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Abstract

BACKGROUND—Coffee has been hypothesized to have pro- and anti-carcinogenic properties,
while tea may contain anti-carcinogenic compounds. Studies assessing coffee intake and
pancreatic cancer risk have yielded mixed results, while findings for tea intake have mostly been
null. Sugar-sweetened carbonated soft drink (abbreviated as SSB) intake has been associated with
higher circulating levels of insulin, which may promote carcinogenesis. Few prospective studies
have examined SSB intake and pancreatic cancer risk; results have been heterogeneous.
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METHODS—In this pooled analysis from 14 prospective cohort studies, 2,185 incident
pancreatic cancer cases were identified among 853,894 individuals during follow-up. Multivariate
(MV) study-specific relative risks (RR) and 95% confidence intervals (CI) were calculated using
Cox proportional hazards models and then pooled using a random effects model.

RESULTS—No statistically significant associations were observed between pancreatic cancer
risk and intake of coffee (MVRR=1.10, 95% CI=0.81-1.48 comparing =900 to <0g/day;
237g~80z), tea (MVRR=0.96, 95% CI1=0.78-1.16 comparing =400 to Og/day; 237g~80z) or SSB
(MVRR=1.19, 95% CI=0.98-1.46 comparing =250 to Og/day; 355g~120z) (p-value, test for
between-studies heterogeneity >0.05). These associations were consistent across levels of sex,
smoking status and body mass index. When modeled as a continuous variable, a positive
association was evident for SSB (MVRR=1.06, 95% CI=1.02-1.12).

CONCLUSION AND IMPACT—Overall, no associations were observed for intakes of coffee or
tea during adulthood and pancreatic cancer risk. Although we were only able to examine modest
intake of SSB, there was a suggestive, modest positive association for risk of pancreatic cancer for
intakes of SSB.
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INTRODUCTION

Worldwide, pancreatic tumors cause significant morbidity and mortality as the 7t and 9th
most common cause of cancer death for males and females, respectively(1). Pancreatic
cancer has few early symptoms, is usually diagnosed at late stages, and has a 5 year survival
rate of 5% (1, 2). Thus, identifying modifiable factors for prevention may yield approaches
to reduce the morbidity and mortality due to this disease.

Over 30 case-control(3-32) and 13 cohort studies (33-45) have examined the association
between coffee intake and pancreatic cancer risk; results for both study designs have been
conflicting. The differences may be due, in part, to the variable degree of confounding by
smoking across studies(3-32). Initial studies that did not control for smoking observed
positive associations between coffee intake and pancreatic cancer risk, while more recent
publications, which have controlled for smoking, have generally reported null
associations(3-32). A panel sponsored by the World Cancer Research Fund (WCRF) and the
American Institute of Cancer Research (AICR) concluded from their review that there
appears to be no relationship between coffee intake and pancreatic cancer risk (46). In
comparison, tea consumption has been examined in relatively fewer studies of pancreatic
cancer risk and generally results have been null (3, 5, 6, 8, 12, 16, 20, 24, 26, 36, 37, 44, 47).
Overall, the WCRF/AICR review panel concluded the evidence was too sparse and
inconsistent to draw any conclusions on the association between tea intake and pancreatic
cancer risk (46).

In recent years, studies have reported positive associations between diabetes, markers of
diabetes, and obesity and risk of pancreatic cancer (46, 48-54). Factors that raise insulin and
glucose levels, and promote obesity and diabetes, such as sugar-sweetened carbonated soft
drinks(55-57), may be positively associated with pancreatic cancer risk. Eight prospective
studies and six case-control studies have examined the association between sugar-sweetened
soft drink intake and pancreatic cancer risk but results have been inconclusive (6, 12, 58-67).

