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ABSTRACT 

This study profiles the usual dietary habits of independent-

living elderly from alternative methodological perspectives. The 

primary objective was to validate a comprehensive dietary question

naire developed for use in epidemiology against the results of 

household refuse analysisj an independent, continuous measure of 

dietary behavior. Members of 44 one- and two-person households 

residing in a retirement community in southern Arizona completed a 

semi-quantitative food frequency questionnaire. Subsequently, all 

refuse discarded by participating households during the following six 

weeks was collected and recorded by researchers. During the final 

week, respondents completed a recall questionnaire asking them to 

report their dietary habits during the study period. Analysis 

compared the results of survey and material measures of monthly 

household consumption at the levels of total intake, food group, and 

food item. Primary indices of agreement or association between 

measures included tests of mean difference, correlation coefficients, 

and percentage of subjects misclassified in tertile comparisons. 

Agreement between the results of measures was very good, with 

significant exceptions. Survey and refuse estimates of mean monthly 

quantity of total intake differed by less than one percent. 

xviii 
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Significant differences between mean estimates of consumption produced 

by each measure were found for three of 10 food group categories, and 

19 of 73 food items compared. The correlation coefficient for 

comparisons between survey and refuse estimates of total intake was 

.72, and positive associations were also evident for the large 

majority of other items examined. Fifty-seven percent of subjects 

were classified into equivalent tertiles by both survey and refuse 

estimates of total intake. Percentages classified into equivalent 

tertiles in food group comparisons ranged from 48 to 70 percent. 

Potential effects of sources of error in refuse were also examined. 

Significant differences between results of the measures clustered 

among food items commonly associated with health risk or benefit, or 

items which serve as accessory elements in meals. These results 

suggest that, although brief food frequency questionnaires can provide 

valid estimates of usual diet for the majority of food categories, 

social desirability response effects may significantly affect reported 

consumption of some items. 



CHAPTER 1 

INTRODUCTION 

Objectives and Significance 

The present text describes the results of a detailed study of 

usual diets of independent-living elderly from alternative 

methodological perspectives. The immediate objective is to validate a 

comprehensive dietary questionnaire developed for use in epidemiology 

against the results of household refuse analysis, an independent, 

continuous measure of dietary behavior. A second, longterm objective 

is to establish the methodological basis for the development of an 

integrated, triangular approach to the study of dietary habits in the 

community. 

This study represents a preliminary response to the critical 

need in health research for the development of methods appropriate for 

the longitudinal study of dietary habits in free-living urban 

populations. Valid measures of dietary habits over extended periods of 

time are crucially important for the study of potential links between 

diet and cancer or other major diseases (National Research Council 

1982). Measures of longterm stability and change in diet will also 

1 
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play a basic role in proposed dietary interventions for the future 

(Greenwald and Cullen 1985). 

Anthropology can make significant contributions to the 

development and evaluation of methods to measure and modify usual diet. 

The study described here makes extensive use of a specialized material 

measure of behavior, household refuse analysis, developed by 

researchers in the University of Arizona's Bureau of Applied Research 

in Anthropology. The distinctive measurement capabilities of this 

technique make it an effective tool for the validation of 

questionnaire-based measures of diet, and a sensitive monitor of 

dietary habits at the community level. Household refuse analysis is 

independent of respondent reports: results are based on the material 

remains of dietary behavior. Data collection procedures are also 

minimally obtrusive: subject consent is always obtained for extended 

studies of individual households, but participants are not asked to 

alter their normal behavior in any way. Host important, refuse 

analysis is a comprehensive measure of usual household diet which can 

continue for a theoretically indefinite period of time without 

increasing burden on the respondent. 

Throughout, the text focuses upon adapting anthropological 

techniques to the specialized methodological requirements for 

validation of reported dietary behavior. The study is also intended, 

however, as a contribution to the anthropology of nutrition. In the 

strictest context, this research contributes to the theory of response 

effects in self-reported, retrospective measures of dietary behavior 
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(Bernard et al« 1984). In a second, general sense, this report 

attempts to recover an integrative approach to anthropological 

research. 

D'Andrade (1984:110) notes that specialization in anthropology 

has resulted in the progressive erosion of attention to the 

relationships between systems of meaning and systems of behavioral and 

material flow. This breakdown is particularly unfortunate for 

anthropology's contributions to studies of diet and health. Successful 

efforts to monitor and modify usual diet in urban populations will 

require thorough understanding of relationships between cultural 

principles, social context, and patterns of reported and actual dietary 

habits. It is, therefore, precisely in integrated approaches to diet 

and health that anthropology's primary significance lies. 

Early studies in nutritional anthropology explicitly addressed 

the multi-dimensional nature of human dietary patterns. Audrey 

Richards' (1939) study of the Bemba of Northern Rhodesia is an 

excellent example. Recent research displays increasing polarization, 

however, as Messer's (1984) comprehensive review of anthropological 

studies of diet clearly documents. Paradoxically, effective 

contributions from anthropology to the epidemiology of diet and health 

may require recovery of the integrative insight characteristic of 

traditional research in the discipline. Applied research and basic 

theory in anthropology meet and reinforce each other at this point. 

