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In 2007, the World Cancer Research Fund classified fruits 
and vegetables as associated with a “probable decreased 
risk” for cancers of the oral cavity, pharynx, larynx, 

esophagus, stomach and lung (fruit only), and a “limited-sug-
gestive decreased risk” for colorectal cancer.1 As described in 
a more recent review, these classifications were based primar-
ily on the observation that the reduced cancer risks associated 
with fruit and vegetable consumption previously seen in 
case–control studies were not entirely replicated in large pro-
spective studies, particularly for colorectal cancer.2 Conse-
quently, when estimating potential population attributable 
risks of cancer associated with fruit and vegetable consump-
tion, only cancer sites included in the “probable decreased 
risk” category were considered. These cancers represent less 
than 18% of all cancers diagnosed in Alberta in 2012.3

Population attributable risks for cancer associated with 
insufficient fruit and vegetable intake have previously been 
estimated for the United Kingdom4 and Australia.5 Given that 
fruit and vegetable consumption has benefits related to 
chronic disease risk beyond cancer and that it represents a 
modifiable risk factor, identifying the proportion of cancers in 
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Background: Sufficient fruit and vegetable consumption (≥ 5 servings/d) has been associated with a probable decreased risk for 
cancers of the oral cavity, pharynx, larynx, esophagus, stomach and lung (fruit only). The purpose of this study was to estimate the 
proportion and absolute number of cancer cases in Alberta in 2012 that were attributable to insufficient fruit and vegetable 
consumption.

Methods: The numbers and proportions of cancers attributable to insufficient fruit and vegetable consumption were estimated using 
the population attributable risk. Relative risks were obtained from international collaborative panels and peer-reviewed literature. 
Prevalence data for insufficient fruit and vegetable consumption in Alberta were obtained from the Canadian Community Health 
Survey (2003, 2004, 2005, 2007/08). Age-, site- and sex-specific cancer incidence data for 2012 were obtained from the Alberta 
Cancer Registry.

Results: The proportion of men consuming 5 or more servings of fruits and vegetables per day ranged from 25.9%–30.4% across 
age groups; the range among women was 46.8%–51.5% across age groups. The proportion of cancers attributable to insufficient fruit 
and vegetable consumption in Alberta was highest for esophageal cancer (40.0%) and lowest for lung cancer (3.3%). Overall, 290  
cancer cases (1.8%) in Alberta in 2012 were attributable to insufficient fruit and vegetable consumption.

Interpretation: Almost 2% of cancers in Alberta can be attributed to insufficient fruit and vegetable consumption. A diet rich in fruits 
and vegetables has benefits for the prevention of cancer and other chronic diseases; thus, increasing the proportion of Albertans who 
meet cancer prevention guidelines for fruit and vegetable consumption is a priority.
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Alberta that are attributable to insufficient fruit and vegetable 
consumption could have important implications for cancer 
prevention initiatives. Thus, the purpose of this study was to 
estimate the proportion and absolute number of cancers in 
Alberta in 2012 that were attributable to insufficient fruit and 
vegetable consumption.

Methods

This manuscript is part of a series of exposure-specific manu-
scripts concerning the proportion of cancer attributable to 
modifiable lifestyle and environmental risk factors in the gen-
eral population of Alberta. The methodologic framework for 
this series of manuscripts has been previously described.6

An adaptation of the method used by Parkin and Boyd4 was 
used to quantify the proportion of cancer in Alberta that can 
be attributed to insufficient consumption of fruits and vegeta-
bles. Details of this adaptation are described below. The 2007 
report by the World Cancer Research Fund advises that a 
minimum of 5 servings (400 g) of nonstarchy fruits and vege-
tables should be consumed each day to protect against can-
cer.1 The 2007 guideline was used to estimate population 
attributable risks for Alberta.

Source of relative risk data
Using the method described by Parkin and Boyd,4 the excess 
relative risk (RR) for a decrease in 1 g of vegetable or fruit 
consumed was estimated by assuming a log-linear relationship 
in equation 1: 

Equation 1: Risk per gram per day = ln(1/RRx)/x

where x is the exposure level (in grams per day) and RRx the 
RR for x grams per day. We selected RRs from published 
reports by international collaborative panels where available 
and from the peer-reviewed literature (Appendix 1, Supple-
mentary Figure 1, available at www.cmajopen.ca/content/4/4/
E760/suppl/DC1).

