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Vitamin D deficiency predicts severe
acute pancreatitis

Ji Hye Huh, Jae Woo Kim and Kyong Joo Lee

Abstract
Background: The ability to predict the severity of disease is important to reduce morbidity and mortality in patients with

acute pancreatitis (AP). Vitamin D deficiency has been associated with severity in various diseases.

Objective: This study was conducted to assess vitamin D as a predictor of disease severity in patients with AP.

Methods: Patients with AP were prospectively enrolled at Yonsei University Wonju College of Medicine from March 2015 to

September 2017. Serum vitamin D was analyzed as soon as AP was diagnosed. The level of vitamin D was classified as

normal (>20 ng/ml), insufficient (>10 and �20 ng/ml) or deficient (�10 ng/ml).

Results: Among 242 patients with AP, the prevalence of vitamin D deficiency was 56.2%, and 28.5% of patients had vitamin

D insufficiency. Serum vitamin D level was negatively correlated with severity indexes, such as the Atlanta classification,

Computed Tomography Severity Index, Bedside Index for Severity of Acute Pancreatitis, and Ranson score. The prevalence of

vitamin D deficiency increased with severity of AP according to the Atlanta classification. Vitamin D deficiency was the

independent factor for predicting severe AP (OR 5.37, 95% CI 1.13–25.57, p¼ 0.015) and intensive care unit admission (OR

3.09, 95% CI 1.24–7.69, p¼ 0.035).

Conclusion: Vitamin D deficiency is associated with increased severity of AP and is a predictor for intensive care unit

admission.
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Key summary
. There is no study investigating the relationship between vitamin D deficiency and severity of acute pan-

creatitis (AP).
. This is the first study to reveal an independent association between vitamin D status and severity of AP.
. This study showed lower blood vitamin D is a risk factor for intensive care unit admission and severity of

disease in patients with AP.

Introduction

Acute pancreatitis (AP) is an inflammatory process that
causes local and systemic inflammatory response syn-
drome. The incidence of AP is increasing worldwide,
and the disease is associated with high morbidity and
mortality.1,2 Most patients with AP experience a mild
disease course, but 20% of patients develop moderately
severe or severe AP (SAP).1,3 The mortality due to AP
is approximately 13% in patients with sterile necrosis
and 15% to 35% in patients with infected necrosis.3

Therefore, early recognition of the severity of AP is

very important to optimize intensive therapy and
improve outcomes.4

Several scoring systems such as Ranson score, Acute
Physiology and Chronic Health Examination II
(APACHE II) score, computed tomography severity
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index (CTSI), and Bedside Index for Severity in Acute
pancreatitis (BISAP) have been developed to identify
the severity of AP.5–8 The Atlanta classification was
revised in 2012 (Atlanta 2012).9 In addition, individual
underlying comorbidities such as metabolic syndrome
and diabetes mellitus were related to the severity of
disease.10,11 Recent studies have shown that inflamma-
tory markers such as apolipoprotein B/A-I ratio, neu-
trophil-to-lymphocyte ratio and platelet-to-lymphocyte
ratio were related to AP severity.12,13

Vitamin D3 (cholecalciferol) is a secosteroid hor-
mone that affects bone metabolism and also has
immunologic properties. Vitamin D insufficiency is
common worldwide, and the prevalence of vitamin D
insufficiency has been reported to be 47.3% in males
and 64.5% in females in Korea.14,15 The presence of
vitamin D receptors in other tissues and organs sug-
gests that vitamin D physiology extends well beyond
bone homeostasis.16 Vitamin D seems to play a role
in chronic inflammatory disease, including cardiovascu-
lar diseases, diabetes mellitus, cancer, infections and
autoimmune diseases.17 A few studies have reported
the possible role of vitamin D deficiency in chronic
and acute pancreatitis.18 However, there has been no
study investigating the relationship between vitamin D
deficiency and severity of AP.

In this study, we aimed to determine the prevalence
of vitamin D deficiency in patients admitted to a ter-
tiary care center with AP and to assess the severity of
AP according to vitamin D level.

