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ORIGINAL ARTICLE

Cigarette Smoking Impairs
Pancreatic Duct Cell Bicarbonate Secretion
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ABSTRACT
Objective To compare pancreatic duct cell function in smskeurrent and past) and never smokers by measuoteyhsecretin-
stimulated peak bicarbonate concentration ([HJOn endoscopic collected pancreatic fluid (PMethods This retrospective
study was cross-sectional in design, recording dgaphic information (age, gender, etc.), smokiragust (former, current, never),
alcohol intake, clinical data (imaging, endoscomy)d laboratory results (peak PF [HEDfrom subjects evaluated for pancreatic
disease at a tertiary pancreas center. Univariate raultivariate statistical analysis (SAS Versio2,9Cary, NC, USA) was
performed to assess the relationship between tigasmoking and secretin-stimulated pancreatia fhicarbonate concentration.
Results A total of 131 subjects underwent pancreatic flaadlection (endoscopic pancreatic function teB¥E) for bicarbonate
analysis: 25.2% (33 out of 131) past smokers, 31(8%out of 131) current smokers, and 43.5% (57 ajut31) were never
smokers.Measures of Associatiorifhe mean peak PF [HGDin never smokers (81.3+18.5 mEqg/L) was statifitichigher
(indicating better duct cell function) when comghte past smokers (66.8+24.7 mEqg/L, P=0.005) amtentismokers (70.0+20.2
mEg/L, P=0.005). However, the mean peak [HT@ past smokers was not statistically differerdni that in current smokers
(P=0.575), and therefore, the two smoking groupsewembined to form a single “smokers cohort”. Wisempared to the never
smokers, the smokers cohort was older (P=0.037hadda greater proportion of subjects with defintheonic pancreatitis imaging
(P=0.010), alcohol consumptier?20 g/day (P=0.012), and abnormal peak PF [HCO3-D(#31). Risk-Based EstimatdSigarette
smoking (risk ratio, RR: 2.2, 95% CI: 1.3-3.5; P<0.))@liagnosis of definite chronic pancreatitis inmg(RR: 2.2, 95% CI: 1.6-
3.2; P<0.001) and alcohol consumpt20 g/day (RR: 1.6, 95% CI: 1.1-2.4; P=0.033) wereaafiociated with low mean peak PF
[HCOs] (indicating duct cell secretory dysfunctiorMultivariate Analysis: Smoking (odds ratio, OR: 3.8, 95% CI: 1.6-9.1;
P=0.003) and definite chronic pancreatitis imag{@R: 5.7, 95% CI: 2.2-14.8; P<0.001) were determitede independent
predictors of low peak PF [HGQ controlling for age, gender, and alcohol intakerthermore there was no interaction between
smoking status and alcohol intake in predictingtdeal dysfunction (P=0.571)Conclusion Measurement of pancreatic fluid
bicarbonate in smokers reveals that cigarette amgokpast and current) is an independent risk fafdorpancreatic duct cell
secretory dysfunction (low PF [HGQ). Furthermore, the risk of duct cell dysfunctimnsubjects who smoked was approximately
twice the risk (RR: 2.2) in never smokers. Furttmedépth, translational research approaches to gaticifluid analysis may help
unravel mechanisms of cigarette smoking inducedneatic duct cell injury.

INTRODUCTION include severe and often debilitating abdominahpai
steatorrhea, and diabetes [3]. Current treatmeats ¢
only provide temporary pain relief and manage
complications but are unable to arrest this detiasgta
illness. Both basic science and clinical reseasclaee
actively investigating the pathogenic mechanisms of
injury that result in chronic pancreatitis [4, 5, H.
Cigarette smoking has been established as an ianort
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pancreatitis [16, 17]. Specifically, measurement of
secretin-stimulated pancreatic fluid total bicardien
and peak bicarbonate concentration have been shown
to be reliable predictors or “biomarkers” of early
chronic pancreatic disease [18, 19]. Our clinical
research group believes that evaluation of pancreas
fluid from direct endoscopic pancreas function itegt
can provide insights into the pathogenic mechanisins
chronic pancreatitis [5, 20].