Caffeine, one of the biologically active compounds found in tea, coffee and some sugar-
sweetened carbonated soft drinks (68) has been theorized to both increase and decrease risk.
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Of the limited number of studies that have examined the association between caffeine intake
and pancreatic cancer risk, results have generally been null or suggestive of a weak inverse
association (37, 69). In addition, other components within tea and coffee, such as stimulants,
catechins and other bioactive constituents may influence cancer risk(46).

In an effort to resolve inconsistencies in the literature, we investigated the association
between intake of coffee, tea, and sugar-sweetened carbonated soft drinks and pancreatic
cancer risk in a pooled analysis of 14 cohort studies(70-81). Because the effect of each
beverage may vary by potential pancreatic cancer risk factors, we also considered whether
the association differed by environmental and nutritional factors. In addition, tumor subtypes
of pancreatic cancer may be associated with different etiologies (82). Thus, we examined
associations between intakes of beverages separately for adenocarcinomas of the pancreas,
the predominant type of pancreatic cancer (82-86).

MATERIALS AND METHODS

Population

A pooled analysis of the primary data from fourteen cohort studies(73-81, 87-89) was
conducted in The Pooling Project of Prospective Studies of Diet and Cancer (Pooling
Project), a large international consortium. The following studies were included in our
analysis: Alpha-Tocopherol Beta-Carotene Cancer Prevention Study (ATBC)(81); Breast
Cancer Detection Demonstration Project Follow-up Study (BCDDP) (71); Canadian
National Breast Screening Study (CNBSS) (73); Cancer Prevention Study Il Nutrition
Cohort (CPS 1) (74); California Teachers Study (CTS) (72); Cohort of Swedish Men
(COSM)(80); Health Professionals Follow-up Study (HPFS)(77); lowa Women’s Health
Study (IWHS)(75); Melbourne Collaborative Cohort Study (MCCS)(76); The Netherlands
Cohort Study (NLCS) (78); New York State Cohort (NYSC) (70); Nurses’” Health Study
(NHS)(77); Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO) (79);
Swedish Mammography Cohort(SMC)(80). Each eligible study (Table 1) had to meet the
following pre-specified inclusion criteria: a minimum of 50 incident pancreatic cancer cases,
an assessment of usual diet, validation of the dietary assessment tool or a closely related
instrument, and prior publication of any diet and cancer association. Studies that met our
inclusion criteria and agreed to participate sent us their primary data for analysis.

Because many cancers appear to have hormonal antecedents and because lifestyle factors
may differ between women and men, studies including both women and men were split into
two studies for our pooled analyses: a cohort of women and a cohort of men. This approach,
in which all estimates were calculated separately for women and men for those studies
including both genders, allowed for potential effect modification by sex for every
determinant of the outcome. Two studies in the pooled analysis, the Canadian National
Breast Screening Study and Netherlands Cohort Study, were analyzed as case-cohort
studies(73, 78). For the Nurses’ Health Study, we divided the person-time of the Nurses’
Health Study into two segments corresponding to the 1980-1986 follow-up period (Part A)
and follow-up beginning in 1986 (Part B) to take advantage of the increased
comprehensiveness of the food-frequency questionnaire (FFQ) completed in 1986 compared
with the FFQ completed in 1980. We excluded Part A because fewer than 50 pancreatic
cancer cases were identified in the Nurses’ Health Study between 1980 and 1986. For the
Swedish Mammography Cohort, we utilized 1997 as the baseline for the questionnaire data
and the start of follow-up for the cohort members who had no history of cancer in 1997
because the 1997 questionnaire included information on smoking habits, an important
pancreatic cancer risk factor(90). The methods for the Pooling Project have been described
in detail elsewhere(91).
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In addition to the exclusions that each study had predefined for their cohort, we excluded
individuals if they had a prior cancer diagnosis other than non-melanoma skin cancer at
baseline, had loge-transformed energy intakes beyond three standard deviations of the study-
and sex-specific loge-transformed mean energy intake of their respective population, or were
missing data on intake of coffee, tea or sugar-sweetened carbonated soft drinks (< 2% of the
total population). Thus, 853,894 individuals were included in the final analysis.

