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Abstract
BACKGROUND
Acute pancreatitis (AP) presenting as an initial manifestation of primary hyperparathyroidism (PHPT) is uncommon, and its timely diagnosis is crucial in preventing recurrent attacks of pancreatitis.

AIM
To determine the clinical, biochemical, and radiological profile of PHPT patients presenting as AP.

METHODS
This is a retrospective observational study, 51 consecutive patients admitted with the diagnosis of PHPT during January 2010 and October 2021 at a tertiary care hospital in Puducherry, India was included. The diagnosis of AP was established in the presence of at least two of the three following features: abdominal pain, levels of serum amylase or lipase greater than three times the normal, and characteristic features at abdominal imaging.

RESULTS
Out of the 51 consecutive patients with PHPT, twelve (23.52%) had pancreatitis [5 (9.80%) AP, seven (13.72%) chronic pancreatitis (CP)]. PHPT with AP (PHPT-AP) was more common among males with the presentation at a younger age (35.20 ± 16.11 vs 49.23 ± 14.80 years, P = 0.05) and lower plasma intact parathyroid hormone (iPTH) levels [125 (80.55-178.65) vs 519.80 (149-1649.55, P = 0.01)] compared to PHPT without pancreatitis (PHPT-NP). The mean serum calcium levels were similar in both PHPT-AP and PHPT-NP groups [(11.66 ± 1.15 mg/dL) vs (12.46 ± 1.71 mg/dL), P = 0.32]. PHPT-AP also presented with more gastrointestinal symptoms like abdominal pain, nausea, and vomiting with lesser skeletal and renal manifestations as compared to patients with PHPT-NP.

CONCLUSION
AP can be the only presenting feature of PHPT. Normal or higher serum calcium levels during AP should always draw attention towards endocrine causes like PHPT.
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Core Tip: Acute pancreatitis (AP) is a rare complication of primary hyperparathyroidism (PHPT) and can be its only presenting symptom. In this study, we retrospectively analyzed our single-center data of 51 PHPT patients between 2010 and 2021. The study showed that 9.8% of PHPT patients presented with AP. Patients with PHPT with AP patients presented at a younger age with a male preponderance and a lower frequency of skeletal and renal involvement as compared to patients with PHPT without pancreatitis. Early diagnosis and surgery for PHPT in AP will prevent recurrent attacks of AP and other PHPT-related complications.


INTRODUCTION
Primary hyperparathyroidism (PHPT) is an endocrine disease characterized by excessive secretion of parathyroid hormone (PTH) from one or more parathyroid glands[1]. PHPT has become an asymptomatic disease in most Western countries. However, in developing countries such as India, it continues to be a symptomatic disease with skeletal, renal, cardiovascular, neuropsychiatric, and gastrointestinal manifestations[2-4].
Traditionally, 80% of acute pancreatitis (AP) cases are related to alcohol abuse and biliary stone disease, and < 10% have metabolic causes such as diabetic ketoacidosis, hypertriglyceridemia, and hypercalcemia with or without PHPT as an etiology[5]. PHPT has been linked with the development of both AP and chronic pancreatitis (CP). The first case report of AP in PHPT was published by Smith and Cook in 1940[6]. Later, in 1980, a study by Bess et al[7] from the Mayo Clinic involving 1153 patients with histopathologically confirmed PHPT showed that only 17 (1.5%) had coexisting or prior pancreatitis. This frequency was comparable to the reported incidence of pancreatitis among patients admitted to a hospital without PHPT. However, the link between the two diseases cannot be excluded based on data from hospitals with a large number of symptomatic PHPT patients[8-11]. Shepherd reported this association in Australia, where seven (5.1%) of 137 PHPT patients had pancreatic disease[12]. Western studies have shown a pancreatitis prevalence in PHPT patients that ranges from 5.1 to 8.1 percent, with predominantly AP cases[8,9,12]. However, studies from India have reported a higher prevalence of AP in PHPT patients, ranging from 12.9 to 16 percent, with a roughly equal number of CP and AP patients[11,13]. Despite its rarity, the fact that parathyroidectomy has been shown to prevent the recurrence of pancreatitis attacks suggests a causal link between the two diseases[14-16].
Serum calcium plays a crucial role in the pathogenesis of pancreatitis. Three mechanisms have been suggested for the development of AP in patients with PHPT. The earliest abnormalities of AP arise within the acinar cells. Calcium is a vital intracellular second messenger in acinar cells that initiates enzyme release through phosphorylation cascades. Elevated extracellular calcium levels due to PHPT may augment intracellular calcium signaling[17], and activate calcium-dependent proteins, such as calcineurin, as well as pancreatic proteases (especially trypsin)[18,19], or activate NF-κB,[20]leading to initiation of the pancreatic inflammatory cascade. In addition, hypercalcemia can lead to the formation of pancreatic calculi, ductal obstruction, and subsequent attacks of AP or CP[21]. Felderbauer et al[22] showed that PHPT patients with AP had a higher prevalence of mutations in serine protease inhibitor kazal type 1 (SPINK-1), cystic fibrosis transmembrane conductance regulator (CFTR), and chymotrypsin C genes. Hence, hypercalcemia per se, as well as genetic factors, may be implicated in the pathogenesis of pancreatitis in PHPT. Hence, we conducted this retrospective study to determine the prevalence of AP in PHPT patients and to distinguish PHPT-AP patients from PHPT-NP patients based on their clinical, biochemical, and radiological profiles.

