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Abstract

Background: We have previously reported that physicians under-recognize smoking as a chronic
pancreatitis (CP) risk factor. We hypothesized that availability of empiric data will influence
physician recognition of this relationship.

Methods: We analyzed data from 508 CP patients prospectively enrolled in the North American
Pancreatitis Study-2 Continuation and Validation (NAPS2-CV) or NAPS2-Ancillary (AS) studies
(2008-2014) from 26 US centers who self-reported ever-smoking. Information on smoking status,
physician-defined etiology and identification of smoking as a CP risk factor was obtained from
structured patient and physician questionnaires. We compared how often physician identified
smoking as a CP risk factor in NAPS2-CV/ NAPS2-AS studies with NAPS2-original study (2000-
2006).

Results: Enrolling physician identified smoking as a risk factor in significantly (all p<0.001)
greater proportion of patients in NAPS2-CV/AS studies when compared with NAPS2-original
study among ever (80.7 vs. 45.3%), current (91.3 vs. 53%), past (60.3 vs. 30.2%) smokers, in
those who smoked <1 pack/day (79.3 vs. 39.5%) or =1 packs/day (83 vs. 49.8%). In multivariable
analyses, the enrolling physician was 3.32-8.49 times more likely to cite smoking as a CP risk
factor in the NAPS2-CV/NAPS2-AS studies based on smoking status and amount after controlling
for age, sex, race and alcohol etiology. The effect was independent of enrolling site in sub-analysis
limited to sites participating in both phases of enroliment.

Conclusions: Availability of empiric data likely enhanced physician recognition of the
association between smoking and CP. Wide-spread dissemination of this information could
potentially curtail smoking rates in subjects with and those at risk of CP.

Keywords
Pancreatitis; etiology; risk factor; smoking

Introduction

Chronic pancreatitis (CP) is a chronic fibroinflammatory disorder of the pancreas which is
characterized by varying combination of features during its clinical course, including
abdominal pain, one or more attacks of acute pancreatitis (AP), diabetes, malabsorption,
morphological changes in the pancreas, local complications, and pancreatic cancer.! While
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heavy alcohol consumption is the most common cause of CP, there is increasing appreciation
of the role of other factors — such as smoking, genetic, autoimmune, and structural
abnormalities in disease causation.2 The complexity of CP pathogenesis and contribution of
multiple factors was recognized in the recently proposed definition by an international group
of experts.3

Several clinical studies have defined and quantified the risk of the different forms of
pancreatitis with smoking.# In the large, prospective, multicenter, cross-sectional North
American Pancreatitis Study-2 (NAPS2), we reported a dose-dependent association of
smoking with CP.> Smoking is also associated with progression of AP or recurrent AP
(RAP) to CP, and few data also suggest that smoking cessation after the onset of disease may
slow disease progression.®” The mechanistic basis by which smoking increases the risk of
pancreatitis and affects disease progression is only beginning to be understood.8-12 These
findings underscore the need for physicians to incorporate an assessment of smoking during
evaluation of patients with CP, and if indicated, to provide appropriate counseling for
smoking cessation. In the aforementioned NAPS2 study, we found that physicians frequently
failed to recognize smoking as a CP risk factor, even in patients who were self-reported
heavy smokers.13 There was also a high degree of variability between physicians in citing
smoking as a CP risk factor.

Since our initial study, two additional NAPS2 studies have prospectively recruited additional
patients for genome wide association study and for focused analyses in African-American
subjects. We analyzed these data to determine if our publications on the role of smoking in
CP influenced the enrolling physicians’ perception of this association. We hypothesized that
demonstration of the strong association between smoking and CP will result in physician
identifying smoking as a risk factor in a greater fraction of self-reported smokers.

METHODS
Study Population

The NAPS2 Group prospectively enrolled patients with RAP or CP, and controls from 26
centers in three sequential cross-sectional studies, namely original NAPS2 (2000-2006)14,
the NAPS2 continuation and validation study (NAPS2-CV) (2008-2012)15 and the NAPS2
Ancillary Study (NAPS2-AS) (2011-2014)8. The purpose of the original NAPS2 study was
to study the role of genetic and environmental factors in pancreatitis risk; for the NAPS2-CV
study was to ascertain a replication cohort for genome wide association study, and for the
NAPS2-AS study was to exclusively ascertain African-American subjects, who were under-
represented in the first two studies. Each study was approved by the Institutional Review
Boards of individual participating centers and all study subjects signed an informed consent
form before enroliment.

