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Abstract
Background: Chronic pancreatitis (CP) patients frequently experience malabsorption and maldigestion, leading to micronutrient
and macronutrient deficiencies. Comorbid diabetes and lifestyle habits, such as alcohol consumption, may impact nutrition status.
Methods: We compared micronutrient antioxidant, bone metabolism, serum protein, and inflammatory marker levels in 301 CP
patients and 266 controls with no known pancreatic disease.We analyzed serumprealbumin and retinol binding protein; vitaminsA,
D, E, and B12; osteocalcin; tumor necrosis factor-α; and C-reactive protein (CRP). We also evaluated biomarkers among subsets
of patients, examining factors including time since diagnosis, body mass index, alcohol as primary etiology, diabetes mellitus,
vitamin supplementation, and pancreatic enzyme replacement. Results: After correcting for multiple comparisons, CP patients
had significantly lower levels than controls of the following: vitamin A (40.9 vs 45.4 μg/dL) and vitamin E (α-tocopherol [8.7 vs
10.3 mg/L] and γ -tocopherol [1.8 vs 2.2 mg/L]), as well as osteocalcin (7.9 vs 10 ng/mL) and serum prealbumin (23 vs 27 mg/dL).
Both patients and controls who took vitamin supplements had higher serum levels of vitamins than those not taking supplements.
Compared with controls, in controlled analyses, CP patients had significantly lower levels of vitamins A, D, and E (both α-
tocopherol and γ -tocopherol). CP patients also had significantly lower levels of osteocalcin, serum prealbumin, and retinol binding
protein, and higher CRP.Conclusions:CP patients demonstrated lower levels of selected nutrition and bonemetabolism biomarkers
than controls. Diabetes and alcohol did not impact biomarkers. Vitamin supplements and pancreatic enzyme replacement therapy
improved nutrition biomarkers in CP patients. (Nutr Clin Pract. 2019;34:387–399)
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Introduction

The exocrine pancreas produces pancreatic enzymes to hy-
drolyze complex nutrients for further digestion and absorp-
tion by the intestinal mucosa, while the endocrine pancreas
secretes the hormones necessary for nutrient use. Chronic
pancreatitis (CP) is a pathologic fibro-inflammatory syn-
drome of the pancreas in individuals with genetic, envi-
ronmental, or other risk factors who develop persistent
pathologic responses to parenchymal injury or stress.1 CP
causes progressive replacement of functional exocrine and
endocrine tissue with fibrosis and manifests clinically by
maldigestion, steatorrhea, weight loss, abdominal pain,
and diabetes mellitus.2,3 CP may cause severe malnutrition
and metabolic derangements if proper treatment is not
provided.4-8

Mechanistically, CP affects nutrition through at least 4
mechanisms. First, oral intake may be diminished because
of sitophobia (fear of eating due to pain) or selective avoid-
ance of nutrients, such as fats due to steatorrhea, bloating,
or diarrhea. Second, reduced pancreatic digestive enzyme
secretion impairs the digestion of triglycerides, causing
reduced absorption of fats and fat-soluble vitamins A, D,
E, and K, while diminished proteases may cause protein
malnutrition and vitamin B12 deficiency. Third, chronic
inflammation may produce an anabolic state that impairs
protein use. Finally, the loss of islet of Langerhans cells
results in metabolic disturbances due to diminished insulin,
glucagon, and pancreatic polypeptide secretion. Individual
CP patients may manifest any combination and degree of
these mechanisms.
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We previously reported significantly lower body mass
index (BMI [kg/m2]) in patients with CP than those with
recurrent episodes of acute pancreatitis or controls.9 Low
BMI correlates with severity indicators of CP and poor
quality of life.10 Change in BMI after the onset of CP may
be an even more accurate measure of the effects of CP on
nutrition. Active inflammation, regardless of pancreatic
secretory function, can affect nutrition by decreasing
appetite and driving catabolism. Indeed, inflammation and
malnutrition have been shown to correlate, particularly
when protein is deficient.11-13 Levels of serum proteins,
such as albumin, prealbumin, and retinol-binding protein
(RBP), are often lower in CP patients than in healthy
individuals, and have frequently been used as a sign
of protein-calorie malnutrition.14,15 However, levels of
negative acute-phase reactants, such as albumin and
prealbumin, can be diminished when an individual has
physiologic stress, such as during an infection or in people
with liver disease.16 Combined consensus statements from
Academy of Nutrition and Dietetics, American Society
for Parenteral and Enteral Nutrition (ASPEN), as well
as 2016 guidelines for nutrition support from the Society
of Critical Care Medicine/ASPEN have noted that serum
prealbumin levels are inversely related to inflammatory
cytokines.17,18 Although unreliable, physicians still often
rely on these biomarkers as a clinical reflection of protein
status. Malabsorption of nutrients and micronutrients may
contribute to elevated inflammatory cytokines and markers
of oxidative stress.19,20 Thus, CP patients may enter a
vicious cycle of antioxidant micronutrient deficiencies and
inflammation-associated damage, where increased oxidative
stress occurs simultaneously with decreased antioxidant

protection, especially in patients with diabetes.19-22

Micronutrient deficiencies also predispose to oxidative
stress in other systems, increasing the risk of illnesses such
as cancer.23-25

