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Abstract

Aims: Cumulative consumption of alcohol and variations of alcohol intake by age are unknown in
chronic pancreatitis (CP) patients in North America. This study summarizes the lifetime drinking
history (LDH) by physician attribution of alcohol etiology, smoking status and sex in persons with
CP.

Methods: We analyzed data on 193 CP participants who completed the LDH questionnaire in the
North American Pancreatitis Continuation and Validation Study (NAPS2-CV). We collected data
on frequency of drinking and drinks per drinking day for each drinking phase of their lives. We
examined differences in total number of alcoholic drinks and weight of ethanol consumed by
physician’s assessment of CP etiology, sex and smoking status. We also compared intensity of
drinking in 20, 30 and 40s by timing of CP diagnosis.

Results: Persons diagnosed with alcoholic CP consumed median of 34,488 drinks (interquartile
range 18,240-75,024) prior to diagnosis of CP, which occurred earlier than in persons with CP of
other etiology (47 vs. 52 years). Cumulative drinking was greater in male vs. female patients.
Male CP patients with a diagnosis of CP before the age of 45 drank more intensely in their 20s
as compared to those with later onset of disease. Current smoking was prevalent (67%) among
those diagnosed with alcoholic CP. Twenty-eight percent of patients without physician attribution
of alcohol etiology reported drinking heavily in the past.

Conclusions: Lifetime cumulative consumption of alcohol and prevalence of current smoking are
high in persons diagnosed with alcoholic pancreatitis. Intense drinking in early years is associated
with earlier manifestation of the disease.

© The Author(s) 2019. Medical Council on Alcohol and Oxford University Press. All rights reserved.
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INTRODUCTION

Chronic pancreatitis (CP) newly affects 4-8 persons per 100,000
people annually (Yadav and Whitcomb, 2010; Yadav ez al., 2011b;
Yadav and Lowenfels, 2013). Consequences of CP after diagnosis
include recurrent or persistent pain, episodes of acute pancreatitis,
exocrine insufficiency, malabsorption, pancreatic cancer and even
death (Ammann, 2006; Anderson et al., 2016).

Alcohol is the most common etiology for CP (Frulloni et al.,
2009; Lankisch et al., 2009; Yadav et al., 2009; Yadav and Whit-
comb, 2010; Romagnuolo et al., 2016). Heavy drinking is associated
with increased risk of CP in a dose-response fashion with >4
drinks/day on average leading to 2- to 3-fold risk of CP (Yadav
et al., 2007; Yadav and Whitcomb, 2010). Most studies on the
relationship between alcohol and pancreatitis have relied on ret-
rospective recall of recent history of drinking (Nordback er al.,
2005, 2009; Pelli et al., 2008), of highest drinking period in a
lifetime (Yadav ez al., 2009) or of average consumption during
certain period (Frulloni et al., 2009). For conditions like CP, in
which disease progression may be influenced by long-term exposure
to exogenous toxic factors, an understanding of the lifetime and
cumulative exposure to alcohol is of importance. However, studies
on lifetime alcohol intake are few and are limited only to subjects
identified to have alcohol etiology and are not generalizable to the US
population.

Previous studies in Japan and Iceland examining lifetime alcohol
intake have noted greater total consumption and lower age of drink-
ing initiation among males with alcoholic pancreatitis (Masamune
et al.,2013; Juliusson et al., 2018). What these studies do not describe
are how the level of drinking changes over the life course and how
lifetime drinking is reflected in physician-determined etiology of CP.
It is conceivable that the amount and pattern of alcohol consumption
may vary over time within an individual and may influence suscep-
tibility to pancreatitis. Moreover, CP is a complex disorder, in which
factors other than alcohol, such as smoking, genetic mutations and
autoimmunity, also play an important role in disease development.
Previous studies evaluating lifetime drinking have focused only on
patients with alcoholic pancreatitis, thereby limiting our ability to
understand the full spectrum of alcohol consumption among all
patients with CP. Such information will be important to fully realize
the role of alcohol in this disorder.

