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RANKL, receptor activator of nuclear factor kappa-Β ligand
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8. Abstract in German

Hintergrund

Zunehmende  Evidenz  deutet  auf  ein  gegenseitiges  Wechselspiel  zwischen 

Parathormon  (PTH)  und  Aldosteron.  Beim  primären  Hyperparathyreoidismus 

(pHPT) wird dies immer mehr als potentieller Mechanismus hinter dem erhöhten 

Risiko für kardiovaskuläre und Knochen-Erkrankungen vermutet.

Methoden

Die randomisierte,  doppelblinde,  Plazebo-kontrollierte  Effekt  von Eplerenon auf 

PAraTHhormon Spiegel  bei  PatientInnen mit  primärem Hyperparathyreoidismus 

(EPATH)  Studie  hatte  als  Hauptziel  das  Testen  der  Hypothese,  dass  der 

Mineralokortikoid  Rezeptor  Antagonist  Eplerenon  Plasma  Konzentrationen  von 

intaktem PTH (iPTH) bei  PatientInnen mit  pHPT verändert.  Surrogat-Parameter 

der kardiovaskulären und Knochen-Gesundheit wurden als sekundäre Entpunkte 

ausgewertet.

Ergebnisse

Unter Berücksichtigung von Individuen mit einer biochemischen Diagnose eines 

pHPT,  25-Hydroxyvitamin  D  ≥  20  ng/ml  und  geschätzter  glomerulärer 

Filtrationsrate ˃ 50 ml/min/1.73m² wurden 110 PatientInnen eingeschlossen. Sie 

wurden  1:1-randomisiert  einer  Behandlung  mit  25mg  Eplerenon  einmal  täglich 

(Auftitrieren nach 4 Wochen zu 50 mg/Tag)  oder passendem Placebo für eine 

Behandlungsdauer von 8 Wochen zugewiesen. Das mittlere Alter lag bei  67,5 ± 

9,5  Jahren,  78,4%  waren  Frauen.  Von  allen  TeilnehmerInnen  beendeten  97 

erfolgreich  die  Studie  und  waren  für  die  Analyse  des  primären  Endpunkts 

verfügbar. Der mittlere Behandlungseffekt (95% Konfidenz Intervall) auf iPTH lag 

bei  1,0  (0,9  bis  1,1;  P=0.777)  pg/ml.  Der  mittlere  24-Stunden  Blutdruck  sank 

signifikant um -6,3 (-9,4 bis -3,3)/-3,7 (-5,7 bis -1,7) mmHg. In keinem weiteren, 

sekundären Endpunkt wurden signifikante Unterschiede beobachtet. Die Rate an 

unerwünschten Ereignissen war in beiden Gruppen gleich.
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Schlussfolgerung

Behandlung mit  Eplerenon hatte  im Vergleich mit  Placebo neutrale Effekte auf 

zirkulierende Plasma Spiegel von PTH. Eplerenon senkte signifkant den Blutdruck, 

wurde gut vertragen und erwies sich als sicher.
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9. Abstract in English

Background

Mounting evidence supports the concept of a reciprocal interaction between 

parathyroid hormone (PTH) and aldosterone. This interweavement is increasingly 

seen as a potential mechanistic background for increased risk of cardiovascular 

disease and osteoporosis in primary hyperparathyroidism (pHPT).

Methods

The  single-center,  randomized,  double-blind,  parallel-group,  placebo-controlled 

Effect  of  Eplerenone  on  PAraTHyroid  hormone  levels  in  patients  with  primary 

hyperparathyroidism (EPATH) trial had the primary aim to test the hypothesis that 

the mineralocorticoid receptor antagonist eplerenone alters plasma concentrations 

of  intact  PTH  (iPTH)  in  patients  with  pHPT.  Surrogate  parameters  of 

cardiovascular health and bone turnover markers were evaluated as secondary 

endpoints.

Results

Including subjects with a biochemical diagnosis of pHTP, 25-hydroxyvitamin D ≥ 

20 ng/ml and estimated glomerular filtration rate ˃ 50 ml/min/1.73m², we enrolled 

110  individuals.  Subjects  were  1:1  randomly  assigned  to  receive  either  25mg 

eplerenone  once  daily  (up-titration  after  4  weeks  to  50  mg/day)  or  matching 

placebo for a treatment period of 8 weeks. Mean age ± SD was 67.5 ± 9.5 years 

and  78.4%  were  female.  Study  participation  was  successfully  finalized  in  97 

subjects who were eligible for the primary endpoint analysis. The mean treatment 

effect (95% confidence interval) on iPTH was 1.0 (0.9–1.1; P=0.777) pg/ml. Mean 

24-h ambulatory blood pressure decreased significantly by -6.3 (-9.4 to -3.3)/-3.7 (-

5.7 to -1.7) mmHg. No differences were seen in any further secondary endpoints. 

The rate of adverse events was similar between groups.
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Conclusion

Treatment with eplerenone had neutral effects on circulating plasma levels of iPTH 

when compared to placebo. Eplerenone significantly lowered blood pressure and 

was well tolerated and safe.
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10. Introduction

10.1. Physiology of parathyroid hormone

10.1.1. Secretion and degradation

Parathyroid hormone (PTH, PTH 1-84, intact PTH) consists of 84 amino acids and 

has a molecular mass of 9400 Dalton. Its precursor protein pre-pro PTH is a 115- 

amino acid polypeptide being synthesized in chief cells of the parathyroid glands. 

Pre-pro PTH is cleaved within chief cells at the N-terminal end to pro-PTH (90 

amino acids) and further to PTH.(2) PTH 1-84 has a plasma half-life between two 

and four minutes. In contrast to this, the C-terminal fragments, which are cleared 

by the kidney, have half-lives that are five to ten times greater (see Figure 1). PTH 

1-84 accounts for approximately 20 percent of the total circulating PTH proteins, 

under  phyiological  conditions.  Under  hypocalcemic  conditions  the  proportion  of 

PTH 1-84 may increase up to 33%, while it may decrease to 4% in the setting of  

hypercalcemia. PTH is rapidly cleared from plasma through uptake by the liver and 

kidney, where PTH 1-84 is cleaved into amino- and carboxyl-terminal fragments 

that are then eliminated by the kidney. As a result, circulating immunoreactive PTH 

in healthy adults comprises:

Intact PTH - 5 to 30 percent

C-terminal fragments - 70 to 95 percent

N-terminal fragments - < 5 percent

It appears that the N-terminal fragment 1-34 (PTH 1-34) is sufficient for interaction 

between the hormone and its ubiquitously expressed receptor, the PTH-1 receptor 

(PTH1R).
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Figure 1: Structure of human parathyroid hormone fragment 1-34.(3)

Cited from Marx UC, Adermann K, Bayer P, Forssmann WG, Rösch P. Solution 
structures of human parathyroid hormone fragments hPTH(1-34) and hPTH(1-39) 
and bovine  parathyroid  hormone fragment  bPTH (amino acids  1-37).  Biochem 
Biophys Res Commun. 2000 Jan 7;267(1):213-20.

https://www.sciencedirect.com/science/article/pii/S0006291X99919587?via
%3Dihub. Permission for reuse in a thesis obtained from Elsevier.

PTH secretion from chief cells in response to circulating calcium concentrations is 

mainly regulated via the calcium-sensing receptor (CaSR). The CaSR is a G-

protein coupled receptor with its gene being located on chromosome 3 in humans.

(4) As a transmembraneous receptor the CaSR is activated by ionized calcium 

and induces suppression of secretion of PTH 1-84 into the circulation.(5)

Active vitamin D (1,25-dihydroxyvitamin D, calcitriol) contributes to PTH secretion 

by binding to and activating the vitamin D receptor (VDR) that is expressed on the 
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surface of parathyroid chief cells. VDR activation leads to suppression of pre-pro 

PTH synthesis.(6) 

10.1.2. Regulation of calcium homeostasis

PTH  crucially  regulates  calcium  and  phosphate  homeostasis  via  the  kidneys, 

bone,  and  indirectly  via  the  intestine  with  the  aim  to  maintain  calcium  and 

phosphate  concentrations  within  their  normal  ranges.  These  are  1.15  to  1.35 

mmol/L for ionized calcium and 2.15 to 2.55 mmol/L for albumin-adjusted calcium.

PTH  increases  plasma  Ca2+ concentration  in  three  different  ways:  (1)  in  the 

presence  of  permissive  amounts  of  vitamin  D  it  stimulates  bone  turnover  by 

activating  osteoclasts  and  osteoblasts;  (2)  it  increases  intestinal  Ca2+ and 

phosphate  absorption  by  activating  the  1α-hydroxylase  thereby  triggering  the 

synthesis of active vitamin D in the kidney, and (3) it enhances active renal Ca2+ 

reabsorption. These PTH-mediated calcium elevations in turn lower PTH secretion 

as part of an autoregulatory loop. PTH and calcium regulatory feedback loops are 

illustrated in Figure 2.
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In healthy individuals, a reduction in serum ionized calcium of 0.1 mg/dL (0.025 

mmol/L) leads to an increase in PTH concentrations within minutes; vice versa, an 

increase  in  serum  ionized  calcium  instantaneously  reduces  circulating  PTH 

concentrations

Figure 2: Parathyroid hormone response to decreased ionised calcium (7)

Cited from Fraser WD. Hyperparathyroidism. Lancet. 2009 Jul 11;374(9684):145-
58. doi: 10.1016/S0140-6736(09)60507-9

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)60507-9/
fulltext Permission for reuse in a thesis obtained from Elsevier.

10.1.3. Regulation of bone metabolism

Bone remodeling is a continuous dynamic process serving to maintain 1) bone 

turnover in a physiological balance between bone formation and bone resorption; 

2)  circulating  levels  of  calcium  and  phosphate  within  physiological  ranges. 

Imbalance  of  bone  remodeling  can  lead  to  inappropriate  bone  resorption  and 

finally  to  osteoporosis,  or  to  inappropriate ossification and ectopic  calcification. 

Apposition and resorption are closely coupled processes taking place in the bone 

micro-environment. 

Bone  formation  is  mainly  orchestrated  by  cells  of  osteoblastic  lineage,  most 

importantly  by  osteoblasts  which  1)  produce  osteoid  (ie.  bone  collagen);  2)  
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synthesize  bone-resorption  regulating  proteins  such  as  receptor  activator  of 

nuclear factor kappa-Β ligand (RANKL); and 3) differentiate into osteocytes to form 

mature bone tissue. Osteoblasts and osteocytes also secrete hormones such as 

osteocalcin  (OC)  or  fibroblast-growth-factor  23  and  exert  thereby  systemic 

pleiotropic  immunoregulatory,  cardio-regulatory  and  metabolic  effects.(8) Upon 

activation and during the bone formation process, collagen byproducts such as 

procollagen  type  I  N  propeptide  (P1NP),  and  enzymes  such  as  bone-specific 

alkaline phosphatas (BALP), accumulate in the bone microenvironment and their 

systemic concentration reflects the amount of bone formation.(9)

Bone resorption on the other hand is mainly regulated by osteoclasts which initiate 

enzymatic bone deconstruction. Osteoclastogenesis and activation of osteoclasts 

by binding of RANKL to receptor activator of nuclear factor kappa-Β expressed on 

osteoclasts complement osteoblastic bone formation and are closely coupled with 

osteoblast  activity.  Carboxy-terminal  collagen  crosslinks  (CTX)  is  a  major 

component  of  the  bone  matrix  and,  upon  bone  resorption  by  osteoclasts,  is 

secreted  into  the  circulation  and  can  be  measured  as  a  surrogate  of  bone 

resorption.

By binding to the PTH1R which is expressed on osteoblasts and osteocytes, PTH 

crucially regulates differentiation, proliferation and activation of osteoblastic cells 

and thereby indirectly stimulates osteoclastogenesis and osteoclast activation.(10–

12)

10.2. Interaction between aldosterone and parathyroid hormone

The mineralocorticoid receptor (MR) is expressed in normal parathyroid cells and 

nuclei  of  parathyroid  adenomata  and  the  PTH  receptor  is  expressed  in  both 

aldosterone producing adrenal adenoma cells and hyperplasia cells which points 

towards a mutual interrelation between aldosterone and PTH.(13–15)

Olgaard et al. investigated the effect of PTH on the calcium-mediated aldosterone 

secretion from isolated, purified zona glomerulosa (ZG) cells obtained from the rat. 

Cells were pre-incubated with calcium and PTH (1-84) or PTH (1-34) were added. 

In all  cell  preparations with PTH (1-84) as well  as PTH (1-34) the  aldosterone 

responses to a certain Ca2+ concentration increased significantly by up to 200% (p 
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< 0.001) above baseline values. The authors suggested that PTH may have a Ca2+ 

ionophore-like effect on endocrine glands, which are not normally related to PTH 

and thus enhance the calcium-stimulated hormone secretion.(16) One mechanistic 

study documented increased intracellular calcium levels in ZG cells resulting in 

pronounced aldosterone synthesis in the setting of PHPT.(17)

One study assessed the effects of chronic (12 days) continuous intravenous b-(1-

34)  PTH infusion in  normal  human subjects  and found significant  increases in 

urinary  tetrahydroaldosterone  excretion  in  parallel  to  the  development  of 

hypercalcemia and hypertension. No changes of serum potassium and plasma 

renin  activity  have  been  seen.  The  authors  concluded  that  the  elevation  of 

aldosterone  and  development  of  hypertension  associated  with  clinical  pHPT 

results from either direct or indirect effects of PTH excess, per se, and requires 

neither  the long-term consequences/complications  of  the clinical  disorder  (e.g., 

severe  nephrocalcinosis,  renal  insufficiency)  nor  primary  hypersecretion  of 

additional hormones.(18)

Isales et al examined the effect of PTH on aldosterone secretion from isolated 

bovine adrenal glomerulosa cells. Again, PTH was shown to stimulate aldosterone 

secretion in a dose-dependent manner and to potentiate aldosterone secretion in 

response to angiotensin II. PTH elicited a small increase in the intracellular Ca2+ 

concentration and cAMP content  in  glomerulosa cells.  In  cells  pre-treated with 

angiotensin  II  or  potassium,  the  intracellular  calcium  response  to  PTH  was 

markedly  potentiated.  Thus,  PTH  might  stimulate  aldosterone  secretion  from 

adrenal glomerulosa cells, both alone and in combination with angiotensin II.(19)

In a case series on 10 subjects with primary aldosteronism published five years 

later,  the  majority  had  elevations  of  PTH  concentrations  (mean,  645  +/-  109 

pgeq/liter; normal, less than 150 to 375 pgeq/liter).  The authors concluded that 

parathyroid hypersecretion is a common feature of primary aldosteronism and also 

hypothesized  a  physiologic  relationship  between  the  activity  of  the  renin-

aldosterone system and parathyroid physiology.(20)

22



Further studies suggested a mechanistically relevant  association between PTH 

and renin, indicating indirect PTH mediated stimulation of aldosterone synthesis 

via increased renal renin release.(21–23)

10.3. Primary hyperparathyroidism

Primary hyperparathyroidism (pHPT) is characterized by inappropriately high PTH 

concentrations  in  relation  to  the  circulating  calcium concentrations.  PHPT is  a 

primary disorder of one or more of the parathyroid glands either due to parathyroid 

gland  hyperplasia  or  PTH secreting  isolated  or  multiple  adenomata  leading  to 

autonomous  oversecretion  of  PTH. The  most  common cause  is  a  single-PTH 

producing  adenoma  (~  80%),  while  multigland  adenoma/parathyroid  gland 

hyperplasia  are  less  often  causes  of  PTH  excess  (~  1  to  15%).  Parathyroid 

carcinoma or  ectopic  glands i.e.  within  the  mediastinum or  around the  thyroid 

gland have been reported as rare causes.(2) 

10.3.1. Risk factors

Although the precise cause of pHPT is unknown, several risk factors have been 

identified that set individuals at higher risk to develop pHPT. These include female 

sex, exposure to radiation and sedentary lifestyle, as summarized in more detail in 

the following paragraphs.

