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chronic hypercalcemia in PHPT may not cause chronic 
pancreatitis.
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Introduction

Several direct and indirect methods of assessing pancreatic 
exocrine function are available. Although measuring pancre-
atic enzyme levels after stimulating pancreatic secretion with 
secretin and cholecystokinin is the most direct and reliable 
method of assessing pancreatic exocrine function, the com-
plexity, discomfort and limited availability of this method 
necessitated the development of indirect measurements of 
pancreatic function. Indirect pancreatic function tests have 
lower sensitivity but higher applicability than direct tests. 
One indirect method is the measurement of fecal elastase 
levels, which is almost as reliable as direct testing [1, 2]. 
Elastase-1 is a proteolytic enzyme secreted by pancreatic 
acinar cells. It is a pancreas-specific carboxypeptidase and 
catalyzes elastin hydrolysis [3]. Its most important feature is 
its stability during intestinal transport, which enables meas-
urement of its concentration in stool to assess pancreatic 
function. There is a significant correlation between fecal 
elastase concentrations and duodenal elastase, amylase, 
lipase, trypsin and bicarbonate levels [4, 5]. Measurements 
of fecal elastase concentrations via monoclonal antibodies 
are widely used to evaluate pancreatic exocrine function [6].

Primary hyperparathyroidism (PHPT) is a disease char-
acterized by hypercalcemia as a result of excessive secretion 
of parathormone (PTH) by one or more parathyroid glands. 
The severities of hyperparathyroidism signs and symptoms 
are associated with calcium levels, regardless of etiology 
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[7]. Nowadays, hypercalcemia is detected incidentally in 
the majority of affected patients. The increase in routine 
measurement of serum calcium levels has increased early 
diagnosis and estimates of PHPT prevalence. Therefore, 
approximately half of the patients are classified as having 
a mild PHPT [8]. When patients are questioned in detail, 
gastrointestinal symptoms, such as constipation, nausea, 
vomiting and loss of appetite, are commonly mentioned. 
Additionally, some patients suffer from urolithiasis, or 
more rarely, pancreatitis attacks. In a study by Mithöfer 
et al., hypercalcemia created by calcium infusions in rats 
was shown to cause morphological changes characteristic 
of acute pancreatitis in the rat pancreas. Hypercalcemia is 
believed to cause acute pancreatitis by blocking pancreatic 
secretory ducts via calcium deposition and by trypsinogen 
activation in the pancreatic parenchyma [9].

In studies investigating the etiologies of acute and chronic 
pancreatitis, the frequency of PHPT has been reported to 
range from 0.1 to 4.0% [10]. In many studies evaluating large 
numbers of patients with PHPT, the disease has been found 
increase the risk of pancreatitis [11]. As chronic pancreati-
tis is a rare complication in patients with PHPT, there are 
only a limited number of studies in the literature evaluating 
the effects of chronic hypercalcemia on pancreatic exocrine 
function. The present study aimed to investigate whether 
pancreatic exocrine function declines due to chronic hyper-
calcemia by measuring fecal elastase levels.

Materials and methods

We included patients with hypercalcemia, which was defined 
as a plasma calcium level above the upper limit of the ref-
erence range (10.2 mg/dL), and established diagnoses of 
PHPT. Patients with high serum calcium and parathormone 
levels and who does not have low urinary calcium excretion 
were diagnosed PHPT. None of patients have familial hyper-
parathyroidism. We excluded all patients with secondary 
hyperparathyroidism, familial hypocalciuric hypercalcemia, 
multiple endocrine neoplasia syndromes and other causes 
of hypercalcemia. We also excluded patients with alcohol 
abuse, chronic pancreatitis, pancreatic and periampullary 
carcinoma, previous pancreatic resections and gastrointes-
tinal surgeries, diabetes mellitus, cystic fibrosis, amyloido-
sis, gluten enteropathy, Zollinger–Ellison syndrome, Crohn’s 
disease and short bowel syndrome. At the beginning of the 
study, abdomen ultrasonography was performed and patients 
with gallstones were also excluded.