Exposure Assessment

Usual dietary intake (e.g., intake of coffee, tea, soda) was estimated at baseline from study-
specific FFQs or diet histories. The quantity of each beverage and food consumed was
provided by each study as the amount (in grams) or frequency of a specific serving
consumed per day. We converted the frequency data to grams consumed per day based on
the frequency and study-specific serving size for each food item. We calculated the
consumption of coffee, tea, and sugar-sweetened carbonated soft drinks by summing up the
related individual beverages listed in each study. Sugar-sweetened carbonated soft drink
intake included caffeine-free or caffeinated colas and non-colas carbonated beverages. Diet
or low-calorie sodas were not included in this definition. We were not able to separate
caffeinated, decaffeinated and herbal tea because most studies did not assess intakes of
specific types of tea. Intake of caffeine was only calculated in six female cohorts (IWHS,
NHSbh, NLCS, NYSC, PLCO, SMC) and five male cohorts (HPFS, NLCS, NYSC, PLCO,
COSM).

Although a validation study was conducted for the diet assessment method used in each
study in this analysis, or a closely related instrument, the results for beverage consumption
were reported in only a few of the validation studies. In these studies, the correlation
coefficients comparing beverage intake from the FFQs to diet records ranged from 0.61 to
0.90 for coffee and tea and 0.35 to 0.85 for sugar-sweetened carbonated soft drinks (92-95).

Information on non-dietary factors was collected on the baseline self-administered
questionnaires within each study. Smoking status (never, former or current smoker) was
ascertained in all studies. By design, the Alpha-Tocopherol Beta-Carotene Cancer
Prevention Study included only men who were current smokers(81). Smoking habits (e.g.,
duration of smoking and number of cigarettes smoked at baseline) were ascertained in all
studies, except The New York State Cohort(87) which instead ascertained the usual number
of cigarettes smoked daily and duration of smoking. All studies obtained information on
height and weight. Thirteen studies ascertained physical activity; eleven studies ascertained
diabetes status.

Outcome Assessment

Invasive pancreatic cancer(96) was ascertained by self-report with subsequent medical
record review(77), through linkage with cancer registries(72, 73, 75, 76, 78, 80, 87), or
both(74, 79, 81, 88). Some studies also identified pancreatic cancer cases through linkage
with death registries(72-75, 77, 79, 87, 88). Of the 2,185 invasive pancreatic cancer cases
identified, the majority was classified as adenocarcinoma (n = 1,594 cases) using ICD-O
codes 8140-8149, 8160-8169, 8180-8229, 8250-8509, 8520-8560, 8570-8579. The Health
Professionals Follow-up Cohort did not classify the subtypes of the pancreatic cancers; thus,
they were excluded from the analysis of pancreatic adenocarcinomas (Ngases=205). Of the
remaining 386 pancreatic cancer cases not known to be adenocarcinomas, 332 were of other
histologies and 54 did not have histology information or were not otherwise specified
(NOS).
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Statistical Analysis

Beverage intake was modeled continuously and categorically. For the categorical analysis,
beverages were modeled using a priori cutpoints to capture approximate multiples of 8 0z
(237g; 1 fl oz = 30 ml) servings of coffee and tea and 12 oz servings of sugar-sweetened
carbonated soft drinks (355g)(97) .

Relative risks (RRs) and 95% confidence intervals (CI) were calculated by fitting Cox
proportional hazards models to each study (98). If there were no cases in the highest intake
category in the study, the RR for the highest category could not be estimated in that study
and the noncases in the highest category were included in the second highest category. To
test for a linear trend in pancreatic cancer risk with each beverage, a continuous variable
with values corresponding to the median value for each exposure category was included in
the model; the statistical significance of the coefficient for that variable was evaluated using
the Wald test.

