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Abstr;

Backgrwnic pancreatitis (CP) patients frequently experience malabsorption
and maldﬁ, leading to micro- and macronutrient deficiencies. Co-morbid diabetes
v :

and lifestyle haBjits, such as alcohol consumption, may impact nutritional status.

Metho ompared micronutrient antioxidant, bone metabolism, serum protein,
and in ory marker levels in 301 CP patients and 266 controls with no known
pancreatic disedSe. We analyzed serum prealbumin and retinol binding protein,
vitamins A, D, E, and B12, osteocalcin, tumor necrosis factor- a 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.
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Results: After correcting for multiple comparisons, CP patients had significantly lower
levels OMA (40.9 vs. 45.4 pg/dL) and vitamin E (both a- [8.7 vs. 10.3 mg/L] and

Y- [1.8 vs. /L] tocopherol), as well as osteocalcin (7.9 vs. 10 ng/ml) and
prealbun@7 mg/dL), than controls. Both patients and controls that took
vitamin s s had higher serum levels of vitamins than those not taking
supplementsa&@inpared with controls, in controlled analyses, CP patients had

significan@ily lower levels of vitamins A, D, and E (both a- and Y-tocopherol). CP patients
also had ntly lower levels of osteocalcin, prealbumin and retinol binding

protein, a@er CRP.

Conclusimatients demonstrated lower levels of selected nutritional and bone
metaboli igfarkers than controls. Diabetes and alcohol did not impact biomarkers.
Vitamin sjents and pancreatic enzyme replacement therapy improved nutritional
biomarkers in CR patients.

Introducg

T@ne pancreas produces pancreatic enzymes to hydrolyze complex nutrients

for fur ion and absorption by the intestinal mucosa while the endocrine pancreas
secrete rmones necessary for nutrient utilization. Chronic pancreatitis (CP) is a
pathologic fibro-inflammatory syndrome of the pancreas in individuals with genetic,

environrrhr other risk factors who develop persistent pathologic responses to

parenchry or stress.! CP causes progressive replacement of functional exocrine and

endocrinegi ith fibrosis and manifests clinically by maldigestion, steatorrhea, weight
loss, a&n and diabetes mellitus.2 3 CP may cause severe malnutrition and
metaboli ements if proper treatment is not provided.*8

M iStically, CP affects nutrition through at least four mechanisms. First, oral

intake ﬁninished because of sitophobia (fear of eating due to pain), or selective
avoidance of nuftients such as fat due to steatorrhea, bloating, or diarrhea. Secondly,
reduced pancreatic digestive enzyme secretion impairs the digestion of triglycerides,

causing reduced absorption of fat and fat-soluble vitamins A, D, E, and K, while diminished
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proteases may cause protein malnutrition and vitamin B12 deficiency. Thirdly, chronic

inflammation ma?/ produce an anabolic state that impairs protein utilization. Finally, the

loss of isle ngerhans cells results in metabolic disturbances due to diminished insulin,
glucagon, eatic polypeptide secretion. Individual CP patients may manifest any
N

combinatSn and degree of these mechanisms.

WegbreWgusly reported significantly lower body mass index (BMI, kg/m?2) in patients
with CP thanthose with recurrent episodes of acute pancreatitis or controls.? Low BMI
correlate verity indicators of CP and poor quality of life.1° Change in BMI after the
onset of C@e an even more accurate measure of the effects of CP on nutrition. Active
inflammatd ardless of pancreatic secretory function, can affect nutrition by decreasing
appetite ing catabolism. Indeed, inflammation and malnutrition have been shown

to correlcularly when protein is deficient.11-13 Levels of serum proteins, such as

album in and retinol-binding protein (RBP), are often lower in CP patients than

in healt 1duals, and have frequently been used as a sign of protein-calorie

malnutrition.* 1> However, levels of negative acute phase reactants such as albumin and

prealbunhe diminished when an individual has physiologic stress, such as during an

infection,ople with liver disease.1® Combined consensus statements from Academy

of Nutriti ietetics the American Society for Parenteral and Enteral Nutrition

(A.S.P.E'N! 11 as 2016 guidelines for nutritional support from the Society of Critical
Care Medigi S.P.E.N. have noted that prealbumin levels are inversely related to
inflamma okines.17.18Although unreliable, physicians still often rely on these
bioma a clinical reflection of protein status. Malabsorption of nutrients and

micronutrients ahd 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
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stress occurs simultaneously with decreased antioxidant protection, especially in
diabetics.19-22 Micronutrient deficiencies also predispose to oxidative stress in other
systems, i ing the risk of illnesses such as cancer.23-2>

