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Abstract 

The Food Habits ofCanadians Survey, conducted in 1997-1998 examined food 

and nutrient intakes ofnon-institutionalized adults aged 18-65 years (n=1543) 

randomly selected from across Canada using the multi-stage random sampling 

strategy. Dietary intake was assessed by 24-h recall and a repeat interview was 

conducted in a sub-sample (n=446). The overall response rate was 26%. Males, 

younger age adults (18-34 years), single persons and those with lower education 

levels were underrepresented in the study sample thus limiting the generalizability 

of the study results. Examination of the characteristics of the selected areas 

(n=63) by response rates, indicated that areas with a higher percentage below the 

low income cut-offlevel, higher percentage who moved residence in the past 5 

years and higher percentage speaking non-official languages as the mother-tongue 

weœ associated with low response rates. Additionally, areas with lower 

percentage females were associated with low response rates indicating that 

dept:nding on the community characteristics different approaches may be needed 

to enhance response rates. Within- to between- subject variance ratios for several 

nutrients were higher when adjusted for age, gender, education, season, smoking 

and size offamily compared to the crude ratios (e.g. for energy 1.07 vs. 0.49 for 

males). As a result, more days would be needed to reliably estimate usuai intake 

once the data are appropriately adjusted. Examination of the within- to between

subject variability ratios for nutrients by smoking status indicated that the diet 



of smokers was no more variable than that of non-smokers. However, smokers 

had higher intakes of total fat (p<O.05) and saturated fat (p<O.05) and lower 

intakes of folate (p<O.05) and vitamin C (p<O.05). Smokers also had lower 

intakes of fruit and vegetables compared to non-smokers (p<O.05). Given these 

differences, diet may be a confounder in studies examining smoking-disease 

relationships and therefore needs to be controlled for in such studies. In 

summary, important methodological issues in dietary surveys that ultimately 

influence the interpretation of dietary data inc1uding response rates, variability in 

intalces and the potential for confounding by diet while studying the determinants 

of chronic disease have been addressed. 
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Résumé 

L'enquête canadienne des habitudes alimentaires faite en 1997-1998 a examiné 

l'apport alimentaire des adultes non institutionnalisés âgés de 18 à 65 ans 

(n=1543). Un échantillon canadien était sélectionné à partir de petites régions 

choisies au hasard selon un devis d'étapes multiples L'apport alimentaire était 

mesuré par un rappel de 24 heures et un sous-échantillon faisait un deuxième 

rappel (446). Le taux de réponse était de 26%. L'échantillon n'était pas 

totalement représentatif de la population car les homes, les jeunes adultes (18-34 

ans), les gens seuls et ceux avec moins d'éducation étaient sous représentés. Une 

vérijftcation des caractéristiques démographiques des 63 régions locales 

sélectionnées pour cette étude montrait que les régions ayant une forte proportion 

de gens qui avaient déménagés depuis moins de 5 ans, ou des gens ayant une 

langue maternelle autre que l'anglais ou le français, ou des gens sous le seuil de 

pauvreté avaient un plus faible taux de réponse. Les régions locales avec un 

poW"centage plus élevé de femmes avaient un meilleur taux de réponse. Ces 

résultants suggèrent que des approches particulières doivent être utilisées selon les 

caractéristiques de la population al' étude pour améliorer la participation. Une 

analyse de l'apport nutritionnel indique que le ratio de la variance 'intra' versus 

'inter' était plus élevé en contrôlant les effets de sexe, âge, éducation, saison, 

tabagisme et taille de la famille (eg. 1.07 vs 0.49 pour l'apport des homes en 
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énergie). Il en résulte qu'une plus grande valeur de jours de rappel répétés serait 

néce:ssaire pour une estimation fiable après ajustement des derniers. Les fumeurs 

n'avaient pas une variabilité intra sujet plus élevé que les non-fumeurs mais 

l'apport alimentaire des fumeurs était plus élevé en lipides totaux (p<O.05), 

lipides saturés, (p<O.05) et plus bas en folate (p<O.05) et vitamine C (p<O.05). Les 

fumeurs avaient aussi un apport moins élevé en fruits et légumes. Ceci indique 

que l'apport alimentaire pourrait agir comme variable confondante dans les études 

sur les effets du tabagisme. En bref, plusieurs aspects méthodologiques des 

enquêtes nutritionnelles étaient examines: les taux de réponses, l'analyse de la 

variabilité intra et intra et inter sujet et les associations entre le tabagisme et 

l'apport alimentaire. Touts ces facteurs ont d'importantes implications pour les 

enquêtes nutritionnelles. 

IV 



Statement of Originality 

Contribution to knowledge 

This thesis investigates the response rate of each selected enumeration area to 

determine characteristics of enumeration areas that are associated with better 

response rates. Generally, studies report overall response rate and have found that 

response rates are lower for males, younger age groups and those with lower 

edu,~ation levels. The study data demonstrate that it is not adequate to only report 

the overall response rate as the response rates vary by certain characteristics, both 

at the individuallevel and at the level of the sampling area. Characteristics of the 

selected enumeration areas associated with response rates are reported here for the 

tirst time. 

The need to adjust for variables that contribute to between- subject variability 

was demonstrated in the study by comparing within- to between- subject variance 

ratios using the mixed model procedure that adjusted for factors contributing to 

variability and the one that did not adjust for any of the factors. Adjusting for 

factors contributing to 

variability yielded higher variance ratios for nutrients and foods compared to the 

unadjusted method. U sing unadjusted ratios would result in fewer days of 

observation being needed, which may not yield precise estimates of nutrient 

intakes. The importance of adjusting for factors contributing to variability has not 
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been reported in any previous literature. 

Finally, the study demonstrated that smokers and non-smokers differ in 

nutnient intakes and food choices, confirming the poorer eating habits of smokers, 

this being the tirst such observation in Canada. Yet no study has investigated 

variability in nutrient intakes among smokers. This study was the frrst to do so. 
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Chapter 1 

Introduction 

Diet has been linked to a number of chronic diseases including heart disease, 

cancer, osteoporosis and diabetes (Health and Welfare Canada, 1990, Fleet, 2001, 

Truswell, 2002). Evidence suggests that several nutrients and foods have either a 

causative or protective role in the developmentof chronic diseases. Research 

indilcates that high consumption of saturated and trans- fatty acids increase the 

risk for coronary heart disease (Krauss et al., 2000). Although not conclusive, 

certain epidemiological studies indicate that increased consumption of vitamin C, 

vitamin E and carotenoids reduce the risk for cancer and coronary heart disease 

(Marchioli et al., 1999, Kushi et al., 1996) while several randomized clinical 

studies have found no significant reduction in the risks for diseases (Heart 

Protection Study Collaborative Group, 2002, Alpha-Tocopherol Beta Carotene 

Cancer Prevention Study Group, 1994, Hennekens et al., 1996). 

People generally do not consume nutrients; rather they derive the major 

portion of the nutrients from foods. Nutrients present in foods are highly 

correlated and attributing the cause to one nutrient may be misleading. For 

example, clinical trials initiated to prove the beneficial effects seen in 

observational studies with B-carotene did not show a protective effect against 

cancer (Alpha-Tocopherol Beta Carotene Cancer Prevention Study Group, 1994, 

Omenn et al., 1996). In fact, supplementation with B-carotene increased the risk 



for cancer (Alpha-Tocopherol Beta Carotene Cancer Prevention Study Group, 

1994). This could be due to the presence of several other nutrients and 

phytochemicals in natural foods which could likely have played a protective 

effect seen in observation studies (Tucker, 2001). 

Epidemiological studies have shown that grains, fruits and vegetables lower 

the risk for several types of cancer and cardiovascular disease (Koo, 1997, Block 

et al., 1992, Ness and Powles, 1997, Truswell, 2002). Therefore, rather than a 

specific nutrient or a particular food, it is the composition ofthe whole diet that is 

important. This is because of the complex interaction of nutrients present in 

foods. Also, when a variety of foods are consumed there is a likelihood of 

obtaining a proper balance of nutrients which could possibly be important as weU 

(Tucker, 2001). 

Healthy eating is recognized as an important strategy for promoting health 

(Health and Welfare Canada, 1990). The Scientific Review Committee based on 

the scientific evidence defined a healthy diet as one that is based on consuming a 

variety offoods. The main objective of the recommendations were to help 

Canadians select a dietary pattern that would provide aU the essential nutrients in 

recommended amounts while reducing the risk for chronic diseases (Health and 

Wellfare Canada, 1990). Among the key recommendations were lowering fat and 

saturated fat intakes by choosing leaner cuts of meats and foods prepared with 

little or no fat and increasing complex carbohydrates and fiber with emphasis on 

increasing cereals, grain products and fruits and vegetables (Health and Welfare 
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Canada, 1990). The question then arises as to how do people cUITently compare 

in 1their food and nutrient intakes in relation to the recommendations. 

With greater understanding of diet-disease relationships, there are indications 

that there is an increasing awareness among the general population regarding the 

importance ofhealthy lifestyle that emphasizes balanced di et. The recent 

National Population Health Survey indicates that more Canadians consider low fat 

food choices are important and that they have increased their fruit and vegetables 

consumption and lowered their fat intake (Health Canada, 1997). Several factors 

have contributed to the changes in food consumption patterns. More women in 

the workforce, increasing numbers travelling on work and vacation, increasing 

immigrant population, willingness to experiment new ethnic foods, and greater 

availability of convenience foods have aIl contributed to the changes (Health 

Canada, 1996). 

Despite the indicated changes in eating habits there is very little information 

available about the CUITent eating habits of Canadian adults in terms of absolute 

quantity and in terms of adequate or excessive intake of nutrients. The last 

national nutrition survey was conducted in the seventies (Health and Welfare 

Canada, 1975). Several decades later, provincial surveys inc1uding the Nova 

Scotia Nutrition Survey and Québec Nutrition Survey were conducted in 1990 

(Kendall et al., 2001). The Saskatchewan Nutrition Survey was conducted in 

1993-1994, the results of which were made available only recently (Stephen and 

Reeder, 2001). Lack ofrecent data on dietary patterns is a limitation particularly 
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for health professionals who are interested in identifying population sub-groups 

with inadequate intakes and developing appropriate programs and policies. 

One of the uses of food consumption data is to examine the prevalence of 

inadequacy of nutrient intakes in the population. The commonly used method of 

comparing mean intakes with the recommendations and determining the 

proportion of the population not meeting the dietary recommendations is 

inappropriate (Institute of Medicine, 2000). Newer recommendations involve 

adjusting for within-subject variability and studying the distribution. This is 

because a person's intake varies from one day to another and therefore intakes 

have to be adjusted for this component ofva~ability. Very few dietary surveys 

have followed this method (Nova Scotia Department of Health, 1993, Santé 

Québec, 1995). Moreover, the new dietary recommendations based on new 

scientific evidence came into effect long after the dietary surveys were conducted 

in Canada and therefore there is no understanding of the CUITent prevalence of 

inadequacies for the different nutrients. 

Food Habits ofCanadians Study conducted between 1997-1998 is the first 

national nutrition survey since the last national Nutrition Canada Survey to study 

dietary patterns of adults aged 18-65 years across Canada. The objectives of the 

Food Habits of Canadians study were to examine nutrient intakes for age-gender 

specifie groups, evaluate the contribution of specifie foods and food groups to 

nutrient intake, analyze the impact of fortification in specific food items for 

different age and gender groups, adjust nutrient intake distribution by accounting 
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for within- subject variability so as to provide accurate data on the percentage of 

the population meeting requirements and quantifying the number of days required 

to estimate usual intake for nutrients. 

1.1. Thesis objectives 

The objectives ofmy research were to examine methodological aspects related 

to c:onducting a dietary survey. The first objective was to examine issues related 

to response rates. The characteristics of the people who responded to the survey 

need to be examined to determine the generalizability of the study results. 

Variability is another issue that needs to be examined both at the design and 

analytical stages of a study. The number of days of observation needed to obtain 

accurate estimates depends on variability of nutrient intakes. When determining 

the prevalence of inadequate intakes, within- subject variability needs to be 

quantified and adjustment for this variability needs to be undertaken (lnstitute of 

Medicine, 2000). Certain population sub-groups may have highly variable intakes 

with sorne having very high intakes and others with low intakes; and, it is possible 

that the sub-groups may have nutrient intakes that place them at risk for 

nutritional deficiencies or increased risk for chronic diseases. Smokers and non

smokers were considered for this aspect. Although a number of studies have 

examined differences in dietary patterns by smoking status, very few studies have 

examined prevalence of inadequate intakes of nutrients among smokers. Based 

on the discussion above, the specific objectives ofthis thesis were: 
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1. To examine response rates in the Food Habits of Canadians Survey and to 

examine community characteristics of the selected areas in relation to response 

rates: 

a). to estimate the overall response rate for the study and for each of the selected 

area 

b). to compare socio-demographic characteristics of the sample with those for the 

general population to determine generalizability of the study results. 

c). to determine the correlates of response rates by examining what socio

demographic characteristics of the communities are related to better response 

rat(~s in sorne areas compared to other areas. 

2. To examine variability in nutrient and food intakes and to quantify the number 

of days of observation needed to measure usual intake at different levels of 

accuracy for nutrient and food groups: 

a). to estimate and compare the ratios ofwithin- to between- subject variability 

. for nutrients and foods using a mixed model procedure that adjusts for factors that 

contribute to variability and the other that does not adjust for any of the factors 

b). to estimate the number of days needed to correctly c1assify subjects into 

groups using both within- and between- subject components ofvariability and to 

accurately assess usual intakes for individuals using within- subject variability 

alone in the calculation. 

3. To assess nutrient intakes in population sub-groups: 
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a). to examine differences in dietary patterns among smokers and non-smokers in 

tenns of nutrient intakes and food choices that contribute to the differences in 

nutrient intakes 

b). to compare the within- to between- subject variability ratios of smokers and 

non-smokers 

c). to examine the prevalence of inadequacy in nutrient intakes by smoking status 

after adjusting for within- subject variability using the recently developed Dietary 

Reference Intakes recommendations for nutrients and 

d). to investigate how the smokers and non-smokers compare in terms of meeting 

the guidelines for Canada's Food Guide to Healthy Eating. 
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Chapter 2 

Literature Review 

2.1. Definition and Purpose of Dietary Surveys 

Surveys are commonly used to gather infonnation about certain characteristics 

of the population. When the investigator simply observes what is going on in a 

study without disturbing any element in it, then the investigation is generally 

called a survey, which is derived from the Latin word 'supervidere' meaning to 

oversee (Kendall et al., 1997). 

Dietary surveys can provide infonnation on food and nutrient intakes of the 

population, estimate nutritional adequacy of different population sub-groups, 

identify nutritionally disadvantaged groups and evaluate the potential impact of 

certain dietary factors on diseases (Yetley et al., 1992, Ministry of Agriculture, 

Fisheries and Food, 1990), thereby, providing a basis for public health planners to 

develop nutrition programs (Yetley et al., 1992). Repeated dietary surveys are 

useful to monitor trends in nutrient intakes, observe changes in dietary habits 

(Y1etley et al., 1992, Ministry of Agriculture, Fisheries and Food, 1990) and track 

achievement of national health goals (Willett, 1998). However, the use of 

different methods to collect and analyse data in the surveys can make it difficult 

to monitor trends over time. 

Large-scale dietary surveys have been conducted in North America and 

Europe in order to assess dietary intake and nutritional status (McDowell, 1994, 

Delgado et al., 1990, Health and Welfare Canada, 1975, Euronut SENECA 
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investigators, 1991). Smaller scale surveys at regional or provinciallevels have 

also been employed to assess dietary status (Hedley et al., 1995, Santé Québec, 

1995, Nova Scotia Department ofHealth, 1993). 

2.1.1. Planning and Conducting a Survey 

The objectives of surveys in general are to obtain dietary information from a 

sample which is representative of the whole population. Collecting information 

from everybody in the population is difticult. Therefore, a sample of the 

population that is representative of the general population is selected and relevant 

inf{)rmation is collected (Satin, 1993). 

Proper planning of a survey is essential to obtain useful information from a 

representative sample of the population. The tirst step in planning a survey is to 

specify the objectives of the survey. Clear answers to the objectives will he1p 

determine who is to be observed, the regions to be covered and the variables to be 

observed or measured. 

Defining the population: The population is a collection ofunits to which the 

survey results would eventually apply (Jolliffe, 1986). The population could be a 

collection of individuals identitied by their place of residence (eg. provincial, 

national), occupation (eg. physicians, bus conductors) or certain characteristics 

(eg. smokers, nuns) (Satin, 1993). 

The units or groups studied vary depending on the objectives of the dietary 

survey. The objectives of the tirst Canadian Nutrition Survey conducted between 

1970-1972 were to measure food and nutrient intakes of all non-institutionalised 
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Canadians. Therefore, food consumption patterns of Canadian males and females 

of all ages inc1uding Aboriginal groups were examined (Health and Welfare 

Canada, 1975). Other surveys have not inc1uded Aboriginal groups (Stephen and 

Reeder, 2001) and have been region specific (Nova Scotia Nutrition Survey, 

1993, Stephen and Reeder, 2001). Sorne surveys have examined dietary intakes 

of pregnant women (Health and Welfare, Canada, 1975) while others have 

exc:Iuded this category due to atypical dietary and physiological characteristics, 

different nutritional requirements and the need to use different sampling strategies 

owing to small numbers (Ministry of Agriculture, Fisheries and Food, 1990, Nova 

Scotia Nutrition Survey, 1993). In the United States, surveys have been 

conducted to study dietary patterns of specific ethnic groups. For example, in the 

Hispanic Health and Nutrition Examination Survey (HHANES), nutrition and 

health parameters ofthree groups ofHispanics, namely, Mexican Americans, 

Cubans and Puerto Ricans living in specific areas were examined (Rowland and 

Forthofer, 1993). In the United Kingdom, surveys concentrating on very specific 

groups such as civil servants (Stallone et al., 1997) have also been reported. 

Sampling frame: A frame refers to a list of elements that covers the survey 

population (Fowler, 1988) from which a sample is selected. It can be a register 

like the health registration file or a list of people with telephones. The frame 

plays a vital raIe in the design of a survey (Fowler, 1988) because it detennines 

how weIl a population is covered. In the case of a mail or telephone survey it is 

imperative to have a frame that has up-to-date and accurate addresses or telephone 
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numbers (Frey, 1983). The frame chosen must also take into account the 

objectives of the study. If the objective ofthe survey is to assess dietary intake of 

non-institutionalised and non-native adults, then people living in institutions and 

people living on reserves are not inc1uded (Brule, 1996). 

Provincial heart health and nutrition surveys done in several provinces used 

health insurance registers as the sampling frame (Stephen and Reeder, 2001, Nova 

Scotia Department of Health, 1993). Electoral registers were used in the Dietary 

Survey and Nutritional Status of British adults and in the WHO-Monica survey 

(Wolf et al., 1999). Whatever the type of frame selected, it is imperative that the 

lists inc1ude all members of the population defined. It is possible that some 

persons in the Health Insurance Registration File, telephone or housing list may 

have moved out of the area and the list may be outdated. AIso, there is a 

likdihood of failure to inc1ude the homeless and those without a phone in surveys 

when a housing or telephone list is used as the sampling frame. 

Sampling: There are several types of sampling techniques inc1uding simple 

random sampling, systematic sampling, stratified sampling, c1uster sampling, 

multi-stage sampling and multi-phase sampling (Satin, 1993). Subjects could be 

selected using either one or a combination ofmore than one ofthese techniques. 

Simple random sampling is a basic selection scheme where a sample ofunits 

are selected from the population so that each unit has an equal probability of 

being selected (Satin, 1993). In a large survey, it would be a long and tedious 
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procedure to select subjects randomly; additionally, the persons so selected would 

be scattered all over the country making it impractical to conduct a survey. 

In systematic sampling, the first person is randomly selected and then every 

nth person in the list is inc1uded (Hulley et al., 1988, Satin, 1993). This method is 

not practical to be used as the sole method of sampling in a survey because of the 

cydic nature of selection and also because of the possibility of the investigator 

predicting and therefore manipulating who will be in the sample (Hulley et al., 

1988), thus limiting the representativeness of the sample so selected. 

Stratified sampling involves dividing the population into strata ofhomogenous 

groups and then selecting a random sample from each strata (Cole, 1997). 

Stratification may be done on age, gender, region or any other variable of interest. 

An advantage with this method is that work can be carried out in manageable 

units (Satin, 1993). Two stage stratified sampling was used for the Nutrition 

Canada and provincial surveys (Health and We1fare Canada, 1975, Nova Scotia 

Department of Health, 1993). 

Sometimes instead of sampling individuals, it may be more convenient to 

sample groups or c1usters of individuals. Cluster sampling involves sampling a 

whole unit, ego sampling city blocks, villages or schools in order to obtain a 

sample ofpeople (Satin, 1993). An advantage with this type ofsampling is the 

reduced administrative costs. Another advantage is that one need not have a list 

of all subjects. One can select villages from a list of villages and then enumerate 

eVt:ryone in the village and then, depending on the objectives of the study, select 
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indlividuals or households from the list. A disadvantage with this type of 

sampling is that neighbouring units tend to be more alike because people in the 

srune neighbourhood are likely to have similar socio-economic characteristics 

(Satin, 1993). 

As the name indicates, multi-stage sampling involves selecting a sample in 

several successive stages. From a list of aIl tirst stage units (eg. province, 

districts, city blocks), called primary units, a selected number ofunits are chosen. 

From these units, a sub-sample ofunits (eg. census division, households) called 

secondary units, are selected. If people in a city are to be sampled, city blocks 

and dwellings may form the tirst and second stage units respectively. Individuals 

can then be randomly selected from a list ofpersons within the household (Satin, 

1993). In larger surveys like the third National Health And Nutrition 

Examination Survey (NHANES), for example, a stratitied multi-stage random 

sampling technique was used where counties formed the primary sampling unit; 

city or suburban blocks in the counties comprised the second stage; households 

from a list ofhouseholds in the city blocks were selected at the third stage and 

tinally individuals within the households were selected from a li st of aIl eligible 

members in the household based on age, sex and race (Vital Health Statistics, 

1992). An advantage ofmulti-stage sampling is related to the cost and ease of 

administration. 

Sample size: Sample size depends on the purpose ofthe study, the population and 

the various sub-groups being studied as weIl as the variability of the factors being 
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examined (Browner et al., 1988, Campbell, 2002). Generally, surveys report an 

underrepresentation of older persons, young adults, Mexican-Americans, African 

Americans and people with lower incomes. Therefore, these groups are 

ov(~rsampled in order to obtain an adequate sample size which would help achieve 

reliable estimates and make valid inferences (Vital Health Statistics, 1992). 

2.2. Response Rate 

Once the survey has been conducted, it is essential to examine how many of 

the eligible subjects respond to the survey which can be determined by calculating 

the response rate. Response rate is estimated as the proportion of subjects from a 

list of eligible sample that provide a complete interview (Groves and Lyberg, 

1988). Different investigators use different methods of calculating response rate, 

which appear to relate to the interpretation of the term 'eligible'. Groves and 

Lyberg (1988) suggested the following formula for calculating the response rate, 

Response Rate = I/(I+NC+NI+UN+R) (1) 

where, 1 = interviewed, NC= not contacted, but possible eligible units, NI = 
non-interviewed numbers, UN=unanswered numbers and R= refused eligible 
units. 

Here the denominator inc1udes everyone for whom the interview could be 

conducted (Groves and Lyberg, 1988). The non-interviewed category inc1udes 

those not interviewed due to language problems or difficulty in hearing. 

However, these same factors could form part of the exclusion criteria already 

deçided at the start of the study and therefore not form part of the response rate 
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calculation. Therefore, the above formula could be modified to exc1ude those not 

int,erviewed and can be represented by, 

RR = 1/(1 + Ne + UN + R) 

Sorne investigators exc1ude persons not contacted due to households being 

vacant or unanswered telephone numbers (Fowler, 1988) and the response rate 

calculation is represented by the formula, 

RR = I/(I + R) 

The distinction between non-contacted and unanswered numbers is not c1ear

cut. According to Groves and Lyberg (1988), non-contacted numbers are known 

eligible numbers, that is, if the purpose of the survey is to obtain information from 

households, then identification ofhousehold and business numbers will help to 

exdude business numbers and inc1ude only household numbers which are 

considered as eligible numbers. Once households are identified, it may still not 

be possible to contact any individual in the household due to a number of reasons 

inc1uding unanswered numbers. Non-contact depends on the method of contact. 

In surveys, where interviewers go from house to house, it is possible to identify 

vacant households by examining the surroundings or asking the neighbour. In 

mail surveys, it may be difficult to locate subjects because they have moved. In 

such cases, unless the mail is retumed, it may not be possible to know if the mail 

was received, discarded, 10st or forwarded (Frey, 1983). In telephone contacts, it 

may not always be possible to identify vacant households particularly when 

nonworking numbers are not c1early identified as such (Groves and Lyberg, 
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1988). The telephone number may belong to a household that uses the house only 

for seasonal stay (Sebold, 1988). An interviewer may call repeatedly, but the 

oCGupants may refuse to answer the phone resulting in non-contact with the 

selected household (Groves and Lyberg, 1988) due to an unknown number in the 

caller ID display. Sorne researchers make a mIe that after a specific number of 

calls to the same number, unanswered numbers will be exc1uded assuming that 

these are non-working numbers. However, it is still possible that the telephone 

numbers belong to people who are infrequently at home due to work or frequent 

travel, thereby increasing the chance oflosing busy people. Additionally, failure 

to make enough calls to establish contact with a household can also result in non

contact (Collins et al., 1988). 

RefusaIs occur when the selected person refuses to answer questionnaires or 

take part in interviews or health examinations (Kalton and Kasprzyk, 1986) due to 

lack of time, employment or difficulty in finding access to transportation 

(Rowland and Forthofer, 1993). Other reasons cited for refusaIs are lack of 

interest in the topic ofresearch (Jolliffe, 1986, Collins et al., 1988) and worry 

about their confidentiality (Jolliffe, 1986). In a face-to-face interview, subjects 

appear to be resistant to allow strangers into their homes (Frey, 1983). However, 

fac:e-to-face interviews report higher response rates probably because of the 

personal approach and also because the subject is able to see the interviewer 

whose professional appearance and approach may elicit a favorable response 

(Campbell, 2002). Unlike face-to-face interviews, it is easier for the subjects to 
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refiuse participation very early during a telephone conversation (Collins et al., 

1988). A problem with abrupt refusaIs is the difficulty in assessing the eligibility 

ofthe subject. 

ln health and dietary surveys, very rarely is the method for response rate 

cakulation reported. Different methods of calculating response rates make it 

difficult to compare response rates across surveys. The Santé Québec Nutrition 

Sw-vey (1995) reported a response rate of 69% based on the calculation that 

included only those contacted. Ifthose not contacted were also included in the 

response rate ca1culation, the response rate would have been 56%. 

Possible factors contributing to decision-making in responding to surveys: As 

surveys are increasingly facing low response rates, possible factors contributing to 

the subjects' decision to either participate or not participate in surveys have been 

examined. According to the social ex change theory (Dillman, 2000), one can 

postulate that sorne people willingly participate in dietary surveys because the 

topic is of interest to them. Inclusion of pre-paid envelopes possibly contributes 

to better response rates in mailed surveys. One possible reason for the low 

response rates seen in dietary surveys may be that many consider possible 

qm::stions on dietary intake a source of embarrassment or feel they may be judged 

or consider questions on diet as a possible invasion ofprivacy. According to 

Groves et al. (1992), legitimacy of the social institution carrying out the survey 

may contribute favorably to the response rate. Long questionnaires reduce 

response rate. An interviewer's prior experience will affect the skill and 
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confidence with which he/she approaches the respondent and persuade the 

respondent to participate in the study. Thus it can be seen that understanding the 

vast number of possible factors influencing participation would help increase 

response rates in surveys. 

Em~cts of low response rates: Recently, most surveys have reported low 

response rates (Smith, 1995). This is true in health related and dietary surveys as 

weIl. In the five population based National Health Examination Surveys (NHES) 

conducted from 1960 through 1990, response rates have declined from 90% in the 

NEES 1 survey to approximately 70% in the third National Health And Nutrition 

Examination Survey (NHANES) (Rowland and Forthofer, 1993) which could be 

due to the heavier respondent burden in the NHANES. 

Declining response rate is a matter of concem for a number of reasons. Low 

response rate results in a smaller final sample size, which could lead to loss of 

accuracy in the observed estimates. Low response rate also means that there is 

selective participation in the study where certain groups may be und er- or over

represented in the sample, which may lead to possible bias in the estimation of 

population parameters (OsIer and Schroll, 1992). 

It is generally believed that the potential for bias increases as response rate 

decreases. While higher response rates may result in less biased data, there is no 

optimal response rate that can be suggested when the data would become biasfree. 

When there is a high non-response rate, it becomes essential to evaluate non-
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response bias in order to assess the quality of data and the potential effects on 

sUIvey estimates (Khare et al., 1994). 

][t is a good practice to evaluate differences in the distribution of characteristics 

among respondents and non-respondents in order to determine generalizability of 

study results (Rowland and Forthofer, 1993). GeneraUy, surveys have attempted 

to examine non-response bias by examining those who respond to surveys with 

those who do not respond on a number of socio-demographic variables. In health

related studies, socio-demographic and health related factors usuaUy influence 

participation (Bisgard et al., 1994, Criqui et al., 1978). Compared to the 

responders, non-responders are more likely to be males, smokers, unmarried, less 

educated, belong to single person households, live in poor neighborhoods and 

belong to either the younger age group (18-29 years) or the older age group (more 

than 70 years) (Reijneveld and Stronks, 1999, Forthofer, 1983, Casey et al., 

1999). By virtue of their lifestyle, the younger age group is more like1y to be 

mobile and less likely to stay at home and therefore is difficult to recruit in 

surveys. A higher response rate for large families (5 or more people) compared to 

smaU families and single individuals (1 or 2 family households), could be due to 

availability of someone at home when the interviewer caUs (Forthofer, 1983). 