This study attempts to make a small contribution to this process. 
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In the present study, the results of household refuse analysis 

are compared to responses to a comprehensive dietary questionnaire. 

Members of 44 one- and two-person households residing in a retirement 

community in Southern Arizona completed a semi-quantitative food 

frequency questionnaire developed for universal application in 

epidemiological research by Block and associates (Block and DeWys 

1984). Sample selection was primarily based upon methodological 

parameters designed to maximize accuracy of the refuse measure. The 

questionnaire measures average frequency and portion size for food 

items representing 93 percent of contributors to total calories in the 

national diet. In addition to dietary intake, a variety of 

demographic, health status, and behavioral information was obtained 

from respondents. 

After respondents completed the primary questionnaire, all 

refuse discarded during the subsequent six weeks by participating 

households was collected and recorded by researchers. During the final 

week of the study, respondents completed a "recall" version of the 

questionnaire asking them to report their dietary habits during the 

specific study period. 

Analysis measured agreement and association between survey and 

material measures of usual diet at multiple levels of comparison. The 

following chapters describe the rationale for selection of the dietary 

instruments, procedures for conduct of the study, and results of the 

comparisons. 
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Chapter 2 reviews the design requirements for longitudinal 

research on the epidemiology of diet and disease in urban populations. 

The measurement capabilities of major existing survey self-report 

measures of diet are evaluated against this framework. Newly developed 

food frequency measures, with augmented measurement capabilities, 

appear to be the most promising survey approach to large-scale research 

on diet and disease. However, the validity of this technique is still 

intensely debated. Prior tests of the validity of food frequency 

measures are quantitatively reviewed, and the necessary conditions for 

conclusive validations of the technique are set forth. 

Chapter 3 discusses the capabilities and limitations of 

household refuse analysis as an independent, continuous measure of 

usual diet appropriate for comparisons with frequency measures.. 

Conclusions from prior research and unresolved methodological questions 

about the technique are reviewed. 

Chapter 4 presents the research design of the study. The study 

population, community setting, and sample selection parameters are 

first described. The schedule of administration of methods is also set 

forth. Lastly, procedures for comparison of the refuse and 

questionnaire results for frequency and quantity of household intake 

are described. 

Chapter 5 presents the results of the analysis. Questionnaire 

and refuse estimates of total dietary intake, ten food groups, and 74 

food items are compared. Results are evaluated at four basic levels: 

total monthly quantity (all households); mean frequency and quantity of 
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monthly household intake; correlation between individual household 

values; and household rankings by quantity. This multi-level 

comparison is designed to permit identification of recurrent patterns 

in the direction of results, and to determine levels of "effective" 

validity of the questionnaire results. 

Conclusions and implications of the research for future 

application of each measure are discussed in the final chapter. The 

completed study is intended to serve as the methodological foundation 

for future comprehensive research at the community level. 



CHAPTER 2 

FROM NUTRITION TO EPIDEMIOLOGY: METHODOLOGICAL ISSUES 

The recent establishment of "interim" dietary guidelines by the 

National Research Council's Committee on Diet, Nutrition, and Cancer 

(1982) is only the most dramatic of numerous proposals for fundamental 

changes in the American diet that are currently under consideration 

(Greenwald and Cullen 1985). Increasing multidisciplinary attention to 

potential links between diet and major diseases, particularly cancer 

and coronary heart disease, has made large-scale observational and diet 

intervention programs a virtual inevitability. 

Over three decades of intensive research into the relation 

between diet and cardiovascular disease has been completed, led by 

several large, lengthy prospective studies of specific populations 

(Dawber 1980; Paffenbarger, Wing, and Hyde 1978; The Pooling Project 

Research Group 1978). Recently, epidemiological research on 

cardiovascular disease has begun to shift from observational to 

experimental research, with a number of major studies proposing 

significant changes in the diets of test populations (Lipid Research 

Clinics Program 1984a, 1984b; Farquhar et al 1985). Results to date 

have been largely inconclusive (Stallones 1983). However, it is a 

certainty that major experimental research in diet intervention will 

continue to expand in design and population coverage in the near 

7 
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future. Cancer control programs targeting dietary risk factors for 

intervention are still relatively nascent, although longitudinal, 

prospective studies of cancer incidence which focus specifically on 

proposed promotional or inhibitory dietary factors are underway 

worldwide (Byers and Graham 1984). 

At the same time, recognition of the profound social and 

economic implications of proposed changes in diet, a6 well as growing 

concern over contradictions in the available evidence on dietary risk 

factors, have provoked a rigorous reassessment of the validity of 

existing methods used to obtain estimates of human dietary intake. 

This chapter surveys standard self-report measures of diet available 

from nutrition, and assesses their appropriateness for epidemiologic or 

intervention studies. I will review the measurement capabilities and 

validity of alternative techniques, and argue that brief "food 

frequency" measures are particularly appropriate for large-scale 

studies. 

The Epidemiology of Diet and Disease 

At both the observational and experimental levels, the 

epidemiology of diet and major diseases of the American population has 

posed fundamental challenges for existing measures of dietary intake, 

including basic questions of design and validity. This is particularly 

true of diet and cancer studies. Epidemiological studies of dietary 

risk factors and cancer have proceeded on a semi-continuous basie for 

more than 50 years. However, as Byers and Graham (1984:16) point out, 
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questions posed at the inception of research on this topic continue to 

be intensely debated. 

