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ABSTRACT

OBJECTIVES: Despite strong evidence indicating that unbalanced diets relate to chronic
diseases and mortality, most adults do not comply with dietary recommendations. To help
determine which recommendations could yield the most benefits, we estimated the
number of deaths attributable to cardiovascular diseases and cancer that could be delayed
or averted in Canada if adults changed their diet to adhere to recommendations.

STUDY DESIGN: Macrosimulation based on national population-based survey and vital
statistics data.

METHODS: We used a macrosimulation model to draw age- and sex-specific changes in
relative risks based on the results of meta-analyses of relationship between food
components and risk of cardiovascular disease and diet-related cancers. Inputs in the
model included Canadian recommendations (fruit and vegetable, fiber, salt, and total-,
monounsaturated-, polyunsaturated-, saturated-, and trans-fats), average dietary intake
(from 35 107 participants with 24-h recall), and mortality from specific causes (from
Canadian Vital Statistics). Monte Carlo analyses were used to compute 95% credible
intervals (CI).

RESULTS: Our estimates suggest that 30 540 deaths (95% CI: 24 953, 34 989) per year
could be averted or delayed if Canadians adhered to their dietary recommendations. By
itself, the recommendation for fruit and vegetable intake could save as many as 72% (55-
87%) of these deaths. It is followed by recommendations for fibers (29%, 13-43%) and
salt (10%, 9-12%).

CONCLUSIONS: A considerable number of lives could be saved if Canadians adhered to

the national dietary intake recommendations. Given the scarce resources available to



promote guideline adhesion, priority should be given to recommendations for fruit and

vegetable intake.
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INTRODUCTION

Most industrialized countries have developed dietary recommendations to guide their
population towards achieving a healthy diet. Although scientifically sound, these
guidelines only have a potential to result in healthier populations if they are adhered to.
Reports suggest that Canadians have experienced important changes in their dietary
intake and lifestyle over the past decades and that these changes distance them from some
dietary recommendations. For example, food purchasing data imply that the total energy
intake of Canadians increased by nearly 10% between 1981 and 2009 [1]. Much of this
change is attributable to increases in consumption of fat and carbohydrates [1]. A rise in
availability and diversity of food options, in combination with increases in the
affordability and convenience of access to energy rich but nutrient poor food are likely

related to the observed changes in dietary patterns [2].

Studies have shown that poorly balanced diets (i.e., high proportion of saturated fat and
salt, and low proportion of fruits, vegetables, and fiber) can increase the risk of numerous
cancers (i.e., oesophageal, stomach, lung, and colorectal), cardiovascular diseases (i.e.,
ischemic heart diseases and cerebrovascular diseases) [3-6], and other chronic conditions
such as diabetes and obesity [7]. Chronic diseases are the most important causes of
mortality, morbidity, and disability worldwide [8]. In Canada, cardiovascular diseases
and cancer are responsible for approximately 70 000 deaths each annually, representing
about 59% of all deaths every year [9]. The extent to which these deaths could be averted
by modifying the dietary intake of Canadians remains elusive. It is also unclear which

dietary recommendation could yield the most beneficial improvement in health if adhered



to by Canadians. Such knowledge would provide guidance regarding prioritization of

target interventions and where resources should be strategically allocated.

A comparative risk assessment model called PRIME (Preventable Risk Integrated ModEl,
previously called DIETRON) has been developed to quantify the change in population
mortality from cardiovascular diseases and ten diet-related cancers that would be
expected given a change in average dietary quality within a population. The first use of
PRIME led to an estimate that 33,000 deaths per year could be delayed or averted in the
UK if recommended dietary intakes for fats, fruit and vegetables, salt and fibers for that
country were achieved [10]. It has also been used to demonstrate the impact of diet on
geographic health inequalities in the UK [11], achieving environmentally sustainable
diets in the UK [12], sugary drink taxation in the UK [13] and Ireland [14] and taxation
of dietary greenhouse gas emissions in the UK [15]. In the current analysis, we estimated
the number of deaths attributable to cardiovascular diseases and cancer that could be
delayed or averted if, on average, Canadians changed their nutritional intake to adhere to
their dietary recommendations. We present the estimates attributable to specific
recommendations and for specific causes of death to guide the prioritization of

intervention targets.