Lower response rates by non-dominant ethnicity/race have also been reported 

(Jackson et al., 1996, Trowbridge et al., 1990). Difficulty in communication 

because oflack of adequate knowledge of the official languages could result in 

refusaIs leading to lower response rate. Lower response rates among people in 
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urban metropolitan areas, particularly in inner city are as have been reported 

(H(~dley et al., 1995), which could be attributed to the population being poor and 

mobile. 

Researchers have used different techniques to examine differences between 

those who respond and do not respond to surveys: 

1. Asking others about the non-respondents Researchers in the first National 

Health Examination Survey (NHES, Cycle 1) contacted physicians to get 

information on health related characteristics for a sub-sample of the examined and 

non-examined subjects (Forthofer, 1983). The physicians provided data about 

oVt:rall health status, physiologic measurements and the presence of certain 

medical conditions. There were no differences in health status but the non

examined had fewer se1f-reported problems. This suggests that those who were 

examined probably were the 'worried well'(Forthofer, 1983). 

2. Studying persons who drop out after an initial interview Characteristics of 

non-respondents who attended only the interview component and not the 

examination were compared with those who attended both the interview and 

examination components (Vital Health Statisics, 1993, Forthofer, 1983). 

Participation in the examination was inversely related to age. Increasing family 

size was a positive indicator for response. AIso, persons living in the northeast, 

urban metropolitan centers had lower response rates compared to the other 

regions (Khare et al.,1994). 
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3. Using public registers In a health survey for asbestos workers, non-participants 

were compared with participants in terms of total number of sickness absences 

(Ohlson and Y dreborg, 1985) using registers from public register offices 

including Census Registers and Public Assistance office. Information on 

socioeconomic characteristics was obtained from census registers for aIl 

pruticipants. Those who did not respond tended to have lower education and 

income levels and were more likely to be receiving assistance. 

4. Comparison of respondent characteristics to census data Investigators of 

WHO MONICA risk factor survey suggested comparing characteristics such as 

education level of the respondents with the census data in order to investigate 

similarity with the general population (Wolf et al., 1999), but details on 

similarities or differences were not reported. 

5. Using information on the samplingframe about nonrespondents In the Nurses 

Health Study that examined the effects of oral contraceptives, respondents were 

cornpared with non-respondents by examining several socio-demographic 

variables (age, gender, degree obtained, employment status, field of employment 

and region of residence) using the files of the American Nurses' Association 

(Barton et al., 1980). The respondents were more likely to be younger than the 

non-respondents. No other significant differences for the other variables were 

found. Other than the demographic factors reported, no infonnation on any other 

health related factors were available. 
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6. Fil! out a short questionnaire In the European SENECA project, subjects who 

were not willing to participate in the study were requested to complete a short 

questionnaire on education, housing, smoking, marital status and certain health 

and nutrition related questions and were compared with participants who were 

also asked similar questions (Euronut SENECA investigators, 1991). It was 

reported that females, smokers, persons with lower education level, individuals 

who did not eat a cooked meal daily and persons who self-rated their health as 

poor participated less. As dietary information per se was not collected for the 

non-respondents, differences in nutrient intakes by response status is not known. 

7. Using another study as reference Forthofer (1983) reported comparison of 

characteristics of subjects in NHANES II with that in NHIS which had a good 

response rate (only 4% non-response) and hence considered credible. 

Comparison of distribution of selected variables between the two surveys 

indicated similarity in body mass index, and physician reported health conditions. 

However, comparing respondents and non-respondents on socio-demographic 

variables alone for similarities and conc1uding that the results are representative 

of the general population can be misleading. It is still possible that the non

respondents and respondents differ on risk factors and disease. In a study that 

examined differences in cardiovascular health status between participants and 

non-participants, it was observed that after adjusting for age, a significantly 

greater percentage ofnon-respondents reported the presence of cardiovascular 

disease than the respondents. However, a greater percentage ofrespondents had 
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risk factors such as family history of cardiovascular disease and hyperlipidemia. 

Therefore, estimates of relative risk or odds ratio obtained would be biased 

(Criqui et al., 1978). 

Studies examining bias in dietary intake with respondents and non-respondents 

are: lacking. The SENECA study from Denmark observed no significant 

differences between the respondents and non-respondents in terms of age, gender, 

marital status, smoking, education and frequency ofhospitalization in the 

previous 12 years. However, the non-respondents were less likely to have cooked 

a meal and were more likely to rate their health status as poor (OsIer and Schroll, 

1992). It is possible that the non-respondents have a poor diet; research indicates 

that a higher percentage of people in the older age groups do not cook because of 

lack of skills or disease conditions which could result in the elderly eating poorly 

thereby increasing the risk for nutritional deficiencies (Ausman and 

Russell,1999). Thus, examining the sociodemographic details and conc1uding 

that the two groups are similar and that the results of the study are unbiased can 

be misleading. 

Adjusting for nonresponse bias: Various methods of adjustment for nonresponse 

bias have been suggested (Rowland and Fortofer, 1993, Kalton and Kaspryzyk, 

1986). One method of adjusting for nonresponse bias involves examining socio

demographic variables (generally age and gender) and reporting stratum specifie 

findings (Rowland and Forthofer, 1993). 
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Another more standard method common1y used by researchers is to use 

weighted adjustment (Kalton and Kasprzyk, 1986, Rowland and Forthofer, 1993). 

The objective ofweighting is to make the sample more nearly representative of 

the population (Fuller et al., 1993). When sorne information on the non

respondents is available, weighting is done on the assumption that the non

respondents would have given the same types of answers as the respondents with 

similar demographic characteristics (Bradbum, 1992). 

A1though weighting can adjust for nonresponse, it is still possible that 

weighting does not adequate1y adjust for factors not considered that may have 

inflluenced participation or non-participation in the study (Euronut SENECA 

Investigators, 1991). When response to a survey is very low, it is not known what 

factors contributed to influencing the respondents to participate, thereby raising 

doubts if the respondents would be really representative of the population that 

they are supposed to represent (Guenther and Tippett, 1993). Weighting in such 

cases may be of no rea1 use; not on1y will large weights have to be app1ied 

resulting in unstable estimates, but also the representativeness ofthe respondents 

is still uncertain . 

2.3. Dietary Methodology In Surveys 

The commonly used dietary survey methods inc1ude the repeated 24-hr recall, 

food frequency questionnaire, di et history and food records (estimated and 

weighed food records) (Fehi1y, 1983, Willett, 1998, Thompson and Subar, 2001). 
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Although diet records provide quantitative data, certain aspects of the 

recording process result in bias. Weighed food records that involve weighing all 

the ingredients used in the preparation of dishes inc1uding wastage require a great 

deal of subject co-operation (Fehily, 1983). Those who keep weighed food 

records therefore may be more motivated and hence may not be representative of 

the general population (Freudenheim, 1993). As respondents to surveys using 

food records need to be literate, food records are of limited use in sorne 

population groups such as those with low levels of education and immigrants who 

are not fluent in the survey language/s (Thompson and Subar, 2001). Long 

periods ofkeeping food records can result in fatigue and reported intakes have 

been observed to decrease in the later days of record keeping (Gersovitz et al., 

1978). When subjects record total food intake only once per day instead of at 

each meal, the record method then is almost similar to the 24-hr recall in terms of 

re1ying on memory rather than immediate recording (Thompson and Byers, 1994). 

The food frequency method asks respondents to record the usual frequency of 

consumption of specifie foods for a specifie period oftime, which may be days, 

weeks, months or years (Willett, 1998). To estimate relative nutrient intakes, 

semi-quantitative food frequency questionnaires incorporate questions suggesting 

specifie portion sizes. The food frequency method is better suited for ranking 

subjects according to food or nutrient intake (Gibson, 1990) than for estimating 

population averages (Briefel et al., 1997). In order to calculate an individual's 

nutrient intake, it is necessary to know which food items were consumed as 
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individual foods and which were consumed as components of mixed dishes and 

how much of each item was consumed. However, the food frequency method 

does not capture aIl the required information (Briefel et al., 1992). Although less 

costly than multiple 24-h recalls or food records, the food frequency method can 

contribute to errors due to an incomplete listing of possible foods; errors could 

occur in the estimation of frequency of consumption and in the estimation of 

spe:cific portion sizes (Kushi, 1994, Willett, 1998). Although food frequency can 

be used to estimate usual intake during the past year, there are indications that the 

season in which the questionnaire is administered influences reporting of food 

intake (Subar et al., 1994). 

The diet history method includes a detailed interview about usual patterns of 

eating, a food li st with amounts and frequency usually eaten and a 3-day diet 

record (Thompson and Subar, 2001). An advantage with this method is that 

details of food preparation can be obtained. The diet history estimates usual 

intakes and permits ranking of individuals by nutrient intake (Freudenheim, 

1993). This method however is time consuming and requires weIl trained 

personnel. 

In the 24-hour recall method, the subject is asked to recall aIl foods and 

beverages consumed in the previous 24-hour period through an interview which 

can be either face-to-face or by telephone (Casey et al., 1999). The 24-hour recall 

method has several distinctive advantages over the food record and food 

frequency methods in dietary surveys. Due to its relatively low cost and low 
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subject burden, the 24-hour recall method has frequently been used to assess the 

av(~rage intake of a large group of people (Beaton et al., 1979). Due to the 

relatively lower burden on the respondents by this method compared to the food 

record, those who agree to do the 24-hour recalls are more likely to be 

representative of the population than are those who agree to do food records 

(Thompson and Subar, 2001). Additionally, this method has an element of 

surprise and therefore subjects are less likely to alter their eating behaviour 

(Gilbson, 1990). Although criticised for its shortcoming related to memory 

(Wïl1ett, 1998), interviews are structured with probes to help respondents 

remember food consumed. National dietary surveys employa multiple-pass 

system in which food intake is recorded in a series of steps and reviewed in an 

effort to retrieve forgotten eating occasions and to include commonly forgotten 

foods (Moshfegh et al., 1999). While multiple 24-hour recalls can be used to 

assess an individual's intake, a single day's recall can be used to assess average 

dietary intakes of groups because means are not affected by within-subject 

variation (Institute Of Medicine, 2001). Many surveys including the National 

Health and Nutrition Examination Surveys (Briefel, 1997), the Continuing Survey 

of Food Intake in Individuals (Guenther, 1994) and the Nutrition Canada Survey 

(1970-72) (Health and Welfare Canada, 1975) have used the 24-hour recall 

method. 
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2.3.1. Measurement Errors 

Once a decision on an appropriate dietary method has been made to answer the 

basic research question, steps must be taken to address a number of issues related 

to the measurement of variables of interest in order to avoid errors. 

Respondent error: Respondent error may be either random or systematic. A 

subject may sometimes over- report and sometimes under- report food intakes, 

which is considered to be random error (National Research Council, 1986, 

Beaton, 1994, Willett, 1998). However, taking body weight into consideration 

during analysis leads to the observation that obese individuals under- report and 

lean individuals over- report intakes, then a bias is introduced because of the 

differential reporting (Beaton, 1994). 

A number of studies have indicated the presence of und er- reporting of energy 

intakes. Studies that have validated energy intakes with energy expenditure using 

doubly-Iabeled water indicate that obese subjects, women, elderly subjects, and 

subjects from lower occupation categories or higher social class underreport food 

intake (Goris et al., 2000, Samaras et al., 1999, Lafay et al., 2000, Briefel et al., 

1997, Stallone et al., 1997). The doubly labeled water technique is based on the 

principle of energy balance, since balance between energy intake and energy 

expenditure is needed to maintain body weight (Trabulski an Schoeller, 2001). 

However, the doubly labeled water technique is expensive and cannot be used to 

validate energy intake in large surveys; additionally, this method does not 

measure the validity of reporting of other nutrients. Goldberg et al. (1991) 
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proposed a method for evaluating energy intake data which compared reported 

ene:rgy intake with energy requirements, based on estimated basal metabolic rate 

(EI:BMRest) which takes weight and age into account. An EI:BMRest ratio of 1.35 

was found to be representative of long term habituaI intake below which 

sustaining life is considered impossible. This is easy to estimate and practical to 

use in large surveys. However, a potential problem associated with this method is 

that weight is a crude indicator of lean body mass. 

As nutrients are derived from foods, examination of food intakes indicates the 

presence ofbias in the reporting of certain foods. It has been suggested that 

certain foods such as fruits and vegetables that are considered healthy are 

overreported while foods rich in fat that are considered unhealthy are 

undlerreported (Goris et al., 2000, Hebert et al., 1997). Evaluation of specific 

foods associated with underreporting inc1ude fat (Goris et al., 2000) and 

carbohydrate rich snack foods (Poppit et al., 1998, Heitmann and Lissner, 1995). 

It is possible that other foods are also being underreported. However, there is lack 

ofadequate knowledge ofwhat these foods are. It has been suggested that 

misreporting the amounts offoods consumed may be due to social desirability 

bias. One way to reduce social desirability bias is to not indicate the purpose of 

the study to the subjects. The presence of other persons during the interview may 

affect reporting of foods due to social desirability. Therefore another way to 

reduce social desirability bias would be to ensure other family members are not 

present during the interview (Thompson and Subar, 2001). 
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The dietary method chosen may also contribute to underreporting. It has been 

suggested that the process ofkeeping food records itselfpossibly leads to 

undereating (Goris et al., 2000). It is also possible that subjects change their 

eating habits to make recording easier or deliberately omit recording of certain 

foods because of embarassment (Macdiarmid and Blundell, 1997). Mertz et al. 

(1991) reported that food records under-reported energy intake by as much as 700 

kilocalories below the energy requirement. In one small study, the food 

frequency method overestimated energy intake by approximately 700 kilocalories; 

the 24-h recall method yielded energy intakes that were closest to total energy 

expenditure for young women (Sawaya et al., 1996). Although the doubly labeled 

water and other biochemical parameters can be used to examine the presence of 

underreporting, reducing underreporting and obtaining a true picture of the usual 

intakes are challenging issues and beg further research. 

Examiner errors: The interviewer can be a potential source of error. Interviewers 

should be trained to avoid making any positive or negative comments about 

'good' or 'bad' dietary habits. In the 24-h recall method, the interviewers should 

have a set ofrules to correctly identify, describe, quantify and check all the foods 

or recipes that may be reported by different subjects in order to avoid any type of 

error (Slimani et al., 2000). 

Estimating portion sizes: Infonnation about foods consumed by subjects have to 

be converted into information on energy and nutrient intakes. To achieve this, an 

estimate of the amounts of each food item consumed is required. Measuring aids 
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are generally used to help individuals quantify the amounts of foods eaten. 

Measuring aids can be either three-dimensional aids (households measures, real 

food samples and food models) or two-dimensional aids (food photographs, 

computer graphics, drawings) (Cypel et al., 1997). 

Error can be introduced when the respondent fails to estimate portion sizes 

acc:urately. Error in portion size estimation could be either random or systematic. 

In addition to the random error in estimating portion sizes by the respondent, error 

in the calibration of food models could result in systematic error (Thompson and 

Byers, 1994). 

Considerable research has focussed on estimating portion sizes. Identifying 

portion size offoods consumed is a complex process. The subject has to relate 

the amount of food consumed to an amount of food in a 2- or 3- dimensional 

model and also depend on memory to recollect the amount of food consumed 

(Cypel et al., 1997). In a study using photographs to determine errors associated 

with estimating food portion sizes, it was observed that portion sizes for foods 

like butter and margarine tended to be significantly overestimated (Nelson et al., 

1996). In a study where three-dimensional models served as the reference, it was 

observed that the two- and three- dimensional measurement aids produced similar 

intake results (Posner et al., 1992) indicating that there appears to be no single 

best method for estimating portion sizes (Cypel et al., 1997). 

Research indicates that providing the respondents with aids can help them 

recall the amount of foods consumed as the aids help to visualise size, shape and 
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volume. When asked to speak out 10ud as they recollect the food consumed on 

the previous day, respondents use visualisation strategy to estimate volume and 

amounts and use actions such as pouring or moving hands to the mouth. 

Respondents prefer aids that were similar in size and shape to actual portions of 

liquid or amorphous foods consumed and prefer the ruler for solid foods 

(Chambers et al., 2000). 

For the upcoming dietary survey to be conducted by the USDA, newly 

developed food portion aids that inc1ude life-size pictures, grids, wedges, circ1es 

and several amorphous mounds printed on transparent pages placed over an image 

of a full-size dinner plate are planned to be used along with cups, spoons and 

plates to help respondents recall the foods consumed. The models will be used in 

the multiple-pass technique to provide cues to the respondents to help jog the 

memory (Moshfegh et al., 2001). It can be seen that estimating portion sizes can 

be challenging and a number of studies are being conducted to improve on the 

already available methods to obtain better estimates of intakes. 

Nutrient composition tables Assessing food and nutrient intakes in dietary 

surveys ultimately depends on the food composition tables. Food composition 

data need to be comprehensive, up-to-date and free of error to reflect dietary 

intakes of populations (West and van Staveren, 1997, National Research Council, 

1986). 

Error due to the nutrient database can be either random or systematic. 

Variability due to soil, fertiliser application and genetic variation, storage and 
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processing can contribute to variability of the nutrient contents ofindividual foods 

(National Research Council, 1986, Willett, 1998). The nutrient values obtained 

are generally averages of several samples of the foods and the error is generally 

considered to be small (National Research Council, 1986) with the amount of 

error dependent upon the nutrient. It is generaUy assumed that the small 

variations between samples for protein, for example, do not cause serious errors 

(West and van Staveren, 1997). There is higher variability for mineraIs found in 

processed foods, for example, sodium has 21 % variability while iodine has been 

reported to have a variability of 158% and hence not reliable and data of such 

mineraIs found in foods should be used with caution (Pennington, 1996). 

Systematic error could occur due to incorrect identification of the food item 

and use ofinappropriate analytical methodology (National Research Council, 

1986). Incorrect identification of foods leads to biased data even if correct 

analytical techniques are used. Therefore care should be given to use a correct 

food nomenclature system to identify foods (National Research Council, 1986). 

Additionally, for sorne nutrients, not aU chemical forms of the nutrient are 

measured due to lack of an appropriate analytical method, leading to 

underreporting (National Research Council, 1986). For example, there are 

approximately 50 different carotenoids that possess Vitamin A activity. 

Generally, oIder databases have values that were obtained by assay techniques 

that were not adequate to determine all the carotenoids in the foods and therefore 

there may be an underestimation ofvitamin A (Granado et al., 1997, Mangels et 
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al., 1993). Thus, investigators examining the protective effects of carotenoids 

must be aware of this limitation. If possible, it has been suggested that updated 

values be incorporated into the database (Granado et al., 1997). 

Most databases do not reflect the fortified values for folate in foods. Databases 

do not account for the synthetic form of folate that is present in fortified flour, 

grains and breads. Since re-analyzing aIl foods for folate will be a long and 

laborious process, studies have assigned values to foods based on levels of 

fortification recommended by the regulations. For example, United States and 

Canada stipulate the amount of synthetic folic acid to be added to flour, bread and 

grain products. Studies have used these values to update the folate values for 

foods (Lewis et al., 1999). Such methods can at best provide only approximate 

values. 

Sometimes, when nutritional information is not available, a value of zero is 

assilgned to the missing values in sorne databases and investigators should be 

aware ofthis as this could lead to an underestimation ofnutrient intakes (Cowin 

and Emmett, 1999). Ifmissing values have been imputed, it is possible that the 

imputed value may not be as representative as a properly obtained analytical 

value; however, it is likely to be much doser to the real value than zero (Smith, 

1994). 

Nutrient values for cooked dishes in databases are usually adjusted for cooking 

losses. However, when recipes are incorporated into the database based on raw 
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ingredients, error could occur because of changes in nutrient content due to 

pre:paration and heat treatment (West & van Staveren, 1997). 

Coding and computation errors: Coding error could arise when food items are 

incorrectly coded (e.g. if skim milk is coded as whole milk). Sometimes 

descriptions of the foods in the nutrient data bases may be inadequate making it 

difficult to match the food consumed with an appropriate food item or brand in 

the database resulting in an error when an inappropriate food is substituted 

(Slimani et al., 2000). In this case, if nutrient composition do es not match 

exactly, for example, different levels oflow fat yogurts are available and if the 

nutrient composition for the appropriate level of fat is not used, then there is a 

possibility ofintroducing error. Co ding errors can be reduced if co ding mIes are 

established which could be beneficial when handling inadequate descriptions of 

foods. When the respondent fails to recollect information of products then default 

mIes can be established but they are less accurate. In a study assessing the use of 

vitamin and minerai supplements, default values were assigned to nutrients when 

respondents did not know the amount of nutrients in pills. The default values 

used were based on the most common responses for the nutrient supplements 

(eg.vitamin A, vitamin C) from earlier surveys (Subar and Block, 1990a). 

Duplicate co ding of recalls by independent coders or peer review of codes have 

be€m commonly used as a measure of quality control for coding (West and van 

Staveren, 1997). 
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2.4. Variability 

In order to assess the nutritional status of individuals or a group, precise 

estimates ofusual dietary intake are essential (Basiotis et al., 1987). Usual intake 

ref(!rs to long term average daily nutrient intake of an individual (Nusser et al., 1996). 

In order to measure usual intake an understanding of variability in food intake is 

needed. 

Variability in food intake can be classified into two types, namely, within- or 

intra- subject variability and between- or inter- subject variability. An 

individual' s food intake is not constant in the types and amounts of food 

consumed from one day to the next contributing to within- or intra- subject 

variability (National Research Council,1986). Physica~ activities, feasting, health 

conditions, intermittent periods of weight reduction are sorne reasons that 

contribute to variability in eating patterns (BeaI, 1981). AIso, individuals differ 

from each other in their pattern and amount of food intakes contributing to 

between- or inter- subject variability (Liu et al., 1978, Marr and Heady, 1986). 

A number of studies have addressed the issue of variability in nutrient (Marr 

and Heady, 1986, Beaton et al, 1979, Beaton et al 1983, Sempos et al, 1985, 

Nellson et al., 1989, McGee et al., 1982, Neuhaus et al., 1991, Guenther and 

Kott,1996) and food intakes (Sempos, 1986, Borrelli et al., 1992). When two or 

more days of dietary intake are available, within- and between- subject variability 

can be estimated using analysis ofvariance (Beaton et al., 1979, 1983). These can 

then be used to calculate the variance ratio, sw2/sb2, where sw2 
= within- person 
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vaIiance and Sb 
2 = between- person vaIiance (Nelson et al., 1989). Within

subject variability inc1udes day-to-day vaIiability and random error In 

methodology (Beaton et al., 1979). The ratio is generally above 1.0 (greater 

within- subject variability than between- subject variability) for most nutrients in 

studies conducted in North America. The variance ratio depends on the nutrient. 

For nutrients found in high concentrations in a few foods, for example, vitamin A 

and cholesterol, the ratio is large (reported range, 1.6 to >100) (Willett, 1998). 

This is because of the presence of high within- subject variability. For example, 

on the first day of observation, when the individual had carrots, intakes of vitamin 

A will be high and when the same subject did not consume any vitamin A 

containing foods on the second day of observation, his intake of vitamin A will be 

o (Institiute of Medicine, 2001). Conversely, for nutrients from foods consumed 

ev~:ryday in reasonably similar quantities, for example, carbohydrate and fat, the 

ratios range from 1.2 to 2.0 (National Research Council, 1986, Willett, 1998). 

When nutrient intakes are expressed as nutrient densities (per 1000 kcals), 

between- subject variability is reduced; however, within- subject variability is not 

affected greatly, resulting in higher variability ratios (Beaton et al., 1979). 

Similar within- to between- subject variability ratios for different nutrients have 

be~m reported using 24-hr recalls and food records (Beaton et al., 1979, Beaton et 

al., 1983, Sempos et al., 1985). 

Studies on variability in food intakes are scant (Borelli et al., 1992, Sempos et 

al., 1986, Hartman et al., 1990). In women who maintained food records for 29 
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days spread over two years, higher variance ratios were reported for meat (3.2) 

and bread and cereals food groups (2.5) while milk and fruit and vegetables food 

groups had lower ratios (1.4 and 1.6 respectively) (Sempos et al., 1986). A ratio 

of 12.2 was reported for dark green vegetables due to infrequent consumption. 

Higher variability seen for foods has implications in studies that investigate 

possible association between food and disease, because more repeated 

observations are needed. 

2.4.1. Factors influencing variability 

A number of factors contribute to variability in dietary intakes: 

Age: Nelson et al. (1989) reported differences in within- to between- subject 

variability ratios for different age groups; ratios were lower for most nutrients 

among toddlers, higher for children (aged 5 -17 years) and intermediate for adults. 

Varying reports ofwithin-Ibetween- subject variability ratios for children have 

been reported. For example, for energy and macronutrients, lower ratios (range 

0.85 to 1.33) were reported among school children, aged 9-12 years (Bellu and 

Cucco, 1997), whereas in another study among children aged 13-15 years, higher 

ratios were reported (range 2.2 to 2.7) (Nelson et al., 1989). In the former study, 

once the between- subj ect variability was taken into account by examining the 

ratios based on nutrient densities (per 1000 kcals), an increase in within-Ibetween 

subject variability ratios were observed (Bellu and Cucco, 1997). Increases in the 

variability ratios after controlling for differences in intakes between individuals 

was also observed among adults (Beaton et al., 1979, Beaton et al., 1983). 
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Se)~ Differences in the within- to between- subject ratios have been reported by 

gender with women reporting higher variability ratios than men which appear to 

be associated with smaller between- subject variability among females (Beaton et 

al., 1979, Nelson et al., 1989). Differences in the ratios across gender disappear 

onee the nutrients are expressed in terms of nutrient densities (Beaton et al., 

1979). 

Day of the week: People tend to alter their eating patterns on weekends compared 

to weekdays which incIude changes in the types and amounts of food consumed 

(B(~al, 1981). Many American families traditionally tend to have large meals on 

Sundays (Willett, 1998). Mean intakes of nutrients are higher on weekends than 

on weekdays (Tarasuk and Beaton, 1991a, Basiotis et al., 1989), resulting in 

higher variability in energy and nutrient intakes when comparing weekends and 

we1ekdays (Tarasuk and Beaton, 1991a). However, for nutrients like vitamin A 

where both within- and between- subject variability in daily intakes are large, a 

we,ekend effect is not likely to be found. 

Season: In deveIoped countries, the effect of season on variability in nutrient 

intakes is not generally present (van Staveren et al., 1986). In less developed 

cmmtries without extensive food preservation and transportation facilities, the 

influence of season on nutrient intake is high (Willett, 1998). Seasonal variations 

in (~nergy intake due to high within- subject variability have been reported in a 

study in Bangladesh (Torres et al., 1990). The higher within- subject variability 
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see:n could be due to the dependence of the population on seasonal availability of 

locally produced foods (Nyambose et al., 2002). 

Socio-economic status: In developing countries, the link between food intake and 

income contributes to between- person variability (Willett, 1998). At the same 

time, rare consumption of expensive foods contributes to within- person 

variability. For example, consumption ofmeat once or twice per week by an 

indlividual might contribute to higher iron intakes on sorne days compared to other 

days thus contributing to within- person variability for this nutrient (Willett, 

1998). However, it is also possible that iron contribution in developing countries 

may come from greens and other plant sources on other days and on the day of 

me:at consumption, meat may replace these sources, thus contributing to 

vruiability in the quality (Groff and Gropper, 2000) in addition to quantity within 

subjects. 

Variability ratios are not similar in all developing countries. It was reported 

that pregnant women had higher variance ratios for energy and carbohydrate 

(Nyambose et al., 2002), while in another study the ratios were lower (Launer et 

aL" 1991). The reasons attributed to the differences were that in the fonner study, 

tht: population were poor subsistence farmers who depended upon locally 

produced seasonal foods that contributed to large within- subject variability; in 

the::: latter study, the population consumed a limited number of foods which were 

closely linked to income therefore contributing to greater between- subject person 

vruriability (Launer et al., 1991). Similarly, in a study on adults in an Andean 
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community, it was observed that the large variability ratios were mainly due to 

low between- subject variability, which was attributed to a homogenous diet 

among the adults (Berti and Leonard, 1998). In two rural areas of India, high 

between- subject variability was observed for most nutrients (Hebert et al., 2000). 

However, this could be due to the heterogenity in the sample selected in relation 

to education and occupation. 

Consecutive days of report: When dietary information is collected on consecutive 

days there is a like1ihood ofthe subjects showing a training effect (Gibson, 1990). 

AIso, less within- person variation on consecutive days has been reported 

(Freedman et al., 1991) which may be due to the fact that individuals are likely to 

consume the same food over consecutive days when left-overs are consumed or 

the same food avoided consecutive1y (Institute of Medicine, 2001) due to 

religious fast. However, it has been suggested that in order to maintain 

homeostatic balance, compensation could likely occur, when overeating on one 

day is compensated by reduced food intake on the next day or food intake is 

increased to compensate for lower intake on the previous day (de Castro, 2000). 

Other studies do not support this effect (Tarasuk and Beaton, 1991a). There may 

be lack of independence with consecutive days of intake and for practical and 

analytical purposes, it is generally assumed that consecutive days of intake are not 

independent and therefore random days are sampled (Institute of Medicine, 2001). 

Menstrual Cycle: Patterns associated with menstrual cycle activity have also been 

reported (Tarasuk and Beaton, 1991b, Gong et al., 1989) with more food 
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consumption and therefore higher energy intake 3-10 days prior to the onset of the 

menstrual period than after. However, there appear to be differences in the source 

ofmacronutrients contributing to the increased energy intake with Dalvit (1981) 

suggesting carbohydrate and Tarasuk and Beaton (1991b) reporting fat-rich foods 

being the main contributors. 