The models included stratification by age (years) at baseline and the calendar year at start of
follow-up, and treated follow-up time (days) as the time scale, thereby creating a time metric
which simultaneously accounted for age, calendar time and time since entry into the study.
Person-years of follow-up were calculated from the date of baseline questionnaire until the
date of pancreatic cancer diagnosis, death, loss to follow-up or end of follow-up, whichever
came first. Multivariate relative risks (RR) were adjusted for smoking habits (never
smokers; past smokers, pack-years <15yrs; past smokers, pack-years =15yrs; current
smokers, pack-years <40yrs, current smokers, pack-years = 40yrs), personal history of
diabetes (no, yes), alcohol intake (0, 0.1-14.9, 15-29.9, >30g/day), BMI (kg/m?;
continuously) and energy intake (kcal/day; continuously). As excessive energy intake,
personal history of diabetes and higher BMI may be in the causal pathway between sugar-
sweetened carbonated soft drinks and pancreatic cancer risk, we also conducted analyses
removing energy, personal history of diabetes and BMI as covariates. We conducted
additional analyses in which we mutually adjusted for tea and coffee drinking. We also
conducted separate analyses in which we adjusted for smoking history using different
categorizations of status, duration, and dose to replace the categorization we used for the
main multivariate models. Because the proportion of participants with missing data for the
covariates was generally low, an indicator variable was used for missing responses, when
needed (91).

Study- and gender-specific RRs, weighted by the inverse of the sum of their variance and
the estimated between-studies variance component, were pooled using a random effects
model (99). Between-studies heterogeneity was evaluated using the Q statistic (99, 100) and
12 statistic(101). If heterogeneity was present between studies, mixed-effects meta-
regression analyses (102) were conducted to evaluate whether the study-specific RRs varied
according to follow-up time, percentage of current smokers, mean age at diagnosis and by
geographic location (North America versus other).

To assess whether the association between intake of each beverage (e.g., coffee) and risk of
pancreatic cancer was linear, we used a non-parametric regression analysis using restricted
cubic spline regression (103-105). For these analyses, studies were combined into an
aggregated data set. Age, year of questionnaire return and study were included as
stratification variables; the risk estimates were adjusted for the same covariates as the main
analyses. To test for non-linearity, the model fit including the linear plus any cubic spline
terms selected by a stepwise regression procedure was compared to the model fit with only
the linear term using the likelihood ratio test. If linearity in the association between intake of
the beverage and pancreatic cancer risk was suggested, we further analyzed that beverage as
a continuous estimate. We also excluded participants with extremely high intakes of each

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 February 01.
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beverage (approximately the highest one percent) to reduce the influence of outliers in the
non-parametric regression analysis.

To examine variation in RRs by body mass index (BMI), physical activity and alcohol
consumption, we assessed the statistical significance of the pooled cross-product term
between the intake of that specific beverage and the stratification variable using a Wald test.
We used a meta-regression model (106) to evaluate whether associations with beverage
intake varied by gender, smoking status, age at diagnosis and follow-up time as these are
nominal variables or can only be assessed fully between-studies. We conducted sensitivity
analyses excluding cases diagnosed during the first few years of follow-up to evaluate lag
effects (5 years) and to address the concerns of reverse causation (2 years), as beverage
intake of cases that occurred close in time to the completion of the baseline questionnaire
might have changed due to prediagnostic disease symptoms. Separate analyses were also
conducted for adenocarcinomas, the most common pancreatic cancer subtype (82-86), for
those studies that had information on histological subtypes, as well as for individuals who
reported no personal history of diabetes at baseline. These analyses were conducted for
those studies having more than 10 cases. SAS software, version 9.1, was used.

The study population consisted of 317,828 men and 536,066 women among whom 1,047
men and 1,138 women developed pancreatic cancer (Table 1). Among consumers, median
coffee intake ranged from 448 to 875g/day across the studies, while median tea and sugar-
sweetened carbonated soft drink consumption ranged from 44 to 500g/day and 22 to 283¢g/
day, respectively.