As has been previously described,6 the theoretical latency 
period was conceptualized as the time between the start of 
exposure and cancer diagnosis, and the measured latency 
period was conceptualized as the time between exposure mea-
surement and cancer diagnosis. For the analyses related to 
fruit and vegetable consumption described here, we conceptu-
alize this latency period as the time between a measurement of 
the prevalence of insufficient fruit and vegetable consumption 
and cancer diagnoses that could theoretically be attributable 
to low fruit and vegetable intake. We endeavoured to quantify 
the measured latency period for each individual cancer site on 
the basis of follow-up periods from high quality cohort stud-
ies1,7–22 and refer to this simply as the latency period for sim-
plicity. As previously described,6 the midpoint of the latency 
period suggested by cohort studies was chosen.

Assessment of fruit and vegetable intake
Fruit and vegetable consumption in Alberta was estimated 
from data from the Alberta sampling portion of the Canadian 

Community Health Survey (CCHS), a population survey 
conducted by Statistics Canada. In Alberta, the CCHS is 
considered representative of the general Canadian population 
excluding people living on reserves or other Aboriginal set-
tlements, full-time members of the Canadian Forces and 
people in institutions. Total vegetable consumption was esti-
mated by combining the number of times respondents 
reported consuming green salad, carrots, and other vegeta-
bles not including salad, carrots or potatoes. Total fruit con-
sumption was estimated as the number of times respondents 
reported consuming fruit and fruit juice. For juice specifi-
cally, any reported frequency of consumption of fruit juice 
was equivalent to one serving of fruit, as suggested in previ-
ous work.1,23 Specific questions from the CCHS used to 
assess fruit and vegetable consumption are shown in Appen-
dix 1, Supplementary Table 1. For both fruit and vegetable 
consumption, each reported “time” of consumption in the 
CCHS data was estimated as 1 serving.

The deficit in fruit and vegetable consumption relative to 
the 5 servings (400 g) per day recommended by the World 
Cancer Research Fund was calculated using a similar method 
to that used by Parkin and Boyd.4 First, the mean number of 
servings of fruits and vegetables consumed by men and 
women in each of 4 age groups (20–34, 35–49, 50–64, 65+) 
was estimated for each year of survey data used in this analy-
sis. The ratio between fruit and vegetable consumption in 
these groups was then used to partition the 5 servings sug-
gested as necessary for cancer prevention by the World Can-
cer Research Fund guideline to preserve the vegetable:fruit 
ratios seen in the prevalence data. The ratio between the 
World Cancer Research Fund guideline of 5 servings of fruits 
and vegetables and the total number of servings of fruits and 
vegetables consumed within each age group and sex (calcu-
lated by summing the mean totals for fruits and vegetables) 
was calculated. The mean consumption for fruits and vegeta-
bles was then multiplied by this ratio to calculate the level of 
consumption of each that would be consistent with the guide-
line level. These values were converted into grams by multi-
plying the number of servings by 80 g per serving, consistent 
with the guideline, where 5 servings is equivalent to 400 g.

Combined fruit and vegetable consumption was then clas-
sified into 7 categories based on the total number of servings 
reported to be consumed per day (0, < 1, < 2, < 3, < 4, < 5, 
≥  5). The proportion of the population in each category 
within each age and sex group was estimated, and the deficit 
in grams from the level of consumption for each of fruits and 
vegetables was estimated by subtracting the mean level of 
consumption in grams within each consumption category 
from the guideline amount.