In summary, dietary data should be coUected on randomly selected, non

consecutive days; weekdays and weekends should be adequately represented. 

Seasonal effect can be taken into account by administering the survey to coyer aU 

seasons of the year. Because of differences in the amount of foods consumed by 

gender and age, nutrient intake should be reported separately by gender and 

spœific age groups. 

2.4.2. Effects of variability on dietary methodology 

Variability in dietary intake has implications for study design in terms of 

choosing the appropriate dietary method and number of days needed to measure 

dietary intake (Beaton et al., 1979). 

Number of days of dietary measurement An important question that needs to be 

addressed at the stage of study design is the number of days of observation needed 

to obtain dietary estimates that are accurate (MaIT and Heady, 1986, Beaton et al., 

1979, Nelson et al., 1989). Accuracy has been described in terms ofreliably 

c1assifying individuals into appropriate categories (Nelson et al., 1989) and in 

absolute terms so that the intakes ofindividuals are within specified limits of 

usual intake (Beaton et al., 1979, Willett, 1998). The number of days required 
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increase with higher degree of precision required (Nelson et al., 1989, Willett, 

1998). 

Implications of the effects ofvariability in interpretation of dietary data The 

pn:::sence ofwithin- subject variability may mask correlation or bias regression 

toward zero thus resulting in concluding that there is no evidence of a relationship 

(Liu et al., 1978, Beaton et al., 1979). With knowledge ofvariability in dietary 

intake the estimates can be improved by applying a de-attenuating factor (Willett, 

1998). For example, if the correlation between two variables measured for 4 days 

was found to be 0.29, then a correction factor can be applied by obtaining 

estimates ofwithin and between subject variability. A higher correlation value 

can be obtained whereby the correction factor results in a de-attenuating effect. 

Additionally, information on variability is essential in the interpretation stage 

for assessing the prevalence of inadequate intakes. Assessing the proportion of 

population that is at risk of inadequate intakes is an important public health 

concem (lnstitute of Medicine, 2001). 

Statistical methods such as the National Research Council (NRC) method and 

the Iowa State University method (lSU) have been proposed to adjust intake 

distributions that will remove day-to-day variability in intakes and reflect only the 

between subject variability in intakes (National Research Council, 1986, Institute 

Of Medicine, 2001, Nusser et al., 1996). Not removing the day-to-day variability 

in intakes will produce biased estimates of prevalence of inadequacy (lnstitute Of 

Medicine, 2001). Once data have been adjusted, the intakes can be compared 
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with the Estimated Average requirement using the EAR eut-point method to 

estimate prevalence of inadequate intakes (lnstitute Of Medicine, 2001). 

2.S. Dietary intakes of population sub-groups 

Evidence suggests that in addition to age, gender and heredity, sorne of the 

determinants ofhealth are income, education, lifestyle factors (e.g. smoking) and 

culture (Health Canada, 1999a). Those with lower income and educationalleve1s, 

for example, are more likely to suffer more illnesses and mortality compared to 

those with higher income and educationallevels (Health Canada, 1999a). 

Unhealthy lifestyle practices, lack of dietary knowledge and poor dietary choices 

are likely to increase the risk of developing chronic disease. 

One of the purposes of dietary surveys is to identify population sub-groups that 

may be at risk of nutritional deficiencies. Sorne of these sub-groups inc1ude 

smokers, those belonging to the lower socio-economic groups and certain ethnie 

and racial groups. 

Smokers 

Smoking is a major cause of preventable diseases and mortality. Studies have 

consistently indicated that dietary patterns are different between smokers and non

smokers (Dallongville et al., 1998, Subar et al., 1990b, Bolton-Smith et al., 1991) 

which may contribute to different risks for chronic diseases by smoking status. 

AIso, in houses where one of the partners smokes, evidence indicates that the 

dietary pattern of the non-smoking spouse is similar to that of the smoker, thereby 

increasing the risk for chronic disease in the non-smoking spouse (OsIer, 1998). 
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Smokers have a higher risk for developing cardiovascular disease, respiratory 

disease and cancer compared to the non-smokers (Diana, 1993) due to the effects 

of components of cigarette smoke, lipoprotein metabolism and lipid peroxidation 

(Dallongville et al., 1998). Smokers have also been reported to consume higher 

amounts of saturated fats and lower amounts ofvitamin C, folate, fiber, vitamin A 

and iron compared to the non-smokers (Subar et al., 1990b, Subar and Harlan, 

1993, Thompson et al., 1993). Smokers are less likely to choose whole grain 

bre:ads, cereals and fruits and vegetables than the non-smokers (Margetts et al., 

1993, Larkins et al., 1990). Thus the po or dietary choices made by the smokers in 

addition to exposure to the oxidative components of cigarette smoke increase the 

risk for chronic disease, indicating the need to control for diet while examining 

smoking-disease relationships. 

Socioeconomic status 

Socioeconomic status can be described in several ways. Generally, 

educational, occupational and income levels have been used to characterize 

soc:ioeconomic groups. In Canada, there are indications that those belonging to 

the low socio-economic group have an increased likelihood for developing 

diabetes, anaemia and cardiovascular disease (Health Canada, 1999a). 

Differences in food and nutrient intake by socio-economic status have been 

reported. In the first Nutrition Canada Survey (1970-1972), differences in 

nutrient intake by income level were reported for women and not for men. 

Women from higher income groups reported higher mean intakes of energy, 
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protein and calcium (Myers and Kroetsch, 1978). Other studies have shown that 

subjects from 10wer socioeconomic levels reported less healthy eating patterns, 

consuming smaller amounts of fish and vegetables but more potatoes, fried foods 

and sugar compared to those from higher income and education levels 

(Galobardes et al., 2001, Roos et al., 1996). This pattern contributed to higher 

intakes of fat and saturated fat and lower intakes of fiber, vitamin A, vitamin C, 

calcium, iron and folate. 

Persons from low income households and those with less education are more 

likely to underreport energy intakes than other groups (Hill and Davies, 2001). 

Price et al. (1997) reported that socio-economic characteristics inc1uding low 

education and occupation levels were associated with underreporting among 

women and not men. In the Whitehall II survey, subjects from lower employment 

grades reported lower energy intakes compared to those in the higher employment 

grades as estimated by comparing energy intake with energy expenditure based on 

basal metabolic rate (Stallone et al., 1997). Under-reporting could be associated 

with higher body weight which appears to be a problem among those from lower 

socio-economic c1ass (Basiotis et al., 2002, Health Canada, 1999a), necessitating 

the need to control for socio-economic status in studies investigating the role of 

diet and obesity. 

Etbmicity 

Dietary patterns are usually influenced by one's cultural and religious practices 

(Shatenstein and Ghadirian, 1998). Furthermore, certain demographic factors 
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including age, gender, income, profession, education, duration of residence in the 

new country influence lifestyle factors including diet that ultimately determine 

health (Shatenstein and Ghadirian, 1998, Kumaniyaka and Krebs-Smith, 2001). 

Ethnicity appears to play a role in a number of diseases. High levels of 

obesity, diabetes and cardiovascular diseases have been reported among ethnic 

minority groups and immigrant populations (Landman and Cruickshank, 2001). 

A major unresolved issue in the study of ethnicity and disease is whether the 

association between ethnicity and disease is due to genetic or environmental 

factors. At best it can be said that the association could be due to the 

combination ofboth factors. Among environmental factors, diet may play a role 

in these diseases. 

In the United States, African Americans report low intakes of fiber, folate, 

grains, fruit and vegetables and high intakes of meat and cholesterol which is 

consistent with the fact that this group tends to have less favorable cardiovascular 

and cancer mortality rates (Kumaniyaka and Krebs-Smith, 2001). Intakes below 

the recommendations for calcium, folate, zinc, and iron have been reported 

among Mexican American women of 10w socio-economic status (Ballew and 

Sugerman, 1995). In a study comparing dietary intakes of immigrants and non

immigrants in Ontario, immigrants reported lower intakes of fat while calcium 

and iron intakes were low particularly for those from Asian countries (Pomerleau 

et al., 1998 a, b). 
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Most studies examining diet in various ethnic groups, use broad classifications 

to describe the groups; whereas the groups within themselves maybe highly 

diverse and with different dietary practices (Kumaniyaka and Krebs-Smith, 2001). 

Because of the heterogeneous nature of the ethnic groups the sample size for each 

group in the survey is small and the estimates are therefore less precise 

(Kumaniyaka and Krebs-Smith, 2001), indicating that adequate information from 

a general survey cannot be obtained for specific sub-group populations. More 

targeted studies are needed for identifying nutritional imbalances by ethnicity sub

groups. 

Although, a general population survey can provide ~ome direction related to 

nutritional issues, better interpretable data can be obtained by studies targeting 

specific groups. For example, while the National Health and Nutrition 

examination surveys (NHANES) provided extensive information about the health 

and nutrition information of the general U.S. population, comparable data were 

not available for any of the ethnic groups within the United States (National 

Centre for Health Statistics, 2002). This led to the development of the Hispanic 

Health and Nutrition Examination survey specifically targeting Mexican 

Americans, Cubans and Puerto Ricans. 

In summary, successful health and nutrition intervention strategies need an 

understanding ofbehaviors that vary by socioeconomic conditions, ethnicity/race 

and lifestyle characteristics. To develop programs and interventions adequate 
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knowledge ofwhat the people are consuming in terms ofnutrients and food 

groups are needed for which well conducted studies are essential. 
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3.1. Survey Design 

Chapter 3 

Methods 

The Food Habits ofCanadians Survey conducted between September 1997 to 

August 1998 was a cross-sectional survey conducted to identify nutrient intake 

and food consumption patterns of a random sample of adults. A multi-stage 

random sample design was used to select the sample. The survey was conducted 

across all seasons and interviews conducted on all days of the week. 

Approximately one-third of the respondents were re-interviewed to estimate 

within- subject variability. 

3.1.1. Target Population 

The target population for the survey was non-institutionalized adult men and 

women, aged between 18 and 65 years living across Canada. Although not part of 

the current thesis research, adolescents aged 13 to 17 years were also emolled in 

the survey. In households, where the adult respondent indicated the presence of 

one or more adolescents, request was made to ascertain if their children would be 

willing to participate in the survey. 

Approximately 15% of the Canadian population was not sampled because of 

inaccessibility and increased co st associated with travel to more remote locations. 

Subjects living in institutions were also not sampled. 

Pregnant and lactating women were not inc1uded in the study because of 

distinct physiological conditions and special nutritional requirements that are 
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different from the general population and also because of the like1ihood of a small 

sample responding to the survey unless special sampling techniques were used to 

oversample this group. Children and those over 65 years were also exc1uded from 

the study. Those who did not speak English or French were not inc1uded unless 

an interpreter was available in the household. 

3.1.2. Sample Size 

Sample size was estimated using the formula, N= (4za 2S2) -;- (W2), where Za 
2 = 

the standard normal deviate, 1.96, S = standard deviation of the variable, W = 

desired total width (Browner et al., 1988). 

The sample size required was calculated using standard errors published by the 

Santé Quebec nutrition survey (per 1000 kilocalories of protein, iron and zinc). 

For example, the mean intake ofprotein (per 1000 kilocalories) for men was 

40.1g with a standard deviation of35. Using the above formula, with a 95% 

confidence interval and a total width of 10%, a sample size of 130 was derived. 

The sample size required was approximately 120 to 200 for each age and sex 

group for the selected nutrients. It was therefore decided that approximately 200 

subjects per age and sex group would be needed, yi el ding a total of 1600 subjects. 

3.1.3. Sampling Procedure 

A multi-stage random sampling technique was used. Canada was divided into 

fiv(~ regions, namely, the Atlantic Provinces (New Brunswick, Nova Scotia, 

Prince Edward Islands, Newfoundland), Quebec, Ontario, Prairies (Manitoba, 

Saskatchewan, Alberta) and British Columbia. From each region, four census 
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divisions were randomly chosen with a probability of selection being proportional 

to the population of each division. This provided twenty census divisions l across 

the country. From each of the census divisions, two census sub-divisions2 were 

selected, the probability of selection being proportional to the population. This 

yielded fort Y sub-divisions across the country. For each of the sub-divisions, two 

enumeration areas (EA)3 were randomly selected with probability of selection 

being proportional to the population, creating eighty enumeration areas across the 

country. The 1991 census data were used for the sampling, as it was the most 

recent census containing the data at the start of the study. 

Households were then randomly selected from each of the enumeration areas. 

This was done using the most recent telephone directory that was available on 

CD-ROM (Pro- CD, 1996). The computerised telephone list provided the names 

and full street addresses for those with listed telephone numbers. The Pro-CD list 

could not indicate whether the households fell within the selected EAs. Therefore, 

stœet index lists and maps were used in the urban and rural areas respectively to 

1 ü:nsus Division (CD) refers to the general term applied to geographical areas established by 
provinicallaw, which are intermediate between Census Subdivisions and the province (eg. Divisions, 
counties, regional districts, regular municipalities) 

2 ü:nsus Sub-Division refers to the general term applied to municipalities (as determined by provincial 
legislation) or their equivalent. In Newfoundland, Nova Scotia and British Columbia, the term refers to 
geographic areas that have been created by Statistics Canada in cooperation with the provinces as 
equ:ivalents to municipalities. 

3 Enumeration Area (EA) is a geographical area canvassed by the census representative. EAs are to be 
as compact as possible to minimize travel and optimize census representative work. EAs are delineated 
so that census representatives may locate them with as little difficulty as possible. Therefore, whenever 
possible, EAs follow easily recognizable physical features such as the road network and rivers. The 
number of dwellings in an EA generally varies between 375 dwellings in large urban areas to a 
minimum of 125 in rural areas. It is the smallest geographical unit for which census data are usually 
available. 
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ensure that the households fell into the selected EA. In sorne places where there were 

no house numbers as in sorne rural areas, interviewers called the house to secure the 

mailing address. AlI addresses that fell within the boundaries of the selected EAs 

were tirst chosen. Then the list was checked for household and business addresses. 

Business numbers were eliminated. If there was more than one number for the same 

addlress, then only the tirst number was chosen. Ifthere were more than three 

numbers then it was assumed that the numbers belonged to an apartment building. 

From the list, two hundred households were randomly selected in order to assure an 

adequate number ofhouseholds. A letter describing the purpose ofthe study with a 

request for participation of the household was sent (Appendix 1). 

The dietitian-interviewer then contacted the households by telephone to recruit 

subjects. The interviewer attempted to enrol one adult per household to reach a 

total of twenty adult respondents from each enumeration area. Subjects were 

randomly selected within a household by requesting the person with the next 

closest birthday to participate in the study. A total of six telephone calls was 

made at different times on weekdays and weekends in order to contact the 

subjects. Each interviewer completed a log documenting the different times of 

the day and days of the week telephone calls were made to each respondent 

(Appendix 2). Records of those who agreed to participate, refused, not reached, 

ineligible or unavailable were maintained. At least six attempts were to be made 

before the household was classitied as not reached. Reasons for ineligibility due 

to age, pregnancy, lactation or language were also recorded. Records of returned 
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letters and telephone numbers with messages that indicated that the number was 

not in service were maintained. These were coded as having moved and not 

considered part ofthe survey. 

A repeat interview was conducted on 29% of the adult sample in order to 

estimate within- subject variability. A systematic random sampling technique 

was used for this purpose whereby the second person initially interviewed and 

ev~~ry third person thereafter was selected. 

3.1.4. Ethics 

Ethics Approval was obtained from the Ethics Committee of Mc Gill 

University (Appendix 3) 

3.1.5. Data Collection 

Socio-demographic and dietary data were obtained by the dietitian during a 

face-to-face interview with the respondent. The interview averaged thirty 

minutes. Appointments for interviews were made on different days of the week, 

including weekends, to ensure that aIl days of the week were represented. 

Interviews were held in the respondents' home or at another convenient location. 

Socio-demographic data were collected by means of a questionnaire 

(Appendix 4). Information on age, gender, place ofbirth, marital status, 

education, smoking status, height, weight and number ofhousehold members was 

obtained. 

Dietary information was collected using the 24-hour recall method (Appendix 

5). Detailed descriptions of aIl foods, beverages and supplements consumed 

54 



during the 24-hour period before the interview including the quantity, cooking 

method and brand names were recorded (Thompson and Byers, 1994). Food 

models including a plate, graduated cup, two bowls, spoons and a ruler were used 

to assist in the description of foods (Appendix 6). A multiple-pass 24-hour 

technique was used which had a number of cues to help the respondents recall 

their food intakes (Johnson et al., 1996). The subjects were first asked to recall 

their food intake over the previous 24-hour period, followed by probing for 

detailed descriptions of foods, beverages and supplements including foods portion 

siz1es and brand names and methods of cooking and then by a review of intake and 

clarifications (Johnson et al., 1996). 

Supplement composition was determined using the Health Canada Drug 

Product Database (Health Canada, 2000), product labels or by contacting the 

company. When adequate information was not available to identify brand or 

amount of nutrient present in the supplement, default values were assigned based 

on the mode reported for the supplement. 

3.1.6. Nutrient analyses 

Candat nutrient analysis pro gram was used for the analyses of the 24-hour 

recalls. Candat used the 1997 Canadian Nutrient File (Health Canada, 1997) that 

was the most recent at the start of the survey. Candat consists of a Master and an 

Institute File. The Master File has data for 4668 foods from the Canadian 

Nutrient File. Foods that were not on the Master file were added to the Institute 

file which allows entry of food data from other sources. Approximately 270 food 
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items were added to the institute file. Nutritional information for these foods 

were obtained from the USDA database, recipes (where separate ingredients were 

summed) or from the food manufacturer when possible. 

For foods consumed as mixtures of individual foods, the database had pre

defined options. For example, when the respondent reported having consumed 

pizza with pepperoni, the option available on Candat was chosen. When adequate 

descriptions of each food ingredient in a food mixture were available on the recall 

form, each ofthe food items was entered separately. Iflittle or no specifie 

inDDrmation was provided then a default food was used. For example for 

spaghetti and tomato sauce, if information on amounts of each were provided, 

these were entered. However, if no information on relative amounts was provided 

then the default choice in the program was used. Sometimes, an appropriate 

choice was not available. For example, for prepared pudding, options that were 

available inc1uded pudding prepared with whole milk and 2 per cent milk. 

Therefore, when the subject reported consuming a low calorie pudding prepared 

with skim milk, then a perfect match was not possible. In this case, a new food 

code and appropriate nutritional information were entered in the Institute File. 

For foods that were new and did not exist in the database, information was 

. obtained from the nutrition label, and, when possible from the manufacturer. Low 

fat frozen dinners, for example, feU into this category. 

When the survey was initiated, fortification with folate was not mandatory; 

therefore the nutrient database does not reflect the fortified values for folate. The 
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Canadian Nutrient File does not provide complete data for vitamins D and E and 

consequently these were not analyzed. Similarly, information on an forms of 

carotenoids is not available. 

To examine food choices, foods that were similar were grouped together. 

Fntits were classified as citnts and non-citnts based on differences in vitamin C 

content; dairy products were grouped as milk, cheese, yogurt, ice-cream/pudding 

(Ritter, 2000). To investigate food choices according to the recommendations 

based on Canadian Food Guide to Healthy Eating (Health and Welfare Canada, 

1992), foods were categorized into the four food groups, including grains, dairy, 

meat and fruit and vegetables. Foods that were not included in any ofthe above 

food groups were categorized as the 'other' food group (e.g. chips, soft drinks). 

Food portions were determined using food density (g/ml) and aU foods with 

similar densities within a category were divided by the same weight of a standard 

portion size (eg. cooked rice or pasta=70g in the grain products food group). The 

Good Health Eating Guide Resource (Canadian Diabetes Association, 1996) was 

also used to determine standard weights for sorne foods, particularly for mixed 

foods to determine how many portions of each food group went into each of the 

mixed foods. 

3.2.. Quality Control 

3.2.1. Interviewer training 

Registered dietitians residing in the five regions were selected to obtain dietary 

information from the subjects. The dietitian-interviewer was responsible for 
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recruiting the subjects by establishing contact through te1ephone and obtaining 

dietary and socio-demographic data. Selecting dietitians from local regions had 

several advantages in terms of cost and time. The interviewers could travel easily 

to the selected areas and conduct the interviews with the subjects. Also, they 

were familiar with locally available foods. 

The interviewers were given an intensive two-day training session in Montreal. 

The purpose of the training was to ensure uniformity in data collection, including 

consistency in interviewing techniques and obtaining accurate recording of food 

intakes. The objectives of the survey were explained to the interviewers. 

Procedures for making telephone calls, including maintaining logs of the phone 

caUs made and responses obtained, were taught. Training sessions for conducting 

dietary interviews and use of food models were also held. Emphasis was placed 

on getting a complete description of the foods consumed including type of 

cooking and brand names of foods. Mock interviews were conducted and 

feedback was given to the interviewers on how to modify their techniques. 

Neutral probing techniques were encouraged. A session on data entry was also 

held to enable the dietitians to undèrstand the level of detail they needed to collect 

for each food and how the foods from the 24-hour recalls would be analyzed. 

3.2.2. Data Entry 

Foods from the 24-hour recalls were entered into the Candat nutrient analysis 

program. Prior to the start of the data entry, guidelines for methods of data entry 

and portion size calculations were established to ensure uniformity of data entry 
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for aIl recaIls. Bimonthly sessions were held among the data entry personnel and 

the project coordinator to decide on the standard procedures to be used. These 

sessions helped to c1arify certain questions regarding appropriate food choices to 

be made particularly for those foods that were not on the database and for new 

foods that had entered the market since the creation of the nutrient pro gram. 

Records were kept of food co ding questions and answers. A decision was made 

on whether a similar food.in the database was to be used, or wh ether the USDA 

database was to be checked for dietary information, or whether the manufacturer 

or fast food chain or restaurant was to be contacted or whether a recipe was to be 

found. For manufactured food items, information on the label such as ingredients, 

nutritional information and weight were used. For foods from fast food chains, 

information for most foods were available on the internet or by contacting the 

head office. Before making the decision, such questions as how does the reported 

food compare with the description of foods that are already available, would the 

use ofa food already on the database reflect the nutritive value of the new food, 

how much of the food was consumed and was it a major part of the diet were 

tak{:ll into consideration (Ingerwersen et al., 1996). The answer arrived at was 

entered in the records and the data entry personnel used these to code the foods to 

ensure consistency. 

Quality control of data entry was accomplished by double verification of aIl 

24-hour recaIls entered; the first verification was done by the individu al entering 

the recall and the second verification was done by a peer who was also trained in 
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data entry. Initially, all data were stored in individua1 files in the Candat program. 

This allowed records to be reviewed, edited and corrected. After all foods were 

entered, a primary validation was conducted using the Candat program, which 

indicated an inva1id unit if present. Corrections were then made. The contents of 

eve:ry individual file were printed and crosschecked with the original 24-hour 

recall form by the person who entered the recall. This was done to ensure that 

correct foods and quantities were entered. If errors were detected, these were 

corrected. The next step involved a second verification by another data entry 

person. Any errors detected were modified. After final correction, information in 

individual files was combined into a single file and imported into a database. 

Data cleaning was then done where extreme intakes of nutrients and foods were 

checked. Thus at each step from data entry to data use, checks were made to 

ensure the quality of the data. 

3.3.. Thesis Research Methodology 

3.3.,1. Response Rate 

The response rate for each enumeration area was calculated using the 

following formula: 

Response rate = 1 
I+NC+UN+R (Groves and Lyberg, 1988) 

where 1 = completed interviews 

NC= not contacted but possible eligible units 

UN=unanswered numbers 
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R = refused eligible units 

Socio-demographic characteristics of the sample data were compared with the 

1991 census data to examine ifthose who responded were representative of the 

general population. Similarly, the census data were examined to determine the 

correlates of response rates for the selected enumeration areas. 

Dt:scription of the census data 

The 1991 census data are available on CD-ROM and provide extensive 

information on geographic and socio-demographic variables (Census 1991, CD-

ROM, Statistics Canada). Data for each enumeration area, census sub-division, 

census division and province are available in two files. The first file has census 

data on total population and includes such information as number of males, 

females, age, mother -tongue, number of persons in the households, composition 

offamily (husband-wife families, lone parent families), and house ownership. 

The second file has information collected on a sample of 20% of the total 

population and includes information on place ofbirth, stability in terms ofliving 

at the same address for < or 2: 5 years, education level, unemployment rate, mean 

household income and percentage below low income cut-off. For sorne variables 

(for exarnple, percentage below the low incorne cut-off) sorne enumeration areas 

had zero values, indicating that information was not available for the enurneration 

4 Low Incorne Cut-off (LICO) represents incorne levels at which farnilies spend disproportionate 
amounts oftheir incorne for food, selter and clothing (Canadian Institute for Health Information, 
1999). LICOs are set at 20% above the average incorne levels spent on the basic necessities and 
takes farnily size and degree ofurbanization into account (Statistics Canada, 2001). 
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area due to confidentiality purpose and hence was nofÏnc1uded in the analyses for 

the study. 

From the above data, percentage ofmales and females aged 18 to 64 years (18-

34,35-49,50-64 years); percentage in different categories ofmarital status; 

percentage speaking official and non-official languages as mother-tongue; 

percentage with own house and rented house; percentage households with one, 

two, and more than 3 persons per household; percentage husband-wife families 

and single parent families; percentage in the same residence for the past 5 years; 

percentage with different levels of education; percentage reporting Canada as 

place ofbirth were calculated. 

Comparison of survey respondents with the census data 

In order to determine whether those who responded to the survey were 

representative of the general population of the country, the survey data and the 

1991 census data were compared on several demographic variables inc1uding 

gender (% males and females), age (% males and females belonging to 18-34y, 

35-49y and 50-65y), civil status (% single, married, divorced/separated, 

widowed), education level (% ::s; high school education, CEGEP/Trade, 

University), number ofhousehold members (% 1 to more than 6 person 

households) and country ofbirth (% reporting Canada as place ofbirth). For 

exampIe, the percentage ofmaies and femaies in the age groups, 18-34,35-49 and 

50-65 years in the survey sample were compared with the percentage ofpersons 

in the appropriate age and sex categories in the census data. Similarly, smoking 
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status and body mass index of the study sample were compared with figures 

obtained in the national surveys (National Population Health Survey, 1995, Health 

Canada, 1999b). 

Examination of characteristics of the selected enumeration areas 

The census data were examined to study the characteristics of the selected 

enumeration are as in order to answer the question why certain enumeration areas 

had better response rates than other areas. Variables that were considered 

inc1uded % males, age (% 18-34y), marital status (% married), education (% less 

than or equal to high school education), percentage below the low income cut-off 

level, mother-tongue (% speaking non-official languages), number ofhousehold 

members (% > 3 persons), country ofbirth (% Canada as place ofbirth), house 

ownership (% ownership), place ofresidence (% moved in the past 5 years) and 

urban-rural category. 

Pearson's correlation was performed to examine the correlation between 

variables (Bland, 1996) inc1uding response rate, % males, % 18-34y, % married, 

% less than or equal to high school education, % below the low income cut-off, % 

non-official languages as mother-tongue, % households with more than 3 

members, % Canada as place ofbirth, % house ownership and % moved within 

the last 5 years. Simple linear regression analyses were performed to examine the 

relationship between the response rate and each of the independent variables 

(Bland, 1996). Multiple regression analyses were performed to determine the 

correlates of response rate (Kleinbaum et al., 1988). An appropriate model was 
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selected using the automated stepwise selection procedure (Kleinbaum et al., 

1988). An aIl subset regression based on adjusted R2 and Akaike Information 

Criterion (AIC) was mn on the variables selected by the stepwise regression and 

the best model with a high adjusted R2 and a low AIC value was chosen. Multiple 

regression analysis was conducted for the final model selected. 

3.3.2. Variability in food and nutrient intakes 

Estimation ofwithin- to between- subject variability ratios 

Data were analyzed separately for males and females to quantify the 

components of varianc~, namely, within- and between- subject variability. As a 

first step, the distribution of each nutrient was examined for normality. A mixed 

model procedure that computes residuals was performed and normality of the 

residuals was examined (LitteIl, 1996). If the distribution was found not to be 

nmmal, then appropriate transformations were performed (log or square root) and 

the process repeated. The best fitting distribution was then selected. 

Within- and between- subject variability were estimated by the mixed model 

procedure for males and females in two ways; one that was unadjusted and the 

other adjusted for gender, age, education, smoking, season and size of family. 

The above analyses were performed using both untransformed and transformed 

data but since similar ratios were obtained for aIl nutrients, the results for 

untransformed data are reported. Mixed mode} procedure allows the use of data 

for subjects with either one or two days of intake; data from both days of intake 

were used for estimating within- subject variability while one day's intake were 
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us~:d for estimating between subject variability. Similar procedures were used for 

determining within- to between- subject variability ratios for foods and food 

groups. 

Estimation of number of days to measure usual intake 

The number of days required to estimate usual intakes of foods and nutrients at 

Vatlous levels of reliability was estimated separately for males and females. 

Within- and between- subject variances obtained by the mixed model procedure 

that adjusted for several factors were used to determine the number of days. Two 

different methods were used for this purpose. 

Method 1: Both within- and between- subject variances were used to obtain an 

estimation of the number of days required to obtain good correlation between 

observed and true intakes and was obtained by the formula: 

where, d is the number of days, r represents the unobservable correlation between 

observed and true mean nutrient intakes of subjects, and, sw
2
/sb

2 is the within-

/between- subject variance ratio (Nelson et al., 1989). 

Method 2: Only the within- subject variability was used in this method. The 

nurnber of days of observation needed to assess actual intakes of individuals with 

a gÏlven level of confidence was calculated as follows: 

d = (Za CVol Do)2 where, d = number of days needed per person, Za = normal 

deviate e.g. 1.96, CVo = within- subject variation, calculated as square root of 
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within-subject variance (or standard deviation)1 mean intake, Do = specified limit 

as percentage oflong tenn intake (Beaton et al., 1979). Using this calculation, the 

number of days needed for the observed estimate of a person's intake to lie within 

a specified percentage of the true mean, 95% of the time can be obtained (Willett, 

1998). 