Materials and methods

Patients

This was a prospective study of patients with AP in
Yonsei University Wonju College of Medicine from
March 2015 to September 2017. AP was diagnosed
based on the presence of two of the following three
features:9 (1) typical abdominal pain, (2) serum amylase
and/or lipase� 3 times the upper normal limit and
(3) radiologic findings. Peripheral blood samples were
obtained on admission. Hemoglobin, hematocrit, white
blood cell count, calcium, phosphorus, blood urea
nitrogen, creatinine, lactate dehydrogenase, aspartate
aminotransferase, C-reactive protein (CRP) and arter-
ial blood gas analysis were measured at the time of
admission. Hypertension and diabetes mellitus were
checked by medical examination and body mass index
(BMI) was calculated. Abdominal computed tomog-
raphy (CT) scan was performed in all patients upon
admission to differentiate AP from other diseases.
Once AP was diagnosed, scoring systems, such as the
Ranson score, CTSI and BISAP, were applied. Vitamin
D level was measured within 24 hours of admission as

serum 25-hydroxyvitamin D3 (25-(OH)D3) using a
radioimmunoassay kit (DiaSorin, Stillwater, MN,
USA). Vitamin D deficiency was defined as a
25-(OH)D3 level less than 10 ng/ml. A 25-(OH)D3

level of 10 to 19 ng/ml was defined as vitamin D insuf-
ficiency, and a level �20 ng/ml was considered to indi-
cate a sufficient level of vitamin D.19 The severity of AP
was assessed according to the Atlanta 2012 criteria and
classified as mild, moderately severe or severe.9 Mild
AP is defined by the absence of organ failure (OF)
and local or systemic complications. Moderately
severe AP is described as transient OF that resolves
within 48 hours and is accompanied by local or sys-
temic complications. SAP is described as persistent
OF. Endoscopic retrograde cholangiopancreatography
was performed when gallstone pancreatitis was
diagnosed. The study protocol was approved by the
international review board for human research
(CR315005-002) of Yonsei University Wonju College
of Medicine on June 18, 2015. Formal consent was
obtained from all patients.

Statistical analysis

Categorical variables were presented as the frequency
and percentage. Continuous variables were presented as
the mean (�SD) or median with range. One-way ana-
lysis of variance (ANOVA) or chi-squared test was used
to compare the scoring systems and number of inten-
sive care unit (ICU) admissions according to serum
vitamin D level. The Pearson rank method was used
to evaluate the correlation between serum vitamin D
level and scoring system. We calculated the odds
ratios (ORs) and confidence intervals (CIs) for having
SAP and ICU admission using a multivariable logistic
regression analysis after adjustment for confounding
variables. A p< 0.05 was considered statistically signifi-
cant. All statistical analysis was performed using
SPSS version 21.0 for Windows (SPSS Inc, Chicago,
IL, USA).

Results

Study population

A total of 242 patients were enrolled in this study.
Table 1 shows the baseline characteristics of all
patients. The etiology of AP included gallstones
(52.5%), alcohol consumption (36%), hypertriglyceri-
demia (5%) and idiopathic (6.6%). The number of
patients with hypertension and diabetes mellitus was
89 (36.8%) and 69 (28.5%), respectively. The mean
BMI was 24.4� 4.5 kg/m2. According to the Atlanta
2012 classification system, 162 patients (66.9%) were
diagnosed with mild AP, 63 (26%) with moderately
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severe AP, and 17 (7%) with SAP. The median Ranson
score was 2 (range, 0–7), median CTSI was 2 (range,
0–8) and median BISAP was 1 (range, 0–5). The
median hospital stay was five days (range, 1–57), and
the total number of ICU admissions was 36 (14.9%).
There were four mortalities (1.7%) among all of the AP
patients enrolled in the study. The mean value of CRP
was 4.6� 6.5mg/dl. The mean serum level of
25-(OH)D3 was 11.8� 8.2 ng/ml.

Vitamin D level and severity of pancreatitis

The prevalence of vitamin D insufficiency and defi-
ciency in patients with AP were 28.5% and 56.2%,
respectively. The severity of AP was classified by scor-
ing systems such as the CTSI, Ranson and BISAP. The
prevalence of CTSI greater than 3 and BISAP greater
than 3 was significantly higher in the group of patients
with vitamin D deficiency (Table 2). The prevalence of
vitamin D deficiency was significantly increased with
severity of AP according to the Atlanta classification
(Figure 1). The number of ICU admissions was high in
the group of patients with vitamin D deficiency. The
serum level of 25-(OH)D3 was negatively correlated
with the Atlanta classification, CTSI, Ranson score,
BISAP and CRP level (Table 3).