Exposure to radiation particularly in the neck or head regions has been identified 

as a risk factor of pHPT. In an North American case control study published in  

1989, patients who had been operated for pHPT were compared to healthy age- 

and sex-matched controls with regard to their history of exposure to therapeutic 

radiation (a meanwhile historical treatment option for acne). They found that pHPT 

patients had more often had radiation exposure (OR 1.9 [95% CI, 0.9 - 4.4]). When 

including only patients with a history of head or neck radiation, the OR was as high 

as 2.3 (95% CI, 0.9 - 5.7). (24) Fujiwara and colleagues hypothesized that nuclear 

radiation may increase the risk of pHPT and studied a Japanese population of 

atomic  bomb  survivors  (n=3.984)  and  controls.  They  found  that  atomic  bomb 

survivors had a higher likelihood to develop pHPT (OR 4.1 at 1 Gy [95% CI, 1.7 – 
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14]).(25) Schneider et al investigated the risk of pHPT among subjects who had 

received external beam radiotherapy to the head and neck area between 1939 

and 1962 and before their 16th birthday, for the treatment of benign conditions. 

After  a mean follow-up of 36.6 years,  36 cases of  pHPT were diagnosed and 

radiation  dose  was  correlated  with  the  occurrence  of  pHPT.  The  authors 

interpreted their  results as evidence of a dose-dependent relationship between 

radiation  exposure  and  pHPT  and  postulated  pHPT  screening  in  individuals 

irradiated during childhood.(26) By contrast, elderly patients with hyperthyroidism 

who underwent radioactive iodine therapy had a risk to develop pHPT that was 

similar to the general population, although it must be noted that this study had only 

a mean follow-up of 7,4 years. (27)

Females are approximately three times more often affected by pHPT than men so 

that female gender is considered a risk factor of pHPT. In a 20% random sample 

of all hospital stays in the United States between 2000 and 2004, 10.190 patients  

were operated for pHPT and 7.513 were females (73%). Interestingly, the onset of 

significant disparity between genders was evident from the age of 50, see Figure

3.  The  authors  conclude  that  estrogen  deficiency  during  postmenopause  may 

therefore only partially explain the higher prevalence of pHPT in women, however 

their study design has not been designed to offer alternative explanations. They 

speculate that estrogen deficiency during pregnancy may also contribute to this 

phenomenon.(28) Another possible explanation for less pHPT diagnoses in men 

may  result  from  the  lack  of  metabolic  screening  programmes  for  men,  while 

recommendations  exist  for  postmenopausal  women  to  undergo  screening  for 

osteoporosis which includes all parameters necessary to diagnose pHPT.
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Figure  3:  Age-related  gender  distribution  of  patients  undergoing 
parathyroidectomy in the Nationwide Inpatient Sample (NIS) database for the 
years 2000–2004 by 5-year intervals. (28) 

Cited from Miller BS, Dimick J, Wainess R, Burney RE. Age- and sex-related 
incidence of surgically treated primary hyperparathyroidism. World J Surg. 2008 
May;32(5):795-9. doi: 10.1007/s00268-007-9427-2.

https://link.springer.com/article/10.1007%2Fs00268-007-9427-2. Permission 
for reuse in a thesis obtained from Springer.

In  5  –  10  % of  cases,  pHPT can be due to  genetic  causes such as multiple 

endocrine neoplasia type (MEN)-1, a rare autosomal dominant inherited condition 

caused by mutations in the MEN-1 gene.(29) MEN-1 should be suspected when 

pHPT occurs at an early age or if tumors of the pituitary gland or of pancreatic 

islets  occur  in  concurrence.  Even more  rarely,  pHPT can result  from MEN-2A 

((RET  oncogene  mutations),  MEN-4  ((CDKN1B  mutations)  or 

hyperparathyroidism-jaw  tumor.  They  are  summarized  in  the  present  pHPT 

guidelines.(30)
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In rare cases a constellation of hypercalcemia and hyperparathyroidism may be 

due to the genetic disorder familial hypocalciuric hypercalcemia (FHH) and not due 

to primary parathyroid disease. FHH is largely underdiagnosed due to expensive 

and laborious genetic testing procedures.(31) As a consequence, FHH patients 

are  frequently  diagnosed  as  pHPT  and  undergo  potentially  harmful 

parathyroidectomy.  (32) Several approaches have therefore been undertaken to 

identify biomarkers that may help distinguishing FHH patients from pHPT patients. 

Assessment of  the 24-hour urinary calcium clearance/creatinine clearance ratio 

(CCCR) is the most established parameter. However, up to 20% of pHPT patients 

show a CCCR below the proposed cut-off of 0.115. (32, 33) There are three types 

of FHH classified depending on the altered gene. FHH1 is caused by inactivating 

mutations in the CaSR gene and accounts for approximately 47 -56% of all FHH 

cases. To this point,  up to 140 different CaSR mutations have been shown to 

cause FHH1.  (34, 35) FHH2 is caused by a missense mutation or a deletion in 

GNA1.(36) FHH3 is considered to constitute approximately 20% of FHH cases and 

is caused by missense mutations in AP2S1.(37)

Vaidya and his group studied the role of life style diseases (arterial hypertension, 

body size, low calcium intake, low physical activity) as predictors of pHPT in a 

series  of  publications  mainly  including  only  females.  They  analysed  the 

longitudinal  prospective Nurses'  Health Study I  including 75.600 female nurses 

who did not have a diagnosis of pHPT at baseline. During follow-up, those 347 

individuals  who  developed  pHPT  had  a  significantly  higher  rate  of  arterial  

hypertension in their baseline data assessment. In fact, the multivariate-adjusted 

relative risk (RR) for those with arterial hypertension to develop pHPT was 1.45 

(95% CI,  1.10-1.91).  Interestingly,  loop  diuretic  treatment  was  an  independent 

predictor of incident pHPT when compared to other antihypertensive drugs, with a 

multivariate-adjusted RR of  1.71  (95% CI,  1.08-2.71).(38) Using  data  from the 

same study they found that individuals with physical activity in the highest quintile 

had a 50% lower risk to develop pHPT than those with physical activity in the 

lowest quintile (age-adjusted RR 0.50 (95% CI, 0.35–0.73). There was a linear 

trend  between  physical  activity  at  baseline  and  incident  pHPT (P  for  trend  < 

0.001).  Adding low calcium intake as an independent  variable,  those with high 

physical activity could be again subdivided in terms of risk for incident pHPT so 
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that  those  with  high  physical  activity  but  low  calcium  intake  again  had  a 

significantly higher risk to develop pHPT.(39) Using an even larger dataset from 

the Nurses’ Health Study (n=85.013) they evaluated the predictive role of several 

indices of body size for incident pHPT. Nurses with weight circumference in the 

highest quartile when compared to those in the lowest quartile had a significantly 

higher risk to develop pHPT (multivariate-adjusted RR 2.27 [95% CI, 1.63, 3.18]; p 

for trend across quartiles < 0.001). Similarly, weight turned out as a significant 

predictor of incident pHPT (quartile 4 vs quartile 1: RR 1.65 [1.24, 2.19]; p for trend 

across quartiles < 0.001). Interestingly, the association between BMI and incident 

pHPT did not reach statistical significance (p for trend 0.07).(40)

10.3.2. Epidemiology

PHPT is the third most common endocrine disorder.(7) The incidence of pHPT 

appears to have changed around the 1970s due to improvements in diagnostics. 

Before PTH assays became widely available and plasma calcium measurement 

became part of routine biochemical investigations (~ 1970), patients with pHPT 

were  in  the  majority  diagnosed  when  they  presented  with  clinical  signs  and 

symptoms.  The  classical  symptom  triad  of  advanced  disease  comprises 

urolithiasis, gastritis or gastric ulcer and osteoporosis with osteitis fibrosa cystica 

being the advanced form. 

Since the 1970s, according to a systematic review by Fraser, prevalences have 

been described at 3 to 21 per 1000 in Scandinavian countries and 1 per 1000 in  

the USA.(41–43) In the US, two incidence peaks in the years 1974 and 1998 have 

been  identified(44),  and  an  overall  decline  of  pHPT  was  observed.  It  was 

speculated that this is due to 1) the so-called “catch-up effect” of individuals who 

already  had  pHPT  before  the  1970s  but  had  not  been  diagnosed;  2)  the 

disappearance of irradiation as one common cause of pHPT.(45) As with many 

acquired diseases, the incidence of pHPT diagnosis is age-dependent. Women 

are approximately 2-fold affected compared to men. Most women are diagnosed in 

early post-menopause, often as incidental findings during osteoporosis screening.

(45)
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Since the last two decades, the biochemical presentation at diagnosis appears to 

have  been  stable,  at  least  in  the  South  of  Europe.(46) However,  with  the 

introduction  of  2nd and  3rd generation  of  PTH  assays,  most  of  patients  are 

diagnosed  by  incidentally  detected  hypercalcemia  or  during  osteoporosis 

screenings (47) and are still asymptomatic at the time of presentation, see Table 

1.

Table 1: Changing clinical presentation of primary hyperparathyroidism (7) 

Cited from Fraser WD. Hyperparathyroidism. Lancet. 2009 Jul 11;374(9684):145-
58. doi: 10.1016/S0140-6736(09)60507-9

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)60507-9/
fulltext. Permission for reuse in a thesis obtained from Elsevier.

Recent studies aiming to determine the prevalence of pHPT therefore focus on the 

diagnosis of  forms that are considered to occur early in the disease course of  

pHPT.  These  include  normocalcemic  pHPT  and  asymptomatic  hypercalcemic 

pHPT. 

In the Osteoporotic Fractures in Men study, the incidence of normocalcemic pHPT 

among 2364 men was 0.4% (n=9), while it was 3.1% (n=108) in the Dallas Heart  

Study, another American non-referral population (n=3450) including also women.

(48)

In line to these American population studies, the incidence of pHPT was 0.73% 

among 3014 men aged 69 to 81 years enrolled in the MrOS-Sweden cohort.(49)
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In fact, Sharma and colleagues performed a screening study among patients with 

a  diagnosis  of  urolithiasis.  In  381  patients  the  prevalence  of  clinically  and 

biochemically  confirmed  pHPT  was  5% (n=19)  which  exceeds  the  prevalence 

found  in  the  general  population.(50) Parks  and  colleagues  found  the  same 

prevalence in  another  cohort  of  patients with  nephrolithiasis.(51) By contast,  a 

Korean insurance-claim databased analysis found only an incidence of 0.4%.(52) 

In a Swedish study, the prevalence of pHPT among 167 postmenopausal women 

with a forearm fracture was 6.7% (n=8) and exceeded the pHPT prevalence in 

healthy postmenopausal women by the two-fold.(53) 

In summary, depending on the population studied and the laboratory detection 

method used, the prevalence of pHPT ranges between 4 and 31 per 1000 (27 and 

30 per 100 000 person-years), and pHPT still occurs more often in women.(4, 7, 

54) PHPT  occurs  more  commonly  in  sub-populations  with  increased  pre-test 

probability such as in patients with urolithiasis or osteoporotic fracture.

10.3.3. Clinical presentation

As mentioned in the Epidemiology chapter, the classical signs and symptoms of 

hypercalcemic pHPT patients at diagnosis are resulting from both long-standing 

and often severe hypercalcemia and severe hyperparathyroidism and have formed 

the clinical triad of pHPT including bone disease, pancreatitis and nephrolithiasis, 

in German “Stein-, Bein- und Magenpein”. At present, the majority of patients is 

incidentally  diagnosed  by  a  laboratory  constellation  of  hypercalcemia  in 

concomitance with hyperparathyroidism, at a disease stage where they may still  

be asymptomatic and may not have signs of pHPT. Typical signs and symptoms of 

pHPT are summarized in the following.

Signs

Classical  signs of  pHPT can be referred  to  as  target  organ damage of  either 

chronically  elevated  calcium  or  elevated  PTH  levels.  In  the  present  era  of 

asymptomatic  pHPT,  vast  efforts  have  been invested  to  assess  whether  early 

disease  forms  (asymptomatic  pHPT,  normocalcemic  pHPT)  may  exhibit  early 
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signs of target organ damage such as osteoporosis and may be candidates for 

parathyroidectomy.

Arterial hypertension and LV hypertrophy have been considered as signs of target 

of organ damage by some authors. However, they are explicitly not mentioned as 

specific  complications  of  pHPT  in  the  current  International  Guidelines  for  the 

Diagnosis of pHPT, due to inconclusive evidence.(30) Due to the high prevalence 

of arterial hypertension and LV hypertrophy in the general population, it may be 

difficult  to  decide on an individual  basis,  whether  LV hypertrophy is  related to 

pHPT  or  not,  and  to  base  an  indication  for  parathyroidectomy  solely  on  the 

presence of LV hypertrophy. Evidence on potential cardiovascular complications of 

pHPT is extensively summarized in the  Chapter on Cardiovascular disease in

primary hyperparathyroidism.

 Pancreatitis

Hypercalcemia accelerates trypsinogen degradation to trypsin in pancreatic 

cells which may predispose patients with pHPT to developing pancreatitis. 

In fact, patients with pHPT have a risk of pancreatitis that is said to exceed 

that  of  the  general  population  by  the  10-  to  20-fold.(55,  56) Overall, 

pancreatitis is a rare complication of pHPT, but patients with pancreatitis 

and concomitant hypercalcemia should be tested for pHPT.

 Osteitis cystica fibrosa

Osteitis  cystica  fibrosa  (also  known  as  Recklinghausen's  disease)  is  a 

radiological  diagnosis  based  on  typical  findings  such  as  “demineralized 

skeleton, salt-and-pepper appearance of the skull, radiological loss of the 

distal 1/3 of the clavicle, subperiosteal resorption of the phalanges, bone 

cysts, and brown tumors” as summarized by Silverberg and colleagues.(57) 

Pathophysiologically, it is a late consequence of extensive bone resorption 

due to chronic osteoclast activation by PTH. It is almost exclusively found in 

patients  with  pHPT and  is  rarely  diagnosed  in  patients  with  parathyroid 

carcinoma. 
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 Urolithiasis

Patients with pHPT are at increased risk of stone formation in the urinary 

tract  and  can  present  with  nephrocalcinosis,  nephrolithiasis  or 

ureterolithiasis.(58) In fact, urolithiasis is a common complication of pHPT. 