METHODS

We used the PRIME comparative risk assessment model to estimate the annual number of
deaths from cardiovascular diseases and cancer that could be delayed or averted if the
average dietary intake of Canadians changed from current levels to recommended dietary

intakes. The PRIME model is described in details elsewhere [11]. Briefly, PRIME draws
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age- and sex-specific changes in disease risk for a given change in dietary quality based
on the results of meta-analyses of relationship between food components and risk of
cardiovascular disease, cancer, or one of their biological risk factors (blood pressure,
blood cholesterol and overweight/obesity) (The parameter estimates used and the meta-
analyses on which they are based are presented in Appendix 1). To be included in the
model, food components had to have been recognized as statistically associated to either
1) a cardiovascular disease or cancer, or 2) a demonstrated biological risk factor for
cardiovascular diseases or cancer in at least one meta-analysis of trials, cohort studies, or
case-control studies. The causal relationship between food components and cancer also
had to be considered as “probable” or “convincing” by the World Cancer Research Fund
to be included in the model [6]. All of the relationships in the PRIME model are assumed
to follow a log-linear dose-response relationship, with the exception of the relationships
between body mass index (BMI) and mortality which is U-shaped. Further, because it is
unlikely that the effects of different food components are independent and additive, the
model estimates the overlap in estimated changes in risk of cause-specific mortality as
they relate to changes in different dietary components by combining parameters
multiplicatively (i.e. the result of changing many dietary components simultaneously is
less than the sum of its parts, and can never exceed 100% risk reduction). Estimates in
PRIME are based on estimates of dietary intake from a population and a counterfactual

dietary intake (based on recommendations herein) for this population.

Dietary data
Dietary intake data were obtained from the Canadian Community Health Survey, Cycle

2.2 (2004) [16]. This source of data represents the most complete and most recent diet-
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focused population-based survey of Canadians [16]. This cross-sectional survey of
35107 Canadians (response proportion of 76.5%) aimed at providing an accurate
representation of usual dietary intake of Canadians. It included a 24-hour dietary recall,
was computer-assisted and was conducted in person. In this survey, the frequency of fruit
and vegetables consumption was measured, but assumptions need to be made with
respect to portions. We assumed every occurrence of fruit or vegetable consumption was
equivalent to consuming one portion, which we assumed weighted 125 g, as suggested in
Canada’s Food Guide [17]. Number of portions and portion sizes for other food items

were collected through the survey.

Dietary recommendations

Canadian dietary recommendations are presented in Table 1 [13, 14]. For the input of
recommendations with age specifications, we weighted recommendations to the Canadian
population age distribution. Similarly, given Canada’s Food Guide combines fruit and
vegetable recommendations into one, we divided the recommendation according to the
ratio of fruits and vegetables reported to be consumed by Canadians. For
recommendations with a range, we used the actual average reported dietary intake of
Canadians when it fell within the range and used the range boundary closest to the actual
intake in other cases. Canada does not have specific recommendations for some fat
components. For these, we used recommendations from the joint World Health
Organization/Food and Agricultural Organization technical reports on diet, nutrition, and
prevention of chronic diseases [19]. Whereas relatively little reporting bias is estimated to
be associated with the proportion of energy intake obtained from different sources,

estimates of total energy intake from 24 hour recalls tend to be under-reported by 10-15%
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[20-22]. Because of this, and because it is not a recommendation to increase energy
intake, we modeled that a steady energy intake would be maintained under the

recommended diet.

Mortality data

2004 Mortality data for coronary heart diseases (ICD-10: 120-25), stroke (ICD-10: 160-
69) and diet-related cancers (ICD-10: C00-14, C16, C23, and C33-34), stratified by sex
and five-year age band, were acquired from Statistics Canada CANSIM tables [19, 20].
We also used this source to obtain age and sex-stratified population data for the same

year.

Other analyses

For all analyses, we applied weights provided by Statistics Canada to account for the
sampling frame of the study [25]. A Monte Carlo simulation is built in PRIME to
estimate credible intervals around the results. In this analysis, 95% credible intervals are
based on the 2.5™ and 97.5™ percentiles of results generated from 5,000 iterations of the
models, where the estimates of relative risks used to parameterise the model were
allowed to vary stochastically according to the distributions reported in the literature (i.e.,
the meta-analyses reported confidence intervals, which were used to estimate the log-

normal distribution over which the actual relative risks are likely to lie).

RESULTS



In 2004, there were 11 879 044 men and 13 307 982 women over 15 years old in Canada
and 85 527 deaths were attributable to the conditions under study. The average diet of
Canadian men included only about 50% of the recommended fruits and vegetables intake
(Table 1). Similarly, Canadian women consumed approximately 40% fewer fruits and
vegetables than recommended in the Canadian Food Guide. Whereas the diet of men and
women provided them with only 54 and 67% of the recommended fiber intake, it
surpassed the maximum recommended salt intake by 57 and 17%, respectively. Among
fat components, only trans fatty acids consumption was not within or close to

recommended intake boundaries.

In total, our estimates suggest that 30 540 deaths could be averted or delayed annually in
Canada, if Canadians modified their behaviors to comply with dietary recommendations
(Table 2). Of those, more deaths would be averted or delayed among men than women.
However, lives saved according to the various dietary recommendations would attain
similar proportions in both sexes. In comparison with other recommendations, modifying
dietary intake to meet the recommendation for fruit and vegetable intake has the most
important death prevention potential. Individually, this recommendation could save as
many as 72% of all deaths averted or delayed by a combination of all dietary
recommendations. It is followed by recommendations for fiber (29%) and salt (10%). The
number of deaths that could potentially be saved providing all fat component-related

recommendations were attained was not significant.