The aim of this study was to compare pancreati¢ duc
cell secretory function in cigarette smokers [paist
current] and never smokers by measuring peak
bicarbonate concentration ([HG{) in endoscopic
collected pancreatic fluid (PF).

METHODS
Study Subjects

Subjects were identified from the ePFT databagbeat
Center for Pancreatic Disease, Brigham and Women'’s
Hospital, Boston, MA, USA. This study cohort was
comprised of patients referred for evaluation for
pancreatic disease, who underwent secretin-stieullat
endoscopic pancreatic function testing (ePFT) betwe
November 2007 and May 2011. Indications for ePFT
included: diagnostic evaluation for suspected cieron
pancreatitis and evaluation of pancreatic function
patients with established chronic pancreatitis.eMFT
patients were included in the sample cohort irrespe

of age, gender, race, or etiology of chronic pagitis.
Patients who had undergone any pancreatic surfgery,
any reason, prior to imaging and ePFT were excluded
from this analysis.

Data Collection

A data collection form was developed (V Kadiyald, D
Conwell) to record demographic information (age,
gender, race), smoking status (former, currentenev
alcohol intake (<20 g/day or2® g/day), symptoms
(pain, nausea, vomiting), imaging study findings
(MRCP/sMRCP, CT, EUS), and laboratory results
(peak pancreatic fluid [HCE and stool pancreatic
elastase-1).

Endoscopic Pancreatic Function Test

Pancreatic function was assessed by measurement of
peak PF [HC@], collected by a 45-minute secretin-
stimulated endoscopic pancreatic function test [@PF
The ePFT procedure was performed as previously
described [21, 22]. Briefly, the patient was pladed
left lateral decubitus position with the head dligh
elevated and administered 0.2 pg/kg intravenous
secretin (ChiRhoStim™, Human Secretin for injection
Burtonsville, MD, USA) over one minute.
Esophagogastroduodenoscopy (EGD) was performed
using a standard (10 mm) or thin (6 mm) upper
endoscope for visualization of the esophagus, sthma
and duodenum. All gastric fluid was aspirated tiglou
the endoscope and discarded. Following secretin
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injection, pancreatic fluid (20-30 mL) was then
aspirated from the duodenum at 15, 30, and 45 ex¥nut
into separate specimen traps. Fluid samples were
placed on ice and sent to the laboratory for aimlys
Bicarbonate  concentration measurements  were
conducted in the CLIA-certified Brigham and Women's
Hospital Clinical Chemistry Laboratory under the
standard operating procedures on an AU640 (Olympus
America, Center Valley, PA, USA) automated
chemistry analyzer. Total bicarbonate was measyed
the two-step phosphoenolpyruvate carboxylase-malate
dehydrogenase enzymatic-photometric method [23].
Samples with results greater than the upper agssty |
were diluted into the linear range. A peak PF [HTO
less than 75 mEqg/L was considered abnormal,
indicating duct cell dysfunction [24].

Definition of Chronic Pancreatitis

Subjects were categorized based on the presence or
absence of pancreatic disease, according to the M-
ANNHEIM (multiple risk factor classification: alcoh
consumption, nicotine consumption, hereditary feg;to
efferent pancreatic duct factors, immunologic fasto
and rare miscellaneous and metabolic factors)riite
for chronic pancreatitis [25]. All radiologic stedi
were reviewed by two abdominal imaging radiologists
(K Mortele, NI Sainani).

ETHICS

This study protocol was approved by the Institugion
Review Board at the Brigham and Women'’s Hospital.
This study conforms to the ethical guidelines o th
World Medical Association Declaration of Helsinki-
Ethical Principles for Medical Research Involving
Human Subjects. Data were collected retrospectively
and patient informed consent was waived by the
Institutional Review Board.

