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The role of phosphorus-calcium homeostasis
and vitamin D in the pathogenesis of acute pancreatitis
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The aim of the study was to determine the role of phosphorus-calcium homeostasis and vitamin D in the
pathogenesis of acute pancreatitis and assess the severity of its course. We examined 72 people, who were
divided into two groups: the first group (comparison group) - men and women without pathology of the
gastrointestinal tract and any other conditions or diseases that could affect the state of calcium-phosphorus
metabolism (n = 36) and the second group (main group) - patients with acute pancreatitis (n = 36). Ad-
ditionally, patients in the main group were divided into two subgroups: the first subgroup included patients
with severe disease (n = 18), and the second (n = 18) - with mild and moderate disease. In patients with
acute pancreatitis, the incidence of vitamin D deficiency (<20 ng/ml) was significantly higher than in the
comparison group and was 72.2 and 5.6%, respectively (y° = 33.1, 95% CI 46.1-79.2). The incidence of
severe vitamin D deficiency (<10 ng/ml) in patients with severe acute pancreatitis was significantly higher
than in patients with mild to moderate disease and was 55.6 and 5.6% respectively (y* = 10.3, 95% CI 20.2-
70.4). Hypocalcemia in terms of total calcium was registered probably more often in patients with severe
acute pancreatitis - 61.1% than in patients with mild and moderate - 16.7% (x° = 7.3, 95% CI 12.5-65.9).
Patients with the lowest quartile of vitamin D and total calcium had a significantly more severe course of
acute pancreatitis than those with the highest quartile. Thus, the content of vitamin D levels <13.28 ng/ml
for patients with acute pancreatitis can be considered as a threshold at which severe disease is predicted
is predicted, at the same time the level of calcium decrease correlates with an increase in the severity of
acute pancreatitis, which can be considered a reliable criterion for the severity of the disease, however,

significant changes in phosphorus metabolism are not identified.
Key words: acute pancreatitis, vitamin D, calcium, the severity of the disease.

INTRODUCTION

The incidence of acute pancreatitis is constantly
growing both in Ukraine (up to 25 cases per
100,000 adults and up to 50 cases in children) and
worldwide (from 4.6 to 100 cases per 100,000
population) [1]. The proportion of patients
with severe disease is also increasing. Among
a number of etiological factors in Ukraine and
other Eastern European countries, the leading
factor is alimentary (alcohol abuse - 17-65% of
cases), the second place is occupied by gallstone
disease (21-58% of cases) [2]. Other factors in
the development of acute pancreatitis include
mechanical damage to the pancreas (including
iatrogenic genesis), hypertriglyceridemia,
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tissue ischemia (atherosclerotic vascular
lesions), virsungolithiasis, chemotherapy
(drug pancreatitis), hyperparathyroidism,
etc. [3]. Focusing on primary and secondary
hyperparathyroidism, it should be noted that the
basis of this disease is a violation of calcium
levels in the blood, but the mechanism of acute
pancreatitis in this pathology has not been
fully studied [4]. It is known that calcium is a
powerful release of peptides that stimulate the
secretion of the pancreas, as well as intracellular
secondary stimulators of the synthesis and
secretion of pancreatic enzymes [5]. However,
according to other data, in severe forms of acute
pancreatitis, hypocalcemia is observed [6].
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Acute pancreatitis with a severe course is
accompanied by a high risk of complications (up
to 50%), mortality in which reaches 70% [7]. To
date, many clinical and laboratory prognostic
markers of adverse course of acute pancreatitis
have been proposed. Aggravating factors for
acute pancreatitis include age, duration of early
multiple organ failure syndrome, severe obesity,
hematocrit >47%, C-reactive protein >150 mg/1
during the first 48 hours after hospitalization,
but sensitivity and specificity indicators vary
widely [8].

Thus, the search for new pathogenetic
factors of acute pancreatitis, and screening
methods for predicting the severity of the
disease remains relevant. As mentioned above,
the role of disorders of calcium-phosphorus
metabolism in this process is still not fully
defined and controversial [9]. At the same
time, the role of vitamin D in the pathogenesis
of acute pancreatitis and as a predictor of its
complications, in general, is just beginning to be
studied and needs further study, which, in fact,
is the subject of this work.