Most of the lives that could be saved by improving dietary behaviors of Canadians would

be related to coronary heart disease (Table 3). Still, an important number of deaths
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attributable to stroke, lung cancer, esophageal cancer, and other forms of cardiovascular
diseases and cancer could be averted by changing from current to recommended dietary
intakes. Stroke is the only disease with similar number of deaths that could be averted in

men and women if they improved their dietary habits.

DISCUSSION

This study shows that a considerable number of deaths could be averted or delayed if
Canadians modified their current dietary intake to adhere to their nutritional guidelines.
Most of the lives saved under this counterfactual behavior change would be attributable
to increases in fruits and vegetables consumption, which is a key recommendation of the
World Health Organization [26]. Steps should therefore be taken to target efforts around
this recommendation. The large gap between current and recommended fruit and
vegetable consumption nevertheless raises the question of whether the recommendation is
attainable. For example, the Canadian recommendation calls for approximately 75%
more fruits and vegetables than the English, American, and several other countries’
recommendations [27-31]. Although literature reviews documented that statistically
significant increases in fruit and vegetable intake may be achieved following a variety of
community- and individual- level interventions, the increases achieved tend to be small
[28, 29]. Considerable and concerted efforts will therefore be necessary to markedly raise
population level consumption of fruits and vegetables. Correspondingly, various groups
recommend the removal of sales taxes from healthy foods such as fruits and vegetables
and the distribution of subsidies for these products through taxes collected from

unhealthy foods [34]. Considering the costs associated to cardiovascular diseases and
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cancer exceeds 40 billion $ in Canada every year [31, 32], effective population level
interventions to increase fruit and vegetable intake may result in a substantial reduction of

the social, systemic, and economic burden of chronic diseases.

Although often discussed, achievement of dietary fat intake recommendations was not
associated with large health benefits. Estimates in this study depend on both the strength
of association between dietary factors and health outcomes, and the disparity between
current and target consumption. The small figures attributable to fatty acids in this study
relate to the mean fat intake of Canadians already lying close to recommendations for this
food component. Our estimates therefore do not imply a weak association between fatty
acids and health outcomes. Recent comparisons of various diets indicate that those with
the highest poly and monosaturated fat to saturated fat ratio were associated with the
lowest mortality [33, 34]. This evidence, combined with the high energy content of fat
and the overwhelming prevalence of overweight and obesity [35, 36], suggests it might
be appropriate to lower the recommendation for proportion of energy intake coming from

saturated fat.

Given the current restructuration of primary healthcare and the recognition that
integrating public health and primary care has considerable benefits for improving
population health, our results also provide relevant information for patient-oriented
services and interventions [41]. For example, our results suggest that adequate nutrition
guidance should be easily accessible. Primary health care has the advantages of providing
cost-effective services while integrating continuity and comprehensiveness of care and

being regarded as the most accessible point of care within the system [42]. Although
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access to dieticians would be valuable, previous reports suggest that counseling on simple
dietary recommendations could be efficiently disseminated by a variety of primary care
health professionals [43]. However, primary care professionals sometimes feel
inadequately trained to provide nutrition advice, suggesting that their education programs
should include opportunities to learn basic nutritional guidelines and acquire skills to
provide counseling on these guidelines [44]. In addition, given our results, it could be
recommended that people at risk of coronary heart disease should be adequately screened

and more specifically targeted for preventive interventions.

The results from our study can be compared with a recent study that modeled the health
impact of achieving dietary recommendations in the UK, which also used the PRIME
model [10]. The UK paper suggested that 46% of the deaths averted or delayed could be
attributed to meeting the fruit and vegetables recommendations, with a further 23% from
achieving the salt recommendation. This compares with 72% and 10% for fruit and
vegetables and salt respectively in Canada. However, the primary reason for these large
differences is the difference between recommended fruit and vegetable consumption in
the UK and Canada: five portions per day in the UK and at least seven portions
(depending on sex and age) in Canada. Our results can also be compared with results
from the Global Burden of Disease project [45], which used similar methods. The
estimates for Canada [46] show that dietary factors caused a greater burden of disease in
Canada than smoking, alcohol use or physical inactivity. Of these dietary factors, the
highest burden was associated with low fruit, followed by low nuts and seeds and then
high sodium. However, the results are not directly comparable with the results here as the