Modern estimates suggest that dietary factors may be directly 

implicated in 35 percent of all human cancer incidence (Doll and Peto 

1981). However, the confidence interval surrounding this figure is 

large, ranging from a minimum of 10 percent to a maximum of 70 percent. 

Most of the uncertainty reflected in this estimate is attributable to 

wide variability in conclusions obtained by studies of dietary risk 

factors using alternative research designs. 

Research on associations between diet and cancer generally 

begins with one of four basic study designs: 

1. Ecological Studies correlate the cancer rates for particular 

body sites with food consumption data obtained from the same 

population, typically a large ethnic, racial, regional, or 

national group. 

2. Case-control Studies compare frequencies and quantities of 

foods retrospectively reported eaten by subjects with cancer 

and matched controls without the disease. 

3. Prospective Studies, relatively rare for practical reasons, 

follow defined populations on a longitudinal basis, and 

compare selected dietary factors to longterm cancer incidence 

and mortality rates within the population. 

4. Intervention Programs propose diet modifications in study 

populations, measure compliance to the proposed changes, and 

evaluate their longterm effects on subjects' cancer rates 



10 

(National Research Council 1982:31-37; Sorenson 1980:438-441; 

Byers and Graham 1984:7-36). 

Ecological studies have played a major role in the generation 

of hypotheses regarding dietary risk factors for cancer (Byers and 

Graham 1984:15). Striking variability is apparent in published 

incidence and mortality rates for cancer, and correlation studies have 

reported strong associations between dietary variables and a number of. 

site specific forms of the disease (Armstrong and Doll 1975; National 

Research Council 1982). However, observational studies of specific 

individuals, utilizing both case-control and prospective study designs, 

have frequently failed to confirm these hypothesized relationships 

between diet and cancer (Byer6 and Graham 1984; Graham 1983). In many 

such studies, the magnitude of the association is reduced, the 

hypothesized effect is absent, or the direction of the relationship may 

even be reversed (Graham 1983; Byers and Graham 1984). 

Recently, reviews have directed increasing attention to 

methodological issues as potential confounding factors in estimates of 

relationships between dietary factors and cancer. Systematic error in 

the measurement of dietary intake may represent the most significant 

potential source of misclassification in estimates of subjects' 

relative risk of cancer (Jacobs, Anderson, and Blackburn 1979; Walker 

and Blettner 1985). Ecological studies typically rely upon crude 

dietary estimates of "per capita intake" derived from national food 

production data. On the other hand, case-control, prospective, and 

intervention studies are almost universally dependent upon respondent 



11 

6elf-report measures of dietary intake. However, these measures are 

potentially subject to a variety of sources of systematic error. Many 

case control studies of diet and cancer are critically dependent upon 

longterm, retrospective estimates of subjects' usual diet in the past. 

However, the respondent's ability to make such estimates has not been 

conclusively validated. In fact, several recent studies suggest that 

such estimates are substantially biased by current diet (Garland and 

Ibrahim 1982; Byers et al. 1983; Rohan and Potter 1984). Other case-

control studies measure only current diet, and assume that eating 

habits remain stable throughout adult life. However, as Byers and 

Graham (1984:40) point out, this assumption has never been 

systematically tested. 

Prospective and diet intervention research may rely exclusively 

upon measures of current diet. However, these methods are also subject 

to potential nonrandom error. Distortion may be introduced in the 

selection of measurement intervals for diet records (Beaton et al. 

1979, 1983); via errors in respondents' estimates of the frequency and 

quantity of foods they eat (Lansky and Browne! 1 1982; Guthrie 1984); 

and through factors associated with the social approval motive (Marlow 

and Crown 1964; Worsley et al. 1983). 

Widely acknowledged concern over measures of diet has resulted 

in the establishment by the National Cancer Institute (1984) and the 

National Research Council's Committee on Diet, Nutrition, and Cancer 

(1982, 1983) of priorities for research related to methods. Calls for 

1) effective tests of the validity of existing diet self-report 
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methods, and 2) the development of alternative measures of diet for use 

in cancer epidemiology are prominent in these recommendations. Given 

these directives, the first and most chal lenging methodological issue 

to address i6 the requirement to adapt existing measures of diet 

derived from nutrition research to the special requirements of cancer 

epidemiology (James, Bingham, and Cole 1980; Sorenson 1982; Bazzare and 

Yuhas 1983; Lyon et al. 1983). As Lyon et al. (1983:2392) have noted, 

most standard survey self-report measures of diet were originally 

developed to determine current food intake, and to provide baseline 

data for comparison with biochemical and anthropometric indicants of 

the subjects' current nutritional status. Cancer epidemiology, on the 

other hand, must necessarily measure exposure to risk factors over 

extended periods of time. Observational research on diet must be 

measured in years, rather than the relatively brief intervals tapped by 

most existing methods. 