The aim of this study was to determine
the role of phosphorus-calcium homeostasis
and vitamin D in the pathogenesis of acute
pancreatitis and assess the severity of its course.

METHODS

The study was conducted by staff of the
Department of Surgery No. 2 Bogomolets
National Medical University and was approved
by the Ethics Committee of the University
(protocol No.141, 17.12.2020). All patients
were examined during 2021 and signed informed
consent to participate in this study and/or
treatment at the clinic.

We examined 72 people aged 26-83 years,
who were divided into two groups: the first
group (comparison group) - men and women
without gastrointestinal pathology and any other
conditions or diseases that could affect the state
of calcium-phosphorus metabolism (n = 36) and
the second (main) group - patients with acute
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pancreatitis (n = 36). Patients of the first group
were examined on an outpatient basis. All pa-
tients in the second group were hospitalized at
the surgical clinic.

The diagnosis of acute pancreatitis in patients
of the main group was established by the presence
of two of the following three criteria: clinical (up-
per abdominal pain), laboratory (serum amylase
or lipase level 3 times higher than the maximum
normal value), imaging (CT, MRI, Ultrasound)
criteria. The study used the classification proposed
by the Acute Pancreatitis Classification Working
Group and the International Association of Pan-
creatology/American Pancreatic Association in
2012 [14]. The severity of the course was deter-
mined using the APACHE Il scale (severe course
more than 8§ points). The diagnosis of mild acute
pancreatitis was established in the absence of reli-
able signs of pancreatic necrosis based on a typical
set of clinical and laboratory data, moderate - the
presence of transient multiorgan failure or local/
systemic complications without organ failure,
severe - in the presence of persistent multiorgan
failure. According to the etiological factor, acute
pancreatitis of alcoholic etiology occurred in 24
(66.7%) patients, and biliary pancreatitis - in 12
(33.3%) patients.

Exclusion criteria for both groups were any
chronic disease affecting calcium-phosphorus
metabolism, mental illness, recent surgery, glu-
cocorticoids, calcium or vitamin D for 3 months
before enrollment. Patients in the two groups
did not differ significantly in age (51.8 £ 17.8
and 51.2 £ 18.1 old year; P> 0.05, respectively)
and sex (men 86.1 and 83.3%, women 13.9 and
16.7%; P > 0.05, respectively). In addition, in
order to determine the prognostic criteria for
the severity of the disease, patients in the main
group were divided into two subgroups. The first
subgroup included patients with severe disease
(n = 18), the second (n = 18) - with mild and
moderate disease.

Blood sampling in patients of the comparison
group was performed on an empty stomach,
and in patients in the main group - during
hospitalization before infusion therapy. Deter-
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mination of total calcium, albumin, total
phosphorus, and alkaline phosphatase in serum
was performed on a biochemical automatic
analyzer A15 (“BioSystems”, Italy). The level
of albumin-adjusted calcium was determined by
the formula: Adjusted calcium (mmol/l) = total
Ca (mmol/l) + 0.02 (40 - serum albumin [g/1]).
Determination of vitamin D (25(OH)D) and
parathyroid hormone was performed using the
electrochemiluminescent method on the Cobas
analyzer (“Roche Diagnostics”, Germany).

Statistical analysis. The normality of data
distribution was determined by the Shapiro-Wilk
test. The difference between the groups was es-
tablished using Student’s t-test for independent
samples. Differences in sample distribution were
assessed using the y? test criterion. Correlation
analysis was performed using Pearson correla-
tion for parametric and Spearman correlation for
nonparametric data distribution. The relation-
ship between the indicators was determined us-
ing ROC analysis and odds ratio. The results are
presented as means and their standard deviation
(M £ SD). Differences between indicators were
considered significant at P < 0.05.

Statistical analysis was performed using
Statistica 10, IBM SSPS Advanced Statistics
22.0, and MEDCALC® (open-source Internet
resource, https://www.medcalc.org/calc/).

RESULTS

Changes in phosphorus-calcium homeostasis
and levels of vitamin D in individuals of both
groups are shown in Table 1. The incidence of

vitamin D deficiency (<20 ng/ml) in patients
with acute pancreatitis was significantly higher
than in the comparison group and was 72.2 and
5.6%, respectively (y=33.1,95% C146.1-79.2,
P < 0.0001). Optimal vitamin D content
(>30 ng/ml) was reported in only two (5.6%)
patients with acute pancreatitis. Albumin,
total, and albumin-corrected calcium levels
were significantly lower, parathyroid hormone
levels did not differ significantly and alkaline
phosphatase levels were significantly higher
than in the patients of the comparison group.