Fat metabolism may be abrogated in CP. Lipase and
apolipoprotein C-II deficiencies are 2 inborn errors of
metabolism associated with CP.26-28 Lipase deficiency also
causes fat malabsorption, affecting fat-soluble vitamin
status.29 Low levels of serum fats, fatty acids, and vitamins
A and E often occur in CP patients.21,30-33 Vitamin D is
essential to bone health and bone metabolism. Vitamin D
depletion has been noted in men and women of all ages with
CP.29,30,34 A study of 73 patients (17 women and 56 men) in
different stages of CP noted the presence of osteopathy in
39%of patients, with osteopenia in 26%, osteoporosis in 5%,
and osteomalacia in 8% of cases.30 A 2014 meta-analysis,
that included 10 studies for a total of 513 CP patients, noted
that patients had a pooled prevalence rate of osteoporosis
of 23.4% (95% confidence interval [CI], 16.6–32.0).35 CP is
associated with lower circulating levels of vitamin D3 and
decreased bone mineral density, loss of skeletal mass, and
an increased risk of diabetes mellitus.36-38

Pancreatic enzyme replacement therapy (PERT) is cur-
rently the most effective means of treating maldigestion and
malabsorption in CP patients.39,40 Although guidance for
treating pancreatic enzyme insufficiency in cystic fibrosis is
established, variable etiology, diet, lifestyle factors, comor-
bidities, and metabolic demands in adults with CP make
standardizing PERTguidance challenging. Controlled stud-
ies demonstrate that, with or without gastric acid suppres-
sion, some CP patients may require higher doses of PERT
to achieve adequate absorption of dietary nutrients.41
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To date, there have been a limited number of published
investigations of malnutrition and vitamin deficiencies in
CP.33,42 While many studies evaluating nutrition in pancre-
atitis have been of fairly high quality, most have been small
in size, with <100 patients included in the analyses.15,43-48

Some have not included any female patients.42,48-50 We used
the North American Pancreatitis Study II (NAPS2) with
the primary aim of comparing micronutrient antioxidant,
bone metabolism, serum protein, and inflammatory marker
levels between a clinically relevant and well-characterized
CP cohort and controls. Given the extent of pancreatic
compromise evident in CP patients, we hypothesized the
CP patients would demonstrate more signs of malabsorp-
tion and malnutrition than individuals without pancreatic
disease. Secondarily, we evaluated these same biomarkers
among subsets of CP patients, examining factors that might
influence inflammatory and nutrition status, such as time
since diagnosis, BMI, alcohol as the primary etiology of
CP, diabetes mellitus, and PERT usage. We analyzed the in-
flammatory biomarkers tumor necrosis factor-alpha (TNF-
α) and C-reactive protein (CRP); markers of inflammation
and protein-calorie malnutrition serum prealbumin and
RBP; nutrition variables vitamins A, D, E, and B12; and
osteocalcin, a marker of bone turnover. Taken together,
the insights gained from our study may provide better
understanding of the effects of CP on nutrition and improve
the process of assessing and optimizing the care of these
patients.

Methods

Study Cohort

CP patients and controls with no known pancreatic disease
were ascertained from the North American Pancreatitis
Studies, including the NAPS2-continuation and validation
study (NAPS-CV, 2008–2012) and theNAPS2-AS (ancillary
study) (2011–2014). These studies were created following the
success of the original NAPS2 study (2000–2006). Specific
details of these studies have been published previously.9,51,52

In brief, a subset of all CP patients and controls from these 2
NAPS2 studies that had serum samples available using strict
standard operating procedures (SOPs) were included in the
current study. Participants were recruited based on having
adequate serum samples and questionnaire completion.
Primary entry criteria for CP were predetermined by defini-
tive evidence of CP on imaging studies, primarily either
endoscopic retrograde cholangiopancreatography using the
Cambridge classification or cross-sectional studies (com-
puted tomography, magnetic resonance imaging/magnetic
resonance cholangiopancreatography) and endoscopic ul-
trasound (5 or more criteria or presence of calcifications) or
histology. Controls were spouses, family members, friends,
or individuals unrelated to CP patients; controls needed to

be free frompancreatic diseases and capable of completing a
survey and undergoing blood draw. Genomic DNAwas ini-
tially extracted from whole blood using the Flexgene DNA
kit (Qiagen, Valencia, CA) with a modified manufacturer’s
buffy-coat protocol. Serum was isolated from 10 mL whole
blood in non-additive serum tubes. Serum and a whole-
blood sample were stored in a freezer at ˗80°C.

Questionnaires

Physician questionnaire. Physician case report forms for CP
patients were completed by a recognized expert in pancreatic
diseases at participating centers, usually with the assis-
tance of a clinical research coordinator. The information
in the questionnaire was supplemented by medical record
documentation of key diagnostic, laboratory, and hospital
reports. Information that was queried focused on disease
phenotype (eg, history of acute pancreatitis, age at pan-
creatitis diagnosis, presence of morphologic and functional
abnormalities), etiology and risk factors, treatment received,
and the perceived outcome.

Patient and control questionnaire. All CP patients and
controls completed the participant questionnaire. The
questionnaire included information on demographic
factors including current and maximum height and weight
(to calculate BMI), personal and family history of a variety
of medical conditions, pancreatitis-related symptoms,
disability, and quality of life.