Faam may be abrogated in CP. Lipase and apolipoprotein C-II deficiencies

 EE—
are two i!orn errors of metabolism associated with CP.26-28 Lipase deficiency also causes
fat malabg@rptf@n, affecting fat-soluble vitamin status.2? Low levels of serum lipids, fatty
acids, and vitamins A and E often occur in CP patients.21.30-33 Vitamin D is essential to bone
health anmﬂetabolism. Vitamin D depletion has been noted in men and women of all
ages WithE' 34 A study of 73 patients (17 women and 56 men) in different stages of CP
noted the e of osteopathy in 39% of patients, observing osteopenia in 26%,
osteopor %, and osteomalacia in 8% of cases.30 A 2014 meta-analysis that included
10 studie§ifo tal of 513 CP patients, noted that patients had a pooled prevalence rate of
osteo 3.4% (95% confidence interval, 16.6-32.0).3> CP is associated with lower
circulati s of vitamin D3 and decreased bone mineral density, loss of skeletal mass,

and an increased risk of diabetes mellitus.36-38

Pah enzyme replacement therapy (PERT) is currently the most effective means

of treatinestion and malabsorption in CP patients.3% 40 Although guidance for

treating p ic enzyme insufficiency in cystic fibrosis is established, variable etiology,
diet, li rs, comorbidities and metabolic demands in adults with CP makes
standardizi T guidance challenging. Controlled studies demonstrate that, with or

without cid suppression, some CP patients may require higher doses of PERT to
achiev ate absorption of dietary nutrients.1
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 pancreatitis

have been of fairly high quality, most have been small in size, with fewer than 100 patients
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included in the analyses.15 43-48 Some have not included any female patients.42 48-50 We

utilized the North American Pancreatitis Study I (NAPS2) studies with the primary aim of

)

comparin onutrient antioxidant, bone metabolism, serum protein, and inflammatory

marker 1

 EE—
Given thefextent of pancreatic compromise evident in CP patients, we hypothesized the CP

en a clinically relevant and well characterized CP cohort and controls.

patients Wmonstrate more signs of malabsorption and malnutrition than individuals
ancreati

without p c disease. Secondarily, we evaluated these same biomarkers among
subsets oments, examining factors that might influence inflammatory and nutritional
status, suchEle since diagnosis, BMI, alcohol as the primary etiology of CP, diabetes
mellitus, T usage. We analyzed the inflammatory biomarkers tumor necrosis factor
alpha (T d C-reactive protein (CRP), markers of inflammation and protein-calorie
malnutrit@m prealbumin and RBP, nutritional variables vitamins A, D, E, and B12, and
osteoc ) ker of bone turnover. Taken together, the insights gained from our study
may provi tter understanding of the effects of CP on nutrition and improve the process

of assessing and optimizing the care of these patients.

MethodsO
Study co
s and controls with no known pancreatic disease were ascertained

from the erican Pancreatitis Studies, including the NAPS2-continuation and
validatio NAPS-CV) (2008-2012) and the NAPS2-AS (2011-2014). These studies
were C ollowing the success of the original NAPS2 study (2000-2006). Specific

details of these Studies have been published previously.? 5152 In brief, a subset of all CP
patients and controls from these two NAPS2 studies that had serum samples available

using strict standard operating procedures (SOPs) were included in the current study.
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Participants were recruited based on having adequate serum samples and

questionnaire completion. Primary entry criteria for CP were predetermined, definitive

evidence g n imaging studies, primarily either endoscopic retrograde
cholangi raphy (ERCP) using the Cambridge classification or cross-sectional
N

studies (d@mputed tomography, magnetic resonance imaging/magnetic resonance
cholangiog@n tography), and endoscopic ultrasound (five or more criteria or
presence o ifications) or histology. Controls were spouses, family members, friends,
or indivi elated to CP patients; controls needed to be free from pancreatic

diseases and capable of completing a survey and undergoing blood draw. Genomic DNA

U

was initia cted from whole blood using the Flexgene DNA® kit (Qiagen, Valencia,

n

Calif., US modified manufacturer's buffy coat protocol. Serum was isolated

from 10

a

blood in non-additive serum tubes. Serum and a whole-blood sample

were s reezer at -80°C.

M

Questionnaires

[

Physicia onnaire

P ase report forms for CP patients were completed by a recognized

0,

expert in tic diseases at participating centers, usually with the assistance of a

1

clinica oordinator. The information in the questionnaire was supplemented

by medic documentation of key diagnostic, laboratory, and hospital reports.

it

Informati was queried focused on disease phenotype (e.g. history of acute

pancr ge at pancreatitis diagnosis, presence of morphological and functional

A

abnormalities, €tc.), etiology and risk factors, treatment received, and their perceived

outcome.
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Patient and Control Questionnaire
All CP patients and controls completed the participant questionnaire. The
questionnaigggincluded information on demographic factors including current and
maximuwai weight (to calculate BMI), personal and family history of a variety
 EE—
of medica!conditions, pancreatitis-related symptoms, disability and quality of life.
Spglifi riables of interest for this study included age at enrollment, BM],

duration of disease (age at first symptoms or diagnosis of pancreatitis), physician-
LD