Experimental research in cancer control centering on diet 

modification in large populations will pose additional methodological 

challenges. In prior experimental studies, study populations 

consisting entirely of subjects on restricted diets in laboratory 

settings has been common, as has been exclusive use of small samples of 

dietary professionals or institutionalized populations (Bazzare and 

Yuhas 1983). However, community level intervention programs 

necessitate measures of the longterm dietary habits of large 

populations of non-institutionalized individuals on self-selected 

diets. 
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To summarize, both observational and experimental research in 

cancer epidemiology will require researchers to develop valid measures 

of usual diet for use in large, free-living human populations 

subsisting on self-selected diets. Each of the primary constituents in 

this statement has subsidiary implications. That is, appropriate 

measures of diet for use in cancer epidemiology must have the 

demonstrated capability to provide: 

1. Measures of usual diet. Results from these measures must be 

representative of habitual intake. This will necessarily 

require longitudinal monitoring of subjects' diets, either 

through continuous observation or repeated sampling intervals 

scheduled over extended periods of time. Associated with this 

requirement, appropriate measures must be able to minimize 

respondent burden if they are to be successfully applied over 

long periods of time. 

2. Observational Measures of freeliving human populations on 

self-selected diets. This statement implies that methods 

appropriate for cancer epidemiology must be capable of 

assessing individual or household intake. That is, they must 

not only consist of individual averages derived from aggregate 

data, as is the case in "food disappearance" figures. Second, 

however, such measures must al6o be potentially applicable for 

use in large-scale observational or experimental survey 

research. 
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3. Valid measures of usual diet. "Validity" as a measure of 

usual diet implies that several criteria must be met. The 

measure must be comprehensive, i.e., it must assess all major 

food and nutrient contributors to the subjects' diet (Block et 

al. 1984), and it must not seriously underestimate levels of 

dietary diversity within the study population (Randall, 

Nichaman, and Contant 1985). Additional implications derive 

from the standard necessity to rely upon self-report measures 

of diet. To maximize the probability of valid assessments of 

diet, the most appropriate measures should be those which 

minimize dependence upon respondent memory. In accord with 

this, measures of diet must also minimize the potential for 

reactivity. 

In the following sections, I will briefly review the most 

important individual level survey self-report measures of diet 

available from nutrition research, and evaluate them according to the 

methodological criteria outlined above. 

Methods for Determining Dietary Intake 

Estimates of human dietary intake have been obtained using a 

variety of techniques and levels of aggregation of subjects. 

Advantages and acknowledged limitations of the most commonly used 

measures of diet are reviewed in detail by Marr (1971), Burk and Pao 

(1976), and Sorenson (1982). Standard typologies of dietary collection 

methods begin with the distinction between alternative units of 
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analysis. Dietary data can be collected at the level of large 

populations (including community, regional, or national divisions, or 

studies of religious, ethnic, racial, or migrant groups); at the level 

of the household or family unit'; and at the level of the individual 

subject. The present discussion is limited to individual level 

techniques. 

Individual level dietary survey instruments greatly enhance the 

precision of causal inference. Such measures permit the researcher to 

evaluate proposed associations between diet and disease directly, 

without intervening assumptions. They also provide greater flexibility 

in data analysis. Aggregation of individual level samples readily 

permits study at the household or population level. 

Despite these advantages of the individual as the unit of 

observation, the design of individual level measures of food intake 

with demonstrable validity continues to challenge researchers. Case-

control and prospective studies of dietary risk factors have yielded 

remarkably inconsistent results (Byers and Graham 1984; Lyon et al. 

1983). As a result, studies at this level are the most controversial 

in cancer research, and attention continues to focus on the validity of 

standard self-report measures of individual diet. 

Standard self-report measures of individual diet can best be 

divided according to the nature of demands they make on the respondent. 

One basic approach requires the subject to record his present intake of 

every food during a given period of time. Methods making use of this 

procedure differ according to whether quantities of foods eaten are 
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precisely weighed using scales, or whether recording is done in the 

form of standard household measures or simple menu items. 

A second primary approach relies upon the respondent's recall 

of past intake. Subjects are most commonly asked to recall all foods 

eaten during specific periods of time, ranging from 24 hours to seven 

days. An alternative recall approach requires respondents to estimate 

their average levels of consumption of particular foods. Thi6 "food 

frequency" technique may be used to extract detailed diet histories 

from subjects, or it may be applied in the form of short questionnaires 

designed to profile the usual consumption habits of large populations. 

Quantity in recall studies is commonly determined using standard 

household measures, food models, or photographs of basic portion sizes. 

The validity of individual level dietary measures is rarely 

evaluated from an epidemiological standpoint. I will briefly review 

available survey approaches to measuring individual intake, summarize 

conclusions from previous validations of these methods, and evaluate 

their future applicability given the epidemiological criteria set forth 

above. 

Record Measures 

Diet record instruments include precise and inventory weighed 

techniques, and consecutive or multiple independent days diary methods. 

Record measures require respondents to list all actually eaten food 

during a designated period, substituting quantitative meal-by-meal data 
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on present intake for the estimates of specific or average past intake 

produced by recall instruments. 

Weighed Intake. Weighed measures of foods eaten were first 

developed for use in laboratory settings; participants in studies of 

this type are placed on strictly controlled diets (Sorenson 1982). In 

most cases, foods are first weighed before serving them to 

participants; after the meal, remaining plate waste is again weighed. 