Statistical analyses
Population attributable risks associated with fruit and vegeta-
ble consumption were estimated individually for each of the 
following cancers using the method described by Parkin and 
Boyd4: oral cavity and pharynx, esophagus, stomach, larynx 
and lung (fruit only). Relative risks were calculated for fruit 
and vegetable consumption separately using equation 2:
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Equation 2: RR = exp(Rg × Gx)

where Rg represents the RR for a deficit of 1 g per day of 
fruit or vegetable consumption and Gx represents the deficit 
in consumption for consumption category x. The benefits of 
fruit and vegetable consumption were considered multiplica-
tive so that:

Equation 3: RR(f and v) = RR(f) × RR(v)

These combined RR estimates were then used to estimate 
population attributable risks according to the formula:

Equation 4: PAR = [(p1 × ERR1) + (p2 ×  ERR2) + (p3 ×  ERR3) + 
(p4 × ERR4) + (p5 × ERR5) + (p6 × ERR6) + (p7 × ERR7)] / {1 + 
[(p1 × ERR1) + (p2 × ERR2) + (p3 × ERR3) + (p4 × ERR4) + (p5 × 
ERR5) + (p6 × ERR6) + (p7 × ERR7)]}

where px is the proportion of the population within consump-
tion category x and ERRx is the excess RR, calculated as 
1 – RR(f and v), within consumption category x. To estimate 
the total number of cancers at each site overall and by age-
group and sex that were attributable to insufficient fruit and 
vegetable consumption, population attributable risks were 
applied to cancer incidence data obtained from the Alberta 

Cancer Registry for 2012. The total proportion of cancer 
attributable to insufficient fruit and vegetable intake at each 
individual cancer site was estimated as the total number of 
excess attributable cases for that cancer across all age groups 
divided by the total number of observed cancers at that site 
for both men and women, individually and combined.

Monte Carlo methods were used to estimate 95% confi-
dence intervals (CIs) around point estimates of population 
attributable risk.24 Prevalence and risk estimates and their asso-
ciated confidence intervals were used to parameterize a proba-
bility distribution from which 10 000 random samples were 
drawn. A binomial probability distribution was assumed for the 
prevalence exposure, a lognormal distribution for risk, and a 
Poisson distribution for cancer incidence. The 95% CIs were 
then determined by the 2.5th and 97.5th percentiles of the dis-
tribution of simulated population attributable risk and esti-
mates of excess attributable cases. Similar techniques were 
used by 2 previous studies that estimated population attribut-
able risk.24,25 All analyses were conducted using RStudio (ver-
sion 0.98.1080, R Studio, Inc.).

Results

The RRs and their original units, in addition to the source, esti-
mated risk per gram per day and chosen latency period, are 

Table 1: Estimated risks with decreased consumption of vegetables and fruit and latency periods for calculating population 
attributable risks

Cancer site Sex
RR 

estimate
Units 
g/d Risk per g/d Source

Latency period, yr (CCHS 
cycle)

Vegetable

Oral cavity and pharynx All 0.89 40 0.00291 Boeing 2006*20 4–5  (2007/2008)

Oral cavity and pharynx Men 0.83 40 0.00466 Boeing 2006*20 4–5 (2007/2008)

Oral cavity and pharynx Women 0.93 40 0.00181 Boeing 2006*20 4–5 (2007/2008)

Larynx All 0.92 100 0.000834 Riboli 2003†26 4–5 (2007/2008)

Esophagus All 0.87 50 0.00279 WCRF 2007‡1 7 (2005)

Stomach All 0.70 100 0.00357 WCRF 2007‡1 8 (2004)

Stomach Men 0.70 100 0.00357 WCRF 2007‡1 8 (2004)

Stomach Women 0.77 100 0.00261 WCRF 2007‡1 8 (2004)

Fruit

Oral cavity and pharynx All 0.97 40 0.000761 Boeing 2006*20 4–5 (2007/2008)

Oral cavity and pharynx Men 0.96 40 0.00102 Boeing 2006*20 4–5 (2007/2008)

Oral cavity and pharynx Women 0.98 40 0.00051 Boeing 2006*20 4–5 (2007/2008)

Larynx All 0.73 100 0.00315 Riboli 2003†26 4–5 (2007/2008)

Esophagus All 0.56 100 0.00580 WCRF 2007‡1 9 (2003)

Stomach All 0.95 100 0.000513 WCRF 2007‡1 9 (2003)

