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Abstract:  Introduct ion:  Recent decades brought important insights into the role of vitamin D, showing, 
among others, its anti-inflammatory properties. Studies linked vitamin D deficiency with higher incidence 
and worse outcomes of acute inflammatory conditions. Several studies reported low vitamin D status in 
acute pancreatitis (AP), however, its association with AP severity is not clear, and there are no such studies 
in Polish population. The aim of the study was to evaluate the concentrations of 25-OH-D at the early phase 
(the first three days) of AP, to assess the changes in vitamin D concentrations in that period, and to study the 
relationship with AP severity.
Mater ia ls  and Methods:  The prospective observational study included adult patients with AP admitted 
within the first 24 h from the onset of symptoms. Total 25-hydroxyvitamin D was measured at 24, 48 and 
72 h from the AP onset, using electrochemiluminescent assay. 
Results:  Initial 25-OH-D was not associated with AP severity. In patients who developed moderately se-
vere to severe AP and pancreatic necrosis, the decrease in 25-OH-D over two consecutive days was higher 
comparing to mild AP. The change in 25-OH-D concentrations during the first three days of AP was signifi-
cantly correlated with inflammatory markers (C-reactive protein, leukocyte count), D-dimer, total calcium, 
hematocrit, and platelet count.
C onclusions:  Our study confirmed the decrease in 25-OH-D in AP; however, it cannot be reliably used 
as an early prognostic factor of severity in AP as it appears too late from the onset of symptoms and its diag-
nostic accuracy is low.
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Introduction

Recent decades brought significant insights into the metabolism and function of vitamin D. Ini-
tially known solely as an anti-rickets substance, now it is not only considered a “pro-hormone” en-
gaged in calcium-phosphate homeostasis but also a compound associated with pleiotropic effects 
important for overall body homeostasis [1]. The active form, 1,25-(OH)2-vitamin D (calcitriol) 
working through a vitamin D receptor (VDR) has been shown to affect immune functions, cell 
proliferation, differentiation and apoptosis, endothelial and epithelial cells homeostasis. More-
over, vitamin D deficiency has been associated with poor outcomes in various settings, including 
patients of intensive care units [2–5]. The change in thinking about the role of vitamin D resulted 
from the identification of VDR in more than 30 different tissues and the discovery of extrarenal 
activity of 1-alpha hydroxylase (CYP27B1) that converts 25-hydroxyvitamin D (25-OH-D) into 
a biologically active form [1]. The participation of vitamin D metabolites in the processes of cell 
proliferation, differentiation and apoptosis indicates a significant relationship between vitamin D 
and various inflammatory, neoplastic (including pancreatic cancer), and metabolic diseases (in-
cluding type 1 and 2 diabetes) [2, 5–9].

According to the current consensus, serum concentration of 25-OH-D is used as a marker of 
vitamin D status [1]. Based on epidemiological studies, the European Calcified Tissue Society 
(ECTS) Working Group recognized serum total 25-OH-D below 20 ng/mL (50 nmol/L) as indicat-
ing vitamin D deficiency, a recommendation also valid for the Polish population [10]. According 
to the Endocrine Society [11], concentrations above 30 ng/mL up to 100 ng/mL (75–250 nmol/L) 
are considered sufficient. 

The proper absorption of dietary vitamin D, its metabolism and function requires adequate 
function of digestive tract (the small intestine, liver and pancreas). Low vitamin D status is ob-
served in cholestasis, cystic fibrosis, or alcoholism, and can be present in chronic pancreatitis 
[12]. The study of El-Mahdy et al. [13] linked VDR gene polymorphism (the predominance of 
TaqI rs731236 T allele and TT genotype) with increased odds of developing acute pancreatitis 
(AP). More VDR polymorphisms were also studied in this context by Cieślińska et al. [14] and 
reviewed by Li et al. in 2021 [15]. Huh et al. [2] have shown that the concentration of 25(OH)D3 
is significantly reduced in the days following the diagnosis of AP and is inversely correlated with 
the concentration of C-reactive protein. However, the relationship between low vitamin D levels 
and acute pancreatitis has not yet been conclusively explained. Serum 25-OH-D levels in AP may 
be influenced by the decrease in liver synthesis observed in the course of the inflammatory pro-
cess, and by the increased degradation of 25-OH-D mediated by CYP24A1 in the early phase of 
the disease. It has also been noted that an increase in vitamin D levels improves the function of 
the pancreas and its ability to produce insulin, although vitamin D supplementation in the acute 
phase is still strongly debated and requires further research [5, 16]. 