STATISTICS

Statistical analysis was performed using SAS Versio
9.2 (SAS Institute Inc., Cary, NC, USA) by a PhD
biostatistician (W Wang). Predictor variables irusd:

age (discrete), gender (nominal: male, female),
smoking status (nominal: past, current, neverptat
intake >20 g/day (nominal: no, yes), definite chronic
pancreatitis (nominal: no, yes). Outcomes included:
peak PF [HC@] (discrete), ePFT test result (nominal:
normal, abnormal), stool pancreatic elastase-1 test
result (nominal: normal, abnormal).

The Spearman rank test was used to determine the
correlation of peak pancreatic fluid bicarbonate
concentration to stage of chronic pancreatitis.

A. Comparison of Past and Current Smokers

Univariate analysis using the Fisher exact test thed
Wilcoxon two-sample test was performed comparing
the past smokers to the current smokers to deterihin
the two groups could be pooled to form a single
smoking cohort.
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Table 1 Study population demographic and clinical charésties.

All Past Current Never

subjects smokers smokers smokers
Number of subjects 131 33 (25.2%) 41 (31.3%) 57 (43.5%)
Age (meanSD; years) 48.1+13.7 55.6+13.6 46.7+10.9 44.9+14.1
Gender (males; females) 54; 77 17; 16 16; 25 21; 36
Race:
Asian 4 (3.1%) 2 (6.1%) 0 2 (3.5%)
Black 9 (6.9%) 2 (6.1%) 6 (14.6%) 1 (1.8%)
White 108 (82.4%) 27 (81.8%) 31 (75.6%) 50 (87.7%)
Hispanic 7 (5.3%) 2 (6.1%) 1 (2.4%) 4 (7.0%)
Not Reported 3 (2.3%) 0 3 (7.3%) 0
Diagnostic category according to M-ANNHEIM criteria:
No chronic pancreatitis 26 (19.4%) 4 (12.1%) 2 (4.9% 20 (35.1%)
Borderline chronic pancreatitis 28 (20.9%) 4 (12.1%) 11 (26.8%) 13 (22.8%)
Probable chronic pancreatitis 41 (26.9%) 11 (33.3%) 15 (36.6%) 15 (26.3%)
Definite chronic pancreatitis 36 (27.5%) 14 (42.4%) 13 (31.7%) 9 (15.8%)
Etiology:
Alcohol risk factor (intake-20 g/day) 31 (23.7%) 11 (33.3%) 13 (31.7%) 7 (12.3%)
Non-alcohol 100 (76.3%) 22 (66.7%) 28 (68.3%) 50 (87.7%)
Duct cell secretory function:
Abnormal [HCQ] ? 57 (43.5%) 19 (57.6%) 23 (56.1%) 15 (26.3%)
Peak [HCQ@] (mean+SD; mEq/L} 74.1+21.6 66.8+24.7 70.0+20.2 81.3+18.5
Exocrine function:
Abnormal pancreatic elastase 1 24/67 (37.5%) 8/20 (40.0%) 8/20 (40.0%) 8/27 (29.6%)
#Normal peak PF [HC¢] >75 mEq/L
B. Comparison of “Smokers” Cohort versus Never of duct cell dysfunction (by abnormal peak PF [HT)O
Smokers when controlling for age, gender, and associated

Univariate analysis using the Fisher exact test taed covariates including chronic pancreatitis.

Wilcoxon two-sample test was performed to compare RESULTS
the smoking cohorts to the never-smokers cohort for Studv Cohort
significant differences in predictor variables and y
outcomes. A contingency table was used to assess th Table 1 displays the demographic data of the 131
risk magnitude of duct cell dysfunction in smokarsl subjects who underwent function testing that were
never smokers. included in the data analysis. The mean age of the
study sample was 48 years; 54 (41.2%) subjects were
male; and 108 (82.4%) were white race. At the tohe
function testing, 33/131 (25.2%) subjects were past
Multivariate logistic regression was performed to  smokers; 41/131 (31.3%) were current smokers; and
determine if smoking status is an independent ptedi 57/131 (43.5%) subjects were never smokers.