defined a iology; current alcohol consumption; drinking category derived from
self-repor@king history during the maximum drinker period in life; smoking
status [p nt, or never]; vitamin/mineral supplement use PERT use, and
physician ng of diabetes diagnosis. Participant drinking categories included -
lifetime a@ (<20 drinks during lifetime), light (up to 3 drinks a week), moderate
(up to eek in women and 14 drinks in men), heavy (8-35 drinks a week in
WomerE/Sv drinks a week in men) and very heavy (35 or more drinks a week in
women and men).52 For the current manuscript, we combined heavy and very heavy

drinking L category. A number of controls (n=137) had missing information

regarding category, as they were enrolled in the NAPS2-CV and NAPS2-AS
studies, w ticipant questionnaires for controls were abbreviated. Because
partici a large range of products, we used the broad term

vitamin/ ﬁent use (yes/no) as a covariate in analysis.
Labor sting
We analyZed the inflammatory markers TNF-a and C-reactive protein (CRP) as

well as osteocalcin using a Luminex platform. An automated chemistry analyzer was

used to measure levels of prealbumin; an enzyme-linked immunosorbent assay (ELISA)

8
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to measure RBP; a microbiological microplate assay for vitamin B12; and high-

performance liquid chromatography (HPLC) to measure 25-OH Vitamin D3, vitamin E

T

(a-and y-t erol), and vitamin A.

N
Statisticdl Methods

D 1 e statistics are presented as proportions for categorical and as mean *

standard deviation or median (interquartile range) for continuous data. The
distributi e levels of vitamins, nutritional /inflammatory markers, and indicators

of bone turnoveRwere assessed for normality using graphical methods and the Shapiro-

)

ation between continuous measures was assessed using Spearman’s

-

Wilks tes
correlati arisons in discrete baseline characteristics between the CP patients

and cont

d

Is performed using the chi-square test. Comparisons for continuous
variab the CP patients and controls, and within subset of patients and

control rough the Mann-Whitney U test. Correlations between vitamin,

V]

nutrition, and biomarker levels were assessed using Spearman's rank correlation

[ |
coefficient. llemamdhjust for multiple comparisons, the Hommel’s procedure was adopted

for calculusted p-values.>3

Mudgiwamiable linear regression models were created to determine independent
factor predictive of the vitamin, nutrition and biomarker level outcomes. Due
to the sk ure of serum markers, logarithm transformation was applied to all
serum m cept for vitamin E y-tocopherol and TNF-q, for which square root
functi pplied such that the transformed levels approximated a normal
distribution. log or square root transformed micronutrient and inflammatory

marker values were included as the dependent variable in the multivariable models,

and factors retained in the models as covariates, included diagnosis, age, gender, race,

9
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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. Ot irst order interactions were also tested, but due to minimal changes in the
model pe (i.e. in R?) in some of the outcome variables, we have chosen to
N

show sim!lified models with interaction term for race and diagnosis, and sex and age.

No highe@nteractions were examined due to the complexity of model
atio

interpret eparate multivariable analyses were also performed for CP patients
only, whemdition to the aforementioned variables, PERT use and diabetes status
were also@d as covariates. Backward stepwise selection was used for variable
selection wgi value cutoff of p <0.20 used for incorporation into the model while a P
value of l;

square rg transformed data may be reverse transformed using a square or

expon ion respectively to bring the data back to the original units with the

0.05 was considered significant. For interpretation of the model,

unders at not all components of the model (error terms, confidence intervals,
etc.) will be correct in native units. Conversely, the coefficients in the log-transformed

models chd the percent change in the mean of the outcome variables. All

statisticas was performed using the R Project software (www.r-project.org).

Resul£

A

Cohort

Tl:ample included 301 eligible CP patients and 266 controls (Table 1).
When ed with controls, CP patients were significantly (p<0.05) older (50.8 vs.
45.6 years), mal@ (50.1 vs. 40.2%), Caucasian (71.1 vs. 58.3%), past or current smokers
(77.7 vs. 51.1%), and taking vitamin supplements (55.8 vs. 45.1%). CP patients were

less likely to be current drinkers (20.6 vs. 66.2%), and amongst participants with
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available information, more likely to be heavy or very heavy drinkers (53.3 vs. 34.2%).

CP patients were less likely to be overweight (25.9% vs. 36.5%) or obese (18.6% vs.

38.3%.) w mpared with controls. Twenty-two of the 266 (9%) controls reported
being dia not shown).
N

ArSng patients with CP, almost half (49.8%) had physician-defined alcohol
etiology fg®théfgillness and more than one-third (38.5%) were identified as having
diabetes per the enrolling physician. Just over one-half (55.1%) of CP patients were

using PE t three-quarters (73.3%) of CP patients had a disease duration that

was <5 years (Ei)le 2).

Vitamin,g)n and biomarker levels
Internal !@n

eviously described relationships between biomarkers were evaluated
as inter ation of the data.> 54-57 CP patients had significantly lower BMI than
control patients, with 44.5% of CP patients being overweight or obese compared to
74.8% of h (Table 1). Amongst all study participants (controls and CP patients),
CRP levelted positively with BMI. Additionally, for all participants, there was a
strong co ian between RBP and vitamin A levels (correlation 0.88, 0.89), between
prealbgBP (0.73, 0.70), and between prealbumin and vitamin A levels (0.72,
0.75). Thﬁe weaker positive correlations between fat-soluble vitamins A and E [a

-tocophe 0, 0.58), and vitamins A and D3 (0.26, 0.34).