Nutrients examined in the analyses included the macronutrients, fat, protein, 

and carbohydrate, and the micronutrients, calcium, iron, folate, and vitamin C. 

Foods including meat, vegetables, fruits (includingjuice), green leafy vegetables 

(lettuce/spinach/cabbage), milk and bread were examined as were the four food 

groups based on Canada's Food Guide to Healthy Eating (Health and Welfare 

Canada, 1992). 

3.3.3. Examination of nutrient intakes in sub-populations 

In order to investigate whether certain subgroups had low quality diets, 

smokers and non-smokers were compared in tenns ofnutrient intakes; major 

foods contributing to the nutrient intakes were also examined to assess if food 

choices differed by smoking status. 

Nothing is known about variability in nutrient intakes of smokers. The day-to

day variability of those who smoked and did not smoke was examined by 

computing within- to between- subject variability ratios for energy, calcium (mg), 

folate (f-lg), vitamin C (mg), zinc (mg) and iron (mg). 

Several steps were involved in detennining the components ofvariability. The 

distribution of nutrients was examined for nonnality and appropriate 
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transfonnations perfonned for nutrients that were skewed (National Research 

Council, 1986). Within- and between- subject variability components were 

obtained using the nested model of analysis of variancé. For this purpose, the 

subset with two days of dietary intake was used (lnstitute of Medicine, 2001, 

Nusser et al., 1996). 

A typical analysis of variance yields variances attributable to the model and 

the error (Bland, 1996). These values were used to estimate between- subject and 

observed standard deviations. 

V(subject) = MSE (model)-MSE(error) (i) (NRC, 1986) 

Number of days (eg.2) 

Standard deviation ofbetween- subject variance can be obtained as square root of 

the above and is represented by, 

SD (between-) = square root [V(Subject)] (ii) (NRC, 1986) 

SD(observed) = [V(subject) + V(error)] 

Number of days (eg. 2) (iii) (NRC, 1986) 

Difference between each person's intake and the mean intake ofthe group was 

then calculated. This difference was then multiplied by the ratio ofbetween-

5 The nested model procedure was used and published prior to the mixed model procedure that 
was used subsequently for the paper on variability. The mixed model procedure is a new tool and 
is now being widely used in statistical analyses. 
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subject variation to the total variation and then added back to the mean intake of 

the group (NRC, 1986, IOM, 2001) and is given by the formula: 

Adjusted intake = 

(observed intake - mean intake) x SD (interindividual) + mean intake 
SD (observed) 

(NRC,1986) 

These adjusted intakes were then transformed to the original scale and used for 

further analyses. This process provides a distribution with reduced variability. An 

advantage with this method is that the values obtained for the sub-group with two 

days intake can be applied for the whole group. 

The adjusted data were then used to estimate the prevalence of inadequate 

intakes by using the Estimated Average Requirement (EAR) eut-off method 

(Institute Of Medicine, 2001). The proportion not meeting the requirements fQr 

folate, vitamin C, iron and zinc were examined by comparing the adjusted intakes 

with the Estimated Average Requirements (Institute Of Medicine, 2000 a, 

Institute Of Medicine, 2000b, Institute Of Medicine, 2002a, Institute of Medicine, 

2002b) fbr each of the nutrients by smoking status for males and females. AB the 

above analyses controBed for education, an indicator of socio-economic status. 

As underreporting has been a problem in most surveys, underreporting was 

assessed by calculating the ratio of energy intake to estimated basal metabolic rate 

(EI/BMRest), for males and females by smoking status. BMR was calculated 

using the F AO/WHOIUNU formula (1985). An EIIBMRest ratio of 1.35 was 

68 



considered to be the cut-offlevel as values below this was considered not possible 

to sustain life (Goldberg et al., 1991). 

AlI the above analyses were performed using SAS (version 6.12, Cary, NC). 
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Abstract 

Background: Declining response rates are a matter of concem in dietary surveys. 

Although studies have examined socio-demographic characteristics of the study 

sample and have compared respondents and non-respondents on a number of 

variables, no study has examined community characteristics to determine what 

characteristics of the selected regions are associated with response rates. The 

obj(~ctives of the present study were to estimate the response rate by sampling 

area and to examine the characteristics of the selected areas to determine the 

con-elates of better response rates. 

Me1thods: Enumeration areas (n=80) were randomly selected from across Canada 

using a multi-stage random sampling strategy. Non-institutionalised adults aged 

18-65 years (n=1543) from these areas were contacted by telephone. Data from 

the 1991 census database were examined to determine the correlates of response 

rates by the characteristics of the selected enumeration areas. 

Results: The overall response rate was 26% with a range from 4% to 57% for the 

sele:cted areas. Examination of the survey data indicated that males, younger 

adults (18-34y), single persons and those with lower education were 

underrepresented in the study. Evaluation of the characteristics of the selected 

enumeration areas indicated that stability of place of residence, official languages 

as the mother-tongue, lower percentage ofthose below the low income cut-off 

levels and higher percentage of females in enumeration areas, were factors that 

characterised better response rates. 
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COlllclusion: These differences indicate that approaches optimizing response 

rates may vary by community characteristics. 

Key words: response rate, enwneration, characteristics 

72 



Dietary surveys provide information on food and nutrient intakes of the 

population and can be used to deterrnine nutritional adequacy of the different 

population sub-groups, identify nutritionally disadvantaged groups and evaluate 

diet-disease riskS. I
,2 For these purposes it is important to obtain information from 

a representative sample of the population through a representative sampling frame 

and good response rates. Studies indicate that response rates to dietary surveys 

are declining.3
,4 Low response rates raise the concem that the information 

obtained from those who respond may not be representative of the general 

population. Those who respond may be considered 'health conscÏous' or labeled 

as the 'worried weIl' 5 thus resulting in bias6
• It is thus important to evaluate 

factors associated with non-response in order to assess possible consequences on 

survey estimates6 and develop more suitable strategies where needed. Few studies 

have examined factors associated with response to surveys. 2,3,7,8 

The objectives of this study are to estimate the response rates by sampling area 

in the Food Habits ofCanadians Survey and to document their association with 

the community characteristics of these areas. 

Methods 

Study Description 

Data for this analysis are from the Food Habits of Canadians Study (1997-98), 

a national survey ofnon-institutionalized adults (n=1543) aged 18-65 years.9,lO, II 

The sample was randomly selected from within five regions in Canada, inc1uding 

the Atlantic Provinces, Quebec, Ontario, the Prairie Provinces and British 

Columbia using a multi-stage random sampling strategy.9 Fifteen per cent of the 
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Canadian population who lived in more remote regions were not sampled owing 

to cost considerations. In each region, four census divisions were randomly 

sele,cted with the probability of selection being proportional to the size of the 

population yielding 20 census divisions across the country. Two subdivisions 

werle randomly selected within each census division, and two enumeration areas 

were selected within each subdivision, yielding 80 enumeration areas. Within 

each enumeration area, a random sample of households was drawn from the 1996 

computerized telephone listings of each area (pro-CD Inc., Mass.). Letters were 

mailed to inform household occupants of the survey, and one adult member (the 

person with the next birthday) was invited to participate. A dietitian-interviewer 

then telephoned each household to arrange a face-to-face interview. Six attempts 

were made by telephone to reach the household. Pregnant and lactating women 

and those who did not speak: English or French were excluded. 

Response Rate Calculation 

The response rate for each enumeration area was calculated as, 

Response Rate = I/(I+NC+UN+NI+R) 12 

where, I = interviewed, NC= not contacte d, but possible eligible units, 
UN=unanswered numbers, NI = non-interviewed numbers and R= refused 
eligible units. 

Since we had excluded those who did not speak: English or French and those who 

were not in town during the survey period, the above formula was modified as, 

Response rate = I/(I+NC+UN+R) 
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Here the denominator included all subjects for whom an interview could have 

been completed. Those not contacted include households where less than 6 

attempts were made to establish contact with a household member. The 

unanswered numbers include those numbers for whom the required 6 attempts 

weremade. 

Characteristics of study sample compared to Census data 

In order to examine the representativeness of the study sample to the general 

Canadian population, the survey data were compared with the 1991 census data 

(Census 1991, CD-ROM, Statistics Canada) on a number of demographic 

variables including percentage of males and females belonging to different age 

cat(~gories (18-34y, 35-49y, 50-65y), country ofbirth (proportion ofsubjects 

reporting Canada as place ofbirth), marital status (percentage reporting being 

single, married, divorced/separated, widowed), education level (percentage with 

less than or equal to high school education, CEGEPfTrade, university degree) and 

nurnber ofhousehold members (one to more than 6 person households). 

Response rates by the characteristics of the selected Enumeration Areas 

In order to determine the correlates of response rates by the characteristics of 

the selected enumeration areas' data from the 1991 Census database (Census 

1991, CD-ROM, Statistics Canada) were examined for a number of variables, 

inc1uding gender (% males), age (18-34y, 35-49y and 50-64y), marital status 

(single, married, divorced/separated, widowed), education level (less than or 

equal to high school education, trade/CEGEP, university degree), percentage 
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below the low income cut-off, mother-tongue (official vs non-official languages), 

number ofhousehold members (1 to 

> 6), composition offamily (single vs two parent family), country ofbirth 

(Canada vs elsewhere), house ownership (yes/no), moved within last 5 years 

(yes/no) and urban-rural category. A total of 63 enumeration areas were 

considered for the analyses as Statistics Canada assigned a zero value for 

perœntage below the low income cut-offfor sorne enumeration areas that had less 

than 250 persons for confidentiality reasons. 

Statistical Analyses 

The response rate for each enumeration area was the dependent variable. 

Independent variables included the enumeration area characteristics as listed 

above. 

lPearson's correlation was performed to examine the correlation between 

variables13 including response rate, males, % 18-34y, % married, % less than or 

equal to high school education, % below the low income cut-off, % non-official 

languages as mother-tongue, % households with more than 3 members, % Canada 

as place of birth, % house ownership and % moved residence within the last 5 

years. 

Multiple regression analyses were performed to determine the correlates of 

response 

rat(~. An appropriate model was selected using the automated stepwise selection 

procedure14
• An aIl subset regression model based on adjusted R2 Akaike 
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infonnation Criterion (AIC) was run on the variables selected by the stepwise 

regression and the best model with a high adjusted R2 and a low AIC value was 

chosen. Multi-collinearity test was aIso conducted with the independent variables 

to ensure that highly correlated variables were not selected. Variance Inflation 

Factor of >3 and Var Prop ~ 0.7 were used as indicators of collinearity problems. 

Mulltiple regression analysis was conducted for the final model selected. AlI 

anallyses were perfonned using SAS (version 6.12, 1996, Cary, NC). 

Results 

Response rate 

The mean response rate as defined previously for the eighty enumeration areas 

(EAs) was 26% with a range by EA from 4% to 57%. The refusai rate was 57 per 

cent Many refusais were due to abrupt tennination of the telephone contact, 

giving no chance for the interviewer to explain the study. The non-contact rate 

was 17%, indicating difficulty in locating the respondents. 

Comparison of the study sample with the census data 

Comparison ofsurvey data with the Census 1991 data (Table 1) indicated that 

males, younger adults (18-34 y), single persons and those with lower education 

were under-represented in the study. 

Correlates of response rate 

Examination of the data from the 1991 Census database for investigating the 

chruracteristics of the selected areas, indicate that the correlation between the 

response rate and % younger age (18-34y), % house ownership, % non-officiai 
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languages and % below the low income cut-offrange between 0.37 and - 0.43 (p

value <0.01) (Table 2). 

In the multiple regression model, percentage below the low income cut-off, % 

males, % mobile and % speaking non-official languages as mother-tongue were 

independent correlates of lower response rates (Table 3). The model explained 

42% of the variability. Holding the percentage ofmales at the population mean 

and varying the other predictors to be + 1 SD of the means, the response rate 

obtained with higher levels of positive indicators (nonmovers, above low-income 

cut··offlevels and speaking official languages as the mother-tongue) in the 

enumeration areas was approximately three times higher than that obtained with 

lower levels of positive indicators. 

Discussion 

This report examines the correlates ofresponse rate in a large dietary survey. 

In the study sample, males, those in the younger age group, those with lower 

education levels and single persons were underrepresented, indicating that the 

survey was not representative of the total population. Examination of the census 

data for each small area sampled indicated that areas with lower response rates 

had a more mobile population, higher percentage below the low income cut-off 

and higher percentage speaking non-official languages, indicating that large 

surveys may underrepresent these groups who are suspected as being at elevated 

risk for poor nutrition. 15
,16,17 Optimal approaches to obtaining good response rates 

may vary by community characteristics. 
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Low response rate is a problem in many recent surveys. In the Saskatchewan 

NU1trition Survey, the response rate was 46%.18 The Quebec Nutrition Survey 

reported a response rate of 69% while the Nova Scotia Nutrition survey reported a 

response rate of 80%4
. In the above studies, of the sample initially selected, only 

those with whom contact was established were included in the calculation of 

response rate. If those not contacted were also included in the response rate 

calculation, the response rate would be 55.8% in the Santé Québec Nutrition 

survey for example. The first national Nutrition Canada survey conducted in 

1970-1972 reported a response rate of 46%. 19 Dietary surveys in the United 

States have better response rates possibly owing to door-to-door recruitment, but 

are concemed with decreasing response rates as weIl. 

Studies comparing survey respondents and non-respondents find non

responders are more likely to be male, smoker, unmarried, have lower education 

levels, belong to single person households, live in poor neighborhoods and belong 

to either the younger age group (18-29 years) or the oIder age group (more than 

70 years) or report poor health status 5,20,21,22. By virtue oftheir lifestyle, the 

yOlmger age group is more likely to be mobile and less likely to stay at home and 

therefore are difficult to recruit in surveys. Higher response rate for large families 

(5 or more people) compared to small families and single individuals (1 or 2 

family households), could he due to availahility of someone at home when the 

intlerviewer caUs.21 
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Although we did not have the data to compare respondents and non

respondents on sorne of these demographic factors, we could examine the 

response rates by enumeration areas to determine which characteristics of the 

areas predicted response rates. In the present study, factors that characterized 

bettler response rates in certain enumeration areas compared to other areas 

included low mobility, official languages as mother tongue, lower percentage 

below the low income cut-offlevels and higher percentage offemales in the 

enumeration areas. The reason for gender being a predictor of response rate is 

diffiicult to explain particularly as the percentage of females in different 

enumeration areas varies very little. Low response rates observed in the present 

studly in highly mobile areas could he attributed to the interviewer having out of 

date: names from the previous year's phone list. In the present study, very low 

response rates were observed in certain large cities. In the Ontario Health Survey, 

metropolitan Toronto reported the lowest response rates for males and young 

persons,z3 Additionally, in the present study, it was observed that the response 

rates were lower in enumeration areas where a higher percentage of the 

population reported speaking non-official languages as their mother tongue. 

Lower response rates by ethnic minorities have also been reported.24
,25 Difficulty 

in communication because of lack of adequate knowledge of the official 

languages couid result in refusaIs. 

One of the exclusion criteria for the study included those who were unable to 

speak either English or French. It is possible that sorne of the non-responders in 

80 



the selected enwneration areas could have belonged to the exclusion criteria, but 

it was difficult to confirm because of the abrupt termination of the telephone calI. 

The lower response rate observed in enwneration areas with a higher 

percentage below the low income cut-off and a higher percentage speaking non

official languages has certain dietary implications. Subjects from lower socio

economic status groups tend to report less healthy eating pattems26 while 

immigrants report lower fat, calciwn and iron intakes27,28 compared to rest of the 

population, thereby indicating that a general dietary survey may not provide a 

representative description of food intake. 

A commonly used method for addressing the issue of lower response rates 

among particular groups is to weight the data to be proportional to the national or 

regionallevels. However, it is possible that there may be sorne unknown 

variables that may have influenced participation in dietary surveys8,29 particularly 

in areas with very low response rates. Because of the smalI nwnbers of 

participants who responded in certain groups, weighting might lead to unstable 

estimates?9 There is also a concem that the nutritional and health information of 

those interviewed would be representative of the rest of the hard to reach group. 

In conclusion, the study indicates that the response rates vary not only by 

easily measured persona! characteristics but also by characteristics of the small 

geographical units from which people are recruited. Low response rates in 

disadvantaged communities raise concem whether those who respond are 

representative of those who do not respond. A general dietary survey may not 

81 



provide reliable infonnation on the total population as is indicated by lower 

response rates observed in enumeration areas with higher percentage below the 

low income eut-off, higher percentage speaking non-official languages and higher 

mobility rates. Reaching the hard to reach group is a challenge that needs to be 

addressed in dietary surveys. 
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Table 1 

Comparison of Census 1991 and Study population characteristics 

Characteristics Canadian population (0/0) Study sam pie (%) 
Males 49.9 37.1 

Females 50.2 62.9 

Marital Status 
Single 30.7 18.0 

Married 54.1 68.0 

Divorced/Separated 8.8 3.2 

~Vidowed 6.5 10.8 
Agt: distribution 

Malles:18-34 43.9 21.9 

35-49 34.8 46.5 

50-65 21.4 31.6 

Females: 18-34 43.6 21.2 

35-49 34.7 47.3 

50-65 21.7 31.5 

Sizle ofhouseholds 

1 person 22.9 14.1 

:2 persons 31.4 31.0 

3 persons 17.4 20.1 

4-5 persons 25.0 31.8 

~ 6 persons 3.33 2.90 
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Education Level 

::;; High school 48.4 43.3 

CEGEPlTrade 36.7 25.0 

University 15.0 31.7 

Canada (place of birth) 83.1 85.5 
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Table 1 

Correlation between response rate and independent variables for the selected 
enumeration areas 

Characteristics r p-value 
(correlation coefficient) 

Male (% of total population) -0.09 0.46 

.Age, 18-34y (%) -0.37 0.003 

Married (%) 0.20 0.11 

Non-official mother-tongue (%) -0.40 0.001 

HOlllse ownership (%) 0.37 0.003 

Canada place of birth (%) 0.35 0.01 

Size offamily, >=3 persons (%) 0.16 0.21 

Education, < high school (%) -0.24 0.06 

Below the low income cut-off (%) -0.43 0.001 

Mobile, place of residence, > 5y (%) -0.29 0.02 
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Table 3 

Correlates of response rate using Multiple Regression 
(based on 1991 Census Data) 

Variable Range Parameter p-value 
estimate 

Males (%) 41.0 - 56.5 -1.35 0.01 

Non-official rnother-tongue 0- 69.5 -0.23 0.01 
(%) 
Mobile (%) 8.2-100 -0.15 0.01 

Below low incorne eut-off 0.5 - 46.3 -0.48 0.001 
(%) 
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Chapter5 

Implications of day-to-day variability on measurement of usual food and 

nutrient intake 

Transition 

One of the methodolgical issues involved in conducting a dietary survey was 

disc:ussed in Chapter 4. Response rate was discussed in terms of the 

chruracteristics of the sample data and characteristics of the selected areas. 

Another methodological issue that often limits interpretation of data is the number 

of days of observation needed to estimate dietary intakes. The number of days 

needed depends on whether the objective is to assess individual or group intake. 

Examination of the components of variability is needed to calculate the number of 

days needed to estimate intakes accurately. In the following chapter, two 

different statistical methods have been used for estimating the components of 

variability for selected nutrients and foods. The estimates so obtained have been 

used to calculate the number of days needed to estimate food and nutrient intakes 

for different levels of accuracy for individuals and groups. 
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Abstract 

Day-to-day variability in dietary intake makes it difficult to measure accurately 

the 'usual' intake offoods and nutrients. The objectives of the present study were 

to c::stimate within- and between- subject variability for foods and nutrients by 

adjusted and unadjusted models and toassess the number of days required to 

assess nutrient and food group intakes accurately by two different methods. Adult 

me:n and women aged 18-65 years (n=1543) in the Food Habits ofCanadians 

Study provided a 24-h recall. A repeat interview was conducted in a sub-sample 

in order to estimate components ofvariability. Within- and between- subject 

variability were determined by mixed model procedure (crude and adjusted for 

age, gender, education, smoking, family size and season). The number of days 

required to obtain various degrees of accuracy were ascertained by two methods, 

one: that uses the variance ratio for groups and one that considers within- subject 

variability alone for individuals. Variance ratios were higher using the adjusted 

compared to the unadjusted method (e.g. for men energy 1.07 vs 0.49). More 

days were required to accurately reflect usual intake using the adjusted model 

(energy 5 vs 2 days), indicating the need to control for confounders to obtain 

reliable estimates of intakes. 

Key words: • within- person variability • between- pers on variability • 24-h 

recall, • dietary methodology 
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An increasing nmnber of studies point to dietary intake as a risk factor for 

numerous chronic diseases (1). Accurate measurement ofusual intake, which 

refers to long term average daily nutrient intake of an individual (2), is required to 

make links between diet and disease. Because dietary intake of an individual is 

not constant from day to day (3), an understanding ofvariability in food intake is 

required to estimate usual intake. Variability in food intake arises both because 

each individual differs in the types and amounts of food consmned from one day 

to the next (within- or intra- subject variability) (4) and because individuals differ 

from each other in their food intakes (between- or inter- subject variability) (5, 6). 

Variability in dietary intake influences the nmnber of days required to estimate 

food and nutrient intakes accurately. The nmnber of days required to obtain 

reliable estimates of food and nutrient intakes for individuals (4, 7) varies from 

that required to correctly classity individuals into groups for analytical purposes 

(8,9). 

A nmnber of studies have examined within- and between- subject variability 

for different nutrients (7, 8, 10, Il); however less work has been done on 

variiability in food intakes (12, 13). With increasing interest in the association 

between foods and disease risk (14, 15), a clearer understanding of variability in 

food intakes is important. 

'When ~ 2 days of intake data are available, both between- and within- subject 

variability can be determined by analysis of variance (7-8, 16-19). Mixed models 

that take into account both fixed and random effects are now available (20). 
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These models can be used to control for other factors that may influence 

variability. 

The objectives of the present study are to compare ratios of within- to 

between- subject variability for foods and nutrients by the mixed model procedure 

adjusting for severai factors with the mixed modei procedure unadjusted for other 

factors, and, to estimate the number of days needed in order to correctly classify 

subjects correctly into groups using within- and between- subject variances, and, 

the number of days required to accurately assess usuai intakes for individuals 

using within- subject variability alone in the calculation. 

Subjects and Methods 

Dietary data used in the study are from the Food Habits of Canadians Survey, 

the most recent national survey in Canada, conducted between September 1997 

and August 1998. A description of the sample design and selection is provided 

elsewhere (21). Briefly, a sample of 1543 non-institutionalized adults aged 18-65 

years were randomly selected from five regions of Canada, inc1uding the Atlantic 

provinces, Quebec, Ontario, the Prairie provinces and British Columbia, using a 

multi-stage random sampling strategy (21). They were interviewed between 

September 1997 and August 1998. Pregnant and lactating women and those who 

did not speak English or French were exc1uded. The final sample included 572 

men and 971 women. For the present study, two subjects who did not report their 

levd of education were exc1uded resulting in 571 men and 970 women. A repeat 

interview was conducted on 29% of subjects in order to estimate within-subject 
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variability in nutrient intake. Systematic sampling was used for this purpose; the 

second person initially interviewed and every third person thereafter were selected 

providing a sub-sample of 466 subjects. 

Information on height, weight, smoking status and educational level was 

coUected by questionnaire. Dietary intake was recorded by dietitians using the 

24-h recall method in a face-to-face interview. Detailed descriptions of aIl foods 

and beverages consumed during the 24-h period prior to the interview, including 

the quantity, cooking method and brand names were recorded. Quantities were 

estimated using standard graduated glasses, bowls, spoons and a ruler. 

Supplement intakes were not considered for the present analyses. Nutrient intakes 

were analyzed using the Candat nutrient analysis program (Godin London Inc., 

London, Ontario) and the 1997 Canadian Nutrient File. 

Nutrients examined in this analysis included the macronutrients, fat, protein, 

and carbohydrate, and the micronutrients, calcium, iron, folate, vitamin A and 

vitamin C. Carotene and vitamin E were not assessed, as data are not available for 

these nutrients for many foods in the Canadian nutrient file. 

Foods including meat, vegetables, fruits (including juice), green leafY 

vegetables (lettuce/spinach/cabbage), milk and bread were examined as were the 

four food groups based on Canada's Food Guide to Healthy Eating (22). These 

latter groups did not inc1ude mixed dishes from different food groups where foods 

were entered as a mixed dish. For mixed foods, when specific amounts for each 

ingredient were described it was possible to categorise into specific food groups. 
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Total grams of the food grouping consumed was used as a measure ofintake. The 

frequency of consumption of foods was examined in the sub-sample with two 

days of intake to provide information on variability in food intake. 

The distribution of each nutrient was examined for normality and appropriate 

transformations (log and square root) were performed for nutrients with skewed 

distributions (23). An appropriate transformation could not be found for Vitamin 

A. 

Within- and between- subject variability were estimated by the mixed model 

proœdure for males and females in two ways; one that was unadjusted for the 

fixed effects and the other adjusted for the fixed effects of gender, age, education, 

smoking, season and size offamily. It should be noted that in the analyses, means 

and variances are being considered separately. Mixed model procedures also 

enable examining variances by gender in addition to adjusting for the fixed effect 

means of gender, age, smoking, education, family size and season. An analysis of 

heterogenity of variances yielded variances attributed to males and females 

separately in both models. Thus, the results presented (which it should be noted, 

are variances and variance ratios) are stratified by gender. The above analyses 

were performed using both untransformed and transformed data but because 

similar ratios were obtained for an nutrients, the results for untransformed data 

are reportèd. The mixed model procedure permits the use of data for subjects 

with either one or two days of intake; data from both days of intake being used for 

97 



estimating within- subject variability while one day's intake are used for 

estimating between subject variability. 

Within- and between- subject variances obtained by the mixed model 

proœdure that adjusted for factors were used to determine the number of days 

required to obtain reliable estimates of food and nutrient intake by two different 

methods, one using both within- and between- subject variances and the other 

usillg only the within- subject variability. The first method allows estimation of 

the number of days required to obtain a specified level of correlation between 

observed and true intakes and is obtained by the formula, 

where, d= number of days, r represents the unobservable correlation between 

observed and true mean nutrient intakes of subjects, and, sw2jSb2 is the within-

/be1tween- subject variance ratio (8). A higher value of r indicates a higher 

proportion of subjects correctly classified and a lower proportion misclassified 

(8). If the ratio of variances is low, then fewer days of observation are required to 

classify subjects correctly (8, 9) which may be because of low within- subject 

variability or high between- subject variability. 

For sorne purposes, it may be necessary to assess actual intake of individuals 

with a given level of confidence (7). The number of days of observation needed 

for a given level of confidence (7) can be ca1culated as follows: 
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d = (Za CVol Do)2 where, d = number of days needed per person, Za = nonnal 

deviate e.g. 1.96, CVo = within- subject variation, calculated as square root of 

within-subject variance (standard deviation)1 mean intake, Do = specified limit as 

perc.entage of long tenn intake (24). U sing this calculation, the number of days 

needed for the observed estimate of a person' s intake to lie within a specified 

percentage of the true mean, 95% of the time can be obtained (24). AlI analyses 

were perfonned using the mixed mode! procedure (Proc Mixed) of SAS (version 

6.12, 1996, Cary, NC, USA). 

Results 

The sub-sample obtained for the repeat interview was very similar to the total 

sample with regard to age, education level, smoking status, family size and body 

mass index for both males and females (data not shown). 

'Within- to between- subject variability ratios (sw2/sb2) obtained for the selected 

nutrients using the mixed model procedure that adjusted for other factors tend to 

be higher than the unadjusted model (1.07 vs 0.49 and 2.04 vs 1.76 for energy in 

males and females respectively) (Table 1). The higher ratios obtained using the 

adjusted mixed model procedure occurred because adjusting tends to reduce 

between- subject variability. 

Using both within- and between- subject variances in the computation for 

estimating the number of days, approximately 2 - 6 days were required to 

estimate nutrient intakes with good accuracy (r = 0.8) (Table 2). Using within

subject variability alone in order to estimate the accuracy of individual 
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measurements, many more days were required to estimate nutrient intakes within 

20% or 30% of usual intake. Comparison of both methods indicates that more 

repe:at observations are required in order to obtain estimates of usual nutrient 

intakes for individuals than that required to place subjects in groups relative to 

each other. 

Variability in food and nutrient intake is a measure ofhow frequently a food is 

consumed and how much of the food is consumed. Examination of frequency of 

consumption of foods in the sub-sample, indicated that except for green leafy 

vegetables, fruits and milk, only 5 % or less reported not consuming any of the 

major food groups or foods on both days of interview (data not shown). 

Variability ratios (Sw2/Sb2) for food groupings were computed by the mixed 

model procedures described previously for nutrients (Table 3). The within

/between- subject ratios for most food/food groups tend to be slightly higher by 

the mixed model procedure that adjusted for other variables (1.15 vs 0.96 and 

2.07 vs 1.87 for grain products among males and females respectively), indicating 

that, as for nutrients, adjustment tends to reduce the between-subject variability 

and thereby increasing the ratio. The variance ratios were generally higher for 

food groupings than for nutrients, with the exception of fruits (including juices) 

and milk food groups. These higher variance ratios mean that more days of food 

intake would be required than those estimated for nutrients. 

The mixed model procedure that permits controlling for variables that may 

influence variability indicated that gender, age and education were significant 
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fixed factors explaining variability in the mean intake of most foods and nutrients; 

smoking was a significant fixed factor explaining variability in the mean 

carbohydrate, iron and folate intakes; the fixed effect factor household size 

explained variability in the mean intakes of iron and folate; indicating that these 

factors need to be recorded and controlled for in dietary analyses. 

