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Abstract
Objectives—Tobacco exposure is an established risk factor for pancreatic cancer and chronic
pancreatitis; however, its role in pancreatic insufficiency is not clear.
Methods—This controlled, cross-sectional study examined smokers and non-smokers with no
history of pancreatic disease. Histories and validated inventories of alcohol and tobacco use were
obtained, and pancreatic insufficiency was assessed using the fecal elastase-1 assay.

Author Manuscript

Results—Of 7,854 patients approached, 226 were interviewed and 200 enrolled. The rate of
pancreatic insufficiency [18% (18/100)], and severe pancreatic insufficiency [10% (10/100)] was
significantly higher in smokers than in controls [6% (6/100) (p =0.009)] and [1% (1/100) p
=0.010], respectively. On multivariate logistic regression, the risk of pancreatic insufficiency in
smokers was significantly increased (Odds Ratio, 4.34 [1.37 – 13.75] p =0.012), controlling for
alcohol use and relevant covariates. Tobacco exposure was associated with the highest odds ratio
for pancreatic insufficiency. Alcohol consumption was strongly associated with tobacco exposure
(p <0.001); but not with pancreatic insufficiency by multivariate analysis (p =0.792).
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Conclusions—This study suggests that tobacco exposure is independently associated with
pancreatic exocrine insufficiency in patients without a prior diagnosis of pancreatic disease.
Tobacco exposure appears to have greater detrimental effects on pancreatic function than alcohol
in this population.
Keywords
pancreatic insufficiency; tobacco; smoking; fecal elastase-1

INTRODUCTION

Author Manuscript

Tobacco exposure is recognized as a cause of chronic disease in multiple organ systems
through mechanisms that involve DNA damage, inflammation, and oxidative stress 1,2. In
the pancreas, the impact of tobacco exposure has not been as well characterized as alcohol;
however, there is increasing evidence that smoking is toxic to the pancreas and may have
significant clinical implications. The pancreatic parenchyma manifests histologic changes in
a dose dependent manner with tobacco exposure 3, and the amount of cigarette smoking per
day correlates with advanced hyaline thickening in pancreatic arterioles 3. There is a 75%
increase in the risk of pancreatic cancer in smokers as compared to non-smokers 4,5.
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Though not as widely recognized, smoking is emerging as an important risk factor in the
etiology of chronic pancreatitis 6. Multiple studies have demonstrated that smoking may
potentiate the effects of alcohol 7,8, and may also be an independent risk factor for chronic
pancreatitis 7,9,10 in a dose-dependent manner 11. In patients with alcoholic chronic
pancreatitis, exocrine pancreatic insufficiency was only found in patients with at least 15
pack-years, and patients with ≥30 pack-years had exocrine pancreatic insufficiency at a
significantly earlier age than those with less than 30 pack-years, suggesting a dose-response
11. A large population screening study assessed patients for pancreatic insufficiency at
enrollment and several risk factors emerged. Among these, patients with a self-reported
history of smoking had a significantly increased odds of developing exocrine pancreatic
insufficiency as compared to subjects who did not currently smoke 12.
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These studies and clinical observations suggest that smoking is more toxic to the pancreas
than is widely recognized and led to the hypothesis that pancreatic exocrine function may be
significantly impacted by tobacco exposure prior to a diagnosis of pancreatic disease. This
study enrolled patients with and without a history of heavy tobacco exposure to examine the
relationship between smoking and pancreatic insufficiency in patients with no prior history
of pancreatic disease. As frequent covariates, we further sought to distinguish the
contributions of smoking and alcohol exposure on pancreatic exocrine function in this
population.