Effect of CP on ;amin and biomarker levels

Serum levels of vitamins, nutritional markers, and inflammatory biomarkers in

CP patients and controls are provided in Table 3. After correcting for multiple

11
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comparisons, CP patients had significantly lower levels of vitamin A (40.9 vs. 45.4
pg/dL) and vitamin E (both a- [8.7 vs. 10.3 mg/L] and y- [1.8 vs. 2.2 mg/L] tocopherol),
as well as alcin (7.9 vs. 10 ng/ml) and prealbumin 23 vs. 27 mg/dL), than
controls. ﬁl level of Vitamin B12 was significantly higher in CP patients when
H
comparetgith controls (703 vs. 609.5 pg/mL). CP patients also had a significantly
higher leyg? of @RP than controls (0.3 vs. 0.2 mg/dL). Table 3 also shows the number
and percentage of study participants that demonstrated vitamin and nutritional marker
deficienci@ggcgdrding to standard laboratory thresholds. Compared to controls, a

higher percentage of CP patients had deficiencies in vitamins A, D, and the a-tocopherol

compone itamin E, although the discrepancy between controls and CP patients for
vitamin s pronounced. A greater proportion of patients than controls had
lower levéls teocalcin, and showed deficiencies in prealbumin and RBP with

marke es in rates of deficiency being noted for prealbumin (15.3% of CP
patient deficiency vs. 2.3% of controls).

Effect oftht with PERT and/or vitamin supplements

Aients with CP, when compared with patients who were not on PERT,
those receipmi ERT had significantly higher levels of Vitamin A (median 43.3 vs. 36.6
ng/ dl);
(mediaE?Z.S ug/dl) (Supplementary Table 1).

w pared with CP patients that were not taking vitamin supplements,

those lements had significantly higher levels of vitamin A (median 45.0 vs. 38.3

in (median 24 vs. 22 mg/dl), and a trend towards higher levels of RBP

pg/dl), a -tocoptterol (9.5 vs. 8.0 mg/L) and y-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

p/ml) (Supplementary table 2). No significant differences were noted in the serum
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levels of vitamins, nutritional markers, or biomarkers based on alcohol etiology or

disease duration although a trend was observed for lower levels of prealbumin in CP

patients withegiabetes when compared to non-diabetic CP patients (data not shown).

Si en compared with controls that were not taking vitamin

I

supplemdts, controls that used supplements had significantly higher levels of vitamin

B12 (medi vs. 587 pg/ml), vitamin D (27.2 vs. 16.1 ng/ml), a-tocopherol (11.60

vs.9.70 m nd a trend towards significantly higher levels of vitamin A (47.9 vs. 44
e

ng/dl) (S

ntary Table 3).

-
Multivari ression models to assess the effect of CP and other co-factors on
serum vimlutrition and biomarkers

In%nt predictors for serum levels of vitamins, nutritional markers and
bioma trols and CP patients are shown in Table 4. In this analysis,
interpretadi® of parameter estimates for each of the covariates quantifies the

independent effect of an attribute versus the comparison group (e.g. CP vs. controls)

after adjuhr other variables. A positive parameter estimate suggests higher levels,

while a narameter estimate indicates lower levels in reference to the

comparis .

golling for other factors, when compared with controls, CP patients had
significa r levels of vitamins A and E (both a- and Y-tocopherol), but
significa igher levels of vitamin B12. CP patients also had significantly lower levels
of oste prealbumin and RBP. Additionally, CRP levels were significantly higher in

CP patients conpared to 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

13
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with controls, after adjusting for other co-variates. A similar interpretation would be

applicable for vitamins and other biomarkers, taking into consideration whether the

i R

parameter gsimate has a positive or negative value.

N
Effects of lemographics

Thgfstudy cohort included a sufficient number of Caucasian (white) and African-
American ) patients for comparative analysis. When compared with Caucasians,
African-AmgFigahs had significantly lower levels of vitamin D, a-tocopherol, and RBP.

An interaction was noted between race and diagnosis for several vitamins and

U

biomarke r levels of vitamin A and prealbumin levels in CP patients versus

N

controls erved among African-Americans study participants to a greater

d

degree th g Caucasian participants. The increment of baseline levels of CRP in

CP pat controls is more evident in African-Americans than that in Caucasians.

The int etween diagnosis and race for vitamin B12 and TNF-a was interesting.

\%

Overall, African-American controls had significantly higher vitamin B12 levels when

[

compare ucasian controls; however, there was no racial difference in vitamin

B12 level 8 CP patients. While TNF-a did not show a significant difference

between ian CP patients and Caucasian controls, it was significantly elevated in

h

Africa CP patients when compared with African-American controls.