Lung All 0.935 80 0.00084 WCRF 2007‡1 9 (2003)

Note: CCHS = Canadian Community Health Survey, RR = relative risk.
*Data obtained from the European Prospective Investigation into Cancer and Nutrition among 345 904 participants who completed a dietary questionnaire from 1992 to 
1998; RRs were obtained using 2 182 560 person-years of follow-up with 352 histologically confirmed incident cases of squamous cell cancer of the oral cavity, pharynx, 
larynx and esophagus.
†Meta-analysis of 8 case–control studies on laryngeal cancer published between January 1973 and June 2001.
‡Systematic review and meta-analysis included in report from the World Cancer Research Fund, an international collaborative group.
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summarized in Table 1.1,20,26 The mean number of servings of 
fruits and vegetables consumed by men and women in each of 4 
age groups (20–34, 35–49, 50–64, 65+) was estimated for each 
year of survey data used in this analysis is shown in Table 2. 
The guideline levels of fruit and vegetable consumption in 
grams are shown in Table 3. The full set of tables for all years 
of CCHS data used in this analysis is shown in Appendix 1.

Prevalence of insufficient fruit and vegetable 
consumption
In the 2007/2008 CCHS data, the proportion of men who 
reported insufficient fruit and vegetable consumption (<  5 
servings per day) ranged from 69.6% to 74.1%; among 
women, these proportions were lower, ranging from 48.5% to 
53.2% (Figure 1). The proportions of participants who did 

not meet the cancer prevention guidelines for fruit and vege-
table intake for all survey years are shown in Appendix 1. The 
2007/2008 proportions are somewhat lower than in the 2003 
CCHS data (the other most commonly used survey year), 
where the proportions of respondents not meeting the fruit 
and vegetable intake guideline were 68.0%–80.3% among 
men and 52.0%–60.5% among women. Proportions for other 
CCHS years are also within these ranges (Appendix 1).

Estimated population attributable risk of cancer
Estimated population attributable risks of cancer due to insuf-
ficient fruit and vegetable consumption and corresponding 
95% CIs are shown in Table 4 for each cancer site. When 
comparing across cancer sites, population attributable risks 
were estimated to be highest for esophageal cancer for both 
men and women (men, 39.4%–48.2%, < 67 cases overall; 
women, 29%– 33.9%, < 15 cases overall) and lowest for lung 
cancer (men, 3.1%–5.6%, 39 cases overall; women, 2.5%–
3.1%, 25 cases overall). For the most part, estimates decreased 
slightly with age and were generally lower among women 
than among men. Overall, 290 cases of cancer in Alberta in 
2012 were estimated to be attributable to insufficient con-
sumption of fruits and vegetables (Table 5).

Interpretation

In Alberta, 290 cases of cancer diagnosed in 2012 were esti-
mated to be attributable to insufficient fruit and vegetable 
consumption. This translates to about 10% of cancers at asso-
ciated sites and just under 2% of all cancers diagnosed in the 
province in 2012.

Similar to our analyses, using data from a population-based 
survey to characterize fruit and vegetable intake, Parkin and 
Boyd estimated that 4.7% of all cancers in the UK in 2010 were 
attributable to insufficient fruit and vegetable intake.4 However, 
the prevalence of insufficient consumption (< 5 servings/d) in 
the UK was substantially higher than in Alberta (e.g., UK men 
aged 50–64 years 76%, women 88%; Alberta men aged 50–64 
70%, women 50%).4 These differences could be due to real dif-
ferences in dietary patterns, but could also be partially attribut-
able to the method used by the CCHS to measure fruit and 
vegetable consumption. The CCHS asks participants how 
many “times” per day they consume each type of fruit and veg-
etable, whereas the UK’s survey data quantified consumption in 
grams per week and the number of “portions” consumed per 
day.4 If the reported number of times per day a person con-
sumes fruits and vegetables is a poor estimate of the number of 
servings (i.e., if 1 occurrence is less than 1 serving), then the 
CCHS data could have overestimated fruit and vegetable con-
sumption in Alberta, which could partially explain why our esti-
mates of the proportion of cancers attributable to insufficient 
fruit and vegetable consumption are lower.4 There were also 
slight differences in the RR estimates used in our analysis com-
pared with those used by Parkin and Boyd,4 which may have 
also contributed to differences in population attributable risks.