MATERIALS AND METHODS
Design Overview
This study was reviewed and approved by the Institutional Review Board of the Emory
University School of Medicine. All patients in the study provided written informed consent
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for participation. We performed a controlled cross-sectional analysis of patients recruited
from primary care and subspecialty outpatient clinics between April and August of 2013
(clinicaltrials.gov NCT01988350). Participants completed validated questionnaires and
interviews to obtain a focused medical, smoking, and alcohol consumption history. The
focused medical history included patients’ self-reported demographic information, medical
diagnoses, medication list, and five-year changes in weight. Heights, weights, and Body
Mass Index (BMI) from prior visits were also abstracted from the patients’ electronic
medical record when available. Smoking history was obtained via the validated National
Health And Nutrition Examination Survey (NHANES) of Smoking and Cigarette Use13, and
additionally a total lifetime smoking pack-year history was calculated. Alcohol consumption
history was obtained via the validated Lifetime Drinking History Questionnaire 14.
Setting and Participants
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Patients were offered enrollment if they were at least 30 years of age, able to read, and could
understand and sign the informed consent. Smokers and non-smokers were recruited.
Patients were excluded if they had a prior diagnosis of pancreatic insufficiency, a current or
remote history of acute or chronic pancreatitis, any other pancreatic disease or malignancy, a
history of pancreatic surgery, or a prior diagnosis of small bowel malabsorption or Celiac
disease.
Exposure Definitions
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Non-smokers were defined as patients who had at least 7 years of abstinence from smoking
as well as less than a 5 cumulative pack-year smoking history. Smokers were defined as
patients who had a heavy smoking history of at least 20 pack-years. These definitions were
based on the presence of changes in the pancreatic parenchyma which became significant
with a 20 pack-year smoking history.11 The 30-year age limit for all patients enrolled was
determined based on the 20 pack-year requirement for the tobacco exposure cohort (the
control cohort also needed to be old enough to potentially have had a 20 pack-year smoking
history). Alcohol consumption was measured using the standard definition of 0.6 ounces of
pure alcohol per drink (12 ounces of beer, 5 ounces of wine, or 1.5 ounces of hard liquor).
Alcohol categories were defined as: abstainer <0.25 drinks per week; light drinker 0.25–3
drinks per week; moderate 3–14 drinks per week; and heavy >14 drinks per week 15.
Outcomes and Follow-up
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All participants provided a stool specimen that was assayed for the fecal elastase-1 (FE-1)
level via a quantitative sandwich Enzyme-Linked Immunosorbent Assay 16 (ARUP
Laboratories, Salt Lake City, Utah). Pancreatic insufficiency was defined as a FE-1
concentration ≤200μg/g. Mild to moderate pancreatic insufficiency was defined as a FE-1
level between 100–200μg/g, and severe pancreatic insufficiency was defined as a FE-1 level
of 99μg/g or less 17. FE-1 values above 200μg/g were considered to indicate normal
pancreatic function and no insufficiency. The results of the FE-1 testing were reported back
to patients. All patients with abnormal FE-1 levels were offered follow-up with the
pancreatology service outside of the study for clinical evaluation and management.

Pancreas. Author manuscript; available in PMC 2019 January 31.

Raphael et al.

Page 4

Statistical Analysis

Author Manuscript
Author Manuscript

Pancreatic glandular changes may be seen in approximately 5 percent of the general
population and in 30% or more with a heavy smoking history (>20 cigarettes/day) 3. We
hypothesized at least a 15 percent difference in the proportion of patients with low FE-1
levels in the tobacco exposure arm as compared to the non-smoking control arm. Using a pvalue of 0.05 and a power of 80 percent, we estimated our sample size in each arm to be 88
subjects. Assuming a 10 percent dropout rate, the target enrollment cohort was 100 patients
per arm. Univariate associations of smoking status and pancreatic insufficiency with
covariates were examined with analysis of variance (ANOVA) or Wilcoxon rank-sum tests
for numerical covariates and chi-square or Fisher’s exact test for categorical covariates.
Independent t-tests were used for continuous variables. A logistic regression model was
further employed to identify independent predictors of pancreatic insufficiency. A
backwards variable selection method with an alpha level of removal of 0.1 was used. Data
was stored behind the institution’s firewall and analyzed using SAS 9.3 software (SAS
Institute, Inc., Cary, North Carolina). Significance was defined as a p-value <0.05.