The division of patients with acute pancrea-
titis according to the severity of the course
showed that the incidence of severe vitamin D
deficiency (<10 ng/ml) in patients with severe
acute pancreatitis was probably higher than in
patients with mild to moderate disease, and was
55.6 and 5.6%, respectively (¥*> = 10.3, 95% CI
20.2-70.4,P=0.001). Significant changes were
also found in total calcium and albumin, and the
content of albumin-adjusted calcium and other
indicators of calcium-phosphorus metabolism
(alkaline phosphatase, phosphorus, parathyroid
hormone) probably did not differ (Table 2).

Hypocalcemia in terms of total calcium was
registered probably more often in patients with
severe acute pancreatitis - 61.1% than in patients
with mild and moderate - 16.7% (x> = 7.3, 95%
CI112.5-65,9, P<0.05), but the groups probably
did not differ in terms of albumin-corrected
calcium (16.7 and 11.1%).

Thus, a decrease in total calcium can be
considered as a criterion for the severity of
acute pancreatitis, but a significant decrease

Table 1. Indicators of phosphorus-calcium homeostasis and levels of vitamin D in both groups

Comparison group Main group
Indexes Rate (n = 36) (n = 36) P
Total calcium, mmol/l 2.15-2.58 2.36 £0.09 2.17+0.23 0.0001
Albumin, g/l 35-50 43.14 £3.25 31.87 £6.29 0.0001
Albumin-adjusted calcium, mmol/l 2.15-2.58 2.36 £0.09 2.32+6.29 0.16
Vitamin D, ng/ml 30-50 29.44 + 8.44 15.41 £ 8.09 0.001
Parathormone, pg/ml 15.0-65.0 49.22 +£13.26 40.69 £+ 23.62 0.06
Phosphorus, mmol/I 0.81-1.45 1.14 £ 0.023 1.08 = 0.38 0.46
Magnesium, mmol/l 0.70-0.98 0.80 + 0.04 0.82 £ 0.09 0.07
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Table 2. Indicators of phosphorus-calcium homeostasis and levels of vitamin D levels in patients with acute pancreatitis
with different degrees of severity

Indexes Severe course Mild and moderate P
(n=18) course (n = 18)
Total calcium, mmol/l 2.08+£0.18 2.25+0.24 0.03
Albumin, g/l 29.46 £ 6.42 34.29 £5.27 0.02
Albumin-adjusted calcium, mmol/l 2.28+0.14 2.35+0.17 0.09
Vitamin D, ng/ml 10.02 + 4.69 20.81 +7.15 0.0001
Parathormone, pg/ml 39.95+16.78 41.43 +£29.44 0.85
Phosphorus, mmol/l 1.12+0.28 1.05+0.24 0.64
Magnesium, mmol/l 0.81+0.10 0.83 £ 0.07 0.07

in albumin content leads to the retention of
albumin-corrected calcium within the normative
values, so patients do not develop hypocalcemia.
This should be taken into account when deciding
on additional calcium intake in such patients.

At the next stage, the dependence of the
severity of acute pancreatitis (according to
the APACHE II scale) on the content of total
calcium (Fig. 1) and vitamin D (Fig. 2) was
determined using quartile analysis.

Patients with the lowest total quartile of
calcium were found to have a more severe course
of acute pancreatitis than patients with the
highest quartile. A similar situation is observed
with the content of vitamin D. At the same time,
the relationship between the content of calcium
and vitamin D was not found, which indicates
the independence of these predictors.
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Fig. 1. The severity of acute pancreatitis in patients with
different levels of total calcium (quartile distribution). Note:
F=4.38;P=0.007
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The next step in the study was to set a
threshold value for serum vitamin D that can
be used as a criterion for predicting the severity
of acute pancreatitis. For this purpose, ROC
analysis was used.

According to the results of the analysis, the
area under the ROC curve (AUROC) is 0.907
(95% CI 0.807-0.99; P = 0.001), the cut-off
point corresponds to 13.28 ng/ml, Yoden index
0.667, that is for patients with acute pancreatitis
serum vitamin D level <13.28 ng/ml can be
considered as a probable predictor of severe
course (sensitivity 83.3%, specificity 94.4%).