{

LE

Si associations with sex, age, BM], alcohol and tobacco use were noted

for a few sons (Table 4). Other than diagnosis and race, the only other clinically

releva ction was noted between sex and age for osteocalcin levels - i.e. with

A

increasing age, the level of osteocalcin decreased in males.

Effect of vitamin and PERT supplementation

14
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Vitamin supplementation was associated with significantly higher levels of

Vitamin A, D, E a-tocopherol, and B12, but not E Y-tocopherol. We evaluated the

independe ect of PERT usage on serum vitamins, nutritional markers and
biomark sion models limited to CP patients only (Supplementary Table 4).
N

PERT usas was associated with a significant increase in serum levels of vitamins A and

Y-tocoph® nutritional markers including RBP and prealbumin.

Discussim

Our stud¥is the first of its kind to evaluate various nutritional and inflammatory

markers i ble, racially diverse group of CP patients and controls. The study is
especiall t as it reflects a cross-sectional assessment of the state of hundreds of
well-char@d patients who are receiving care at pancreas disease centers across
the Un . We assessed various parameters of nutritional status and

inflammagi mongst 301 CP patients and 266 controls. Previous studies of nutritional
status are limited in number and have not factored in alcohol as an etiology, BMI,
diabetes, L/mineral supplementation and the use of PERT. Additionally, we are

not awaré .S. studies that have examined whether race may play a role in the

nutrition of individuals who carry a diagnosis of CP.

n

aseline differences between CP patients and controls included lower

{

BM], bein t or previous smokers, taking vitamin supplements, and not being

U

current d ? These effects were notable, since the duration of CP was fewer than 5

years i ajority of CP patients. Patients with a history of alcoholic CP did not have

A

significantly différent levels of nutritional markers than patients with other etiologies of
CP. Counseling regarding the deleterious effects of alcohol may have accounted for

fewer CP patients being current drinkers compared with controls. Nonetheless, even

15
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after adjusting for multiple confounders and multiple comparisons, significant

differences between patients and controls and certain subsets of participants existed.

Although t jority of patients in our study had been diagnosed with a chronic form

in 5 years of entering the study, most CP patients were using PERT.
 E—

Steatorrhs and its associated symptoms are often the primary indicators for the need

to prescrilgé P . 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 evidence-based guidelines for the diagnosis and therapy of chronic

pancreatitis (HaRanEU), all newly diagnosed CP patients should be screened for

Gl

pancreati e insufficiency.58 When patient symptoms are not definitive, the

guideline te a 4-6 week trial of PERT.

D@d symptoms of maldigestion (e.g. weight loss, flatulence, bloating,
steato improvements in nutritional status reflect the efficacy of PERT.>8 A
more Enosis 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 thoshere not taking PERT. Similarly, use of vitamin supplements in both

controls ¢ @ atients resulted in higher levels of certain vitamins or vitamin sub-

units tlricipants who did not supplement their diet.

Nutrition rs
T ot form of vitamin E present in the diet of individuals living in the United
States j opherol, although a-tocopherol is the form found in human tissues as well

as dietary suppl@ments.>® Our study found that CP patients had significantly lower
levels of vitamin A and both forms of vitamins E (a- and Y-tocopherol) than controls

although vitamin supplementation and PERT influenced these differences. A recent

16
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meta-analysis by Martinez-Moneo et al. evaluated fat-soluble vitamin deficiency in CP
patients.33 Amonig four studies that included161 patients, the pooled prevalence of

vitamin Aﬁncy was 16.8% (95% CI, 6.9- 35.7%) and of vitamin E deficiency was

29.2% (9 64.5%5).42.45,60,61

N
A s=14 study by Duggan et al. noted that 14.5% and 24.2% of CP patients had

deficiencig® in fat-soluble vitamins A and E, respectively, although half of the
patients iQsteudy were either overweight or obese.?0 They also found that 19% of
their patim high serum levels of vitamin A. In our study, 74.8% of controls and
44.5% of CP patlents were overweight or obese according to BMI. This large proportion
of overwei obese study participants raises the question of whether any
participa;ligh levels of vitamins A or E. We found no correlations between
overweigmity and elevated levels of vitamins A or E. Two CP patients had vitamin
A leve]Eic range (>120.0 mcg/dL) and both patients had normal BMI (21.1 and
23.0 m? st three CP patients had elevated vitamin E (a-tocopherol), two of whom
were overweight (BMI of 26.5, and 28.7 m2/kg) while one had normal BMI (23.8
m?/kg). Ah)jects with an elevated vitamin A or E were taking vitamin
supplemcontrols had elevated vitamin A or vitamin E levels regardless of