Recent Australian analyses, which used similar methods but 
different estimates of RR, estimated population attributable 

Table 2: Mean fruit and vegetable consumption, by sex, age 
and survey year

Survey year

Mean consumption, servings/d
by age, yr

20–34 35–49 50–64 ≥ 65

CCHS 2003

Men

   Vegetable 1.67 1.83 1.99 2.37

   Fruit 1.90 1.97 2.02 2.06

Women

   Vegetable 2.40 2.66 2.62 2.39

   Fruit 2.29 2.29 2.47 2.44

CCHS 2004

   Men

   Vegetable 1.58 1.84 1.87 1.65

   Fruit 1.87 2.04 1.80 1.48

Women

   Vegetable 1.78 2.09 2.00 2.24

   Fruit 1.87 1.89 2.12 2.23

CCHS 2005

Men

   Vegetables 1.82 1.99 1.95 2.12

   Fruit 1.87 1.98 1.96 1.96

Women

   Vegetables 2.42 2.51 2.55 2.43

   Fruit 2.39 2.24 2.43 2.31

CCHS 2007/2008

Men

   Vegetables 2.23 2.03 2.17 2.20

   Fruit 2.02 1.99 2.07 2.15

Women

   Vegetables 2.79 2.80 2.98 2.66

   Fruit 2.45 2.39 2.51 2.39
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Table 3: Proportion of Alberta population in each of 7 categories of fruit and vegetable consumption and estimated deficits, 
Canadian Community Health Survey 2007/2008

