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Abstract

There is some evidence that plasma insulin and postload plasma glucose may be associated with risk of pancreatic
cancer. Glycemic index and glycemic load are measures, which allow the carbohydrate content of individual foods
to be classified according to their postprandial glycemic effects and hence their effects on circulating insulin levels.
Therefore, we examined pancreatic cancer risk in association with glycemic index (GI), glycemic load (GL), and
intake of dietary carbohydrate and sugar in a prospective cohort of 49,613 Canadian women enrolled in the
National Breast Screening Study (NBSS) who completed a self-administered food frequency questionnaire between
1980 and 1985. Linkages to national cancer and mortality databases yielded data on cancer incidence and deaths,
with follow-up ending between 1998 and 2000. During a mean 16.5 years of follow-up, we observed 112 incident
pancreatic cancer cases. There was no association between overall glycemic index, glycemic load, total carbohydrate
and total sugar intake and pancreatic cancer risk. In multivariate adjusted models, the hazard ratio (HR) for the
highest versus lowest quartile levels of overall GI and GL were 1.43 (95% confidence interval [CI]¼ 0.56–3.65,
Ptrend¼ 0.58) and 0.80 (95% CI¼ 0.45–1.41, Ptrend¼ 0.41), respectively. Our data suggest that overall glycemic
index and glycemic load, as well as total sugar and total carbohydrate intake, are not associated with pancreatic
cancer risk. However, given the limited literature regarding the role of diet in the etiology of pancreatic cancer,
particularly with respect to glycemic index/load, further investigation is warranted.

Introduction

Relatively little is known about the etiology of pancre-
atic cancer. However, there is some evidence that plasma
insulin levels might be relevant [1]. In an in vitro study,
Fisher et al. [2] demonstrated that high-affinity insulin
receptors are present in six pancreatic cell lines and also
reported a dose-dependent proliferative response in
these cell lines with increasing insulin concentrations.
This observation is in accord with evidence that insulin

is associated with the activation of mitogenic signals
that stimulate pancreatic cell proliferation [3]. Further-
more, insulin receptor substrate-1 expression has been
found to be increased in human pancreatic cancer [3].
Additional support for a role for insulin comes from the
observation that postload plasma glucose levels were
positively associated with pancreatic cancer risk in a
cohort of men and women who were non-diabetic at
baseline [4].
Glycemic index and glycemic load are measures which

can be used to classify the carbohydrate content of
individual foods according to their postprandial glyce-
mic effects and hence their effects on blood insulin levels
[5–8]. Using glycemic index values, the total glycemic
effect of the diet (glycemic load) can be estimated [9].
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Consumption of high GI diets has been associated with
hyperinsulinemia [5, 9, 10], while low GI diets have been
shown to be associated with a lower postprandial rise in
insulin [11], thus maintaining insulin sensitivity [12].
Therefore, glycemic index/load might be associated with
pancreatic cancer risk. To date, however, it appears that
the relationship between overall glycemic index and
glycemic load and pancreatic cancer risk has been
examined in only one epidemiological study [13]. In that
investigation, a cohort study in women, there was no
association between overall glycemic index and pancre-
atic cancer risk, although there was a statistically non-
significant trend of increasing risk with increasing
glycemic load intake [13]. Given the current lack of
data regarding these relationships, we examined the
association between overall glycemic index and glycemic
load, as well as total carbohydrate and sugar intake
(included because of their strong association with
postprandial insulin response [14]), and pancreatic
cancer risk in a cohort of Canadian women.