C. Determination of Independent Predictors of Duct
Cell Function

Table 2 Study population distribution and pancreatic flaigan peak [HCE) stratified based on MINNHEIM diagnostic criteria for chron
pancreatitis.

M-ANNHEIM criteria for diagnosis of chronic pancreatitis Proportion of subjects who ~ MeanzSD peak [HCGO;]
satisfy criteria (mEg/L)?

No chronic pancreatitis 26/131 (19.4%) 88.31£11.6

Borderline chronic pancreatitis 28/131 (20.9%) 88.8+10.7

- Typical clinical history of the disease but withcanty of the additional critel 28 (100%)

required for definite or probable chronic pamtits. This form is also establist
as a first episode of acute pancreatitis with athet (1) a family history «
pancreatic disease (i.e., other family members adtite pancreatitis or pancre
cancer) or (2) the presence of M-ANNHEIM risk fasto

Probable chronic pancreatitis 41/131 (26.9%) 69.8+15.7
- Mild ductal alterations (according to the Cambridtgssification) 3 (7.3%)
- Recurrent or persistent pseudocysts 0 (0%)
- Pathological test of pancreatic exocrine functisnch as fecal elastagetest 33 (80.5%)
secretin test, secretin—pancreozymin test)
- Endocrine insufficiency (i.e., abnormal glucosetahce test) 11 (26.8%)
Definite chronic pancreatitis 36/131 (27.5%) 57.2425.0
- Pancreatic calcifications 13 (36.1%)
- Moderate or marked ductal lesions (according taQambridge classification) 36 (100%)
- Marked and persistent exocrine insufficiency defires pancreatic steatorr! 0 (0%)
markedly reduced by enzyme supplementation
- Typical histology of an adequate histological spesi 5 (13.9%)

#Normal peak PF [HCE] >75 mEq/L
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Figure 1. Box plots showing the distribution of mean p
pancreatic fluid [HC@] in male @.) and femalel{.) neversmokers
past smokers and current smokers, acrosSNWEHIM diagnostic
categories for chronic pancreatitis. (* Suspectetliars; o Strongly
suspected outliers)

Clinical diagnosis for chronic pancreatitis wasiaed
according to the M-ANNHEIM criteria [25]. Twenty
six of the 131 subjects (19.4%) had no evidence of
chronic pancreatitis; 28 (20.9%) had borderlineoole
pancreatitis; 41 (26.9%) had probable chronic
pancreatitis; and 36 (27.5%) had definite chronic
pancreatitis. As expected, the mean peak [E[C@as
negatively correlated to the stage of chronic paaiic
disease according to the M-ANNHEIM diagnostic
criteria and decreased from the no chronic pantiseat
group (88.3 mEQ/L) to the definite chronic pancteat
group (57.2 mEg/L) (=-0.579; P<0.001) (Table 2).
Figure 1 shows the distribution of peak [H&OnN
male (Figure 1a) and female (Figure 1b) patientesac
all diagnostic categories in past, current and neve
smokers.