MATERIALS AND METHODS
This retrospective study included 51 patients admitted with a diagnosis of PHPT between January 2010 and October 2021. Data from these patients were obtained from the PHPT registry of the Department of Endocrinology, Jawaharlal Institute of Postgraduate Medical Education and Research, Puducherry, India. The study was approved by the Institutional Ethics Committee (JIP/IEC/2021/329). PHPT was diagnosed based on elevated levels of plasma intact parathyroid hormone (iPTH) in the presence of hypercalcemia or normocalcemia. All patients had sporadic PHPT. Patients with a diagnosis of multiple endocrine neoplasia, a history of alcoholism and smoking, evidence of hypertriglyceridemia, and the presence of gallstone disease on abdominal imaging were excluded. The medical records of all the patients were studied for clinical, biochemical, and radiological parameters. The clinical symptoms were categorized as skeletal, renal, gastrointestinal, and neuropsychiatric symptoms. Data on biochemical parameters [serum calcium, serum phosphorous, serum magnesium, serum albumin, serum alkaline phosphatase (ALP), serum 25-OH vitamin D, and plasma iPTH] and radiological investigations were obtained from case records as well as from the Hospital Information System (HIS) and the Picture Archiving and Communication System (PACS).
AP was diagnosed by the presence of two of the following three features: (1) Abdominal pain consistent with AP; (2) Serum lipase (or amylase) elevated more than 3-fold the upper normal range; and (3) Characteristic features of AP, such as edema or pancreatic necrosis and/or collection[23]. The diagnosis of CP was made based on clinical and radiological investigations. A thorough diagnostic evaluation was performed in patients with chronic abdominal pain (> 6 mo duration), and the diagnosis of CP was established if there was evidence of pancreatic calcification on abdominal X-ray and/or ultrasonography and/or abdominal computed tomography[24]. Parathyroid tumor localization was performed using ultrasound of the neck or technetium-99m sestamibi parathyroid single-photon emission computed tomography (SPECT)/contrast-enhanced computerized tomography.
Serum calcium [reference range (RR), 8.8-10.6 mg/dL], inorganic phosphorous (RR, 2.5-5 mg/dL), magnesium (RR, 1.9-2.5 mg/dL), albumin (RR, 3.5-5.2 g/dL), serum alkaline phosphatase (ALP) (RR, 30-120 IU/L), serum creatinine (RR, 0.5-0.9 mg/dL), serum lipase (RR, 0-67 IU/L), and serum amylase (RR, 22-80 IU/L) were measured using an autoanalyzer (Beckman-Coulter AU5800 clinical chemistry analyzer). Serum 25-OH vitamin D (RR, 20-100 ng/mL) and plasma iPTH (RR, 18.4-80.1 pg/mL) were quantified using the ADVIA Centaur XP VitD assay (Rev. C, 2012-08, Siemens) kit and ADVIA Centaur XP PTH assay (Rev. B, 2017-07, Siemens) kits, respectively. Vitamin D deficiency was defined as a serum 25-OH vitamin D level of < 12 ng/mL.