The difference between the two values, representing intake, is recorded 

and the nutrient value calculated using food composition tables or 

chemical analysis of duplicate food portions. These data are used for 

a variety of specific experimental purposes. Despite their 

demonstrable.accuracy, weighed measures in these controlled contexts do 

not reflect the intakes of free-living individuals on self-selected 

diets. The selection of foods to eat is predetermined by experimental 

objectives, intake i6 necessarily measured over relatively short 

periods of time, and extraordinary cooperation on the part of the 

respondent is required. 

The use of weighed food assessment in populations without 

controlled intake is best associated with research by Jean Marr (1971, 

1980). Marr (1971) distinguishes between two types of weighing methods 

for use in surveys. The precise weighing method (1971:110) requires 

all ingredients used in food preparation to be weighed, after 

subtraction of inedible wastage. The cooked weight of the individual's 

portion and plate waste are also assessed. Nutrient level intake is 

calculated using aliquot samples or food composition tables. As Marr 
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(1971:110) points out, thie method is limited to consumption within the 

home, and requires several hours of cooperation each day on the part of 

the household cook. Thus, the method i6 not feasible for use in large-

scale surveys. It is also particularly vulnerable to potential 

selection bias in subject recruitment. To what extent the usual 

dietary habits of the household are altered by the intrusiveness of 

this method has also not been determined. 

The weighed inventory method (Marr 1971:111) reduces 

intrusiveness and subject burden to some extent. The subject is 

typically provided with small dietary scales, with which he weighs 

prepared food immediately before consumption, and any plate waste 

remaining at the end of the meal. Nutrient level calculations are 

usually made using food composition tables. Weighed inventory 

techniques have been used in a variety of non-institutional settings 

(Widdowson 1947; Exton-Smith and Stanton 1965; Thomson 1958; Yarnell et 

al. 1983). However, cooperation requirements for this method are still 

unusually high. Application of the method is therefore usually limited 

to a maximum of seven days, calling into question its applicability as 

a measure of usual diet. Selection biaB in sample recruitment 

continues to be a threat, and completion rates in previous studies have 

been relatively low. Marr (1971:113) reviews seven applications of the 

weighed inventory approach. Completion rates ranged from 32 percent to 

82 percent, with a mean of 66 percent. The method is thus also 

vulnerable to substantial nonresponse bias. 
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Despite its limited applicability for large-scale surveys or 

longitudinal studies, the weighed inventory method is usually 

considered a model of accuracy in recorded intake. Consequently, 

weighed measures have served as the reference method in several 

validation studies (Lubbe 1968; Paul 1963; Yarnell et al. 1983). The 

only significant source of error cited in most reviews is the 

possibility that use of food composition tables will result in 

miscalculated nutrient intake values. The standard solution to this 

problem is to request duplicate meal portions for weighing and direct 

analysis. 

James et al. (1980:206) report use of this method in a 

Scandinavian study. The researchers weighed both the actual and 

duplicate portions as a cross-check, and discovered that the duplicate 

meals seriously underestimated true intake. Subjects were reluctant to 

set aside, for analysis purpose only, as much food as they had eaten. 

Isakkson (1980) notes other examples of systematic error in weighed 

measures attributable to this phenomenon. James et al. (1980) argue 

that the tendency to underreport true intake in weighed measures will 

be especially exaggerated in diet-conscious societies where obesity 

levels are high. Morgan et al. (1978) and Sorenson (1982) suggest that 

weighed measures may also seriously alter subjects' usual eating 

habits, because of the tedium and difficulty associated with weighing 

every food consumed. A final criticism of weighed measures - that 

their maximum measurement interval of seven days limits their validity 



20 

as a measure of usual diet - will be considered in detail in the 

conclusion to the discussion of record measures. 

Weighed measures of diet, despite their potential for precise 

detail in recorded measures of intake, appear to be of limited value in 

the study of free-living populations. The necessary intrusivene6s of 

weighed methods may distort both actual and reported food intake. 

Furthermore, the tedious detail required effectively limits the 

method's application to a seven-day maximum. Weighed measures appear 

to be most appropriate in laboratory or institutional settings where 

intake is controlled. 

Food Records; Consecutive Days. Commonly labeled "diet 

diaries," food record instruments ask respondents to record all foods 

eaten, without weighing, during a specified period of time. Quantities 

eaten are usually determined using standard household measures or 

common portion sizes depicted in food models or photographs. Two 

primary advantages accrue to this technique. Recording of present 

intake is intended to eliminate errors of memory associated with recall 

measures. Thus, validity is enhanced. Second, recording of quantities 

in standard household measures reduces the tedium and inconvenience 

associated with weighed records. Diet diaries expand both the 

potential sample size and maximum measurement interval capabilities of 

record measures. The method is also readily adaptable for use by 

individuals on self-selected diets. 

Food records provide a flexible meanB by which to measure the 

frequency and quantity of intake by free-living populations. In 
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practice, however, the method has limitations. Consecutive days 

recorded intake using diet diaries is usually limited to seven days, 

the same maximum as that of the weighed record. Most researchers 

consider seven days consecutive records to be the minimum necessary to 

estimate usual variation in individual intake (Sorenson 1982). Marr 

(1971) has evaluated completion rates for studies using seven day 

weighed and non-weighed records. Surprisingly, elimination of the 

weighing procedure only raises the mean completion rate minimally, from 

66 percent to 69 percent (Marr 1971:113, 116). 