Predictive factors affecting ICU admission
and SAP

Initially, we investigated the predictive factors for ICU
admission among all patients with AP. In univariate
analysis, alcohol, BMI and vitamin D deficiency were
related with ICU admission. Vitamin D deficiency was
the only independent predictive factor for ICU admis-
sion (OR, 3.09; 95% CI, 1.24–7.69; p¼ 0.015, Table 4).

Table 1. Baseline characteristics of all patients.

Variants N¼ 242

Gender (male:female) 162 (66.9%):

80 (33.1%)

Age, years 58.8� 18.1

Etiology of acute pancreatitis

Gallstone 127 (52.5%)

Alcohol 87 (36%)

Hypertriglyceridemia 12 (5%)

Idiopathic 16 (6.6%)

Smoking 95 (39.3%)

Hypertension 89 (36.8%)

Diabetes mellitus 69 (28.5%)

Body mass index, kg/m2 24.4� 4.5

Atlanta classification (2012)

Mild 162 (66.9%)

Moderately severe 63 (26%)

Severe 17 (7%)

Ranson (median) 2 (range, 0–7)

CTSI (median) 2 (range, 0–8)

BISAP (median) 1 (range, 0–5)

Hospital stay, days (median) 5 (range, 1–57)

Intensive care unit admission 36 (14.9%)

Mortality 4 (1.7%)

Laboratory findings

C-reactive protein, mg/dl 4.6� 6.5

25-(OH)D3, ng/ml 11.8� 8.2

Calcium, mg/dl 8.5� 0.9

Phosphorus, mg/dl 3.1� 1.7

25-(OH)D3: 25-hydroxyvitamin D3; BISAP: Bedside Index for Severity in

Acute Pancreatitis; CTSI: Computed Tomography Severity Index.

Results are presented as mean� standard deviation or median.

Table 2. Scoring systems and severity of acute pancreatitis according to vitamin D level.

Normal

(n¼ 37)

Insufficiency

(n¼ 69)

Deficiency

(n¼ 136) p value

CTSI� 3 3 (8.1%) 16 (23.5%) 52 (38.2%) 0.001

Ranson� 3 16 (43.2%) 29 (42.6%) 57 (42.2%) 0.993

BISAP� 3 3 (8.1%) 6 (8.7%) 29 (21.3%) 0.025

Atlanta classification 0.001

Mild 30 (81.1%) 56 (81.2%) 76 (55.9%)

Moderately severe 6 (16.2%) 12 (17.4%) 45 (33.1%)

Severe 1 (2.7%) 1 (1.4%) 15 (11%)

C-reactive protein, mg/dl 2.5� 3.1 3.3� 5.0 5.8� 7.6 0.004

Intensive care unit 4 (10.8%) 4 (5.8%) 28 (20.6%) 0.014

BISAP: Bedside Index for Severity in Acute Pancreatitis; CTSI: Computed Tomography Severity Index.
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Subsequently, we studied the predictive factors for
SAP. Vitamin D deficiency and CRP were the predict-
ive factors for SAP (OR, 5.37; 95% CI, 1.13–25.57;
p¼ 0.035 and OR, 1.07; 95% CI, 1.01–1.13; p¼ 0.047,
respectively, Table 5).

Discussion

In this study, we evaluated the correlation between
25-(OH)D3 level and AP severity. Serum 25-(OH)D3

level was inversely related with the severity of AP as
well as inflammatory markers (e.g. CRP). Moreover,
we found that lower serum 25-(OH)D3 level is a pre-
dictor for ICU admission and SAP independent of
traditional risk factors for SAP. To our knowledge,
this is the first study to reveal an independent associ-
ation between vitamin D status and severity of AP.