Hypercalcemia leads to hypercalciuria which is commonly appreciated as 

the crucial feature in pHPT to cause urolithiasis. This concept is however 

contrasted by a recent retrospective study showing a high prevalence of 

nephrolithiasis of 36% in patients with normocalcemic disease.(59) In fact, 

the  risk  of  urolithiasis  in  normocalcemic  pHPT  has  not  yet  been  well 

described. Interestingly, even asymptomatic pHPT patients are at increased 

risk  of  urolithiasis.(60) Evaluation  of  the  individual  risk  of  urolithiasis  is 

therefore  a  hallmark  of  pHPT-specific  diagnostic  work-up,  and  current 

guidelines recommend early surgery in high-risk candidates.(30)

 Osteoporosis

Patients with osteoporosis may present with back pain, but also with height 

loss due to vertebral fractures or with a history of osteoporotic fractures. 

Bone resorption in pHPT is mainly stimulated at sites with predominantly 

cortical bone such as distal forearm. In Western countries, osteoporosis is 

the most common sign encountered in patients diagnosed with pHPT. 

Symptoms

As with  signs of  pHPT,  the  occurrence rate  and the  severity  of  pHPT-specific 

symptoms is  related  with  disease severity.  Yet,  patients  may be symptomatic, 

even when signs of pHPT are absent. In selected patients, parathyroidectomy can 

be beneficial in symptomatic patients even when they do not present with signs of  

pHPT-related target organ damage.(30, 57)

 Neurocognitive and psychiatric disorder

Calcium concentrations in cerebrospinal fluid correlate well with circulating 

calcium concentrations leading to higher levels in hypercalcemic pHPT than 

in  normocalcemic  pHPT.(61) More  so,  1  of  5  patients  with  pHPT  has 
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psychiatric  disorders  including  fatiguability,  lassitude,  failing  memory, 

concentration difficulties, sadness, and inner tension.

This can lead to impairment in cognitive performance (eg. retentiveness and 

concentration) which can improve after parathyroidectomy.(62) 

10.3.4. Treatment of primary hyperparathyroidism

The only curative treatment of pHPT is surgical treatment. Patients with pHPT who 

are symptomatic are recommended to  undergo surgery.  Typical  symptoms are 

summarized in the chapter above. However, the diagnosis of pHPT is often made 

incidentally,  in  patients without  overt  symptoms.  In  this  growing subgroup also 

comprising patients with normocalcemic pHPT, four indications for surgery have 

been defined. They include age above 50 years, severe pHPT as defined by levels 

of total  calcium more than 0.25 mmol/l  above the local upper reference range, 

presence of osteoporosis at any site and high risk of/presence of nephrolithiasis 

(see Table 2). If one of these criteria is present, surgery is recommended.

In patients with contraindications to surgery (such as high intraoperative risk due 

to comorbidities), who are not willing to undergo surgery or who had unsuccessful  

parathyroidectomy,  a  conservative  treatment  approach  can  be  applied  using 

drugs. In fact, cinacalcet has been shown to significantly reduce calcium levels in 

patients with pHPT: In a double-blind multi-center randomized, placebo-controlled 

trial, 67 patients with pHPT were allocated to treatment with cinalcalcet or placebo 

over  28  weeks.  Both  PTH  and  calcium  levels  were  significantly  lowered  and 

normocalcemia was achieved in 76% of cinacalcet treated patients compared to 

0% in the placebo group.(63) However, in another study cinacalcet did not improve 

BMD  so that at the moment it is only considered a symptomatic therapy.(64)
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Interestingly,  in  another  randomized placebo-controlled  trial  (RCT)  enrolling  46 

patients with pHPT who were already scheduled for parathyroidectomy, vitamin D 

supplementation over a period of 26 weeks significantly decreased PTH and also 

improved markers of bone resorption and BMD.(65)

10.3.5. Bone disease in primary hyperparathyroidism

Bone disease in pHPT is characterized as a state of high turnover disorder. More 

precisely,  chronic  elevation  of  PTH,  such  as  in  pHPT,  leads  to  activation  of 

osteoclasts rather than of osteoblasts, and thereby shifts bone remodeling towards 

a catabolic state. This translates to a higher risk of osteoporosis particularly at 

sites  with  predominantly  cortical  bone such as  the distal  radius  (66),  although 

several  studies  also  indicate  higher  risk  of  osteoporosis  and  fractures  at 

predominantly trabecular bone such as the lumbar spine.
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Table 2: Indications for surgery for the treatment of asymptomatic primary 
hyperparathyroidism  according  to  Canadian  and  International 
recommendations.(1)

Cited from Khan AA, Hanley DA, Rizzoli R, Bollerslev J, Young JE, Rejnmark L, 
et al.  Primary hyperparathyroidism: review and recommendations on evaluation, 
diagnosis,  and  management.  A  Canadian  and  international  consensus. 
Osteoporos Int. 2017 Jan;28(1):1-19

https://link.springer.com/article/10.1007%2Fs00198-016-3716-2. The journal 
has  open  access  format  and  no  permission  for  reuse  in  a  thesis  is 
necessary. 

https://link.springer.com/article/10.1007%2Fs00198-016-3716-2


Bone formation as well as bone resorption markers are in the high normal range or 

increased and decrease shortly after parathyroidectomy.(67–69) Various studies 

consistently document the increased risk of reduced BMD and fractures in pHPT. 

As summarized in a review by Costa and Bilezikian, biochemical markers of bone 

metabolism are a useful tool to monitor bone involvement in pHPT.(70)

Kerschan-Schindl  and  colleagues  comprehensively  documented  a  significant 

decrease  of  alkaline  phosphatase,  OC  and  CTX  after  parathyroidectomy  in 

patients with pHPT. Concomitantly, BMD at the lumbar spine increased one year 

after surgery while at the femoral neck a significant improvement of BMD could not 

be observed.(67)

Thorsen et al reported on a beneficial effect of parathyroidectomy on BALP and 

osteocalcin  as  well  as  BMD  at  the  spine,  femoral  neck,  Ward's  triangle  and 

trochanter.(68)

Bollerslev et al. documented that in patients with mild pHPT osteocalcin and CTX-

1 decreased by 35% with surgery, followed by a significant increase in BMD at the 

spine (2.7%; P < 0.01) and femoral neck (1.1%; P < 0.02) compared with the 

pHPT group without surgery after a follow-up of two years.(71)

In the Swedish MrOS study, men with pHPT had a lower bone mineral densitiy 

(BMD) than men without pHPT, both at the total hip and at the femoral neck.(49)

In a retrospective analysis of the Danish National Patient Register of years 2005 

to 2015, 588 patients with pHPT and available X-ray of the spine were identified 

of whom 122 (21%) had vertebral fractures. PHPT patients with fractures had 

lower BMD both at the total hip and at the forearm than pHPT patients without 

fractures. However, comparing pHPT patients with fractures with age- and sex-

matched osteoporotic patients who had vertebral fractures, the pHPT patients 

had  higher  BMD  at  both  sites.  Interestingly,  the  severity  of  pHPT  was  not 

associated with the presence of fractures.(72)

By contrast, in another pHPT longitudinal study by Sitges-Serra and colleagues, 

PTH-value was higher in patients with osteoporosis than in osteopenic patients 

or those with normal BMD.(73)

34



Rao et al. found in a randomized controlled clinical trial that pHPT patients without 

surgery lost BMD at both the femoral neck (-0.4%/yr, P = 0.117) and the total hip (-

0.6%/yr, P = 0.007), respectively; This was accompanied by a significant decline of 

quality-of-life scores (measured by a 36-item short-form health survey).(74)

Similarily,  Rubin et  al.  found progression of  PHTH in  one third  of  the patients 

without surgery and noted a significant decrease of cortical bone density in the 

majority of patients.(75)

Vestergaard et al. assessed fracture rates in 654 pHPT patients before and after 

parathyroidectomy.  Fracture  risk  was  1.8-fold  increased  before  surgery,  when 

compared to an age- and sex-matched patient register and returned to normal 

after parathyroidectomy.(76)

Bandeira and colleagues aimed to describe the prevalence of osteoporosis at sites 

with  predominantly  cortical  bone,  as  measured  by  dual-energy  X-ray 

absorptiometry (DXA). They included patients with pHPT and measured BMD at 

the  lumbar  spine,  femoral  neck  and  1/3  radius.  Subgrouping  their  cohort  into 

asymptomatic patients, patients with renal stones and patients with osteitis fibrosa 

cystica,  they  found  that  more  than  85%  of  patients  in  the  latter  group  had 

osteoporosis  at  least  at  one site  (lumbar  spine  100%,  femoral  neck 86%, 1/3 

radius 86%). Even asymptomatic patients had high percentages of osteoporosis 

(lumbar spine 48%, femoral neck 20%, 1/3 radius 71%).(77)

10.3.6. Cardiovascular  disease  in  primary 

hyperparathyroidism

Mechanisms

The PTH1R receptor is expressed in many tissues, including vascular smooth-

muscle  cells  (VSMCs),  vascular  endothelial  cells  and  cardiomyocytes.  As  a 

consequence,  both  high  concentrations  of  serum  calcium  and  PTH,  the 

pathognomonic features of PHPT, affect the cardiovascular system.

Experimental and animal studies showed that PTH exerts pro-hypertrophic effects 

on cardiomyocytes, besides its role in calcium and phosphate homeostasis: PTH 
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directly  stimulates  intracellular  calcium  uptake  in  cardiomyocytes  and  thereby 

reduces the activity of mitochondrial creatine kinase (CK).  (78, 79) Reduced CK 

activity  is  a  key  feature  of  chronic  heart  failure.(80) Likewise,  upregulation  of 

aldosterone increases calcium load in  cardiomyocytes  and induces markers of 

myocardial remodeling  which can be attenuated by parathyroidectomy suggesting 

that PTH plays a permissive role for aldosterone-induced myocardial remodeling.

(81) Moreover,  PTH  increases  protein  content  in  cardiomyocytes  und  thereby 

resembles  noradrenaline  mediated  effects.(82) In  fact,  PTH  stimulates  the 

secretion of stress hormones from cardiomyocytes and thereby contributes to the 

activation of the cardiac intrinsic sympathetic system which is a key feature in the 

pathogenesis  of  heart  failure  and  arrhythmias.(83–86) In  rats  with  pressure-

induced left ventricular (LV) hypertrophy and heart failure, PTH application led to 

septal hypertrophy und enlarged cardiac dimensions.(87) Moreover, PTH exerted 

positive inotropic effects on cardiomyocytes in an experimental setting. It must be 

noted  that  this  effect  could  only  be  observed  in  the  presence  low  calcium 

concentrations.(88) Suggested pathways of the interplay between PTH and the 

renin–angiotensin–aldosterone system in the setting of PTH excess are illustrated 

in Figure 4.
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Figure 4:  Suggested pathways of the interplay between PTH and the renin–
angiotensin–aldosterone system in the setting of PTH excess.(89)

PTH (excess)  increases circulating ionized Ca2+ (via  increasing  Ca2+ release 
from bone and decreasing renal Ca2+ excretion). PTH is suggested to stimulate 
renin synthesis by increasing calcium levels in JG cells. Renal renin synthesis is 
further controlled by tubular sodium concentration, arterial blood pressure, and the 
sympathetic nervous system. Extracellular potassium and angiotensin II are major 
stimulators of aldosterone synthesis in the adrenal glands. Both factors interact 
with voltage-gated calcium channels and depolarize the zona glomerulosa cells 
which  result  in  elevated  intracellular  calcium  levels.  PTH  might  also  directly 
stimulate aldosterone synthesis by binding to the PTH/PTH-rP receptor, voltage-
gated  calcium  channels,  and  the  adrenocorticotropic  hormone  receptor,  which 
results in increased mitochondrial Ca2+ levels. In addition, PTH is suggested to 
increase  sensitization  towards  angiotensin  II  which  by  itself  reduces  cellular 
calcium extrusion through activating Na+/Ca2+ exchangers in zona glomerulosa 
cells.  PTH  contributes  to  the  development  of  arterial  stiffness,  arterial 
hypertension, and cardiac hypertrophy via binding to the PTH/PTH-rP receptor, 
which  is  expressed  in  vascular  smooth  muscle  cells  and  cardiomyocytes.  In 
addition, aldosterone, i.e. relative aldosterone excess, exerts genomic (by binding 
to  the  MR),  and non-genomic  profibrotic  and proinflammatory effects  on blood 
vessels and the myocardium.(89)

Abbreviations:

BMD,  bone  mineral  density;  PTH  (rP),  parathyroid  hormone  (related  peptide); 
ACTH,  adrenocorticotropic  hormone;  ANG  II,  angiotensin  II;  ZG,  zona 
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glomerulosa;  JG,  juxtaglomerular;  MR,  mineralocorticoid  receptor;  ACE, 
angiotensin converting enzymes; AT1-receptor, angiotensin II type 1 receptor.

Cited from Tomaschitz A, Ritz E, Pieske B, Fahrleitner-Pammer A, Kienreich K, et 
al. Aldosterone and parathyroid hormone: a precarious couple for cardiovascular 
disease. Cardiovasc Res. 2012 Apr 1;94(1):10-9. doi: 10.1093/cvr/cvs092

https://academic.oup.com/cardiovascres/article/94/1/10/272409.  Permission 
for reuse in a thesis obtained from Oxford University Press.

Cardiovascular outcomes

The  relationship  between  increased  PTH  concentrations  and  cardiovascular 

disease  and  events  has  been  confirmed  in  several  clinical  studies  including 

healthy  subjects,  but  also  among  patient  cohorts  with  specific  underlying  risk 

profiles,  such as  patients  with  chronic  kidney disease,  chronic  heart  failure  or 

subjects who were referred to coronary angiography.

In the population-based Tromsø study including 3570 normocalcemic  participants, 

circulating PTH concentrations predicted coronary heart disease.(90) 

In the LURIC study, 3232 patients referred to coronary angiography were stratified 

by quartiles of serum PTH. Those within the 4th quartile were at significantly higher 

risk of cardiovascular mortality when compared to those within the 1st PTH quartile, 

even after adjustment for important confounding parameters,  adjusted HRs: 2.02 

(1.55-2.63).(23)

Increased PTH concentrations independently predict hospitalizations due to heart 

failure in the general population (91), in patients with chronic heart failure (92) and 

in elderly frail  subjects with secondary hyperparathyroidism.(93) PTH correlated 

with pulmonary capillary wedge pressure and NT-proBNP in chronic heart failure 

patients.(94,  95) Also  in  patients  with  chronic  kidney  failure,  secondary 

hyperparathyroidism and heart failure, parathyroidectomy was associated with an 

improvement in LV ejection fraction.(96, 97) High PTH has also been reported to 

predict heart failure with preserved ejection fraction.(98)

In  addition,  in  1578  Danish  men and  women with  PHPT an increased  risk  of 

cerebrovascular disease was documented.(99) Various clinical studies indicated 
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an increased cardiovascular risk in patients with a diagnosis of pHPT, although 

some  studies  reported  conflicting  results,  particularly  in  asymptomatic  or 

normocalcaemic  pHPT  patients,  i.e.  patients  with  mild  or  moderate  disease 

severity.

In patients with pHPT the risk of cardiovascular death is 2-3 fold higher than in the 

general population and PTH is an independent predictor of mortality.  (Yu et al. 