Gersovitz, Madden, and SmiciklasWright (1978) reported that 

accuracy in recorded food intake may decline after the second 

consecutive day. The authors validated self-recorded intake against a 

limited measure of actual known intake. A sample of forty-four elderly 

men and women recorded their intake for seven days, during which time 

the researchers unobtrusively weighed amounts of food consumed by the 

subjects at a congregate lunch site. Group means for reported intake 

of eight of ten nutrients agreed well with actual known values. 

Individual level data displayed greater discrepancies, however. 

Regression analysis was used to evaluate the validity of alternate two 

or three day records during the week for ten nutrient categories. 

During days one and two, nine of ten nutrient categories displayed 

significant associations between recorded and actual values. However, 

the number of nutrient categories meeting the validity criterion 

dropped to 6ix during days three and four, and dropped again to three 

during days five through seven. 
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It is difficult to generalize from these results, because of 

the unusual circumstances (congregate meals) under which the data were 

obtained, the specialized study population, and the small number of 

observations. Nevertheless, Gersovitz et al.'s study suggests that the 

validity of consecutive seven day records may be limited to the first 

days of the measurement period, thus reducing their practical value as 

measures of usual intake. 

The validity of seven-day record measures has also been 

assessed by testing agreement between two applications of the method 

on the same study population. In these studies, reliability becomes a 

proxy measure of validity. Results from five studies which obtained 

two seven-day records at variable intervals are presented in Table 2.1. 

Positive associations of variable magnitudes were reported in each 

study. An uneven but recognizable decline in agreement between 

measures is also apparent as the interval between applications widens. 

These results are broadly consistent with assessments of longterm diet 

patterns using other measures (Garland and Ibrahim 1981; Byers et al. 

1983; Jensen et al. 1984; Rohan and Potter 1984). However, as Block 

(1982:500-501) has noted, it is difficult to draw conclusions about the 

validity of seven-day records from this study design. Agreement between 

measures may be attributable to consistency in diet and an accurate 

method, or it may reflect a tendency to give the same response at 

different times. Disagreement between results may indicate a change in 

diet recorded by an accurate method, or it may only reflect the results 



Table 2.1. Reliability Measures: Two Applications of Seven Day Records at 
Variable Intervals. 

Adelson Huenemann Thomson Trulson Keys et al. 
1960 and Tunner 1938 and 1966 

1942 McCann 
1959 

Adult Meals Children Pregnant Adult Adult 
Women Women Males 

Consecutive 1 Month 6 Weeks 2 Years 3 Years 
Weeks 

Kilocalories .78 .68 .90 .43 .30 
Protein .70 .80 .78 .43 
Fat .77 .83 
Carbohydrate .83 .36 
Calcium — .70 .69 

Percent 
Calories 
From: 

Portein — -- — -- .24 
Fat — -- -- — .29 
Alcohol — -- -- -- .67 
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of an unreliable instrument. Thus, the validity of seven-day records 

cannot be conclusively demonstrated using this approach. 

Elimination of the weighing of foods eaten reduces subject 

burden in record measures. However, an additional source of potential 

error is introduced: participants must be able to estimate accurately 

quantities eaten. In an early study, Huenemann and Turner (1942:562) 

reported that subjects had substantial difficulties with household 

measures or visual estimates. Use of "standard" household measuring 

devices produced surprisingly variable results, and visual estimates of 

quantity were also suspect. The researchers subsequently issued scales 

to all participants to ensure standard results. 

The respondent's capability to make accurate visual assessments of 

food quantity in standard units has, however, only recently been 

subjected to systematic investigation. Stunkard and Waxman (1981) 

compared one day quantity estimates derived from direct observations by 

researchers and 24-hour recalls by study participants. The small 

sample consisted of three pairs of brothers, aged 4 to 13, in separate 

households. In each case one member of the pair was obese, and the 

second was of normal weight. The researchers conducted direct 

observations of household eating habits over a four month period, 

including videotaping of meals. Near the end of the study, researchers 

observed all meals and snacks eaten by the boys during a 24-hour 

period. Immediately thereafter, each subject completed an unannounced 

24-hour recall of all foods eaten during the observation period. 



Results of quantity comparisons, reported for total 

kilocalories only, displayed excellent agreement (r=.96) between 

observed and reported intake. However, these results are difficult to 

interpret or generalize. The small sample 6ize (N=6) undermines the 

external validity of the study. Moreover, the highly intrusive methods 

of observation may have sensitized subjects to their eating habits to 

an unusual degree. Contamination between observed and reported intake 

may also have artificially inflated correlation levels. Reported 

consumption of prepackaged items (e.g., candy bars) was automatically 

assigned the quantity value recorded by observers, ensuring equivalent 

values for some foods. Finally, quantity comparisons were reported for 

total kilocalories only. Aggregate comparisons of total intake may 

mask significant variability at the nutrient, food item or portion size 

levels. Accuracy was not evaluated at either level in this report. 