Materials and methods

The design of our study has been described in detail
elsewhere [15]. Briefly, 89,835 women aged 40–59 years
were recruited into the Canadian National Breast Screen-
ing Study (NBSS) between 1980 and 1985 from the
general Canadian population [16]. At recruitment into
the cohort, participants completed a self-administered
questionnaire which sought information on demographic
characteristics, lifestyle factors (including cigarette smok-
ing), menstrual and reproductive history, and use of oral
contraceptives and replacement estrogens. Starting in
1982, a self-administered food frequency questionnaire
(FFQ) [17] was distributed to all new attendees at all
screening centers, and to women returning to the
screening centers for re-screening. The FFQ sought
information on usual portion size and frequency of
consumption of 86 food items, and included photographs
of various portion sizes to assist respondents with
quantifying intake. A comparison between the self-
administered questionnaire and a full interviewer-admin-
istered questionnaire, which has been subjected to both
validity and reliability testing [17] and used in a number
of epidemiologic studies [18], revealed that the two
methods gave estimates of intake of the major macro-
nutrients and dietary fiber which were moderately to
strongly correlated with each other (reported correlation
coefficients ranged from 0.47 to 0.72) [17]. A total of
49,613 dietary questionnaires were returned and available
for analysis.

Glycemic index values of foods were obtained from
published reports based on studies in North America [9].
Overall glycemic index was calculated by multiplying the
carbohydrate content of a given food item by the
number of servings per day of that food item and its
glycemic index value, summing over all food items
reported, and dividing by total carbohydrate intake.
Total dietary glycemic load was calculated by multiply-
ing the carbohydrate content of a given food item by the
number of servings consumed per day and its glycemic
index value and summing the values for all food items
reported. When the reported glycemic index values for
foods were observed to vary across studies [9] we used
the mean of the reported values of glycemic index for
that food.
Data from the completed self-administered food

frequency questionnaires were used to estimate daily
intake of nutrients using a database for Canadian foods
that has been described elsewhere [18]. Briefly, nutrient
values, including total carbohydrate, total fiber, and
sugar intakes were calculated by using a data bank
based on Handbook No. 8 of the US Department of
Agriculture [19], modified and expanded for Canadian
foods. The variable for total sugar was calculated by
summing the nutrient intake values for galactose,
glucose, fructose, lactose, sucrose, and maltose.
Data from the food frequency questionnaire were also

used to estimate overall glycemic index and glycemic
load. Glycemic index values of foods were obtained
from published reports based on studies in North
America [9]. Overall glycemic index was calculated by
multiplying the carbohydrate content (in grams) of a
given food item by the number of servings per day of
that food item and its glycemic index value, summing
over all food items reported, and dividing by the total
carbohydrate in the diet. Total dietary glycemic load
was calculated by multiplying the carbohydrate content
of a given food item by the number of servings
consumed per day and its glycemic index value and
summing the values for all food items reported. Each
unit increase in glycemic load represents the insulin
response to the equivalent of 1 gram of glucose or
carbohydrate from white bread (depending on the
standard used) [20]. When the reported glycemic index
values for foods were observed to vary across studies [9],
we used the mean of the reported values of glycemic
index for that food. The main foods contributing to
glycemic load in the cohort are listed in a footnote to
Table 1.
Incident cases of pancreatic cancer and deaths from

all causes were ascertained respectively by means of
computerized record linkages to the Canadian Cancer
Database and to the National Mortality Database, both
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of which are maintained by Statistics Canada. The
linkages to the databases yielded data on cancer
incidence and mortality to 31 December 2000 for
women in Ontario, 31 December 1998 for women in
Quebec, and 31 December 1999 for women in other
provinces. There is evidence that the use of record
linkages to ascertain incident cancer cases and deaths in
Canada is both complete and accurate [21, 22].

Of the 46,613 women who had returned a FFQ and
had provided information on energy intake, we excluded
88 women with extreme energy intake values (at least
three standard deviations above or below the mean
value for loge caloric intake). Additionally, we excluded
one woman with prevalent pancreatic cancer at baseline.
Analyses were thus based on 49,111 women for whom
complete information on all covariates was available.
Cox proportional hazards models (using age as the

