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 

Abstract— Primary hyperparathyroidism (pHPT) is a 

common endocrine disease of the parathyroid gland tissues 

which leads to inappropriate overproduction of the Parathyroid 

Hormone (PTH). The symptoms of pHPT vary and they include 

renal stones, osteoporosis, constipation, and weakness 

secondary to hypercalcemia and hypophosphatemia. Moreover, 

it has been reported that patients with pHPT are at increased 

risk of death due to cardiovascular disease. Many research 

papers have shown that there is an increased mortality rate in 

patients with pHPT due to the effect of PTH on the heart. This 

review article is discussing the effect of pHPT on the 

cardiovascular system as it is a common cause of mortality. 

Index Terms— Primary hyperparathyroidism, cardiovascular 

disease ,heart disease, hypercalcemia, parathyroid hormone. 

 

I. INTRODUCTION 

Primary hyperparathyroidism (pHPT) is a disease of the 

parathyroid glands which leads to the overproduction of the 

Parathyroid Hormone (PTH) in the blood. pHPT is 

characterized by hypercalcemia and hypophosphatemia 

which lead to the symptoms of the disease. The symptoms 

include loss of cortical bone due to diffuse bone resorption, 

renal stones, weakness, and constipation. Many of the cases 

are asymptomatic and are detected incidentally. pHPT is 

usually detected after the age of 60 and it has female 

preponderance (1). pHPT complications have been mainly 

attributed to cortical bone loss which results in fragility and 

pathological bone fractures which ultimately lead to greater 

morbidity and mortality. It has also been associated with 

other neuroendocrine tumors like multiple endocrine 

neoplasia type 1 (MEN1), type 2 (MEN2), and hyper 

parathyroid jaw tumor syndrome (2). Several studies have 

suggested that there is an increased cardiovascular risk and 

mortality in patients with pHPT due to the direct action of 

parathyroid hormone on the cardiovascular system and 

long-standing hypercalcemia with hypertension, impaired 

glucose tolerance, hyperuricemia, and dyslipidemia that act 

as contributory factors to the elevated risk of cardiovascular 

disease in pHPT. (3) (4) This evidence-based review article 

aims to indicate the cardiovascular risk associated with 
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primary hyperparathyroidism which is one of the common 

causes of mortality. 

 

II. EMBRYOLOGY OF PARATHYROID GLANDS 

 
The parathyroid glands originate from the 3rd and 4th 

pharyngeal pouches.  Superior parathyroid glands develop 

from the dorsal wing of the 4th pharyngeal pouch. In the 

seventh week of gestation, the gland separates from the 

pharyngeal wall and gets attached to the posterior surface of 

the thyroid gland. The ventral wing differentiates to an ultimo 

brachial body which fuses with the posterior surface of the 

thyroid gland to give rise to the parafollicular C cells of the 

thyroid gland. Inferior Parathyroid glands develop from the 

dorsal wing of the 3rd pharyngeal pouch. In the seventh week 

of gestation, the inferior parathyroid glands separate from the 

posterior pharyngeal wall, then they follow the path of the 

isthmus and finally they get attached to the posterior surface 

of the thyroid gland.  

 

III. PHYSIOLOGY OF PARATHYROID HORMONE 

Parathyroid hormone (PTH) leads to increased serum calcium 

levels via multiple mechanisms. At the level of the kidneys, it 

leads to increased calcium absorption in the distal convoluted 

tubule, and it also increases phosphate excretion in the 

proximal convoluted tubule. Furthermore, it facilitates the 

activation of Vitamin D to its active form, calcitriol. In the 

bones, PTH stimulates RANKL which leads to osteoclast 

differentiation which in turn increases bone resorption. In the 

GI tract, PTHincreases the activity of vitamin D which results 

in increased calcium and phosphate absorption in the small 

intestine.  

IV. PHPT EFFECT ON THE HEART 

PTH and calcium ionsaffect the cardiovascular system in 

different ways. PTH causes hypertrophy of cardiac myocytes 

by activating protein kinase C (5). It increases the pacemaker 

current of the SA node and modulates blood flow and 

contractility of cardiac myocytes. 

Normally, calcium enters cardiac myocytes by L-type calcium 

channels after the cytosolic efflux of calcium from the 

sarcoplasmic reticulum utilizing ryanodine receptor channels, 

which in turn resultsin the contraction of cardiac 

myocytes.Increased cytosolic calcium is removed by 

sodium-calcium exchanger during the diastolic phase of 

cardiac contraction. 

Recent observation showed that increased cytosolic calcium 

leak during the action potential generation and abnormal 
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sodium-calcium exchanger activityis the basis of various 

supraventricular arrhythmias (6,7) 

Parathyroid hormone relaxes vascular smooth muscles by 

limiting calcium ion entry into the cells secondary to 

blockage of L-type calcium channels and calcium increases 

the contraction of smooth muscles (8). PTH and calcium 

influence vascular smooth muscles in a complex and 

regulated manner, and it leads to the expression of various 

atherosclerotic and inflammatory mediators that lead to the 

development of receptor-advanced glycation end products 

and IL6(9). In this way, PTH induces the expression of 

mRNA of VEGF 165 and influences atherosclerosis and 

remodeling of vascular endothelium (10). 

There is accumulating evidence that suggests the role of PTH 

in providing NO synthetase in vascular endothelium which 

plays an important role in vasodilatation. Moreover, calcium 

influences the permeability of various substances that 

promote positive influences on overall vascular endothelium 

and form the pathologic basis of disease if the equilibrium 

disturbs due to other factors (11). 