Effect of Smoking

Current and past smokers were combined to form a
“Smokers” cohort. As shown in Figure 2, when
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Figure 2. Comparison ofmean peak pancreatic fluid [HGPanc
95% CI among all cohorts, using the Wilcoxon twepée test
(Normal peak PF [HC€E] >75 mEq/L).

compared to never smokers, the mean peak PF (HICO
was significantly lower in both current smokers
(P=0.005) and past smokers (P=0.005). Table 3 shows
that of those 74 subjects with a history of smokisg
(44.6%) were past smokers, and 41 (55.4%) were
current smokers at the time of function testingstPa
smokers were found to be significantly older than
current smokers (P=0.002). There was no statistical
difference in peak [HC¢] between past smokers
(66.8+24.7 mEqg/L) and current smokers (70.0+20.2
mEq/L) (P=0.575). There was no statistical diffeen
between the two groups with regard to gender
composition and proportion of subjects with deénit
chronic pancreatitis, daily alcohol intake20 g,
abnormal peak PF [HGQ, and abnormal stool
pancreatic elastase-1. Based on these similar
characteristics, past and current smokers were
combined into one “smokers cohort” for data analysi
Also shown in Figure 2, when compared to never
smokers, the mean peak PF [HJQvas significantly
lower in the “smokers cohort” (P<0.001).

Demographic Characteristics

Demographic characteristics of the smokers cohort
(past and current) compared to the never-smokers

Table 3 Comparison of past smokers and current smokersrtsoh

Past Current P
smokers smokers
(n=33) (n=41)
Age (mean+SD) 55.6+13.6 46.7£10.9  0.609
Gender (males; females) 17; 16 16; 25 0.349
Definite chronic pancreatitis 14 (42.4%) 13 (31.7%) 0.467
Alcohol intake>20 g/day 11 (33.3%) 13 (31.7%) 1.000
Abnormal [HCQ] # 19 (57.6%) 23 (56.1%) 1.000
70.0£20.2 0575

[HCOs] (mean+SD; mEg/L 66.8+24.7
a

Abnormal pancreatic elast: 8/20 (40.0%) 8/20 (40.0%) 1.000
1

#Normal peak PF [HC¢] >75 mEq/L
® Wilcoxon two-sample test
¢ Fisher exact test
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Table 4 Comparison of “smokers” (past and current) andenev
smokers cohorts

Smokers: Never- P
past+current smokers
(n=74) (n=57)

Gender (males; females) 33;41 21; 36 0474
Age (meanzSD) 50.7£12.9  44.9+14.1 0.037
Definite chronic pancreatitis 27 (36.5%) 9 (15.8%).010°
Alcohol intake>20 g/day 24 (32.4%) 7 (12.3%) 0.007
Abnormal [HCQ] # 42 (56.8%) 15 (26.3%) 0.001
[HCOs] (meantSD; mEq/L} 68.6+22.2  81.3+18.5 <0.001

Abnormal pancreatic elastasd@/40 (40.0%)8/27 (29.6%) 0.444°
#Normal peak PF [HC¢] >75 mEq/L

® Fisher exact test

° Wilcoxon two-sample test

cohort are shown in Table 4. There were 74 subjacts
the smokers cohort and 57 subjects in the never-
smokers cohort. There was no difference in gender
composition. However, the smokers cohort was
significantly older (P=0.037) and as expected, had
greater proportion of subjects with definite chroni
pancreatitis (P=0.010), daily alcohol intake&0 g
(P=0.012), and abnormal peak PF [HG@®P<0.001).
The mean peak PF [HGD in the smokers cohort
(68.6+£22.2 mEq/L) was significantly lower than that
never smokers (81.3+18.5 mEqg/L) (P<0.001). There
was no observed difference in the proportion of
patients with abnormal stool pancreatic elastase-1
when smokers and never smokers were compared.