2010; Nilsson et al. 2002) In 100 patients with pHPT who were case-matched with 

50 healthy controls the authors could demonstrate impaired coronary perfusion 

which was improved after parathyroidectomy.(100)

Several Scandinavian studies found an increased risk of cardiovascular mortality 

in  patients  with  severe  and  moderately  severe  PHPT.(101–104) Because 

increased cardiovascular risk appeared to persist long after parathyroidectomy, it 

was hypothesized that PTH may cause persisting damage to the cardiovascular 

system.(105) Among  10,995  Swedish  patients  who  had  undergone 

parathyroidectomy the long-term mortality risk was significantly increased which 

was blunted in those enrolled later in the study or in participants with comparably 

low calcium levels. (106)

Regarding  asymptomatic  pHPT,  evidence  for  higher  (total  and  cardiovascular) 

mortality  is  controversial  and  inconsistent.  This  is  most  likely  due  to  (1)  the 

heterogeneity of the cohorts with some including more severe and some including 

less  severe  phenotypes  and  (2)  the  short  follow-up  duration.  For  example, 

Wermers et al. observed no relationship between mild PHPT and risk of overall 

death in unselected patients in the community,  whereas higher maximal serum 

calcium levels were an independent predictor of mortality.(107) On the contrary, 

Yu et al. impressively showed higher risks of all-cause mortality, fatal and nonfatal 

CVD as well as of renal failure and renal stones in patients with asymptomatic 

PHPT.(108)

Cardiac structure and function and arterial hypertension

Arterial hypertension might be an important pre-requisite for the PTH related risks 

of  cardiovascular  disease  and  mortality.  For  instance,  in  845  patients  with 
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asymptomatic PHTH (and preserved kidney function) mortality was 50% higher in 

hypertensive hyperparathyroid patients compared to normotensive patients.(109)

Several studies evaluated the risk of arterial hypertension in patients with (mild) 

PHPT. In general, hypertension is frequently seen in association with pHPT. In a 

historical work from 1972 by Rosenthal and Roy, arterial hypertension was already 

well  recognized as a complication of pHPT, although the authors were unclear 

about the specific causes. Nevertheless, they recommended screening for pHPT 

in patients with arterial hypertension as they considered pHPT a reversible cause.

(110) In  a  prospective  case-control  study,  48  patients  with  mild  pHPT and no 

cardiovascular  risk  factor  were  longitudinally  studied  before  and  after 

parathyroidectomy,  with  a  focus  on  markers  of  arterial  disease.  Although  the 

authors  did  not  find  evidence  of  arterial  structural  disease  as  measured  for 

instance by intima media thickness of the carotids or augmentation index, pHPT 

patients had higher blood pressure levels and higher pulse wave velocity than 

controls,  both  of  which  were  reduced  one  year  after  parathyroidectomy.(111) 

Other studies including patients with normocalcemic pHPT found similar results.

(112, 113)

Markedly increased blood pressure (BP) levels were reported in women with high 

PTH levels. In a case-control study BP was significantly higher in female patients 

with hyperparathyroidism compared to a control group (systolic BP 146.7 +/- 18.6 

vs. 137.4 +/- 23.0 mmHg [P < 0.05] and diastolic BP 88.1 +/- 11.8 vs. 82.2 +/- 10.6  

mmHg [P < 0. 05]).(114)

In a study including hypertensive patients, elevated PTH was associated with non-

dipping status, even after adjustment for confounding parameters.(115) Also in 

patients with pHPT and arterial hypertension who were matched with hypertensive 

subjects without pHPT, non-dipping status was more prevalent.(116) In subjects 

with  secondary  hyperparathyroidism,  PTH  was  significantly  and  independently 

correlated with nighttime BP, see Figure 5.(117) 
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With  this  in  line,  a  reduction  of  mean  daytime  systolic  BP  one  year  after 

parathyroidectomy has been reported, although also conflicting results have been 

published.(118, 119)

The  pathophysiological  consequence  of  arterial  hypertension  is  diastolic 

dysfunction due to cardiac remodeling and LV hypertrophy. In fact, some studies 

reported on impaired diastolic function in pHPT patients compared with healthy 

controls,  while  arbitrary  results  have  been  published  with  regard  to  systolic 

function.(120, 121) Various further studies pointed to a higher prevalence of LV 

dysfunction  and  myocardial  ischemia  with  a  possible  increased  risk  of  life-

threatening arrhythmia in patients with pHPT compared to healthy controls.(122–

125) Other studies observed a high prevalence of LV hypertrophy, calcification in 

the myocardium, and/or aortic and mitral valve calcification in patients with PHPT.

(126)
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Figure  5:  Relationship  between plasma parathyroid  hormone  and mean 
nocturnal systolic blood pressure in a multivariate model (A). Relationship 
between plasma parathyroid hormone and mean nocturnal diastolic blood 
pressure in a multivariate model (B). (118)

Cited from Verheyen ND, Kienreich K, Gaksch M, van Ballegooijen AJ, Grübler 
MR, et al. Plasma Parathyroid Hormone Is Independently Related to Nocturnal 
Blood Pressure in Hypertensive Patients: The Styrian Hypertension Study. J Clin 
Hypertens (Greenwich) 2016; 18(6):543–50;

https://onlinelibrary.wiley.com/doi/full/10.1111/jch.12710. The journal has 
open access format and no permission for reuse in a thesis is necessary.

https://onlinelibrary.wiley.com/doi/full/10.1111/jch.12710


Analysing the US American Nationwide Inpatient Sample 2009-2010 database, 

Kalla et al included 37.922 patients with hospital admissions in their study of whom 

0.1% had pHPT. After adjustment for age and sex, the rates of heart failure and of  

coronary artery disease were similar between the pHPT population and the non-

pHPT population.  Yet,  pHPT was associated  with  an increased risk of  arterial 

hypertension, even after multivariate adjustment.(127)

In one recent meta-analysis, Bae and colleagues included 14 studies with reported 

echo data before and after parathyroidectomy. While overall quality of the included 

studies was partly moderate and there was high heterogeneity between studies, 

they  did  not  find  significant  changes  in  LV  systolic  or  diastolic  function  after 

parathyroidectomy.  A non-significant  trend towards reduction  of  LV mass after 

parathyroidectomy was reported.(128)

Although one other recent meta-analysis suggested a reversal of LV hypertrophy 

after parathyroidectomy in patients with operated pHPT, the presence of arterial  

hypertension  or  of  LV  hypertrophy  in  patients  with  pHPT  is  currently  not  an 

indication for parathyroidectomy.(129) 

Taken  together,  overwhelming  evidence  from  clinical  studies  points  towards 

adverse effects of PTH on blood pressure regulation so that pHPT patients are at 

increased risk of arterial hypertension. The effects, however, on target organs are 

not well-understood which is most likely the result of small sample sizes and the 

lack  of  randomized  controlled  trials  to  reveal  effects  of  parathyroidectomy  on 

cardiac function parameters. It is however well established that patients with pHPT 

are exposed to a higher cardiovascular mortality risk which increases with the 

severity of pHPT.

10.3.7. Interaction  between  parathyroid  hormone  and 

aldosterone in primary hyperparathyroidism

In 1980 a case of a 60y year-old lady was reported who had pHPT and primary 

aldosteronism and was referred for parathyroidectomy. After surgery, a decline of  

plasma aldosterone and BP levels was observed so that a mechanistic interplay 

between  both  hormones  and  direct  or  indirect  causal  role  of  PTH  in  the 

pathogenesis of aldosteronism was suggested.(130)
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Pacifici  et  al.  observed significantly decreased plasma aldosterone levels in 16 

patients with pHPT after parathyroidectomy, whereas the decrease in aldosterone 

levels was significant only in the normotensive group. (131) The results indicated 

that surgical therapy for hyperparathyroidism lowers serum calcium and BP and is 

associated with a decrease in the excretion of adrenal steroid metabolites. With 

this in line, Jespersen et al. reported a significant decline of aldosterone levels 

(and unaltered angiotensin II) after parathyroidectomy in patients with pHPT.(132) 

Similarily, Gennari et al. observed normalization of serum calcium and PHT levels 

were  reduced  to  normal  values  in  all  patients.  BP,  plasma  renin  activity  and 

plasma aldosterone levels turned normal in 8 of  10 hypertensive patients after 

parathyroidectomy.(133) Further  study  noted  significantly  decreased  plasma 

aldosterone and renin activity in  patients with pHPT after parathyroidectomy, but 

the changes of the renin-aldosterone system after surgery did not correlate with 

the changes in serum calcium levels.(134, 135)

Fallo  et  al.  compared  the  effect  of  angiotensin  II  infusion  on  aldosterone 

concentrations in patients with pHPT before and after parathyroidectomy. Plasma 

aldosterone  and  renin  activity  were  normal  both  before  and  after  the 

parathyroidectomy. The increase in the aldosterone concentrations from baseline 

at  each  time  point  of  the  angiotensin  II  infusion  was  significantly  higher  in 

hyperparathyroid patients before than after surgery, and significantly higher than in 

healthy controls. The authors concluded that high levels of extracellular calcium or 

PTH, or both, might play a mediating role in the aldosterone hyperresponsiveness 

to angiotensin II in patients with pHPT.(136)

In 2009 Brunaud et al. provided novel evidence to the interrelationship between 

PTH  and  aldosterone  by  investigating  134  patients  with  PHPT.  Preoperative 

serum aldosterone were significantly higher in patients with PTH levels > 127 ng/L 

compared  to  those  with  PTH  <  127  ng/L  (p=0.019)  independent  of  ongoing 

antihypertensive  medication.(137) Importantly,  preoperative  PTH levels  but  not 

calcium levels  remained an  independent  predictor  of  abnormally  elevated pre-

operative  plasma  aldosterone  levels.  Three  months  after  surgery  overall  no 

significant correlation was observed between postoperative PTH and aldosterone 

levels.(137)
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11. Research question

In view of the documented reciprocal interaction between aldosterone and PTH, 

and in light of  the potential  impact of this hormone interaction on target organ 

damage, additional studies are needed to evaluate the effects of MR antagonists 

(MRA)  on  PTH concentration,  cardiovascular  and bone health  in  patients  with 

pHPT. 

We, therefore, performed a randomized controlled trial in patients with pHPT to 

address the  question  whether  the  MRA eplerenone lowers  plasma intact  PTH 

(iPTH) levels, measured by two different second generation assays, and exerts a 

beneficial effect on cardiovascular and bone health.
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12. Material and Methods

12.1. Study design (138, 139)

The Effect of Eplerenone on Parathyroid Hormone Levels in Patients with Primary 

Hyperparathyroidism (EPATH) Trial is a single-center, randomized, double-blind, 

parallel-  group,  placebo-controlled  trial  conducted  at  the  Department  of 

Cardiology,Medical  University  of  Graz,  Austria.  Eligible  women and  men were 

randomized  in  a  doubleblinded  fashion  to  MRA (eplerenone;  25  mg/day  for  4 

weeks, then uptitrated to 50 mg/day for 4 weeks) or matching placebo (one tablet 

daily  for  4  weeks,  then  uptitrated  daily  for  4  weeks).  Study  participants  were 

instructed to  take the study drug in  the morning,  including days of  study visit. 

Follow-up visits were scheduled at 1, 4, 5, and 8 weeks until completion of the 

study. The study flowchart is depicted in Figure 6. 

Renal function and plasma potassium levels were measured at baseline, 1 week 

after the initiation of the study treatment, at all scheduled clinical visits and after 

any change of dose (after 5 weeks). At completion of the final study visit, all of the 

examinations performed at baseline were repeated. If at any time during the study 

process the plasma potassium concentration was more than 5.0 mmol/l, the study 

medication was downtitrated, and it was discontinued in participants with plasma 

potassium  concentration  at  least  5.5  mmol/l.  The  study  drug  was  further 

discontinued in case of a rise of serum creatinine at least 3.0 mg/dl or estimated 

glomerular filtration rate (eGFR) less than 30 ml/min per 1.73m2
 (or downtitrated in 

case  of  eGFR  values  between  30  and  49  ml/min  per  1.73m2),  anaphylactic 

reactions or intolerance because of eplerenone intake, requirement for an open-

label use of eplerenone or potassium-sparing diuretics, or formal withdrawal of the 

consent.
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Figure 6: Flowchart of the EPATH trial. (138)

Cited from Tomaschitz A, Fahrleitner-Pammer A, Pieske B, Verheyen N, Amrein 
K,  et  al.   Effect  of  eplerenone on parathyroid  hormone levels  in  patients  with 
primary hyperparathyroidism: a randomized, double-blind, placebo-controlled trial. 
BMC Endocr Disord. 2012 Sep 13;12

https://bmcendocrdisord.biomedcentral.com/articles/10.1186/1472-6823-12-
19. The journal has open access format and no permission for reuse in a 
thesis is necessary.

Randomization  was  performed  using  a  web-based  participant  randomization 

service for clinical trials (Randomizer, Institute for Medical Informatics, Statistics 

and Documentation,  Medical  University  of  Graz,  Graz,  Austria).  Randomization 

was performed in a 1:1 ratio, by minimization with treatment probability 0.9 and 

was  stratified  according  to  sex  (men  or  women)  and  indication  of 

parathyroidectomy (yes or no) as judged by the clinical investigator. 

All  patients,  the investigator team, and individuals performing the assessments 

remained blinded to the identity of treatment until after database lock. Eplerenone 
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and matching placebo were provided by Pfizer (Pfizer Inc., New York, New York, 

USA). Quality control, packaging, labeling, and dispensing of the study drug were 

performed by the Medical Dispensary for Research at the Medical University of 

Graz. The trial was designed and implemented by the principal investigators. The 

publication of this trial adheres to the Consolidated Standards of Reporting Trials 

(CONSORT)  2010  statement.  The  trial  was  registered  at  ISRCTN 

(ISRCTN33941607 DOI 10.1186/ISRCTN33941607). The study was performed in 

accordance  with  the  Good  Clinical  Practice  guidelines  and  local  and  national 

regulations and the Declaration of Helsinki. The study (EudraCT number: 2011–

005683–21) has been approved by the Ethics Committee of the Medical University 

of Graz, Austria. Written informed consent was obtained from each participant.

12.2. Study funding (138, 139)

The EPATH Trial  was  supported  by  Pfizer  Inc.  (study drug  and placebo),  the 

Austrian National Bank Jubilaeumsfond (N8: 14621) and the Austrian Society of 

Bone and Mineral Research (Felix-Bronner Grant 2014, Project Prize 2014).

12.3. Participants (138, 139)

Participants were men and women of at least 18 years of age with pHPT. PHPT 

was assured based on laboratory measurements on the day of the screening visit  

and  was  defined  as  hypercalcemic  pHPT  (albumin-adjusted  plasma  calcium 

>2.55mmol/l or ionized plasma calcium >1.35mmol/l or regular use of cinacalcet 

for  hypercalcemia)  and  inappropriately  high  iPTH  (iPTHRoche>46  pg/ml)  or  as 

normocalcemic pHPT (iPTHRoche>65 pg/ml and albumin-adjusted plasma calcium 

above  the  median  of  the  reference  range  (>2.35mmol/l)  and  plasma  ionized 

calcium within normal ranges in the absence of chronic kidney disease (eGFR>40 

ml/min per 1.73m2) and 25-hydroxyvitamin D [25(OH)D] deficiency [25(OH)D_20 

ng/dl] as potential causes for secondary HPT and no regular use of cinacalcet.

