.4 10.0 1.8 0.064
Coronary heart disease (%) 4.8 2.9 7.3 0.252
Acute coronary syndrome (%) 1.6 1.4 1.8 0.863
Cardiac insufficiency (%) 8.0 8.6 7.3 0.790
Stroke (%) 2.4 43 0 0.120
Cerebrovasc. stenosis (%) 3.2 4.3 1.8 0.437
Albumin in spot urine (mg/dl) 1.4(0.7; 4.0) 1.9 (1.2;5.6) 1.2(0.5; 1.8) 0.001
» Table 3 Characteristics of 33 APA patients before and 1 year after adrenalectomy. Data are median (25t - 75t percentile).

APA before adrenalectomy ‘ APA after adrenalectomy p
n 33 -
Gender (f/m) 14/19 -
BMI (kg/m?) 28.3(26.8; 31.5) 28.4(26.6; 31.4) 0.551
Systolic blood pressure (mmHg) 149 (138: 160) 133 (120; 141) 0.000
Diastolic blood pressure (mmHg) 91 (85; 103) 88 (80;93) 0.021
GFR (ml/min/1,73m2) 86.0 (75.2; 100.1) 75.0 (63.3; 90.2) 0.000
Aldosterone (ng/l) 188.0 (136.0; 394.5) 61.0 (35.0; 112.5) 0.000
Renin (mIU/I) 3.6(1.8; 4.5) 14.2 (6.0; 30.6) 0.000
Potassium (mmol/l) 3.2(3.0;3.6) 4.1(3.8;4.4) 0.000
Total serum Calcium (mmol/l) 2.34(2.23; 2.36) 2.39(2.32;2.48) 0.001
PO4 (mg/dI) 2.9(2.1;3.1) 3.0(2.4;3.5) 0.125
iPTH (pg/ml) 71.2 (58.9; 90.5) 48.7 (38.4;57.7) 0.001
25-hydroxyvitamin D (ng/ml) 19.9 (16.8; 25.4) 19.6 (15.8;31.7) 0.280
Albumin in spot urine (mg/dl) 2.1(1.2;9.4) 1.0(0.5; 1.3) 0.000

iPTH levels were significantly higher in APA patients in comparison
to patients with IAH. Lately, Rossi et al. hypothesised hyperparath-
yroidism as being a novel feature of PA and postulated that meas-
uring PTH levels might help to distinguish between APA and IAH as
APA patients showed higher PTH levels [12]. However, no differ-

ence between the PA subtypes was found in other recent studies
[33,36].

Anumber of studies could demonstrate that after treatment of
PA, serum calcium levels increase and PTH levels decline [9-11, 33].
Arandomized, placebo-controlled interventional study in subjects
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with normal aldosterone levels demonstrated that six weeks of
treatment with the mineralocorticoid receptor antagonist spirono-
lactone resulted in a relative decrease in PTH compared to placebo
[19]. Recently, the study of Lenzini et al. showed that the inhibition
of angiotensin Il with captopril lowered PTH levels both in essential
hypertension and in APA patients after adrenalectomy [8]. Inter-
estingly, captopril had no effect on the elevated PTH levels in PA
patients, suggesting that the parathyroid gland loses its ability to
respond to acute angiotensin Il inhibition when hyperaldosteron-
ism coexists with hyperparathyroidism. In the present series, we
could demonstrate a significant decrease of PTH levels with a sig-
nificant increase of serum calcium levels after adrenalectomy in
APA patients as well as after initiation of treatment with mineralo-
corticoid receptor antagonists in patients with IAH. Levels of 25-OH
vitamin D remained stable, which indicates that vitamin D deficien-

cyis an unlikely mechanism to explain the secondary hyperparath-
yroidism seen in PA. We show that calcium urine excretion was dis-
proportionately increased in newly diagnosed PA patients. After
adrenalectomy, urine calcium levels decreased significantly, as
shown before [10, 37]. These observations support the theory that
PA patients suffer from renal (and potentially intestinal) calcium
wasting with hypocalcemia and compensatory increase of PTH with
development of secondary hyperparathyroidism. Also, expanded
extravascular fluid volume with decreased proximal reabsorption
of sodium and calcium and increase of the distal delivery with a dis-
tal reabsorption of sodium but not of calcium might explain sec-
ondary hyperparathyroidism [38]. Prolonged secondary hyperpar-
athyroidism might eventually lead to tertiary hyperaldosteronism
with one parathyroid adenoma in some patients.
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> Table 4 Characteristics of 27 IAH patients before and after treatment with mineralocorticoid receptor antagonist. Data are median (25t - 75t percen-

tile).