Coffee consumption was not associated with pancreatic cancer risk overall (pooled
multivariate RR = 1.10, 95% CI =0.81-1.48; p-value, test for between-studies
heterogeneity= 0.08, p-value, test for between studies heterogeneity due to sex = 0.69)
(Table 2, Figure 1a) in females (pooled multivariate RR = 1.18, 95% CI =0.71-1.98; p-value,
test for between-studies heterogeneity= 0.01) or in males (pooled multivariate RR = 0.95,
95% CI1 =0.67-1.36; p-value, test for between-studies heterogeneity= 0.83) when comparing
intake of =900g/day to Og/day. Although not statistically significant, a suggestion of
heterogeneity due to differences in the percentage of current smokers in the female cohorts
was present (p-value = 0.12). For the same comparison, no statistically significant
association between intake of coffee and pancreatic cancer risk was observed when we
limited the study population to never smokers or non-diabetics or when we additionally
adjusted for intake of total vegetables and red meat. Further, when the case definition was
limited to adenocarcinomas, no statistically significant association was observed for intake
of coffee and risk of pancreatic adenocarcinomas (results not shown).

No statistically significant association was observed between tea intake and pancreatic
cancer risk (pooled multivariate RR comparing = 400g/day to Og/day = 0.96, 95%
Cl=0.78-1.16; p-value, test for between-studies heterogeneity = 0.19) (Table 2, Figure 1b).
Similar results were observed for males and females (p-value, test for between-studies
heterogeneity due to sex = 0.17). For the same contrast, no statistically significant
association between intake of tea and pancreatic cancer risk was observed when we limited
the analysis to non-diabetics or non-smokers or when we additionally adjusted for intake of
total vegetables and red meat. When comparing =400g/day compared to Og/day, no
statistically significant association was observed for intake of tea and risk of pancreatic
adenocarcinoma overall (pooled multivariate RR =1.03, 95% CI1=0.82-1.30).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 February 01.
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As suggested by the categorical analyses, the non-parametric regression analyses were most
consistent with a linear association between intake of coffee and tea and pancreatic cancer
risk (p-value, test for non-linearity > 0.10). The pooled multivariate RR for a 237g/day
increment in intake was 1.01 (95%CI1=0.97-1.04) for coffee, and 1.00 (95% CI=0.96-1.05)
for tea. In analyses that mutually adjusted for tea intake and coffee intake, we found similar
risk estimates for coffee intake (pooled multivariate RR= 1.00, 95%Cl: 0.97-1.04 for a 237g/
day increment) and tea intake (pooled multivariate RR=1.01, 95%ClI: 0.97-1.05 for a 2379/
day increment).

When comparing >250g/day to Og/day, no statistically significant association was observed
between sugar-sweetened carbonated soft drink consumption and pancreatic cancer risk
overall (pooled multivariate RR = 1.19, 95% CI=0.98-1.46; p-value, test for between-studies
heterogeneity=0.54) (Table 2, Figure 1c) or among males (pooled multivariate RR = 1.19,
95% CI = 0.89-1.59; p-value, test for between-studies heterogeneity=0.28) or females
(pooled multivariate RR = 1.22, 95% CI = 0.87-1. 70, p-value, test for between-studies
heterogeneity=0.60). The results were similar when we additionally adjusted for intake of
total vegetables and red meat. When we examined a larger contrast in intake of sugar-
sweetened carbonated soft drinks in men, no statistically significant association was
observed for intakes of 250g/day-<375g/day compared to Og/day. However, a 56% (95%
Cl=1.09-2.23) higher risk of pancreatic cancer was observed among those who consumed
>375g/day of sugar-sweetened carbonated soft drinks compared to 0g/day (Nmalecases=45)-
We were unable to examine the same contrast in women due to the small number of women
consuming >375g/day of sugar-sweetened carbonated soft drinks (Nfemalecases=14)-