(140–142) We chose 2.55mmol/l  as the upper range of normal calcium levels, 

because this is the recommended cut-off of the calcium assay we used.
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Those  patients  with  pHPT  and  in  whom  surgery  was  indicated  but  not 

recommended  because  of  patient  and/or  physician  preference  or  perceived 

medical contraindications were enrolled in addition to those not fulfilling surgery 

criteria. We used a iPTH cutoff greater than 46 pg/ml to define inappropriately high 

iPTH in the presence of hypercalcemia referring to previous works by Souberbielle 

and colleagues  (140) who defined normal iPTH ranges in elderly and 25(OH)D 

sufficient individuals using a comparable PTH assay. Although there are no direct 

comparison studies in patients with pHPT between the PTH assay we used and 

the  Nichols  Allegro  assay  used  by  Souberbielle,  comparison  studies  in 

hemodialysis patients indicated a good correlation between the two assays.(172) 

In that study the Roche iPTH we used showed on average one third lower levels 

when compared to the Nichols Allegro assay. In brief, the main inclusion criteria 

comprised 25(OH)D levels at least 20 ng/dl (multiply by 2.496 to convert ng/ml to 

nmol/l);  eGFR (according  to  the  CKD-EPI  formula)  more  than  50  ml/min;  and 

plasma potassium 5.0 mEq/l (mmol/l) or less at baseline. 

Exclusion criteria were pregnancy or lactating women, acute coronary syndrome 

or cerebrovascular event in the previous 2 weeks, drug intake as part of another 

clinical study 4 weeks before enrollment into the EPATH Trial and/or during the 

active study period, chemotherapy or radiation therapy, intolerance to eplerenone 

or any ingredient occurring in eplerenone, severe acute or chronic liver diseases 

(Child–Pugh class C), concurrent intake of potassium-sparing drugs (e.g. diuretics 

such as amiloride and triamterene) or CPY3A4-inhibitors and ongoing potassium 

supplementation. 

Patients were informed about the EPATH Trial  either by a conversation in the 

outpatient  clinic  or  by  a  telephone  call.  There  was  no  additional  specific 

advertisement for the trial. Participants were recruited from the outpatient clinics at 

the Department of Cardiology and the Department of Internal Medicine, Division of 

Endocrinology and Metabolism,  Medical  University  of  Graz,  Graz,  Austria.  The 

study took place at  the outpatient  clinic  at  the Department  of  Cardiology from 

December 2012 to February 2015.
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12.4. Intervention (138, 139, 143) 

12.4.1. Primary outcome measure

The primary outcome measure was the between group difference in plasma iPTH 

concentrations measured by two different second generation assays.

12.4.2. Secondary outcome measures

Secondary  outcome  measures  were  between  group  differences  in  24-h 

ambulatory systolic BP and diastolic BP, N-terminal pro-brain B-type natriuretic 

peptide  (NT-proBNP),  24-h  urinary  albumin  and  protein  excretion, 

echocardiographic parameters related to systolic and diastolic function as well as 

cardiac  dimensions  (LV ejection  fraction,  E/e‘  ratio,  LV end-diastolic/systolic 

pressure/volume/index,  and  LV posterior  wall  thickness)  and  markers  of  bone 

turnover, including markers of osteoclast activity (active isoform 5b of the tartrate-

resistant acid phosphatase [TRAP], CTX and markers of osteoblast activity (P1NP, 

OC, BALP).

12.5. Measurements (138, 139, 143) 

Blood samplings were performed during the morning (0700 to 1100 h) after an 

overnight fast. Before blood sampling, patients remained in the seated position for 

at least 10 min. Measurement of iPTH (pg/ml) was performed immediately after 

blood  sampling  by  electrochemiluminescence  immunoassay  ‘ECLIA’  (Elecsys 

immunoassay analyzer, Cobas; Roche Diagnostics GmbH, Mannheim, Germany). 

The Elecsys assay for determining iPTH Roche employs a sandwich test principle 

in which a biotinylated monoclonal antibody reacts with the N-terminal fragment 

(amino acid regions 1–37) and a monoclonal antibody labeled with a ruthenium 

complex  reacts  with  the  C-terminal  fragment  (amino acid  regions 38–84).  The 

antibodies used in this assay are reactive with epitopes in the amino acid regions 

26–32  and  37–42.  Blood  for  iPTHRoche  determinations  was  collected  with 

standard EDTA plasma tubes and centrifuged within 5–10 min. The measuring 

range of the assay was 1.20 (lower detection limit) to 5000 pg/ml (maximum of the 

master  curve),  with  a  reference  range  of  15–65  pg/ml,  and  an  interassay 
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coefficient  of  variation  between  3.0  and  6.5% for  iPTHRoche  26.7–261  pg/ml 

(conversion factors of iPTH: pg/ml x 0.106 = pmol/l; and pmol/l x 9.43 = pg/ml,  

respectively). Using one-time frozen (-80°C) blood samples, plasma iPTHDiasorin 

was determined by a chemiluminescent  immunoassay (CLIA;  DiaSorin  Liaison, 

Stillwater, Minnesota, USA). The Liaison iPTH Gen II assay is a modified two-step, 

two-site sandwich assay that uses two goat polyclonal antibodies for capture and 

detection  of  iPTHDiasorin  (measuring  range:  3–1900  pg/  ml;  reference  range: 

14.5–87.1  pg/ml).  Interassay  coefficient  of  variation  was  1.8–3.4%  for 

iPTHDiasorin concentrations between 12.6 and 156.1 pg/ml. Cavalier et al. [19] 

demonstrated a reasonably  good agreement  of  measured iPTH concentrations 

between the Roche Elecsys and Diasorin Liaison assays. 

Quantitative photometrical determination of total calcium in lithium-heparin sample 

was performed on a cobas c 8000 modular  analyzer  (Roche,  Inc.,  Mannheim, 

Germany) using a calcium Gen.2 300 test kit (Mat.-No. 05061482; Roche, Inc., 

Mannheim, Germany).  Coefficients of  variation for  repeatability  were 0.8% and 

2.0% for  high  (4.46  mmol/L)  and low (0.60 mmol/L)  calcium concentrations  in 

human plasma. Coefficients of variation for intermediate precision were 0.9% and 

2.5%  for  high  (4.46  mmol/L)  and  low  (0.60  mmol/L)  concentrations.  Lower 

detection limit in human plasma was 0.2 mmol/L = 0.8 mg/dL. The reference range 

is 2.15 to 2.55 mmol/L according to the manufacturer‘s instructions.

Total calcium in plasma was corrected for hypoalbuminemia (serum albumin <4 g/

dl) in mmol/l  by using the formula: albumin-adjusted calcium [(reference range: 

2.15–2.55mmol/l or 8.6–10.2mg/dl) = total plasma calcium + 0.2 x (4 – plasma 

albumin)].  Serum  25(OH)D  (in  ng/ml)  was  determined  using  a 

ChemiLuminescence  assay  (IDS-iSYS  25-hydroxyvitamin  D  assay; 

Immunodiagnostic  Systems  Ltd.,  Boldon,  UK)  on  an  IDS-iSYS  multidiscipline 

automated analyser, with an intra and interassay coefficient of variation of 6.2 and 

11.6%,  respectively.  NT-proBNP  was  measured  using  an 

ElectroChemiLuminescence  immunoassay  (Roche  Diagnostics)  using  an 

autoanalyser (Elecsys 2010).

A  pre-specified  volume of  blood  samples  was  centrifuged  and  filled  into  1mL 

aliquots and frozen at  -80°C. Circulating concentrations of  bone markers were 
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measured in serum that had been frozen to -80°C after blood sampling. Markers of 

osteoclast activity (TRAP in U/L, CTX in ng/mL) and osteoblast activity (P1NP in 

ng/mL, OC in ng/mL, BALP in µg/L) were determined from one-time frozen serum 

using Enzyme-Linked Immunosorbent  Assays (Immunodiagnostic Systems Ltd., 

Boldon, UK). TRAP was measured manually, while the other four markers were 

quantified on an IDS-iSYS multi-discipline automated system. Intra- and interassay 

coefficients of variation (CV) are 3.2% to 9.6% and 5.5% to 9.5% for P1NP, 1.3% 

to 2.2% and 2.7% to 5.1% for OC, 2.6% to 6.5% and 3.7% to 6.4% for BALP, 1.7% 

to 3.0% and 2.5% to 10.9% for CTX, and 6.0 to 13.9% and 5.4 to 9.2% for TRAP.

Before unblinding, genetic testing for FHH was performed in five participants with 

a 24-h urinary calcium-to-creatinine clearance ratio of less than 0.015. (142) After 

analysis  of  common  FHH causing  mutations  in  genes  of  the  calcium sensing 

receptor and AP2S1 one randomized participant with a FHH-causing mutation in 

the  calcium  sensing  receptor  (c.2777A>G)  was  post-hoc  excluded  from  trial 

participation  and  from  analyses  and  one  additional  individual  was,  therefore, 

recruited to adhere to the prespecified sample size of the study. The 24-h urine 

samples for the determination of urinary albumin, protein and calcium excretion 

were collected in parallel to the 24-h ABPM. All other parameters were determined 

by routine laboratory procedures. All other parameters were determined by routine 

laboratory  procedures.  A  validated  24-h  ABPM  device  (Mobil-O-Graph;  I.E.M. 

GmbH, Stolberg, Germany) was used for the measurement of 24-h ambulatory 

systolic BP and diastolic BP. The circumference of the upper arm was measured 

in all patients to select the appropriate cuff for BP recordings. BP was recorded 

every 20 min during the day (0600 to 2200 h) and every 30 min during the night 

(2200 to 0600 h). ABPM was performed according to the recommendations of the 

European Society of Hypertension. 

Echocardiographic examinations were performed with a Vivid 7 or Vivid 9 (GE 

Healthcare, Chalfont St Giles, UK). A standard operating procedure for obtaining 

all echocardiographic measurements was released before recruitment began, and 

all participating investigators were trained and certified by the core laboratory staff. 

Peak early filling velocities of the mitral septal and lateral ring (e', in cm/s) were 

measured  applying  tissue  Doppler  imaging.  Following  international  guidelines 
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averaged e' was generated according to the formula e'average = (e'medial + e'lateral)/2.

(144) Transmitral  peak  velocities  were  measured  by  using  continuous  wave 

Doppler and placing the signal at the tips of the mitral leaflets.  LV ejection fraction 

(LVEF) was calculated by Simpson biplane method of disks.(145) Other measures 

of  LV structure were measured in accordance with international guidelines.(145) 

All  echocardiographic  data  were  reviewed  and  confirmed  at  a  blinded  core 

laboratory (Echocardiography Core Lab of the Department of Cardiology, Medical 

University of Graz, Austria). Analyses were performed by one single investigator 

who was blinded to individual participant data.

12.6. Sample size considerations (138, 139, 143) 

We assumed that eplerenone administered once daily had an effect size of 10.0 

pg/ml on PTH levels. Calculating with a two-sided alternative hypothesis, α of 0.05 

and a power (1-β) of 80%, lead a sample size of 51 study participants per group.) of 80%, lead a sample size of 51 study participants per group. 

To  compensate  for  an  anticipated  drop-out  rate  of  10%  during  the  study  we 

planned to enroll 55 patients per group.

12.7. Statistical methods (138, 139, 143) 

Continuous data following a normal distribution are shown as means with SD and 

variables with a non-normal distribution are shown as medians with interquartile 

range. Categorical  data are presented as percentages.  Skewed variables were 

log(e)  transformed  before  use  in  parametric  statistical  analyses.  Group 

comparisons (eplerenone vs. placebo) at baseline were estimated by use of an 

unpaired Student’s t test, Mann–Whitney U test, or Chi2 test where appropriate. 

Analyses of the outcome variables were performed according to the intention-to-

treat principle with no data imputation and inclusion of all participants with baseline 

and follow-up values of the respective outcome variable. Analyses of covariance 

(ANCOVA) with adjustments for baseline values were used to test for differences 

in the outcome variables between the eplerenone and the placebo group at the 

follow-up visit. Not prespecified exploratory subgroup analyses were performed in 

patients with normocalcemic and hypercalcemic pHPT, respectively. In addition, 

not prespecified interaction analysis of corrected plasma calcium concentrations 

with  the  primary  outcome  parameter  as  well  as  not  prespecified  secondary 
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outcome  analyses  by  calculating  the  effect  of  eplerenone  on  both  corrected 

plasma calcium concentrations and 24-h urinary calcium excretion, respectively, 

have been performed.(138, 139, 143)

12.8. Cross-sectional analyses (143)

Correlations between marker of  bone turnover and PAC, PRC, ARR and PTH 

were  performed  using  Pearson  correlation  analysis.  In  case  of  a  significant 

correlation,  multivariate  linear  regression  analyses  were  performed,  with 

adjustment for age, sex, plasma PTH (for PAC, PRC, ARR), body mass index,  

ongoing  osteoporosis  treatment  (yes/no),  treatment  with  ACE  inhibitor  and 

treatment with angiotensin-receptor blocker. (143)

A P value below 0.05 was considered statistically significant. Statistical analyses 

were performed by using IBM SPSS Statistics for Windows, Version 21.0 (IBM 

Corp., Armonk. New York, USA).
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13. Results – Findings (139, 143)

13.1. General (139)

Approximately  2900 patient  records were reviewed.  Overall,  330 persons were 

invited to  participate in the study screening and 198 provided written informed 

consent. Of these, 155 patients were categorized as pHPT (normocalcemic: 42 

[27.1%]; hypercalcemic: 113 [72.9%]). Over half of the subjects had a diagnosis of 

pHPT for more than 4 years prior to study inclusion. The participant flow through 

the study is shown in Figure 7.

One-hundred ten patients (79.1% women) with confirmed pHPT (normocalcemic: 

n=31 [28.2%]; hypercalcemic: n=79 [71.8%]) were randomized to MRA (n=54) or 

matching  placebo  (n=56).  At  randomization,  surgical  parathyroidectomy  was 

indicated but neither scheduled nor intended in 48 (43.6%) participants and not 

indicated in all other participants.

Study participation was discontinued for 13 patients (11.8%): seven in the placebo 

group (12.5%) and six in the eplerenone group (11.1%). A total of 97 study 

participants (mean [SD] age: 67.5 ± 9.5 years; 78.4 % females; 27.8 % 

normocalcemic) completed the baseline and follow-up visits. The overall treatment 

period was 55 ± 5 days in the eplerenone and 56 ± 5 days in the placebo group. 

Study medication was returned by 48 participants in the eplerenone and by 49 

participants in the placebo group. According to the remaining tablets in the boxes 

we estimated a compliance of 99.4 ± 0.1% in the eplerenone and 98.5 ± 0.04% in 

the placebo group.(139)
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Figure  7: Flowchart  showing  the  number  of  participants  screened, 
excluded, randomized and analyzed for primary outcome.(139)

Abbreviations: pHPT, primary hyperparathyroidism; 25(OH)D, 25-hydroxyvitamin 
D; eGFR, estimated glomerular filtration rate; iPTH, intact parathyroid hormone

Cited  from Tomaschitz  A,  Verheyen N,  Meinitzer  A,  Pieske B,  Belyavskiy  E, 
Brussee H et al. Effect of eplerenone on parathyroid hormone levels in patients 
with primary hyperparathyroidism: results from the EPATH randomized, placebo-
controlled trial. J Hypertens 2016; 34(7):1347–56;

https://journals.lww.com/jhypertension/Abstract/2016/07000/
Effect_of_eplerenone_on_parathyroid_hormone_levels.17.aspx. 
Permission for reuse in a thesis received from Wolters Kluver.

https://journals.lww.com/jhypertension/Abstract/2016/07000/Effect_of_eplerenone_on_parathyroid_hormone_levels.17.aspx
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13.2. Baseline characteristics (139)

Patient demographics and baseline characteristics were generally well balanced 

between  the  placebo  and  intervention  group  (Table  3).  At  baseline,  24-hour 

urinary protein and calcium excretion were available in 106 participants (53 within 

the eplerenone group and 53 within the placebo group, respectively). Of the 110 

randomized study participants 10 (9.1%) had diabetes and 81 (73.6%) had arterial  

hypertension. All participating subjects were Caucasians.