CP was defined by the presence of characteristic changes on any of the following — cross-
sectional abdominal imaging (computerized tomography [CT] scan, magnetic resonance
imaging [MRI]/magnetic resonance cholangiopancreatography[MRCP]), endoscopic
retrograde cholangiopancreatography [ERCP], endoscopic ultrasound [EUS] presence of =5
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findings or presence of calcifications]) or histology. Detailed protocol of the NAPS2 studies
have been published previously.14-16

We have previously reported on physician perception of smoking as a risk factor for CP
using data from the original NAPS2 study.13 In this analysis, we performed a similar
analysis in CP patients who were enrolled in the NAPS2-CV and NAPS2-AS studies and
compared data with the original NAPS2 study.

Patient and Physician Questionnaires

Data was collected in the NAPS2 studies using two comprehensive questionnaires, one
completed by patients with assistance of a clinical research coordinator, and the other by the
enrolling physician investigator}4-16. Patient questionnaire collected information on
demographics, exposure to risk factors, personal and family history, clinical symptoms,
hospitalizations and emergency room visits, medication use, and quality of life. Physician
questionnaire collected information on disease phenotype, etiology and risk factors, exocrine
and endocrine insufficiency, findings on imaging studies, treatments tried, and their
perceived effectiveness.

Self-Reported Smoking Status

Each enrolled subject was asked to report on whether he/she ever smoked (smoked >100
cigarettes during lifetime), age at smoking initiation, age at smoking cessation (if applicable)
and the average number of cigarettes smoked in a day4. Using this information, patients
were stratified into never or ever smokers, and the latter further stratified into current or past
smokers. The amount of smoking was stratified as <1 packs per day or =1 packs per day, or
as pack years <12 pack years, 12-35 pack years, and >35 pack years. In this study, we only
included patients who were self-reported ever smokers.

Physician-defined etiology and smoking as a risk factor

The enrolling physician was asked to identify the most likely etiology that may explain the
patient’s CP from a list of options including alcohol, genetic, idiopathic, obstructive,
autoimmune, hyperlipidemia, gallstones, medications, and other (with space provided to
specify ‘other’). In a separate question, the enrolling physicians was also asked to identify
whether the patient had one or more of the well-recognized risk factors for pancreatitis using
the TIGAR-O risk factor classification. This list contained smoking as one of the choices in
the Toxic-Metabolic category in both original and the follow-up studies. Information from
these two questions was used to identify whether the enrolling physician identified alcohol
as the etiology and identified smoking as a risk factor for the patient’s CP. In the original
NAPS2 study, one check box was provided for each risk factor for physician to indicate if
the risk factor was present. In the NAPS2-CV and NAPS2-AS studies, physician was asked
to choose a “yes” or “no” box for each risk factor.

Data Analysis

For the purposes of this analysis, we combined data from the NAPS2-CV and NAPS2-AS
studies. We initially performed a descriptive analysis of the NAPS2-CV and NAPS2-AS
studies to evaluate how often physicians identified smoking as a risk factor in patients who
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were self-reported ever smokers, overall and after stratification by smoking status (ever, past,
current) and amount (<1 or =1 packs per day) or as pack years (<12, 12-35, >35).
Comparison within each smoking category was then made based on whether the enrolling
physician identified alcohol as the etiology of the patient’s CP. We then compared data on
how often the enrolling physician identified smoking as a risk factor in the NAPS2-CV or
NAPS2-AS studies with the original NAPS2 study, in each smoking category, overall and
after stratification based on physician-defined alcohol etiology.

To better understand the independent effect of the study (NAPS2-CV or NAPS2-AS vs.
original NAPS2 study) on physician perception, we performed multivariable logistic
regression analyses separately for all patients and for each smoking category (ever smoker,
past smoker, current smoker, <1 packs per day, =1 packs per day) where the outcome was
physician identification of smoking as a CP risk factor and the independent variables were
study type (NAPS2-CV or NAPS2-AS vs. original NAPS2 study) and other potential
confounders (age, sex, race and physician-defined alcohol etiology).

Finally, to understand whether the effect on physician perception of smoking as a CP risk
factor was limited to specific centers, we analyzed data for centers who participated in either
the NAPS2-CV or NAPS2-AS studies and were also a participant of the original NAPS2
study, and where the enrolling physician identified smoking as a risk factor in <70% of self-
reported ever-smokers in the original NAPS2 study. Although arbitrary, we chose this cut-off
to be able to evaluate a positive impact on physician recognition, i.e. an increase in
recognition in the NAPS2-CV/AS studies when compared to the original NAPS2 study.