The aim of the study was to evaluate the concentrations of 25-OH-D at the early phase (the first 
three days) of AP, to assess the changes in vitamin D concentrations in that period, and to study 
the relationship with AP severity. 
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Materials and Methods

Study design and patients

The prospective observational study was consistent with the Declaration of Helsinki. The study 
protocol was approved by the Bioethics Committee of the Jagiellonian University in Cracow (Po-
land) (approval no. KBET/247/B/2013 issued on 13th November 2013).

The study included adult (≥18 years of age) patients admitted with the diagnosis of AP, treated 
in the Surgery Department of the District Hospital in Sucha Beskidzka in 2014 (January to De-
cember). The study included patients who were admitted no later than 24 hours from the onset of 
symptoms of AP and only those who signed the informed consent for the study. The diagnosis of 
AP was consistent with the revised Atlanta classification [17]. Patients with the following comor-
bidities: chronic pancreatitis, liver diseases, and kidney diseases were excluded. 

The study protocol of this observational study required blood sampling for non-standard lab-
oratory tests performed trice: at 24, 48 and 72 hours from the onset of AP symptoms. Otherwise, 
the patients underwent a standard care, according to the published guidelines [17]; the results of 
non-standard laboratory tests were not known for the team providing the care. 

The severity of AP was based on the revised Atlanta classification [17] which assigned pa-
tients to one of three subgroups: (1) mild acute pancreatitis (MAP) — patients without organ 
dysfunction or local complications during the hospital stay; (2) moderately severe acute pan-
creatitis (MSAP) — patients with transient (<48 hours) organ failure, local complications (acute 
peripancreatic fluid, pancreatic pseudocyst, acute necrotic collection, walled-off necrosis), or ex-
acerbation of comorbidities; and (3) severe acute pancreatitis (SAP) — patients with persistent 
(>48 hours) organ failure and ≥1 local complications [17, 18].

Laboratory tests

The routine laboratory tests, including the complete blood count (WBC), serum amylase, ala-
nine and aspartate aminotransferases (ALT and AST), glucose, bilirubin, urea, creatinine, cal-
cium, C-reactive protein (CRP), albumin, plasma fibrinogen, D-dimer and clotting times were 
performed on the day of blood sampling in the Medical Diagnostic Laboratory in Sucha Beskidz
ka, Poland. Serum 25-OH-D was measured with the electrochemiluminescence binding assay 
designed to determine the total concentrations of 25-hydroxyvitamin D using Cobas 6000 ana-
lyzer (Roche Diagnostics, Mannheim, Germany) in the Department of Diagnostics, University 
Hospital in Krakow, Poland. 

Statistical analysis

Quantitative data were summarized as mean ± standard deviation (SD) or median, lower quartile 
(Q1) and upper quartile (Q3), depending on distribution (normal or significantly different from 
normal in Shapiro–Wilk test, respectively). Number of patients (n) and percentage of the respec-
tive group was given for categories. The 25-OH-D concentrations and change in 25-OH-D were 
compared between subgroups of patients using Mann–Whitney test because of non-normal dis-
tributions of the variables. The 25-OH-D concentrations were compared between the time-points 
using Friedman test (a non-parametric comparison of dependent variables). Receiver operating 
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characteristic (ROC) curve analysis was used to determine the diagnostic accuracy and cut-off 
value of change in 25-OH-D in prediction of AP severity. The correlations between 25-OH-D con-
centrations and change were studied using Spearman rank correlation coefficient. The statistical 
tests were two-tailed. The results were considered significant at p <0.05. Statistica 13 data analysis 
software (Tibco Software Inc., Tulsa, OK, USA) was used for computations. 