suppleme hese data were not presented in our results due to the minimal

numb ts with elevations and their lack of association with BMI. While the

e
compara er levels of fat-soluble vitamins A and E, and RBP in CP patients
versus Coﬂour study may indicate that patients may require supplementation to
reach %vels, a small number of patients may be taking an excessive dose of
vitamins A or E-Yniversal or indiscriminate vitamin supplementation for individuals
with CP is not advisable.58 Each patient should be evaluated individually for vitamin
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deficiencies and appropriate supplementation should be recommended when dietary
intake is inadequate to address nutritional deficits.
Ost ia occurs when bone breakdown exceeds bone formation leading to
lower boaminished bone mass is a critical risk for morbidity in patients with
 EE—
CP.30 Wegevaluated osteocalcin levels as a measure of osteoblast activity during bone
formationg®iterum concentrations serving as a biochemical marker for bone
formation. evious studies have noted low osteocalcin levels in CP patients.#” Serum
osteocalctagd€vels decline with age, reflecting decreased bone formation and turnover.63
Osteocalcin ma;lso function as a metabolic hormone, with multiple beneficial effects
on glucos t metabolism.®2 Studies have shown that serum osteocalcin levels are
associateg

lucose and lipid metabolism in men and women, and lower levels have

been shomrrelate to diabetes and metabolic syndrome.®4-6¢ [n multivariable
comp ; ocalcin levels were significantly lower in CP patients than controls. In
regressj yses, 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 controh to 40% of our CP patients had diabetes according to their physicians,

compareelf—reported by our controls. The high rate of diabetes in our patients,

in part, m accounted for their low osteocalcin levels. Vitamin D levels amongst
all stu nts were lower in African-Americans than in Caucasians.

Vi i is naturally present in a few foods, added to others, available as a
dietary s nt, and produced endogenously when sunlight’s ultraviolet rays strike
the ski igger vitamin D synthesis.®” Individuals with inadequate vitamin D

absorption are dt risk for all forms of osteopathy and have a significantly elevated

likelihood of sustaining bone fractures.®® 69 Given the high morbidity and mortality
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associated with fractures in older individuals, and previous findings of osteopathy
amongst CP patients, vitamin D supplementation is advisable.30.49,70
An ected finding was modestly higher vitamin B12 levels in patients with
CP than cﬁzh or without oral vitamin supplementation. Vitamin B12 is a
 E—
dietary Vls min that binds to R-proteins in the stomach to form a B12-R complex.”?
Intrinsic or'jiF) synthesized by the stomach’s parietal cells is secreted into the
duodenum, where proteases secreted from the pancreas digest the R-proteins and
release B h then binds to IF to form a B12-IF complex.”1. 72 Receptors on

enterocytes in tile terminal ileum are only able to recognize the B12-IF complex;

Ul

therefore must be bound to be absorbed.”2 Thus, vitamin B12 deficiency occurs

in CP pati consequence of protease deficiency.”3 Although the majority of both

CP patiens a ontrols had normal range vitamin B12 levels, CP patients may have

arn

beenr 2 injections, bypassing the gastrointestinal track altogether. This

potenti nation cannot be confirmed because a history of B12 injections was not

M

included in the NAPS2 case report forms. However, 20.3% of CP patients had a serum

[

vitamin above 1000 pg/mL, which may indicate that they were receiving B12

injectiongy ot shown). By comparison, only 10.5% of controls had a serum vitamin

B12 that d 1000 pg/mL.

n

{

Inflamma rkers

U

C ifies a chronic inflammatory disorder, but the amount and type of

inflam that a CP patient experiences at any specific time is typically unknown.

A

Although inflanThation 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.7+ 7>
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Therefore, these factors should be assessed in relation to disease activity, progression

and response to treatment.”®

Pre'aresearch has focused on serum biomarkers of inflammation in
pancreati o different outcomes and demonstrated that inflammation has a
N

wide imp@ct. For example, Rasch et al. conducted a systematic review of studies that
measuredghfl atory mediators in CP to determine the association between chronic

inflammation, farly mortality, and markers of accelerated biological aging, or

"inflamm 77 Beyer et al. demonstrated that CRP, hemoglobin Alc, BMI, platelet
count, and pain Score were strong predictors of future hospitalization and length of
stay.’> Anpgi e correlation between log of CRP level and bone mineral density in
patients as noted by Duggan et al, suggesting that bone turnover is affected by
systemic @ation?0 A study by Mroczko et al. demonstrated that both IL-6 and
CRP le htly but significantly higher in CP patients compared to controls, but
marke er in patients with pancreatic cancer, with levels correlating with cancer
stage.’® Thus, systemic inflammation, as reflected by serum CRP levels, correlates with

CP morbihystems outside the pancreas. Herein we extend these findings to a

large, we

inﬂamnr
levels were below the level of detection in most CP patients, although

e m—

some pat ith CP were recruited during episodes of acute pancreatitis, which likely

typed cohort of CP patients with biomarkers of both nutrition and

contribut rkedly elevated levels in a very small number of patients. CRP is an
acute \<a;ant 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 increased with BMI (Table 4), with obesity

representing a known pro-inflammatory condition.”® We confirmed that CRP levels are