For all comparisons, a p-value of <0.05 was considered significant. Data were analyzed
using SAS 9.4 (SAS Institute, Inc., Cary, NC).

Demographics, self-reported smoking status and alcohol etiology in NAPS2-CV and
NAPS2-AS studies

In the NAPS2-CV and NAPS2-AS studies, ever smoking was self-reported by 508/655
(78%) CP patients, who formed the study population for this analysis. The median age at the
time of enrollment was 53.2 years (IQR, 44.9, 60), 306 (60.2%) were male, and 331 (65.2%)
were white, 170 (33.5%) African-American, and the remaining 7 (1.4%) were of other race.
About two-thirds of patients (334, 65.8%) were current smokers, while the rest reported past
smoking (174, 34.3%). The amount of smoking was roughly distributed equally in terms of
packs per day (275, 54.1% <1 packs per day; 229, 45.1% =1 packs per day). The amount of
smoking was <12 pack years in 160 (31.5%), 12—35 packs years in 212 (41.7%) and >35
pack years in 131 (25.8%) patients. The enrolling physician identified alcohol to be the
etiology in 315 (62%) of patients.

Physician recognition of smoking as a CP risk factor in NAPS2-CV or NAPS2-AS studies

Physicians identified smoking as a risk factor in 410/508 (80.7%) of self-reported ever
smokers with CP (Table 1). Physicians were more likely to cite smoking as a risk factor
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when they consider alcohol as the etiology of CP when compared with those in whom they
identified other etiologies (89.8% vs. 65.8%, p<0.001).

Physicians were significantly more likely to cite smoking as a risk factor in current smokers
when compared with past smokers (91.3 vs 60.3%, p<0.001). Interestingly, the proportion of
patients in whom physician identified smoking as a risk factor was similar based on
packs/day (79.3% for <1 packs per day vs. 83% for =1 packs per day, p=0.31). However, the
intensity of smoking did influence physician interpretation, as reflected by responses to pack
years of smoking. Physicians were more likely to identify smoking as a risk factor in
patients who smoked 12—35 pack years (84.9%) and >35 pack years (89.3%) when
compared to those who smoked <12 pack years (68.8%, p<0.001).

Physician recognition of smoking as a CP risk factor in NAPS-2 CV or NAPS2-AS studies
vs. original NAPS2 study

The prevalence of ever smoking was higher by a few percentage points in the NAPS2-CV or
NAPS2-AS studies when compared with the original NAPS2 study (508/655, 78% vs.
382/535, 71.4%, p=0.02). The proportion of ever smokers in whom the enrolling physician
identified alcohol as the most likely etiology in the NAPS2-CV or NAPS2-AS studies was
similar to the NAPS2 original study (315/508, 62% vs. 222/382, 58.1%, p=0.27). The
enrolling physician identified smoking as a risk factor for CP in a significantly greater
proportion of patients (all p<0.001) in the NAPS2-CV and NAPS2-AS studies when
compared with the NAPS2 original study, including ever smokers (80.7% vs. 45.3%), past
(60.3% vs. 30.2%) or current (91.3% vs. 53%) smokers, and those who reported smoking <1
packs per day (79.3% vs. 39.5%) or =1 packs per day (83% vs. 49.8%).These differences
were preserved in each subgroup when data was analyzed after stratification by alcohol
etiology (Table 2 and Figure 1).

To assess whether increased recognition of smoking as a risk factor for CP in the NAPS2-
CV or NAPS2-AS studies was confounded by other potential factors, we performed a
logistic regression analyses which in addition to the study type, also included age, sex, race
and etiology of CP based on physician assessment (alcohol vs. no alcohol) in the model. As
shown in Table 2, after controlling for these confounding factor, the odds for enrolling
physician to cite smoking as a risk factor for CP was 3.32 to 8.49 folds greater in the
different self-reported smoking categories in the NAPS2-CV and NAPS2-AS studies when
compared with the original NAPS2 study.