Results

The study included 53 patients whose serum was available for 25-OH-D measurements (Table 1). 
Most patients (60%) had mild course of AP, despite the high percentage (57%) of patients with 
chronic comorbidities. The maximum BISAP score at admission was 4 points. In the course of AP, 
the pancreatic necrosis was observed in eight patients, and four were diagnosed with SAP. The 
length of hospital stay in the whole studied group was in range of 1–35 days. The overall mortality 
was low (3.8%): the two patients diagnosed with SAP died on the 27th and 31st day of hospital stay. 
The results of routine laboratory tests in the studied group (Table 2) showed abnormalities typical 
for the early phase of AP.

Table 1. Clinical characteristics of the studied patients with acute pancreatitis (AP).

Variable Patients with AP (n = 53)
Mean age ± SD, years 53.2 ± 18.1
Sex: male / female, n (%) 31 (58.5) / 22 (41.5)
AP etiology:  
Gallstones, n (%) 
Alcohol, n (%)
Hypertriglyceridemia, n (%)
Other / idiopathic, n (%)

20 (37.7)
18 (34.0)

4 (7.5)
11 (20.8)

AP severity: MAP / MSAP / SAP, n (%) 32 (60.4) / 17 (30.1) / 4 (7.5)
Median BISAP score on admission (Q1–Q3), points 2 (1–4)
BISAP >3 points, n (%) 8 (15.1)
SIRS, n (%) 23 (43.4)
Comorbidities, n (%)
Ischemic heart disease, n (%)
Obesity, n (%)
Diabetes, n (%)

30 (56.6)
14 (26.4)
7 (13.2)
5 (9.4)

Organ failure: transient / persistent, n (%) 7 (13.2) / 4 (7.5)
Pancreatic necrosis, n (%) 8 (15.1)
Median length of hospital stay (Q1–Q3), days 10 (7–15)
Mortality, n (%) 2 (3.8)

Abbreviations: BISAP — bedside index of severity in acute pancreatitis; MAP — mild acute pancreatitis; 
MSAP — moderately severe acute pancreatitis; SAP — severe acute pancreatitis; SIRS — systemic inflamma-
tory response syndrome; SD — standard deviation; Q1 — lower quartile; Q3 — upper quartile; n — number 
of patients
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At the beginning of the study (24 h from the onset of AP symptoms), serum 25-OH-D was low 
(i.e. below the concentration of 30 ng/mL, indicating sufficient vitamin D status) in 36 (67.9%) 
patients. We did not observe significant differences in the initial concentrations of 25-OH-D ac-
cording to the severity of AP. Also, there were no significant association between the initial status 
of vitamin D and patients’ age, comorbidities, or AP etiology. 

In the whole studied group, the concentrations decreased further at 48 h from the onset of 
AP (p <0.001) and stabilized thereafter (Table 2). However, the decrease was more evident in pa-
tients with more severe disease (MSAP or SAP; pancreatic necrosis), and in those patients, serum 
25-OH-D concentrations at 72 h from the onset of AP were lower that at 24 or 48 h (Fig. 1). At 
72 h, serum 25-OH-D was significantly lower among patients who developed pancreatic necrosis 

Table 2. The results of laboratory tests in the studied group of 53 patients with acute pancreatitis (AP) at 24, 
48, and 72 h from the onset of AP symptoms. 