time scale) were used to estimate hazard ratios (HR) and
95% confidence intervals (CI) for the association
between energy-adjusted quartile levels of glycemic
load, overall glycemic index, total carbohydrates,
sucrose, fructose, and total sugar, and pancreatic cancer
risk; energy adjustment was performed using the resid-
ual method [23]. For these analyses, cases contributed
person-time to the study from their date of enrollment
until the date of diagnosis of their pancreatic cancer,
and non-cases contributed person-time from their date
of enrollment until the termination of follow-up (the
date to which cancer incidence data were available for
women in the corresponding province) or death,

whichever occurred earlier. Multivariate models in-
cluded body mass index [defined as weight (kg)/height
(m2); weight and height were measured at baseline [24]],
self-reported alcohol consumption (frequency of con-
sumption of beer, wine, and liquor) and smoking history
(in pack years, defined as the number of cigarettes per
day multiplied by how many years they reported
smoking), energy intake (kcal/day), study center and
randomization group. To test for trend we fitted the
median value of each quartile as an ordinal variable in
the risk models, and evaluated the statistical significance
of the coefficient using the Wald test [25]. All analyses
were performed using SAS version 8 (SAS Institute
Cary, NC).

Results

The average duration of follow-up for cohort members
was 16.5 (809,492 person-years), during which 112 cases
of pancreatic cancer were diagnosed. The mean (S.D.)
age at diagnosis for the cases was 61.7 (±7.3) years. For
the cohort as a whole, the means (±SD) of the energy-
adjusted overall glycemic index and glycemic load were
79.4 (±24.5) and 147.2 (±35.1) g/day, respectively.
There was a two-fold variation in mean glycemic load

values between the lowest and highest quintile levels
(Table 1). Compared to those with relatively low glyce-
mic load values, women with high glycemic load values
reported lower alcohol consumption, fewer pack-years

Table 1. Baseline distributions of pancreatic cancer risk factors by quintiles of energy-adjusted glycemic load (GL)

Quartiles of energy-adjusted Glycemic Load (g/day)

<125 (n = 12281) 125–147 (n = 12281) 148–169 (n = 12280) >169 (n = 12281)

Mean overall glycemic index 73.4 (24.9) 79.0 (23.0) 81.0 (22.9) 84.2 (25.7)

Mean glycemic load (g/day) 103.4 (18.2) 136.5 (6.4) 157.8 (6.3) 191.2 (20.8)

Total carbohydrate (g/day) 154.7 (53.2) 186.6 (53.0) 209.6 (57.9) 247.5 (81.0)

Total sugar (g/day) 61.8 (19.6) 77.6 (19.3) 85.6 (20.5) 99.7 (29.6)

Total fiber (g/day) 17.7 (6.1) 20.5 (5.9) 21.7 (6.2) 23.0 (7.3)

Mean energy intake (kcal/day) 2097 (747) 2029 (589) 2054 (579) 2106 (647)

Mean age (years) 48.1 (5.5) 48.5 (5.6) 48.7 (5.6) 48.9 (5.7)

Mean BMI (kg/m2) 25.1 (4.4) 25.0 (5.1) 24.6 (4.3) 24.4 (4.6)

Pack-years of smoking (Mean) 20.7 (17.7) 17.5 (15.9) 16.2 (15.7) 16.1 (15.2)

Mean alcohol intake (g/day) 15.2 (19.7) 8.9 (11.1) 6.3 (8.8) 3.8 (6.3)

Some vigorous physical activity (%) 24.0 25.8 26.0 24.2

HRT use (% ever) 25.2 24.7 25.0 25.2

Live births 2.6 (2.8) 2.6 (2.6) 2.6 (3.0) 2.6 (2.6)

aThe main foods contributing to glycemic load in the cohort include white bread (sliced), rolls, muffins, potatoes (baked, boiled, and mashed),