Specific variables of interest for this study included
age at enrollment, BMI, duration of disease (age at first
symptoms or diagnosis of pancreatitis), physician-defined
alcohol etiology, current alcohol consumption, drinking
category derived from self-reported drinking history during
the maximum drinker period in life, smoking status (past,
current, or never), vitamin/mineral supplement use, PERT
use, and physician reporting of diabetes diagnosis. Partic-
ipant drinking categories included lifetime abstainer (<20
drinks during lifetime), light (�3 drinks a week), moderate
(�7 drinks a week in women and 14 drinks in men), heavy
(8–35 drinks a week in women and 15–35 drinks a week in
men), and very heavy (�35 drinks a week in women and
men).52 For the current study, we combined heavy and very
heavy drinking into 1 category. A number of controls (n =
137) had missing information regarding drinking category
because they were enrolled in the NAPS2-CV and NAPS2-
AS studies when participant questionnaires for controls
were abbreviated. Because participants took a large range of
products, we used the broad term vitamin/supplement use
(yes/no) as a covariate in analysis.

Laboratory Testing

We analyzed the inflammatory markers TNF-α and CRP
as well as osteocalcin using a Luminex platform. An
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automated chemistry analyzer was used tomeasure levels of
serum prealbumin; an enzyme-linked immunosorbent assay
(ELISA) to measure RBP; a microbiologic microplate assay
for vitamin B12; and high-performance liquid chromatogra-
phy tomeasure 25-OH vitaminD3, vitamin E (α-tocopherol
and γ -tocopherol), and vitamin A.

Statistical Methods

Descriptive statistics are presented as proportions for cat-
egoric data and mean ± standard deviation or median
(interquartile range) for continuous data. The distributions
of the levels of vitamins, nutrition/inflammatory markers,
and indicators of bone turnover were assessed for normality
using graphic methods and the Shapiro-Wilks test. Cor-
relation between continuous measures was assessed using
Spearman’s correlation. Comparisons in discrete baseline
characteristics between the CP patients and controls were
performed using the χ2 test. Comparisons for continuous
variables between CP patients and controls and within
subset of patients and controls were through the Mann-
Whitney U test. Correlations between vitamin, nutrition,
and biomarker levels were assessed using Spearman’s rank
correlation coefficient. To adjust for multiple comparisons,
the Hommel’s procedure was adopted for calculating ad-
justed P-values.53

Multivariable linear regression models were created to
determine independent factors that were predictive of the
vitamin, nutrition, and biomarker level outcomes. Due to
the skewed nature of serum markers, logarithm transfor-
mation was applied to all serum markers except vitamin E
γ -tocopherol and TNF-α, to which square root function
was applied such that the transformed levels approximated a
normal distribution. The log or square root transformedmi-
cronutrient and inflammatory marker values were included
as the dependent variable in the multivariable models, and
factors retained in themodels as covariates included diagno-
sis, age, gender, race, BMI, alcohol consumption, smoking
status, and supplemental vitamin intake. Interaction term
between race and diagnosis as well as sex and age were also
included in the full model. Other first-order interactions
were also tested, but due to minimal changes in the model
performance (ie, in R2) in some of the outcome variables,
we have chosen to show simplified models with interaction
term for race and diagnosis, and sex and age. No higher
order interactions were examined due to the complexity of
model interpretation. Separate multivariable analyses were
also performed for CP patients only where, in addition to
the aforementioned variables, PERT use and diabetes status
were also included as covariates. Backward stepwise selec-
tion was used for variable selection with a P-value cutoff
of P< .20 used for incorporation into the model, while a P-
value of < .05 was considered significant. For interpretation
of the model, square root and log-transformed data may be

reverse-transformed using a square or exponential function,
respectively, to bring the data back to the original units
with the understanding that not all components of the
model (error terms, CIs, etc.) will be correct in native units.
Conversely, the coefficients in the log-transformed models
correspond to percent change in the mean of the outcome
variables. All statistical analysis was performed using the R
Project software (www.r-project.org).

Results

Cohort

The final sample included 301 eligible CP patients and
266 controls (Table 1). When compared with controls, CP
patients were significantly (P < .05) older (50.8 vs 45.6
years), male (50.1% vs 40.2%), Caucasian (71.1% vs 58.3%),
past or current smokers (77.7% vs 51.1%), and taking vi-
tamin supplements (55.8% vs 45.1%). CP patients were less
likely to be current drinkers (20.6% vs 66.2%), and among
participants with available information, more likely to be
heavy or very heavy drinkers (53.1% vs. 30.2%). CP patients
were less likely to be overweight (25.9% vs 36.5%) or obese
(18.6% vs 38.3%)when comparedwith controls. Twenty-two
of the 266 (9%) controls reported having diabetes (data not
shown).

Among patients with CP, almost half (49.8%) had
physician-defined alcohol etiology for their illness and
>one-third (38.5%) were identified as having diabetes per
the enrolling physician. Just over one-half (55.1%) of CP
patients were using PERT. About three-quarters (73.3%)
of CP patients had a disease duration that was <5 years
(Table 2).