AP involves an initial inflammatory reaction within
the pancreas. Subsequently, inflammatory cytokines
induce hepatic synthesis of acute-phase proteins and
mediate distant OF in the setting of SAP. Considering
the known relationship between 25-(OH)D3 and acute
inflammation,20 several recent studies have demon-
strated that serum vitamin D levels were low in acute
pancreatitis. Parrish et al. showed that up to 74.4% of
their patients had blood 25-(OH)D3 level less than
20 ng/ml, and approximately 34% of their patients
had severe vitamin D deficiency with blood
25-(OH)D3 levels less than 10 ng/ml.21 Similarly, Bang
et al. found that up to 40% of patients with AP had
severe vitamin D deficiency at the time of admission.18

However, these previous studies did not investigate the
association between vitamin D deficiency and prognosis
of AP. Although the independent role of vitamin D in
the immunologic and inflammatory processes is well
known, there have been few studies to investigate
the association between vitamin D deficiency and prog-
nosis of AP.

In the current study, we observed that vitamin D
deficiency is closely associated with ICU admission

Table 4. Association between vitamin D deficiency and intensive

care unit admission.

OR p valuea OR 95% CI p valueb

Gender (male) 2.27 0.065 1.74 0.63–4.78 0.278

Age 0.99 0.828 1.01 0.98–1.04 0.382

Gallstone 0.21 <0.001 0.25 0.06–1.05 0.059

Alcohol 4.54 <0.001 1.9 0.51–7.11 0.338

Smoking 1.91 0.075 0.83 0.31–2.22 0.712

Hypertension 1.27 0.510 1.72 0.65–4.58 0.272

Diabetes mellitus 1.75 0.138 1.53 0.63–3.73 0.351

Body mass index 0.9 0.033 0.93 0.84–1.03 0.170

C-reactive protein 1.04 0.071 1.02 0.96–1.07 0.411

Vitamin D

(deficiency)

3.18 0.006 3.09 1.24–7.69 0.015

CI: confidence interval; OR: odds ratio.
aUnivariate analysis was performed.
bMultivariate analysis was performed.

Table 5. Association between vitamin D deficiency and severe

acute pancreatitis.

OR p valuea OR 95% CI p valueb

Gender (male) 1.20 0.741 1.20 0.34–4.25 0.775

Age 0.99 0.944 1.02 0.97–1.06 0.345

Gallstone 0.35 0.057 0.23 0.04–1.31 0.098

Alcohol 2.12 0.137 0.87 0.16–4.55 0.870

Smoking 1.09 0.866 0.57 0.15–2.16 0.412

Hypertension 0.93 0.895 0.79 0.22–2.72 0.710

Diabetes mellitus 1.84 0.236 1.68 0.53–5.28 0.369

Body mass index 0.96 0.491 0.97 0.85–1.11 0.977

C-reactive protein 1.08 0.007 1.07 1.01–1.13 0.047

Vitamin D

(deficiency)

6.44 0.015 5.37 1.13–25.57 0.035

CI: confidence interval; CRP: C-reactive protein; OR odds ratio.
aUnivariate analysis was performed.
bMultivariate analysis was performed.
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Figure 1. The prevalence of vitamin D deficiency in acute

pancreatitis according to the Atlanta classification.

Table 3. Correlation between serum vitamin D and scoring

systems.

Statistics Atlanta CTSI Ranson BISAP CRP

25-(OH)D3

R �0.252 �0.230 �0.148 �0.150 �0.223

p <0.001 <0.001 0.022 0.019 <0.001

25-(OH)D3: 25-hydroxyvitamin D3; BISAP: Bedside Index for Severity in

Acute Pancreatitis; CRP: C-reactive protein; CTSI: Computed Tomography

Severity Index.