RESULTS
Enrollment
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Between April 2013 and August 2013, 7,854 outpatients were approached. 226 patients
signed informed consent and agreed to further screening and interview. 24 were
subsequently excluded: 9 did not complete the questionnaire, 14 met exclusion criteria, and
1 patient was excluded due to tobacco use exclusively in the form of snuff. 202 patients
completed the screening process. 2 of these provided inadequate stool specimens. The final
cohort met the predetermined target enrollment and consisted of 100 smokers and 100
controls who were included in the final analysis (Figure 1).
Characteristics of Study Participants
Baseline demographic and clinical characteristics in each cohort are outlined in Table 1. As
compared with non-smoking controls, smokers were slightly older (64.5 years vs. 60.5
years, p=0.020) and had a higher rate of diabetes (24 percent vs. 13 percent, p=0.045), and
dyslipidemia by history (58 percent vs. 43 percent, p=0.034). The tobacco exposure cohort
also had a higher prevalence of marijuana use (6 percent vs. 0 percent, p=0.029) as well as
greater alcohol consumption as described below.
Pancreatic Insufficiency
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On univariate analysis, several characteristics were significantly associated with pancreatic
insufficiency: tobacco exposure (p=0.009), current smoker (p=0.002), pack-years of
smoking (p=0.008), the type of tobacco product used (p=0.021), diabetes (p=0.046), and
marijuana use (p=0.024) (Table 2). Alcohol use, ace-inhibitor use, age, race, and measures
of weight change were not significantly associated with pancreatic insufficiency. The
prevalence of pancreatic insufficiency (FE-1 ≤200μg/g) was 18 percent (18/100 patients) in
the tobacco exposure cohort, significantly greater than in the non-smoking control group
with 6 percent (6/100 patients) (p=0.009). Additionally, 10 percent of the tobacco exposure
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cohort had severe pancreatic exocrine insufficiency (FE-1 < 100μg/g) as compared to 1
percent in the non-smoker cohort (p=0.010) (Figure 2).
Pancreatic Insufficiency and Weight Loss
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The smokers with pancreatic insufficiency reported a mean weight loss of 12.7 kg during the
five years prior to this study, or a loss of 2.54kg/year, significantly greater than the selfreported weight loss in smokers without pancreatic insufficiency (3.1 kg weight loss, 0.62kg/
year loss, p<0.001). Within the non-smoker cohort, neither patients with pancreatic
insufficiency nor patients without pancreatic insufficiency reported a significant five-year
weight change (−1.1kg (−0.22kg/year) and −3.0kg (−0.60kg/year), p=0.512). To corroborate
patient’s self-reported weight change, the medical records was reviewed; however, historical
weight data was not available for all patients. From the available data, smokers with
pancreatic insufficiency averaged a weight loss of 0.51kg/year and smokers without
pancreatic insufficiency averaged a weight loss of 0.43kg/year. In the non-smoking group,
patients with pancreatic insufficiency averaged a weight loss of 0.41kg/year while patients
without pancreatic insufficiency had an average weight gain of 0.38kg/year.
Outcome Analysis
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On multivariate logistic regression, the risk of pancreatic insufficiency in smokers, when
controlled for covariates, was significantly increased (p=0.012, OR=4.34 [1.37–13.75])
(Table 3). In the multivariate model, tobacco exposure was associated with the highest odds
ratio for pancreatic insufficiency, with smokers having greater than four-fold increased risk.
Hyperlipidemia was significantly and inversely associated with the presence of pancreatic
insufficiency (p=0.009, OR=0.20 [0.06–0.67]). The association of diabetes mellitus and
pancreatic insufficiency was borderline in the multivariate model (p=0.056, OR=3.27 [0.97–
11.02]). Age, gender, BMI, ace-inhibitor use, and alcohol use were also included in the final
multivariable model; however, none were independently or significantly associated with
pancreatic insufficiency.
Effects of Alcohol Consumption
Smokers had a higher prevalence of alcohol consumption at any level than nonsmokers (86
percent versus 61 percent (p<0.001) (Table 1). Alcohol use was associated with smoking;
however, on both univariate analysis and multivariate logistic regression, alcohol
consumption at any level was not significantly associated with pancreatic insufficiency
(p=0.671 and p=0.792 respectively) (Tables 2 and 3).
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DISCUSSION
The impact of tobacco exposure on the pancreas is being increasingly recognized. Tobacco
exposure appears to damage the pancreatic parenchyma3, to increase the risk of pancreatic
cancer 3–5, and has a clear though underappreciated impact on the development of chronic
pancreatitis 7,11,18. This study identified pancreatic insufficiency in a high proportion of
smokers with no prior history of pancreatic disease. The prevalence rate in smokers (18%)
significantly exceeded the rate found in the nonsmoking control population (6%) (p=0.009).
The rate of severe pancreatic insufficiency was also significantly increased in the tobacco