counterfactual scenarios that are used are different.
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Strengths of this study include that we estimated the impact of achieving each of the
recommendation in isolation and combined together. Further, our estimates are based on
reported food consumption rather than food purchase data as used in previous analyses
[10, 11]. These data are nevertheless subject to problems of recall and social desirability
bias [47]. The approximation of individuals’ usual dietary intake may not be as precise
with a 24-hour dietary recall as with several recalls. It is nevertheless appropriate for the
purpose of estimating usual intake at a population level such as in the context of this
analysis. Also, our results are largely drawn from meta-analyses of observational studies.
Although the model aims at minimizing the possibility of double counting deaths by
including parameters that have been mutually adjusted for other dietary components,
overestimation could have occurred if other dietary components and measurement errors,
inherent in observation nutritional epidemiologic studies, were not adjusted for
appropriately. In general, the meta-analyses that provided the relative risk parameters for
the PRIME model used estimates of relative risk from original studies that were adjusted
for as many dietary components and other behaviors as possible, but these adjustments
varied from study to study. The second table in the appendix provides a description of the
confounding variables that were adjusted for in each of the meta-analyses. In addition, we
had to make assumptions regarding the quantity of fruits and vegetable consumed.
However, our estimates of food and vegetable intake are similar to estimates of other
countries [48] . In the event that we underestimated the amount of fruit and vegetable
consumed by Canadians, this food component would nevertheless have been responsible
for the largest number of deaths attributable to cancer and cardiovascular diseases. Yet, it

should be noted that estimates for fruit and vegetable in this paper imply that increases of
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one portion produces the same relative change in risk regardless of the current level of
consumption. Although the data included in the meta-analysis suggest that the association
is log-linear [42, 43], it is possible that the relationship becomes non-log-linear at very

high levels of consumption not detected within the studies included in the analyses.

In conclusion, our estimates suggest that if Canadians changed from their current dietary
intake to the intakes recommended, over 30 000 deaths could be prevented every year.
Most of the lives saved would be due to a reduction in the burden of coronary heart

diseases and would be the result of an increase in fruits and vegetable consumption.

ACKNOWLEDGEMENTS

The authors wish to thank Isabelle Caissie for her administrative assistance.
Funding: None

Competing interests: None declared

Ethical approval: Not required

14



REFERENCES

10.

11.

12.

13.

Statistics Canada. Food Statistics. Catalogue no. 21-020-X. Statistics (Ber). Ottawa
(ON); 20009.

Kearney J. Food consumption trends and drivers. Philos T Roy Soc B. 2010
Sep;365(1554):2793-807.

Abedi P, Lee MHS, Kandiah M, Yassin Z, Shojaeezade D, Hosseini M, et al. Diet
intervention to improve cardiovascular risk factors among Iranian postmenopausal
women. Nutr Res Pr. 2010 Dec;4(6):522-7.

Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, Franch H a, et al.
Diet and lifestyle recommendations revision 2006: a scientific statement from the
American Heart Association Nutrition Committee. Circulation. 2006
Jul;114(1):82-96.

World Health Organization. The World Health Report: 2003: shaping the future.
World Health. Geneva; 2003.

American Institute for Cancer Research. Food, Nutrition, Physical Activity, and
the Prevention of Cancer: a Global Perspective. Cancer Res. Washington, DC;
2007.

World Health Organization. Obesity and overweight. Fact sheet N°311. 2011.
World Health Organization. The top 10 causes of dead. Fact sheet N°310. 2011.

Statistics Canada. Mortality , Summary List of Causes. October. Ottawa (ON);
2008 p. Catalogue no. 84F0209X.

Scarborough P, Nnoaham K, Clarke D, Rayner M, Capewell S. Modelling the
impact of a healthy diet on cardiovascular disease and cancer mortality. J.
Epidemiol. Community Health. 2012 Dec;66(5):420-6.

Scarborough P, Morgan RD, Webster P, Rayner M. Differences in coronary heart
disease, stroke and cancer mortality rates between England, Wales, Scotland and
Northern Ireland: the role of diet and nutrition. BMJ Open. 2011 Jan;1(1):e000263.

Scarborough P, Allender S, Clarke D, Wickramasinghe K, Rayner M. Modelling
the health impact of environmentally sustainable dietary scenarios in the UK. Eur.
J. Clin. Nutr. Nature Publishing Group; 2012 Jun;66(6):710-5.

Briggs A, Mytton O, Kehlbacher A, Tiffin R, Rayner M, Scarborough P. The
overall and income specific effect on the prevalence of overweight and obesity of a

15



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

20% sugar sweetened beverage tax in the UK: an econometric and comparative
risk assessment modelling study. Br. Med. J. 2013;In Press.

Briggs AD, Mytton OT, Madden D, O Shea D, Rayner M, Scarborough P. The
potential impact on obesity of a 10% tax on sugar-sweetened beverages in Ireland,
an effect assessment modelling study. BMC Public Health. BMC Public Health;
2013 Sep 17;13(1):860.

Briggs A, Kehlbache A, Tiffin R, Garnett T, Rayner M, Scarborough P.
Incorporating the societal cost of greenhouse gases into the price of foods could
save lives from cardiovascular disease and cancer in England: a comparative risk
assessment modelling study. BMJ Open. 2013;In Press.

Health Canada. Canadian Community Health Survey, Cycle 2.2, Nutrition (2004)-
A Guide to Accessing and Interpreting the Data. Nutrition. Ottawa (ON); 2004.

Health Canada. Eating Well with Canada’s Food Guide. Heal. (San Fr. Ottawa
(ON); 2011.