65 patients with primary hyperparathyroidism (18 
men and 47 women, median age 55.4, range 28–83) and 
30 healthy subjects (11 men and 19 women, median age 
53.2, range 25–75) participated in the study. All patients 
were questioned regarding symptoms and complications of 

hyperparathyroidism. The follow-up time after diagnosis of 
hyperparathyroidism was accepted as the duration of hyper-
calcemia. The time from diagnosis to operation in patients 
who underwent curative surgery and the time from diagnosis 
to the last visit in patients who were being followed without 
surgery or underwent non-curative surgery were estimated 
as the duration of hypercalcemia.

Renal function tests, lipid parameters, bone mineral den-
sity, and serum calcium, phosphorus, 25 hydroxyvitamin D, 
parathormone, glucose, and thyroid stimulating hormone 
(TSH) levels were evaluated. Evaluation of renal function 
tests BUN, creatinine, sodium and potassium were evaluated. 
Total cholesterol and triglyceride levels in lipid parameters 
were assessed. In the bone mineral density measurement, T 
score and Z score were evaluated. PTH was measured by 
Abbott Diagnostics assays. Random fecal samples were taken 
from all participants and stored at −20 °C until elastase meas-
urement. Fecal pancreatic elastase was measured via ELISA 
(Pancreatic Elastase ELISA; Bioserv Diagnostic GmbH, 
Rostock Germany), according to the manufacturer’s instruc-
tions. Pancreatic morphology was evaluated via abdominal 
ultrasound in all patients prior to the study.

Comparisons of elastase levels between patients with 
PHPT and healthy subjects in the control group were made. 
Correlations between fecal elastase levels and various 
parameters associated with PHPT were analyzed using Pear-
son’s correlation coefficient and also Spearmen correlation 
statistical analysis was performed. The Mann–Whitney U 
test and a Chi-square test were used for statistical analy-
sis, and p values less than 0.05 were considered statistically 
significant.

Results

No significant differences were observed between the 
patients with PHPT and the healthy control group subjects 
with respect to age, gender, and serum vitamin D levels. 
The median ages were 55.4 (28.0–83.0) in the PHPT group 
and 53.2 (25.0–75.0) in the control group. 47 patients were 
female (female/male ratio 2.6) in the PHPT group, and 19 
were female (female/male ratio 1.9) in the control group. 
The biochemical characteristics of both groups are shown in 
Table 1. Since the cholesterol and potassium levels were not 
in the inclusion criteria of the study, the statistical difference 
was not evaluated.

When patients were questioned in detail regarding 
symptoms related to hypercalcemia, fatigue was the most 
frequently mentioned symptom (Table 2). Gastrointestinal 
symptoms were observed frequently in the PHPT group. 
Although the patients were not elderly, 55% were hyper-
tensive and receiving treatment. In our study, patients with 
nephrolithiasis in their anamnestic records or detected 
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nephrolithiasis in ultrasonographic examinations were 
grouped as patients with nephrolithiasis. 28% patients had 
nephrolithiasis. None described clinical presentations such 
as acute pancreatitis attacks.

In our study, the mean fecal elastase level 
was 335.3  ±  181.4  µg/g in the PHPT group and 
317.4 ± 157.3 µg/g in the control group (Fig. 1). There was 
no significant difference in fecal elastase levels between 

the two groups (p = 0.5). As a result of statistical analysis, 
there were no significant differences between serum calcium 
levels and elastase levels (p = 0.562) (Figure 2). And also 
patients with calcium levels below 11.5 mg/dL and those 
with higher levels were compared in the PHPT group. The 
mean fecal elastase level was 335.9 ± 167.1 µg/g in the 
patients with calcium level 11.5 mg/dL and higher levels 
and 335.3 ± 186.4 µg/g in the patients with calcium levels 
below 11.5 mg/dL. There was no statistically significant dif-
ference between the two groups (p = 0.44).