Statistical analysis
Statistical analysis was carried out using MedCal Statistical software version 20.015. Categorical variables are described in terms of frequency and percentage. Continuous data are expressed as the mean ± SD or median with interquartile range (IQR). The student’s t test was used for normally distributed data, while the Mann-Whitney U test was used for comparing nonparametric variables. P < 0.05 was considered statistically significant.

RESULTS
A total of 51 PHPT patients were included in the study. The patients’ ages ranged from 38.25 to 60 years, and the mean age of presentation was 47.80 ± 14.51 years, with a female-to-male ratio of 1.55:1, as shown in (Table 1). The major clinical presentation of PHPT was bone pain (54.90%), followed by fatigue (49.01%), abdominal pain (43.13%), nephrolithiasis (33.33%), and nephrocalcinosis (21.56%). The mean serum calcium level was 12.41 ± 1.58 mg/dL, and the median plasma iPTH level was 328.10 (143-1111) pg/mL.
Twelve out of 51 (23.52%) PHPT patients had pancreatitis. Five (9.8%) patients had AP, and seven (13.72%) had CP. All of them had abdominal pain (100%) as the major presentation, followed by nausea with vomiting (91.67%) and anorexia (83.33%). The mean serum calcium level of PHPT-AP/CP patients was 12.26 ± 1.05 mg/dL, and the mean plasma iPTH was 283.48 pg/mL.
PHPT-AP patients were younger than PHPT patients without pancreatitis (PHPT-NP) (35.20 ± 16.11 vs 49.23 ±14.80 years, P = 0.05), and all of them were male, as shown in (Table 2). The PHPT-AP patients also presented with more gastrointestinal symptoms, such as abdominal pain (100%), nausea, and vomiting (100%), whereas skeletal disease (bone pain 56.41% and fracture 10.26%) and renal manifestations (nephrocalcinosis 23.07% and nephrolithiasis 35.89%) were more frequently seen in PHPT-NP. The mean calcium levels in patients with PHPT-AP were above the normal range (8.8-10.6 mg/dL). Serum ALP and plasma iPTH were significantly higher in PHPT-NP patients than in PHPT-AP patients (242 vs 112 IU/L, P = 0.03 and 519.80 vs 125 IU/L, P = 0.01, respectively) (Figure 1). The biochemical and imaging characteristics of PHPT-AP are shown in (Table 3) wherever available.
In our study, ultrasonography of the neck was performed in 34 patients, technetium-99m sestamibi parathyroid SPECT was performed in 48 patients, and computed tomography of the neck was performed in 18 patients for localizing parathyroid lesions, with sensitivities of 79.06%, 95.83%, and 100%, respectively.