Health Canada. Dietary Reference Intakes. Amino Acids. 2010.

World Health Organization. Fats and fatty acids in human nutrition- Report of an
expert consultation. Geneva; 2008.

Statistics Canada. Health Reports: Volume 19, Number 4. Statistics (Ber). Ottawa
(ON); 2008 p. Catalogue no. 82-003—X.

Subar AF, Kipnis V, Troiano RP, Midthune D, Schoeller D a, Bingham S, et al.
Using intake biomarkers to evaluate the extent of dietary misreporting in a large
sample of adults: the OPEN study. Am J Epidemiol. 2003 Jul;158(1):1-13.

Freedman LS, Midthune D, Carroll RJ, Krebs-smith S, Subar AF, Troiano RP, et
al. Adjustments to Improve the Estimation of Usual Dietary Intake Distributions in
the Population. J Nutr. 2004;134(7):1836-43.

CANSIM Table 102-0522. Ottawa (ON): Statistics Canada; 2011.

CANSIM Table 102-0529. Ottawa (ON): Statistics Canada; 2011.

Canadian Community Health Survey 2.2- Nutrition: General Health & 24 hour
Dietary Recall Components- User Guide. Chem. Biodivers. Ottawa (ON): Wiley
Online Library; 2008.

Organization WH. Global Strategy on Diet, Physical Activity and Health

[Internet]. 2004. Available from:
http://apps.who.int/gb/ebwha/pdf_files’sWHA57/A57_9-en.pdf

16



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Krauss RM, Eckel RH, Howard B, Appel LJ, Stephen R, Deckelbaum RJ, et al.
AHA Dietary Guidelines: Revision 2000: A Statement for Healthcare
Professionals From the Nutrition Committee of the American Heart Association.
Circulation. 2000;102:2284-99.

Agence Francaise de Securité Sanitaire des Aliments. La Santé Vient en
Mangeant- Le Guide Alimentaire Pour Tous. France; 2002.

National Institute of Nutrition. Dietary Guidelines for Indians: A Manual. India;
2011.

Swiss Society for Nutrition. Recommendations for healthy , tasty eating and
drinking for adults: Food pyramid. Nutrition. 2005 p. 1-5.

Department of Health. Choosing a Better Diet: a food and health action plan
people. London; 2005.

Pomerleau J, Lock K, Knai C, McKee M. Interventions designed to increase adult
fruit and vegetable intake can be effective: a systematic review of the literature. J
Nutr. 2005 Oct;135(10):2486-95.

Thomson CA, Ravia J. A systematic review of behavioral interventions to promote
intake of fruit and vegetables. J Am Diet Assoc. 2011 Oct;111(10):1523-35.

Heart and Stroke Foundation. Tipping the scales of progress: Heart Disease and
Stroke in Canada 2006. Hear. Dis. Canada; 2006.

Thériault L, Stonebridge C, Browarski S. The Canadian Heart Health Strategy:
Risk Factors and Future Cost Implications. Heart & Stroke Foundation. Heal. Care
Wellness. Canada; 2010.

Mirolla M. The Cost of Chronic Disease in Canada. The Chronic Disease
Prevention Alliance of Canada. Statistics (Ber). 2004.

Becker W, Warensjo E, Olsson E, Byberg L, Gustafsson I, Karlstro B.
Mediterranean and carbohydrate-restricted diets and mortality among elderly men:
a cohort study in Sweden. Am J Clin Nutr. 2010;92:967-74.

Fung TT. Low-carbohydrate diets and all-cause and cause-specific mortality: Two
cohort Studies. Ann Intern Med. 2011;153(5):289-98.

Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and Trends in Obesity
Among US Adults , 1999-2008. JAMA.. 2010;303(3):235-41.

17



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Shields M, Tremblay MS, Laviolette M, Craig CL, Janssen I, Gorber SC. Fitness
of Canadian adults: results from the 2007-2009 Canadian Health Measures Survey.
Heal. reports / Stat. Canada, Can. Cent. Heal. Inf. 2010 Mar;21(1):21-35.

IOM (Institute of Medicine). Primary Care and Public Health: Exploring
Integration to Improve Population Health. Washington, DC: The National
Academies Press; 2012.

Saltman RB, Rico A, Boerma W. Primary care in the driver’s seat? Organizational
Reform in European Primary Care. Eur. Obs. Heal. Care Syst. Ser. Open Univ.
Press. Educ. London. European Observatory on Health Care Systems Series. Open
University Press/McGraw-Hill Education, London; 2006. p. 251 pg.

Pignone MP, Ammerman A, Fernandez L, Orleans CT, Pender N, Woolf S, et al.
Counseling to promote a healthy diet in adults: a summary of the evidence for the
U.S. Preventive Services Task Force. Am J Prev Med. 2003 Jan;24(1):75-92.

Ball LE, Hughes RM, Leveritt MD. Nutrition in General Practice: Role and
Workforce Preparation Expectations of Medical Educators. Aust J Prim Heal.
2010;16(4):304.