Evaluation of center effect in physician recognition of smoking as a CP risk factor

To assess whether increased recognition of smoking as a risk factor for CP was limited to
certain centers, we performed a subset analysis of seven centers who participated in NAPS2-
CV and/or NAPS2-AS studies as well as the original NAPS2 study, and where the enrolling
physicians identified smoking as a risk factor for CP in <70% of ever smokers in the original
NAPS2 study. This analysis was restricted to subjects with self-reported ever smoking due to
small sample sizes for other smoking categories (e.g. past/current smoking, amount of
smoking). As shown in figure 2, at each of these centers, a significant increase in physician
recognition of smoking as a risk factor for CP was noted at each center.
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Discussion

In this large study we demonstrate that availability of empiric data and increase in awareness
led to a significant increase in physician recognition of smoking as a risk factor for CP. This
was reflected by physicians identifying smoking as a risk factor for a patients” CP more
often in NAPS2-CV/AS studies when compared with the original NAPS2 study. This
observation was noted among current and past smokers, as well as when stratified based on
the amount of smoking. Furthermore, increased recognition persisted after controlling for
the effect of confounding factors and appears to be independent of the enrolling site.

Although first reported in 198217, it is only in the past few years that smoking has been
widely accepted to be an independent risk factor for susceptibility and progression of
pancreatitis. This change in perception is due to availability of empiric data from multiple
studies*®, and has led to investigations into the mechanistic role of effect of smoking on
pancreatitis.

In the original NAPS2 study, we demonstrated an independent and dose-dependent
association of smoking with the risk of CP. Interestingly, in this study, we also observed a
high variability in physician recognition of smoking as a risk factor!3. In the current
analysis, we evaluated how often physicians identified smoking as a risk factor for CP in the
two subsequently recruited NAPS2 cohorts. When compared with the original NAPS2 study,
the enrolling physician identified smoking to be a risk factor in a much greater proportion of
ever, past or current smokers, as well as the based on the amount of smoking. The results
were similar after stratification of patients by alcohol etiology. In multivariable analyses,
physicians were 3-8 times more likely to cite smoking as a risk factor in the NAPS2-CV and
NAPS2-AS studies when compared with the original NAPS2 study, after controlling for the
effect of age, sex and alcohol etiology. Furthermore, this increased physician recognition
seemed to be independent of participating center. This observation is also not explained by
the possibility of a change in the composition of patient population — the proportion of
patients in whom the enrolling physician considered alcohol as the most likely etiology was
similar, and while the prevalence of self-reported smoking was higher in the NAPS2-CV or
NAPS2-AS studies when compared with the NAPS2 original study (78 vs 71.4%), this
difference was not clinically significant to have accounted for the observations. Finally, at
the majority of centers participating, the physician investigators remained the same during
the different phases of the NAPS2 studies.

There are numerous compounds in cigarette smoke. Of these, the effect of two key
components, i.e. nicotine and tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK) have been evaluated in experimental studies. These compounds
(either or both) have a range of effects on pancreatic structure and function, including acinar
cell secretion, zymogen activation, pro- and anti-inflammatory effects, and thiamine
deficiency which can lead to abnormal mitochondrial function® Studies focusing on the
effect of cigarette smoke have demonstrated it to cause alteration in the function of acinar
and duct cells, and promote pancreatic fibrosis by its effect on stellate cells®11, A recent
study performed in-vitro and in-vivo experiments to evaluate the synergistic role of smoking
and alcohol in pancreatitis. Cigarette smoke was found to suppress the adaptive and
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protective mechanisms of the unfolded protein response (UPR) that prevent alcohol by itself
from causing pancreatic injury. This suppression of the protective UPR by cigarette smoke
resulted in unimpeded endoplasmic reticulum stress leading to acinar cell death and
pancreatitis!2. Cigarette smoke may also result in inhibiting CFTR activity in the pancreatic
ducts resulting in decreased pancreatic fluid secretion, and reduced levels of antioxidants
(glutathione) which in part is dependent on CFTR activity.18

The U.S. Preventive Services Task Force (USPSTF) recommends that clinicians direct
patients who smoke tobacco to cessation interventions.19 Physicians have many
opportunities to counsel patients about smoking cessation. As evident from this study, a
greater awareness of gastroenterologists led to an increase in their recognition of the
relationship between smoking and CP. Smoking cessation can be a daunting task for the
patient, and as demonstrated by a recent small study, can be extremely challenging in CP
patients20, Therefore, how much of this increased physician recognition will affect reduction
on smoking rates by patients cannot be answered by our study. However, dissemination of
this information on increased physician recognition would prompt not only
gastroenterologists, but also general internists, primary care physicians, family practitioners
and other specialists to ask the patients about smoking, counsel them about the association
between smoking and pancreatitis, and encourage them to consider smoking cessation
programs. This would lead to physician adherence to U.S. Public Health Service
recommendation to use the five A’s model (Ask, Advise, Assess, Assist, and Arrange)
model when treating CP patients with smoking history?1.

