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Abstract

A 32-year-old man with sickle cell disease (SCD) was admitted to the hospital for sickle cell crisis, during which laboratory workup revealed
primary hyperparathyroidism. His treatment regimen included hydration, calcitonin, and calcimimetics. A parathyroid nuclear scan revealed
anomalous parathyroid tissue. The precise relationship between primary hyperparathyroidism (PHPT) and SCD remains incompletely
understood but may involve factors such as vitamin D deficiency, elevated erythropoietin levels, and the influence of growth factors on the
development of parathyroid adenomas. Furthermore, the concurrent occurrence of both PHPT and SCD at an earlier age may potentiate
adverse long-term outcomes. Effective management of PHPT in SCD entails addressing hypercalcemia and treating the underlying cause of
hyperparathyroidism. While a potential association between PHPT and SCD exists, further research is essential to better elucidate their
interaction, prevalence, clinical presentations, and outcomes.
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Introduction

Primary hyperparathyroidism (PHPT) is an endocrinological
disorder characterized by excessive secretion of PTH, result-
ing in hypercalcemia (1). PHPT predominantly affects women
aged 60 to 70 years (2). The primary cause of PHPT is often
attributed to parathyroid adenomas, which may manifest
sporadically or be linked to familial syndromes such as mul-
tiple endocrine neoplasia. In this report, we describe a case
of PHPT in a young man with sickle cell disease (SCD).

Case Presentation

A 32-year-old man with SCD (HbS 91%) presented to the
emergency department with abdominal pain, nausea, and
vomiting. The patient reported no prior episodes of kidney
stones, fractures, exposure to radiation, family history of can-
cer, or multiple endocrine neoplasia syndrome.

Diagnostic Assessment

Initial assessment revealed severe anemia and elevated liver
function tests, prompting admission to the general medical
ward for sickle cell crisis. During hospitalization, elevated cor-
rected calcium levels were observed (Fig. 1). Further testing re-
vealed elevated PTH (Table 1). No evidence of granulomatous
disease was observed on chest X-ray. Abdominal magnetic
resonance imaging did not detect kidney stones. Ultrasound
examination revealed normal thyroid and parathyroid glands
without any discernible nodules.

Treatment

Pain medications and intravenous (IV) fluids were initiated
upon admission to treat the sickle cell crisis in addition to hy-
percalcemia. However, due to persistent hypercalcemia re-
fractory to IV fluids, he received calcitonin 4 units’kg every
12 hours for 48 hours, cinacalcet 30 mg daily, and vitamin
D3 1000 units daily on the sixth day of hospitalization.
Despite this treatment regimen and aggressive magnesium re-
pletion, hypercalcemia persisted, requiring escalation of cina-
calcet dosage to 30 mg every 8 hours.

Outcome and Follow-up

Finally, the patient’s calcium level stabilized, and he was dis-
charged with vitamin D 1000 IU daily, cinacalcet 30 mg every
8 hours, and magnesium oxide 400 mg every 8 hours to main-
tain calcium at a normal level.

In the outpatient setting, a parathyroid nuclear scan re-
vealed subtle uptake, indicating potential abnormal parathy-
roid tissue in the bilateral lower poles (Fig. 2). Currently,
the patient is considered a candidate for surgical intervention.
However, due to multiple sickle cell crisis episodes, he has
been unable to attend follow-up appointments.

Discussion

Only a few studies have documented the incidence of PHPT
among individuals with SCD. A study evaluating clinical
and biological characteristics of PHPT in 18 patients with
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Figure 1. Corrected calcium trend during admission. The x-axis indicates the admission days, while the y-axis indicates the corrected calcium levels. The
gray zone exhibits normocalcemia range. (A) indicates day of admission and initiation of intravenous fluids; (B) represents day of calcitonin administration,
as well as initiation of vitamin D and cinacalcet 30 mg daily; (C) exhibits day of increase of cinacalcet to 30 mg every 12 hours; (D) indicates day of increase of
cinacalcet to 30 mg every 8 hours; (E) represents day of discharge.