Lim S, Vos T, Flaxman A, Danaei G, Shibuya K, Adair-Rohani H, etal. A
comparative risk assessment of burden of disease and injury attributable to 67 risk
factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet. 2012 Dec 15;380(9859):2224—
60.

Institute for Health Metrics and Evaluation. Institute of Health Metrics and
Evaluation. GBD visualizations. [Internet]. Available from:
http://www.healthmetricsandevaluation.org/tools/data-visualizations

Hebert JR, Ebbeling CB, Matthews CE, Hurley TG, MA' Y, Druker S, et al.
Systematic errors in middle-aged women’s estimates of energy intake: comparing
three self-report measures to total energy expenditure from doubly labeled water.
Ann Epidemiol. 2002 Nov;12(8):577-86.

Leenders M, Sluijs I, Ros M, Boshuizen H, Siersema P, Ferrari P, et al. Fruit and
Vegetable Consumption and Mortality European Prospective Investigation Into
Cancer and Nutrition. Am. J. Epidemiol. 2013;178(4):590-602.

Dauchet L, Amouyel P, Hercberg S, Dallongeville J. Fruit and vegetable
consumption and risk of coronary heart disease: a meta-analysis of cohort studies.
J Nutr. 2006 Oct;136(10):2588-93.

Dauchet L, Amouyel P, Dallongeville J. Fruit and vegetable consumption and risk
of stroke: a meta-analysis of cohort studies. Neurology. 2005 Oct;65(8):1193-7.

18



Table 1. Mean dietary component intake and recommended intake for Canadian men and women (2004)

Men Women

Actual mean intake Recommended intake  Actual mean intake Recommended intake

Fruits (g/d) 2 251.9 525.5 270.8 4515
Vegetables (g/d)a 209.6 437.0 253.6 423.5
Fibre (g/d)® 19.1 35.5 15.6 23.4
Total fat (% total energy)® 314 314 31.0 31.0
MUFA (% total energy)¢ 12.7 14.4 12.0 14.0
PUFA (% total energy) ¢ 5.5 6.0 6.0 6.0
Saturated fat (% total energy) ¢ 10.2 10.0 10.2 10.0
Trans fat (% total energy) ¢ 3.0 1.0 3.1 1.0
Salt (g/d)® 9.0 5.8 6.8 5.8

Abbreviations: MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids; SF, Saturated fatty acids; TF, Trans fatty acids. Actual mean intakes are
based on data from the Canadian Community Health Survey, Cycle 2.2 (2004)

® Based on Health Canada’s Eating Well with Canada’s Food Guide. 2007: Men 19 to 50 years old should eat 8-10 portions of fruits and vegetables per day and
men over 51 should eat 7 portions. Women 19 to 50 years old should eat 7-8 and women over 51 should eat 7 portions. A portion size was assumed to be 125 g.
as identified in the Food guide.

®Based on Health Canada’s Dietary Reference Intakes Tables: Fibres: Men 19-50 should take 38g/d, men over 51 should take 30g/d, women 19-50 should take
25g/d and women over 51 should take 21g/d. Total fat: between 20 and 35% of total energy. Salt: The recommendation is for maximum sodium intake not to
exceed 2.3g/d, which can be converted to a maximum of 5.75g/d of salt.

¢ Joint FAO/WHO Expert Consultation on Fats and Fatty Acids in Human Nutrition (10-14 November, 2008, WHO, Geneva): MUFA: Based on the equation
Total fat - PUFA — SF — TF. PUFA: 6-11% of total energy. Saturated fat: 10% of total energy. Trans Fat: 0-1% of total energy.

19



Table 2. Estimated number of deaths averted or delayed by specific dietary guidelines per year in Canada (2004)*

Number of deaths averted or delayed (95 % credible interval)

Men Women Total
Individual dietary guidelines
Fruit and vegetables 13223 (10259, 15 730) 8833  (6730,10724) 22056 (16 791, 26 503)
Fiber 6 302 (2891, 9 163) 2688 (1198, 4 074) 8990 (4 117,13 186)
Fats 595  (-1669,2603) 289 (-990, 1 491) 884  (-2678,4 045)
Salt 2373 (1988,2721) 793 (674, 915) 3 166 (2616, 3 604)
All dietary guidelines combined 18999 (15824, 21 490) 11541 (9294, 13 550) 30540 (24 953, 34 989)

& Estimates are based on 2004 Canadian Mortality data and on dietary data from the Canadian Community Health Survey, Cycle 2.2 (2004)
® The dietary guidelines are combined multiplicatively to avoid double counting deaths that could be averted or delayed because of different food components.
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Table 3. Estimated number of deaths averted or delayed by cause if Canadian men and women adhered to dietary guidelines (2004)

Number of deaths averted or delayed (95 % credible interval)