Laboratory test 24 hours 48 hours 72 hours Reference 
interval

25-OH-D, ng/mL 26.3 (18.4–31.40) 20.3 (14.8–26.9) 20.6 (14.1–26.3) 30.0–80.0
Amylase, U/L 1046 (411–1909) 162 (94–375) 84 (57–136) 62–220
ALT, U/L 169.5 (53.6–526.4) 86.0 (32.8–230.6) 72.0 (27.0–127.5) 10.0–37.0
AST, U/L 128.5 (65.0–313.5) 59.0 (34.0–90.2) 37.0 (25.9–57.0) 10.0–37.0
Bilirubin, μmol/L 33.6 (19.5–56.3) 24.8 (16.4–35.2) 18.7 (7.35–120.5) 0–21.0
Glucose, mmol/L 7.77 (4.61–15.71) 5.27 (2.94–12.61) 5.07 (13.20–32.20) 3.30–5.60
Total calcium, mmol/L 2.21 (1.99–2.36) 2.09 (2.00–2.33) 2.13 (2.01–2.31) 2.02–2.61
Urea, mmol/L 5.04 (3.33–6.88) 4.07 (2.86–6.00) 4.30 (3.37–5.22) 2.76–8.07
Creatinine, µmol/L 71.4 (64.4–94.0) 67.4 (57.2–77.1) 65.9 (55.3–74.3) 45.0–97.0
PT, s 13.8 (12.9–15.3) 14.6 (13.7–16.2) 14.5 (13.9–15.2) 10.4–13.0
APTT, s 26.1 (23.1–28.8) 32.8 (28.5–39.5) 33.4 (30.0–36.5) 26.0–36.0
D-dimer, mg FEU/L 1.67 (0.95–3.68) 3.96 (1.31–6.41) 3.78 (1.06–7.27) <0.55
Fibrinogen, g/L 2.73 (2.22–5.10) 4.30 (3.34–6.00) 5.21 (3.77–7.41) 2.0–4.0
CRP, mg/L 13.8 (5.0–75.5) 169.4 (52.4–292.5) 173.4 (48.0–282.5) <5.0
Albumin, g/L 41.4 (35.4–45.5) 37.8 (31.7–40.7) 34.7 (27.9–41.9) 35.0–50.0
WBC, × 103/µL 12.98 (9.55–15.67) 9.62 (6.82–12.53) 7.79 (6.44–11.15) 4.0–10.0
Neutrophils, × 103/µL 3.24 (7.66–14.06) 6.58 (5.03–10.61) 6.34 (4.60–8.87) 1.8–8.0
Lymphocytes, × 103/µL 1.17 (0.73–1.69) 1.17 (0.75–1.65) 1.30 (0.82–1.80) 1.0–5.0
Monocytes, × 103/µL 0.58 (0.44–0.76) 0.65 (0.47–0.96) 0.66 (0.51–0.82) 0.03–0.80

Hematocrit, % 44.1 (41.3–46.6) 40.4 (36.8–42.8) 38.4 (35.9–40.6) W: 37–47;
M: 40–54

Platelets, × 103/µL 200 (171–242) 170 (138–201) 184 (137–221) 150–350

Abbreviations: 25-OH-D — total 25-hydroxyvitamin D; ALT — alanine aminotransferase; APTT — acti-
vated partial thromboplastin time; AST — aspartate aminotransferase; CRP — C-reactive protein; FEU — 
fibrinogen equivalent units; PT — prothrombin time; WBC — white blood cell count
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Fig. 1. Serum concentrations of total 25-hydroxyvi-
tamin D (25-OH-D) in patients with early phase of 
acute pancreatitis (AP) over the course of the study 
(first 72 hours from the onset of AP symptoms). 
Time from the onset of AP symptoms is denoted 
with different colors of the boxes: white — 24  h, 
light grey — 48 h and dark grey — 72 h. Data are 
shown as median (central bar), interquartile range 
(box), non-outlier range (whiskers) and outliers 
(points). Significant differences between the groups 
and time-points are shown on the graphs. Pan-
el  A compares patients with mild (MAP) versus 
moderately severe to severe AP (MSAP or SAP). 
Panel B compares patients without and with pan-
creatic necrosis.

during the hospital stay as compared to those without necrosis (p = 0.019; Fig. 1B). Moreover, the 
change in 25-OH-D concentrations between 24 and 72 h from the onset of symptoms was signifi-
cantly higher among patients with MSAP to SAP comparing to those with MAP (median change 
of 5.65 versus 3.45 ng/mL, respectively; p = 0.032; Fig. 2). The change of more than 3.58 ng/mL 
predicted moderately severe to severe AP with a high sensitivity of 90%, although relatively low 
specificity of 54% (Fig. 2).