20
This article is protected by copyright. All rights reserved.



elevated in CP patients versus 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 w. icher (mean 2.0 vs. 0.9 mg/L).7% Although our controls lacked pancreatic
disease, tdve had other illnesses. CRP levels may be elevated due to chronic
 EE—
diseases ISd advancing age, with progressive increases being observed amongst
individualé®wi ultiple co-morbidities.8% 81 The U.S. National Health and Nutrition
Examinatg“ey (NHANES) cohort, for example, estimated multi-morbidity in
36.7% ofm'nericans.82 Compared to our CP patients, CRP levels in the NHANES

cohort were 2.63+/- 0.11 for controls, 3.92 +/- 0.11, for individuals with one chronic

Gl

disease a +/-0.12 for the multi-morbidity cohort, including patients with
asthma, a: chronic liver disease, COPD, kidney failure, obesity and history of
cancer - Wit sity being a major contributor to elevation. CRP levels are often
analyz nction with albumin levels to generate the Glasgow Prognostic Scores
(GPS), §of chronic inflammation and a strong prognostic factor for survival in
various cancers.8? The severity score increases with CRP > 10 mg/L, a value that was
rarely seL‘ cohort. Therefore, the GPS is unlikely to be a useful marker of chronic

inflamma 1@ P, except in extreme cases. Similar to albumin, prealbumin may be

diminisflg inflammation. The lower levels of prealbumin in our CP patients were
likely nger reflection of systemic inflammation than protein-calorie
malnutri

17,18
Ob has numerous strengths. The study's large sample size could detect
small %in nutritional 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 processed using
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meticulous SOPs, providing results that are likely to be accurate and reliable.

Weaknesses of the study include the fact that our patients and controls were not

precisely ed, with the median age of patients being 5 years older than controls
and 50% compared to 40% of controls being male. Advancing age may be
N

associate!with a decline in nutritional status due to medical, psychological, social, and
other fac , h as limited food access.83 Therefore, differences in nutritional
markers may have reflected older age as well as disease status. Additionally, the NAPS2
study cen tertiary care institutions. CP patients who have been evaluated at

highly skilled cefiters may be diagnosed earlier and receive more comprehensive care,

b

which co flected by the relatively high percentage of patients taking PERT,

n

refrainin cohol consumption, and using dietary supplements. Therefore, our

d

findings Ma e been attenuated compared to the general population of CP patients.
The ty in supplementation used by study subjects varied widely from single

vitami amin B12 or vitamin D) formulations to multivitamin preparations with

%

various quantities of different vitamins, minerals and other nutriceuticals. The majority

used comhl products. Due to the vast array of ingredients and quantities ingested,

we consibjects using any form of supplement into the vitamin supplementation
categoxary classification of supplement use may have impacted our
conclu : lly, we were missing data for some lifestyle variables.

Ovﬂﬂammatory markers were generally increased in CP patients and

micronut els were generally lower in CP patients when compared to controls,
with C ts 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 supplementation and the use of

22
This article is protected by copyright. All rights reserved.



PERT. This indicates that PERT may help to minimize protein and vitamin deficiencies

associated with CP, regardless of etiology, and therefore improve patients’

micronutﬁatus. Our study also demonstrated that there are potential racial
differenc ient and inflammatory markers, indicating the need for future studies
N

of mecha!sms and therapies.
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Table 1: @ e characteristics of controls and chronic pancreatitis patients
Characte Controls (266) Chronic P value
H pancreatitis
! Patients (301)
Age at entgil t (Mean £SD) 45.6 +13.4 50.76 + 14.11 <0.001
Male - n 107 (40.2) 151 (50.1) <0.05
Race - n (@)
Caucasi 155 (58.3) 214 (71.1)
African-American 111 (41.7) 87 (28.9) <0.01
Body mass indexf( BMI) - n (%)
Underw 8 kg/m?2) 3(1.1) 25(8.3)
Normal g/m2) 64 (24.1) 141 (46.8)
Overwelght (= 25-30 kg/m2) 97 (36.5) 78 (25.9) <0.001
Obese ( 2) 102 (38.3) 56 (18.6)
Drinking *
Lifetim r 34 (26.4) 42 (14.5)
Light drinker 32 (24.8) 58 (20.0) <0.001
r 24 (18.6) 36 (12.4)
drinker 39 (30.2) 154 (53.1)
137 11
Alcohol consumption - n (%)
Never 34 (12.8) 42 (14.0)
Past s 56 (21.1) 197 (65.5) <0.001
Current 176 (66.2) 62 (20.6)
Cigarette @ ;-1 (%)
Never 130 (48.9) 67 (22.3)
Past 74 (27.8) 78 (25.9) <0.001
Current 62 (23.3) 156 (51.8)
Vitam ntation - n (%) 120 (45.1) 168 (55.8) <0.05
SD= staHion
Missing data: CP), drinking category (CP 12, controls 152), vitamin supplementation (CP 1,
controls 1);

Percentage are based on effective numbers.
*Based o orted drinking during the maximum lifetime drinking period
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Table 2: Etiology, diabetic status, duration of disease and pancreatic enzyme replacement

therapy (PERT) usage and duration of disease in chronic pancreatitis patients

{

Characteris
N(%) =

Chronic Pancreatitis patients (301)

il

Physician-d

ohol etiology

No 151 (50.2)
Yes 150 (49.8)
Diabetes me nosis

No 185 (61.5)
Yes 116 (38.5)
PERT usage 5

No 135 (44.9)