Due to the small number of cases drinking =250g/day of sugar-sweetened carbonated soft
drinks in each study, for sub-analyses we examined the contrast =125g/day compared to Og/
day (pooled multivariate RR=1.06, 95% C1=0.91-1.23). Results were similar when we
limited the study population to never smokers or non-diabetics for the same comparison
(=125g/day compared to Og/day). Further, when the case definition was limited to
adenocarcinomas, no statistically significant association was observed for the same contrast
in sugar-sweetened carbonated soft drink intake. If the association between sugar-sweetened
carbonated soft drink intake and pancreatic cancer risk is mediated by excessive energy and
weight gain, adjustment for total energy might represent over control. When energy,
personal history of diabetes and BMI were not included as covariates, the estimates were
similar to the main results.

The non-parametric regression analysis was most consistent with a linear association
between intake of sugar-sweetened carbonated soft drink and pancreatic cancer risk (p-
value, test for non-linearity > 0.10). A positive association was observed for a 177.5g/day
increment in sugar-sweetened carbonated soft drink intake and pancreatic cancer risk
(pooled multivariate RR=1.06, 95% CI=1.02-1.12). Although there was no statistically
significant difference in risk between men and women (p-value, test for between studies
heterogeneity by sex = 0.38), a statistically significant positive association was observed in
men (pooled multivariate RR=1.08, 95%CI =1.02-1.14), but not in women (pooled
multivariate RR=1.03, 95% C1=0.93-1.13).

Further, we examined the relation between caffeine intake and pancreatic cancer risk, as
coffee, tea and sugar-sweetened beverages are major contributors to caffeine intake.
Comparing the highest to lowest quintile for five male (COSM, HPFS, NLCS, NYSC,
PLCO) and six female cohorts (IWHS, NLCS, NYSC, NHS, PLCO, SMC), no statistically
significant association was observed between caffeine intake and pancreatic cancer risk
(pooled multivariate RR = 0.87, 95% CI = 0.71-1.07; p-value, test for between studies
heterogeneity = 0.34; p-value, test for trend = 0.12; ngaees=1223; data not shown).
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The association for each beverage was similar for the different models that adjusted for
smoking habits as: 1) smoking status (never, past, current), 2) smoking status and smoking
duration, 3) smoking status and amount smoked, 4) smoking status, smoking duration
among past smokers, and amount smoked by current smokers, or 5) smoking status and
smoking pack-years (data not shown).

Overall, the null associations of intakes of coffee and tea with pancreatic cancer risk were
not modified by lifestyle and cohort characteristics (p-values, test for interaction > 0.05)
(Table 3). In addition, results for intakes of tea and coffee and pancreatic cancer risk were
similar when we compared results from analyses limited to the first five years of follow-up
with those of five or more years of follow-up, excluding cases diagnosed during the first two
years of follow-up (data not shown), or stratified by the median age at diagnosis of the
cases.

When modeled as a continuous estimate and for certain subgroups, the positive association
with intake of sugar-sweetened carbonated soft drink was more evident. For a 175 g/day
increment of sugar-sweetened carbonated soft drink consumption, positive associations with
pancreatic cancer risk were observed for non-diabetics (pooled multivariate RR = 1.07, 95%
Cl =1.02-1.13), in nondrinkers of alcohol (pooled multivariate RR = 1.14, 1.05-1.23), for
those with a BMI <25kg/m? (pooled multivariate RR=1.12, 95% CI = 1.03-1.22), for those
>69 years of age (pooled multivariate RR = 1.10, 95% CI1=1.04-1.17) or when the outcome
definition was limited to adenocarcinoma (pooled multivariate RR = 1.08, 95% CI =
1.03-1.14). Further, positive results were observed when the follow-up was limited to = 5
years (pooled multivariate RR=1.08, 95% CI=1.02-1.15), or when cases who were
diagnosed during the first year (pooled multivariate RR=1.06, 95% CI=1.01-1.11) or the
first 2 years (pooled multivariate RR =1.06, 95% CI=1.01-.12) were excluded.