DISCUSSION
The causal relationship between PHPT and pancreatitis has been debated for decades. There have been at least 12 retrospective studies or case series[25,26] on pancreatitis associated with PHPT since 1980, originating from the United States, India, France, Australia, Spain, and Germany, as shown in (Table 4).
Our experience with five PHPT-AP patients and the findings of an additional 111 such patients in the literature establish an etiological relationship between PHPT and AP. In our study, 23.52% of PHPT patients had pancreatitis; of these, 9.80% presented with AP at the time of diagnosis. However, studies from the Western population have shown a prevalence of AP as 0.86%-5.1% in patients with PHPT (Table 4). Several factors, including severity, delays in diagnosis, and asymptomatic vs symptomatic presentation of PHPT, are possible explanations for the higher prevalence of pancreatitis in patients with PHPT in studies from India, including ours. Among the two Indian studies that have reported a higher prevalence of AP, Jacob et al. reported the occurrence of AP in 6 of 101 (5.94%) patients with PHPT, while Arya et al. reported it in 18 of 218 (8.25%) such patients[11,13]. Nevertheless, pancreatitis seems to be at least ten times more common in PHPT patients than in the general population[27].
PHPT-AP presented at a younger age with a male preponderance, in contrast to the female preponderance (27 out of 39) seen in PHPT-NP. In both studies by Carnaille et al[10] from France and the study by Jacob et al[13] from India, a younger age of presentation with a male preponderance of AP was reported, which is in agreement with our observation. Abdominal pain was the most common (100%) clinical presentation of PHPT-AP in our study, and the same finding was reported by others[13,28,29]. Skeletal manifestations such as bone pain and fracture were respectively seen in only 20% and none of the PHPT-AP patients, which is lower than the corresponding prevalence among patients with PHPT-NP (56.4% and 10.6%, respectively). This observation is similar to those of Arya et al.[11] and Yadav et al[30]. The exact pathogenesis of this younger age of presentation, male preponderance, and presence of fewer skeletal/renal manifestations has not been established. A possible explanation could be the earlier detection of disease due to AP at a relatively mild stage with a lesser degree of elevation in iPTH levels. Additionally, genetic risk factors for the development of AP could have contributed to the younger age of presentation. One patient in the PHPT-AP group had a history of gallstones and underwent treatment for the same condition elsewhere before coming to our institute with AP. In the background of hypercalcemia and other PHPT-related complications, such as renal stones, and the absence of evidence of cholelithiasis on subsequent imaging with CT of the abdomen, the possibility of AP due to hypercalcemia was considered in this patient.
Several studies[10,13] have reported elevated serum calcium levels among PHPT patients with pancreatitis compared to patients with PHPT-NP. The results suggest that the serum calcium level above a threshold predisposes PHPT patients to pancreatitis. However, in our study, PHPT patients with AP had serum calcium levels similar to those in PHPT patients without pancreatitis. At the time of presentation, normocalcemia was seen in 1 (20%) patient and could be attributed to saponification of calcium in the pancreatic tissue. The diagnosis of PHPT was suspected in this patient due to the absence of other risk factors for AP, and the patient was subsequently found to have increased plasma iPTH levels. Thus, a normal calcium level at the time of presentation in patients with an acute episode of pancreatitis does not exclude the possibility of PHPT. The current study highlights the importance of measuring intact PTH levels and rechecking calcium levels in patients with an unexplained etiology of AP. Because pancreatitis primarily occurs in severely hypercalcemic patients, it is rarely associated with PHPT in developed countries where PHPT is diagnosed at a much earlier and milder stage. Serum ALP was significantly higher in patients with PHPT-NP than in PHPT-AP patients, most likely due to more severe bone disease.
In patients with PHPT who undergo parathyroidectomy, the course of pancreatitis is unclear due to a lack of long-term studies. Most published reports had a follow-up of only approximately two years. Despite this short period, there was a 42%-100% reduction in pancreatitis recurrence rates[31]. In our study, all patients with PHPT and pancreatitis underwent parathyroidectomy. After successful parathyroidectomy, four out of five patients with PHPT-AP did not report a recurrence of pancreatitis over a median follow-up of 8 mo (range, 8-50 mo). Histopathology revealed parathyroid adenoma in 3 cases and parathyroid carcinoma in 1 case. However, the report was inconclusive in one patient. Additionally, this patient had recurrent episodes of pancreatitis, and further evaluation could not be performed, as the patient was lost to follow-up due to the COVID pandemic. Our findings, like others, emphasize the importance of parathyroid surgery in these patients. It has been suggested that parathyroid surgery should precede any pancreatic surgery because of its beneficial effect on the course of the latter.
The limitations of this study are that we were not able to perform a gene mutation analysis of SPINK-1 and CFTR; hence, the exact prevalence of genetic risk and idiopathic pancreatitis could not be established. Additionally, we could not determine the cause of the lower frequency of renal manifestations in patients with PHPT-AP compared to patients with PHPT-NP, as data on urinary calcium profiles were not available for all patients given the retrospective nature of this study.

CONCLUSION
The current study demonstrated a causal relationship between PHPT and AP. Compared to patients with PHPT-NP, patients with PHPT-AP were younger, had a male preponderance, and had a lower frequency of skeletal and renal involvement. Our findings emphasize the importance of thoroughly investigating for PHPT in any patient with pancreatitis and high-normal or elevated serum calcium levels, especially in the absence of other common causes of pancreatitis. Pancreatitis should be an anticipated complication of PHPT and may be the sole presenting complaint of PHPT. Early diagnosis and resection of parathyroid lesions will prevent recurrent attacks of AP and other PHPT-related complications.