Stunkard and Waxman (1981) compared total intake quantities 

derived from direct observation and short-term (24 hours) recall. Two 

subsequent studies, Laneky and Brownell (1982) and Guthrie (1984) 

examined the accuracy of self-reports of portion sizes for particular 

foods. Lansky and Brownell (1982:727-729) report the results of an 

experiment in which 30 overweight subjects (each of whom had monitored 

quantity and calories of intake on previous diets) were asked to 

estimate the quantities of 10 common foods displayed in common portion 

sizes. Comparison between subject estimates and actual vales revealed 

striking discrepancies. Subjects overestimated the actual quantity for 

every food (by an average of 63.9 percent). Mean percentage errors for 
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particular foods ranged from six percent (soft drink) to 260 percent 

(potato chips). Moreover, the magnitude of subject errors was 

substantial in a majority of cases; averaged across foods, 74 percent 

of total estimates were in error by more than + 10 percent of actual 

values, and fully 42 percent of the total were in error by more than + 

50 percent. Food by food variability in the percentage of estimates in 

error by more than + 50 percent are displayed in Table 2.2. 

Percentages of error in this category ranged from 10.5 (orange juice) 

to 83 percent (potato chips). 

Accuracy in total quantity estimates is also affected by the 

proportion of complete (i.e. including both frequency and portion size) 

food records. In a subsequent experiment reported in the same article, 

Lansky and Brownell (1982:729-730) evaluated the completeness of seven-

day food records filled out by 25 female participants in a weight 

reduction program. Records were taken during the third week of the 

study, after completion of a training program in which the importance 

of complete records was emphasized. Subsequent examination of returned 

records revealed that 47 percent of the total entries did not contain 

quantity estimates. The authors conclude that subject errors of 

omission or estimation may substantially affect the results of food 

record surveys. 

Guthrie (1984) also reported an extensive experiment on portion 

size quantities. Her intent was to determine whether 1) standard 

portion sizes used in surveys accurately reflect the true mean for 

self-selected portions, and 2) young adults (aged 18 to 30) can 
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Table 2.2. Percentage of Food Quantity Estimates in Error by 
50 Percent or More in Two Studies. 

Food Lansky and Brownell 1982 Guthrie 1984 

Ham 37 

Turkey 54 

Bread Slices 46 

Spaghetti 60 

Green Beans 20 

Cottage Cheese 27 

Blueberries 30 

Potato Chips 83 

Soft Drink 53 

Orange Juice 10 0 

Corn Flakes 47 

Milk on Cereal 39 

Sugar on Cereal 33 

Butter on Toast 75 

Milk-Bkfst Beverage 14 

Tossed Salad 29 

Salad Dressing 71 

Fruit Salad 53 

Milk-Lunch Beverage 6 

Butter 78 
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quantify amounts of food they have eaten, without assistance from study 

personnel. Results were obtained from 147 subjects who agreed to eat 

breakfast or lunch in a meal management laboratory. Available foods 

for each meal were selected by the investigator. Portion 6izes 

selected and amounts of food eaten by the subject were quantified with 

the use of unobtrusive weighing. Immediately after the meal, subjects 

were asked to record the type and amount of all foods eaten during the 

meal. Agreement between self-selected and standard portion sizes was 

first assessed. Selected portions were similar to standard units for 

butter on toast, sugar on cereal, milk, and tossed salad. However, 

substantial disagreement existed between selected and standard sizes of 

dry cereal, tuna salad, fruit salad, and orange juice (Guthrie 

1984:1441). For these foods, the respondents' concept of average 

portion size deviated significantly from common standards, and varied 

significantly across individuals with the study group. 

Agreement between food record reports and actual values of 

quantity consumed was also evaluated. Guthrie (1984:1440) reports that 

aggregate percentage agreement was poor. Averaged across foods, 38 

percent of respondents quantified individual items within + 25 percent 

of actual intake; 16 percent underreported consumption by more than 25 

percent of known values; and 47 percent overreported amounts eaten by 

more than 25 percent of known values. The total percentage of quantity 

estimates in error by 50 percent or more is listed for each food in 

Table 2.2. Guthrie was also able to assess the effect of total 

omission of foods eaten upon the accuracy of food records. She found 
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that the percentage of respondents who remembered to report a food they 

had eaten varied substantially across food items. One hundred percent 

of subjects who were observed to eat cereal reported it; however, only 

64 percent remembered to report that they had added sugar to their 

cereal, and only 47 percent of those using milk as a beverage recorded 

it. Thus, despite the immediacy of the record measure, errors of 

conscious awareness of foods eaten also contributed to overall error. 

Food records are designed to reduce the subject burden required 

by weighed measures, and to eliminate the potential for memory error 

inherent in diet recall surveys. Nevertheless, available evidence 

suggests that the consecutive days approach to recording of present 

intake may have limited value as a valid measure of the quantity of 

usual intake. Seven days consecutive records appears to be the 

maximum measurement period for study populations. However, one week's 

intake may underestimate usual variability within the individual1 after 

the first two consecutive days of measurement (Gersovitz et al. 1978). 

Despite elimination of weighing procedures, completion rates for 

consecutive days food records continue to be relatively low (Marr 

1971), and completed records frequently lack crucial information on 

quantities of particular foods eaten (Lansky and Brownell 1982). 