Vitamin, Nutrition, and Biomarker Levels

Internal Validation

Several previously described relationships between
biomarkers were evaluated as internal validation of
the data.5,54-57 CP patients had significantly lower BMI
than control patients, with 44.5% of CP patients being
overweight or obese compared with 74.8% of controls
(Table 1). Among all study participants (controls and
CP patients), CRP levels correlated positively with BMI.
Additionally, for all participants, there was a strong
correlation between RBP and vitamin A levels (correlation
0.88, 0.89), between serum prealbumin and RBP (0.73,
0.70), and between serum prealbumin and vitamin A
levels (0.72, 0.75). There were weaker positive correlations
between fat-soluble vitamins A and E (α–tocopherol; 0.50,
0.58), and vitamins A and D3 (0.26, 0.34).

http://www.r-project.org
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Table 1. Baseline Characteristics of Controls and CP Patients.

Characteristic Controls (266)
CP Patients

(301) P-Value

Age at enrollment (mean ± SD) 45.6 ± 13.4 50.76 ± 14.11 <.001
Male, n (%) 107 (40.2) 151 (50.1) <.05
Race, n (%)

Caucasian 155 (58.3) 214 (71.1)
African-American 111 (41.7) 87 (28.9) <.01

Body mass index (BMI), n (%)
Underweight (<18 kg/m2) 3 (1.1) 25 (8.3) <.001
Normal (18–25 kg/m2) 64 (24.1) 141 (47.0)
Overweight (�25–30 kg/m2) 97 (36.5) 78 (26.0)
Obese (>30 kg/m2) 102 (38.3) 56 (18.7)

Drinking categorya

Lifetime abstainer 34 (26.4) 42 (14.5) <.001
Light drinker 32 (24.8) 58 (20.0)
Moderate drinker 24 (18.6) 36 (12.4)
Heavy/very heavy drinker 39 (30.2) 154 (53.1)
Missing data 137 11

Alcohol consumption, n (%)
Never 34 (12.8) 42 (14.0) <.001
Past 56 (21.0) 197 (65.4)
Current 176 (66.2) 62 (20.6)

Cigarette smoking, n (%)
Never 130 (48.9) 67 (22.3) <.001
Past 74 (27.8) 78 (25.9)
Current 62 (23.3) 156 (51.8)

Vitamin supplementation, n (%) 120 (45.1) 168 (55.8) <.05

CP, chronic pancreatitis.
aBased on self-reported drinking during the maximum lifetime drinking period.
Missing data: BMI (1 CP); drinking category (CP 12, controls 152); vitamin supplementation (CP 1, controls 1).
Percentages shown are based on effective numbers.

Table 2. Etiology, Diabetic Status, Duration of Disease,
PERT Usage, and Duration of Disease in Chronic Pancreatitis
Patients.

Characteristic n (%)
Chronic Pancreatitis

Patients (301)

Physician-defined alcohol etiology
No 151 (50.2)
Yes 150 (49.8)

Diabetes mellitus diagnosis
No 185 (61.5)
Yes 116 (38.5)

PERT usage
No 135 (44.9)
Yes 166 (55.1)

Time since diagnosis
<5 years 187 (62.1) (73.3)
5–10 years 40 (13.3) (15.7)
>10 years 28 (9.3) (11.0)
Missing data 46 (15.3) (0.0)

PERT, pancreatic enzyme replacement therapy.

Effect of CP on Vitamin and Biomarker Levels

Serum levels of vitamins, nutrition markers, and inflamma-
tory biomarkers in CP patients and controls are provided
in Table 3. After correcting for multiple comparisons, CP
patients had significantly lower levels of vitamin A (40.9
vs 45.4 μg/dL) and vitamin E (both α-tocopherol [8.7 vs
10.3 mg/L] and γ -tocopherol [1.8 vs 2.2 mg/L]), as well
as osteocalcin (7.9 vs 10 ng/mL) and serum prealbumin
(23 vs 27 mg/dL) than controls. The median level of
vitamin B12 was significantly higher in CP patients when
compared with controls (703 vs 609.5 pg/mL). CP patients
also had a significantly higher level of CRP than controls
(0.3 vs 0.2 mg/dL). Table 3 also shows the number and
percentage of study participants who demonstrated vitamin
and nutrition marker deficiencies according to standard
laboratory thresholds. Compared with controls, a higher
percentage of CP patients had deficiencies in vitamins A, D,
and the α-tocopherol component of vitaminE, although the
discrepancy between controls and CP patients for vitamin
D was less pronounced. A greater proportion of patients
than controls had lower levels of osteocalcin, and they
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Table 3. Serum Vitamin, Nutrition Marker, and Biomarker Levels (top panel) and Deficiencies (bottom panel) in Controls and
Chronic Pancreatitis Patients.