We undertook a study to describe lifetime alcohol consumption
and their patterns in persons with CP of all etiologies in the USA, to
compare lifetime drinking history (LDH) in persons with physician-
diagnosed alcoholic CP vs. those with CP of other purported causes,
to compare LDH by sex and smoking status and to assess the corre-
lation between period of maximum drinking in life with cumulative
alcohol consumption.

METHOD

Study population

The study population comes from the North American Pancre-
atitis Study 2 Continuation and Validation study, a prospectively
ascertained cohort of 521 subjects with a diagnosis of CP con-
firmed by computed tomography scan, magnetic resonance imaging
or cholangiopancreatography, endoscopic ultrasound or histology.
Recruitment took place between 2008 and 2012 at 13 clinical centers,
coordinated by University of Pittsburgh (Conwell et al., 2017). The
present study focused on subjects enrolled from five centers where
LDH questionnaire was administered as part of data collection.

Due to racial differences in susceptibility to pancreatitis based on
alcohol and genetic factors (Lowenfels et al., 1999; Yadav et al.,
2011a, 20125 Phillips ef al., 2018), we limited our analyses in this
study to only white subjects, which was the most common race
observed.

Alcohol data

Of 261 white CP patients, 213 reported ever drinking. Of these,
complete information on LDH was available for analysis on 193
participants (Skinner and Sheu, 1982). Although LDH relies on
retrospective recall, the lifetime daily average drinking as assessed
by LDH was found to have strong correlation with that assessed
by the Michigan Alcoholism Screening Test and the Alcohol Use
Inventory (Skinner and Sheu, 1982). LDH divides one’s lifetime into
different drinking phases by age. Information is collected for each
phase starting from the time an individual started drinking until the
time of enrollment. For each drinking phase, the following data are
collected: drinking days in a month, drinks per drinking day and
whether the subject drank more than usual on some days, and if
so how much. Each drink is considered to have an average alcohol
content of 12 g. One drink is equivalent to one glass of wine,
one can of beer and one shot of liquor. Independent of cumulative
consumption, all NAPS2 subjects were also asked to quantify their
alcohol consumption during the period of life he/she considered
to represent their period of heaviest (maximum) drinking in life.
Following definitions used by the National Health Interview Survey,
we categorized patients as abstainers: no alcohol use or <20 drinks
in lifetime; light drinkers: <3 drinks/week; moderate drinkers: 4-7
drinks/week for females; 4-14 drinks/week for males; heavy drinkers:
8-27 drinks/week for females; 15-34 drinks/week for males; very
heavy drinkers: >28 drinks/week for females and >35 drinks/week
for males using drinking information during the heaviest drinking
period.

We describe alcohol intake until the diagnosis of CP in multiple
ways. First, we summarized the intensity of consumption (average
drinks on a drinking day) for each period reported by the patients
and created a heat intensity chart of drinking by age. To quantify
age-related drinking, we also summarized the median intensity of
drinking at age 25, 35 and 45. We summarized duration of drinking
at any level and duration of drinking spent at the maximum level.
To understand the frequency of drinking, we also summarized the
number of drinking days per month. Finally, we computed the cumu-
lative consumption of alcohol over time for each subject until the
diagnosis of CP. For this, we first calculated the total number of drinks
consumed during each drinking phase by multiplying the number
of drinks consumed on a drinking day with the number of days of
drinking. We then added the total number of drinks consumed during
each drinking phase to derive cumulative lifetime consumption as the
number of drinks. Lastly, we summarized the participant’s response
to a validated questionnaire designed for identifying at-risk drinking,
called TWEAK (Chan et al., 1993) to assess alcoholism ‘in the
months before getting pancreatitis’ (Yadav et al., 2009). TWEAK
has demonstrated adequate sensitivity (83%) and specificity (91%)
against DSM criteria for alcohol dependence (Cherpitel, 1999).