French fries, cakes, cookies, rice, pasta, pizza, cold breakfast cereals, pies and tarts, cola, other soft drinks, citrus fruits and juices and other fruits,

crisp snacks (such as potato chips or popcorn), candy, chocolate, peas, beans and lentils, hot breakfast cereals, dark and wholegrain breads, corn,

root vegetables other than potatoes, jam, jelly and honey, sugar in tea or coffee, ice cream, and peanut butter.
bNumbers in parentheses represent the standard deviation.
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of smoking, and consumed more total calories,
total carbohydrates, sugar and fiber (Table 1). No
appreciable variation was observed in use of hormone
replacement therapy (HRT), participation in vigorous
physical activity, mean body mass index (BMI), or
parity by quartile levels of glycemic load. The patterns
for overall glycemic index were similar to those for the
glycemic load (data not shown).
Table 2 shows that in age- and energy-adjustedmodels,

there was no association between glycemic load, overall
glycemic index, fructose consumption, or total sugar

intake and risk of pancreatic cancer. Although there was
an inverse association of statistical significance between
age- and energy-adjusted total carbohydrate intake and
pancreatic cancer risk (HR¼ 0.49, 95% CI¼ 0.25–0.94,
Ptrend¼ 0.05) and between sucrose consumption and
pancreatic cancer risk (HR¼ 0.55, 95% CI¼ 0.31–0.97,
Ptrend¼ 0.02), additional adjustment for other potential
confounders attenuated the associations and rendered
them statistically non-significant. Additional adjustment
for total fiber consumption had essentially no impact on
the hazard ratios (data not shown).

Table 2. Adjusteda hazard ratios and 95% confidence intervals (CI) for the association between quartiles of overall glycemic index, glycemic load,

total carbohydrate, total sugar, and total fiber and risk of pancreatic cancer

Cases/person-years Hazard ratio (95% CI)

Age- & energy adjusted Multivariate adjusted

Overall glycemic index

<63 35/203,226 1.0 (referent) 1.0 (referent)

63–73 28/202,451 1.01 (0.54–1.86) 1.29 (0.67–2.47)

74–92 26/202,337 1.03 (0.50–2.13) 1.31 (0.60–2.83)

>92 23/201,479 1.07 (0.44–2.59) 1.43 (0.56–3.65)

P for trend 0.86 0.58

Glycemic Load (g/day)

<125 33/201,976 1.0 (referent) 1.0 (referent)

125–147 29/202,564 0.88 (0.53–1.45) 0.95 (0.56–1.61)

148–169 22/202,274 0.73 (0.43–1.23) 0.88 (0.51–1.51)

>169 25/202,678 0.71 (0.42–1.20) 0.80 (0.45–1.41)

P for trend 0.15 0.41

Total Carbohydrate (g/day)

<152 35/203,208 1.0 (referent) 1.0 (referent)

152–191 18/202,520 0.42 (0.23–0.75) 0.49 (0.28–0.90)

192–236 25/202,504 0.49 (0.28–0.86) 0.60 (0.33–1.07)

>236 34/201,259 0.49 (0.25–0.94) 0.63 (0.31–1.26)

P for Trend 0.05 0.23

Total Sugar (g/day)

<64 32/202,211 1.0 (referent) 1.0 (referent)

64–79 26/202,450 0.78 (0.46–1.31) 0.72 (0.42–1.257)

79–96 22/202,684 0.65 (0.38–1.12) 0.73 (0.42–1.28)

>96 32/202,147 0.93 (0.57–1.52) 0.99 (0.59–1.66)

P for Trend 0.65 1.00

Sucrose (g/day)

<17 34/202,814 1.0 (referent) 1.0 (referent)

17–24 28/202,752 0.71 (0.43–1.18) 0.78 (0.46–1.32)

25–34 20/202,349 0.45 (0.25–0.79) 0.55 (0.30–0.98)

>34 30/201,576 0.55 (0.31–0.97) 0.64 (0.35–1.17)

P for Trend 0.02 0.09

Fructose (g/day)

<13 23/202,002 1.0 (referent) 1.0 (referent)

13–19 27/202,652 1.06 (0.60–1.85) 1.20 (0.68–2.11)

20–25 28/202,860 1.02 (0.58–1.79) 1.22 (0.68–2.16)