Serum Vitamin, Nutrition Marker, and Biomarker Levels

Variable (reference range) Controls (266) Chronic Pancreatitis Patients (301) P-Valuea

Vitamin A (30–105 μg/dL) 45.4 [37.1, 54.3] 40.9 [30.3, 51.9] .001
Vitamin B12 (cobalamin) (210–911 pg/mL) 609.5 [466.5, 794.5] 703.0 [565.0, 923.0] <.001
Vitamin D (25-hydroxy vitamin D3) (10–55 ng/mL) 22.2 [12.3, 32.8] 20.7 [11.5, 32.8] .92
Vitamin E (α-tocopherol) (5.7–19.9 mg/L) 10.3 [8.4, 12.8] 8.7 [6.5, 12.2] <.001
Vitamin E (γ -tocopherol) (�4.3 mg/L) 2.2 [1.6, 2.9] 1.8 [1.1, 2.8] <.001
Osteocalcin (9–42 ng/mL) 10.0 [7.3, 14.5] 7.9 [5.0, 12.4] <.001
Serum prealbumin (transthyretin) (15–36 mg/dL) 27.0 [23.0, 30.0] 23.0 [19.0, 27.0] <.001
Retinol binding protein (15–67 μg/mL) 37.0 [30.2, 44.1] 34.5 [25.6, 44.0] .055
C-reactive protein (<0.7 mg/dL) 0.2 [0.1, 0.5] 0.3 [0.1, 1.0] <.001
TNF-α (pg/mL)b 3.0 [2.0, 3.0] 3.0 [2.0, 4.0] .92

Serum Vitamin and Nutrition Marker Deficienciesc

Variable, n (%) Controls (266) Chronic pancreatitis Patients (301)

Vitamin A (<30 μg/dL) 20 (7.5) 75 (24.9)
Vitamin B12 (cobalamin) (<210 pg/mL) 2 (0.8) 1 (0.3)
Vitamin D (25-hydroxy vitamin D3) (<10 ng/mL) 49 (18.4) 63 (20.9)
Vitamin E (α-tocopherol) (<5.7 mg/L) 8 (3.0) 54 (17.9)
Vitamin E (γ -tocopherol) (>4.3 mg/L) 20 (7.5) 14 (4.7)
Osteocalcin (<9 ng/mL) 114 (42.9) 176 (58.5)
Serum prelipid (transthyretin) (<15 mg/dL) 6 (2.3) 46 (15.3)
Retinol binding protein (<15 μg/mL) 4 (1.5) 14 (4.7)

TNF-α, tumor necrosis factor-alpha.
aAdjusted for multiple comparisons using Hommel’s procedure.
bTNF-α does not have a standard reference range.
cUnadjusted levels; deficiency thresholds based on Quest Diagnostics Inc. Laboratory, Madison, NJ.

showed deficiencies in serum prealbumin and RBP with
marked differences in rates of deficiency being noted for
serum prealbumin (15.3% of CP patients showed deficiency
vs 2.3% of controls).

Effect of Treatment With PERT and/or
Vitamin Supplements

Among patients with CP, when compared with patients who
were not on PERT, those receiving PERT had significantly
higher levels of vitamin A (median 43.3 vs 36.6 μg/dL),
serum prealbumin (median 24 vs 22 mg/dl), and a trend
toward higher levels of RBP (median 36.3 vs 32.5 μg/dL)
(Supplementary Table S1).

When compared with CP patients who were not taking
vitamin supplements, those on supplements had signifi-
cantly higher levels of vitamin A (median 45.0 vs 38.3
μg/dL), α-tocopherol (9.5 vs 8.0 mg/L), and γ -tocopherol
(1.56 vs 2.2 mg/L), and borderline higher levels of vitamin
B12 (756.5 vs 649 pg/mL) and RBP (36.3 vs 32.2 μ/mL)
(Supplementary Table S2). No significant differences were
noted in the serum levels of vitamins, nutrition markers, or
biomarkers based on alcohol etiology or disease duration,

although a trend was observed for lower levels of serum
prealbumin in CP patients with diabetes when compared
with non-diabetic CP patients (data not shown).

Similarly, when compared with controls who were not
taking vitamin supplements, controls who used supplements
had significantly higher levels of vitaminB12 (median 653 vs
587 pg/mL), vitamin D (27.2 vs 16.1 ng/mL), α-tocopherol
(11.60 vs 9.70mg/L) and a trend towards significantly higher
levels of vitaminA (47.9 vs 44μg/dL) (Supplementary Table
S3).

Multivariable Regression Models Assess Effect
of CP and Other Cofactors on Serum Vitamins,
Nutrition, and Biomarkers

Independent predictors for serum levels of vitamins, nutri-
tion markers, and biomarkers in controls and CP patients
are shown in Table 4. In this analysis, interpretation of
parameter estimates for each of the covariates quantifies
the independent effect of an attribute vs the comparison
group (eg, CP vs controls) after adjusting for other variables.
A positive parameter estimate suggests higher levels, while
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a negative parameter estimate indicates lower levels in
reference to the comparison group.

After controlling for other factors, when compared with
controls, CP patients had significantly lower levels of vita-
mins A and E (both α-tocopherol and γ -tocopherol), but
significantly higher levels of vitamin B12. CP patients also
had significantly lower levels of osteocalcin, serum prealbu-
min, and RBP. Additionally, CRP levels were significantly
higher in CP patients compared with controls, suggesting
that patients had increased systemic inflammation. As an
example, the interpretation of parameter estimates for CRP
will be that, on average, CRP levels in patients with CP
are 0.681 mg/dL higher when compared with controls,
after adjusting for other covariates. A similar interpretation
would be applicable for vitamins and other biomarkers,
taking into consideration whether the parameter estimate
has a positive or negative value.