Mean age was 66.7 ± 9.9. years, and 87 were females (79.1%). Median iPTH was 

100.3 (82.3-123.9) pg/mL and mean albumin-corrected plasma calcium was 2.62 ± 

0.14  mmol/L,  while  24-h  urinary  calcium  excretion  was  6.6  ±  3.4  mmol/24h. 

Moreover, 24-h urinary albumin was 10.0 (7.0-19.0) mg/24h and 24-h urinary and 

protein excretion was 90.6 (72.3-107.9) mg/24h.

Mean office BP was 144 ± 19/89 ± 11 mmHg, while mean 24-hours BP was 126.8  

± 12.1/77.6 ± 8.6 mmHg. The prevalence of arterial hypertension was as high as 

73.6%. Accordingly mean E/e‘ ratio, as a measure of LV filling pressures, was 11.1 

± 4.9, and median LV mass index calculated according to the modified Devereux 

formula  was  102.8  (82.0-123.4)  g/m2.  The  prevalence  of  LV  hypertrophy  was 

52%.

Median  levels  of  NT-proBNP  were  113.5  (60.7-189.3)  pg/mL,  while  mean  LV 

ejection fraction was in the normal range with 62.5 ± 8.2 %.

Median levels of bone turnover markers among 97 patients who completed the 

trial  were 3.84 (3.25–4.74) U/L for TRAP, 0.435 (0.243–0.770) ng/mL for CTX, 

52.9 (34.7–75.6) ng/mL for P1NP, 22.5 (16.2–36.4) ng/mL for OC, and 19.9 (15.5–

26.5) µg/L for BALP.
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Table 3: Demographic and Clinical Baseline Characteristics (139)
Characteristics Total 

(n=110)
Eplerenone 
(n=54)

Placebo 
(n=56)

P value

Age, years 66.7 ± 9.9 67.3 ± 8.9 66.2 ± 10.8 0.571
Gender, % female 79.1 79.6 78.6 0.892
Body mass index, kg/m² 28.2 ± 4.7 28.0 ± 4.0 28.5 ± 5.3 0.550
iPTHRoche, pg/mL 100.3 (82.3-123.9) 96.4 (82.5-116.0) 103.7 (81.3-129.8) 0.605
iPTHDiasorin, pg/mL 86.4 (66.0-111.5) 85.0 (66.0-108.0) 89.5 (65.2-113.7) 0.755
Normocalcemic//hypercalcemic pHPT, % 28.2/71.8 35.2/64.8 21.4/78.6 0.110
Parathyroidectomy indicated, % 43.6 44.4 42.9 0.867
Corrected plasma calcium, mmol/L 2.62 ± 0.14 2.60 ± 0.12 2.65 ± 0.14 0.041
Plasma phosphorus, mmol/L 0.79 ± 0.12 0.79 ± 0.09 0.78 ± 0.14 0.557
Plasma potassium, mmol/L 4.08 ± 0.29 4.06 ± 0.33 4.10 ± 0.26 0.449
25-hydroxyvitamin D, ng/mL 34.9 ± 11.7 34.7 ± 10.9 35.1 ± 12.5 0.840
eGFR, ml/min/1.73m² 79.0 ± 14.4 77.8 ± 14.0 80.2 ± 14.9 0.378
24-hour urinary albumin, mg/24h 10.0 (7.0-19.0) 11.0 (6.0-17.0) 9.0 (7.0-20.5) 0.992
24-hour urinary protein, mg/24h 90.6 (72.3-107.9) 86.3 (70.0-105.0) 95.0 (78.3-109.3) 0.101
24-hour urinary calcium, mmol/24h 6.6 ± 3.4 7.0 ± 3.4 6.2 ± 3.4 0.237
Hypertension, % 73.6 70.4 76.8 0.447
Office systolic BP, mm Hg 144 ± 19 147 ± 19 141 ± 19 0.105
Office diastolic BP, mm Hg 89 ± 11 92 ± 12 86 ± 10 0.015
24 hour systolic ambulatory BP, mm Hg 126.8 ± 12.1 126.4 ± 12.8 127.2 ± 11.5 0.747
24 hour diastolic ambulatory BP, mm Hg 76.7 ± 8.3 77.6 ± 8.6 75.8 ± 8.1 0.247
NT-proBNP, pg/mL 113.5 (60.7-189.3) 132.0 (66.0-215.7) 103.5 (53.2-180.2) 0.262
Active smokers, % 13.6 7.4 19.6 0.063
Diabetes mellitus, % 9.1 3.7 14.3 0.055
Dyslipidemia, % 63.6 68.5 58.9 0.298
Previous myocardial infarction, % 7.3 9.3 5.4 0.433
CRP, mg/L 1.5 (0.6-2.7) 1.2 (0.6-2.3) 1.6 (0.8-3.2) 0.102
LV ejection fraction, % 62.5 ± 8.2 62.6 ± 9.9 62.4 ± 6.2 0.881
E/e' (average) 11.1 ± 4.9 11.8 ± 6.0 10.3 ± 3.3 0.135
LV mass index, g/m2 102.8 (82.0-123.4) 105.7 (79.3-125.9) 102.0 (86.0-120.6) 0.639
LV end-diastolic septum, mm 11.4 ± 2.0 11.7 ± 2.3 11.2 ± 1.6 0.261
LV end-diastolic posterior wall, mm 10.8 ± 2.0 11.1 ± 1.9 10.6 ± 1.9 0.158
LV end-diastolic diameter, mm 46.9 ± 7.3 46.6 ± 7.8 47.2 ± 6.7 0.662
LV end-systolic diameter, mm 29.7 ± 6.5 30.0 ± 7.5 29.5 ± 5.4 0.717
LV end-diastolic volume, mL 80.5 (68.2-95.0) 81.0 (67.0-95.0) 80.0 (70.0-96.0) 0.873
LV end-systolic volume, mL 30.0 (24.0-38.0) 29.0 (24.0-39.0) 30.0 (23.0-37.0) 0.942
Cinacalcet treatment, % 12.7 14.8 10.7 0.521
Calcium supplementation, % 7.3 7.4 7.1 0.958
Vitamin D supplementation, % 48.2 42.6 53.6 0.251
Antihypertensive therapy
  ACE-inhibitors, % 17.3 16.1 18.5 0.735
  AT II blockers, % 24.5 22.2 26.8 0.580
  Beta blocker, % 40.0 40.7 39.3 0.877
  Loop diuretics, % 2.7 3.7 1.8 0.539
  Thiazide diuretics, % 28.2 29.6 26.8 0.741
  Calcium channel blocker, % 22.7 18.5 26.8 0.303
History of HRT, % 27.3 31.5 23.2 0.333
Bisphosphonate therapy, % 11.8 9.3 14.3 0.416

Data  are  presented  as  means  with  standard  deviation,  medians  with  interquartile  range  or  as  percentages.  Group 
comparisons (eplerenone vs placebo) at  baseline were done by unpaired student’s t test,  Mann–Whitney U test or Chi 
Square test where appropriate.
PTH parathyroid hormone; pHPT primary hyperparathyroidism; eGFR, estimated glomerular filtration rate according to the 
CKD-EPI formula; BP, blood pressure; NT-proBNP, N-terminal pro-B-type natriuretic peptide; CRP, C-reactive protein; E, 
early diastolic peak velocity of transmitral inflow; e’, early diastolic peak velocity of mitral annulus; LV, LV; HRT, hormone 
replacement therapy
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At  baseline,  the  subjects  in  the  eplerenone  group  had  lower  mean  corrected 

plasma calcium values compared with those in the placebo group (2.60 ± 0.12 vs 

2.65 ±  0.14,  p=0.041).  The distribution  of  subjects  with  regard  to  iPTHRoche, 

iPTHDiasorin, age, sex, BMI, 25-hydroxyvitamin D and eGFR was similar in both 

groups  (P-value  for  all  between-group  comparisons  >  0.5).  Subjects  in  the 

eplerenone  group  had  lower  mean  office  diastolic  BP  values  at  baseline  as 

compared with the placebo group. The distribution of ongoing drug use at baseline 

was similar between the groups. (139)

13.3. Primary endpoint (139)

Median  iPTHRoche  and  iPTHDiasorin  concentrations  of  the  97  randomized 

participants, who completed the follow-up visit, were at baseline 96.4 (82.6-118.9) 

and 85.0 (65.8-109.0)  pg/mL in  the  eplerenone group,  respectively,  and 108.4 

(83.3-132.3)  pg/mL  and  92.3  (68.4-120.0)  pg/mL  in  the  placebo  group, 

respectively.  Compared  with  placebo,  eplerenone  treatment  did  not  cause 

significant changes in iPTHRoche and iPTHDiasorin concentrations (baseline to 

week 8) with a mean treatment effect (95% CI) of 1.0 (0.9 to 1.1; p=0.777) and -

0.3 (-11.8 to 11.1; p=0.892) pg/mL, respectively (Table 4). Additional adjustment 

for  plasma albumin  adjusted calcium concentration  did  not  materially  alter  the 

results. (139)

Table 4: Primary outcome variables at baseline and follow-up, and changes from baseline in study 

participants with available values at both study visits (139)

Characteristics Baseline Follow-up
Mean  change  from 

baseline
Treatment effect P value

iPTHRoche

Eplerenone (n=48) 110.9 ± 54.6 105.7 ± 43.9 -5.1 (-14.0 to 3.8)

1.0 (0.9 to 1.1) 0.777

Placebo (n=48) 117.1 ± 55.6 110.1 ± 40.4 -7.0 (-15.7 to 1.7)

iPTHDiasorin

Eplerenone (n=48) 97.9 ± 58.3 91.0 ± 45.7 -6.9 (-17.3 to 3.5)

-0.3 (-11.8 to 11.1) 0. 892

Placebo (n=49) 103.7 ± 62.7 94.9 ± 48.0 -8.8 (-19.4 to 5.3)

iPTH, intact parathyroid hormone.
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Patients  with  normocalcemic  pHPT  revealed  a  weak  trend  for  decreased 

iPTHRoche and iPTHDiasorin concentrations in the eplerenone group compared 

with placebo (p=0.140 and p=0.143, respectively). We did not find a significant 

interaction in regard to corrected plasma calcium concentrations (p=0.759). When 

comparing  the  pre-  versus  post-intervention  effect  of  each  treatment  arm, 

eplerenone  therapy  significantly  reduced  the  levels  of  iPTHRoche  and 

iPTHDiasorin  over  8  weeks  (iPTHRoche:  -8.3  [-13.9  to  -2.8];  p=0.006; 

iPTHDiasorin: -6.9 [-13.8 to -0.04]; p=0.049). (139)

13.4. Secondary endpoints (139, 143)

ABPM showed significant reductions in 24-hour systolic and diastolic BP values in 

the eplerenone group.  Compared with placebo,  the reduction in mean 24-hour 

systolic and diastolic ABP (in mm Hg) were -6.5 (-9.6 to -3.4; P < 0.001) mmHg 

and -3.9 (-5.8 to -1.9; p<0.001) mmHg, respectively (Table 5). (139)

NT-proBNP levels decreased from 240.0 ± 422.8 to 162.5 ± 228.7 pg/mL in the 

eplerenone group and increased from 161.6 ± 201.2 to 168.1 ± 264.5 pg/mL in the 

placebo group, with a mean treatment effect of -28.4 (-121.5 to 64.6; p=0.112).  

(139)

Eplerenone  had  no  effect  on  24-h  urinary  albumin  excretion  (mean  treatment 

effect -6.3 [-14.2 to 1.6] mg/24h, p=0.237), 24-h urinary protein excretion (-4.1 [-

14.9 to 6.8] mg/24h, p=0.428) or 24-h urinary calcium excretion (-0.96 [-2.0 to 0.1] 

mmol/24h, p=0.114).

Similarly, there were no effects on LV ejection fraction (mean treatment effect -0.3 

[-3.1 to 2.5], p=0.967), E/e’ ratio (-0.9 [-2.2 to 0.5], p=0.178), LV mass index (4.4 [-

5.7 to 14.5], p=0.433) and indices of LV structure. Further details are shown in 

Table 5.(139)
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Table 5:  Secondary outcome variables at  baseline and follow-up,  and changes from baseline in 

study participants with available values at both study visits (139)

Characteristics Baseline Follow-up
Mean  change 
from baseline

Treatment 
effect

P 
value

24-hour SBP, 
mmHg
Eplerenone (n=48) 126.8 ± 13.2 118.7 ± 9.9 -8.1 (-11.1 to -5.1)

-6.3 (-9.4 to -3.3)
 <0.00
1Placebo (n=46) 126.8 ± 11.4 125.0 ± 10.9 -1.8 (-3.9 to 0.4)

24-hour DBP, 
mmHg
Eplerenone (n=48) 77.3 ± 8.8 71.9 ± 7.0 -5.3 (-7.2 to -3.5)

-3.7 (-5.7 to -1.7) <0.001
Placebo (n=46) 75.2 ± 8.2 74.3 ± 7.6 -0.9 (-2.4 to 0.5)
24-hour UAE, 
mg/24h
Eplerenone (n=35) 16.8 ± 22.2 11.4 ± 8.0 -7.0 (-17.4 to 3.3)

-6.3 (-14.2 to 1.6) 0.237
Placebo (n=34) 21.1 ± 36.8 18.7 ± 27.6 -2.6 (-9.2 to 3.9)
24-hour UPE, 
mg/24h
Eplerenone (n=48) 86.7 ± 31.3 82.1 ± 27.4 -4.6 (-13.1 to 3.9)

-4.1 (-14.9 to 6.8) 0.428
Placebo (n=47) 100.8 ± 52.1 93.7 ± 40.9 -7.1 (-17.7 to 3.5)
24-hour UC, mmol/
24h
Eplerenone (n=48) 6.2 ± 3.6 5.5 ± 2.9 -0.7 (-1.5 to 0.1)

0.96 (-2.0 to 0.1) 0.114
Placebo (n=47) 6.9 ± 3.4 7.0 ± 4.1 0.1 (-0.8 to 0.9)
Corrected PC, 
mmol/L
Eplerenone (n=48) 2.60 ± 0.13 2.61 ± 0.13 0.0 (-0.0 to 0.0)

0.0 (-0.04 to 0.04) 0.918
Placebo (n=49) 2.64 ± 0.14 2.65 ± 0.16 0.0 (-0.0 to 0.0)
NT-proBNP

Eplerenone (n=48)
240.0±422.8 162.5±228.

7
-77.4  (-201.6  to 
46.8) -28.4  (-121.5  to 

64.6) 
0.112

Placebo (n=49)
161.6±201.2 168.1±264.