Serum 25-OH-D concentrations correlated positively with monocyte count at 24 h (R = 0.36; 
p = 0.020), with total calcium at 72 h (R = 0.33; p = 0.042), and negatively with serum amylase 
at 72 h (R = –0.30; p = 0.046). Otherwise, we did not observe significant correlations of serum 
25-OH-D with the results of routine laboratory tests. To the contrary, the change in 25-OH-D 
concentrations (calculated as the concentration at 24 h minus the concentration at 72 h) correlat-
ed positively with inflammatory markers (CRP, WBC, neutrophil and monocyte counts), hemato-
crit (at 24 h) and plasma D-dimer (Table 3). Also, larger decrease in 25-OH-D was associated with 
lower total calcium at 48 h as well as with lower platelet count at 24 and 72 h (Table 3). Moreover, 
the change in 25-OH-D concentrations correlated significantly with the length of hospital stay 
(R = 0.34; p = 0.021). Larger decrease in 25-OH-D between 24 and 72 h was associated with in-
creasing severity in Atlanta classification (MAP, MSAP, SAP): R = 0.31; p = 0.032.
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Discussion

Our study assessed vitamin D status in patients with early phase of AP. Although we failed to show 
significant association between the initial vitamin D status (at 24 h from the onset of symptoms) 
with patients’ characteristics or with subsequent AP severity, we observed higher decrease in 
25-OH-D concentrations in subsequent two days among patients who were eventually diagnosed 

Fig. 2. Panel A: The change in total 25-hydroxyvitamin D (25-OH-D) concentrations (calculated as: serum 
25-OH-D at 24 h from the onset of AP symptoms minus serum 25-OH-D at 72 h) among patients with 
mild acute pancreatitis (MAP) as compared to moderately severe or severe disease (MSAP or SAP). Panel B: 
Receiver operating characteristic (ROC) curve for the change in serum 25-OH-D (24–72 h) in prediction of 
MSAP or SAP. The selected cut-off is shown on the graph. The area under the ROC curve (AUC) is shown 
together with 95% confidence interval (in brackets). 

Table 3. Statistically significant correlations between the change in total 25-hydroxyvitamin D (25-OH-D) 
concentrations during the study (calculated as: serum 25-OH-D at 24 h from the onset of AP symptoms 
minus serum 25-OH-D at 72 h) and the results of routine laboratory tests performed at each time point (24, 
48 and 72 h from the onset of symptoms) in the whole studied group of 53 patients with acute pancreatitis.

Laboratory test
24 hours 48 hours 72 hours

R p R p R p
Total calcium NS –0.35 0.021 NS
D-dimer NS 0.48 <0.001 0.48 <0.001
CRP NS 0.47 <0.001 0.42 0.004
WBC NS 0.35 0.016 0.38 0.008
Neutrophils NS 0.39 0.009 0.37 0.012
Monocytes NS NS 0.33 0.029
Hematocrit 0.40 0.005 NS NS
Platelets –0.31 0.033 NS –0.35 0.016

Abbreviations: CRP — C-reactive protein; NS — non-significant result; WBC — white blood cell count
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with more severe AP (MSAP or SAP). This led to lower 25-OH-D concentrations observed at 72 h 
from the onset of AP in patients who subsequently developed pancreatic necrosis. The decrease 
in 25-OH-D concentrations during the first three days of AP was significantly correlated with 
inflammatory markers. 

In previous studies, serum 25-OH-D level was inversely associated with the severity of AP 
and inflammatory markers such C-reactive protein (CRP) [2, 4, 15]. It has been noted that in the 
course of acute inflammation, including AP, there may be accelerated degradation of 25-OH-D 
mediated by CVP24A1 (24-hydroxylase) and a significant decrease in the synthesis of 25-OH-D 
in the liver; these observations led some authors to compare vitamin D to negative acute phase 
reactants [5]. However, decreased total 25-OH-D concentrations in acute inflammation may to 
some extend reflect the decrease in binding proteins including albumin [1]. In our study, over 
two thirds of patients had initial 25-OH-D concentrations below 30 ng/mL (75 nmol/L). This is 
similar to the study of Tilg et al. [19], who showed that on the first day of AP, 23% of patients pre-
sented a severe vitamin D deficit (25-OH-D <13 nmol/L), in about 20% the concentration were in 
range of 13–25 nmol/L, and in 40% in the range of 26–50 nmol/L [19]. The most common causes 
of AP are the diseases of the bile ducts and excessive alcohol consumption [17]. We expected 
vitamin D deficiency in patients with alcohol etiology of AP, associated with a broader spectrum 
of nutritional deficiencies in such patients. Also, cholestasis may lead to worsened absorption of 
this fat-soluble vitamin in the intestine. It should also be noted that epidemiological studies have 
shown a widespread vitamin D deficiency in Eastern-European (including Polish) population, 
which is considered to be caused by insufficient dietary supply, avoidance of sunlight, and im-
paired skin synthesis or insufficient metabolism to active forms in chronic diseases [10].