Effects of Demographics

The study cohort included a sufficient number of Caucasian
(white) and African-American (black) patients for
comparative analysis. When compared with Caucasians,
African-Americans had significantly lower levels of
vitamin D, α-tocopherol, and RBP. An interaction was
noted between race and diagnosis for several vitamins
and biomarkers. Lower levels of vitamin A and serum
prealbumin levels in CP patients vs controls were observed
among African-American study participants to a greater
degree than among Caucasian participants. The increment
of baseline levels of CRP in CP patients from controls is
more evident inAfrican-Americans than that in Caucasians.
The interaction between diagnosis and race for vitamin B12
and TNF-a was interesting. Overall, African-American
controls had significantly higher vitamin B12 levels when
compared with Caucasian controls; however, there was no
racial difference in vitamin B12 levels among CP patients.
While TNF-α did not show a significant difference between
Caucasian CP patients and Caucasian controls, it was
significantly elevated in African-American CP patients
when compared with African-American controls.

Significant associations with sex, age, BMI, alcohol, and
tobacco use were noted for a few comparisons (Table 4).
Other than diagnosis and race, the only other clinically
relevant interaction was noted between sex and age for
osteocalcin levels, ie, with increasing age, the level of osteo-
calcin decreased in males.

Effect of Vitamin and PERT Supplementation

Vitamin supplementation was associated with significantly
higher levels of vitamins A,D, E α-tocopherol, and B12, but
not vitamin E γ -tocopherol. We evaluated the independent
effect of PERT usage on serum vitamins, nutrition markers,
and biomarkers in regression models limited to CP patients

only (Supplementary Table S4). PERT usage was associated
with a significant increase in serum levels of vitamins A
and γ -tocopherol and nutritionmarkers including RBP and
serum prealbumin.

Discussion

Our study is the first of its kind to evaluate various nutrition
and inflammatory markers in a sizeable, racially diverse
group of CP patients and controls. The study is especially
relevant because it reflects a cross-sectional assessment of
the state of 100s of well-characterized patients who are
receiving care at pancreas disease centers across the U. S.
We assessed various parameters of nutrition status and
inflammation among 301 CP patients and 266 controls.
Previous studies of nutrition status have been limited in
number and have not factored in alcohol as etiology, BMI,
diabetes, vitamin/mineral supplementation, and the use of
PERT. Additionally, we are not aware of any U.S. studies
that have examined whether race may play a role in the
nutrition status of individuals with a diagnosis of CP.

Expected baseline differences between CP patients and
controls included lower BMI, being current or previous
smokers, taking vitamin supplements, and not being current
drinkers. These effects were notable since the duration of CP
was <5 years in the majority of CP patients. Patients with
a history of alcohol-related CP did not have significantly
different levels of nutrition markers than patients with
other etiologies of CP. Counseling regarding the deleteri-
ous effects of alcohol may have accounted for fewer CP
patients being current drinkers compared with controls.
Nonetheless, even after adjusting for multiple confounders
and multiple comparisons, significant differences between
patients and controls and certain subsets of participants
existed. Although the majority of patients in our study
had been diagnosed with a chronic form of pancreatitis
within 5 years of entering the study, most CP patients
were using PERT. Steatorrhea and its associated symptoms
are often the primary indicators for the need to prescribe
PERT. However, steatorrhea may develop a decade after
the diagnosis of CP, but it can also be present at the time
of diagnosis. According to the United European Gastroen-
terology evidence-based guidelines for the diagnosis and
therapy of CP, all newly diagnosed CP patients should
be screened for pancreatic enzyme insufficiency.58 When
patient symptoms are not definitive, the guidelines advocate
a 4–6 week trial of PERT.

Diminished symptoms of maldigestion (eg, weight loss,
flatulence, bloating, steatorrhea) and improvements in nu-
trition status reflect the efficacy of PERT.58 A more recent
diagnosis in a sizeable number of patients as well as PERT
use likely explains similar serum micronutrient levels in
CP patients using PERT when compared with those not
taking PERT. Similarly, use of vitamin supplements in both
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controls and CP patients resulted in higher levels of certain
vitamins or vitamin sub-units than in participants who did
not supplement their diet.

Nutrition Markers

The major form of vitamin E present in the diet of
individuals living in the U.S. is γ -tocopherol, although
α-tocopherol is the form found in human tissues as well as
dietary supplements.59 Our study found that CP patients
had significantly lower levels of vitamin A and both
forms of vitamins E (α-tocopherol and γ -tocopherol)
than controls although vitamin supplementation and
PERT influenced these differences. A recent meta-analysis
by Martinez-Moneo et al evaluated fat-soluble vitamin
deficiency in CP patients.33 Among 4 studies that included
161 patients, the pooled prevalence of vitamin A deficiency
was 16.8% (95% CI, 6.9%–35.7%) and vitamin E deficiency
was 29.2% (95% CI 8.6%–64.5%).42,45,60,61