5
6.5 (-44.6 to 57.7)

LV ejection 
fraction
Eplerenone (n=48) 62.3 ± 10.4 61.2 ± 8.3 -1.1 (-3.5 to 1.2)

-0.3 (-3.1 to 2.5) 0.967
Placebo (n=48) 61.8 ± 6.1 61.3 ± 7.5 -0.6 (-3.0 to 1.9)
E/E´ ratio
Eplerenone (n=48) 11.9 ± 6.3 10.7 ± 4.0 -1.1 (-2.7 to 0.5)

-0.9 (-2.2 to 0.5) 0.178
Placebo (n=45) 10.6 ± 3.2 11.0 ± 3.5 0.5 (-0.3 to 1.2)
LV mass index
Eplerenone (n=42) 107.6 ± 41.0 109.0 ± 38.9 1.4 (-6.2 to 8.9)

4.4 (-5.7 to 14.5) 0.433
Placebo (n=40) 106.1 ± 25.6 103.6 ± 24.2 -2.5 (-11.0 to 5.9)
LV ED posterior 
wall
Eplerenone (n=42) 10.9 ± 1.9 10.6 ± 2.0 -0.3 (-1.0 to 0.4)

0.1 (-0.8 to 0.7) 0.773
Placebo (n=40) 10.8 ± 1.9 10.6 ± 1.6 -0.2 (-0.9 to 0.4)
LV ED diameter, 
mm 
Eplerenone (n=42) 46.4 ± 7.9 47.5 ± 7.5 1.1 (-0.7 to 3.0)

2.1 (-0.2 to 4.4) 0.088
Placebo (n=40) 47.4 ± 6.7 46.0 ± 5.9 -1.4 (-3.4 to 0.7)
LV ES diameter, 
mm
Eplerenone (n=42) 30.0 ± 7.6 30.4 ± 7.9 0.3 (-1.3 to 1.9)

1.0 (-1.2 to 3.2) 0.374
Placebo (n=40) 29.3 ± 5.4 28.9 ± 5.4 -0.5 (-2.2 to 1.3)
LV ED volume, mL
Eplerenone (n=46) 88.3 ± 40.5 91.1 ± 47.3 2.8 (-5.1 to 10.8)

4.2 (-6.8 to 15.1) 0.457
Placebo (n=47) 84.9 ± 25.1 84.0 ± 29.3 -0.9 (-8.8 to 7.0)
LV ES volume, mL
Eplerenone (n=47) 36.9 ± 31.1 36.4 ± 30.9 -0.5 (-5.4 to 4.5)

0.8 (-5.3 to 6.9) 0.799
Placebo (n=47) 33.4 ± 14.6 33.0 ± 12.5 -0.4 (-4.8 to 4.1)

SBP/DBP, systolic/diastolic blood pressure; UAE, urinary albumin; UPE, protein excretion; UC, urinary calcium; PC, plasma 
calcium; LV, LV; E, early diastolic peak velocity of transmitral inflow; e’, early diastolic peak velocity of mitral annulus. NT-
proBNP, N-terminal pro-B-type natriuretic peptide; ED/ES enddiastolic/endsystolic.
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When compared to placebo, eplerenone had no significant effect on TRAP (mean 

treatment effect 0.16 [-0.11 to 0.42] U/l, P = 0.088), CTX (0.00 [-0.1 to 0.1] ng/mL, 

P = 0.986), P1NP (4.87 [-3.17 to 12.92] ng/mL, P = 0.257), BALP (-1.21 [-3.19 to  

0.78] µg/L, P = 0.278) or osteocalcin (-2.31 [-6.17 to 1.55] ng/mL, P = 0.342), as 

demonstrated in Table 6. (143)

Table 6: Outcome variables at baseline and follow-up, and changes from baseline in study 

participants with available values at both study visits (143)

Baseline Follow-up
Mean  change 
from baseline

Treatment 
effect

P-
value

TRAP

  Eplerenone (n=48) 4.00 +/- 0.95 3.92 +/- 1.10
0.07

(-0.11 to 0.26) 0.16
(-0.11 to 0.42)

0.088
  Placebo (n=48) 4.16 +/- 1.371 4.21 +/- 1.26

-0.05
(-0.26 to 1.51)

CTX

  Eplerenone (n=44) 0.54 +/- 0.41 0.52 +/- 0.34
0.02

(-0.07 to 0.11) 0.00
(-0.1 to 0.1)

0.986
  Placebo (n=44) 0.61 +/- 0.54 0.56 +/- 0.43

0.05
(-0.04 to 0.15)

P1NP

  Eplerenone (n=48) 57.05 +/- 33.27 55.31 +/- 30.18
1.74

(-4.48 to 7.95)
4.87

(-3.17 to 
12.92)

0.257
  Placebo (n=48) 59.69 +/- 48.28 61.86 +/- 35.32

-2.17
(-10.28 to 5.95)

BALP

  Eplerenone (n=48) 19.63 +/-7.37 10.19 +/- 8.76
-0.56

(-2.14 to 1.01) -1.21
(-3.19 to 0.78)

0.278
  Placebo (n=48) 23.50 +/- 11.35 22.40 +/- 10.55

1.10
(-0.15 to 2.35)

Osteocalcin

  Eplerenone (n=48) 27.11 +/- 15.54 26.82 +/- 15.00
0.29

(-3.02 to 3.59) -2.31
(-6.17 to 1.55)

0.342
  Placebo (n=48) 28.64 +/- 20.5 25.51 +/- 15.4

3.13
(-0.16 to 6.4)

Data  at  baseline  and  follow-up  are  shown  as  medians  with  interquartile  range;  change  from 
baseline data are shown as means (with 95% confidence interval)
Abbreviations:  TRAP,  tartrate-resistant  acid  phosphatase;  CTX,  carboxy-terminal  collagen 
crosslinks;  P1NP,  N-terminal  propeptide  of  procollagen  type  1;  BALP,  bone-specific  alkaline 
phosphatase
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13.5. Safety endpoints and adverse events (139)

Plasma  potassium  increased  significantly  by  0.19  (0.10–0.27)  mmol/l  to  an 

average of 4.23 (±0.33) mmol/l (P<0.001) in the eplerenone group but not in the  

placebo group during 8 weeks of treatment (P=0.019). Interestingly, before dose 

titration  of  eplerenone at  week 4,  no significant  increase of  plasma potassium 

levels compared with placebo was observed (P=0.475). Downtitration of the study 

drug occurred in two patients (1.8%) in the placebo group because of eGFR less 

than 50 ml/min per 1.73m2 and in eight patients (7.3%) in the treatment group 

because of mild hyperkalemia [plasma potassium >5.0 and <5.5 mmol/l (plasma 

potassium: 5.3 mmol/l); n=1]; eGFR less than 50 ml/min per 1.73m2 (n=6); and 

patient’s  will  (n=1).  No  trial  patient  developed  severe  hyperkalemia  (plasma 

potassium >  5.5  mmol/l)  or  eGFR  less  than  30  ml/min  per  1.73m2.  Signs  or 

symptoms  that  could  be  causally  related  to  eplerenone  were  reported  in  35 

(31.8%) patients, 14 (25%) in the placebo group and 21 (38.9%) in the eplerenone 

group (P=0.120). No patient experienced gynecomastia or other antiandrogenic 

side-effects.  The  incidence  of  adverse  events  or  serious  adverse  events  was 

comparable  between  the  groups.  Serious  adverse  events  occurred  in  three 

patients (1.2%): one in the placebo group (one fracture) and two in the treatment 

group (one fracture, one acute diverticulitis). Discontinuation because of serious 

adverse events was observed in one patient in the treatment group (i.e., myotonic 

dystrophy and subsequent fall resulting in wrist fracture), but not in the placebo 

group. Adverse events occurred in 48 (43.6%) patients, 23 (41.1%) in the placebo 

group,  and 25 (46.3%) in  the eplerenone group (P=0.582).  The most  frequent 

events were nausea (3.7% eplerenone, 5.4% placebo), symptomatic BP reduction 

(11.1% eplerenone, 3.6% placebo) and eGFR less than or equal to 50ml/min per 

1.73m2 (14.8% eplerenone, 7.1% placebo). At the final visit only one patient within  

the treatment group had a mild hyperkalemia (plasma potassium: 5.3mmol/l). No 

fatal events occurred during the trial. (139)

13.6. Cross-sectional analyses (143)

There were no significant differences between treatment groups with regards to 

any of the bone markers. In Pearson correlation analyses, TRAP was associated 
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with plasma PAC (Pearson r=−0.205, P=0.044) but not with PRC (Pearson r=-

0.025,  P=0.805)  or  the  ARR  (Pearson  r=-0.040,  P=0.694).  After  multivariate 

adjustment the relationship between TRAP and PAC was non-significant (adjusted 

beta-coefficient = −0.100, P = 0.346). There were no further significant correlations 

between PAC, PRC or the ARR with any of the bone markers. Details are shown 

in Table 7. (143)

Table  7:  Cross-sectional  bi-variate  correlations  between  bone  turnover  markers  and 

parameters of the renin-angiotensin-aldosterone system (143)

Characteristics PAC PRC ARR
r P-value r P-value r P-value

TRAP, U/L
-0.205 0.044* -0.025 0.805 -

0.040
0.694

β) of 80%, lead a sample size of 51 study participants per group.-Crosslaps, ng/mL -0.059 0.576 0.100 0.342 -
0.122

0.248

P1NP, ng/mL -0.092 0.373 -0.018 0.863 -
0.012

0.910

BALP, µg/L -0.036 0.730 0.143 0.163 -
0.158

0.123

Osteocalcin, ng/mL
-0.082 0.424 0.087 0.395 -

0.116
0.258

All variables were log-transformed before use in parametrical procedures. Pearson correlation was 
used to assess relationships between variables. r represents Pearson correlation coefficient.

Abbreviations: PAC, plasma aldosterone concentration; PRC, plasma renin concentration; ARR, 
aldosterone-to-renin  ratio;  TRAP,  tartrate-resistant  acid  phosphatase;  CTX,  carboxy-terminal 
collagen  crosslinks;  P1NP,  N-terminal  propeptide  of  procollagen  type  1;  BALP,  bone-specific 
alkaline phosphatase. * significant in bivariate correlation analysis which turned non-significant in 
multivariate linear regression analysis.
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14. Discussion

In this work, we report on the results of the first trial that tested MR antagonism in 

patients with pHPT. We included females and males with pHPT across the whole 

disease spectrum ranging from normo- to  hypercalcemic pHPT. Eplerenone as 

compared with placebo did not significantly modify iPTH concentrations after 8 

weeks of treatment.  However, eplerenone significantly reduced 24-hour systolic 

and diastolic ABP. Effects on parameters of cardiac function and structure were 

neutral,  although LV systolic and diastolic function parameters trended towards 

improvement.  There  were  no  significant  effects  on  markers  of  bone  turnover. 

Plasma potassium increased dose-dependently in the treatment group, while no 

cases of severe hyperkalemia were documented. Overall,  eplerenone was well 

tolerated and adverse events were well balanced between the treatment arms.

Mounting evidence points towards a clinically relevant mutual relationship between 

aldosterone and PTH.(146–148) By binding to PTH/PTH-related peptide receptors 

and voltage-gated L-type calcium channels,  PTH directly and indirectly triggers 

production of aldosterone from adrenal ZG cells.(149) Concordantly, PTH infusion 

induced increased urinary tetrahydroaldosterone and BP in healthy adults.(18) In 

line,  pHPT patients  had  decreased  concentrations  of  plasma  aldosterone  and 

renin activity after parathyroidectomy.(135) It is therefore tempting to hypothesize 

that aldosterone synthesis may be stimulated in pHPT, and that aldosterone, vice 

versa, may further augment PTH synthesis by activating the MR on parathyroid 

cells.

Aspects of study design

The potentially stimulatory effect  of  aldosterone induced MR-activation on PTH 

synthesis in pHPT is unknown. The synthesis of the MR in normal parathyroid 

cells  and  in  parathyroid  adenoma  suggests  direct  modulatory  capacities  of 

aldosterone on PTH secretion. However,  in our study effects of  eplerenone on 

iPTH concentrations in pHPT patients were neutral.  The reason for the lack of 

apparent benefit from MR antagonism on PTH levels may result from the fact that 

the treatment group had higher calcium levels and thus a more severe phenotype 
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of pHPT. This may reflect a higher degree of autonomy and, consequently, less 

sensitivity  of  parathyroid  cells  to  MR  antagonism.  Nevertheless,  vitamin  D 

application  lowers  PTH  in  pHPT  patients  suggesting  that  PTH-regulatory 

mechanisms are active in pHPT but potentially via different pathways.(150) 

It must be noted that existing effects of eplerenone may have been missed due to 

an inadequate trial design. One crucial aspect that needs to be discussed is the 

definition of pHPT that we applied. PHPT is defined by inadequate levels of PTH in 

relation to circulating calcium levels. There is no doubt that hyperparathyroidism in 

concomitance  with  hypercalcemia  (or  with  normocalcemia  in  cinacalet-treated 

patients) is the classical constellation of pHPT and can be easily diagnosed. In 

developed  countries,  however,  a  considerable  percentage  of  pHPT patients  is 

diagnosed at early disease stages, when they may be 1) normocalcemic; or 2)  

present with hypercalcemia and normal but inadequately high PTH. In the patient 

group with high normal calcium and increased PTH levels,  potential  causes of 

secondary  form of  hyperparathyroidism need to  be  excluded.  Well  established 

conditions that may cause hyperparathyroidism include vitamin D deficiency and 

chronic kidney disease. Concomitant use of thiazide diuretics has been brought up 

by  several  leaders  in  the  field  to  cause hyperparathyroidism,  but  this  remains 

heavily debated. The suggested PTH raising effect of thiazides is not based on 

solid evidence and has even been contradicted in clinical trials.(142, 151) Given 

that, we a priori excluded patients either with a eGFR below than or equal to 50 

ml/min/1.73m²  or  with  25(OH)D  levels  below  20  ng/ml  from trial  participation. 

However, patients with thiazide use were defined as eligible for trial participation. 

In  fact,  almost  30% of  participants  were  treated with  thiazides and it  may  be 

argued that hyperparathyroidism in these patients may rather be a consequence of 

thiazide  intake  and  not  of  autonomous  hyperfunction  of  parathyroid  glands. 

However, the majority of patients with pHPT is treated for arterial hypertension for 

which  thiazide  treatment  is  recommended  as  first  line  therapy.  Therefore, 

feasibility of the EPATH trial would have been massively hampered, if patients with 

thiazide  treatment  had  been  excluded  from  trial  participation.  Moreover,  MR 

antagonism may as well reduce PTH levels in secondary hyperparathyroidism and 
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we  consider  it  therefore  unlikely  that  our  results  are  neutral  due  to  the  high 

percentage of patients taking thiazide diuretics.

Another inadequate feature could be seen in the relatively long time interval of up 

to several hours between intake of the study drug and measurement of PTH levels 

at the respective study visits, because an existing treatment could be missed. In 

fact, the calcimimetic drug cinacalcet acutely lowers PTH levels in patients with 

hyperparathyroidism. However, the short-term effect of cinacalcet is not only due 

to the short half-life of cinacalcet of only 2-6 hours, but also to the fact that effects  

are mediated via the CaSR which acutely regulates PTH secretion.(5) On contrary, 

considering the half-life of eplerenone of 4-6 hours and the genomic pathway of 

aldosterone-MR induced PTH synthesis, iPTH measurement within five hours after 

taking the study drug should have provided a sufficient time window in our view to 

detect  effects  of  eplerenone on iPTH concentrations.  This  is  supported by the 

significant BP reduction and the observed increase in potassium levels induced by 

eplerenone  in  our  study.  In  fact,  blood  pressure  reduction  and  increase  of 

potassium are two major (side) effects of MR antagonism and are commonly used 

as  surrogates  of  sufficient  study  medication  intake  in  MR  antagonism  trials. 