V. THE MORTALITY RATE IN PHPT-PATIENTS  

Ithas been established and well-confirmed that symptomatic 

pHPT cases are having increased mortality before and after 

undergoing parathyroidectomy. Cardiovascular diseases such 

as myocardial infarction, cardiac hypertrophy, and heart 

failure are highly prevalent causes of death among 

pHPT-patients. (12)One of the largest studies that study the 

mortality rates included 4461 patients with pHPT who 

underwentparathyroidectomy between 1987 and 1994, and 

the study found that there is a highly significant increase in 

all-cause death, as well as cardiovascular death in pHPT 

patients. Moreover, thepercentage of female patients was 

higher than men (1.85% for females compared to1.71% for 

men). The study concluded that long-standing pHPT may still 

carry a risk of cardiovascular disease and mortality in patients 

with or without undergoing parathyroidectomy. Another 

study aimed at studying cardiovascular events during pre- and 

post-parathyroidectomy and mortality rates after surgery in 

pHPT patients. The study showed that the risk of acute MI is 

upto 10 times more before surgery andit drastically falls to 

normal after > 1 year post-surgery. Other risk factors like 

hypertension, diabetes, stroke and heart failure were observed 

in patients with pHPT. The study also showed that 

pre-operative cardiovascular disease was associated with an 

increased risk of death. (13)  A study in 2012 by Elena osto 

et.al showed that pHPT patients have coronary microvascular 

dysfunction that is completely restored after 

parathyroidectomy. (14) Areview article by Thalassini 

Delistathi et.al which was published in 2015 discussed the 

cardiovascular complications in the setting of pHPT (15), and 

it included the first article that studied the relation between 

primary hyperparathyroidism and increased cardiovascular 

risk by Ronni-Sivula et al and they concluded that these 

patients have increased mortality from cardiovascular 

disorders (16).It also reviewed another study by Wermers 

MDA et al, who concluded that the level of PTH and calcium 

levels preoperatively and the weight of the adenoma of the 

parathyroid glands are independent factors associated with 

cardiovascular risk in patients with primary 

hyperparathyroidism who undergo parathyroidectomy (17).In 

another study where 19 patients were followed 

post-parathyroidectomy with persistent raised PTH and were 

found to have increased cardiovascular morbidity compared 

to controls. (18)Few prospective studies found that there is an 

increasedprevalence of hypertension in patients with pHPT, 

especially in blacks with a median follow-up of 6 years. There 

are a few theories that discuss the relationship between PTH, 

and hypertension and they include the PTH-induced vascular 

remodeling and activation of the RAAS system. However, the 

exact mechanism is still not clearly understood and further 

studies are needed to be carried out in this area 

particularly.(19) Hvarfner et al in 1989 highlighted the effect 

of increased calcium on blood systolic and diastolic 
pressure. (20)There was a randomized controlled clinical 

trial to assess the reduction of cardiovascular risk in patients 

with mild to moderate pHPT after parathyroidectomy 

compared to patients who did not undergo the surgery.The 

primary outcomes of the study were to check for office and 24 

hours ambulatory BP, Pulse wave velocity, and fasting 

cholesterol levels. They concluded that parathyroidectomy 

may reduce the cardiovascular risk by decreasing the fasting 

cholesterol levels, and pulse wave velocity but ambulatory 

diastolic BP was higher post-surgery.(21)Heart failure is one 

of the most common complications of cardiovascular disease 

and the cause of mortality. One of the multiethnic 

atherosclerosis studies aimed to check the relationship 

between PTH levels, the incidence of Heart failure and left 

ventricular mass. The results of 4763 patients who were 

assessed for PTH and left ventricular mass by cardiac MRI 

were found to have 180 incidents of heart failure over a 

follow-up period of 8 years. Moreover, PTH > 65pg/ml was 

associated with a 50% greater risk of incident of heart failure 

and an increase in LV mass compared to the PTH group of 

<65 pg/ml patients. They concluded that high serum PTH 

levels are associated with an increased risk of left ventricular 

mass and an increased incidence of heart failure. (22) Patrik 

Andersson et al observed that LV systolic function does not 

seem to be affected in patients with pHPT, whereas any 

influence on LV diastolic performance needs further 

evaluation. (23)   
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VI. CONCLUSION  

Primary hyperparathyroidism is one the most common 

endocrine pathologiesthat we come across in our daily 

clinical practice, where the focus has been always on the 

complications that affect the bones and kidneys due to high 

PTH levels and its action on the target organs. In this review 

article,we have highlighted the most important 

cardiovascular system complications involved and their 

relationship with pHPT. Several studies including 

experimental animal model studies have shown that PTH 

exerts its action on cardiomyocytes, the vascular endothelium 

of the cardiovascular system which leads to vasodilatory 

effect, vascular remodeling, positive inotropy, and 

chronotropic effect.Many observational studies, randomized 

controlled studies, and case reports haveshown a strong 

relationship between pHPT and increased cardiovascular 

risk, and its increasing association with hypertension, 

diabetes, and dyslipidemia. Some of the retrospective and 

prospective studies also showed the effect of 

parathyroidectomy on the reduction of cardiovascular risk. 

Many theories and explanations are not fully understood, 

therefore there is a potential area of research for the further 

association of increased cardiovascular risk in primary 

hyperparathyroidism. 
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parathyroidectomy. (24) 
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19. Jul 2012 

PHPT patients have coronary microvascular dysfunction that is 
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correlates with coronary microvascular impairment, suggesting a 
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