A 2014 study by Duggan et al noted that 14.5% and
24.2% of CP patients had deficiencies in the fat-soluble
vitamins A and E, respectively, although half of the patients
in this study were either overweight or obese.60 They also
found that 19% of their patients had high serum levels
of vitamin A. In our study, 74.8% of controls and 44.5%
of CP patients were overweight or obese according to
BMI. This large proportion of overweight or obese study
participants raises the question of whether any participants
had high levels of vitaminsA or E.We found no correlations
between overweight/obesity and elevated levels of vitamins
A or E. Two CP patients had vitamin A levels in the toxic
range (>120.0 mcg/dL), and both patients had normal BMI
(21.1 and 23.0 m2/kg). Only 3 CP patients had elevated
vitamin E (α-tocopherol), 2 of whomwere overweight (BMI
of 26.5 and 28.7 m2/kg), while 1 had normal BMI (23.8
m2/kg). All CP subjects with elevated vitamins A or E
were taking vitamin supplements. No controls had elevated
vitamin A or vitamin E levels regardless of supplement use.
These data were not presented in our results due to the
minimal number of patients with elevations and their lack
of association with BMI. While the comparatively lower
levels of fat-soluble vitamins A and E and RBP in CP
patients vs controls in our study may indicate that patients
may require supplementation to reach adequate levels, a
small number of patients may be taking an excessive dose
of vitamin A or E. Universal or indiscriminate vitamin
supplementation for individuals with CP is not advisable.58

Each patient should be evaluated individually for vitamin
deficiencies, and appropriate supplementation should be
recommended when dietary intake is inadequate to address
nutrition deficits.

Osteopenia occurs when bone breakdown exceeds bone
formation, leading to lower bone mass. Diminished bone
mass is a critical risk for morbidity in patients with CP.30

We evaluated osteocalcin levels as a measure of osteoblast
activity during bone formation, with serum concentrations
serving as a biochemical marker for bone formation.62

Previous studies have noted low osteocalcin levels in CP
patients.47 Serum osteocalcin levels decline with age, reflect-
ing decreased bone formation and turnover.63 Osteocalcin
may also function as a metabolic hormone, with multiple
beneficial effects on glucose and fat metabolism.62 Studies
have shown that serum osteocalcin levels are associated
with glucose and fat metabolism in men and women, and
lower levels have been shown to correlate to diabetes and
metabolic syndrome.64-66 In multivariable comparisons, os-
teocalcin levels were significantly lower in CP patients than
controls. In regression analyses, there were no differences in
osteocalcin levels in men and women. In adjusted analyses,
levels of vitamin D and osteocalcin were lower in CP
patients than in controls. Nearly 40% of our CP patients
had diabetes according to their physicians, compared with
9% self-reported by our controls. The high rate of di-
abetes in our patients, in part, may have accounted for
their low osteocalcin levels. Vitamin D levels among all
study participants were lower in African-Americans than in
Caucasians.

Vitamin D is naturally present in a few foods, added
to others, available as a dietary supplement, and produced
endogenously when sunlight’s ultraviolet rays strike the
skin and trigger vitamin D synthesis.67 Individuals with
inadequate vitamin D absorption are at risk for all forms
of osteopathy and have a significantly elevated likelihood of
sustaining bone fractures.68,69 Given the highmorbidity and
mortality associated with fractures in older individuals and
previous findings of osteopathy among CP patients, vitamin
D supplementation is advisable.30,49,70

An unexpected finding was modestly higher vitamin B12
levels in patients with CP than controls, with or without
oral vitamin supplementation. Vitamin B12 is a dietary
vitamin that binds to R-proteins in the stomach to form a
B12–R complex.71 Intrinsic factor (IF) synthesized by the
stomach’s parietal cells is secreted into the duodenum,where
proteases secreted from the pancreas digest the R-proteins
and release B12, which then binds to IF to form a B12–IF
complex.71,72 Receptors on enterocytes in the terminal ileum
are only able to recognize the B12–IF complex; therefore,
the 2 must be bound to be absorbed.72 Thus, vitamin
B12 deficiency occurs in CP patients as a consequence of
protease deficiency.73 Although the majority of both CP
patients and controls had a normal range of vitamin B12
levels, CP patients may have been receiving B12 injections,
bypassing the gastrointestinal track altogether. This po-
tential explanation cannot be confirmed because a history
of B12 injections was not included in the NAPS2 case
report forms. However, 20.3% of CP patients had a serum
vitamin B12 level above 1000 pg/mL, which may indicate
that they were receiving B12 injections (data not shown).
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By comparison, only 10.5% of controls had a serum vitamin
B12 that surpassed 1000 pg/mL.

Inflammatory Markers

CP exemplifies a chronic inflammatory disorder, but the
amount and type of inflammation that a CP patient expe-
riences at any specific time is typically unknown. Although
inflammation plays a critical role in CP, the inflammation
can be episodic or continuous, while the disease itself is
defined by morphology, pain, and diminishing exocrine
function in later stages. These features are not surrogates of
each other.74,75 Therefore, these factors should be assessed
in relation to disease activity, progression, and response to
treatment.76

Previous research has focused on serum biomarkers of
inflammation in pancreatitis linked to different outcomes
and has demonstrated that inflammation has a wide impact.
For example, Rasch et al conducted a systematic review
of studies that measured inflammatory mediators in CP to
determine the association between chronic inflammation,
earlymortality, andmarkers of accelerated biological aging,
or “inflammageing.”77 Beyer et al demonstrated that CRP,
hemoglobin A1c, BMI, platelet count, and pain score were
strong predictors of future hospitalization, and length of
stay.75 An inverse correlation between log of CRP level
and bone mineral density in patients with CP was noted
by Duggan et al, suggesting that bone turnover is affected
by systemic inflammation.70 A study by Mroczko et al
demonstrated that both IL-6 andCRP levels are slightly, but
significantly, higher in CP patients compared with controls,
but markedly higher in patients with pancreatic cancer,
with levels correlating with cancer stage.78 Thus, systemic
inflammation, as reflected by serum CRP levels, correlates
with CP morbidity in systems outside the pancreas. Herein
we extend these findings to a large, well-phenotyped cohort
of CP patients with biomarkers of both nutrition and
inflammation.