Dislmssion 

The need for adjusting within-/between- subject variability for differences 

between subjects in terms of basic demographic factors such as age is clear. The 

ratios tended to be higher with the adjusted model compared with the unadjusted 

model for most nutrients and foods/food groups. The higher ratios among men 

for energy and macronutrients with the adjusted mixed mode1 procedure indicate 

that fewer days would be obtained if unadjusted values are used which could then 

result in unre1iable estimates of intakes. Within-/between- subject variance ratios 

were generally lower for nutrients compared to foods; food groups based on 

Canada's Food Guide to Healthy Eating had lower ratios than specific foods. The 

higher variability for foods makes obtaining reliable estimates of food intake from 

few repeated observations difficult. 

Adjusting for several factors when estimating variance ratios, results in a 

reduction in between- subject variance. This may be due to differences in total 

intake because of age, sex, smoking status or physical activity. The resulting 

higher variance ratio indicates that more days are needed to obtain reliable 

estimates of nutrient intakes. Not adjusting for these factors and thus estimating a 
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lower number of days required could result in the study having insufficient power 

to dc;:tect differences in intakes when these variables are controlled in multivariate 

analyses. 

In the present study, gender, age, smoking, education, season and size of 

familly contributed to variability in the intakes of most foods and nutrients. 

Similar to other studies, gender, age and smoking contributed to variability in 

nutrient intakes (7, 25, 26). It has been reported that there are differences in 

consumption of certain foods by level of education and family size (25, 27-29). 

As reported in other studies, in the present study, season did not contribute to 

variability (11, 30). 

The within- to between- subject variability ratios were generally > 1 as reported 

in other studies (7, 8, 10-12). The ratios for energy, protein, carbohydrate, 

calcium, vitamin C, iron, (7,8) grains, vegetable and fruit food groups (12) were 

simillar ta those reported for similar populations. The variance ratio for fat was 

simillar ta that reported in literature among males (7); the ratio was however 

higher for women. For women, the within- subject variability was higher than for 

men and the between- subject variability lower, possibly reflecting inconsistent 

use of low fat products or less regular consumption of fat containing foods. The 

number of days required to estimate usual intakes for carbohydrate and calcium 

were similar to that reported in other studies for similar populations using 

withinlbetween variance method (8). 
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Nutrients had lower within- to between- subject variability ratios compared to 

foods possibly owing to the fact that nutrients come from many food sources. 

Among foods, there was greater variability in the intake of specific foods 

compared to whole food groups. It is possible that 2d of measured intake for each 

indilvidual is not sufficient to get a true picture of variability in sorne less routinely 

eat(m foods. 

A question often asked at the design stage pertains to the number of days of 

observation needed to assess usual intakes of individuals and groups (7,9). In our 

analyses, considerably more days were required to obtain reliable estimate of 

intakes for individuals compared to relative ranking of subjects into groups. If the 

objective is to obtain accurate estimates of individuals for counseling purpose (7), 

then the method involving the use of within-subject variability needs to be 

considered due to large day-to-day variation in dietary intakes of each individual. 

Studies have indicated that most nutrients have high within- subject variability 

resulting in a greater number of days to estimate intakes reliably for individuals 

(7, 24, 9). The food frequency method may be an option for specific foods (7); 

however, food frequency questionnaires have been estimated to measure nutrient 

intakes only as accurately as 2-3 repeat 24-hr recalls (31). 

A possible limitation of the present study was that the day of the week effect 

(3, 24) was not taken into account. Attention was . given to avoid conducting a 

repeat interview on the same day of the week for each subject; however, the 

choice of days was not necessarily a weekday and a weekend day. Interviews for 
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the same subject were not done on consecutive days to avoid misleading 

corrdations associated with consecutive days of dietary assessment (3). 

In conclusion, within-Ibetween- subject ratios for foods and nutrients tended to 

be higher with adjustment compared to the unadjusted model indicating the need 

to adjust for confounding variables when calculating the number of days in order 

to oibtain reliable estimates of nutrient intakes. 
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Table 1 

Intra- to inter- subject variances (S~?/Sb2) by gender for selected nutrients 

by two different methods 

Nutrient Men Women 

n=571 n=970 

Proc Proc Proc Proc 

Mixed 1 Mixed 2 Mixed1 Mixed 2 

Energy, kJ 1.07 0.49 2.04 1.76 

Protein, g 1.53 0.79 3.24 2.98 

Fat, g 0.99 0.62 2.95 2.56 

Carbohydrate, g 1.39 0.76 1.58 1.42 

Iron, mg 2.04 1.04 2.29 2.03 

Calcium, mg 1.16 0.92 1.23 1.18 

Folate,llg 1.51 1.21 1.95 1.77 

Vitamin C, mg 1.03 0.93 1.43 1.34 

1 Adjusted for fixed effects of gender, age, education, smoking, size offamily, 

season 

2 Unadjusted for flXed effects 
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Table 2 

Number of days of observation required for specifie nutrients using two 

Nutrient 

Energy, kJ 

Protein, g 

Fat, g 

Carbohy

drate, g 

Iron., mg 

Gender 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

different methods1 

CV(%) 

intra 

28.3 

33.1 

39.7 

34.6 

inter 

27.4 

23.2 

32.1 

25.6 

42.2 42.4 

50.8 29.6 

32.0 27.1 

34.4 27.3 

38.4 26.9 

39.0 25.8 

III 

Attenuation FactorZ 

0.9 

5 

9 

7 

14 

4 

13 

6 

7 

9 

10 

0.8 

2 

4 

3 

6 

2 

5 

3 

3 

4 

4 

0.7 

1 

2 

2 

3 

1 

3 

1 

2 

2 

2 

Specified limit 

(% of long term 

10 

30 

42 

61 

46 

68 

99 

39 

46 

57 

58 

intakei 

20 

8 

11 

15 

12 

17 

28 

10 

Il 

14 

15 

30 

3 

5 

7 

5 

8 

11 

4 

5 

6 
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Calcium, 

mg 

Folate, J.tg 

Vit.C, mg 

M 

F 

M 

F 

M 

F 

J n=571 men, 970 women 

46.2 

44.3 

44.2 

50.2 

67.4 

64.8 

42.9 

44.5 

36.8 

36.8 

66.3 

54.3 

5 

5 

6 

8 

4 

6 

2 

2 

3 

4 

2 

3 

1 

1 

2 

2 

1 

1 

82 

75 

75 

97 

175 

161 

21 

19 

19 

24 

44 

40 

2 Attenuation Factor is the correlation between observed and true mean nutrient intakes and 

numlber of days, n=[r/(l-r) x (Sw2/Sb2) where r=unobservab1e correlation coefficient between 

observed and true mean nutrient intakes ofindividuals and Sw2
/Sb

2 is within subjectlbetween subject 

variance (8) 

3 number of days, n=[(1.96 x CVw) lDof where Do=specified % of the true mean and CVw is 

within person coefficient of variation (7, 24) 
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Table 3 

Intra- to inter- subjeet variance ratio (S,//Sb2) by gender for different food groups 

by two different methods 

Food Group Men 

(n=571) 

Proe 

Mixed1 

Proe 

Mixed 2 

women 

(n=970) 

Proe 

Mixed1 

Proe 

Mixed 2 

Canada's Food Guide To Healthy Eating Food Groups 

Grain produets 

Meat and 

alternatives 

Milk produets 

Vegetables & 

fruit 

Foods 

Meat 

Vegetables 

(aH types) 

1.15 

2.84 

1.32 

1.63 

1.83 

7.99 

113 

0.96 

1.71 

1.23 

1.33 

1.30 

7.19 

2.07 

4.89 

0.96 

1.71 

3.44 

3.78 

1.87 

4.52 

0.96 

1.58 

3.19 

3.60 



Green lea:fy 

vegetables 

Fruits (inel. 

juiee) 

Milk 

Bread 

2.19 

1.17 

1.33 

4.74 

2.26 

0.98 

1.23 

2.96 

3.82 3.61 

1.35 1.25 

0.69 0.69 

5.66 4.55 

1 Adjusted for the fixed effects of gender, age, education, smoking, size of farnily, season 

\]nadjusted for fixed effects 
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Chapter6 

Fruit and vegetable consumption is lower and saturated fat intake is higher 
among Canadians reporting smoking 

Transition 

In Chapter 5, it was shown that there is a need to control for factors that May 

influence variability in dietary intake in order to obtain reliable estimates of 

nutrilent intakes. 

One factor influencing variability that should be controlled for is the smoking 

status of individuals. Smokers tend to have a poor quality diet in terms of nutrient 

intakes and food choices. However nothing is known about how variable the diets 

of the smokers are compared to the non-smokers and how weIl the smokers are 

able to meet the new dietary recommendations. 

The next objective ofthis research study was to assess if the smokers were 

more variable than the non-smokers in nutrient intakes. The within-/between-

subj ect variability ratios for selected nutrients were compared between the 

smokers and non-smokers. AIso, it was of interest to determine if the smokers 

wen! different from the non-smokers in terms of nutrient intakes and if sa, what 

food choices contributed to the differences in nutrient intake. Additionally, 

nutrient and food intakes were compared with the new dietary reference intakes 

and the Canada's Food Guide to Healthy Eating to determine how the smokers 

and non-smokers compared in terms of meeting the recommendations. 
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ABSTRACT 

Understanding differences in dietary patterns by smoking status is important 

for nutritionists and health educators involved in helping individuals to make 

healthy dietary and lifestyle choices. Although smokers are known to have a poor 

quality diet compared to non-smokers, no study has examined nutritional 

adequacy and variability in nutrient intake of smokers. The aim of the study was 

to compare dietary habits of smokers to non-smokers in terms of nutrient intake, 

food groups contributing to nutrient intake, nutritional adequacy and day-to-day 

variation in nutrient intake. Non-institutionalized adults aged 18-65 years 

(n=1543) who participated in the Food Habits ofCanadians Survey (1997-1998) 

were studied. Subjects, selected from across Canada using a multi-stage random 

sampling strategy, completed an in-home 24-hourdietary recall. Repeat 

interviews were conducted in a sub-sample to estimate variability in nutrient 

intake. Smokers had higher intakes of total and saturated fat, and lower intakes of 

folate, vitamin C and fiber than non-smokers. There were no significant 

differences in calcium, zinc and vitamin A intakes or day-to-day variation in 

nutrient intake by smoking status. Smokers consumed significantly fewer fruits 

and vegetables than non-smokers leading to lower intakes of folate and vitamin C. 

In conclusion, smokers have a less healthy diet than non-smokers, placing them at 

higher risk for chronic disease as a result of both dietary and smoking habits. Diet 

may act as a confounder in smoking-disease relationships. 
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Smoking is a major risk factor for cardiovascular disease, respiratory disease 

and cancer (1). It has been postulated that the increased risk for these diseases 

among those who smoke compared with those who do not smoke may be due in 

part to differences in other lifestyle behaviors including dietary habits (2). In the 

second National Health and Nutrition Examination Survey (NHANES II), people 

who smoke reported lower intakes of vitamin C, folate, fiber and vitamin A than 

those who do not smoke (3). People who report smoking also tend to have higher 

intakes of saturated fats and lower intakes of polyunsaturated fat, iron, ~-carotene 

and vitamin E compared with people who do not smoke (4-8); in addition they 

tend to differ in the way they select their food. They are more likely to choose 

white bread, sugar, meat, butter, whole milk and eggs and less likely to consume 

whole-wheat bread, high fiber breakfast cereals, fruits and vegetables than non

smokers (9, 10). In addition to a poorer diet, people who smoke are also exposed 

to free radicals, produced by cigarette smoke, that could provoke lipid 

peroxidation in cell membranes (1, Il, 12). Several studies have shown that 

mic:ronutrients such as vitamin A, particularly ~-carotene, vitamin C, vitamin E, 

folie acid and phenolic compounds derived from fruits and vegetables have 

protective effects against cigarette smoke induced toxicity by preventing lipid 

peroxidation (1, 13). Because those who smoke have low intakes of fruits and 

vegetables that are rich in antioxidants, they are more likely to be susceptible to 

oxidative damage caused by free radicals. 
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lndeed people who smoke have a poor quality diet in terms of nutrient intakes 

and food choices. There is, however, a lack of data on nutritional adequacy and 

variability in nutrient intake among people who smoke. Examination of the main 

food group contributors to nutrient intake (for example, folate, vitamin C) by 

smoking status will provide insight on food choices responsible for differences in 

nutI"Ïent intake. AIso, few studies that have examined smoking and diet have 

controlled for socio-economic status. 

Data used in the study are from the Food Habits of Canadians Survey 

conducted in 1997-98, which is the most recent national nutrition survey in 

Canada (14). The aim ofthis study was to assess how dietary habits ofthose who 

smoke differ from those who do not smoke in terms of nutrient intake, 

contribution of food groups to nutrient intake, nutritional adequacy and within

su~ject variability in nutrient intake. 

Subjects and Methods 

A sample of 1543 non-institutionalized adults aged 18-65 years were randomly 

selt:cted from 5 regions of Canada, including the Atlantic Provinces, Quebec, 

Ontario, the Prairie provinces and British Columbia, using a multi-stage random 

sampling strategy (14). The Canadian population living in more remote regions 

(15%) was not sampled owing to cost considerations. In each region studied, four 

census divisions were randomly selected with the probability of selection being 

proportional to the size of the population. This yie1ded 20 census divisions across 

the country. Two subdivisions were randomly selected within each census 

division, and two enumeration areas were selected within each subdivision, 
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yielding 80 enumeration areas. Within each enumeration area a random sample 

ofhouseholds was drawn from the 1996 computerized telephone listings of 

residential homes in each area (Pro-CD Inc., Mass, Canada). Letters were sent to 

inform household occupants of the survey, and to invite the adult member in the 

household with the next upcoming birthday, to participate. The letter was 

followed by a telephone call from a dietitian-interviewer to arrange a face-to-face 

interview. The criteria for exclusion were pregnant and lactating women and 

persons who did not speak English or French. The final sample included 572 men 

and 971 women. Approximately 17% of potential subjects could not be contacted; 

57% refused to participate, resulting in an average response rate of 26%. Survey 

data were compared to the 1991 Census data (Statistics Canada, Census 1991, 

CD-ROM, Ottawa, Canada). The socidemographic profile of the study sample 

was found to be comparable to that of the general Canadian population (number 

of people bom in Canada: 86% Vs 84%, number ofsubjects with less than high 

school education: 22% Vs 26% and single marital status: 26% Vs 32% 

respectively) (14). In addition, the percentage ofadults reporting a BMI of>27 

was 32% in our study and 31 % in the National Population Health Survey (15). 

Tht! percentage of adults (over 18 years of age) reporting smoking in our study 

was 20% and in the Canadian Tobacco Use Monitoring Survey was 28% (16). A 

repeat interview was conducted in a systematic sample of 22% of subjects in 

order to estimate within-subject variability in nutrient intake. 
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Self-reported height, weight, smoking status and educational level were 

collected. Subjects who answered yes to the question "Do you smoke more than 

5 cigarettes per day?" were categorized as smokers; all others were categorized as 

non-smokers. This level was chosen as the cut-off in order to determine smoking 

status because it is difficult to categorize the small number of people who smoke 

very little. The average number of cigarettes used by smokers is 19 cigarettes per 

day in Canada (16). Three levels of education included those with (1) a high 

school (Grade Il) or less, (2) pre-university (2 year program) or Trade school and 

(3) a University degree. Education is used as an indicator of socio-economic 

status. 

Dietary intake was recorded by the dietitians using the 24-hour recall method 

(17). Detailed descriptions of aIl foods, beverages and supplements consumed 

during the 24-hour period prior to the interview, including the quantity, cooking 

method and brand names were recorded. Quantities were estimated using 

standard graduated glasses, bowls, spoons and a ruler. Quality control was 

ensured during dietary data collection and entry in order to minimize error and 

increase reliability (18). Dietitians were trained to use research forms, tools and 

food and nutrient database that were used for coding. Furthermore, they resided 

in the regions surveyed, ensuring familiarity with the local food supply and food 

preparation methods. An adapted multiple pass technique was employed (19); the 

subjects were tirst asked to recall their food intake over the previous 24 hour 

period, followed by probing for detailed descriptions of food, beverages and 
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supplements including food portion sizes, and then by a review of intake and 

clarifications. 

Nutrient intakes were entered, double verified by another person and analyzed 

using the Candat nutrient analysis program (Godin London Inc., London, Ontario, 

1997) and the 1997 Canadian Nutrient File. Approximately 270 food items were 

added to the database, as these were not available on the Canadian Nutrient File. 

Nutrient information was obtained from food manufacturers' data when possible 

or flrom the American database (20). The nutrient database includes over 5000 

food items and 40 nutrients. Folic acid supplementation of flour in Canada 

occurred after the data collection. 

Foods were classified into 51 food groups for the purposes of describing types 

of foods in the following manner: Fruits were classified as citrus and non-citrus 

fruits (due to differences in vitamin C content). Vegetables were categorized 

according to specific nutrient contribution by each subgroup 

(lettuce/cabbage/greens, other dark green vegetables, dark yellow/orange 

vegetables, tomatoes, potatoes, and non-dark green vegetables). Dairy products 

were grouped as milk, cheese, yogurt, cream and ice cream/pudding. The meat 

group was classified according to the type of meat (beef, pork, poultry, 

bacon/sausages/lunchmeats, fish/seafood, organ meats, lamb and other meats). 

Grain produets were eategorized as breads, pasta/riee/grains, eereals and mixed 

dishes. The alcohol group included beer, alcoholic coolers, liquor and wine. 

Other foods were broken into clear categories such as sugar/syrup/gelatin, 
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carbonated beverages, candies/chocolates. These food groups were used to 

determine the main contributors to nutrient intake (carbohydrate, fat, folate and 

vitamin C) by smoking status. The percentage of subjects consuming the food on 

the day of the intake and the average amount of that food eaten by consumers 

were analyzed and compared using X2 and t-tests. 

To determine whether subjects in the two smoking categories met the 

recommendations for food groups based on Canada's Food Guide to Healthy 

Eating (21), foods were categorized into the following food groups: grains, dairy, 

meatt and fruits and vegetables. Food portions were determined using food 

density (g/ml) and aIl foods with very similar densities within a category were 

divided by the same weight of a standard portion size to get units of portion size 

(e.g. cooked rice or pasta=70g in the grain products food group; corn! other 

vegetables=85g in the vegetables and fruit group). In addition, the Good Health 

Eating Guide Resource (22) was consulted to determine weights for sorne foods 

and also to establish how many portions of each food group went into each of the 

mixed foods. Mixed food groups were broken down into constituents for 

contribution to the four food groups (e.g. 1 cheese pizza=1 grain product and 0.2 

milk product). 

Data were coIlected on supplement use on the day of the recall. Supplement 

composition was determined using the Health Canada Drug Product Database 

(23), product labels or by contacting the company. When adequate information 

was not available to identify brand or amount of nutrient present in the 
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supplement, default values were assigned based on the modal value for the 

supplement. For vitamin B complex preparations, the lowest values found in any 

identified supplements were used. 

Nutrients examined in this analysis include calcium (mg), iron (mg), zinc 

(mg), folate (Ilg), vitamin A (RE), vitamin C (mg) and fiber (g) as weIl as total 

fat, saturated fat, monounsaturated fat and alcohol, which are expressed as 

perœntage of energy. Carotenoid data are not available in the Canadian Nutrient 

file.. These nutrients were chosen because the mean percent of energy from fat 

and saturated fat are generally above the Nutrition Recommendations of 30% and 

10% respectively (24); vitamin C is a nutrient of concem for those who smoke 

(25) while calcium, iron and folate are often below recommended levels in 

Canadians (14, 24, 26). Zinc was also assessed because of its role in limiting 

free-radical induced oxidative damage (27). 

The distribution of each nutrient was examined for normality and appropriate 

transformations (log and square root) were performed for nutrients with skewed 

distributions (28). However, an appropriate transformation was not found for 

alcohol. Using the sub-sample with two days of intake, inter (between) and intra 

(within) subject variability were estimated separately for males and females by 

ANAOV A (29). Using this measure of variation, the entire study population 

distribution was adjusted for within-subject variability using the NRC method 

(30). Differences in nutrient intake by smoking status were assessed separately 

for men and women using the general linear method of ANOV A, adjusting for 
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education. Multiple comparisons were corrected for using Scheffe's method (29). 

Possible effect modification by level of education and age was examined by 

including interaction terms for smoking and education and smoking and age. 

A comparison of the day-to-day variability between people who smoked and 

peolPle who do not smoke was examined by computing intra (within) to inter 

(between) subject variability ratio for energy, calcium (mg), folate (mcg), vitamin 

A (R.E.), vitamin C (mg), zinc (mg) and iron (mg). 

The percentage meeting the National Academy of Science Recommendations 

for ,calcium (AI), iron, zinc, folate and vitamin C (EAR) were examined (25, 31, 

32,33) by smoking status. 

To assess underreporting of food intake, the ratio of reported energy intake (El) 

to e:stimated energy requirements (BMResD was calculated separately for males 

and females by smoking status. BMR was calculated from the reported height 

and weight using the F AO/WHOIUNU formula (1985) (34) and is reported as 

BMRest. AlI analyses were performed using SAS (version 6.12, 1996, Cary, NC, 

USA) 

Results 

There were no significant differences by smoking status in age or BMI among 

males and females. However, those who smoke had a lower level of education 

than those who do not smoke (p<O.OOI) (Table 1). 

Total energy intake did not differ by smoking status (Table 2). However, 

people reporting smoking consumed more total fat and saturated fat and 
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sÎgnificantly lower intakes of folate, vitamin C and fiber than those who did not 

report smoking. There were no significant differences in calcium, zinc or vitam in 

A intakes by smoking status. Although most patterns of intake were very similar 

in men and women, men who smoked consumed more monounsaturated fat and 

women who smoked consumed less iron than people who did not smoke. The 

percentage of subjects consuming alcohol did not differ between the two smoking 

groups. Alcohol consumption among women who reported drinking alcohol was 

higher in those who reported smoking (Wilcoxon test,z<O.OI). There was no 

interaction of smoking by education leve1 on nutrient intake. There were no 

interactions by age and smoking status for most nutrients with the exception of 

folate intake, which was higher among non-smoking women in the 35-49 and 50-

65 years age groups; among young women there was no association of smoking 

status with folate intake. 

The mean EI/BMRest for men who smoke and do not smoke was 1.44±0.61 

and 1.44±0.58, respective1y, indicating little if any underreporting. The mean 

EI/BMRest for females who smoke Vs those who do not smoke Was 1.23±0.62 Vs 

1.28±0.53 respectively indicating underreporting in both groups. EI/BMRest ratio 

was similar across BMI categories «20, ~0-25, ~5-<27 and ~7 kg/m2
). 

Food Groups 

Food choices differed by smoking status (Table 3). Because men and women 

reported similar food group choices contributing to carbohydrate, fat, vitamin C 

and folate intakes, results are reported by smoking status alone. The order in 

128 



whkh foods appear in the table is the order in which each food contributed to the 

overall nutrient intake of the study sample. The frequency of consumption on the 

day of recall and mean intake of each food by the consumers of that food are 

reported. The differences in food group intake for primary sources of 

carbohydrate indicated that those who did not smoke were more likely to consume 

pasta, cakes/cookies, non-citrus fruits, cereals and milk. The portion sizes of 

cen::als were larger for smokers. Other differences were apparent in food sources 

of ~Dlate and vitamin C, indicating better food choices among people who do not 

smoke. Although, overall, the most important contributors to folate and vitamin 

C were fruits and vegetables in both groups, significantly fewer smokers report ed 

consuming different categories of fruits and vegetables on the day of the recall 

and they were more likely to consume carbonated beverages, coffee and tea. 

The average number of servings of vegetables and fruit feIl below the 

minimum suggested number of5 servings/d for people ofboth sexes who smoke 

(Ta.ble 4). Only 30% of people who smoke compared to 48% of people who do 

not smoke (X2<0.001) met the minimum suggested number of portions for fruits 

and vegetables. 

Valriability in eating pattern 

Day-to-day variability in nutrient intake was compared to evaluate whether 

people who smoke had more variable intakes of nutrients. Intra/inter subject 

ratios were generally above 1 for aIl nutrients examined (Table 5). There were no 

distinct patterns in variability by smoking status. 
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Comparison of nutrient intake with Dietary Reference Intake 

To examine whether people who smoke met the recommended levels of intake 

despite lower intakes of sorne nutrients, we analyzed the percentage of men and 

women meeting the Dietary Reference lntake for calcium (Adequate lntake, AI), 

folate, vitamin C, iron and zinc (Estimated Average Requirement, EAR) by 

smoking status (Table 6) (25, 31-33). A higher percentage of people who smoke 

fail(:d to meet the EAR for smokers for vitamin C (X2<0.001). Most men met the 

EAR for iron (98% vs. 99.5%) irrespective of smoking statuS' whereas for 

women, a smaller percentage of those who smoke met the EAR for iron (87% of 

those who smoke vs. 93% ofthose who do not smoke, X2<0.01). Most people in 

both smoking categories met the EAR for zinc. Most women, irrespective of 

smoking status, had mean intakes below the EAR for folate. Stratification by 

education level did not modify these relationships. 

Supplement use 

Overall, 38.5% of subjects reported using dietary supplements. People who 

smoked were less likely to take dietary supplements (21.3% Vs 29.7% among 

men, X2<0.001 and 37% Vs 43.5% among women, X2<0.001). Women who 

reported not smoking were more likely to take calcium supplements than females 

who reported smoking (18% vs. 10%, X2<0.05). 

Dislcussion 

Our results suggest important dietary differences between those who smoke 

and those who do not. Those who smoke had relatively higher intakes of fat and 
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saturated fat, and lower intakes of folate, vitamin C and fiber. Food choices by 

smoking group support the observed nutrient differences. 

Several studies have reported that antioxidants such as ascorbic acid may 

attenuate adverse health effects associated with cigarette smoking by scavenging 

the free radicals produced by tobacco smoke (2, 13). However, the intake of 

antioxidants by smokers is low, placing them at higher risk of oxidative stress (9, 

35, 36). High intake of saturated fat raises total cholesterol and LDL-cholesterol 

levels and is a risk factor for coronary heart disease (37). People who smoke tend 

to have high intakes of saturated fat and aIso to have increased levels of VLDL

chollesterol and low HDL-cholesterollevels (38). In addition, low folate intake is 

a risk factor for coronary heart disease and certain forms of cancer (39). On the 

basis of our results, we find that people who smoke have slightly higher intakes of 

total fat and saturated fat (9%) and lower intakes of folate (14%), vitamin C 

(24%) and fiber (23%). This is consistent with those reported in other populations 

(3, 6). Although the differences may appear small, such dietary differences are 

predicted to be associated with higher levels of cardiovascular disease risk and 

decreased life expectancy (40). Consequently, in addition to the toxic effects of 

smoke, those who smoke are at increased risk of developing chronic diseases 

related to diet. 

Although fruits and vegetables were among the most important contributors to 

folate and vitamin C, a smaller proportion of smokers consumed these foods 

leadling to lower mean intakes of these two vitamins. This effect was consistent 
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among severa! food groupings of fruits and vegetables, which is consistent with 

other studies (3, 41, 42). The average number of servings of fruits and vegetables 

was below the minimum recommended 5 servings/day for people of both sexes 

who smoked. Possible reasons for lower consumption of fruits and vegetables 

include changes in taste acuity induced by smoking that could influence food 

choices (2). Finally, several studies suggest that those who smoke and those who 

do not have different health priorities and habits (43-45). 

People who do not smoke were more likely to use supplements, particularly 

non-smoking women who were more likely to take calcium supplements than 

women who smoke supporting other studies indicating healthier lifestyle among 

those who do not smoke (46, 47) . 

Diet may be a confounder when studying the relationship between smoking 

and chronic disease. Those who smoke have been reported to have higher intakes 

of saturated fat and in addition, to have unfavorable lipid and lipoprotein levels 

(38) so that the effects of smoking and diet are acting in the same direction. 

Therefore, failure to control for the confounding effect of diet when examining 

the relationship between smoking and chronie diseases may result in 

overestimation of relative risk. 

Two methodological issues not addressed in earlier studies on diet and 

smoking status inc1ude EI:BMR.:st and intra- and inter- subject variability that 

have been examined in this study. In our study, the mean EIIBMRest values for 

males and females were similar to those reported in NHANES III and other 
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studies (48, 49). Although men appear to report adequate intakes, the mean 

EI/BMRest among females was approximately 1.25, below the eut-off of 1.35, 

indicating underreporting (50). The lower EIIBMRest values for women appear to 

be a problem in surveys (51). The similar EIIBMRest values among those who 

smoke and do not smoke provides evidence that underreporting was similar in the 

two smoking groups. 

People who smoke did not report higher variability in nutrient intakes. The 

lack of difference in day-to-day variation indicates that those who smoke have no 

more variable diet than those who do not smoke. 

Previous studies reporting on differences in BMI by smoking group have 

fOUllld differing results, with sorne reporting lower BMI among smokers and 

others, including our results not showing any differences in BMI (9, 52-56). 

Thf:re is similar disagreement in the literature as to whether energy intakes are 

higher among smokers or not (6, 10,53). 

The extent to which we can generalize these results to the Canadian population 

is limited by the low response rate achieved. Response rates to health surveys 

appear to be dropping (57, 58). The sample, however, appeared to be 

representative of the socio-demographic profile of Canadians. 