>25 34/201,978 1.17 (0.66–2.05) 1.18 (0.65–2.13)

P for Trend 0.62 0.62

aMultivariable models included age (as time to event variable), BMI in kg/m2 (<25, 25–29, >30), alcohol (zero plus four levels of intake),

smoking (pack-years, quartiles), parity (nulliparity plus 3 levels for parous), energy intake (continuous), study center, and randomization group.
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Discussion

High glycemic index diets are associated with increased
insulin secretion [5, 9, 10, 26], which has been shown to
promote pancreatic cancer cell growth in vitro [27], and
has been hypothesized to affect pancreatic cancer risk by
several mechanisms, including alteration of cell cycle
kinetics (insulin facilitates the transit of cells through the
G1 phase of the cell cycle) [28], inhibition of apoptosis
[29], and down-regulation of insulin-like growth factor
binding protein 1 (IGFBP-1) [30, 31].
In the prospective study reported here, there was no

association between either overall glycemic index or
glycemic load and pancreatic cancer risk during a
16-year follow-up period. Although a statistically
significant inverse association was found with total
carbohydrate consumption in the age- and energy-
adjusted model, this association was attenuated in the
multivariate model. By using a prospective study design,
recall bias was avoided, but misclassification of dietary
intake may have attenuated the observed associations. A
limitation of our study is the use of a one-time dietary
assessment that may not have been representative of the
dietary habits of the study participants over the course
of follow-up. In addition, the small number of pancre-
atic cancer cases precluded any subgroup analyses. As
well, the lack of statistical significance in our multivar-
iate models may be due to a lack of power due to the
small number of cases.
Only two prospective studies have previously exam-

ined the association between glycemic index/load, die-
tary sugar, or dietary fiber and pancreatic cancer risk.
Stolzenberg-Solomon et al. [32], analyzed data from the
Alpha-Tocopherol, Beta-Carotene Cancer Prevention
Study cohort in Finland, in which 163 incident pancre-
atic cancer cases were observed during 13 years of
follow-up, and reported a statistically significant inverse
trend of pancreatic cancer risk with carbohydrate
consumption among male smokers. This study popula-
tion is clearly different from our cohort of Canadian
women and therefore these results are not directly
comparable to ours. In contrast, Michaud et al. [13],
analyzed data from the Nurses’ Health Study
(n¼ 88,802), in which 180 incident pancreatic cancer
cases were found during 18 years of follow-up . Our
overall results are similar to those of Michaud et al. [13],
in that there was no association overall with either
glycemic index or glycemic load, but we were unable to
confirm their finding of a statistically significant trend of
increasing risk with increasing glycemic load among
women with a body mass index of at least 25 kg/m2,
because the relatively small number of cases in our study
precluded stratified analyses. Furthermore, unlike

Michaud et al.[13], we did not collect data on diabetes,
and therefore were unable to adjust for it in the analysis.
However, although there is evidence from epidemiologic
studies to support a causal association between diabetes
mellitus and pancreatic cancer [33], it is not immediately
obvious that failure to adjust for diabetes would have
confounded the associations observed here. Specifically,
in the 1980’s dietary recommendations for diabetics
stressed high intake of complex carbohydrates and fiber
and low fat consumption [34, 35]. These recommenda-
tions were similar to those commonly promoted at that
time for the population as a whole [36]. Hence, it is
unlikely that there were any substantial differences in
dietary patterns for diabetics and non-diabetics during
the period in which dietary data were collected for the
present study. Nevertheless, if those diagnosed with
diabetes had altered their diet to (for example) include
more foods with low glycemic index values, then it is
possible that our inability to adjust for diabetes could
have obscured a positive association between glycemic
index/load and pancreatic cancer risk.
Evidence regarding the role of diet in the etiology of

pancreatic cancer is limited [37], particularly with
respect to the role of glycemic index/load. However,
given that diet is a potentially modifiable exposure, the
possibility that high glycemic load diets might be
associated with increased pancreatic cancer risk war-
rants further investigation.
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