Pancreas. Author manuscript; available in PMC 2019 January 31.

Raphael et al.

Page 6

Author Manuscript

exposure cohort (p=0.010). The relationship appeared to be independent of alcohol
consumption, and tobacco exposure was the strongest predictor of pancreatic insufficiency in
the multivariate model (OR, 4.34 [CI 1.37 – 13.75] p=0.012). Tobacco exposure appears to
be detrimental to pancreatic exocrine function prior to the development of chronic
pancreatitis and appears to be an independent risk factor for the development of pancreatic
insufficiency in the absence of previously established or known morphologic disease of the
pancreas.
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Numerous nutritional deficiencies occur in smokers. Recent trials evaluating nutritional
markers in smokers and non-smokers have revealed decreases in plasma levels of Vitamin C,
Vitamin B-12, red-cell folate, and albumin in smokers 19–21 and tobacco exposure has been
associated with significant reductions in body weight, BMI, and other anthropometric
markers of nutritional status 19. In our study, smokers self-reported weight loss, and this
relationship was corroborated in the subset with prior weight data. While the etiology for
compromised nutritional status is not well understood, several mechanisms have been
proposed. One hypothesis suggests an impaired oxidation state as a result of free radical
production by cigarette smoking, leading to a depletion of the intracellular antioxidants
Vitamin E, Vitamin C, and beta-carotene 22. Other postulated mechanisms include poor
dietary intake of protein, fruits, vegetables, fiber, and essential nutrients 23. An increased
work of breathing combined with difficulty eating while experiencing dyspnea has also been
hypothesized 24. In our study, hyperlipidemia by history was more common in the smoker
cohort; however it was inversely related to pancreatic insufficiency in the multivariate
analysis. We believe that the relationship is complex – smokers may have more dyslipidemia
overall due to lifestyle factors; however, dyslipidemia may be decreased in patients with
pancreatic insufficiency due to fat malabsorption. Overall, pancreatic insufficiency may be
involved in the nutritional deficiencies seen in smokers and may well be a contributor to the
weight loss seen in patients with heavy tobacco exposure.
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Alcohol has been considered to be the primary toxic exposure leading to disease of the
pancreas and is the clear established risk factor for the development of chronic and calcific
pancreatitis. In this study, alcohol was associated with smoking, with more smokers
reporting higher prior levels of alcohol consumption. However, tobacco appeared to be the
primary toxic exposure in terms of pancreatic insufficiency in the cohort of patients without
established pancreatic disease. Tobacco exposure may also have been an under-recognized
comorbid exposure in previous studies examining the impact of alcohol on disease of the
pancreas. Several prior studies analyzing the relationship between alcohol and the etiology,
course, and sequelae of chronic pancreatitis did not report on tobacco exposure in the study
population25–27. When included, greater cigarette smoke and nicotine exposure have had a
direct relationship with chronic pancreatitis in humans 28.
While this study focused on the exocrine manifestations of pancreatic disease, there was also
an association with endocrine dysfunction. We found a relationship between diabetes and
both smoking and pancreatic insufficiency. On univariate analysis, smokers had a
significantly higher prevalence of diabetes as compared to the control cohort. Diabetes was
borderline in the multivariate model (p=0.056). These findings are in line with previous
reports which have found a pooled relative risk of diabetes in smokers of 1.44 with a dose-
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response relationship 29. There are several potential limitations in this trial. The study
population was obtained from a single center. Many patients were not willing or able to
provide a stool sample, leading to the need to approach a large number of patients to enroll
the target cohort. This could have introduced an element of volunteer bias; which if present
would hopefully have been similar in each arm of the study. The historic data in the area of
weight were not available for all patients, as some patients who enrolled were new to the
clinics. Additionally, Fecal Elastase-1 is not a perfect marker of pancreatic insufficiency,
with variability and the potential for false positives and negatives. However, Fecal Elastase-1
is the best non-invasive marker of pancreatic insufficiency with a sensitivity and specificity
of 93 percent16,17; presumably, variations in test results would be equally distributed
between the groups. Direct pancreatic function testing with timed duodenoscopic
measurement of secretin or CCK has been previously identified as the gold-standard,
however, it would be difficult to justify invasive testing for pancreatic function in patients
without known pancreatic disease.
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This study suggests that tobacco exposure may be independently associated with decreased
pancreatic exocrine function. Tobacco exposure had the strongest association with pancreatic
insufficiency in multivariate modeling, persisting with control for covariates, most
importantly alcohol exposure. 18 percent of patients with heavy tobacco exposure had a low
fecal elastase without a history of chronic pancreatitis or known pancreatic disease. These
results agree with prior studies which implicate tobacco exposure in histologic changes,
chronic pancreatitis, and pancreatic cancer. The results also raise questions regarding the
mechanism of weight loss in heavy smokers. Tobacco exposure appears to be associated
with the development of pancreatic insufficiency, and the relationship may manifest before
patients have come to clinical recognition or have developed symptoms of pancreatic
disease.
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Figure 1. Study Enrollment