Cause of death Men Women Total

Cardiovascular disease 15029 (12004, 17 338) 9682 (7565, 11 605) 24711 (19432,28 713)
Coronary heart disease 12631  (9572,14 764) 7285 (5248, 9 006) 19916 (14 807, 23 689)
Stroke 2001 (1249,2672) 2219 (1349, 3 067) 4219 (2612,5693)
Heart failure 145 (117, 176) 70 (55, 85) 215 (170, 257)
Aortic aneurysm 88 (68, 110) 18 (14, 22) 106 (82, 131)
Pulmonary embolism 11 (5, 18) 5 (2, 8) 17 (7, 25)
Rheumatic heart disease 6 2,9) 4 (1,6) 9 (3, 15)
Hypertensive disease 147 (126, 167) 81 (69, 94) 228 (192, 257)

Cancer 3970 (2782, 4 964) 1859 (1180, 2 474) 5829 (3985, 7 368)
Mouth, larynx and pharynx 635 (557, 669) 306 (256, 334) 942 (811, 1.004)
Oesophageal 991 (717,1073) 305 (206, 345) 1296 (944, 1 421)
Stomach 411 (96, 639) 147 (6, 261) 558 (95, 896)
Lung 1933 (774, 2 923) 1101 (458, 1 684) 3033 (1305, 4 600)

Total 18999 (15824, 21 490) 11541 (9294, 13 550) 30540 (24 953, 34 989)

% Estimates are based on 2004 Canadian Mortality data and on dietary data from the Canadian Community Health Survey, Cycle 2.2 (2004)
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Appendix 1. Parameters used in the DIETRON model

Food
component /
biological risk
factor

Outcome

Unit of change

Relative risk (95% confidence

intervals)

Fruit

CHD

Stroke

M/L/P cancer
Oesophagus cancer
Lung cancer
Stomach cancer

106g/day increase
106g/day increase
100g/day increase
100g/day increase
80g/day increase

100g/day increase

0.93 (0.89, 0.96)
0.89 (0.85, 0.93)
0.72 (0.59, 0.87)
0.56 (0.42, 0.74)
0.94 (0.90, 0.97)
0.95 (0.89, 1.02)

Vegetables

CHD

Stroke

M/L/P cancer
Oesophagus cancer
Stomach cancer

106g/day increase
106g/day increase
50g/day increase
50g/day increase
100g/day increase

0.89 (0.83, 0.95)
0.97 (0.92, 1.02)
0.72 (0.63, 0.82)
0.87 (0.72, 1.05)
0.98 (0.91, 1.06)

Fibre

CHD

10g/day increase

0.81(0.72, 0.92)

Salt

Stomach cancer

1g/day increase

1,08 (1.00, 1.17)

Serum
cholesterol

CHD

Stroke

1mmol/l decrease

1mmol/l decrease

Under 49

:0.44 (0.42,0.48)
50-59:
60-69:
70-79:

Over 79:

Under 59:
60-69:
70-79:

Over 79:

0.58 (0.56, 0.61)
0.72 (0.69, 0.74)
0.82 (0.80, 0.85)
0.85 (0.82, 0.89)
0.90 (0.84, 0.97)
1.02 (0.97, 1.08)
1.04 (0.99, 1.09)
1.06 (1.00, 1.13)

Blood pressure

CHD

Stroke

20mmHg SBP decrease

20mmHg SBP decrease

Under 49:
50-59:
60-69:
70-79:

Over 79:

Under 49:
50-59:
60-69:
70-79:

Over 79:

0.49 (0.45, 0.53)
0.50 (0.49, 0.52)
0.54 (0.53, 0.55)
0.60 (0.58, 0.61)
0.67 (0.64, 0.70)
0.36 (0.32, 0.40)
0.38 (0.35, 0.40)
0.43 (0.41, 0.45)
0.50 (0.48, 0.52)
0.67 (0.63, 0.71)

Body mass
index

CHD

Stroke

Oesophagus cancer
Pancreas cancer
Colorectum cancer
Breast cancer

Endometrial cancer
Kidney cancer
Gallbladder cancer

5kg/m? increase

5kg/m? increase

1kg/m? increase
5kg/m? increase
1kg/m? increase
2kg/m? increase

5kg/m? increase
5kg/m? increase
5kg/m? increase

Men, BMI 15-25:

1.27 (1.16, 1.39)

Women, BMI 15-25: 1.01 (0.86,

Men, BMI 25-50:

1.18)
1.42 (1.35, 1.48)

Women, BMI 25-50: 1.35 (1.28,

BMI 15-25:
BMI 25-50:

Under 60:
Over 60:

1.43)
0.92 (0.82, 1.03)
1.39 (1.31, 1.48)
1.11 (1.07, 1.15)
1.14 (1.07, 1.22)
1.03 (1.02, 1.04)
0.94 (0.92, 0.95)
1.03 (1.01, 1.04)
1.52 (1.35, 1.72)
1.31 (1.24, 1.39)
1.23 (1.15, 1.32)
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Food Outcome Unit of change Regression parameter (95%

component confidence intervals

Total fat Total serum 1% of total calories 0.020 (0.010, 0.030)
cholesterol (mmol/l) increase