Covariates

Patient questionnaires were used to collect data on patient demo-
graphics, symptoms related to pancreatitis and smoking history.
Smoking history was assessed in those who had ever smoked 100
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Table 1. Distribution of demographic factors in persons with CP, by alcohol etiology, smoking status

P valuex

Current smoker

Past smoker

Never smoker

P value

Alcohol etiology No alcohol etiology

All

Variable

101
Median (IQR) or N (%)

60
Median (IQR) or N (%)

32
Median (IQR) or

111 82

193

Median (IQR) or N Median (IQR) or N Median (IQR) or N

Number

N (%)
56 (43, 64)
53(39,59)

(%)

(%)
(46, 57)

(%)
52 (44, 59)
49 (40, 57)

0.0001
0.0001

50 (43, 55)

58 (47, 66)
57 (49, 64)

0.3366
0.1278
<0.0001

(41, 64)
(39, 60)

54

52

Age at enrollment (years)

47 (40, 51)

52

(43, 54)

47

Age at CP diagnosis (years)

(32.9%)
33 (40.2%)

27

74 (66.7%)
27 (24.3%)

101 (52%)
60 (31%)

Current smoker at enrollment

Former smoker at enrollment

0.0014
<0.0001

18 (18%)
1(0,1)

2(3.5%)

9 (11%) 0.7753
0.0022

0(0,1)

11 (10%)

20 (11%)

Smoking to alleviate pain

1(0,1)

0(0,0)

1(0,1)

0(0,1)

Average intensity of smoking

(packs per day)

0.0690

28.13 (24.69, 32.77)

30.87 (26.62,33.91)

0.6516 30.34 (26.93,

29.15 (25.39)

28.73 (25.1, 33.75)

9 (25.39, 33.66)

Highest BMI ever (kg/m?)

35.23)
27.32 (23.72,

23.29 (20.64, 26.11) 0.0002

0.0963 25.37 (22.24,29.35)

24.39 (21.71,28) 23.96 (20.77,27.37) 24.74 (22.24, 28.8)

BMI at enrollment (kg/m?)

31.1)

*P values for smoking refers to global X? tests for difference in the distribution of covariates by smoking status.

cigarettes or more in their lifetime. For the purposes of the cur-
rent analyses, we grouped patients into ever, former and current
smoker at the time enrollment and quantified average smoking as
packs/day. Patient-reported history of highest height and weight, as
well as height and weight at enrollment, was used to assess peak
body mass index (BMI) and BMI at enrollment. Physicians were
instructed to assign etiology of pancreatitis to the most probable
cause: alcohol, genetic, idiopathic, obstructive, autoimmune, most-
necrotic, hypertriglyceridemia and other causes (e.g. trauma, post-
ERCP). For analysis, etiologies other than alcohol were collapsed into
a single ‘no alcohol’ category. CP of alcohol etiology by physician
assessment will be heretofore abbreviated as ‘alcohol etiology CP” or
‘alcoholic CP’.

Statistical analyses

We compared distribution of age, smoking status and measures
of alcohol consumption by alcohol etiology and smoking status
at enrollment. Within categories of alcohol etiology, we compared
the covariate distribution by sex. We compared the distribution of
continuous variables, such as age, intensity of drinking, BMI, number
of drinks/day, duration of drinking, cumulative alcohol consumption
by Wilcoxon rank sum test for two-way comparisons and Kruskal—
Wiallis test for three-way comparisons. We compared the distri-
bution of categorical variables, including smoking status, current
drinking status, TWEAK >3 and heavy drinking history (binary
indicator for drinking more than 4 drinks on a drinking day) by X?
test.

The study population was then stratified by sex, alcohol etiology
and smoking status (current vs. past or never smoker). Within each
of the stratum, we compared cumulative number of drinks consumed
over lifetime and number of drinks on a drinking day at ages 235,
35 and 45 by age of CP diagnosis (<45 vs. >45 years old) using
Wilcoxon rank sum test.

The median cumulative number of drinks consumed over life-
time and the median cumulative number of drinks consumed dur-
ing the heaviest drinking period were summarized and plotted on
bar chart by category of intensity of drinking during the heaviest
drinking period (low, moderate, heavy and very heavy definitions).
We computed the correlation between the cumulative lifetime num-
ber of drinks and the category of intensity of drinking (as con-
tinuous variable with a range of 0-3) among males and females
separately.