ARTICLE HIGHLIGHTS
Research background
Primary hyperparathyroidism (PHPT) is an endocrine disease characterized by excessive secretion of parathyroid hormone (PTH) from one or more parathyroid glands. PHPT has been linked with the development of both acute and chronic pancreatitis.

Research motivation
Early diagnosis and surgery for PHPT will prevent the recurrence of acute pancreatitis (AP).

Research objectives
To determine the prevalence of AP in PHPT patients and to distinguish PHPT with acute pancreatitis (PHPT-AP) from PHPT without pancreatitis (PHPT-NP) patients based on their clinical and biochemical and radiological profiles.

Research methods
This is a retrospective observational study done on 51 consecutive patients admitted with the diagnosis of PHPT between January 2010 to October 2021 at a tertiary care hospital in Puducherry, India. 

Research results
In our study, the prevalence of AP in PHPT was found to be 9.80%. PHPT with AP was more common among males with the presentation at a younger age with lower plasma intact parathyroid hormone levels compared to PHPT-NP. 

Research conclusions
The current study demonstrates a causal relationship between the PHPT and AP. Evaluation for PHPT should be considered in any patient with pancreatitis with high normal or elevated serum calcium levels, especially in the absence of other common causes of pancreatitis.

Research perspectives
Pancreatitis should be an anticipated complication of PHPT and may be the sole presenting complaint of PHPT. Early diagnosis and surgery for PHPT in AP will prevent recurrent attacks of AP and other PHPT-related complications.
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Table 1 Demography, clinical and biochemical profile of all primary hyperparathyroidism patients 
	Parameters
	n = 51

	Age (yr)
	47.80 ± 14.51

	Female gender
	31 (60.78%)

	Sex (female: male)
	1.55:1 (female 31, male 20)

	Bone pain
	28 (54.90%)

	Fracture 
	04 (7.84%)

	Pain abdomen
	22 (43.13%)

	Nausea and vomiting
	16 (31.37%)

	Weight loss
	12 (23.52%)

	Fatigue and weakness
	25 (49.01%)

	Anorexia 
	16 (31.37%)

	Psychiatric features
	06 (11.76%)

	Nephrolithiasis 
	17 (33.33%)

	Nephrocalcinosis 
	11 (21.56%)

	Cholelithiasis 
	04 (7.84%)

	Serum creatinine (mg/dL)
	0.80 (0.63-1.14)

	Serum corrected calcium(mg/dL)
	12.41 ± 1.58

	Serum phosphorous (mg/dL)
	2.7 (2.2-3.17)

	Serum magnesium (mg/dL)
	1.80 (1.7-2)

	Serum albumin (g/dL)
	3.90 (3.5-4.2)

	Serum alkaline phosphatase (IU/L)
	196 (127.5-502)

	Serum 25-OH vitamin D (ng/mL)
	18.09 ± 9.93

	Plasma iPTH (pg/mL)
	328.10 (143-1111)


PHPT: Primary hyperparathyroidism; iPTH: Intact parathyroid hormone.

Table 2 Comparison between primary hyperparathyroidism without pancreatitis and primary hyperparathyroidism with acute pancreatitis
	Parameters
	PHPT-NP, n = 39
	PHPT-AP, n = 05
	P value