DISCUSSION

According to a number of clinical studies,
hypercalcemia is considered one of the leading
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Fig. 2. The severity of acute pancreatitis in patients with
different levels of vitamin D (quartile distribution). Note:
F=6.7,P=0.001
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factors in the development of acute pancreatitis,
leading to exocytosis of proteins and enzymes
[11, 12]. This trend is observed in most cases of
the disease caused by a number of different causes
(hypoxia, hyperlipidemia, pharmacological drugs
with established dependence on the development
of pancreatitis (tetracyclines, thiazides, etc.),
alcohol) [13]. At the same time, serum calcium
below 1.97 mmol/l is included as a criterion in
most international scales for assessing the severity
and prediction of acute pancreatitis with fairly
high sensitivity (89.7%) [14].

We confirmed the development of hypocal-
cemia in severe disease, and also observed
a direct correlation of this indicator with the
APACHE II scoring system, as an important
indicator of severe acute pancreatitis.

As for the relationship between the severity
of acute pancreatitis and vitamin D content, the
data accumulated today are quite controversial
and even questionable [15]. At the same time,
we found a direct link between vitamin D
deficiency and acute pancreatitis. This trend was
particularly pronounced in patients with severe
disease, in whom the incidence of significant
vitamin D deficiency (<10 ng/ml) was likely
to be higher (55.6%) compared to patients with
mild and moderate disease (5.6%) (x> = 10.3,
95% CI120.2-70.4, P=0.001).

Modern approaches to the treatment of acute
pancreatitis vary widely, but the main trend
is the predominance of methods of complex
conservative therapy over early surgery. It is
clear that the choice of treatment for acute
pancreatitis depends on a number of reasons:
the clinical picture of the disease, methods
of diagnosis and prediction of complications
of acute pancreatitis, and the chosen tactics
of the patient. Correct, objective and most
importantly timely assessment of the severity of
acute pancreatitis based on known assessment
prognostic scales significantly affects the final
results of comprehensive treatment of patients.
The effectiveness of different methods varies
widely. Thus, the sensitivity and specificity of
the Ranson scale are 88.6 and 91.4%, and the
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most common scale and the popular APACHE
II scale are 70.4 and 92.6%, respectively [16].

The results of reducing the level of vitamin
D in the serum of patients with acute pancreatitis
indicate that this indicator can be used as a
criterion for assessing the severity of the disease.
Reducing the level of vitamin D in the serum
of patients below 13.28 ng/ml can predict the
severe course of acute pancreatitis (sensitivity
of the method is 83.3% and specificity - 94.4%)),
timely start the comprehensive treatment of
patients, which will prevent fatal complications
of acute pancreatitis.

CONCLUSIONS

It was found that the incidence of vitamin D
deficiency (<20 ng/ml) in patients with acute
pancreatitis was significantly higher than in
virtually healthy individuals (72.2 and 5.6%,
respectively) (x> = 33.1, 95% CI 46.1-79.2,
P <0.0001).

In patients with severe acute pancreatitis, the
incidence of severe vitamin D deficiency (<10
ng/ml) was significantly higher than in patients
with moderate to mild disease (55.6 and 5.6%,
respectively) (x> = 10.3, 95% CI 20.2-70.4,
P=0.001).

Hypocalcemia is more common in individuals
with severe acute pancreatitis (x> = 7.3, 95%
CI 12.5-65.9, P < 0.05), the level of calcium
decrease correlates with an increase in the
severity of acute pancreatitis, which can be
considered a reliable criterion for the severity
of the disease, however, significant changes in
phosphorus metabolism are not identifiad.

Serum vitamin D levels <13.28 ng/ml
for patients with acute pancreatitis can be
considered as a threshold at which a severe
course of the disease is predicted (sensitivity
83.3%, specificity 94.4%).

The work was performed in accordance with the
plan of research work of the Department of Surgery
No. 2 of Bogomolets National Medical University:
“Development and implementation of methods for

65



The role of phosphorus-calcium homeostasis and vitamin D in the pathogenesis of acute pancreatitis and assessment of its severity

diagnosis and treatment of surgical pathology of

the abdominal cavity and blood circulation”. The
authors did not receive additional financial support.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or financial
relations, relations with organizations and/or
individuals who may have been related to the study,
and interrelations of co-authors of the article.