DISCUSSION

In this pooled prospective analysis of 14 cohort studies, no association was observed
between intake of coffee, tea and caffeine during adulthood and pancreatic cancer risk. Our
findings were consistent with the findings of the WCRF/AICR 2007 report(46) and a recent
meta-analysis(107). In that report, the summary RR (95% CI) for a 1 cup of coffee/day
(approximately 237 grams) increment was 1.04 (1.01-1.07) for 26 case-control studies with
moderate between-studies heterogeneity present, and 1.00 (0.94-1.07) for eight cohort
studies, three of which are included in our analysis, with low between-studies heterogeneity
(46). Similarly, in a recent meta-analysis by Turati et al (107), which included 37 case-
control and 17 cohort studies, no statistically significant risk of pancreatic cancer was
observed for coffee intake, particularly when just including studies that adjusted for
smoking. Similar null results were observed for tea intake. In the WCRF report, the
summary estimate (95% CI) for a 1 cup of tea/day (approximately 237 grams) increment
was 0.99 (0.91-1.08) for seven case-control studies with significant between-studies
heterogeneity present and 0.95 (0.82-1.99) for nine cohort studies with low between-studies
heterogeneity present(46).

Although we were only able to examine a modest contrast in intake of sugar-sweetened
carbonated soft drinks in the categorical analyses due to the small number of cases who
consumed at least 3559 (~120z) of sugar-sweetened carbonated soft drinks, there was a
suggestive and slightly positive association for intakes of sugar-sweetened carbonated soft
drinks which was more apparent when intake was modeled as a continuous variable. Our
positive results were consistent with those observed by the Singapore Chinese Health Study
(62), but not the null findings found in the National Institutes of Health-AARP Diet and
Health Study (61) and a Japanese cohort study(60), the only other cohort studies we are
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aware of that were not included in our analyses. Similarly, a recent meta-analysis by Gallus
et al (65), that included four case-control and six cohort studies, reported no association
between soft drink consumers compared to non-consumers (RR=1.02, 95% CI=0.93-1.12).
Due to the sparse and inconsistent data, no summary statement on sugar-sweetened
carbonated soft drinks was given in the WCRF/AICR report. Our findings are consistent
with the idea that factors that raise insulin and glucose levels, and promote obesity and
diabetes, such as sugar-sweetened carbonated soft drinks(55-57), may be positively
associated with pancreatic cancer risk, particularly in certain “low risk” subgroups (e.g.,
normal weight, nondrinkers).

Additionally, caffeine, a biologically active compound found in both tea and coffee (68) has
been theorized to play a role in carcinogenesis. Caffeine may alter cell cycle checkpoint
function and several mechanisms of DNA repair by overriding G1 and G2 checkpoints and
by increasing the metabolic rate, thus theoretically increasing cancer risk (108).
Alternatively, caffeine may lower pancreatic cancer risk. Caffeine has been shown to be
inversely associated with the risk of diabetes (109), and diabetes has been suggested to
increase pancreatic cancer risk(48). Of the limited number of studies that have examined
caffeine intake and pancreatic cancer risk, results have generally been null or suggestive of a
weak inverse association (37, 69). Our findings were similarly null.

Similar to many of the previous studies conducted, the majority of participants in each of the
component studies in the Pooling Project were Caucasian (approximately 94%). Thus, we
did not have enough power to examine whether associations differed by race and ethnicity.
However, the studies in our analyses comprise populations from different geographic
regions with different age ranges and education levels which may be considered a strength,
particularly given that the results generally were consistent across studies. One advantage of
our study was that we were able to classify the main exposure and confounding variables
uniformly, thereby lessening potential sources of heterogeneity across studies.