Table 1. Basic and complementary workup

Laboratory test Result Normal range
Blood studies
Calcium 11.1 mg/dL 8.5-10.5 mg/dL
(2.77 mmol/L) (2.12-2.62 mmol/L)
Albumin 3.1g/dL 3.5-5 g/dLL
(31g/L) (30-50 g/L)
Phosphorus 2.7 mg/dL 2.5-4.5 mg/dL
(0.87 mmol/L) (0.81-1.45 mmol/L)
Magnesium 1.4 mEq/L 1.5-2.4 mEq/L
(0.58 mmol/L) (0.75-1.2 mmol/L)
Creatinine 0.75 pmol/L <1.2 pmol/LL
(66.32 pmol/L) (</=106 pmol/L)
Intact PTH 204.8 pg/mL 20.0-80.0 pg/mL
(21.7179 pmol/L) (2.1- 8.5 pmol/L)
25-OH vitamin D <10 ng/mL 30.0-60.0 ng/mL
(<25 nmol/L) (25-137 nmol/L)
1,25-OH vitamin D 12 pg/mL 18-72 pg/mL
(29.95 pmol/L) (58-156 pmol/L)
TSH 3.0 ulU/mL 0.30-4.20 pIU/mL
(3.0 mIU/L) (0.5-4.70 mIU/L)
Urine studies
24-hour urinary calcium 311 mg <300 mg/day
(7.78 mmol/day) (<7.5 mmol/day)
24-hour urine creatinine 1399.5 g 0.8-2.4 g/day
(12.4 mmol/day) (7.1-21.2 mmol/day)
Urine volume 4500 mL 800-2000mL

Abnormal values are shown in bold text. Values in parenthesis are International

System of Units.

Unable to obtain PTH related protein since the patient was icteric.

SCD found that most affected patients were female (64 %),
with a median age of 41 years. The majority of patients
were from Sub-Saharan Africa (82%) and homozygous for

SCD (79%). At the time of diagnosis, 57% had no symptoms,
11% had kidney stones, and 7% had gastric ulcers.
Hypercalcemia was generally mild, with a median total serum
calcium level of 10.5 mg/dL (2.62 mmol/L). Most patients had
elevated PTH levels, though 8 (44%) had hypercalcemia with
normal PTH levels. Oral calcimimetics were given to 14 non-
surgical patients, but half of the participants ultimately re-
quired parathyroidectomy (3).

Conversely, conflicting data exists regarding the potential
association between PHPT and SCD, with uncertainties re-
garding whether they are genuinely linked or merely coincide
as random events. A retrospective study conducted in France
from 2011 to 2020 aimed to discern the differences between
individuals with SCD with and without PHPT. This study
compared 177 patients with SCD (12 patients with hypercal-
cemia and PHPT, 165 patients with hypercalcemia without
PHPT) with 72 patients without SCD (64 patients with
PHPT and hypercalcemia, 8 patients with familial hypocalciu-
ric hypercalcemia). In contrast to patients with PHPT without
SCD, the study revealed that patients with concurrent SCD
and PHPT had lower serum calcium levels, decreased concen-
trations of PTH, and diminished fasting fractional excretion
of calcium. These findings suggest that individuals with
PHPT and SCD may possess a metabolic profile similar to fa-
milial hypocalciuric hypercalcemia. The study’s authors pro-
posed the following mechanism suggesting that chronic
hemolytic molecules could augment calcium excretion via
the nephron and diminish the function of the calcium-sensing
receptor in the kidney (4). However, this hypothesis does not
align with the biochemical analysis and 24-hour urine calcium
findings in our patient, which indicated an overactive parathy-
roid gland as the cause of his hypercalcemia.