In conclusion, those who smoke consumed a less healthy diet than those who 

do not smoke. The finding that nutrient and food group intake varied by smoking 

status has public health implications since the less healthy dietary patterns of 

those who smoke places them at an even greater risk for developing chronic 
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disease than those who do not smoke. Studies examining smoking disease 

relationships should control for the confounding effect of diet given these 

consistent findings for nutrient intakes from both food and supplement sources. 
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Table 1 

Demographie Charaeteristies of Subjeets by Smoking Status 

Age: 1 (years) 

Education Levee 

n(%) 

::; High Sehool 

PreUniversityrrrade 

University 

BMI (kg/m2
) 

1 Values are means ± SD 
2 p==O.OOl (X2 analysis) 

Men 

(n=571) 

Smokers Non-smokers 

(n=127) (n=444) 

42±11 44±11 

67 (53%) 154 (35%) 

29 (23%) 106 (24%) 

31 (24%) 184 (41%) 

26.4±4.3 26.8±4.0 
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Women 

(n=970) 

Smokers Non-smokers 

(n=181) (n=789) 

44±10 44±11 

106 (59%) 340 (43%) 

45 (25%) 206 (26%) 

30 (16%) 243 (31%) 

24.9±4.6 25.5±5.1 



Table 2 

Nutrient intake stratified by sex and smoking status 1,2 

Nutrient Men women 

(n=571) (n=970) 

Smokers Non-Smokers Smokers Non-smokers 

(n=127) (n=444) (n=181) (n=789) 

Energy (kilocalories) 2544±810 2562±826 1650±541 1726±463 

(KiioJoules) 10634±3386 10709±3453 6897±2261 7215±1935 

Total Fat 31.2±7.09 29.5±6.68* 29.5±6.70 28.5±5.90* 
(% of total energy) 

Saturated Fat 1O.3±3.10 9.39±2.87 * 9.85±2.95 9.09±2.69* 
(% of total energy) 

Monounsaturated Fat 12.1±3.06 11.3±3.32 * 11.0±2.99 10.6±2.57 
(% of total energy) 

Calcium (mg/d) 943±491 976±517 693±346 733±334 

Iron (mg/d) 16.9±6.73 18.0±6.16 Il.6±4.59 12.6±3.85* 

Zinc (mg/d) 13.6±6.52 13.4±4.95 9.23±5.18 9.30±3.74 
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Folate (J.I.g/d) 254±108 299±130* 197±1l2 225±91* 

Vitamin A 3(RE/d) 1622±968 1745±1l15 1601±1923 1971±1953 

Vitamin C (mg/d) 120±107 152±1l7 * 95±79 130±87* 

Fibre (g/d) 13.7±6.43 17.5±8.76* 11.5±6.92 14.0±6.87* 

1 Values are means±SD (adjusted for within-subject variability by sex) 
2 p~O.05 (Comparison of smokers vs. non-smokers stratified by sex, ANOV A with Scheffe's test) 
3 RE" retinol equivalents 

145 



Table 3 

Food groups contributing to intake of carbohydrate, fat, folate and 

vitamin C by smokers and non-smokers 1 

Nutrient Smokers Non-smokers 

(n=308) (n=1233) 

Food Group Freq2 Amounë Food Group Freq2 Amounë 

(%) (g/d) (%) (g/d) 

Carbohydrate Breads 87.3 98.1±72.8 Breads 86.6 110.0±78.0* 

Carbonated 42.9 720.1± Pastalrice/grains 40.6** 231.4±215.4 
beverages 540.6 

Sugar/syrups/ 61.7 45.8±119.9 Cakes/cookies/ 48.1 ** 81.6±86.8 
jams/gelatinl pies/granola bars 
cocoamixes 

Pastalrice/ 27.0 227.2±173.2 Non-citrus fruits 60.0** 191.8± 162.3 
grains 

Cakes/ 38.6 77.1±8 1.6 Cereals 36.9** 85.0±94.4* 
cookies/pies/ 
granola bars 

Potatoes 29.2 198.1±149.6 Carbonated 36.7* 525.2±350.6*** 
boiledl beverages 
mashed 

Milk/ 70.5 326.6±322.4 Milk/ 78.8** 299.0±333.2 
chocolate milk chocolate milk 

Cereals 22.7 114.8±134.5 Potatoes boiledl 28.2 200.7±165.1 
Mashed 
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Fat 

Folate 

BeefIVeal 

Margarine/ 
butter/lard 

Cheese 

Sausageslbaconl 
lunchmeats 

Breads 

Cakes/cookies/ 
pies/granola bars 

Milklchocolate 
milk 

Mixedmeatl 
poultry /fish 
dishes 

Breads 

Lettuce/ 
greens/ cabbage 

32.5 

63.6 

38.6 

32.5 

87.3 

38.6 

70.5 

15.6 

87.3 

30.5 

Citrus fruit juice 22.1 

Other non-dark 52.9 
green vegetables 

Hamburger/ 9.74 
pizzas 

Milkl 70.5 
chocolate milk 

153.0±127.3 

12.6±16.5 

77.1±73.7 

153.0±127.3 

110.0±78.0 

77.l±73.7 

326.6±322.4 

183.0±134.5 

98.2±72.8* 

87.1±101.6 

315.2±300.0 

90.0±120.5 

224.8±219.2* 

326.6±322.4 
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Cakes/cookies/ 
pies/granola bars 

Breads 

Margarine/ 
butter/lard 

Beef/veal 

Cheese 

Sausages/ 
lunchmeat/bacon 

Mixed meatl 
poultry/fish dishes 

Milklchocolate 
milk 

Citrus fruit juice 

Lettuce/ 
greens/ cabbage 

Breads 

Other non-dark 
green vegetables 

Legumes/nutsl 
seeds 

Other dark green 
vegetables 

48.1 ** 81.6±86.8 

86.6 98.2±73.0* 

57.6 11.5±31.3 

27.5 133.9±118.4 

48.1 ** 81.6±86.8 

27.5 133.9±118.4 

15.9 223.3±220.2 

78.8* 299.0±333.2 

35.4** 300.0±231.1 

38.9* 81.0±82.8 

86.6 109.7±78.0 

63.3** 83.0±88.8 

28.1* 45.6±66.7 

32.5* 69.6±70.8 



VitaminC 

Coffeeffea 87.3** 1106.7± 
905.5* 

Tomatoes/ 
juice/ sauce 

38.6 147.0±166.8 

Citrus fruit juice 22.1 315.2±256.8 

Citrus fruits 10.7 214.0±142.1 

Non-citrus fruits 35.4 169.3±144.8 

Other dark green 26.0 64.4±65.1 
vegetables 

Tomatoesl 7.47 397.4±364.4 
juice/sauce 

Fruit drinks/juice 22.1 315.2±256.8 
drinks 

Non-citrus fruit 26.0 64.4±65.1 
juice 

Potatoes 29.2 198.l±149.6 
boiledlmashed 

Milk/chocolate 
milk 

Non-citrus fruits 

Citrus fruit juice 

Citrus fruits 

Non-citrus fruits 

Other dark green 
vegetables 

Fruit drinksljuice 
drinks 

Non-citrus fruit 
juice 

Tomatoes/ 
juice/sauce 

Dark 
yellow/orange 
vegetables 

78.8** 299.0±333.2 

28.1* 45.6±66.8 

35.4** 299.8±230.1 

20.2** 203.7±151.l 

60.0** 191.8±162.3 

32.5* 69.6±70.8 

35.4** 299.8±230.1 

32.5* 69.6±70.8 

9.08 348.8±31 1.9 

39.5 89.0±90.7 

1 Values are mean±SD Significantly different frorn srnokers ••• p <0.001 •• p<O.O 1 • p=O.05 (X2 

analysis or Student's tests) Please note: For sorne foods, * appear in the srnokers' category. This 
is because the food did not appear in the frrst 8 foods in the non-srnokers group but statistical 
testing was done 
2 Freq (%) refers to the number ofsubjects consuming the particular food on the day ofrecall 
3 Amount (gld) refers to the rnean intake among consumers ofthat food 
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Table 4 

Average number ofservings of Food Groups from Canada's Food Guide to 
Healthy Eating among men and women stratified by smoking status1

,2 

Food Groups 

Smokers 

(n=127) 

Grain 
products 

Vegetables 
and fruit 

Milk 
products 

Meat and 
alternatives 

IValues are means±SD 

6.2±4.0 

4.0±3.7 

1.8±1.8 

3.4±2.9 

Men 

(n=571) 

Non-smokers 

(n=444) 

7.2±4.6* 

5.6±4.1 * 

1.8±1.9 

3.4±2.7 

Women 

(n=970) 

Smokers Non-smokers 

(n=181) (n=789) 

4.1±2.7 5.1±2.9* 

3.7±3.6 4.8±3.5* 

1.3±1.3 1.5±2.1 

2.1±2.l 2.0±1.8 

2 p:S;O.05 (Comparison of smokers vs. non-smokers stratified by sex, ANDV A with Schetfe's test) 
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TableS 

Ratio of intra-inter subject variability among men and women stratified by 
smoking status 

Nutrient Men Women 

(n=571) (n=970) 

Smokers Non-smokers Smokers Non-smokers 

(n=127) (n=444) (n=181) (n=789) 

Energy 1.19 1.05 1.06 1.69 

Cal(~ium 0.98 0.96 0.98 1.19 

Iron 2.93 1.27 1.35 1.59 

Zinc: 1.62 1.99 0.84 1.84 

Folate 0.82 1.47 1.13 1.41 

Vitamin C 0.69 1.43 0.86 1.34 
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Table 6 

Percentage of men and women meeting recommendations 
for calciwn, iron, zinc, folate and vitamin C by stratified by smoking status1 

Nutrient Men Women 

(n=571) (n=970) 

Smokers Non- Smokers Non-
smokers smokers 

(n=127) (n=444) (n=181) (n=789) 

Cakium (mg) 33.1 33.0 17.1 15.8 

Iron (mg) 98.4 99.6 87.3 93.4** 

Zinc (mg) 75.6 77.3 70.7 77.5 

Folate (f..lg) 25.2 35.6* 8.3 12.8 

Vitamin C (mg) 36.2 72.7*** 39.2 77.2*** 

1 Aqjusted for within subject variability prior to calculating the prevalence of adequate intakes 
Significantly different from smokers: *** p<O.OOl ** p<O.OI *p<O.05 <X2 analysis) 
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Chapter 7 

Discussion and Conclusion 

The World Health Organization's Guide to Nutrition states that the ultimate 

purpose of dietary assessment is to improve human health (Beghin et al., 1988). 

Dietary assessment is also essential for investigating diet-disease relationships 

(Hu, 2002, Krornhout, 2002). Accurate measurement of diet is essential to 

establish the link between diet and disease. A number of methodological factors 

impact the accuracy of dietary measurements thereby influencing the 

inte:rpretation of the data. 

The present study examined methodological issues related to dietary surveys 

and how these issues may impact the interpretation of data. The objectives of the 

study were broken down into three questions: (1) what characteristics of the 

sampling areas were associated with response (2) how variable were the nutrient 

and food intakes using two different statistical methods and how many days of 

observations are needed to estimate nutrient and food intakes by two different 

methods of calculation, and, (3) how did one important health variable, smoking 

compare in terms of nutrient intake, variability of intake, food choices and 

ade:quacy of intake. 

A discussion on dietary survey methodology should consider the sampling and 

response rate obtained. When those who are sampled refuse to participate then 

this is a matter of concem because those who do respond are likely to be different 
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from those who do not respond. The overall response rate for the present study 

was 26% with a range by sampling area from 4% to 57%. Comparison of socio

demographie variables of the study sample with the eensus data indieated that 

those who were young, male, single and with less than high sehoollevel of 

edU(~ation were underrepresented, thus limiting the generalizability of the study 

results to the general population. Examination of response rate by enumeration 

area indieated that the response rate varied by the eharaeteristies of the 

eommunities. The main eorrelates of low response rate in enumeration are as were 

higher pereentage of males, higher pereentage below the low ineome eut-off 

levels, higher pereentage speaking non-offieiallanguages as mother-tongue and 

higher pereentage moved in the last 5 yearS, thereby indieating that large surveys 

may not be able to reaeh the hard-to-get groups who may have different dietary 

profiles. The reason why gender was an indicator of response rate is not known 

give:n the near equal ratio of males and females in eaeh enumeration area. In a 

regression model with the pereentage of males eonstant and ehanging the 

perc:entage of other predietors indieated that the response rate was nearly three 

tim~:s higher with positive indieators (higher pereentage of non-movers and lower 

perc:entage below the low ineome eut-off levels and lower pereentage speaking 

non-offieiallanguages as mother-tongue) eompared to that obtained with lower 

levels of positive indieators. These indicate that different approaches for 

reeruiting people may be needed depending on the eharaeteristies of the 

enumeration areas ehosen. 
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Measurement of usual food and nutrient intake should take variability into 

account because individuals vary in the type and amount of food consumed from 

one day to the next and also individuals differ from each other in food intakes. 

Sev1eral factors inc1uding age, gender, season, education and smoking status 

contribute to between subject variability. The need to adjust for factors 

contributing to variability was underscored in the study examining within- and 

bet\~een- subject variability. Higher variance ratios obtained from the mixed 

mode1 procedure that adjusts for different factors (age, gender, smoking, 

education level, family size, season) indicated that not adjusting for the 

confounders results in estimations of fewer days of intake being needed to 

measure usual intake, which could then resuIt in lack of power to detect 

differences. The variance ratios were higher for foods and food groups based on 

Canada's Food Guide to HeaIthy Eating compared to nutrients; individual foods 

had higher variance ratios compared to food groups as weIl. U sing the variance 

components in the calculation for estimating the number of days required to 

measure usual intake indicated that more days are needed to assess nutrient 

intakes accurately for individuals compared to placing subjects relatively into 

groups. Greater variability in the intake of specific foods compared to whole food 

groups suggests that it is possible that two days of measured intake for each 

incliviclual is not sufficient to get a true picture of clay to clay variability in sorne 

less routinely consumed foods; food frequency may therefore be a method of 

choice for foods. (Beaton et al., 1979) 
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Understanding nutrient inadequacies or excesses in sub-groups of the 

population is important to identify po or dietary habits and develop appropriate 

intervention programs to help individuals make healthy dietary and lifestyle 

choices. Comparison of smokers and non-smokers indicated that smokers had a 

poor diet compared to non-smokers in terms of higher saturated fat intake and 

lower folate and vitamin C intakes. These differences were reflected in their food 

choices with fewer smokers reporting consuming fruits and vegetables on the day 

of the recall and being more likely to consume carbonated beverages, coffee and 

tea. A lower percentage of smokers met the minimum suggested number of 

portions for fruits and vegetables compared to non-smokers. It was also 

hypothsized that the diets of smokers would he more variable than those of the 

non-smokers. However, no distinct patterns ofvariability in nutrient intake by 

smoking status were observed indicating that the diet of smokers is no more 

variable than that of non-smokers. Comparison of the adjusted nutrient intakes 

with the recommendations indicated that a greater percentage of smokers failed to 

meet the Estimated Average Requirement for vitamin C, indicating that the 

smokers are at higher risk for chronic disease both due to their smoking and poor 

dietary habits. Diet maybe a confounder when studying the re1ationship between 

smoking and chronic diseases suggesting the need to control for the confounding 

effect of diet. Failure to do so may result in an overestimation of the relative risk. 

A common source of error reported in dietary studies is the systematic 

underreporting of intake by obese persons, women, e1derly subjects, and, subjects 
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from lower occupation categories or higher social class (Goris et al., 2000, 

Samaras et al., 1999, Lafay et al., 1997, Briefel et al., 1997, Stallone et al., 1997, 

Albanes et al., 1987). The doubly 1abeled water technique has been used to 

validate energy intake with energy expenditure. However, this method is 

expensive to be used in large surveys. An alternative method suggested by 

Goldberg et al. (1991) involves estimating basal metabolic rate by using 

information on weight, age and gender. The estimated basal metabolic rate when 

compared with the cut-offvalue of 1.35 feasible for survival (Goldberg et al., 

1991) indicated that in the present study, women irrespective of their BMI and 

smoking status underreported energy intake. Underreporting may result from 

omission of foods and underreporting of portion sizes and frequency of intakes 

(Institute of Medicine, 2002). Evidence suggests that foods such as cakes, 

pastries, snacks, cheese, fried potatoes, meat mixtures, fish, poultry, milk, soft 

drinks and high fat foods are underreported (Krebs-Smith et al., 2000, Lafay et al., 

2000, Bingham et al., 1995). Therefore it is not known if the intakes of sorne 

nutrients like calcium that are reported as low for women in studies, including the 

present study, truly reflect low intake ofthese nutrients. 

Future recommendations 

Considerable work needs to be done to improve response rates, measuring 

food intake as opposed to nutrients and handling underreporting, aU of which are 

methodological issues that need to be considered in dietary surveys. The present 

rest::arch indicates how a general survey may not be successful in recruiting 
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subjects who are the most vulnerable, particularly the poor and those from 

diffc~rent ethnic and cultural groups. If nutrient intakes of low income or ethnic 

groups are to be examined then the se sub-groups need to be studied exclusively 

by e:mploying house-to-house interviews in specific areas with a large 

concentration of the interested segments of the population (Vital Health Statistics, 

1993) in order to obtain relatively good response rates and also be representative 

of the group studied. 

Because foods have been identified to have high variability requiring more 

days of observation to estimate food intakes accurately, the food frequency 

method may need to be the alternative method to study food-disease relationships. 

However, food frequency methods have generally been developed with nutrients 

in mind. By summarizing foods based on known nutrients, one may be missing 

out on other unknown factors in foods. 

The problem associated with underreporting is challenging and needs to be 

evaIuated further. One possible suggestion is to recruit obese subjects in a 

metabolic study and provide them with a wide range of food choices in known 

quantities at each meal. The subjects can be watched unobtrusively while they 

sele:ct the foods and consume their meals. The subjects can then be asked to recall 

the foods consumed, including description and amounts consumed, on the 

previous day. In addition, energy expenditure by doubly labeled water technique 

can be assessed and used to validate the reported energy intake. 
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A future goal of studies examining underreporting would be to develop 

adjustment techniques for energy and nutrient intakes that are likely to be 

und1erreported. Adjustment would be useful for large dietary surveys where it 

may be impractical to use extensive laboratory techniques to validate reported 

food and nutrient intakes. 
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FOOD HABITS OF CANADIANS 

March 5, 1998 

Dear Sir or Madam, 

We are conducting an important study of the food habits of Canadians. This information is crucial 
for future public health initiatives and the agri-food sector. Your household was randomly selected 
from the tdephone directory for inclusion in this survey. We hope you will agree to participate. 

Your in-person interview will take approximately 30 minutes and focus on food habits. A 
professional dietitian will calI you in the next two weeks to request an interview with the adult (age 
18-65) in your household who has the next birthday. The interview may take place at your home or 
any other agreed upon location. at a convenient time. Sorne study participants will be asked to do 
a second. shorter interview at a later date. Our dietitian will be happy to answer questions you may 
have about your present diet. 

If there an! any adolescents (13-17 years) in your household. we would like to invite the adolescent 
with the next birthday to complete the same interview. with your consent. Our dietitian will discuss 
this with families with adolescents. 

Thank yOUI very much for considering this important request. AlI information collected will be kept 
strictly confidential and will be used only for research purposes. Your dietitian-interviewer is your 
contact person. If you have any concerns about this survey. please contact me. 

Sincerely. 

Louise Johnson-Down. RD. M.Sc. 
S urve;; C oordinator 

Louise Johnson-DO\m. RD. M.S.:. 
McGili University. Macdonald Campus. 21.111 Lakeshore 

Ste. Anne de Belle\ue. QlI~bec H9:'\: 3V9 
T d 514-398-7808: Fax: 514-398-7739: Email: czldtÎ'muslca.mcgill.:a 
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FOOD CONSUMPTION STUDY (BIC) 

Long Distance Telephone Cali Record Sheet 

Dietitian-Interviewer's Name: -----------------------------

Date 
'" ,'. ,c,' ,,' 

Area Called AreaCodelNumber Respondent Name and Number 

.. 

,., 

• Personal telephone bill with proof of payment must accompany this [orm. Keep a copy for your own records. 
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MCGILL UNIVERSITY 
FACUL TY OF AGRICUL TURAL AND ENVIRONMENTAL SCIENCES 

CERTIFICATE OF ETHICAL ACCEPTABILITY FOR 
RESEARCH INVOLVING HUMANS 

The Faculty of Agricultural and Environmental Sciences Ethics Review Committee consists of 4 members nominated by t. 
and Environmental Sciences Nominating Committee and elected by Faculty, an appointed member from the community 
ethical issues. 

The undersigned considered the application for certification of the ethical acceptability of the project entitled: 

Advances in the measurement of dietary intake 

as proposed by: 

Applicant's Name Katherine Gray-Donald 
1 

Applicant's Signature 

Degree 1 Program 1 Course _..:..N::.,:/A..:-.. __ _ 

The application is considered ta be: 
A Full Review 

A Renewal for an Approved Project __ _ 

Supervisors Name ___ --:..;N::.,:/A..:..-___ _ 

') Supervisors Signature -------------
Granting Agency ____ ---:.F...:.R...;..;S::;..;Q=--__ _ 

An Expedited Review ___ ~./ ____ _ 

A Departmental Leve! Review -:::-:-__ ~:--~ 
Signature of Chair 1 Oesignate 
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2. Prof. Peter Jones 1. Prof. Robin~ech 
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DETEIRMINATION OF THE FOOD AND NUTRIENT INTAKE OF CANADIANS 

Enumeration Area 

Respondent Number: 

Age Group: 

Language of Interview: 

Respondent Gender: 

SOCIODEMOGRAPHICQUESTIONNAIRE 

Name 

Adult 0 Child 1 

English 1 French 2 Other 3: ______ _ 

Male 1 Female 2 
(non-pregnant) 

Date of Interview: ______________________ _ 

Day of the WeE~k: 

Time Interview Started: 

o Sunday 1 Monday 
4 Thursday 5 Friday 

2 Tuesday 3 Wednesday 
7 Saturday 

-----------------------

d m 

h m 

To begin, 1 would like to ask you sorne general questions about you 

1. 

2. 

3. 

4. 

ln whalt country were you born? _______________ _ 
* Country of Origin code sheet 

Please tell me your civil status: 
1 Single 
2 Married/Common law 

3 Widowed 
4 Divorced/Separated 

And your birth date? ---:' __________________ _ 
ca/cu/ate age to c/osest year ________________ _ 

What is the last grade of schooling you completed? 
1 Elementary incomplete 5 TechnicallTrade school 
2 Elementary complete 6 Junior college/CEGEP 
3 Secondary incomplete 7 University 
4 Secondary complete 8 Post-graduate education 

5. Do you smoke more than five (5) cigarettes a day? 
1 Yes 2 No 

6. ln genE~ral. compared to people ofyour age, wou Id you say your health is 
1 Excollent 2 Very Good 3 Good 4 Fair 5 Poor 

What is your height _________ , _________ cm 

What is your weight _________ , ____________ kg 

7. How rnany people live here 011 a regular basis? __________ _ 
Be sune ta include yourself. 

How rnany are: 
< 13 y.O. __ __ 13-17 _____ _ 18-65 ___ __ >65 __ _ 

d m y 

------'---
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Respondent # 

Name 

Day of the Week: 2 

M T 

Date: 
Day 

Time Food Source· 

FOOD HABITS OF CANADIANS 

3 

W 

4 

T 

Month 

5 

F 

6 

S 

o 
s 

24-BOUR RECALL 

DO DO 0 

o 
DODO 

Code Description of Food Eaten and Dow Prepared Amount Eaten 

water 

supplement(s ): 

* \Vhere food came li 0111. such as home, restaurant, takeout, ddivel~; etc, 
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Food Portion Models 

_ ..... 

Food Portion model Measures indicated Maximum capacity 

Spoons 
Small 3.5 ml 6ml 

Large 7 ml Il ml 

Plates 250 ml 600 ml 

Bowls 
Small 125 ml 250 ml 410 ml 525 ml 

Large 250 ml 500 ml 875 ml 1100 ml 

Mugs 225 ml 300 ml 350 ml 420 ml 

Glasses 125 ml 250ml 325 ml 375 ml 
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Community and International Nutrition 

Fruit and Vegetable Consumption Is Lower and Saturated Fat Intake Is 
Higher aanong Canadians Reporting Smoking 1 

. 

Uma Palaniappan,* Linda Jacobs Starkey,* Jennifer O'Loughlint ** 
and lKatherine Gray-Donald*t2 . 

'School of Dietetics and Human Nutrition, McGiII University, Montreal, Canada, H9X 3V9; fDepartment of 
Epidemiology and Biostatistics, McGill University, Montreal, Canada, H3C 3J7; and ··Department of Public 
Health, Montreal General Hospital, Montreal, Canada, H2L 1 M3 

ABSTFlACT Understanding differences in dietary patterns by smoking status is important for nutritionists and 
health educators involved in helping individuals to make healthy dietary and lifestyle choices. Although smokers 
have él poor quality diet compared with nonsmokers, no study has examined nutritional adequacy and variability 
in the nutrient intake of smokers. The aim of this study was to compare dietary habits of smokers with nonsmokers 
in terrns of nutrient intake, food groups contributing to nutrient intake, nutritional adequacy and day-to-day 
vanation in nutrient intake. Noninstitutionalized adults aged 18-65 Y (n = 1543) who participated in the Food Habits 
of Canadians Survey (1997-1998) were studied. Subjects, selected from across Canada using a multistage, 
random-sampling strategy, completed an in-home 24-h dietary recal!. Repeat interviews were conducted in a 
subsample to estimate variability in nutrient intake. Smokers had higher intakes of total and saturated fat, and lower 
intakes of folate, vitamin C and fiber than nonsmokers. There were no significant differences in calcium, zinc and 
vitamln A intakes or day-to-day variation in nutrient intake by smoking status. Smokers consumed significantly 
fewer fruits and vegetables than nonsmokers, leading to lower intakes of folate and vitamin C. In conclusion, 
smokers have a less healthy diet than nonsmokers, placing them at higher risk for chronic disease as a result of 
both clietary and smoking habits. Diet may act as a confounder in smoking-disease relationships. J. Nutr. 131: 
1952-1958,2001. 

KEY WORDS: • smokers and nonsmokers • nutrient intake. food groups. supplement use. humans 

Smoking is a major risk factor for cardiovascular disease, 
re5pirarorY disease and cancer (1). It has been postulated that 
the increased risk for these diseases among those who smoke 
compared \\"lth those who do not smoke may be due in part to 
difierences in other Iiiestyle behaviors, including dietary habits 
\:). In the seconJ National Health and Nutrition Examina
ti~n Survey (NHANES II),3 people who smoke reported lower 
intakes of vitamin C, folate, fiber and vitamin A than those 
whü Jo not smoke (3). People who report smoking al 50 tend co 
have higher intakes of saturated fatty acids and lower intakes 
oi l'olyunsaturated fat, iron, j3-carotene and vitamin E com
l'ared with people who do not smoke (4-8); in addition, they 
tend co differ in the way they select their food. They are more 
likely ta choose white bread, sugar, meat, butter, whole milk 
and eggs and less Iikely ta consume whole-wheat bread, high 
riber breakfast cereals, fmits and vegetables than nonsmokers 

, Supponed by Fonds de la recherche en santé du Québec and the Beel 
Information Center with funds obtained !rom the Bee! Industry Development 
Fund. 

2 To whom correspondence should be addressed. 
E-mail: gray-donald@macdonald.mcgill.ca. 

3 Abbreviatlon~; used: AI. adequate intake; BMI, body mass index; BMR, basal 
metabolic rate; [AR, estimated average requirements; El, energy intake; 
NHANES, National Health and Nutrition Examination Survey; RE, retinol equiva
lents. 

0022.,166/01 S3.00 © 2001 American Society for Nutritional Sciences. 

(9,10). ln addition to a poorer diet, people who smoke are also 
exposed to free radicals, produced by cigarette smoke, which 
eould provoke lipid peroxidation in cell membranes ( 1,11.12). 
Several stuJies have shown that micronutrient~ such <lS vita
min A, particularly j3-carotene, vitamin C. vitamin E, folie 
acid and phenolic compounds derived from fruits and vegeta
bles have protective effects against cigarette smoke-induœd 
toxicity by preventing lipid peroxidation (1,13). Because those 
who smoke have low intakes of fmits and vegetables that are 
rich in antioxidants, they are more likely to he susceptible to 
oxidative damage caused by free radicals. 

lndeed, people who smoke have a poor qualiry diet in terms 
of nu trient intakes and food choices. There is, however, a lack 
of data on nutritional adequacy and variability in nutrient 
intake among people who smoke. Examination of the main 
food group contributors ta nutrient intake (for example, folate, 
vitamin C) by smoking status will provide insight on food 
choices responsible for differences in nutrient intake. Also, few 
studies that have examined smoking and diet have controlled 
for socioeconomic status. 

Data used in the study are from the Food Habits of Cana
dians Survey conducted in 1997-1998, which is the most 
recent national nutrition survey in Canada (14). The aim of 
this srudy was to assess how dietary habits of those who smoke 
differ from those who do not smoke in tenns of nutrient 

:-..t.lOU.;Crll't rect:"',,d 16 January 2001. Initiai review complcted 12 Fehruarv 2001. Rc\'isinn accel'ted Il April 2001. 
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DIETAR Y PA TTER,,~ (W ~M()I':ER3 AND Nl)NSI .. \OKERS 1953 

1 Ilta kt.: , ":llntrit-l.Itilm lli t"'lxl j..'1"OUpS tll nutrient intakc, nutri
fI"n;i\ adeqmK\' and \\'ithin-~lIhiecr \'ariabilirv in nllrrient in-
take. .. 