Our pancreatic cancer case definition may represent different subtypes of pancreatic cancer,
and histological subtypes may be associated with different etiologies. When we limited the
case definition for pancreatic cancer to adenocarcinoma, we observed similar estimates for
intake of each beverage as those reported for all pancreatic cancers. Thus, our conclusions
are applicable at least to the predominant group of pancreatic cancers.

In our study, we were unable to examine the association between types of tea (e.g., green
versus black) and coffee (e.g., caffeinated versus decaffeinated), preparation methods and
additions to the beverage (e.g., sugar, milk) and risk of pancreatic cancer as few studies had
measured these exposures. In the few studies that have examined these associations, most
studies reported no association with green tea (60, 110-112) and caffeinated coffee
intake(46); teas and coffees contain a mixture of both anti- and pro-carcinogenic
compounds(113-115). Two prospective cohort studies have assessed the association between
sugar added to coffee and tea(59, 61) and cereal(59); one observed a weak modest, but not
statistically significant association (1.12, 95% Cl=0.91,1.39 comparing 34.8 to Ograms/day)
(61), while the other observed a positive association (RR=1.95, 95% CI = 1.10-3.46
comparing > 5 to 0 grams/day(59). Differences in varietals and preparation methods may
have different effects on cancer risk, which should be explored in future studies.

Furthermore, we cannot rule out measurement error in consumption of beverages (e.g.,
coffee, tea, sugar-sweetened carbonated soft drinks). In addition, using only baseline dietary
information might result in greater misclassification of usual consumption versus diet
information from multiple assessments throughout follow-up. However, inaccurate reporting
of beverage intake (misclassification) should not vary by outcome status (i.e., pancreatic
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cancer risk) in this prospective study, and as such, may result in non-differential
misclassification. The effect of nondifferential misclassifcation would tend to attenuate the
association between intakes of beverages with pancreatic cancer risk, and it is a possible
explanation for the observed null associations.

In each component study, data on beverage intake were collected prior to cancer diagnosis;
thus, a cancer diagnosis would not have influenced the reporting of beverage intake as may
occur in a case-control study. However, individuals who were diagnosed close in time to
baseline may have already experienced changes in beverage intake due to prediagnostic
symptoms; results from analyses where we excluded cases diagnosed during the first two
and five years of follow-up were similar to the overall results. Due to the inclusion of 14
cohort studies we had greater statistical power than the individual studies to examine the
associations between beverage intake and pancreatic cancer risk and to assess whether these
associations were modified by other pancreatic cancer risk factors. Few prior studies have
published on these potential effect modification associations.

In summary, we found no association between intakes of tea and coffee during adulthood
and pancreatic cancer risk in this pooled analysis. Although we were only able to examine a
modest intake of sugar-sweetened carbonated soft drinks, there was a suggestive and slightly
positive association for their intakes which reached statistical significance in certain
subgroups of participants (e.g., nondiabetics, non-drinkers of alcohol). Thus, these results
are in accordance with the WCRF/AICR recommendation to limit consumption of sugar-
sweetened carbonated soft drinks (46).
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1. . Multivariate Adjusted Relative Risks and 95% Confidence Intervals for Pancreatic Cancer
According to Intake of Coffee (Figure a; 2900g/day compared to <0g/day), Tea (Figure b; 24009/
day compared to 0g/day) and Sugar-Sweetened Carbonated Soft Drinks (Figure c; =50g/day

compared to Og/day) by Study

The black squares and horizontal lines correspond to the study-specific relative risks and
95% confidence intervals. The area of the black squares is proportional to the nverse of the
sum of the between-studies variance and the study-specific variance. The studies are ordered
within each sex stratea according to their weight in calculating the pooled estimate. The
diamond reporesents the pooled multivariate relative risk and the 95% confidence interval.
The vertical dashed line represents the pooled multivariate relative risk. Abbreviations:
ATBC, Alpha-Tocopherol Beta-Carotene Cancer Prevention Study, BCDDP, Breast Cancer
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Detection Demonstration Project Follow-up Study; PLCO, Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial.
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