Although not fully understood, several pathophysiological
mechanisms have been suggested to explain the association
between PHPT and SCD (Fig. 3). Individuals with SCD often
experience chronic vitamin D deficiency, with prevalence
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Figure 2. The nuclear medicine parathyroid scan using single photon emission tomography/computed tomography indicated a slight elevation in uptake,
suggesting potential abnormal parathyroid tissue in the lower poles of both sides, as indicated by arrows. This heightened uptake became more evident

60 minutes after the administration of the radioisotope.

exceeding 56%. This occurrence is believed to stem from re-
duced oral intake in patients with SCD, in addition to limited
cutaneous synthesis of vitamin D, impaired absorption of fat-
soluble vitamins in the intestinal mucosa, heightened nutri-
tional requirements due to continuous red blood cell turnover,
and decreased levels of vitamin D binding protein induced by
inflammation (5). While vitamin D deficiency typically results
in hypocalcemia and secondary hyperparathyroidism (6),
studies indicate that persistent vitamin D depletion could
prompt the enlargement of the parathyroid gland, leading to
the onset of primary hyperparathyroidism (3, 7).

Another proposed mechanism links PHPT with increased
erythropoietin (EPO) levels in patients with chronic hemolytic
anemia, such as SCD. It is postulated that persistently elevated
EPO could activate EPO receptors within the parathyroid gland,
promoting adenomatous growth (3). Immunohistochemical
studies have demonstrated the presence of EPO receptors in
parathyroid cells, indicating a potential role in parathyroid
hyperplasia and adenomas (8). A small-scale study involving
20 patients undergoing orthopedic surgery showed that the in-
duction of hypoxia led to significantly elevated levels of both
PTH and EPO (P <.001). Furthermore, a positive correlation
was observed between PTH and EPO levels (P <.05) (9).

The third proposed mechanism explains that individuals
with SCD exhibit heightened concentrations of growth fac-
tors, specifically vascular endothelial growth factor and fibro-
blast growth factor as reported in studies (10-12). These
biomolecules are thought to potentially stimulate the prolifer-
ation of parathyroid cells and induce endothelial cell activity
(13, 14). Nevertheless, additional research is essential to

gain a more comprehensive understanding of the specific
role of growth factors in the context of SCD.

Having both SCD and PHPT can be life-threatening for pa-
tients, and our patient’s early diagnosis of PHPT suggests
potentially worse long-term outcomes compared to typical pre-
sentations (15). Several studies suggest that individuals with
PHPT may contribute to sickle cell crisis through the Gardos ef-
fect (Fig. 4), which involves calcium-activated potassium chan-
nels in red blood cells (6). Elevated levels of intracellular
calcium, triggered by PTH, activate these channels, leading to
dehydration and exacerbating vaso-occlusive crises in SCD
(3). Additionally, hypercalcemia in PHPT further promotes de-
hydration, increasing the likelihood of sickling and sickle cell
crisis. Hence, while pain is commonly associated with vaso-
occlusive crises in SCD, not all pain that SCD patients experi-
ence may be directly attributable to crises (16). A case series of
2 patients with both PHPT and SCD demonstrated improve-
ment in pain crises following parathyroidectomy (17).

The skeletal system is affected in both PHPT and SCD.
Increased PTH levels in PHPT can result in metabolic bone
disease, affecting bone structure, reducing bone density, and
increasing risk of fracture (18). Studies indicate that low
bone mineral densities are widespread among young adult
SCD patients, suggesting that PHPT could further exacerbate
skeletal issues in a subgroup of adult SCD patients (3).