	Age (yr)
	49.23 ± 14.80
	35.20 ± 16.11
	0.05

	Female gender
	27 (69.23%)
	0
	

	Bone pain
	22 (56.41%)
	1 (20%)
	0.17

	Fracture 
	04 (10.26%)
	0
	

	Pain abdomen
	10 (25.64%)
	5 (100%)
	< 0.01

	Nausea and vomiting
	05 (12.82%)
	5 (100%)
	< 0.01

	Weight loss
	06 (15.38%)
	1 (20%)
	1

	Fatigue and weakness
	18 (46.15%)
	2 (40%)
	1

	Anorexia 
	06(15.38%)
	4 (80%)
	< 0.01

	Psychiatric features
	03 (7.69%)
	0
	

	Nephrolithiasis 
	14 (35.89%)
	0
	

	Nephrocalcinosis 
	09 (23.07%)
	0
	

	Cholelithiasis 
	02 (5.12%)
	1 (20%)
	0.31

	Serum creatinine(mg/dL)
	0.80 (0.60-1.19)
	0.74 (0.66-0.89)
	0.66

	Serum corrected calcium(mg/dL)
	12.46 ± 1.71
	11.66 ± 1.15
	0.32

	Serum phosphorous (mg/dL)
	2.7 (2.2-3.17)
	2.7 (2.02-2.90)
	0.62

	Serum magnesium (mg/dL)
	1.82 ± 0.33
	1.76 ± 0.34
	0.72

	Serum albumin (g/dL)
	3.90 (3.5-4.1)
	4.2 (3.7-4.75)
	0.18

	Serum ALP (IU/L)
	242 (148-764.5)
	112 (106.25-147)
	0.03

	Serum 25-OH vitamin D(ng/mL)
	15.48 (10.24-21.37)
	25.91 (13.88-31.72)
	0.33

	Plasma iPTH (pg/mL)
	519.80(149-1649.55)
	125 (80.55-178.65)
	0.01


PHPT‑AP: Primary hyperparathyroidism with acute pancreatitis; PHPT-NP: Primary hyperparathyroidism without pancreatitis; ALP: Alkaline phosphatase; iPTH: Intact parathyroid hormone.

Table 3 Biochemical and imaging findings of patients with primary hyperparathyroidism with acute pancreatitis
	No
	Age
	Sex
	S Amylase (IU/mL)
	S lipase (IU/mL)
	Imaging
	Modified CT severity index

	1
	46
	M
	160
	770
	Acute pancreatitis on CECT 
	4

	2
	27
	M
	1487
	NA
	Acute interstitial pancreatitis on MRCP
	NA

	3
	20
	M
	NA
	NA
	Acute pancreatitis on CECT
	6

	4
	25
	M
	514
	260
	Acute necrotizing pancreatitis on CECT
	6

	5
	58
	M
	1276
	1365
	Acute necrotizing pancreatitis on CECT
	8


PHPT-AP: Primary hyperparathyroidism with acute pancreatitis; iPTH: Intact parathyroid hormone; MRCP: Magnetic resonance cholangiopancreatography; CECT: Contrast enhanced computed tomography; NA: Details not available.

Table 4 Rates of pancreatitis among patients with primary hyperparathyroidism in different studies
	References
	Country
	Number of PHPT Patients
	PHPT with pancreatitis n (%)
	Type of pancreatitis

	Bess et al[7]
	USA
	1153
	17 (1.5)
	10 AP (0.86%), 7 CP

	Sitges-Serra et al[8]
	Spain
	86
	7 (8.1)
	3 AP (3.4%), 1 RP, 3 CP

	Koppelberg et al[9]
	Germany
	234
	13 (5.6)
	9 AP (3.8%), 4 CP

	Shepherd et al[12]
	Australia
	137
	7 (5.1)
	All AP (5.1%)

	Carnaille et al[10]
	France
	1224
	40 (3.3)
	18 AP (1.47), 8 RP, 14 CP

	Agarwal et al[32]
	India
	87
	6 (6.9)
	5 RP, 1 CP

	Jacob et al[13]
	India
	101
	13 (12.9)
	6 AP (5.94%), 6 RP, 1 CP

	Bhadada et al[29]
	India
	59
	9 (15.3)
	All CP

	Khoo et al[33]
	USA
	684
	10 (1.5)
	All AP (1.5%)

	Felderbauer et al[22]
	Germany
	1259       
	57 (4.52)
	16 AP (1.27%), 15 CP, 26 NA

	Arya et al[11]
	India
	218
	35 (16)
	18 AP (8.25%), 17 CP

	Misgar et al[5]
	India
	242
	15 (6.19)
	14 AP (5.78%), 1 CP

	Total
	5484
	229 (4.17)
	111 (2.02) AP


AP: Acute pancreatitis; CP: Chronic pancreatitis; NA: Details Not available; PHPT: Primary hyperparathyroidism; RP: Recurrent pancreatitis.
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