Sex and age, yr

Consumption category

0 < 1 < 2 < 3 < 4 < 5 ≥ 5

Men 20–34

Proportion of population,  % 0.3 0.9 9.9 22.6 21.6 15.9 28.8

Vegetable, g/d 0 32 40 88 128 184 336

    Deficit from 209.6 g/d 209.6 177.6 169.6 121.6 81.6 25.6 0

Fruit, g/d 0 2.4 80 104 144 168 248

    Deficit from 190.4 g/d 190.4 188 110.4 86.4 46.4 22.4 0

Men 35–49
Proportion of population, % 0.2 1.9 9.9 18.6 26 17.5 25.9

Vegetable, g/d 0 32 56 88 136 168 288

    Deficit from 201.6 g/d 201.6 169.6 145.6 113.6 65.6 33.6 0

Fruit, g/d 0 8 72 112 128 176 256

    Deficit from 198.4 g/d 198.4 190.4 126.4 86.4 70.4 22.4 0

Men 50–64
Proportion of population, % 0.4 1.9 7.7 19.4 22.7 17.5 30.4

Vegetables, g/d 0 32 48 96 136 184 296

    Deficit from 204.8 g/d 204.8 172.8 156.8 108.8 68.8 20.8 0

Fruit, g/d 0 3.2 80 104 136 176 248

    Deficit from 195.2 g/d 195.2 192 115.2 91.2 59.2 19.2 0

Men ≥ 65
Proportion of population, % 0 0.4 7.4 17.4 23.9 22.4 28.4

Vegetables, g/d 0 24 64 88 128 176 296

    Deficit from 202.4 g/d 202.4 178.4 138.4 114.4 74.4 26.4 0

Fruit, g/d 0 3.2 80 104 136 176 248

    Deficit from 197.6 g/d 195.2 192 115.2 91.2 59.2 19.2 0

Women 20–34
Proportion of population, % 0.1 1.2 5.8 11.1 15.9 15.3 50.6

Vegetables, g/d 0 24 48 80 136 184 320

    Deficit from 212.8 g/d 212.8 188.8 164.8 132.8 76.8 28.8 0

Fruit, g/d 0 7.2 80 112 136 160 264

    Deficit from 187.2 g/d 187.2 180 107.2 75.2 51.2 27.2 0

Women 35–49
Proportion of population, % 0.02 0.6 4.5 12.1 18.2 17.1 47.4

Vegetables, g/d 0 32 56 96 136 184 320

    Deficit from 215.2 g/d 215.2 183.2 159.2 119.2 79.2 31.2 0

Fruit, g/d 0 8 56 104 144 168 256

    Deficit from 184.8 g/d 184.8 176.8 128.8 80.8 40.8 16.8 0

Women 50–64
Proportion of population, % 0.04 1.7 3.8 9.9 16.7 16.3 51.5

Vegetables, g/d 0 40 72 96 136 176 336

    Deficit from 217.6 g/d 217.6 177.6 145.6 121.6 81.6 41.6 0

Fruit, g/d 0 8 56 104 136 176 264

    Deficit from 182.4 g/d 182.4 174.4 126.4 78.4 46.4 6.4 0

Women ≥ 65
Proportion of population, % 0 1.2 3.2 10 22.7 16.1 46.8

Vegetables, g/d 0 40 72 104 136 184 296

    Deficit from 211.2 g/d 211.2 171.2 139.2 107.2 75.2 27.2 0

Fruit, g/d 0 16 48 96 136 168 256

Deficit from 188.8 g/d 188.8 172.8 140.8 92.8 52.8 20.8 0
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risks for insufficient fruit and nonstarchy vegetable consump-
tion separately.5 Insufficient fruit intake was found to account 
for 1.6% of all cancers and insufficient vegetable consumption 
for 0.3% of all cancers in Australia. Together, these results are 
similar to those we found for Alberta, with just under 2% of 
cancers in Australia estimated to be attributable to insufficient 
fruit and vegetable consumption combined. In addition, in an 
analysis conducted as part of the 2000 Global Burden of Dis-
ease project, the potential reductions in disease attributable to 
stomach and esophageal cancer were 19% and 20%, respec-
tively, whereas the reductions for lung and colorectal cancer 
were 12% and 2%.27 Although these estimates are similar to 
our estimate for stomach cancer, our estimate for is much lower 
for lung cancer (3.3%) and much higher for esophageal cancer 
(40.0%). However, our analysis was specifically focused on the 
burden of cancer incidence, whereas the Global Burden of Dis-
ease analysis quantified the population attributable fractions as 
a percentage of disability-adjusted life years for each cause.27

Limitations
Although a strength of our analysis was the use of 95% CIs to 
quantify the precision of population attributable risk esti-
mates, the width of these CIs suggests that our results are 
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Figure 1: Prevalence of sufficient (> 5 servings) and insufficient (≤ 5 serv-
ings) fruit and vegetable consumption in Alberta in 2007, by age and sex. 

Table 4: Cancer cases and proportions attributable to insufficient fruit and vegetable consumption in Alberta, 2012

Age at 
exposure, 
yr

Age at 
outcome, 

yr

Esophagus Stomach Lung Oral cavity and pharynx Larynx

TOC*
PAR %

(95% CI)† EAC‡ TOC*
PAR %

(95% CI)† EAC‡ TOC*
PAR %

(95% CI)† EAC‡ TOC*
PAR %

(95% CI)† EAC‡ TOC*
PAR %

(95% CI)† EAC‡

Men

20–34 30–44 < 5 48.2 
(23.4–66.7)

< 5 6 26.4 
(0–51.0)

2 13 5.6 
(2.5–9.0)

1 12 34 
(7.4–56.2)

4 – – –

35–49 45–59 41 42.8 
(19.7–61.8)

18 30 23.7 
(0–47.2)

7 141 5.0 
(2.1–7.9)

7 74 32 
(7.1–52.7)

24 10 21.5 
(12.3–
30.4)

2

50–64 60–74 69 42.4 
(20.0–60.4)

29 65 22.1 
(0–44.5)

14 468 4.4 
(1.8–7.0)

21 127 30.1 
(7.0–51.0)

38 33 19.4 
(10.9–27.7)

6

≥ 65 ≥ 75 37 39.4 
(16.5–58.0)

15 57 21.9 
(0–44.6)

12 331 3.1 
(1.3–5.1)