Although we have not observed the correlation between initial vitamin D status with AP sever-
ity, our results indicate the associations between the decrease in 25-OH-D over the early phase of 
AP and several known markers of unfavorable prognosis in AP. In our patients, higher decrease 
in 25-OH-D was associated with lower total calcium. At 72 h, the 25-OH-D concentrations were 
positively correlated with total calcium. The relationship between vitamin D concentration and 
calcium metabolism is well understood. However, severe AP is associated with a decrease in total 
calcium, resulting from several processes: decreased binding by serum albumin (a negative acute 
phase protein), catecholamine-mediated translocation to cells (including pancreatic cells), or 
binding with fatty acids and precipitation of soaps [20, 21]. Low calcium level is a known predictor 
of SAP [4]. In 2017, Peng et al. [21] showed that total calcium concentration below 1.97 mmol/L 
predicts persistent organ failure in AP with almost 90% sensitivity. On the other hand, hypercal-
cemia (also resulting from vitamin D intoxication) may be a trigger for AP and increased intracel-
lular calcium levels are involved in the pathomechanism of pancreatic injury [20, 22]. 

In our study, higher decrease in 25-OH-D was associated with higher hematocrit at 24 h from 
the onset of AP. High hematocrit (>44%) at admission indicates early hemodynamic abnormali-
ties in AP and is a known predictor of severe course of AP [23]. Also, in our study, higher decrease 
in 25-OH-D was associated with higher D-dimer level and lower platelets. Both high D-dimers 
and low platelets are associated with prothrombotic endothelial dysfunction which plays a role in 
the development of systemic complications and organ failure in AP [24].

Recent decades brought the evidence that vitamin D is involved not only in the metabolic 
processes of bone remodeling, but also in immunological processes and anti-inflammatory and 
anti-cancer effects [2, 6]. Epigenetic, transcriptomic and proteomic studies revealed biological 
mechanisms mediated by vitamin D, associated with cell differentiation, proliferation, neoplastic 
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transformation and death of cancer cells [6]. Vitamin D has anti-inflammatory effects and the 
its deficits are associated with acute and chronic inflammatory conditions [3, 7]. Yet, most large 
studies failed to show a clear advantage of vitamin D supplementation in chronic and acute in-
flammatory conditions [1, 3]. 

Our study has several limitations. Most importantly, the studied group was relatively small, 
therefore, our study might have missed weak associations. This may be the main reason why we 
failed to observe the association between the initial vitamin D status and the clinical charac-
teristics of our patients (e.g. chronic comorbidities or age). On the other hand, our study only 
recruited patients in the first 24 hours from the onset of AP symptoms, which may be the reason 
why we did not observe the association between initial 25-OH-D concentrations and AP severity. 
Some discrepancies between our results and the previous studies may also be explained by the 
differences in laboratory test used to assess vitamin D status. Despite significant methodological 
improvement, some important analytical issues implicating differences in results obtained with 
various methodologies have not been solved [1].

In conclusion, our study confirms the association of decreased 25-OH-D concentrations with 
the severity of AP as an acute inflammatory disease. At the same time, our results suggest that 
25-OH-D concentration (or the change in its concentrations) cannot serve as an early predictor of 
severe course of AP, since a significant decrease in 25-OH-D occurs relatively late (72 h from the 
onset of AP symptoms). Considering the literature data, there is need for further studies to fully 
explain the changes in vitamin D metabolism in acute inflammation, and the possibilities of clinical 
interventions utilizing the anti-inflammatory potential of vitamin D metabolites in such diseases.
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