IAH before therapy ‘ IAH after therapy p
n 27
Gender (f/m) 8/19
BMI (kg/m?) 28.7(25.3;31.0) 27.8(25.1; 30.4) 0.595
Systolic blood pressure (mmHg) 151 (135; 166) 135 (122; 149) 0.006
Diastolic blood pressure (mmHg) 94 (110; 87) 85 (80; 92) 0.020
GFR (ml/min/1,73m?2) 95.6 (93.0; 104.6) 89.3 (78.3; 106.5) 0.029
Aldosterone (ng/l) 167.0 (123.0; 217.0) 216.0 (143.0; 388.6) 0.023
Renin (mlU/l) 1(2.0;7.9) 15.9 (5.4; 29.4) 0.001
Potassium (mmol/l) .7(3.2;3.8) .0(3.0;4.3) 0.000
Spironolactone dose (mg/day) 50 (25; 50) -
Total serum Calcium (mmol/l) 2.37 (2.30; 2.42) 2.41(2.34; 2.52) 0.025
PO4 (mg/dl) 1(2.6;3.4) 9(2.4;3.4) 0.174
iPTH (pg/ml) 58.4 (47.0; 72.1) 43.0 (35.4; 64.7) 0.012
25-hydroxyvitamin D (ng/ml) 25.5(13.2; 31.1) 26.1(19.3;35.4) 0.123
Albumin in spot urine (mg/dl) .1(0.5; 2.3) .14(0.3;1.0) 0.01

PA and hyperparathyroidism are associated with a higher cardi-
ovascular morbidity [3-6, 39, 40]. In fact, elevated PTH levels have
been shown to represent an independent risk factor for mortality
and cardiovascular events [28,40]. In patients with primary hyper-
parathyroidism, cardiovascular morbidity is reduced after para-
thyroidectomy [39,41,42]. In a recent study, systolic blood pres-
sure variability was increased in patients with primary hyperpar-
athyroidism and was reduced by parathyroidectomy [43].
Short-term blood pressure variability parameters were not avail-
able in this study. As reviewed by Tomaschitz et al., the relationship
between aldosterone and PTH might explain the higher cardiovas-
cularrisk in hyperparathyroidism [6, 9]. Similarly, animportant role
in the pathogenesis of cardiac remodelling in PA has been lately at-
tributed to PTH [44]. In an investigation of patients referred to cor-
onary angiography, multivariate analysis revealed that both plas-
ma aldosterone and PTH were independently associated with car-
diovascular mortality, with evidence for a synergistic interaction
[32]. In our analysis, we found a nonsignificant trend of a higher
cardiovascular morbidity in patients with secondary hyperparath-
yroidism compared to patients with normal PTH levels.

The relationship between renin-angiotensin-aldosterone-sys-
tem and the calcium phosphate homeostasis might offer therapeu-
tic targets in affected patients. The study Effects of Eplerenone in
Patients with primary hyperparathyroidism (EPATH) investigated
the effect of the mineralocorticoid receptor antagonist eplerenone
on PTH levels as well as cardiovascular outcome in patients with
pPTH [45]. Treatment with eplerenone had no effect on circulating
iPTH levels but was followed by a significant decrease of ambula-
tory blood pressure. The ongoing interventional renin-angioten-
sin-aldosterone-system and PTH Control (RAAS-PARC) study eval-
uates the effect of angiotensin converting enzyme inhibition on
PTH levels in primary hyperparathyroidism (NCT01691781). More
studies are needed to shed new light onto the clinical impact of the
observed relationship between PA and hyperparathyroidism.

Limitations of our study

This is a retrospective investigation. Especially in cohort 1 there is
a likelihood of underreporting of primary hyperparathyroidism.
Clinical data as reported here describe associations but not causal-
ity. The sampling of paired plasma and urine probes of cohort 2 was
done in clinical routine, and not during a standardized ion diet,
which may have affected the results due to dietary variations. UAE
was measured on spot urine.
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