I.B. KosocoBuu, I.B. I'anoab

POJIb ®OCPOPHO-KAJBHIEBOI'O OBMIHY
TA BITAMIHY D Y HATOT'EHE3I TOCTPOT'O
IHAHKPEATUTY
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BuBuanu poisb 1mokaszHHKIB (OCHOPHO-KAIBIIEBOr0 OOMiHY
Ta Bitaminy D y matoreHnesi rocTporo nmaHKpeaTHTy Ta OILiHIIi
TSDKKOCTI Horo nepebiry. byno obcrexeno 72 ocobu, sIKHX
PO3IIIHIIN Ha JBI TPYIH: IepIia rpyma (rpymna MopiBHSHHS)
— YOJIOBIKM Ta XKIHKU 06e3 MaTojorii IUIyHKOBO-KHIIIKOBOTO
TpakTy (n=36) Ta pyra (OCHOBHA) TpyIIa — XBOPi Ha FOCTPUI
naHkpeatut (n = 36). /1o1aTKOBO MaIlieHTH OCHOBHOI IPyIH
Oynu posaineHi Ha ABi migrpynu. [lo mepmoi migrpynu
BBIMIIUIM MaIi€eHTH 3 TSHKKUM HepediroM 3axXBOPIOBAHHS
(n = 18), no npyroi (n = 18) — 3 nerkumM Ta cepeaHbOl
TSDKKOCTI Iepe6irom. ¥ mami€eHTiB 3 FOCTPUM MTaHKPEATHTOM
gactorta fedinuty Bitaminy D (<20 ur/mi) Oyna BiporigHo
BUIIOI0, HDK y 0Ci0 Ipyny NOpIBHAHHS, 1 cTaHoBmIa 72,2 Ta
5,6% signosiguo (x> = 33,1, 95% JII 46,1-79,2). Yacrtora
BUpakeHoro aedinuty Biraminy D (<10 Hr/mi1) y marieHriB
3 TSDKKHAM CTYIIEHEM T'OCTPOTO ITaHKpeaTHTy OyJia BiporigHO
BHUIIIOK, HIK Y MAIIEHTIB 3 JIETKUM Ta CEPEIHIM repedirom
3aXBOpIOBAHHS, i carana 55,6 ta 5,6% sianosiguo (x> = 10,3,
95% /11 20,2—70,4). T'inokaineIiieMist 32 BMiCTOM 3arajibHOTO
KaJIBLII0 pPeecTpyBajacs BIpOTiJHO YacTille y Malli€HTIB 3
TSDKKAM TepediromM roctporo mankpeatury — 61,1%, Hix y
MAIE€HTIB 3 JICTKUM Ta cepeaniM — 16,7% (x° = 7,3, 95% Ml
12,5-65.9). V nauieHTiB 3 HAfHIKYUM KBapTHIEM BiTaMiHy
D Ta Kajpliro 3arajgbHOro BiporiHO OLTBII TSHKKUH nepedir
rOCTPOro HMAaHKPEATHUTY, HIXK y Mali€HTIB 3 HaWBUIIUM
KkBapTwieM. TakuM 4MHOM BMICT Bitaminy D y cupoBatmi
KpoBi <13,28 HI/MJ AJIs MAI€HTIB HA TOCTPUI ITAHKPEaTHT
MOXXHA PO3TJISIATH, SIK IOPOTOBHH MOKA3HUK, IPH SIKOMY
MPOTHO3YEThCS TSDKKUH Mepedir 3aXBOPIOBaHHS, IIPU IIbOMY
3HIDKSHHS! BMICTY KQJIBITII0 KOPEIIIOE 31 3pOCTAHHSM TSDKKOCTI
roCTpPOro maHkpearuty. Lle Moxke BBaXKaTHCS 1OCTOBIPHHM
KPUTEPIEM TSDKKOCTI IIepeOiry 3aXBOPIOBaHHS, IPOTE CyTTEBHUX
3MiH 3 60Ky pochopHOro 0OMiHY HE BU3HAYAETHCSL..
KuirouoBi ciioBa: roctpuii maHkpeatur; BiTaMid D; KanbIiiid;
TSOKKICTB TIepeoiry.
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