Likewise, the kidneys are frequently impacted in patients with
both SCD and PHPT. Hypercalcemia due to PHPT is typically
linked to dehydration and reduced renal function (19).
Similarly, renal function deteriorates more rapidly in individuals
with SCD compared to those without the disease, contributing
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Figure 3. Proposed mechanisms leading to primary hyperparathyroidism in sickle cell disease (1). Chronic vitamin D depletion promotes PTH production
(2); EPO stimulates its receptor (EPO-R) facilitating parathyroid gland growth; (3) GFs stimulate their receptors (GF-R) favoring endothelial proliferation and
parathyroid cell growth. Parts of the figure were drawn by using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed under a
Creative Commons Attribution 3.0 Unported License (https:/creativecommons.org/licenses/by/3.0/).

Abbreviations: EPO, erythropoietin; EPO-R, erythropoietin receptor; GF, growth factor; GF-R, growth factor receptor.
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Figure 4. Gardos effect, in which elevated PTH levels increases calcium concentration in the red blood cell, favoring cell dehydration and sickling. Parts of
the figure were drawn by using pictures from Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative Commons Attribution 3.0

Unported License (https://creativecommons.org/licenses/by/3.0/).

to higher morbidity and mortality (20). However, the specific ef-
fects of both diseases occurring concurrently on renal function
have not been thoroughly investigated.

Therefore, prompt identification and management of PHPT
and hypercalcemia are crucial in patients with SCD. We pro-
pose that in individuals with SCD exhibiting hypercalcemia,

screening for elevated PTH levels should be conducted. If
PTH levels are elevated, further evaluation with neck ultra-
sound and/or parathyroid nuclear scan is recommended.
Additionally, given the increased likelihood of low bone min-
eral density in this patient population, performing a bone
density test is imperative.
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The primary treatment approach for individuals diagnosed
with PHPT involves surgical resection. Clinical guidelines have
delineated specific criteria for determining the necessity of para-
thyroidectomy, which includes not only the calcium levels but
also a comprehensive assessment of skeletal and renal health
in these patients. The indications for parathyroidectomy include
age below 50 years; evidence of renal involvement (defined
as nephrolithiasis or nephrocalcinosis, creatinine clearance
<60 mL/min (<1 ml/s), or hypercalciuria> 10 mmol/day
(>400 mg/d) associated with an increased risk of renal stone for-
mation; skeletal involvement (such as osteoporosis as demon-
strated by bone mineral density testing or a history of fragility
fractures); and serum calcium concentration exceeding 1.0 mg/dL
(0.25 mmol/L) above the upper limit of normal. Currently, our
patient meets the criteria for surgical resection. However, due
to recurrent sickle cell crises, he has been unable to attend follow-
up appointments. In cases where surgery is not feasible, clinicians
can opt to pursue ongoing medical management (3).

There are several medical interventions available to manage
hypercalcemia. These may involve avoiding triggering factors
and administering IV fluids at a high rate with or without loop
diuretics; medications such as calcitonin, bisphosphonates,
denosumab, steroids, or calcimimetics; and dialysis. The treat-
ment choice should be individualized, considering the specific
indications and contraindications for each therapeutic ap-
proach (21, 22).

In summary, PHPT is a frequent cause of hypercalcemia,
and there is some evidence linking it to SCD. However, the
precise pathophysiological mechanisms underlying the associ-
ation between PHPT and SCD remain incompletely under-
stood. Further research is needed to better understand the
relationship between these conditions and to further aware-
ness of prevalence, clinical presentation, and outcomes.

Learning Points

e PHPT is a disorder marked by an overproduction of PTH,
resulting in elevated calcium levels. This condition is com-
monly observed in elderly women and is frequently asso-
ciated with parathyroid adenoma. Research and case
reports have indicated an association between PHPT
and SCD.

e While the precise relationship between PHPT and SCD re-
mains unclear, potential contributing factors may include
low levels of vitamin D, increased EPO levels, and the in-
fluence of growth factors on the development of parathy-
roid adenoma. Additionally, PHPT has been observed to
exacerbate sickle cell crises.

¢ Fluids, calcitonin, vitamin D, bisphosphonates, calcimi-
metics, and addressing the root cause are among the inter-
ventions required to manage hypercalcemia.
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