Yes s 166 (55.1)

Time since diagnosis
< 5 years
5-10 years
> 10 yea
Missing

d

187 (62.1) (73.3)
40 (13.3) (15.7)
28 (9.3) (11.0)
46 (15.3) (0.0)

Author M
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Table 3: Serum vitamin, nutritional marker and biomarker levels (top) and deficiencies

(bottor“

in controm onic pancreatitis patients
um vitamin, nutritional marker and biomarker levels

r
N
! Chronic
pancreatiti
s
Variable\{referénce Controls Patients
range) (266) (301) p-value*
Vitamin - 40.9 [30.3,
ug/dL) 45.4[37.1,54.3] 51.9] 0.001
Vitamin 703.0
(cobalamin) (210- [565.0,
609.5 [466.5, 794.5] 923.0] <0.001
20.7 [11.5,
22.2 [12.3,32.8] 32.8] 0.92
8.7 [6.5,
10.3 [8.4,12.8] 12.2] <0.001
1.8[1.1,
2.2 [1.6,2.9] 2.8] <0.001
Osteocalgin (9-42 7.9 [5.0,
ng/mL) 10.0 [7.3, 14.5] 12.4] <0.001
m 23.0 [19.0,
(transthy 5- 27.0 [23.0, 30.0] 27.0] <0.001
36 mg/dL
Retinol Bihding 34.5[25.6,
Protei 37.0 [30.2, 44.1] 44.0] 0.055
ug/ml,
C-reactivé'protein 0.3 0.1,
(CRP) (<0 L) 0.2 [0.1, 0.5] 1.0] <0.001
TNF-a (pg/mL)™* 3.0 [2.0,
3.0 [2.0, 3.0] 4.0] 0.92
Serum vitamin and nutritional marker deficienciest

Variable

Controls
(266)

Chronic pancreatitis
Patients (301)
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Vitamin A (<30 pg/dL) N(%) 20 (7.5) 75 (24.9)
Vitamin B12 (cobalamin) (<210 pg/mL) 2 (0.8) 1(0.3)
mdroxy vitamin D3) (<10 ng/mL) 49 (18.4) 63 (20.9)
Vitamin B @ pherol) (<5.7 mg/L) 8(3.0) 54 (17.9)
Vitamin Ba@mseeepherol) (>4.3 mg/L) 20 (7.5) 14 (4.7)
Osteocalh/mL) 114 (42.9) 176 (58.5)
Prealbun@thyretin) (<15 mg/dL) 6 (2.3) 46 (15.3)

4(1.5) 14 (4.7)

** TNF-a does nofthave a standard reference range

U

1 Unadjus
New Jerse

N

Author Ma
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Retinol BQ’ igotein (<15 pg/mlL)
*Adjuste tiple comparisons using Hommel’s procedure

; Deficiency thresholds based on Quest Diagnostics Inc. laboratory, Madison,




Table 4: Multivariable linear regression analyses for predictors of serum levels of vitamins, nutritional markers and biomarkers

H Vitamin A | Vitamin B12 Vitamin D3 | VitaminEa | VitaminEy Osteocalcin | Pre-albumin Retinol Creactive | TNF a
Tocopherol | Tocopherol Binding | protein
Protein
I—— . |
(Intercept) ! 3.666 F 6.275 % 3.112 % 2.349 % 1357 2.321% 3.201 % 3.483 % -2.356 1.648
Diagnosis (CP‘ ’ -0.105 * 0.237 % -0.104 * -0.189 % -0.083 * -0.319 % -0.100 * -0.097 * 0.681 # -0.034
Race (African—m -0.050 0.175 % -0.508 -0.131% -0.124 0.074 " -0.102t+ | 0.133 -0.080
Sex (male) : 0.031 0.043 0.084
Age (Centered)C 0.003 * 0.006 F 0.006 * 0.004 t 0.008 »
Vitamin
0.127 % 0.148 % 0.233 % 0.133 % -0.152 % 0.085 * 0.112
Supplementatig@n
Current B
Underyei -0.171* 0.089 -0.064 -0.522 "

[
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Overweight 0.032 0.182 % -0.001 0.466 1

Obese I ' 0.025 0.294 % -0.104 t 1.035
Alcohol consu @

Formeill N 0.093 0.031 0.117 *

—L

Current 0.138* 0.101* 0.151 t
Smoking sta\tusO

Former H 3 0.094 0.041 0.102 * -0.061

Current s -0.169 * -0.090 * 0.139 -0.064

Interaction -0.180 * -0.201 0.266 * -0.129 * 0.528 * 0.319 *

Sex: Age Inter -0.019 %

A p<0.10* p<0.05 T p<0.01 # p<0.001

All serum lev ent log transformation prior to modeling except for Vitamin E y Tocopherol and TNF o, which were transformed using a square root function.
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