Based on a fecal elastase cut-off value of 200 µg/g for the 
diagnosis of pancreatic exocrine dysfunction, 19 patients 
(29.2%) in the PHPT group and 6 control subjects (20.0%) 
were diagnosed as having pancreatic exocrine dysfunction. 
Patients with PHPT were divided into the following groups 
according to fecal elastase levels: Group I (fecal elastase 
level <200 ug/g) and Group II (fecal elastase level ≥200 
ug/g). Clinical and laboratory features related to hyper-
parathyroidism were compared between the two groups 
(Table 3). Fecal elastase levels did not decrease with age. 
When patients with low fecal elastase levels were com-
pared to those with high fecal elastase levels, no statistically 

Table 1  Biochemical characteristics of patients with primary hyper-
parathyroidism and healthy subjects in the control group

Ca calcium, P phosphorus, PTH parathormone, Na sodium, K potas-
sium, TSH thyroid stimulating hormone, NS not significant

PHPT (n = 65) Control (n = 30) p

Serum Ca (mg/dL) 11.1 ± 0.9 9.1 ± 0.3 <0.01
Serum P (mg/dL) 2.8 ± 0.6 3.8 ± 0.5 <0.01
PTH (pg/mL) 263.5 ± 307.1 43.5 ± 12.5 <0.01
25 OH vitamin D (µg/L) 22.1 ± 9.7 20.4 ± 8.0 NS
Creatinine (mg/dL) 0.9 ± 0.7 0.8 ± 0.5 NS
Na (mmol/L) 137.6 ± 19.5 136.2 ± 3.8 0.03
K (mmol/L) 5.1 ± 5.9 4.1 ± 0.3 <0.01
Total cholesterol (mg/dL) 202.0 ± 63.3 173.6 ± 49.9 <0.01
Triglyceride (mg/dL) 142.6 ± 68.9 121.8 ± 64.1 NS
TSH (µIU/mL) 1.4 ± 1.2 1.3 ± 1.0 NS

Table 2  Signs and symptoms noted by patients with primary hyper-
parathyroidism

% %

Fatigue 89 Hypertension 55
Constipation 42 Widespread bone pain 29
Dyspeptic complaints 12 Nephrolithiasis 28
Nausea/vomiting 11 Polyuria/polydipsia 25
Abdominal pain 11 Arrhythmia 8
Muscle weakness 18 Pancreatitis 0

Fig. 1  Elastase levels in patients with primary hyperparathyroidism 
(PHPT) and healthy subjects in the control group (Control) (p > 0.05)

Fig. 2  Relationship between serum calcium levels and fecal elastase 
levels in patients with primary hyperparathyroidism (r  =  0.101, 
p > 0.05)

Table 3  Comparison of clinical and laboratory parameters between 
Group I and Group II

NS not significant

Group I (n = 19) Group II (n = 46) p

Age (year) 56.5 ± 8.8 55.0 ± 13.2 NS
Hypercalcemia (months) 11.6 ± 9.9 11.2 ± 11.1 NS
Serum Ca (mg/dL) 10.9 ± 1.0 11.1 ± 0.8 NS
Serum P (mg/dL) 2,9 ± 0.6 2.8 ± 0.6 NS
PTH (pg/mL) 287.5 ± 344.6 253.6 ± 293.8 NS
25 OH vitamin D (g/L) 24.4 ± 8.6 21.2 ± 10.1 NS
24 h urinary calcium 
(mg/day)

222.6 ± 122.7 277.0 ± 227.6 NS
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significant differences were observed with respect to serum 
calcium levels, serum parathormone levels, 24-h urinary cal-
cium excretion and duration of hypercalcemia.

Elastase levels in patients with and without gastrointes-
tinal symptoms were compared, and statistically significant 
differences were not detected between the patients with or 
without gastrointestinal symptoms. In our study, 28 (43.0%) 
patients with hyperparathyroidectomy underwent parathy-
roidectomy operation. Patients with and without parathy-
roidectomy were grouped. Elastase levels were compared 
between those who had operation and those who did not. 
Mean elastase levels were 351.8 ± 185.8 µg/g in patients 
who did not have parathyroidectomy and 314 ± 176.7 µg/g 
in patients who had parathyroidectomy operation. There 
were no statistically significant differences between the two 
groups.