TNF-α levels were below the level of detection in most
CP patients, although some patients with CP were recruited
during episodes of acute pancreatitis, which likely con-
tributed to markedly elevated levels in a very small number
of patients. CRP is an acute-phase reactant produced by the
liver in response to inflammation. Normal CRP levels are
3.0 mg/L (or 0.3 mg/dL) or less, requiring high-sensitivity
CRP testing for accurate measurement. CRP levels in-
creased with BMI (Table 4), with obesity representing a
known proinflammatory condition.79 We confirmed that
CRP levels are elevated in CP patients vs controls (Table
3), with CRP levels in our cases being similar to those
noted by Duggan et al (mean 3.0 vs 3.15 mg/L), while
levels in in our controls were higher (mean 2.0 vs 0.9
mg/L).70 Although our controls lacked pancreatic disease,
they may have had other illnesses. CRP levels may be

elevated due to chronic diseases and advancing age, with
progressive increases being observed among individuals
with multiple comorbidities.80,81 The U.S. National Health
and Nutrition Examination Survey (NHANES) cohort,
for example, estimated multimorbidity in 36.7% of adult
Americans.82 Compared with our CP patients, CRP levels
in the NHANES cohort were 2.65 ± 0.11 for controls,
3.92 ± 0.11, for individuals with 1 chronic disease, and
5.80 ± 0.12 for the multimorbidity cohort, including pa-
tients with asthma, arthritis, chronic liver disease, COPD,
kidney failure, obesity, and history of cancer, with obesity
being a major contributor to elevation. CRP levels are
often analyzed in conjunction with serum albumin levels to
generate the Glasgow Prognostic Score (GPS), a measure
of chronic inflammation and a strong prognostic factor for
survival in various cancers.82 The severity score increases
with CRP �10 mg/L, a value that was rarely seen in
our cohort. Therefore, the GPS is unlikely to be a useful
marker of chronic inflammation in CP, except in extreme
cases. Similar to serum albumin, serum prealbumin may
be diminished due to inflammation. The lower levels of
serum prealbumin in our CP patients were likely to be a
stronger reflection of systemic inflammation than protein-
calorie malnutrition.17,18

Our study has numerous strengths. The study’s large
sample size could detect small differences in nutrition
and inflammatory biomarker levels. Additionally, patients,
patients’ physicians, and controls each completed detailed
questionnaires that resulted in well-defined CP etiology for
patients and comprehensive information regarding lifestyle
habits for all participants. Our serum samples were pro-
cessed using meticulous SOPs, providing results that are
likely to be accurate and reliable.

Weaknesses of the study include the fact that our pa-
tients and controls were not precisely matched, with the
median age of patients being 5 years older than controls,
and 50% of patients were male compared with 40% of
controls. Advancing age may be associated with a decline
in nutrition status due to medical, psychologic, social, and
other factors, such as limited food access.83 Therefore,
differences in nutrition markers may have reflected older
age as well as disease status. Additionally, the NAPS2 study
centers are tertiary-care institutions. CP patients who have
been evaluated at highly skilled centers may be diagnosed
earlier and receive more comprehensive care, which could
be reflected by the relatively high percentage of patients
taking PERT, refraining from alcohol consumption, and
using dietary supplements. Therefore, our findings may have
been attenuated compared with the general population of
CP patients. The type of vitamin supplementation used
by study subjects varied widely from single vitamin (eg,
vitamin B12 or vitamin D) formulations to multivitamin
preparations with various quantities of different vita-
mins, minerals, and other nutriceuticals. The majority used
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combination products. Due to the vast array of ingredients
and quantities ingested, we placed subjects using any form
of supplement into the vitamin supplementation category.
Our binary classification of supplement use may have im-
pacted our conclusions. Finally, we were missing data for
some lifestyle variables.

Conclusion

Overall, inflammatory markers were generally increased in
CP patients and micronutrient levels were generally lower in
CP patients when compared with controls, with CP patients
showing higher rates of micronutrient deficiencies. The
physician-defined etiology of alcohol does not appear to
have a significant effect on the status of protein nutrition or
micronutrients. Measures of protein nutrition and levels of
micronutrients were clearly associated with vitamin supple-
mentation and the use of PERT. This indicates that PERT
may help to minimize protein and vitamin deficiencies asso-
ciated with CP, regardless of etiology, and therefore improve
patients’ micronutrient status. Our study also demonstrated
that there are potential racial differences in nutrient and
inflammatorymarkers, indicating the need for future studies
of mechanisms and therapies.
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