SUBJECTS AND METHODS 

.4. >aml'k "t !;~" n,mmsmuti"l1<llizcd adults aged 1 t'-liS \' WOlS 

ranci, ,mil- :i~I"':l",J trllnl Uv" r"l!ions III CanaJa, including the Adamic 
l'r,'\l\1ù,", (lu.:h".:. Omari,), lh~ Pr<l\ri~ pr,winœs and Bmish C:". 
Illlllh,l, 1"1Il).! a Itlllilisla~e, r.mJ'lIu-sal1\pling ';Irat~gy ( 14). The CI' 
11;1,11,,11 p"pulatl,m hnll).! \Il m,'rt" rCllH.ltt" n:gillm (15"''') wa~ n,)t 
"aml'kcl dUl' (" C,lst .:.msldl'nltil,o>. In ~ach r~gion stlIdkd, tour 
C.'·lbU> clh'\slllm werl' r;1I111,'ml\" sd~c.tI:J with thc rrobabilit\' l)t' SI'· 
le':ll"n h"II1!.! pr"I'Ilrl\ll\1,,1 lil lhe :il:t' III thl' l'I'pul<ui'1\1. Thi, V1dJ"J 
2 ....... ~\.."nsll:-- \.JivishHl:-' acri.ls .... the <':llulltrv. Twu subdi\'i~lon:-. WL"~L' rall~ 
.l, 'llIh ,,'lecte,1 wlthll1 c:ach ccnsu, Jlù,;i,m, an,l tWlI t"flumeratilm 
arl',I" \l't"rt" >l'It'.:tt:.l \\lthm each ~llb,Ii,·i."i'.ln, vide!ing t'CI enulllt"rati,'n 
,11'1';1>. \Vlthm l';\f.:h enumcratl,m arca il rand(1m ~amrk ot' hllusehuld, 
\\'a.' llrawn tr,'m 'lh" !')l)(> cllml'ut"n:ellldeph,me Ii;;'lin~" ",' re:ilJ~n· 
Ilallll'm~, in ~a.:h ar~a (l'n,·(:I1. :vla .. " Cal1aJa). L~tters \V.:r" ,elll ,,, 
11l1,'ntl !','u.,d",I,1 "C<.:UI';II11' ",' th" Slln'I'y and III ilWill' ri", l'artici· 
j'ath'n ,'1 ri1\' ;dult ml'llIh"r in the h,'u>l'h"lll with the nexl ul'(Ill1\in~ 
hnhJ,I\. The: kue:r \\'01, ,~,llll\\'I'J r.y a Il'kphone: call1·r.>nl a,lic'liuan· 
1I11,:[\'ll'\\er III ,Hran~.: ;1 ùe,,·\ll·,act' im~r\"ie\\'. The crlt~na ,~)r l'X' 
..:l'''I,,n m.:luJ':cl l'r"gl1aIK\ anJ lact;t[lIln, anJ inabilit\· 1 .. 'I",ak 
EIl~I"h ,'T he:llch. TIll' tillaI sample iru:luJed 'ii2 nWIl :I1l,1 <lil 
W"lIll'll. Aj'pr"xllll,Ht!h- 1 ï'~" "! rlltenual ~lIhjt!ct~ could l11lt h" Clln· 
t.KH:l...t :;7\\, r,,:tll~l'J hl parrlClparc, n:~lIltin~ ln 61n a\'I.:raJ.!l..' rl~Sr\ln!"l' 
r"ll' ",' 26"". :"Uf\ l'" Jal,l \\'~re c"mpar"cl \\'ith thl' 1991 ç:e:nsu, Jala 
\ 1 ~ \. Th" "'':klem,'~ral'hic rr,ide "I th" >'tu.!\" sample \\'a, ,'mllle! h,I'" 
,,'ml'arable (" thar .. t" rh" .l!em:ral CallaJ"1Il 1"'l'ulall>ll1 illlllllber ,,( 
\'1" 'rk- j" 'rn 111 C,In;I.!a: :'6 '·s. ~4'\,; nUlllht'r "I slIhil,ct' \Vllh j.,,, than 
hl:.!h ,eh""l 1',lllGIII,'n: 22 ,',. 26'~,,; anJ smgle' m,~mal "tmu,: 26 ",. 
,2;!", r~:;I'I'C[I\'I'h') (141. In ;lllJitit,n, th~ percemage ùt aJlllts r~flt'rt· 
1Il~ a b",ly m,l~, mJcx (B~ll) "~i >2i k.l!/m= \l'as 321}~ in our -'lUJ\' anJ 
, l'!" in dll' t'ati..lI\;tlI'IlI'1I1atlllll He(llth Surn~y ( 1'». The percc;n<lge 
,'1 ,ldults (>It' \' of agt') refltlrting smoking in (lur study WOlS 2,1'h.. and 
III thl' CilnaJian T"bacco Ü~ Monitorini! SurVl', was 28% (16). A 
rl'l'e,lI Intl'r\'i~w was cllnducreJ in a syste:matic sample ot 22'\, llt 
,ul-,"<.:1> to e"llluate \\lthin·sul'iect "ariabilit\' in nlltri~nt Intake. 

Sell.rep.>rIe.l hei~ht, \\'eight, 'Illukinf.! "tat~l" and e,lucali<lIlalle\'cl 
\\'l'rl' (ullt:..:tt",!. SUbjl'Cts ",hel answerl·,l l'cs t., the qu~stilln "lx, Y"U 
'Ill, lkt· >:; ci~an:tte, rt'r ,la,' , .. "'t'rt" catt'g"ri:t'd a, sllloker'; ail ,'tht"r, 
\\,\..'rt' ":i1(t.:~l'n:l·,j a~ n\')nsm~lk,,:r~. Th,=" k"'l'l Wil!'\ cl"lI.'>:-Ol'n ,,=' d'K" ClIt'l){t 

l" 'Illt ((1 J"lermll1e smllking statu. becaus~ it is Jifticuh lU cllel.:,)ri:t! 
1 hl' ,lIIall IlUIllI.x:r (lt peuple ",ho slIloke \'ery titde. The ;,,;eral!c 
11I1111\'l'r \,j ci~art"lte, u,ed h\' sllI\.Iken, i, Il) cigarettes/.! in Cana:la 
(1 b \. Thrt" ... le\'~·1> llt e.lu(atilln mclll,led the t"llllwing: 1) high SChlK11 
(l'ra.le II) Ill' le,~; 2) prl'unl\'crsiry (2·v pwgram) or trad~ sch,'ol; and 
.' J a lIni"er,il\" d"gr"c. EJucation \\"b USl'd a" an inJicarnr ,Ji socio· 
~C\ )I)\.)nlÏc .... tatu!' •. 

Dierary iJltake \\';1$ n:cl.lrded hy the ,Iietitians \Ising tht' 24·h recall 
1lll't1hlel (1 il. Detailt:d d.:scrirtions uf ail fllllJS, bt:,'erage~ and ~up' 
pknll'nts Cl1I1Sl11ml,J during the 24·h rcrilxl before thc intl'rvi~w, 
IIlciu,llll~ Ih" lju<mtity, clloking mt'th,,J anJ branJ n,lm.:.' ,,,,,re r,,· 
(,)[.1",1. (lu;lnml~s \\'er~ estimateJ uSll1g stanJarJ graJu<1teJ glasses, 
h 'wb, '1" 'Ull.' anJ a ruler. Quality Cllntrell \l'a, ensureJ JlIring JiC(;ITY 
data C\lllt"Clillll ,m.1 entr)' w minimi:e l'rTor and .incr"a,t' reliabilitv 
(I~l. Dictitian!' \l'cre tr<lincJ III ll~e: r~se<lrch t'orms, [(lOis, <lnd a f()(~ 
;1nJ nlllriem Jatar.a:;t! char were U5t'J iur coJing. Furthermc'"'' !hey 
rl,,,,I.:J in lht! regl,m:; sur\'eyed, t!osuring familiarit)' \Vith the local 
1"",1 'lIl'rly ;lIld tooJ l'repar.1tion meth,xls, An aJaptcJ mlllril'lt:·pa,,, 
tl·c.hni'lu,: \\'a' emplll\'t!d (1 ()); the suhJects wt:re tirst ;u,ke.1 tl' recall 
thl'Ir hlUJ inti1h· ,"'er the rrl"'i,'U' 1+h pl'ri",l, 1~,ll,l\\'ee! h,' rr.lt.in~ 
I,'r ,ll't,lIlcd Jl,.Cllr[\lln" "i tlll"i. l'l'n:rag.:s anJ surrlt:menr, mcluJm~ 
h."J l"'!'liiln ,i::"s, and th en b\' a re\'ie\\' uf intak~ ilnJ clariticati"!1', 

i\ lItrient IIl11akes wer" Clltered, Jouble \'eritieJ by anutller l'erson 
an,j anal\':l',l us mg tht! Candat nutrient analysi:; rrogram (c.;"din 
L'nd,'n, L.m.I,'n, CanacLI) an,1 the l'oN7 Canadian Nutricnr File. 
.4.I'I'r,'ximatl-h- 2ïO tllUd itl'm, \lwe aJdeJ III the Jataba~e, heci1u,e 
Ihl'Y werc Ih't ;1\·"i!'lbI .. "n lhe Can.l,ltan Nutri .. m File. i\lIlrt~nt 
Illldrt\lali,lIl \\';b "blallle,1 frlllll 1",,,1 Ill. 11111 lact url' r,,' data when I~'" 

,iblc or twm the Americ;m Jat;lbast: (201. The nutric:nt Jataoase 
includl.'~ >'iiX){1 t<xld items ;md 40 nutriems. F,,\ic aCIJ supplL'ml'n. 
tatil"l nf tl.lUr in Cal\aJa o,,:cllrTed atrt!r tlle ,lat a <.: .. lIe":[I"I\. 

FllOJS werl' classitiec1 II1t,l :; 1 !cllld grllups t,lI thl' rur{'llSe, ,lI 
,lescriblllg Iype, "" t",,,!s in thl' I·,)l!.'WIll~ lIlamk'r: Irlll(' \\'1.'11' ..:1a"1' 
hed as cirru> :ln,l nùncltrus trUlt" \ JUI' III .linl'renel'> m \"ltilmm l.: 
content). Vej!etablc:> wc:rt:: c.ateglln:ed ac.c, lrJIll;! h' .'l'ecltie nutrtellt 
CIlntributiun [,y each ~ul:>gwur (le:nuce:/cabbai!e/grl'ens, "ther ,Iark 
gret!n vegelable., dark \'dlow/llranf.!e \'egembles, r.'ma[()c;, !'lltatoe, 
,md non',lark grt:c:n "c:gc:tahlt:.')' l),liry rro..luct, wc:re grouped a:- milk, 
ch~t!se, )'Ilgurt, cream an,l ie" cre'lm/l'udJmg. TIk meat groul' \\'a ... 
dassihc:d accllrlling !cl the tvre "i m.:ar (heet, r"rk, l'Ou ItTy , hilc,m/ 
s'luS<lgt!.41un.:hmt!ats, tishh • .:;Ji·, ~ ,J, Ilrgan m~al>, !amb anJ "ther 
[neat.~). (,raln rf(hJu~·t:-. wc:re (;i.ltl~~~'n:\'·",l iI~ hrt:=ih.i:" ra~ta/ri(.:t:h.!rilln~. 
Cl'rcal, anLl mlxeJ llishe,. The al,:"h"l ~r""r incluJl'III"'I'r, ak<lh,.I" 
(ell.llers, liljlh.lr ;1Il11 win". l)lher f".,J~ wc:re hn.lken illt" dl'ar .:all'U'" 
ric~ Hh.:h as su~ari~yrur/~('l,,[ln. ~arhllna(l.:d ~c..'\·\.·ra!!c..':\Il canJl\.·:;.ich~(. 
"!at,,,. Th"" ... t,,,)J ~roul" \\'ere IN.',I tu ,ielcrlllinl' Iht.' malll c,mrril>. 
utl1r, !Il nuaient int;-th' Ic;ubllhydrate, Tat, t;,latl' ;1\1.1 "itamin Cl t.,. 
"mllkinl.! .';[atU';. The perc.:nta!:!c "f ,ub,ecb c:,msummg the i, "J .. n Ih .. 
,\;1\' ,,1 th" in[ake and the a\'l'r<l~l' <llllllUnt "f rhat t, ~,J catc:n hy 
C"II.'umer, \\'er" anak:~J an,1 ù1Inpar"J U,Ill).! X· anJ 1 k,t,. . 

Tu lletermin~ \\'ht"t11l'r ,ub)l'd' ln the t\V" "Ill"km).! .:,I(t"g'.lrie, met 
the rl'CllmmenJa[illn" hlr ti.'''cl.!:r"up, b.1,c,llln C~lI1a,la'" F"",ll'lII,!c' 
tll Healthy Eatlll),! (~I J. t; " ,.J, ,,'cre categun:e,IIIlt., thl' I~,llll\\'mg 1,,,,,1 
gmur~: grains, Jairy, m~at. anJ truit, anJ "q!etaHe.'l. F".,J l'urt IOns 
wcrl' detenllined u>in),! h) •• d ,lensllY tg/ml), and ail t'''' .• d, with H'n' 

sunilar ll.:n~itie, wlthin a c.att"g,)~· \\'t"re dlnde,l h\" the "am,' wc:ight "i 
a stanJarJ r'lftillll si:e ll"lbtam umt, "f l',,rtllm ,ce 1 e.g .. L,",k"J rlL" 
I.'T paHa = ï0 gin tht' grain prll,llh.:(~ llkll..l :':fOUr; ~llrn/,){ht'r \"t'gl~t,,· 
hic.' = :;5 g in thl' vegetahle" and inll1!:rllUI'). In a.!Jlllon, th" lJ",.J 
Health Eating l'ui,!c' Re.'"UrCl' (22) W,I' (, 'n"ultl.:',1 t" '!c'rermlnt' 
\l'l'Ight, t','r ,,'me t'l""b an,l "1,,, III l'stahlish hl1\\ Illall\ r"rtl,'n, ,'1' 

l'a ch tll".1 group \\'ent 1111,., each .. 1 dl\' IIlixed h""k ;..·ltxeJ t'",,,1 
gfllUps were brllken dl",'n intll Cl1l1stituent. hlr Cllntributt, ln t" the 
'~lIlr il"..1 groups (e.g., ,me .:hee"" l'i::;. = 1 gram rr,,,lu.:! ,lIld i.'.2 
milk pm..!uctl. 

Data wcre cllllecteJ on supplement use \ln tlll' ,la\" (lf thl' r",c;Ill. 
Supplement com{'llsiti,m "'as detennined !Ising thl' Health Cana,la 
Drug Prlxluct Database (2.1), l'r,..IucI labels ,)r h\' c,mta.:ung the 
C:Ilmpany. Wh en aJeljUille mîllrmatillll \\'a, Ilut a\'ailahle t(l iJemil" 
bran.! ,lr amllunt ,'Î nutricnt rrl's~nt ln thl' surl'kment, ,1d;1l11t ";dUl" 
wen: a~>i!!ned "n thc I.'asi, ,'I the III1"LtI "alue fllr Ihe '"l'l'lelllenl. ror 
'ltanlln r; cllmpl~x l'rl'rM,lIilln" thl' 1,'Wl'st "aIUl" , .. un.! in ;111\ 

klentiticJ "uJ1plement~ were u~eJ. 
Nutric:nt~ examineJ in this analy,i, indulle (a!clUm (mg), Iron 

(mgl, :inc (mg), tulale {lJ.g}, \'iramin :\ !retinl)1 ~ljui\'al"nt. (RE)!. 
,'it,mlin C (mg) anJ tih.:r (g) a~ wdl as total tat, smuralell tat, 
m.onnunsatl!rateJ iat anJ alc.lhnl. which .lre expre •• "J a. perœnt'Ige 
ot energy. Cawrenllid llat;1 are not ,lVailahle in the Cana..!ian t'Utrl' 
l'nt tile. Thes~ nutrient~ \Vere chusen Ix:call.l' the: ml';m percental!c dt 
eller~y t'rom fat anJ ;.aturated fat arc ~ellerally al""·,, the Nlltrtth'n 
R~((1mmendations oi 3l~ and JO'Jo, rcspcctively 124); \'itamln C i~ ;1 
marient ni e'.lncern for thos" who ;'Ilh.lkc (21), wherea, <.:aklulll, mm 
an,l iolare arc IlÎten helt)w rewlnmc:nJt:d It'\'eb \0 C.maJlan., 
(14,24,26), Zinc \\'a,; alsu <lS5esseJ hecause of il' r,)le in Hnmmg ,'rel' 
radical-induct:d oxidati\'t: damage (2i), 

TIle distribution of each nutrit!nt WolS examineJ ior nllrmality, and 
appropriate transformation;; (log anJ sljuare root) were: pcrÎprllleJ t~ Ir 
nlitTicnl< with skcweJ disrriburiùns (25). Ho,,"e:\'er, an approprlatc 
transfonnation \Vas not founJ fl,r alcllhol. USIllI! tht: SU"s,lIl1ple with 
2 d oÎ intake, inter· (hctween 1 anJ intra· (\\'ithin) Hlt-jl'e( variabilit\· 
w"rl' estim;lteJ ,eparareh' lor 11lt:1l ;mJ "'"lllell h :\NOVf\ (21)). 

Usinl.: thi" measllre ot variation, the l'ntlrl' .-tu.ly l'''rlllalilln ,I"trthll
tion wa, ,1Jiustt'd Î,)r wilhin.suhJt.'CI \'anahl!tl\" 1I,rn).! lhe t'Re 
m.:thl"l (30). Dit'fen:nce, in nutnc:nt intak.: hy ,;nllkmg status were 
asscss~J separatd~' lür men anJ "'I)men usm).! the general Imt:ar 
l1IethoJ ,l! ANOV A, adjusting t,'r educallon, Multiple C(llllparr,"1lS 
\Verc correcteJ for u~ing Schcft\:', ml,thl,J (29). rll,~ibk' cttect mlxl· 
ilication hy le\'e1 "1 cJucatil1l1 anJ age was cxal1l1lled hy \llduJIll~ 
int~raCtll>n tl'rms f~,r .<muking ;mJ l,duc;llilln <lnJ sm\lkin~ Olne! i1gl'. 

:\ ulIlll'ariSlm lli the dar·to.,lal \'ari"hi!il\' he,weell 1X:"l'k' wh" 
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TABLE 1 

Demographie characteristics of subjects by smoking status 

Men (n = 571) Women (n = 970) 

Smokers Nonsmokers Smokers Nonsmokers 

(n = 127) (n = 444) (n = 161) (n = 769) 

Age,' y 42 :: 11 44::11 44::!: 10 44 = 11 

Education level,2 
n (%) 

,,::High school 67 (53%) 154 (35%) 106 (59%) 340 (43%) 

Preuniversityl 
Trade 29 (23%) 106 (24%) 45 (25%) 206 (26%) 

University 31 (24%) 164 (41%) 30 (16%) 243 (31 %) 

SM\.1 kg/m2 26.4 = 4.3 26.6 = 4.0 24.9::!: 4.6 25.5 ::!: 5.1 

1 Values are means = so. 
2 P = 0.001 Cy2 analysis). 

sm"keJ and people wh" du not smoke \Vas examined bl' cumpuring 

Intra' (within) ro inter· (between) subiect variability ratio tor energy, 

calcium (mg), (olate (/lg), viramin A (RE), viramin C (mg), zinc 

img) and iron (mg). 
Th" percenrag" meeting the ~atwnal Academy of Science Rec

ollllllenJ,ltiom {or calcium (adequate intake, AI), Iron, zinc, t'olare 

an,] \'ltamm C (cstinlJted average re..juircment, EAR) \Vas t'xamined 

\~5JI-33) by smoking status. 
T (l assess underreporring nf food inrake, the ratio oi reported 

energl' intake (El) tn estimate'd energ\' requiremems (estimated basal 

merabolic r<lre, BMR",,) \Vas calcul:JteJ separately lor men and 

WLllm:n by smoking ,;tarus. BlvlR wa, calculared irom the reportcd 

hClght and weight us mg the FAO/WHO/UNU formula (34) anJ is 

rcpc)rrcd as Blv1Ro<t, Al! anah'ses \Vere pertormed using SAS (version 

6.12, Cary, NC) 

RESULTS 

There were no signitcant differences by smoking status in 

age 'lr BMI among men and wamen. However, those who 

sl1111ked had less education than those who did not smoke (P 

< 0.(01) (Table 1). 
Total energy intake did not dirter by smoking status ( Table 

2). However, people reporting smoking consumed more total 

fat and saturated fat and signitcantly less folare, vitamin C and 

tber than those who did not report smoking. There were 11l) 

signitlcant differences in calcium, zinc or "itamin A intakes by 

smoking status. Although most patterns of intake were \'ery 

similar in men and ",amen. men who smoked consumed more 

monounsaturated fat and \Vomen who smoked consumed less 

Iron than people who did not smoke. The percentage of 

subjects consuming alcohol did not differ between the tWQ 

smoking groups. Alcohol consumption among women who 

reported drinking alcohol was higher in those who reported 

smoking (Wilcoxon test, P < 0.01). There was no interaction 

of smoking by education level on nutrient intake. There \\'ere 

no interactions bl' age and smoking status for mùst nutrients 

\Vith the exception of folate intake, which was higher among 

nonsmoking women in the 35-49 and 50-65 y age groups; 

among young women, however, there was no association of 

smoking status \Vith tolate intake. 

The mean EI/BMR"st for men who smoked and did not 

smoke \Vas 1.44 :t 0.61 and 1.44 :t 0.58, respectively, indi

cating little if any underreporting. The mean EltBMR." for 

females who smoked vs. those who did nor smoke \Vas 1.23 

:t 0.62 vs. 1.28 :t 0.53, respectivdy, inclicating underreporting 

in both groups. The EI/BMResr ratio was similar across BMI 

categories «20, 2:20-25, 2:25-<27 and 2:2Î kg/m"). 

Food groups. Food choices differed by smoking status 

(Table 3). Because men and women reported similar food 

group choices contributing to carbohydrate, fat, vitamin C and 

folate intakes, results are reported by smoking status alone. 

The arder in which foods appear in the table is the order in 

which each food contributed to the overall nu trient intake ot 

the study sample. The frequency of consumption on the da\' oi 

recall and mean intake of each food by the consumers of that 

food are reported. The differences in food group intake for 

primary sources of carbohydrate indicated that those who did 

not smoke were more likely to consume pasta, cakes/cookies, 

noncitms fmits, cereals and milk. The portion si:es of cereals 

were larger for smokers. Other differences were apparent in 

food sources of folate and vitamin C, indicating better food 

choices among people who do not smoke. Although, overall, 

the most important contributors to folate and \'Itamin C ",ere 

fruits and vegetables in both groups, signitcantly fewer smok

ers reported consuming different categories of fruits and veg-

TABLE 2 

Nutrient intakes stratified by men and women smoking status1,2 

Men (n = 571) Women (n = 970) 

Nutrient Smokers (n = 127) Nonsmokers (n = 444) Smokers (n = 161) 

Energy, kcal 
kJ 

Total fat, %' of total energy 
Saturated fat, % of total energy 
Monounsaturated fat, % of total energy 

Calcium, mgld 
Iron, mgld 
Zinc, mgld 
Folate, ~/d 
Vitamin A,3 REid 
Vitamin C, mg/d 
Fiber, gld 

2544::: 610 
10,634 ::!: 3366 

31.2:t 7.09 
10.3::!: 3.10 
12.1 ::!: 3.06 
943::!: 491 
16.9 ::!: 6.73 
13.6 ::!: 6.52 
254:: 106 

1622:: 966 
120::!: 107 

13.7 ::!: 6.43 

2562::: 626 
10,709 :t 3453 

29.5:: 6.66' 
9.39::: 2,87* 
11.3 ::!: 3.32-
976:t 517 
16.0:t6.16 
13.4 :t 4.95 
299::!: 130-

1745::!: 1115 
152 ::: 117-
17.5::: 6.76' 

, Values am means ::!: SD (adjusted for within-subject variability by sex). 

2 P :;; 0.05 (comparison of smokers vs. nonsmokers stratified by sex, ANOVA with Scheffé's test). 

3 RE, retinol equivalents. 

1650::: 541 
6697 ::!: 2261 
29.5::: 6.70 
9.85:t 2.95 
11.0 ::!: 2.99 
693 ::!: 346 
11.6 ::!: 4.59 
9.23 ::!: 5.16 
197 ::!: 112 

1601 ::: 1923 
95::!: 79 

11.5::!: 6.92 

Nonsmokers (n = 769) 

1726::!: 463 
7215::: 1935 
26.5::!: 5.90-
9.09::!: 2.69' 
10.6::!: 2.57 
733::: 334 
12.6 ::: 3.65' 
9.30 = 3.74 
225::: 91' 

1971 ::: 1953 
130::: 87' 
14.0 ::!: 6.87' 
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TABLE 3 

Food groups contributing to intakes of carbohydrate, fat, folate and vitamin C by smokers and nonsmokers 1 

Smokers (n = 308) Nonsmokers (n = 1233) 

Nutrient Food group Freq2 Amount3 Food group Freq2 Amount3 

0/0 g/d % g/d 

Carbohydrate Breads 87.3 98.1 = 72.8 Breads 86.6 110.0 = 78.0' 
Carbonated 42.9 720.1 ::: 540.6 Pasta/rice/grains 40.6- 231.4 = 215.4 

beverages 
Sugar/syrups/jams/ 61.7 45.8::: 119.9 Cakes/cookies/pies/ 48.1" 81.6 = 86.8 

gelatinlcocoa granola bars 
mixes 

Pasta/rice/grains 27.0 227.2 ::: 173.2 Noncitrus fruits 60.0" 191.8 = 162.3 
Cakes/cookies/pies/ 38.6 77.1 ::: 81.6 Cereals 36.9" 85.0 = 94.4' 

granola bars 
Potatoes 29.2 198.1 = 149.6 Carbonated beverages 36.7" 525.2 = 350.6'" 

boiled/mashed 
Milk/chocolate milk 70.5 326.6 ::: 322.4 Milk/chocolate milk 78.8" 299.0 = 333.2 
Cereals 22.7 114.8 = 134.5 Potatoes 28.2 200.7 = 165.1 

boiled/mashed 
Fat BeefNeal 32.5 153.0::: 127.3 Cakes/cookies/piesl 48.1" 81.6 ::: 86.8 

granola bars 
Margarine/butter/ 63.6 12.6 = 16.5 Breads 86.6 98.2 ::: 73.0' 

lard 
Cheese 38.6 77.1 ::: 73.7 Margarine/butter/lard 57.6 11.5 = 31.3 
Sa usages/bacon/ 32.5 153.0::: 127.3 Beef/veal 27.5 133.9 = 1i 8.4 

lunch meats 
Breads 87.3 110.0 ::: 78.0 Cheese 48.1" 81.6 = 86.8 
Cakes/cookies/pies/ 38.6 77.1 ::: 73.7 Sausages/lunchmeatl 27.5 133.9 = 118.4 

granola bars bacon 
Milk/chocolate milk 70.5 326.6 = 322.4 Mixed meatlpoultry/ 15.9 223.3 = 220.2 

fish dishes 
Mixed meatlpoultry/ 15.6 183.0 = 134.5 Milk/chocolate milk 78.8' 299.0 = 333.2 

fish dishes 
Folale Breads 87.3 98.2 = 72.8' Citrus fruit juice 35.4" 300.0 = 231.1 

Lettuce/greens/cabbage 30.5 87.1 = 101.6 Lettuce/greenslcabbage 38.9' 81.0 = 82.8 
Citrus fruit juice 22.1 315.2 = 300.0 Breads 86.6 109.7 = 78.0 
Other non-dark 52.9 90.0 = 120.5 Other non-dark green 63.3" 83.0 = 88.8 

green vegetables vegetables 
Hamburger/pizzas 9.74 224.8 = 219.2' Legumeslnuts/seeds 28.1' 45.6 = 66.7 
Milk/chocolate milk 70.5 326.6 = 322.4 Other dark green 32.5' 69.6 ::: 70.8 

vegetables 
CoffeefTea 87.3" 1106.7 ::: 905.5' Milk/chocolate milk 78.8" 299.0 ::: 333.2 
T omatoes/juice/sauce 38.6 147.0 = 166.8 Noncitrus fruits 28.1' 45.6 ::: 66.8 

Vitamin C Citrus fruit juice 22.1 315.2::: 256.8 Citrus fruit juice 35.4" 299.8::: 230.1 
Citrus fruits 10.7 214.0 = 142.1 Citrus fruits 20.2" 203.7 = 151.1 
Noncitrus fruits 35.4 169.3 = 144.8 Noncitrus fruits 60.0" 191.8 = 162.3 
Other dark green 26.0 64.4 = 65.1 Other dark green 32.5' 69.6 = 70.8 

vegetables vegetables 
Tomatoes/juice/sauce 7.47 397.4 = 364.4 Fruit drinksljuice 35.4" 299.8 ::: 230.1 

drinks 
Fruit drinksljuice 22.1 315.2 = 256.8 Noncitrus fruit juice 32.5' 69.6 ::: 70.8 

drinks 
Noncitrus fruit juice 26.0 64.4= 65.1 Tomatoesljuice/sauce 9.08 348.8 ::: 311.9 
Potatoes 29.2 198.1 ::: 149.6 Dark yellow/orange 39.5 89.0 ::: 90.7 

boiled/mashed vegetables 

1 Values are mean :: SD. Significantly different from smokers '" P < 0.001 " P < 0.01 ' P = 0.05 (x2 analysis or Student's t test). Please note: 
For some foods. " appear in the smokers' category. This is because the food did not appear in tirst 8 toods in the non-smokers group but statistical 
testing was done, 

2 Freq (%) reft~rs to the number of subjects consuming the particular food on the day of recal!. 
3 Amount (g/d) refers to the mean intake among consumers of that food. 

etables on the day of the recal! and they were more Iikely ta 
consume carbonated beverages, coffee and tea. 

The average number of servings of vegetables and fruit fell 
below the minimum suggested number of 5 servings/d for 
people of bath sexes who smoke (Table 4). Only 30% of 
people who smoke compared with 48% of people who do not 

smoke (1 < 0.00l) met the minimum suggested number of 
portions for fruits and vegetables. 