RESULTS

Overview of the study population

Of 193 patients with CP who provided information on LDH, 119
(62%) were male and 111 (58%) were assessed to have alcohol
etiology of CP. Sixty (32%) patients were former smokers and 101
(52%) were current smokers, and 20 patients reported smoking to
alleviate pain. Median age at CP diagnosis was 49, and average age
of drinking initiation was 18 (Table 1). Nineteen percent of the cohort
reported still consuming alcohol at the time of enrollment (Table 2).
The median of the average number of drinks consumed on a drinking
day during period of drinking was 5.1 drinks and that during the
maximum drinking period was 6.5 drinks (Table 2). Median drinking
duration was 25 years, of which a median of 6 years was spent during
the heaviest drinking period. CP patients drank a median of 16,632
drinks (200 kg of alcohol) until CP diagnosis, but there was wide
variation (Table 2).
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Alcohol

Etiology

0 Drinks

E.g. This individual started drinking at age 16 at
an intensity of 3-5 drinks/day (green). At age
17, he increased the intensity of drinking to
>10/drinks per day (red) until his mid 20s. He
reduced drinking to 5-10 drinks per day
(orange) in the latter part of his 20s and then
quit drinking (grey) until the mid 30s, when he
resumed drinking at >10 drinks/day (red). He
was diagnosed with chronic pancreatitisin his
mid 50s.

- ® >0-3 Drinks

m 3-5 Drinks

5-10 Drinks

m 10+ Drinks

No Alcohol

Etiology

A 4

30

E.g. This individual started to drink at age 17,
when he drank less than 3 drinks per day and
continued at this level until he developed
chronic pancreatitis at age 30.

40 50 60

Age

Females

70 80 90

Alcohol ==

Etiology

E.g. This individual started to drink at age 15,
when she drank 3-5 drinks per day (green) until
mid 20s, when she increased her drinking
intensity to 5-10 drinks per day (yellow). She
reduced her drinking to 3-5 drinks in her early
30s (green). She drank at this level until her
late 40s, when she further reduced her drinking
to <3 drinks per day (blue). She was diagnosed
with chronic pancreatitis at age 53.

No Alcohol

Etiology

30

E.g. This individual started drinking at age 19 at
an intensity of >10 drinks per day (red), which
continued until she was 39, when she stopped
drinking. She was diagnosed with chronic
pancreatitis at age 53.

40 50 60

Age

70 80 90

Fig. 2. Heat map of drinking intensity by age based on average number of drinks on a drinking day in CP patients. (A) Male patients with CP and (B) female patients
with CP. Intensity of drinking by age for each individual represented in the study population separated by men and women and by physician assessed alcohol
etiology. Each bar represents the length of self-reported drinking duration until CP diagnosis, and the colors note the number of drinks typically consumed on a
drinking day during each phase of drinking.
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Comparisons by alcohol etiology, smoking
status and sex

Persons with CP of alcohol etiology were more likely to smoke
currently (67%) as compared to those with CP due to other etiology
(33%) (Table 1). Most patients with CP of alcohol etiology (83%)
had a TWEAK score of >3, indicating the presence of alcohol use
disorder per DSM criteria (Cherpitel, 1999), as compared to those
without alcohol etiology (17%) (Table 2). Average number of drinks
per day during periods of drinking (4 vs. 0.4 drinks/day), average
number of drinks per drinking day during periods of drinking (6.9 vs.
2.8 drinks) and number of drinks on a drinking day during maximum
drinking period (10 vs. 3.9 drinks) were all significantly higher for CP
patients with alcohol etiology as compared to those without alcohol
etiology (Table 2). Moreover, the number of days spent drinking
during their maximum period of time was higher for CP patients with
alcohol etiology (30 days) than for persons without alcohol etiology
(4 days) (Table 2). Persons with CP of alcohol etiology reported
drinking considerably more over a lifetime (34,488 drink, 414 kg of
alcohol) as compared to those who were deemed to have CP due to
other etiology (1968 drinks, 24 kg of alcohol) (Table 2).