The relationship between fecal elastase levels and bio-
chemical parameters related to PHPT was evaluated. Based 
on correlation analysis, no significant correlations between 
fecal elastase levels and serum calcium levels, serum para-
thormone levels, serum vitamin D levels, 24-h urinary cal-
cium excretion and duration of hypercalcemia were observed 
(Table 4). Correlation analysis of fecal elastase levels and 
patient bone mineral density showed that Z scores of the 
total lumbar spine were positively correlated with fecal 
elastase levels, but Z scores of the femoral neck were not 
(Fig. 3). Also, it is showed that T scores of total lumbar 
spine were not positively correlated with fecal elastase, 
while T scores of femoral neck were positively correlated 
with fecal elastase (Table 4). The mean femur neck Z scores 
was −0.02 ± 1.17 and the mean total lumber Z scores was 
−0.37 ± 1.25 in the Group I. The mean femur neck Z scores 
was −0.38 ± 1.27 and the mean total lumber Z scores was 
−1.24 ± 1.08 in the Group II. There were no significant dif-
ferences between the two groups. None of our patients had 
a fracture in anamnestic records.

Discussion

Patients with PHPT are usually admitted due to symptoms 
that are not associated with hypercalcemia. Hyperparathy-
roidism is diagnosed after detecting elevated serum cal-
cium levels via laboratory examinations. However, when 
patients are questioned in detail after diagnosis, the major-
ity report having had symptoms of hypercalcemia for long 
periods of time. Normalization of serum calcium levels 
after parathyroidectomy results in symptom resolution.

Although the patients included in our study were admit-
ted due to other reasons, the majority described symptoms 
suggestive of hypercalcemia when questioned in detail, 
as reported in the literature. Nevertheless, given that 
hypertension was diagnosed in 55% of patients and that 
urolithiasis was diagnosed in 28% of patients with PHPT, 
serum calcium levels should be measured in patients who 
are followed for hypertension and urolithiasis. Diagnoses 
of hypercalcemia via tests performed for other reasons, 
as well as diagnoses of hyperparathyroidism via popula-
tion screenings, indicate that the majority of patients live 
for long periods of time without diagnoses. In large-scale 
studies, patients with PHPT were found to have increased 
risks of acute and chronic pancreatitis [10–13]. In many 
studies, the risk of pancreatitis was reported to decrease 
after normalization of serum calcium levels post-opera-
tively [14]. In animal studies, it was shown that develop-
ment of pancreatitis was associated with hypercalcemia 
[9]. The risk of developing pancreatitis increases with both 
the severity and the duration of hypercalcemia.

The mean serum calcium level was 11.1 ± 0.93, and the 
mean duration of hypercalcemia was 11.3 ± 10.7 months 
in our patient group. Symptoms specific for chronic pan-
creatitis were not noted upon review of systems. Pancreatic 
exocrine function was assessed by measuring fecal elastase 
activity. Significant differences in fecal elastase activity were 
not observed between the PHPT and control groups.

Table 4  Correlations between fecal elastase levels and other clinical 
and biochemical parameters

PTH parathormone, DXA dual energy X-ray absorptiometry

r p

Serum calcium levels +0.101 NS
Serum PTH levels +0.168 NS
Serum 25 OH vitamin D levels –0.151 NS
24-h urinary calcium excretion +0.252 NS
Duration of hypercalcemia symptoms -0.087 NS
DXA-femur neck (Z score) +0.097 NS
DXA-total lumbar spine (Z score) +0.418 <0.05
DXA-femur neck (T score) +0.293 <0.05
DXA-total lumbar spine (T score) +0.039 NS

Fig. 3  Relationship between fecal elastase levels and total lum-
bar spine Z scores in patients with primary hyperparathyroidism 
(r = 0.418, p < 0.05)
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In the literature, fecal elastase levels lower than 
160–200 µg/g have been reported to have sufficient sensitiv-
ity for the diagnosis pancreatic exocrine dysfunction [4, 15]. 
When patients were divided into two groups based on this 
range, there were no significant differences in serum calcium 
levels between the two groups. Upon correlation analysis, no 
significant correlations were detected between fecal elastase 
levels and serum calcium levels, serum parathormone levels, 
serum vitamin D levels, 24-h urinary calcium excretion and 
duration of hypercalcemia.