Pearson rank method was used.
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and SAP. This association was independent of other
traditional factors for SAP. This finding suggests that
serum 25-(OH)D3 level at admission may be a useful
marker for predicting the severity of AP. Possible
mechanisms underlying the association between lower
25-(OH)D3 level and SAP may be explained as follows.
Activated macrophages in the inflamed pancreas
may convert 25-(OH)D3 to 1,25-(OH)2D3 through a
25-hydroxyvitamin D-1a-hydroxylase (CYP27B1)-cat-
alyzed reaction. Subsequently, 1,25-(OH)2D3 stimulates
the activation of the nuclear vitamin D receptor,
resulting in the expression of CYP24A1. Hummel
et al. showed that the expressions of vitamin D receptor
and CYP24A1 increased in diseased pancreatic tissue.22

CYP24A1 causes the degradation of 25-(OH)D3 and
1,25-(OH)2D3 in the inflamed pancreas to inhibit an
increase in the blood level of 1,25-(OH)2D3 to prevent
the development of hypercalcemia, which would
exacerbate the inflammatory condition.23 Bang et al.
found that the blood level of 25-(OH)D3 significantly
and progressively decreased in a linear fashion from
day 0 to day 2 in patients with AP. This decrease was
associated with increasing CRP concentration in the
blood.18 Similarly, our study also demonstrated that
CRP was negatively associated with serum 25-(OH)D3

level, indicating that the AP inflammatory condition is
intimately associated with a significant reduction in the
serum 25-(OH)D3 level. Therefore, it is reasonable to
consider both 25-(OH)D3 and 1,25-(OH)2D3 as nega-
tive acute-phase reactants, specifically in the context
of AP of various etiologies. In addition, a decrease of
ionized calcium in patients with SAP increases the
secretion of parathyroid hormone, which increases the
nephrogenic metabolism of 25-(OH)D3

24.
The current study has several limitations, the first of

which is the study design. Although this study had a
prospective design, there is a possibility of selection
bias. All study participants were identified from one
hospital, and most patients were older adults.
Therefore, the individuals included in our study may
have been more likely to be vitamin D deficient. In
addition, the more severe patients were transferred to
our university hospital, and patients with a higher risk
for SAP were included in our study group. Another
limitation was that serum 25-(OH)D3 levels were
measured only one time during various seasons.
Furthermore, we did not collect data on sunlight expos-
ure and types of food intake, which can affect serum
25-(OH)D3 levels. Third, given the cross-sectional study
design, a causal relationship of vitamin D in AP could
not be disclosed. Lastly, the long-term outcomes of AP
were not evaluated according to the serum 25-(OH)D3

levels. Nevertheless, the results of our study have useful
clinical implications in suggesting that, in addition to
other known predictive factors such as CRP, diabetes

and BMI, vitamin D deficiency might be considered as
an independent risk factor for predicting the outcome
of SAP. In addition, vitamin D is a convenient and
simple biomarker for predicting SAP. Furthermore,
this is the first study to extensively investigate
the potential impact of vitamin D on the clinical out-
comes of AP.

In conclusion, we demonstrated that lower blood
vitamin D is a risk factor for ICU admission and sever-
ity of disease in patients with AP. This finding suggests
that vitamin D status in individuals might be helpful to
predict the prognosis of AP. Further prospective cohort
or randomized trials are warranted to confirm our find-
ings and to gain in-depth insight into the role of vitamin
D in AP prognosis.

Declaration of conflicting interests

None declared.

Funding

This work was supported by a National Research Foundation
of Korea (NRF) grant funded by the Korean government
(MSIP) (No. NRF-2016R1C1B1007909) and a grant

from the Kangwon branch of the Korean Society of
Gastrointestinal Endoscopy.

Ethics approval

The study protocol was based on the Declaration of Helsinki

and approved by the international review board for human
research (CR315005-002) of Yonsei University Wonju
College of Medicine on June 18, 2015.

Informed consent

Formal consent was obtained from all patients.

ORCID iD

Kyong Joo Lee http://orcid.org/0000-0002-9175-9164

References

1. Tenner S, Baillie J, DeWitt J, et al. American College of

Gastroenterology guideline: Management of acute pan-

creatitis. Am J Gastroenterol 2013; 108: 1400–1415; 1416.

2. Roberts SE, Morrison-Rees S, John A, et al. The incidence

and aetiology of acute pancreatitis across Europe.

Pancreatology 2017; 17: 155–165.
3. van Dijk SM, Hallensleben NDL, van Santvoort HC, et al.