Moreover, iPTH concentrations within the placebo group were virtually unaltered 

which underlines that our primary outcome measure was well standardized. 

Moreover, the negative trial results could be explained by incompliance of study 

participants resulting in insufficient achievement of plasma levels of eplerenone. 

Although we did not measure eplerenone levels in blood or serum at the end of the 

active trial period, the evident effects on blood pressure and potassium contradicts 

the  perception  of  low  patient  compliance.  Moreover,  the  high  estimated 

compliance  based  on  pill  counting  suggests  a  high  adherence  of  our  study 

participants to the prescribed drug regimen.

Another noteworthy aspect of our work is the fact that intention-to-treat analyses 

revealed neutral  effects  of  eplerenone on bone turnover  markers  in  pHPT.  As 

summarized  in  the  introduction,  accumulating  evidence  suggests  a  tight 

interweavement between aldosterone, bone turnover and PTH secretion in pHPT. 

This leads to the perception that blockade of the MR may impact on bone health in 

pHPT, either directly via effects on bone cells or indirectly by lowering PTH. (89, 
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148) Previous  observational  studies  support  the  notion  that  these  mechanistic 

links  may translate  into  bone protective  properties  of  MR antagonism.  In  fact,  

human  individuals  with  primary  aldosteronism  are  at  increased  risk  to  have 

osteoporosis when compared to subjects with essential hypertension.(152) More 

so, blockade of the MR or adrenalectomy showed statistical association with better 

bone  health  in  primary  aldosteronism  cohorts.(153,  154) Nevertheless,  in  the 

present  study an effect  of  eplerenone on bone turnover  markers  was lacking. 

Thereby, our work which is the first RCT in this topic contrasts these previous 

studies only showing neutral effects of MR blockade on bone health, at least in 

pHPT.

Urinary calcium excretion

Hyperparathyroidism  is  highly  prevalent  among  patients  with  primary 

aldosteronism  and  reduction  of  PTH  levels  in  concomitance  with  increase  of 

ionized calcium have been consistently described.(20, 155, 156) It was suggested 

that  this  commonly  observed  secondary  hyperparathyroidism  in  the  setting  of 

hyperaldosteronism may be due to renal calcium loss. By contrast, the present 

investigation did not confirm potential MR-aldosterone mediated calciuretic effects 

in patients with pHPT as only a non-significant trend for decreased 24-hour urinary 

calcium excretion in the eplerenone group was observed. However, as the EPATH 

was not powered to detect effects of eplerenone on urinary calcium excretion, this 

non-significant result may simply represent a type II error.

Arterial hypertension

The prevalence of arterial hypertension in the EPATH trial cohort was as high as 

73.6% which is consistent with prior studies.(110) In fact, arterial hypertension is a 

common comorbidity in patients with pHPT, also in those with mild disease.(111) 

Even  patients  with  the  normocalcemic  phenotype  of  pHPT  appear  to  be  at 

increased  risk  of  arterial  hypertension.(112,  113) In  an  analysis  of  the  overall 

EPATH study cohort that was published after publication of the main EPATH trial 

results, plasma PTH was not correlated with mean nocturnal systolic BP (Pearson 

r=0.074, P=0.39) or mean nocturnal diastolic BP (r=0.060, p=0.48).(157) Only in 

the subset of 76 patients without PTH-modifying medication (inhibitors of the renin-
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angiotensin-aldosterone  system,  cinacalcet,  diuretics)  there  was  a  significant 

association between PTH and mean nocturnal  systolic BP even in  multivariate 

regression  analyses  (adjusted  β) of 80%, lead a sample size of 51 study participants per group.-coefficient=0.284,  P=0.040).  The  correlation 

between PTH and mean nocturnal blood pressure, pulse wave velocity and left  

ventricular mass index is illustrated in Figure 8.(158) 
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Figure  8:  Scatter  plots  depicting  bivariate  correlations  between  plasma 
parathyroid hormone and mean 24-hour pulse wave velocity (A), mean left 
ventricular mass index (B), and mean nocturnal systolic blood pressure (C).

Abbreviations: PTH, parathyroid hormone; PWV, pulse wave velocity; LVMI, left 
ventricular mass index; SBP, systolic blood pressure

Cited from Wetzel J, Pilz S, Grübler MR, Fahrleitner-Pammer A, Dimai HP, et al. 
Plasma  parathyroid  hormone  and  cardiovascular  disease  in  treatment-naive 
patients  with  primary  hyperparathyroidism:  The  EPATH trial.  J  Clin  Hypertens 
(Greenwich). 2017 Nov;19(11):1173-1180.(158)

https://onlinelibrary.wiley.com/doi/full/10.1111/jch.13064 Permission  for 
reuse in a thesis received from John Wiley and Sons.

Other studies of pHPT populations could not report direct relationships between 

PTH  levels  and  systolic  BP.(159,  160) By  contrast,  observational  studies  in 

patients without pHPT consistently reported direct associations between PTH and 

BP.(116, 117) As a limiting factor, previous analyses in pHPT populations were 

small and comprised patients with a heterogeneous pattern of concomitant drug 
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regimens. Of note, PTH infusions increased BP in healthy volunteers, suggesting 

that arterial  hypertension is caused by PTH excess per se, either via direct or  

indirect effects.(18) It  was previously hypothesized that the interaction between 

calcium  regulatory  hormones  homeostasis  and  aldosterone  may  increase  the 

likelihood  of  arterial  hypertension.  (161) In  patients  with  pHPT,  a  concomitant 

decline  of  both  BP  and  aldosterone  concentrations  was  reported  after 

parathyroidectomy  (131,  161),  although  other  studies  found  conflicting  results 

regarding effects of parathyroidectomy on BP.(162–164) More so, Rydberg et al. 

even found increased postoperative 24-hour ambulatory systolic BP levels after 

parathyroidectomy in  hypertensive  patients  with  pHPT.(119) Nevertheless,  one 

recent  meta-analysis  pooled  data  from  457  patients  with  pHPT  including  15 

studies or trials to analyze effects of parathyroidectomy on LV mass. The authors 

found a significant reduction of LV mass and concluded that PTH may cause LV 

hypertrophy in  pHPT.(129) In  fact,  the  present  trial  demonstrates  a  significant 

reduction of BP by eplerenone which effectively reduced 24-h systolic and diastolic 

BP, with an effect size comparable to BP reductions observed in patients with 

essential  arterial  hypertension.(165) Our  data  lay  ground  to  establishing  MR 

antagonism with eplerenone as a safe and effective antihypertensive treatment 

option in this particular patient group.

Cardiac structure and function parameters

We had hypothesized that potential effects of eplerenone on cardiac structure and 

function could be mediated by the effect of eplerenone on PTH. However, while 

the effect on PTH was absolutely neutral, there was a trend towards improving 

diastolic  function  as  measured  by  E/e’  and  reducing  NT-proBNP  which  is  a 

surrogate of cardiac (mainly left-sided) volume overload. In fact, several trials have 

pointed towards beneficial effects of MR antagonism on diastolic dysfunction. In 

the ALDO-DHF trial 422 patients with early heart failure with preserved ejection 

fraction  (previously  entitled  as  “diastolic  heart  failure”)  were  treated  with 

spironolactone  or  placebo  for  1  year.  While  there  was  no effect  on  functional 

capacity  as  measured  by  peak  VO2  during  cardiopulmonary  exercise  testing, 

spironolactone significantly reduced E/e’.(166) While the TOPCAT trial  failed to 

show significant effects of spironolactone on cardiovascular outcome parameters 
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in patients with heart failure with preserved ejection fraction  (167), the currently 

ongoing SPIRIT-HF trial will finally answer this question.

Gender disparity

Strikingly, there was a large gender disparity in our study with 79% being females.  

However, this matches well with data from the literature suggesting that females 

are approximately three-fold diagnosed with pHPT than males.(28) Some authors 

speculated this may be due to screening bias because pHPT is often diagnosed 

during osteoporosis screening which is routinely performed in women when they 

reach a postmenopausal state.(28) In fact, screening for the EPATH study was 

mainly performed in the Outpatient  Clinic of  the Division of  Endocrinology and 

Diabetology of  the  Medical  University  of  Graz which has a well-known clinical 

focus  on  osteoporosis  diagnostics  and  treatment.  This  may  explain,  why  the 

proportion of females in our study was even slightly higher than in other pHPT 

cohorts.

Normocalcemic primary hyperparathyroidism

Approximately 30% of participants in our cohort showed biochemical features of  

normocalcemic  pHPT.  This  is  comparable  to  recently  published  data  from  a 

Belgian tertiary care center cohort where the prevalence of normocalcemic pHPT 

among 131 patients with pHPT was 19%.(59) Normocalcemic pHPT is considered, 

by most authors, to represent an early form of pHPT as these patients present with 

lower PTH levels and lower adenoma weight, as surrogate parameters of disease 

severity, than those with hypercalcemic disease.(168) Strikingly, in a longitudinal 

study  it  was  found  that  only  approximately   20%  of  pHPT  patients  with  the 

normocalcemic variant evolve into the hypercalcemic variant within the following 

three years.(141) Nevertheless, they exhibit about the same prevalence of target 

organ damage with regards to osteoporosis and nephrolithiasis as patients with 

hypercalcemic pHPT (59) so that there is common agreement that pHPT patients 

should be screened for target organ damage regardless of their calcium levels. In 

our study, there was a tendency, although far from significance, of PTH-lowering 

effects of eplerenone among patients with normocalcemic pHPT. Although these 

non-significant results should be interpreted with caution, this may indicate that 

patients with normocalcemic pHPT could benefit from MR antagonism in terms of 
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disease  control.  On  the  other  hand,  another  explanation  could  be  found  in 

pathophysiological differences between normocalcemic and hypercalcemic pHPT 

patients.  In  fact,  it  was  speculated  that  the  pathophysiology  underlying 

normocalcemia in pHPT patients could be explained by relative PTH resistance of 

target  tissues, as these patients were described to have lower urinary calcium 

levels.(169) However, in another study, this finding could not be reproduced.(141)

Of  note,  adenomatous parathyroid  gland tissue is  only  identifiable  in  a  certain 

proportion of normocalcemic pHPT patients, while parathyroid gland hyperplasia 

can  often  be  discovered  as  the  underlying  pathology.  Therefore,  it  should  be 

discussed, in our view, whether a non-classical stimulus for secondary pHPT could 

be present in what is commonly described as normocalcemic pHPT.

Besides impaired kidney function, vitamin D deficiency, use of diuretics and  use of 

bisphosphonates, several other factors may increase PTH levels. As extensively 

summarized in this thesis, MR activation in PTH secreting cells of the parathyroid 

gland may promote PTH secretion. Therefore, it may be speculated that relative 

aldosterone excess, commonly encountered in patients with heart failure, could be 

another  condition  predisposing  patients  to  develop  secondary 

hyperparathyroidism. Although the null finding of our trial argues against the PTH-

stimulatory role of MR activation, it may still be the case that parathyroid glands in 

patients  with  pHPT are  uncoupled  from  extrinsic  stimuli  such  as  aldosterone. 

Following that argumentation, MR antagonism may be effective in reducing PTH 

levels in patients with heart failure with secondary hyperparathyroidism, despite 

our negative trial. To explore the role of relative aldosterone excess among the 

group of  normocalcemic trial  participants  is  however  beyond the scope of  this 

thesis. The fact that there was a tendency of PTH reduction by eplerenone in this 

subgroup of normocalcemic patients may serve as a rationale to further explore 

the role of relative aldosterone excess in normocalcemic pHPT.

Another condition that may modify PTH secretion is changes in pH. Acidosis can 

increase circulation levels of ionzed calcium so that a potential effect of acidosis 

itself  on PTH levels is difficult  to assess. In several studies on dogs, however, 

Lopez et al induced both acute metabolic acidosis and acute respiratory acidosis 

while  maintaining  calcium  levels  in  the  normal  range.  They  found  that  PTH 

secretion was negatively correlated with pH in a way that acidosis significantly 
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increased PTH levels. This effect was observed even when hypocalcemia induced 

by acidosis was prevented, see also Figure 9.(170) These experimental data are 

in  line with  clinical  data from Movilli  et  al  showing that  correction of metabolic 

acidosis in hemodialysis patients was associated with a decrease in PTH levels.

(171)
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Figure 9: Effect of blood pH on parathyroid hormone in dogs with metabolic 
acidosis (closed circles) and with respiratory acidosis (open square).

Abbreviations: PTH, parathyroid hormone

Cited from Lopez I, Aguilera-Tejero E, Felsenfeld AJ, Estepa JC, Rodriguez M. 
Direct effect of acute metabolic and respiratory acidosis on parathyroid hormone 
secretion in the dog. J Bone Miner Res. 2002 Sep;17(9):1691-700.(170)

https://www.ncbi.nlm.nih.gov/pubmed/12211440 Permission for reuse in a 
thesis received from John Wiley and Sons.

A general drawback of all studies on the normocalcemic pHPT variant is clearly 

the low number of studied subjects and the single-center design of most studies.  

Both these limitations make it very difficult to generalize study results. Moreover,  

the  potential  role  of  acidosis  or  relative  aldosterone  excess  in  normocalcemic 

pHPT  remains  under-investigated.  To  this  date,  there  is  no  clear  consensus 

regarding the pathophysiological background underlying normocalcemic pHPT nor 

exist specific guidelines or recommendations for its diagnosis and treatment.
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Limitations and strengths

The  major  strength  of  our  study  is  the  fact  that  this  is  the  first  RCT  testing 

eplerenone  in  patients  with  pHPT.  High  attention  was  placed  upon  the  good 

clinical  and  biochemical  characterization  of  pHPT patients  and  comprehensive 

assessment  of  biomarkers  of  cardiovascular  health.  Following  international 

recommendations, we performed genetic screening for FHH (142).  Moreover, the 

diagnosis of pHPT was confirmed for every participant in standardized procedures.

The limitations of our study include its single-center design using a selected cohort  

of Caucasian and overwhelmingly female patients with pHPT, which may not be 

generalizable to other study populations. Another drawback is the relatively short 

treatment period with eplerenone. We cannot exclude that longer treatment may 

have changed PTH levels although our data do not point towards this. Moreover, it  

remains  unclear,  whether  MR antagonism may reveal  PTH lowering  effects  in 

other  populations,  ie.  in  patients  with  chronic  heart  failure  and  secondary 

hyperparathyroidism. By having applied a relatively broad definition of pHPT we 

cannot  exclude  that  in  isolated  cases  individuals  with  secondary 

hyperparathyroidism may have entered the trial.

Conclusion

Conclusively,  eplerenone  failed  to  alter  PTH  levels,  surrogate  markers  of 

cardiovascular  health  or  bone  turnover  markers  in  patients  with  pHPT. 

Nevertheless, eplerenone significantly reduced BP levels in pHPT patients. These 

data provide first evidence from a randomized and placebo-controlled trial that MR 

antagonism may not directly affect PTH levels, at least in pHPT, but is a safe tool 

to improve BP control.

Given the strong rationale behind the hypothesized interaction between PTH and 

the RAAS, further trials are warranted to test potential effects of MR blockade on 

PTH and consecutive biomarkers in populations other than pHPT.
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