Although different rates have been reported in the litera-
ture, the incidence of pancreatitis in patients with primary 
hyperparathyroidism can reach up to 7% [14]. It has also 
changed over the years. Bauer et al. evaluated patients with 
pancreatitis between 1963 and 1992 and reported changes in 
its incidence during this period; in the first part of the study, 
the incidence reached 10%; in the final years of the study, 
the incidence decreased to 1–2% [16]. Bess et al. found that 
17 of 1153 patients had pancreatitis in their study. They also 
showed that only 1.5% of hospitalized patients with PHPT 
were diagnosed with pancreatitis and that this rate was not 
different from the incidence of pancreatitis among all-cause 
hospitalized patients. As a consequence of these studies, it 
has been argued that the incidence of pancreatitis in patients 
with PHPT may not be as high as previously thought and 
that there may not be a cause-and-effect relationship between 
hypercalcemia and pancreatitis [13]. In patients with PHPT, 
factors other than hypercalcemia are believed to play a role 
in the development of pancreatitis. The study by Ward et al. 
suggested that alcohol use, gallstones and ductal hyperten-
sion, ischemia, and viral infections were causes of pancrea-
titis [17]. In our study, patients with PHPT did not have 
episodes of pancreatitis. This may be related to the small 
number of patients included in the study, as well as the pres-
ence of mild-to-moderate hypercalcemia, short durations of 
hypercalcemia, and the absence of additional risk factors.

Pancreatic exocrine function plays an important role in 
digestion and absorption of nutrients. A wide spectrum of 
clinical signs can be observed in mild-to-severe exocrine 
dysfunction in chronic pancreatitis. In cases of severe 
exocrine dysfunction, steatorrhea, weight loss, abdominal 
discomfort and bloating all occur secondary to fat malab-
sorption. Clinical symptoms secondary to deficiencies of 
fat-soluble vitamins (A, D, E, and K) may also be observed 
in fat malabsorption. In mild-to-moderate exocrine dysfunc-
tion, gastrointestinal symptoms, such as abdominal bloating 
and cramps, may be observed [18]. In our study, there was 
no significant difference in vitamin D levels between the 
patient and control groups. No significant correlation was 
detected between vitamin D and fecal elastase levels. Some 
studies have noted decreases in bone mineral density due 
to deficient vitamin D absorption in patients with chronic 
pancreatitis [19, 20].

In our study, DXA measurements were not performed 
in the control group; therefore, comparisons could not be 
made. However, a significant positive correlation was found 
between fecal elastase levels and lumbar spine bone min-
eral density. It was concluded that chronic malabsorption in 
patients with low fecal elastase levels can lead to decreases 
in bone mineral density. No significant correlation was 
observed between fecal elastase levels and bone mineral 
density of the femoral neck.

One of the major limitations of our study was its evalua-
tion of pancreatic exocrine function with indirect methods. 
Despite the relatively high sensitivity of the fecal elastase 
test, studies using direct methods may obtain different 
results. Studies including more patients and healthy sub-
jects may also obtain different results, and the significance 
of these results may change. In addition, the inclusion of 
patients with mild-to-moderate hypercalcemia may be the 
reason why significant differences were not observed with 
respect to fecal elastase levels.

In conclusion, chronic hypercalcemia in PHPT does not 
decrease fecal elastase levels, which are an indirect indicator 
of chronic pancreatitis; therefore, chronic hypercalcemia in 
PHPT may not cause chronic pancreatitis. Factors other than 
hypercalcemia may play a role in decreasing fecal elastase 
levels. Decreases in bone mineral density (especially that of 
the lumbar spine) were positively correlated with decreases 
in fecal elastase levels; therefore, the bone densities of 
patients with chronic pancreatitis should be monitored.
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