We compared detailed alcohol consumption history, including
average number of drinks on a drinking day, duration of drinking
and cumulative alcohol consumption by sex within each stratum of
alcohol etiology. Among CP patients with alcohol etiology, males
reported higher average number of drinks per day (4.5 drinks/day)
and higher number of drinks on a drinking day (7.3 drinks/day)
during periods of drinking than women (2.9 drinks/day and 5.6
drinks/day, respectively; Supplementary Table 1 is available at Alco-
hol and Alcoholism online). However, the number of drinks on a
drinking day during maximum drinking period was similar between
males (10.2 drinks/day) and females (8.4 drinks/days) with CP of
alcohol etiology (Supplementary Table 1 is available at Alcobol and
Alcoholism online). Cumulative lifetime alcohol consumption was
higher for men with CP of alcohol etiology (46,776 drinks, 561 kg of
alcohol) compared to women counterparts (28,320 drinks or 340 kg
of alcohol) (Supplementary Table 1 is available at Alcobhol and Alco-
holism online). Considering that men may tolerate more alcohol due
to larger body weight, we also compared the per-weight difference
in alcohol consumption between men and women. The difference in
cumulative alcohol consumption per kg of weight (highest ever in
lifetime) showed borderline significance between men and women
(6.55 kg alcohol per kg body weight in men vs. 4.11 kg alcohol per
kg body weight in women, P = 0.056) (Supplementary Table 1 is
available at Alcohol and Alcoholism online).

Age at diagnosis of CP was higher for never smokers and past
smokers as compared to current smokers (53 vs. 57 vs. 47) (Table 1).
Former and current smokers started drinking at an earlier age than
their counterparts (18 vs. 20) (Table 1). Smoking to alleviate pain
was more common among current smokers than former smokers (18
vs 3.5%) (Table 1). Current smokers reported drinking on a daily
basis (30 days of drinking/month) during the maximum drinking
period, as opposed to former and never smokers who drank 8-
8.5 drinking days/month during their maximum drinking period
(Table 2). CP patients who currently smoke consumed a median of
29,736 drinks (356.8 kg of alcohol), nearly 20-fold greater than that
consumed by former and never smokers (5052 drinks or 60.6 kg
of alcohol and 6024 drinks or 72.3 kg of alcohol, respectively)
(Table 2). Sex-specific comparisons within smoking categories are
available in Supplementary Material 2 at Alcohol and Alcoholism
online.

Correlation between cumulative drinking and drinking
intensity at maximum drinking period

Figure 1 presents cumulative number of drinks consumed during
lifetime (Fig. 1A) and during the heaviest drinking period in life (Fig.
1B) by category of drinking intensity on a drinking day based on the
heaviest drinking period. Cumulative lifetime drinks increased with
the drinking category for males and females. Correlation coefficient
between cumulative lifetime number of drinks and drinking behavior
during the period of heaviest drinking in life was » = 0.77 for
males and r = 0.86 for females. The correlation coefficient between
cumulative number of drinks consumed during heaviest drinking
period in life and the drinking category was r = 0.75 for males and
r = 0.75 for females.

Variations in drinking intensity over time
Figure 2 displays intensity of drinking by age for each individual
represented in the study population separated by men and women
and by physician assessed alcohol etiology. Each bar represents the
length of self-reported drinking duration until CP diagnosis, and the
colors note the number of drinks typically consumed on a drinking
day during each phase of drinking. Several observations were noted:
Extent of drinking varied between individuals at each age range
in their lives and also at the time of CP. Those with consistent
heavy drinking (red and yellow bars) showed earlier onset of CP.
Males show higher intensity of drinking as compared to women with
alcoholic pancreatitis. Some persons with no alcohol etiology also
drank for long durations, but less intensely (long green and blue bars).
Among patients with similar average level of drinking per drinking
day in the twenties, the time to onset of CP varied. Among persons
with alcoholic CP, there were a number of patients who have had little
to only moderate levels of drinking prior to CP diagnosis (grey, blue
bars prior to CP onset), and in some the period of heavy drinking was
separated from the diagnosis of CP by many years. Among persons
without alcohol etiology, there were a few patients who reported
heavy drinking in the past (presence of yellow or red bars in the past).
Table 3 presents cumulative consumption of alcohol and number
of drinks consumed per drinking day at successive decades of life
stratified by age of diagnosis of CP (<45 vs. >45 years), sex and
smoking status at the time of enrollment. Among currently smoking
males with CP of alcohol etiology, those diagnosed prior to 45 years
of age had lower cumulative alcohol consumption (45,666 drinks) as
compared to those diagnosed after 45 years of age (59,316 drinks),
but they had higher intensity of drinking at age 25 (9.0 drinks/drink-
ing day) as compared to those diagnosed with alcoholic CP later in
life (6.3 drinks/drinking day) (Table 3). The difference in drinking
intensity at age 25 between early- and late-onset CP reached marginal
statistical significance (P = 0.064) when the smoking categories were
combined.