Variability in eating pattern. Day-to-day variability in 
nu trient intake was compared ta evaluate whether people who 
smoke had more variable intakes of nutrients. Intra/intersub
ject ratios were generally > 1 for ail nutrients examined (Table 
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TABLE 4 

Average numtler of servings of food groups from Canada's 
Food Guide to Healthy Eating among men and women 

stratified by smoking status1•2 

Men ln = 571) Women (n = 970) 

Smokers Nonsmokers Smokers Nonsmokers 
Food groups (n = 127) (n = 444) (n = 181) (n = 789) 

Grain products 6.2::: 4.0 7.2::: 4.6' 4.1 :c: 2.7 5.1 ::: 2.9' 
Vegetables 

and frUit 4.0::: 3.7 5.6:c: 4.1' 3.7:c: 3.6 4.8::: 3.5' 
Milk products 1.8::: 1.8 1.8 ::: 1.9 1.3 :c: 1.3 1.5 ::: 2.1 
Meat and 

alternatives 3.4 = 2.9 3.4 ::: 2.7 2.1 = 2.1 2.0:c: 1.8 

, Values are means = SD. 

2 P ,;; 0.05 (comparison of smokers vs. nonsmokers stratified by 
sex. ANOVA with Scheffé's test). 

:; \. There were no distinct patterns in "ariability by smoking 
,t~1tus. 

Comparison of nutrient intake (vith Dietary Reference 
Intukc. Tt) examinl:' \\'hether people who smoke met the 
rect)mmenJ!:!d levds oi intake despite low!:!r intakes of sorne 
nutrienrs, \\'e analyzed the percentage oi men and women 
meeting the Dietary Reference Intake for calcium (AI), folate, 
\'itami~ C, iron and zinc (EAR) by smoking status (Table 6) 
(25.31-33). A greaœr percentage of people who smoke failed 
t\) meet the EAR for smokers for vitamin C (x" < 0.001). 
:-v1ost men met the EAR for iron, irrespecti\'e ai smoking status 
(9S '·s. 99.5c}ll), whereas for \"('men, a smaller percenrage ai 
th()se who smoked met the EAR for iron (87% ai thŒe who 
,;moke vs. 939'i, ai those who do not smoke, x" < 0.01). Most 
pel)ple in both smoking categories met the EAR for zinc. Most 
women, irrespective oi smoking status, had mean intakes be
low the EAR for iolate. Stratification by education level did 
ntlr modif\' the,e relati,)nships. 

Supplement use. Overall, 38.5% of subjects reporœd using 
dietary supplements. People who smoked were less likely ta 

take dietary sUÇlplements (21.3 "s. 29.7% amopg men, l 
< 0.001 and 37 \'S. 43.5% among women, x· < 0.001). 
\Vomen who rt!porœd not smoking were more likely ta take 
calcium sUl?plemenrs rh an women who reported smoking (18 
vs. 10%, x- < 0.05). 

TABLE 5 

Ratio of intra- and intersubject variability among men and 
women stratified by smoking status 

Men (n = 571) Women (n = 970) 

Srnokers Nonsmokers Smokers Nonsmokers 
Nutnent (n= 127) (n = 444) (n = 181) (n = 789) 

Energy '1.19 1.05 1.06 1.69 
Calcium 0.98 0.96 0.98 1.19 
Iron :2.93 1.27 1.35 1.59 
Zinc 1.62 1.99 0.84 1.84 
Folate 0.82 1.47 1.13 1.41 
Vitamin C 0.69 1.43 0.86 1.34 

TABLE 6 

Percentage of men and women stratified by smoking status 
meeting recommendations for calcium, iron, zinc, 

folate and vitamin Cl 

Nutrient 

Calcium, mg 
Iron. mg 
Zinc. mg 
Folate, iJ.g 
Vitamin C. mg 

Men (n = 571) 

Smokers 
(n = 127) 

33.1 
98.4 
75.6 
25.2 
36.2 

Nonsmokers 
(n = 444) 

33.0 
99.6 
77.3 
35.6' 
72,r" 

Women (n = 970) 

Smokers 
(n = 181) 

17.1 
87.3 
70.7 

8.3 
39.2 

Nonsmokers 
(n = 789) 

15.8 
93.4" 
77.5 
12.8 
77.2'" 

, Adjusted for within subject variability before calculating the prev
alence of adequate intakes. Significantly different from smokers: ." P 
< 0.001 "p < 0.01 ' P < 0.05 (),2 analysis). 

DISCUSSION 

Our results sug~esr important dietary differenees between 
those who smoke and those who do not. Those who smoke had 
relatively higher intakes of far and saturated far, and km'er 
intakes of folate, ,'itamin C and iiber. Food choiees by smoking 
group support rhe observed nutrient differences. 

Several studies have reported that antiC1xidants such a, 
ascorbie acid may attenuate adverse health eifects aSSllciat!:!d 
with cigarette smoking by scavenging the free radicals pw
duced by tobacco smoke (2.13). However, the intake of antl
oxidants by smokers is 10\\', placing them ar higher risk of 
oxidative stress (9,35,36). High intake of saturated fat raise, 
total cholesterol and LDL eholesterollevels and is a risk factor 
for coronary heart disease (37). People who smoke tend to 
have high intakes of saturated fat and also to have increased 
levels of VLDL cholesterol and low HDL cholesterol levels 
(38). In addition. lo\\' fnlare inrake is a risk factor ior cnromm 
heart disease and certain forms of cancer (391. On the ha,i, 117' 

our results, we fmd thar people who smoke have slighrly higher 
intakes of total fat and saturared fat (9%) and lower intakes of 
folate (14%), vitamin C (24%) and fiber (23%). This is 
consistent with those reported in other populations (3,6). 
Although the differences may appear small, such dietary dif· 
ferences are predicted to be associated \Vith higher levels of 
cardiovascular disease risk and decreased life expectancy (40). 
Consequently, in addition ro the roxic effeets of smoke, those 
who smoke are at increased risk of developing chronic disease, 
related to diet. 

Although fnlits and vegetables were among the most im
portant eontributors ta folare and vitamin C, a smaller pro
portion of smokers consumed these foods, leading to lower 
me an intakes of these two vitamins. This effect was consistent 
among several food groupings of fruits and vegetables, which is 
consistent with other studies (3,41,42). The average number 
of servings of fruits and vegetables was below the minimum 
reeommended 5 servings/d for people of hoth sexes who 
smoked. Possible reasons for lower consumprion of fruits and 
vegetables include changes in taste acuity induced by smoking 
that could influence food ehoices (2). Finally, several studies 
suggest that those who smoke and those who do nO[ have 
different health priorities and habits (43-45). 

People who do not smoke were more likely [0 use supple
ments, particularly nonsmoking women who were more likely 
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tl' takc .:alcllllll ~lIpplt:t1lt:nt~ than WllOlen who ~mokc: ~llrrllrt

in~ ,)cher ~tlIdit:~ indicatin~ n he3ithier Iifesty!e among those 

\\"Ill' dl> twt smoke (46.47) . . 

Dict may be a cl)niollnder when ~tud\'ing mt' rdationship 

h~t\\"c:c:n slllllling anJ .:hrlmic Jise::asc. Thllsc: whl' stlll,kl: have 

h~t'n rCl'l)rtC.! t'l> have higheT intakes Llt saturatt'd tar and in 

~I,klatl"n. tl' h.l\·cllnt.l\'orablt' lil'id nnd lipl>prorcm It'\"d,; (31:') 

", r!1,lt tht' t'fit'·("[~ l,i smoking and diet art' acting in tht' !'oamt' 

Jlfc:c:til '11. Thc:n:f()rc:, failllrt' tu cl,ntml Î,)r the c"nt~nmJin" 

.:iil:c:t "i ,lil:t whcn cxamining the rdatÏlmshir \'c(\\'t:e::n ~lllol: 
in~ .m,J chr,lnic dist'<lses ma\" re,;llit in o\"erestimatillll ,li rda-

U\'", ri,;k. . 

T\\'II mcthn.1l1l,,!!i,;al i,;slles nllt 'lJJressed in earlier studie~ 

,ln ,het .lnJ snh lki~l! ,;raf\l~ induJt' EI:BlvIR anJ inrra- anJ 
. r~1 

ilHl'rsul'jl:Lt \'ariahility rhat \\'ert' I:xamlnc:J In thi" sruJv. In 

,'ur "ru,h', thc mean EI/Blv1Rc ', \'alut'~ fllr men an,1 w(.~mt'n 

\\'t'rt' mnilar tL' till'SC rel'llrtt'd in NHANES III ,1Od l>tht'r 

,;ruJ .. ::,; (4S,491 .. '\lth'lUgh men appe::ar w rcp,m aJeyuate 

inr .. kl:', thl: lllt:an EI/Bl'\iIR~;t anwng \\"llIm:n was -1.2'5, ht:!o\\' 

th", Lut-"ft \',lltlt' ,ll.35, inJicatini! lIn.Jerrepllrting ('5(\). The 

l,''''cr EI/B\IR,.,. \'alllt's tll!' women appear w be a pnlh!em in 

'UT\'t'\', ('i 1), Tht' simil<1T EI/BMR"" values nnwng tho~t' whü 

,m"ke .mJ ,In n.,r ~nhlke !,r,'\'iJe." e\·iJe."ncc: that unJt'rre!,,,ning 

W;I:' sllllilar in rht' m'Il slllPkin:.: gnlup~. 

l'c,'plt:' \\'h,) ,;m,lke ,lid nllt rep,'Tt hight'r \·,uülr,ilit\· in 

nlltnt'nt int;lke~. The lack lli diffcren.:e in l.bv-tc,-Ja\' \',lriati,)I1 

lldlt:ate, th,tt ,the Jie."t ut thuse \\'h" smule js' nu mu~e \'ariable 

rh.lll that Ilt' t\wse wh" dl' n,)[ snlllke. 

f'rl:\'illll, sru,lies n~l'llrting llO difit'rcm:e, in BlI-'iI hy sm'lk

in~ ~r<lllp h;l\'e {('un,J ditt'ering result", with ,\lme rel'0Tting 

Il ''''er 81\·11 am,>ng sm"kcrs and ,>thcrs, incluJing l'ur results. 

nl'( "h,)\\'ing any ditïerences in B1v1\ (9.52-56). There i~ similar 

llisagrc:cl\ll:nt 'Ill rhc Iiterarure:: cllIlCcming wherher cnerg\' .in-

r~lkc' <lrl: higher amunj.! smok\:!rs 1'1' not (6.10,5,l. . 

The t."xtt'nt tl' which \Vt' can generali:e these resulrs w the 

C.lI1adinn !,lll'lIbtion i~ Iimited by the lo\\' resl'tlme mte 

;Khie."\·t'd. Resplmst' tatt's tu health sllrwys appear hl he:: Jmp

J'1I1l.! \,)7, '58). The sampi\:!. ho\\'e\'er. app\:!an:J tp he represcn

r~H1\'c Il! the socio-lemllgraphic PTlltile of CanaJians. 

ln (l'nclllsi.'n, tho,;e ",ho sn1l1ke consumed n less ht'alrhv 

,h",( than t!lll"e who dl' n"t smokt'. The tinding that nlltnt'n'r 

an,l I""J gn \IlIJ' intake." \'arieJ hy ,mnking status has public 

hcalrh implicatillns hccallse the less healthy Jietary patt\:!rn~ pi 

th, 's'" Whll "mole place them at an even greater ri"k fllr 

1.Ie\·doping ChWl1ic diseast' than those who do not smL,ke. 

StuJi6 c:xamining smoking dise::ase rdationships ShllUld con

n"l fm tht' t:onfc'unJin.i! cfiect llÎ Jiet. gi"en thc:s\:! cllnsiste::nt 

tinJings lor llilltrient inwkc:s t'rom hoth food and supplement 

SI.ltl rees. 
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ABSTRACT Day-tCt-day variability in dietary intake makes 
it difficult to measure accurately the "usual" intake of foods 
and nutrients. The objectives of the present study were to 
estimate within- and between-subject variability for foods 
and nutrients by adjusted and unadjusted models and to 
assess the number of days required to assess nutrient and 
food group intakes accurately by two different methods. 
Adult men and women aged 18-65 y (n = 1543) in the Food 
Habits of Canadians Study provided a 24-h recall. A repeat 
interview was condlUcted in a subsample to estimate com
ponents of variabilüty. Within- and between-subject vari
ability were determined by mixed model procedure (crude 
and adjusted for age, gender, education, smoking, family 
size and season). l'he number of days required to obtain 
various degrees of accuracy was ascertained by two meth
ods, one that uses the variance ratio for groups and one 
that considers within-subject variability alone for individu
ais. Variance ratios were higher using the adjusted com
pared with the unadjusted method (e.g., for men, energy 
1.07 vs. 0.49). More days were required to reflect usual 
intake with accuracy using the adjusted model (energy 5 vs. 
2 dl, indicating the need to control for confounders to obtain 
reliable estimates 01' intakes. J. Nutr.133: 232-235, 2003. 
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age daily nu trient intake of an individual (2),. is required to 
make links between diet and disease. Because dletary mtake of 
an individual is not constant from day to day (3), an under
standing of variability in food intake is required to estimate 
usual intake. Variability in food intake arises both because 
each individual differs in the types and amounts of food 
consumed from one day to the next (within- or intra-subject 
variability) (4) and because individuals differ from each other 
in their food intakes (between- or inter-subject variability) 
(5,6). Variability in dietary intake influences the number of 
days required to estimate food and nutrient intakes accurately_ 
The number of days required to obtain reliable estimates of 
food and nutrient intakes for individuals (4,7) varies from that 
required to classify individuals correctly into groups for ana
lytical purposes (8,9). 

A number of studies have examined within- and between
subject variability for different nutrients (7,8,10,11); however, 
less work has been done on variability in food intakes (12,13). 
With increasing interest in the association between foods and 
disease risk (14,15), a clearer understanding of variability in 
food intakes is important. 

When ~2 d of intake data are available, both between- and 
within-subject variability can be determined by ANOV A 
(7,8,16-19). Mixed models that take into account both fixed 
and random effects are now available (20). These models can 
be used to conrrol for other factors that may influence vari
ability. 

The objectives of the present study are to compare ratios of 
within- to between-subject variability for foods and nutrients 
by the mixed model procedure, adjusting for several factors 
with the mixed model procedure unadjusted for other factors, 
and ta estimate the number of days required ta classify subjects 
correctly into groups using within- and between-subject vari
ances and the number of days required ta assess usual intakes 
for individuals with accuracy using within-subject variability 
alone in the calculation. 

SUBJECTS AND METHODS 

Dietary data used in the study are from the Food Habits of 
Canadians Survey, the most recent national survey in Canada, con
ducted between September 1997 and August 1998. A description of 
the sample design and selection is provided elsewhere (21). Brietly, a 
sample of 1543 noninstitutionalized adults aged 18-65 y was ra~
domly selected from five regions of Canada, including the Atlantic 
provinces, Quebec, Ontario, the Prairie provinces and British Co
lumbia, using a multistage random sampling strategy (21). They were 
interviewed between September 1997 and August 1998. Pregnant 
and lactating women and those who did not speak English or French 
were excluded. The final sample included 572 men and 971 women. 
For the present study, two subjects who did not report their level of 
education were excluded resulting in 571 men and 970 women. A 
repeat interview was conducted on 29% ~f subjects ta estimate 
within-subjecr variability in nutnent mtake. Systemanc samplmg was 
used for this purpose; the second person initially interviewed and 
every third person thereafter were selected, providing a subsample of 
446 subjects. . 

Information on height, weight, smoking status and educattonal 
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level was collected by questionnaire. Dietary intake was recorded by 
dietitians using the 24-h recall method in a face-to-face interview. 
Detailed descriptions of ail foods and beverages consumed during the 
24-h period before the interview, including the quantity, cooking 
method and brand names were recorded. Quantities were estimated 
using standard graduated glasses, bowls, spoons and a ruler. Supple
ment intakes were not considered for the present analyses. Nutrient 
intakes were analyzed using the Candat nu trient analysis program 
(Godin London Inc., London, Canada) and the 1997 Canadian 
Nutrient File. 

Nutrients examined in this analysis included the macronutrients, 
fat, protein and carbohydrate, and the micronutrients, calcium, iron, 
folate, vitamin A and vitamin C. Carotene and vitamin E were not 
assessed because data are not available for these nutrients for many 
foods in the Canadian nu trient file. 

Foods including meat, vegetables, fruits (including juice), green 
leafy vegetables Oettuce/spinach/cabbage), milk and bread were ex
amined as were the four food groups based on Canada's Food Guide 
to Healthy Eating (22). These latter groups did not include mixed 
dishes from different food groups in which foods were entered as a 
mixed dish. For mixed foods, when specific amounts for each ingre
dient were described, ,it was possible to categorize into specific food 
groups. Total grams of the food grouping consumed was used as a 
measure of intake. The frequency of consumption of foods was ex
amined in the subsample with 2 d of intake to provide information on 
variability in food intake. 

The distribution of each nutrient was examined for normality, and 
appropriate transformations (log and square root) were performed for 
nutrients with skewed distributions (23). An appropriate transforma
tion could not be found for Vitamin A. 

Within- and between-subject variability were estimated by the 
mixed mode! procedure for men and women in two ways, Le., one 
that was unadjusted for the fixed effects and the other adjusted for the 
fixed effects of gender, age, education, smoking, season and size of 
family. Ir should be noted that in the analyses, means and variances 
are considered separate!y. Mixed mode! procedures also enable ex
amining variances by gender in addition to adjusting for the fixed 
effect means of gender, age, smoking, education, family size and 
season. An analysis of heterogeneity of variances yie!ded variances 
attributed to men and women separately in both models. Thus, the 
results presented (which it should be noted, are variances and vari
ance ratios) are stratined by gender. The above analyses were per
formed using both umransformed and transformed data but because 
similar ratios were obl.ained for all nutrients, the results for untrans
formed data are reported. The mixed mode! procedure permits the use 
of data for subjects with either 1 or 2 d of intake; data from both days 
of intake were used for estimating within-subject variability, whereas 
one day's intake was used for estimating between-subject variability. 
The above analyses w(:re performed using the mixed mode! procedure 
(Proc Mixed) of SAS (version 6.12,1996, Cary, NC). 

Within- and between-subject variances obtained by the mixed 
mode! procedure that adjusted for factors were used to de termine the 
number of days required to obtain reliable estimates of food and 
nutrient intake by two different methods, one using both within- and 
between-subject variances and the other using only the within
subject variability. The first method al!ows estimation of the number 
of days required to obtain a specified leve! of correlation between 
observed and true intakes and is obtained by the formula, 

where d is the numhe:r of days, r represents the unohservable corre
lation bctween observed and true mean nutrient intakes of subjects, 
and s,:/s; is the within/between-subject variance ratio (8). A higher 
value of r indicates a higher proportion of subjects correctly classified 
and a lower proportion misclassified (8). If the ratio of variances is 
low, then fcwer days of observation are required to classify subjects 
correctly (8,9), which may be because pf low within-subject variabil
ity or high between-subject variability. 

For sorne purposes, it may be necessary to assess actual intake of 
individuals with a given leve! of confidence (7). The number of days 
of observation required for a given leve! of confidence (7) can be 
calculated as follows: d = (Z", CVo/Do)2 where d is the number of days 

required per person, Z", is the normal deviate, e.g., 1.96, CVo is the 
within-subject variation, calculated as square root of within-subject 
variance (SD)/mean intake and Do is the specified limit as a percent
age of long-term intake (24). Using this calculation, the number of 
days needed for the observed estimate of a person's intake to lie 
within a specified percentage of the true mean, 95% of the time can 
be obtained (24). Ali analyses were performed using SAS (version 
6.12, 1996, Cary, NC). 

RESULTS 

The subsample obtained for the repeat interview was very 
similar to che total sample with regard to age, education leve!, 
smoking status, family size and body mass index for both men 
and women (data not shown). 

Within- to between-subject variability ratios (s,;/s~) ob
tained for the se!ected nutrients using che mixed mode! pro
cedure chat adjusted for other factors tended to be higher chan 
che unadjusted mode! (1.07 vs. 0.49 and 2.04 vs. 1.76 for 
energy in men and women, respective!y) (Table 1). The 
higher ratios obtained using the adjusted mixed mode! proce
dure occurred because adjusting tends to reduce between
subject variability. 

Using both within- and between-subject variances in the 
computation for estimating the number of days, -2-6 d were 
required to estimate nutrient intakes wich good accuracy (r 
= 0.8) (Table 2). Using within-subject variability alone to 
estimate the accuracy of individual measurements, many more 
days were required to estimate nutrlent intakes within 20 or 
30% of usual intake. Comparison of both methods indicates 
that more repeat observations are required to obtain estimates 
of usual nutrient intakes for individuals than are required to 
place subjects in groups relative to each other. 

Variability in food and nutrient intake is a measure of how 
frequently a food is consumed and how much of the food is 
consumed. Examination of frequency of consumption of foods 
in the subsample indicated that except for green leafy vegeta
bles, fruits and milk, only 5% or less reported not consuming 
any of che major food groups or foods on both days of interview 
(data not shown). 

Variability ratios (5';/S;) for food groupings were computed 
by the mixed mode! procedures described previously for nutri
ents (Table 3). The within/between- subject ratios for most 
food/food groups tended to be slightly higher by the mixed 
mode! procedure that adjusted for other variables (1.15 vs. 

TABLE 1 

Intra- to intersubject variance ratios (sV~) by gender for 
selected nutrients assessed by two different methods 

Nutrient 

Energy, kJ 
Protein, g 
Fat, g 
Carbohydrate, g 
Iron, mg 
Calcium, mg 
Folate, p.g 
Vitamin C, mg 

Men n = 571 

Proc 
mixed1 

1.07 
1.53 
0.99 
1.39 
2.04 
1.16 
1.51 
1.03 

Proc 
mixed2 

0.49 
0.79 
0.62 
0.76 
1.04 
0.92 
1.21 
0.93 

Women n = 970 

Proc 
mixed1 

2.04 
3.24 
2.95 
1.58 
2.29 
1.23 
1.95 
1.43 

Proc 
mixed2 

1.76 
2.98 
2.56 
1.42 
2.03 
1.18 
1.77 
1.34 

1 Adjusted for fixed effects of gender, age, education, smoking, size 
of family and season. 

2 Unadjusted for fixed effects. 
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TABLE 2 

Number of days of observation required for specifie nutrients using two different methods1 

Specified limit (% of long 
CV(%) Attenuation factor2 term intake)3 

Nutrient Gender Intra Inter 0.9 0.8 0.7 10 20 30 

Energy, kJ M 28.3 27.4 5 2 1 30 8 3 
F 33.1 23.2 9 4 2 42 11 5 

Protein, g M 39.7 32.1 7 3 2 61 15 7 
F 34.6 25.6 14 6 3 46 12 5 

Fat, g M 42.2 42.4 4 2 1 68 17 8 
F 50.8 29.6 13 5 3 99 28 11 

Carbohydrate, g M 32.0 27.1 6 3 1 39 10 4 
F 34.4 27.3 7 3 2 46 11 5 

Iron, mg M 38.4 26.9 9 4 2 57 14 6 
F 39.0 25.8 10 4 2 58 15 7 

Calcium, mg M 46.2 42.9 5 2 1 82 21 9 
F 44.3 44.5 5 2 1 75 19 8 

Folate, llfI M 44.2 36.8 6 3 2 75 19 8 
F 50.2 36.8 8 4 2 97 24 11 

Vitamin C, mg M 67.4 66.3 4 2 1 175 44 19 
F 64.8 54.3 6 3 1 161 40 18 

1 n = 571 men, 9701 women. 
2 Attenuation factor is the correlation between observed and true mean nutrient intakes and number of days, n = [r2/(1 -r2)1 x (s~~) where r is 

the unobservable correlation coefficient between observed and true mean nutrient intakes of individuals and s~s~ is the within subjectlbetween 
subject variance ratio (8). 

3 Number of days, n = [(1.96 x CVw)/DoF where Do is the specified % of the true mean and CVw is the within-person coefficient of variation (7, 
24). 

0.96 and 2.07 vs. 1.87 for grain products among men and 
women, respective!y), indicating that, as for nutrients, adjust
ment tended to reduce the between-subject variability, 
thereby increasing the ratio. The variance ratios were gener
ally higher for food groupings than for nutrients, with the 
exception of fruits {including juices) and milk food groups. 
These higher variance ratios mean that more days of food 
intake would be required than those estimated for nutrients. 

TABLE 3 

Intra- to intersubject variance ratios (sV~ by gender for 
different food groups assessed by two different methods 

Men (n = 571) Women (n = 970) 

Food group 

Canada's Food Guide to 
Healthy Eating Food 

Groups 
Grain products 
Meat and alternatives 
Milk products 
Vegetables and fruit 

Foods 
Meat 
Vegetables (ail types) 
Green leafy 

vegetables 
Fruits ~ncludes juice~) 
Milk 
Bread 

Proc 
mixed1 

1.15 
2.84 
1.32 
1.63 

1.83 
7.99 

2.19 
1.17 
1.33 
4.74 

Proc Proc 
mixed2 mixed1 

0.96 2.07 
1.71 4.89 
1.23 0.96 
1.33 1.71 

1.30 3.44 
7.19 3.78 

2.26 3.82 
0.98 1.35 
1.23 0.69 
2.96 5.66 

Proc 
mixed2 

1.87 
4.52 
0.96 
1.58 

3.19 
3.60 

3.61 
1.25 
0.69 
4.55 

1 Adjusted for the fixed effects of gender, age, education, smoking, 
size of family and season. 

2 Unadjusted for fil<ed effects. 

The mixed mode! procedure that permits controlling for 
variables that may influence variability indicated that gender, 
age and education were significant fixed factors explaining 
variability in the mean intake of most foods and nutrients; 
smoking was a significant fixed factor explaining variability in 
the mean carbohydrate, iron and folate intakes; the fixed effect 
factor household size explained variability in the mean intakes 
of iron and folate, indicating that these factors have to be 
recorded and controlled for in dietary analyses. 

DISCUSSION 

The need for adjusting withinfbetween-subject variability 
for differences between subjects in terms of basic demographic 
factors such as age is clear. The ratios tended to be higher with 
the adjusted mode! compared with the unadjusted mode! for 
most nutrients and foods/food groups. The higher ratios among 
men for energy and macronutrients with the adjusted mixed 
mode! procedure indicated that fewer days wou Id be obtained 
if unadjusted values were used, which could then result in 
unreliable estimates of intakes. Withinfbetween-subject vari
ance ratios were generally lower for nutrients compared with 
foods; food groups based on Canada's Food Guide to Healthy 
Eating had lower ratios than specifie foods. The higher vari
ability for foods makes it diftîcult to obtain reliable estimates of 
food intake from few repeared observations. 

Adjusting for several factors when estimating variance ra
tios results in a reduction in between-subject variance. This 
may be due to differences in total intake because of age, sex, 
smoking status or physical activiry. The resulting higher vari
ance ratio indicates that more days are needed to obtain 
reliable estimates of nutrient inrakes. Not adjusting for these 
factors and thus estimating a lower number of days required 
could result in the srudy having insuftîcient power to detect 
differences in intakes when these variables are control\ed in 
multivariate analyses. 
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In the present study, gender, age, smoking, education, sea
son and size of family contributed to variability in the intakes 
of most foods and nutrients. Similar to other studies, gender, 
age and smoking contributed to variability in nutrient intakes 
(7,25,26). lt has been reported that there are differences in 
consumption of certain foods by level of education and family 
size (25,27-29). As œported in other studies, season did not 
contribute ta variability in the present study (11,30). 

The within- to between-subject variability ratios were gen
erally> 1 as reported in other studies (7,8,10-12). The ratios 
for energy, prote in, carbohydrate, calcium, vitamin C, iron, 
(7,8) grains, vegetable and fruit food groups (12) were similar 
to those reported for similar populations. The variance ratio 
for fat was similar to that reported in literature among men 
(7); however, the ratio was higher for women. For women, the 
within-subject variability was higher than for men and the 
between-subject variability lower, possibly reflecting inconsis
tent use of low fat products or less regular consumption of 
fat-containing foods.The number of days required to estimate 
usual intakes for carbohydrate and calcium was similar to that 
reported in other studies for similar populations using withinf 
between variance methodology (8). 

Nutrients had lower within- to between-subject variability 
ratios compared with foods possibly because nutrients come 
from many food sources. Among foods, there was greater 
variability in the intake of specific foods compared with whole 
food groups. It is possible that 2 d of measured intake for each 
individual is not suffic:ient ta obtain a true picture of variability 
in some less routinely eaten foods. 

A question often asked at the design stage pertains to the 
number of days of observation required to assess usual intakes 
of individuals and groups (7,9). In our analyses, considerably 
more days were required to obtain reliable estimates of intakes 
for individuals compared with relative ranking of subjects into 
groups. If the objective is to ob tain accurate estimates of 
individuals for counseling purposes (7), then the method in
volving the use of within-subject variability must be consid
ered due to the large day-to-day variation in dietary intakes of 
each individual. Studies have indicated that most nutrients 
have high within-subject variability, resulting in a greater 
number of days to estimate intakes reliably for individuals 
(7,24,9). The food frequency method may be an option for 
specifie fOodS (7); however, food-frequency questionnaires 
have been estimated to measure nutrient intakes only as ac
curately as 2-3 repeat 24-h recalls (31). 

A possible limitation of the present study was that the day 
of the week effect (3,24) was not considered. Attention was 
given ta avoid conducting a repeat interview on the same day 
of the week for each subject; however, the choice of days was 
not necessarily a weekday and a weekend day. Interviews for 
the same subject were not done on consecutive days to avoid 
misleading correlations associated with consecutive days of 
dietary assessment (3). 

In conclusion, withinfbetween-subject ratios for foods and 
nutrients tended to be higher with adjustment compared with 
the unadjusted mode!, indicating the need ta adjust for con
founding variables when calculating the number of days to 
obtain reliable estimates of nu trient intakes. 
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