Acute pancreatitis: Recent advances through randomised

trials. Gut 2017; 66: 2024–2032.
4. Lee KJ, Kim HM, Choi JS, et al. Comparison of predictive

systems in severe acute pancreatitis according to the

revised Atlanta classification. Pancreas 2016; 45: 46–50.
5. Ranson JH, Rifkind KM, Roses DF, et al. Objective early

identification of severe acute pancreatitis. Am J

Gastroenterol 1974; 61: 443–451.

94 United European Gastroenterology Journal 7(1)

http://orcid.org/0000-0002-9175-9164
http://orcid.org/0000-0002-9175-9164


6. Larvin M and McMahon MJ. APACHE-II score for
assessment and monitoring of acute pancreatitis. Lancet
1989; 2: 201–205.

7. Balthazar EJ, Robinson DL, Megibow AJ, et al. Acute
pancreatitis: Value of CT in establishing prognosis.
Radiology 1990; 174: 331–336.

8. Wu BU, Johannes RS, Sun X, et al. The early prediction

of mortality in acute pancreatitis: A large population-
based study. Gut 2008; 57: 1698–1703.

9. Banks PA, Bollen TL, Dervenis C, et al. Classification of

acute pancreatitis—2012: Revision of the Atlanta classi-
fication and definitions by international consensus. Gut
2013; 62: 102–111.

10. Mikolasevic I, Milic S, Orlic L, et al. Metabolic syndrome
and acute pancreatitis. Eur J Intern Med 2016; 32: 79–83.

11. Huh JH, Jeon H, Park SM, et al. Diabetes mellitus is

associated with mortality in acute pancreatitis. J Clin
Gastroenterol 2018; 52: 178–183.

12. Cho SK, Jung S, Lee KJ, et al. Neutrophil to lymphocyte
ratio and platelet to lymphocyte ratio can predict the

severity of gallstone pancreatitis. BMC Gastroenterol
2018; 18: 18.

13. Huh JH, Jung S, Cho SK, et al. Predictive value of apo-

lipoprotein B and A-I ratio in severe acute pancreatitis.
J Gastroenterol Hepatol 2018; 33: 548–553.

14. Choi HS, Oh HJ, Choi H, et al. Vitamin D insufficiency

in Korea—a greater threat to younger generation: The
Korea National Health and Nutrition Examination
Survey (KNHANES) 2008. J Clin Endocrinol Metab
2011; 96: 643–651.

15. Choi HS. Vitamin D status in Korea. Endocrinol Metab
(Seoul) 2013; 28: 12–16.

16. DeLuca HF. Overview of general physiologic features
and functions of vitamin D. Am J Clin Nutr 2004; 80(6
Suppl): 1689S–1696S.

17. Holick MF. Vitamin D deficiency. N Engl J Med 2007;
357: 266–281.

18. Bang UC, Novovic S, Andersen AM, et al. Variations in
serum 25-hydroxyvitamin D during acute pancreatitis:

An exploratory longitudinal study. Endocr Res 2011; 36:
135–141.

19. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al.

Evaluation, treatment, and prevention of vitamin D defi-
ciency: An Endocrine Society clinical practice guideline.
J Clin Endocrinol Metab 2011; 96: 1911–1930.

20. Bertoldo F, Pancheri S, Zenari S, et al. Serum
25-hydroxyvitamin D levels modulate the acute-phase
response associated with the first nitrogen-containing

bisphosphonate infusion. J Bone Miner Res 2010; 25:
447–454.

21. Parrish C, Krenitsky J and Stauffer C. Preliminary results
of vitamin D status in patients admitted to a tertiary care

center with pancreatitis. Nutr Clin Pract 2009; 24:
138–139.

22. Hummel D, Aggarwal A, Borka K, et al. The vitamin D

system is deregulated in pancreatic diseases. J Steroid
Biochem Mol Biol 2014; 144(Pt B): 402–409.

23. Adams JS and Hewison M. Extrarenal expression of the

25-hydroxyvitamin D-1-hydroxylase. Arch Biochem
Biophys 2012; 523: 95–102.

24. Bikle DD, Gee E, Halloran B, et al. Assessment of the
free fraction of 25-hydroxyvitamin D in serum and its

regulation by albumin and the vitamin D-binding pro-
tein. J Clin Endocrinol Metab 1986; 63: 954–959.

Huh et al. 95