Risk of Pancreatic Duct Cell Dysfunction

Smoking (past and current), definite chronic
pancreatitis, and increased alcohol intaké g/day are
associated with increased risk of pancreatic dedt c
dysfunction. Table 5 shows the risk ratios (RR) and
their corresponding 95% confidence intervals.
Cigarette smoking (RR: 2.2, 95% CI: 1.3-3.5;
P<0.001), diagnosis of definite chronic pancrestiti
(RR: 2.2, 95% CI: 1.6-3.2; P<0.001), and alcohol
consumption>20 g/day (RR: 1.6, 95% CI: 1.1-2.4;
P=0.033) were all associated with an increasedaisk
duct cell secretory dysfunction. These three fagtor
including age and gender were entered as covailiates
a multiple logistic regression model to determihe t
individual contributions of each factor in predndi
duct cell dysfunction. As seen in Table 6, smoking
(odds ratio, OR: 3.8, 95% CI: 1.6-9.1; P=0.003) and
definite chronic pancreatitis were independent
predictors of duct cell dysfunction when contrddiifor
smoking status, chronic pancreatitis, age, genaied,
increased alcohol intake. Furthermore, there was no
interaction between smoking plus increased alcohol

Table 6 Multivariate logistic regression analysis (modelépender
variables: smoking, definite chronic pancreatiége, gender ai
alcohol intake) for pancreatic duct cell dysfunetipeak PF [HC@)]

<75 mEq/L).

Covariate Odds ratio P
Smoking (past + current) 3.8 (1.6-9%1) 0.003*
Definite chronic pancreatitis 5.7 (2.2-14%8) <0.001%
Age 1.0 (0.9-1.0) 0.062
Gender 2.2 (0.9-5.2) 0.081
Alcohol intake 2.0 (0.7-5.6) 0.182

@ Controlling for smoking status, chronic pancresfitage, gend
and alcohol intake

intake (P=0.571) or smoking plus gender (P=0.543) i
predicting duct cell dysfunction.

DISCUSSION

We have shown that cigarette smoking is associated
with impaired pancreatic duct cell function.
Specifically, the mean peak pancreatic fluid [HGO
was significantly lower in both past and current
smokers when compared to never smokers, and the ris
of duct cell secretory dysfunction in subjects who
smoked was approximately twice (RR: 2.2) the risk i
never smokers. Furthermore, smoking was found to be
independently associated with duct cell dysfunction
(i.e., peak PF [HCQ] <75 mEq/L), when controlling
for age, gender, increased alcohol intake, andndisig

of chronic pancreatitis. A diagnosis of chronic
pancreatitis was also independently associated with
abnormal duct cell function. Often associated with
chronic pancreatitis and common among cigarette
smokers, increased alcohol intake was also fourizkto
associated with elevated risk of low peak PF [HEO
However, the logistic regression model demonstrated
that cigarette smoking impaired duct cell function
independent of any effect of increased alcohol
consumption and chronic pancreatitis. These firgling
add to the growing body of evidence that cigarette
smoking is harmful to the human pancreas. Our tesul
show that pancreas duct cell secretion/function is
impaired in cigarette smokers.

Animal models as well as human epidemiologic and
pathology studies confirm that smoking is deletgsio

to the pancreas in both acute and chronic pantiseati
[26, 27, 28, 29]. Continued smoking exposure has al
been associated with worsening disease severity,
development of parenchymal calcifications, and
pancreatic carcinoma [26, 30, 31, 32, 33]. Recent
elucidation of the role of inflammatory mediator® (
growth factors, chemokines, and cytokines) in
pancreatic stellate cell physiology has improved ou
understanding of mechanisms leading to pancreas

Table E. Risk based estimates for pancreatic duct cefudysion (peak PF [HCE <75 mEq/L).

Exposure Risk in exposed (95% ClI) Risk in unexpose®5% CI) Risk ratio (95% CI) p?
Smoking (past and current) 56.8% (44.7-68.2%) 26B946-39.7%) 2.2 (1.3-3.5) <0.001
Definite chronic pancreatitis 72.2% (55.9-84.3%) .682 (24.0-42.6%) 2.2 (1.6-3.2) <0.001
Alcohol (intake>20 g/day) 61.3% (43.8-76.3%) 37.4% (28.5-47.2%) (1.6-2.4) 0.033

2 Fisher's exact test
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fibrosis and adenocarcinoma [34, 35, 36, 37]. Gitlar
smoke exposure has been shown to induce expression
of pro-fibrotic inflammatory mediators in animal
models [28]. There is also evidence to suggest that
cigarette smoking may impair pancreatic secretory
function even in the absence of overt pancreaieatie
[26, 38, 39, 40]. Further studies in smokers and-no
smokers are warranted. We have previously shown tha
our current endoscopic pancreas fluid collection
method can be used to collect pancreas fluid for in
depth cytokine and chemokine analyses [41]. These
molecular analyses of pancreas fluid may provide
insight into the mechanisms of smoking-induced
injury.