10 60 28.4 
(6.0–47.7)

17 21 17.8 
(9.8–25.7)

4

Total < 152 < 67 158 36 953 39 273 83 64 12

Women

20–34 30–44 < 5 33.9 
(14.0–52.5)

< 5 10 14.3 
(0–31.7)

1 8 3.1 
(1.2–4.9)

0 9 9.6 
(0–39.5)

1 – – –

35–49 45–59 9 32.3 
(12.7–51.5)

3 23 13.2 
(0–30.5)

3 171 2.5 
(1.1–4.1)

4 17 9.2 
(0–37.6)

2 < 5 12.5 
(6.3–18.8)

< 5

50–64 60–74 15 30.7 
(13.0–48.6)

5 30 11.1 
(0–25.0)

3 479 2.5 
(1.0–4.1)

12 32 8.9 
(0–36.8)

3 < 5 11.8 
(6.0–18.0)

< 5

≥ 65 ≥ 75 7 29.0 
(12.3–45.5)

2 33 11.5 
(0–26.0)

4 341 2.5 
(1.1–4.1)

9 42 8.7 
(0–34.6)

4 7 13.5 
(7.4–19.9)

1

Total < 36 < 15 96 12 999 25 100 9 12 2

Total

20–34 30–44 5 45.3 2 16 18.8 3 21 4.7 1 21 23.6 5 – – –

35–49 45–59 50 40.9 20 53 19.1 10 312 3.6 11 91 27.8 25 < 15 20.7 < 5

50–64 60–74 84 40.3 34 95 18.6 18 947 3.5 33 159 25.8 41 < 38 18.6 < 10

≥ 65 ≥ 75 44 37.7 17 90 18.1 16 672 2.8 19 102 20.3 21 28 16.7 5

Total 183 73 254 47 1952 64 373 92 76 14

Note: EAC = excess attributable risk, PAR = population attributable risk, TOC = total observed cases.
*Represents total number of incident cancer cases in 2012 from the Alberta Cancer Registry. Counts of less than 5 are suppressed, as are totals from any cells that would 
allow calculation of values in suppressed cells.
†Represents the proportion (percentage) of cancer cases attributable to insufficient fruit and vegetable consumption.
‡Numbers rounded to nearest case. Values for Total (men and women combined) may not match individual totals for men and women.
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somewhat limited by a lack of precision. We estimate an 
excess 290 cancer cases are attributable to insufficient fruit 
and vegetable consumption, but this estimate could be as low 
as 98 excess cases or as high as 503.

Furthermore, our estimate that 1.8% of cancers in Alberta 
could be attributed to insufficient fruit and vegetable con-
sumption assumes that the association between fruit and vege-
table consumption and cancer risk represents a causal relation-
ship. As noted in the introduction, evidence for the protective 
effect of fruit and vegetable consumption related to cancers of 
the oral cavity and pharynx, larnynx, esophagus, lung (fruit 
only) and stomach has been classified as “probable.1” Several 
potential anticancer mechanisms for fruit and vegetable con-
sumption have been suggested, including antioxidant effects, 
increasing the activity of enzymes that can detoxify carcino-
gens, actions of micronutrients, preventing nutrient deficien-
cies and overall stimulation of the immune system.1,2,28 How-
ever, recent reviews suggest that the evidence of this protective 
effect is stronger in case–control than in cohort studies.1,2 
Thus, the observed relationship could be due to residual con-
founding by other established risk factors, such as smoking and 
alcohol consumption.2 Therefore, our estimates should be 
interpreted with caution because, if the true size of associations 
between fruit and vegetable consumption and individual can-
cer sites has been overestimated, our population attributable 
risk estimates would be similarly overestimated.

Conclusion
Consumption of fruits and vegetables represents a modifiable 
risk factor, and increased consumption has the potential to 

affect a number of health conditions in addition to cancer. 
Because this study estimates that close to 2% of cancers in 
Alberta can be attributed to insufficient fruit and vegetable 
intake, strategies aimed at increasing levels of consumption 
have the potential to both reduce Alberta’s cancer burden and 
to improve overall population health.
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