100 smokers and 100 non-smoker controls were ultimately enrolled in the study.
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Figure 2. Prevalence of Pancreatic Insufficiency and Severe Pancreatic Insufficiency in the
Nonsmoker Control and Tobacco Exposure Cohorts

* Denotes statistical significance, p<0.050
insu ciency, abbreviated as PI
The prevalence of both pancreatic insufficiency and severe pancreatic insufficiency were
significantly greater in the tobacco exposure cohort as compared to the nonsmoker controls.
†Pancreatic
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Baseline Characteristics of Study Participants
Characteristic

Nonsmoker Controls (N=100)

Tobacco Exposure (N=100)

P-value

Demographics
Mean Age in yrs (SD)

60.5 (2.6)

64.5 (11.5)

0.020

Male – no.

40

47

0.318

Caucasian race – no.

61

67

0.377

Diabetes – no.

13

24

0.045

Hypertension – no.

49

60

0.118

Hyperlipidemia – no.

43

58

0.034

Hypothyroidism – no.

14

19

0.341

Marijuana User – no.

0

6

0.029

27.8 (11.8–55.3)

27.7 (15.4 – 46.3)

0.798

Mean perceived 5yr weight change§ (SD)

−2.9 (6.8)

−4.8 (10.4)

0.123

Mean actual weight change†(SD)

0.6 (8.3)

−1.4 (10.0)

0.086

Heavy Drinker – no.

2

9

Moderate Drinker – no.

14

27

Light Drinker – no.

45

50

Abstainer – no.

39

14

Author Manuscript

Weight
Median Body Mass Index ❖(range)

Alcohol Use¶

<0.001

❖

The body-mass index is the weight in kilograms divided by the square of the height in meters.
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§

Perceived 5yr weight change is the patient’s self-reported change in weight over the five years prior to the study, reported in kilograms.

†

Actual weight change is the patient’s recorded weight in kilograms at the time of the interview minus the recorded weight in kilograms either five
years earlier, or the earliest recorded weight within the five years prior to the study.