DISCUSSION

In this analysis of 193 persons with CP from North America, we
found that consumption of alcohol over lifetime was high and
variable among patients with CP, with higher consumption for men
vs. women and in current smokers vs. never and former smok-
ers. Importantly, we observed that male patients with earlier onset
of CP drank more intensely in their 20s as compared to those
with later onset of disease and that concomitant smoking in the
presence of heavy drinking was associated with earlier manifes-
tation of disease. Of interest to clinicians, we noted that some
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patients without physician assessment of alcohol etiology had a his-
tory of heavy drinking and that current smoking was highly prevalent
among those diagnosed with alcoholic CP, despite current abstinence
from alcohol.

We found that persons with alcohol etiology of CP had high
cumulative consumption of alcohol of 34,488 drinks or 357 kg of
alcohol prior to diagnosis of CP. Cumulative drinking was greater
for male patients (46,776 drinks, 561 kg of alcohol) than for female
patients (28,320 drinks, 340 kg of alcohol). The cumulative total
consumption in our population is higher than that reported in a study
from Iceland but lower than that reported from Japan. In contrast
to our study consisting solely of CP patients of all etiologies, these
studies included patients with acute or chronic alcoholic pancreatitis.
In the Iceland study, 45 male patients with alcoholic pancreatitis
who were recruited from a list of recent hospitalized cases drank
35,360 drinks over median duration of 38 years, and female patients
drank 19,890 over a median duration of 32 years. However, there
was no difference between lifetime number of drinks for CP as
opposed to acute pancreatitis patients (31,910 vs. 30,790 drinks,
respectively) (Juliusson et al., 2018). Similarly, a Japanese study also
found that average consumption of alcohol per day and the frequency
of drinking were similar for CP patients as compared to acute
pancreatitis patients (Masamune et al.,2013). The cumulative volume
of alcohol consumed by female and male alcoholic CP patients as
reported in the Japanese study was 1416 | of ethanol for males
and 1049 1 for females. Assuming ethanol density of 0.789 g/cm?,
the reported volumes are equivalent to 1117 kg of ethanol and
829 kg of ethanol, which is higher than cumulative consumption
reported for our male and female alcoholic CP patients. Japanese CP
patients reported higher average consumption of alcohol per day (8
drinks/day for males and 7 drinks/day for females) as compared to
our CP population (4.5 drinks/day for males and 2.9 drinks/day for
females). This is despite the fact that the prevalence of hazardous
drinking (five or more drinks per day; 13% in males and 3.4% in
females) is lower in Japan (Higuchi et al., 2007) than reported in
the USA: 18% men and 5% of women (Hilton, 1987). The fact
that Japanese male CP patient reported higher consumption in 40s
and 50s than in the 20s and 30s may also have contributed to
higher cumulative consumption than in our male CP patients whose
consumption was higher in the 20s and 30s and had lower age of
diagnosis of CP (median 48 years) than in the Japanese male patients
with alcoholic CP (mean 55 years) (Supplementary Material 3 is
available at Alcohol and Alcoholism online).