A potential limitation of our study is the enrollment of patients from specialized centers
limiting the generalizability of results. The enrolling physicians in the NAPS2 studies were
gastroenterologists with an interest in pancreatic diseases. We believe that increasing
physician awareness led to the higher citation of smoking as a CP risk factor and this
approach will apply toall gastroenterologists and physicians in other specialties. However, it
is also possible that other factors may have contributed to this observation. Although we did
not specifically ask physicians for what led to their increased recognition of smoking as a
CP risk factor, we were able to evaluate for several potential factors that could have
confounded our findings. In a stratified univariate analysis, the increase in physician
recognition was noted irrespective of a centers’ participation in the original NAPS2 study
(data not shown). The prevalence of self-reported smoking and physician-defined alcohol
etiology were generally similar across the NAPS2 studies. Moreover, we were able to
control for the effect of age, sex and physician-defined alcohol etiology in multivariable
analyses.

In conclusion, our results suggest that increased awareness of physicians, and possibly all
health care professionals, would increase in recognition of smoking as a major risk factor for
CP. Increased recognition could potentially culminate in counseling and smoking cessation
among CP patients.
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Figure 1:

Physician identification of smoking as a risk factor in the NAPS2-CV or NAPS2-AS studies
when compared with NAPS2 original study.
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Figure 2:
Physician identification of smoking as a risk factor in the NAPS2-CV or NAPS2-AS studies

when compared with NAPS2 original study. Only centers that participated in the NAPS2
original study and either one or both of the NAPS2-CV or NAPS2-AS studies and in whom
the enrolling physician identified smoking as a risk factor in <70% ever smokers in the
NAPS2 original study were included in this analysis
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Table 1.

Self-reported smoking status and probability of physician citing smoking as a chronic pancreatitis risk factor
in CP in NAPS-CV or NAPS2-AS Study

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Number Physician % p
identified
smoking asa
CPrisk factor
Ever Smoker 508 410 80.7
Alcohol etiology 315 283 89.8 | <0.001
No alcohol etiology 193 127 65.8
Smoking status
Current Smoker 334 305 91.3 | <.0001
Past Smoker 174 105 60.3
Amount of smoking
<1PPD 275 218 79.3 0.31
21PPD 229 190 83.0
Smoking in pack years
<12 160 110 68.8 | <.0001
12-35 212 180 84.9
>35 131 117 89.3

Alcohol etiology was based on physician assessment

Missing data: smoking status (4), pack years (5)
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Comparison of physician identification of smoking as a chronic pancreatitis risk factor based on smoking

status and alcohol etiology in the NAPS2 studies

Self-reported Alcohol NAPS2-CV or NAPS2 Original Study
smoking status | etiology NAPS2-AS Study
N Physician N Physician
identified identified
smoking asa smoking asa
CPrisk factor CPrisk factor
n (%) n (%)

Ever Smoked 508 410 (80.7) 382 173 (45.3)
Yes 315 283 (89.8) 222 121 (54.5)
No 193 127 (65.8) 160 52 (32.5)
Current Smoker 334 305 (91.3) 253 134 (53.0)
Yes 236 220 (93.2) 177 98 (55.4)
No 98 85 (86.7) 76 36 (47.4)
Past Smoker 174 105 (60.3) 129 39 (30.2)
Yes 79 63 (79.8) 45 23 (51.1)
No 95 42 (44.2) 84 16 (19.0)
>1PPD 229 190 (83.0) 213 106 (49.8)
Yes 142 126 (88.7) 127 74 (58.3)
No 87 64 (73.6) 86 32(37.2)
< 1PPD 275 218 (79.3) 147 58 (39.5)
Yes 170 155 (91.2) 85 42 (49.4)
No 105 63 (60.0) 62 16 (25.8)

Alcohol etiology was based on physician assessment

All comparisons between NAPS2-CV or NAPS2-AS studies vs. NAPS2 original study were <0.001.
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Logistic regression analyses evaluating the independent effect of study type (NAPS2-CV or NAPS2-AS vs.

NAPS2 Original) in physician identification of smoking as a chronic pancreatitis risk factor

Self-reported smoking status

NAPS2-CV or NAPS2-AS Study

vs. NAPS2 Original

Oddsratio (95% Confidence Interval)

Ever Smoked

5.06 (3.67, 6.99)

Current Smoker

8.49 (5.32, 13.56)

Past Smoker

3.32 (1.95, 5.65)

<1PPD

6.56 (3.98, 10.82)

=21 PPD

4.88 (3.08, 7.75)

Adjusted for sex, age, race and alcohol etiology
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