There have been a limited number of human studies
examining the effects of long-term cigarette smgkin
on pancreatic secretory function. Our findings agre
with those of previous investigators that habitual
smokers had significantly lower peak PF [HO@39,

40]. A recent study also found that current cigaret
smoking was independently associated with secretory
dysfunction (defined as [HGQ <80 mEg/L) and
calcifications [26]. Human studies generally agttest
smoking appears to acutely impair duct cell secyeto
function [38, 39, 40, 42]. Canine studies have show
that intravenous nicotine generally appeared to
suppress duct cell function; however, these
experiments did note variable responses in pancreat
fluid volume, secreted bicarbonate, and bicarbonate
concentration [43, 44, 45].

The aforementioned physiological effects are sujggor

by human autopsy studies and animal models
demonstrating smoking-induced pancreatic
inflammation and injury. Examination of human
pancreata at autopsy shows that smokers are more
likely to have moderate-severe pancreatic fibrasid
specifically more intralobular fibrosis [29]. Inggonse

to cigarette smoke exposure, rat models have dglibi
pancreatic inflammation, focal fibrosis, acinar Icel
stress, and disruption of normal enzyme secretd@n [
47].

There are limitations in our study. Specificallye w
were unable to quantify the duration and extent of
smoking (pack-year history) and alcohol intake tlue
inconsistent reporting in the medical record. Tisis
especially relevant as there is evidence to sugpest
smoking increases the risk of chronic pancreaiitia
dose-dependent manner [13, 27]. We were also not
able to determine precisely when former smokers
ceased smoking relative to onset of symptoms,
diagnosis of chronic pancreatitis, and stage ofafie
process. In chronic pancreatitis patients, it haenb
demonstrated that smoking cessation soon aftert onse
of symptoms actually reduces the risk of developing
calcifications [48]; however, secretory functionfdre

and after smoking cessation has not been compared.
Contrary to our findings, previous investigatorsidna
found that former smoking was not a predictor of
chronic pancreatitis [26]. However, it should beetb
that in addition to limited information about smogi
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intensity and timing of smoking cessation, we were
unable to confirm patients’ reports of continuous
abstinence from cigarette smoking. A significant
number of false reports regarding smoking status
would certainly confound any comparisons between
the groups. Lastly, the generalizability of ourdstwvas
limited by a referral bias inherent to the studgnpte.
This patient sample was drawn from subjects referre
to the Brigham and Women's Hospital Center for
Pancreatic Disease and does not represent thellovera
general population. For example, the prevalence of
definite chronic pancreatitis (16%) and abnormbdly
peak bicarbonate concentrations (26%) in our never-
smoker cohort was greater than would be expected in
the general population [49].

In conclusion, cigarette smoking is independently
associated with impaired pancreatic duct cell decye
function, regardless of age, gender, alcohol intakel

the presence of chronic pancreatitis. Further
investigation is needed to determine the impadiath
smoking dose exposure and smoking cessation on duct
cell function. Our findings join a growing body of
evidence that suggests smoking cessation is iy

to the prevention and management of chronic
pancreatitis. Smoking cessation should be encodrage
early in disease management in hopes of retarding
deleterious effects on the pancreas. But more
importantly, endoscopic collection and in depth
analysis of pancreas fluid may open new areas of
research for better understanding the mechanisms of
smoking induce pancreatic injury [50].
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