In addition to alcohol etiology, the intensity of drinking varied
over time in persons with CP, and the patterns varied according to sex,
age of onset and smoking status. Although not statistically significant,
male alcoholic pancreatitis patients who developed CP before the
age of 45 had greater intensity of drinking per drinking day at age
25, but lower cumulative number of drinks as compared to those
who developed CP on or after 45 years of age. Female patients with
alcoholic CP diagnosed <45 years of age also had lower cumulative
consumption of alcohol than those diagnosed on or after 45 years of
age. Exposure to alcohol and smoking reduced the age at diagnosis
of CP. These data suggest that cumulative consumption of alcohol
as well as intensity of drinking (and smoking) plays an important
role in individual susceptibility and age at clinical manifestation of
CP. In other words, the injury that alcohol imparts on the pancreas
is not necessarily uniform and rather may depend on the extent of
episodic drinking and how frequently and in what amount alcohol
is consumed. The presence of other co-factors, such as smoking and

genetic susceptibility, will further impact susceptibility and clinical
manifestation of the disease (Singhvi and Yadav, 2018).

About one-fourth of CP patients without alcohol etiology
reported drinking heavily throughout or at different times in their
life prior to diagnosis. Without a clear guideline for attributing
etiology of pancreatitis to alcohol, physicians are left applying
their best guesses on the cause of pancreatitis. It is particularly
challenging to determine the role of heavy drinking in the past when
patients have not consumed alcohol in recent history and equally
challenging to evaluate the role of consistent non-heavy drinking
on pancreatitis. Further investigations on the risk of pancreatitis
in persons who reduce intake after a period of heavy drinking and
in persons who report consistent light-to-moderate drinking are
warranted.

Persons with alcoholic CP have by and large stopped drinking
by the time CP had been diagnosed. Only ~20% reported current
drinking at the time of enrollment, but they did not stop smoking.
The prevalence of current smoking was 67%, some of whom were
smoking to alleviate pain. This has an important public health impli-
cation, considering that 1-pack of cigarette smoking per day increases
the risk of pancreatic cancer by two fold (Zou et al., 2014). Because
CP patients are already at much higher risk of pancreatic cancer
(Malka et al., 2002), reduction in use of tobacco products should be
considered a priority in addition to quit alcohol. Pain management
recommendations should also include advice on tobacco reduction
and cessation and provide alternatives for alleviating pain. It is
unknown whether the patients were smoking products other than
tobacco or were using electronic nicotine delivery systems. Given this,
emerging use of vaporizers and marijuana products also warrants
research on their potential impact on outcomes of CP. Of note,
recent study on cannabis use among hospitalized pancreatitis patients
demonstrated potential inverse association between cannabis use and
alcohol-associated pancreatitis (Adejumo et al., 2019).

Our study has a few limitations. First, we relied on patients
own memory to recall the lifetime exposure to alcohol, which is
subject to misclassification. A nationwide study on the recall of
alcohol intake in the past 10 years not only found strong correlation
between recalled and previously reported exposure (r = 0.70; Liu
et al., 1996) but also found that current heavy drinkers tended
to underestimate their previous drinking. Thus, actual cumulative
consumption of alcohol may be higher than estimated in the current
analyses. Secondly, we had limited number of observations on female
patients with alcoholic CP. This is due to the fact that there are
generally fewer female CP patients and that they are less likely to
have CP of alcohol etiology. Considering that drinking prevalence
is increasing in the USA with more rapid increase among women
(Grant et al., 2017), further studies on patterns of drinking in female
patients with alcoholic pancreatitis are warranted. Lastly, our study
population was limited to those with CP. This limits our ability to
understand how exposure to alcohol differs in patients diagnosed
with CP from those with acute or recurrent acute pancreatitis, which
are often the initial manifestations of CP, and whether and how
exposure to alcohol affects the natural course in such patients.

Despite the limitations, our study sheds light on the pathophys-
iology and clinical management of alcoholic CP. Importantly, we
determined the extent and variability in lifetime cumulative consump-
tion of alcohol that leads to risk of CP. We found that those with
intense drinking in the 20s have earlier onset pancreatitis, exposure
to alcohol and smoking reduced the age at clinical manifestation of
CP and that smoking is highly prevalent among CP patients.
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SUPPLEMENTARY MATERIAL

Supplementary material is available at Alcobol and Alcobolism
online.
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