¶

The reference category for all levels of alcohol use was abstainers.
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Variables Associated with Pancreatic Insufficiency by Univariate Analysis
No Pancreatic
Insufficiency (N=176)

Pancreatic Insufficiency (N=24)

P-value

Mean Age (SD)

62.5 (12.4)

62.3 (10.8)

0.943

Caucasian race – no. (%)

111 (63.1)

17 (70.8)

0.457

Diabetes – no. (%)

29 (16.5)

8 (33.3)

0.046

Ace-Inhibitor Use – no. (%)

45 (25.6)

8 (33.3)

0.419

3 (1.7)

3 (12.5)

0.024

Tobacco Exposure – no. (%)

82 (46.6)

18 (75.0)

0.009

Current Smoker – no. (%)

19 (10.8)

9 (37.5)

0.002

Median Smoking Pack Years (range)

4 (0–132)

27 (0–106)

0.008

Cigarettes, cigars, other smokable Tobacco products – no. (%)^

14 (8.0)

4 (16.7)

Cigarettes only – no. (%)

82 (46.6)

16 (66.7)

No tobacco products – no. (%)

80 (45.4)

4 (16.7)

Characteristic

Demographics

Marijuana User – no. (%)

Smoking Status

Author Manuscript

Type of Tobacco Product

0.021

Alcohol Use
Heavy Drinker – no. (%)

10 (5.7)

1 (4.2)

Moderate Drinker – no. (%)

35 (19.9)

6 (25.0)

Light Drinker – no. (%)

82 (46.6)

13 (54.2)

Abstainer – no. (%)

49 (27.8)

4 (16.7)

27.8 (11.8 – 49.9)

29.1 (15.4–55.3)

0.993

Mean Perceived 5yr Wt Change§ (SD)

−3.1 (6.3)

−9.8 (18.2)

0.084

Mean Actual Weight Change† (SD)

−0.57 (8.9)

−1.50 (11.5)

0.705

0.671

Weight ¶

Author Manuscript

Median Body Mass Index ❖(range)

^

Other smokable tobacco products include cigarillos, pipes, and water pipes.

❖

The body-mass index is the weight in kilograms divided by the square of the height in meters.

§

Perceived 5yr weight change is the patient’s self-reported change in weight over the five years prior to the study, reported in kilograms.

†

Actual weight change is the patient’s recorded weight in kilograms at the time of the interview minus the recorded weight in kilograms either five
years earlier, or the earliest recorded weight within the five years prior to the study.

¶

The reference category for all levels of alcohol use was abstainers.

Author Manuscript
Pancreas. Author manuscript; available in PMC 2019 January 31.

Author Manuscript

Author Manuscript

Author Manuscript
1 (Ref)
1.00

No
-

Age

BMI❖

Pancreas. Author manuscript; available in PMC 2019 January 31.
1.07
1.26
0.37

Moderate Drinker
Heavy Drinker

0.03

0.26

0.27

0.95

0.96

0.47

0.92

0.95

0.97

0.06

1.37

95% CI Low

4.81

6.11

4.22

1.10

1.05

5.13

11.02

7.94

11.02

0.67

13.75

95% CI High

0.444

0.774

0.918

0.517

0.862

0.476

0.070

0.063

0.056

0.009*

0.012*

OR P-value

The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.

❖

Alcohol Use Category

1 (Ref)

Abstainer
Light Drinker

1.02

1.55

Ace Inhibitor Use

Vitamin D Deficiency

Yes

Female
2.62

1 (Ref)

Male

1 (Ref)

2.74

No

No

3.27
1 (Ref)

Yes

1 (Ref)

No

0.20

Yes

Yes

Gender

Diabetes

Hyperlipidemia

4.34
1 (Ref)

No

Tobacco Exposure

Yes

Odds Ratio

Level

Covariate

Presence of Pancreatic Insufficiency

0.792

0.517

0.862

0.476

0.070

0.063

0.056

0.009

0.012

Type III P-value

Multivariate Logistic Regression Model of Independent Risk Factors and Covariates for Pancreatic Insufficiency
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