Saturated fat Total serum 1% of total calories 0.052 (0.046, 0.058)
cholesterol (mmol/l) increase

MUFAs Total serum 1% of total calories 0.005 (-0.001, 0.011)
cholesterol (mmol/l) increase

PUFAs Total serum 1% of total calories -0.026 (-0.034, -0.018)
cholesterol (mmol/I) increase

Dietary Total serum 1mg/d increase 0.001 (0.001, 0.001)

cholesterol cholesterol (mmol/I)

Trans fats Total serum 1% of total calories 0.038 (0.018, 0.058)
cholesterol (mmol/l) increase

Salt Systolic blood 3g/day reduction -2.50 (-2.85, -2.15)

pressure (mmHgQ)

The parameters above are based on the results of the following meta-analyses:

Food Outcome Meta-analysis details Adjustments Source
component
/ risk factor
CHD (120-25)  Six cohort studies (3,446 Age, smoking, obesity (Dauchet et
events) al., 2006)
Stroke (160-69)  Five cohort studies (1,853 Age, hypertension, (Dauchet et
events) smoking, obesity al., 2005)
Mouth, Seven case-control studies ~ Smoking (AICR/
pharynx, WCRF, 2007)
5 larynx cancer
i (C00-14)
Oesophagus Eight case-control studies - (AICR/
cancer (C15) WCRF, 2007)
Lung cancer Fourteen cohort studies Smoking (AICR/
(C34) WCRF, 2007)
Stomach Eight cohort studies - (AICR/
cancer (C16) WCRF, 2007)
CHD Seven cohort studies (3,833  Age, smoking, obesity (Dauchet et
events) al., 2006)
Stroke Four cohort studies (933 Age, hypertension, (Dauchet et
events) smoking, obesity, blood al., 2005)
cholesterol, physical
3 activity, energy intake,
€ alcohol intake
S Mouth, Four case-control studies Sex, smoking, alcohol (AICR/
S pharynx, intake WCRF, 2007)
larynx cancer
Oesophagus Five case-control studies - (AICR/
cancer WCRF, 2007)
Stomach Seven cohort studies - (AICR/
cancer WCRF, 2007)
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Food Outcome Meta-analysis details Adjustments Source
component
/ risk factor
CHD Ten cohort studies (2,011 Age, energy intake, (Pereiraetal.,
CHD deaths) smoking, obesity, physical 2004)
activity, education, alcohol
£ intake, multiple vitamin
iT use, raised cholesterol,
hypertension, dietary
saturated fat, PUFA and
cholesterol
Total fat, Total serum 227 dietary intervention Age, weight, other dietary (Clarke et al.,
saturated cholesterol studies with diets persisting  fat measures 1997)
fat, MUFA, at least two weeks
PUFA,
dietary
cholesterol
Total serum 40 dietary intervention Age, weight, other dietary (Clarke et al.,
Trans fats cholesterol studies with diets persisting  fat measures 1997)
at least two weeks
Stomach Two cohort studies. - (AICR/
cancer WCRF, 2007)
- Blood pressure 28 randomised controlled All potentially (He and
T(;; trials in hypertensive and confounding factors MacGregor,
normotensive individuals 2002; He and
MacGregor,
2003)
Total serum CHD 61 cohort studies (33,744 Age, sex (Prospective
cholesterol events) Studies
Collaboration,
2007)
Stroke 61 cohort studies (11,663 Age, sex (Prospective
events) Studies
Collaboration,
2007)
CHD 61 cohort studies (34,283 Blood cholesterol, (Prospective
o events) diabetes, weight, alcohol Studies
@ intake, smoking Collaboration,
g 2002)
- Stroke 61 cohort studies (11,960 Blood cholesterol, (Prospective
§ events) diabetes, weight, alcohol Studies
o0 intake, smoking Collaboration,
2002)
CHD 57 cohort studies Age, sex, smoking (Prospective
Studies
Collaboration,
2009)
- Stroke 57 cohort studies Age, sex, smoking (Prospecti_ve
= Studies
% Collaboration,
2009)
Oesophagus Four case-control studies - (AICR/
cancer WCREF, 2007)
Pancreas 17 cohort studies Smoking (AICR/
cancer (C25) WCRF, 2007)
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Food Outcome Meta-analysis details Adjustments Source

component

/ risk factor
Colorectum 28 cohort studies - (AICR/
cancer (C18) WCRF, 2007)
Breast cancer 16 cohort studies - (AICR/
(C50) WCRF, 2007)
Endometrial 15 cohort studies - (AICR/
cancer (C54.1) WCRF, 2007)
Kidney cancer  Seven cohort studies. Smoking (AICR/
(C64) WCRF, 2007)
Gallbladder Four cohort studies. - (AICR/
cancer (C23) WCRF, 2007)
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