Reliance upon visual estimates or household measures introduces 

additional potential for error. Standard portion sizes may 

inaccurately reflect respondents' concepts (Guthrie 1984), household 

measures may produce variable results (Huenemann and Turner 1942), and 

respondents' unfami1iarity with estimating quantity may result in 
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substantial error (Lansky and Brownell 1982; Guthrie 1984). Finally, 

errors of total omission of foods eaten may be more common in food 

records than previously recognized (Guthrie 1984). 

Food Records! Random Replicate Days. Perhaps the most serious 

methodological challenge for record measures i6 the necessity to 

represent individuals' usual intake adequately. Recently, growing 

attention has focused on the possible significance of day-to-day or 

intraindividual variability in intake (Liu et al. 1978: Beaton et al. 

1979, 1983; Marr 1980; Hunt et al. 1983; Sempos et al. 1985). For 

purposes of epidemiological research, the validity of diet record 

instruments for the measurement of diet must be assessed on two levels: 

1. Validity of subject reports of all foods eaten during the 

designated measurement period. 

2. Validity of subject reports as an estimate of the individual's 

usual pattern of eating. 

According to James et al. (1980:207), reliance upon seven 

consecutive days as the basic measurement interval for record measures 

dates from Widdow6on and McCance's (1936a, 1936b, 1938) detailed 

surveys of individual diet in Great Britain. The authors determined 

that significant day-to-day and weekday/weekend variability was present 

in individual intake, necessitating a record of all foods eaten during 

the course of a full week. Early objections to the seven-day recording 

interval were raised by McHenry, Ferguson, and Gurland (1945), who 

obtained seven-day food records from 31 individuals on a monthly basis 

during the period of a year. Yudkin (1951), reporting the results from 
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four consecutive weeks of diet records completed by 6ix dietetics 

students, also criticized dependence upon seven-day records. 

Both reports emphasized the significance of week-to-week and 

seasonal variability in the usual diets of individuals. Their results 

were corroborated by Chappell (1955), who recorded her own diet for 

seventy consecutive weeks, and found that a standard error of 20-25 

percent can be expected with reliance upon samples of one week. Her 

estimate, based upon the longitudinally recorded diet of a single 

individual, may in fact be conservative. 

Recently, renewed attempts to establish minimally necessary 

measurement intervals for recorded diet have been published. Before 

determining the relationship between diet and disease, measures of food 

intake must accurately characterize the individual's true mean for each 

dietary factor, that is, the hypothetical average about which he varies 

during the period for which an habitual dietary pattern is maintained 

(Liu et al. 1978:400). Variation about the mean in true intake appears 

to be most profitably partitioned between interindividual variation, 

and a residual component that includes both intraindividual variation 

and methodological error (Beaton et al. 1979; El Lozy 1983; Sempos et 

al. 1985; Walker and Blettner 1985). Interindividual variation refers 

to the variation among the true means of individuals within a 

population. Intraindividual variation refers to day-to-day variation 

of the individual about his true mean (Liu et al. 1978:401). 

Unfortunately, standard analysis of variance does not readily permit 

division of the residual variance component into intraindividual and 
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method variation. Hence, most such analyses necessarily begin with the 

assumption that the diet values obtained are valid measures of intake 

(Liu et al. 1978; Beaton et al. 1979, 1983; Hunt et al. 1983; Sempos 

et al. 1985). 

Any 6ource of variability in the data that is not attributable 

to true differences between individuals presents a problem for causal 

inference. Intraindividual variation in dietary intake within the 

study population must be quantified because of the potential for 

within-person variation to equal or exceed variation between 

individuals. If this is the case, reliance upon one or a small number 

of measures of intake may result in error in estimates of the true mean, 

intake for individuals. The probability of misclassifying individuals 

relative to intake increases, and the probability of detecting valid 

associations between diet and disease factors is reduced. 

A small number of recent studies ha6 used record or recall 

measures to quantify ratios of intraindividual to interindividual 

variance within their study populations (Liu et al. 1978; Beaton et al. 

1978, 1979; Hunt et al. 1983; Todd, Hudes and Calloway 1983; Sempos et 

al. 1985). Each study reported high levels of overall and nutrient-

specific intraindividual variation in diet. Results of the four most 

extensive studies are presented in Table 2.3. Beaton et al, (1979, 

1983) obtained 6ix 24-hour recalls each from 30 male and 30 female 

office workers in Toronto. Ratios of intraindividual to 

interindividual variance were calculated for sixteen nutrient 

categories. For males, ratios ranged from 1.0 for saturated fat intake 
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Table 2.3. Ratios of Intraindividual* to Interindividual Variance in 
Three Studies. 

Beaton et al. 
1979, 19832 

Hunt et al. 
19833 

Sempos et al. 
1985 

Toronto Albuquerque Madison 

Adult Workers Elderly Adult Women 

Male Female Male Female Year 1 Year 2 

Energy 1.2 1.4 1.0 .8 1.6 1.6 
Protein 1.4 1.4 1.2 1.3 2.1 2.1 
Carbohydrate 1.7 1.4 2.1 1.2 
Total Fat 1.2 1.7 1.2 .9 
Sat. Fat 1.0 1.4 2.2 1.7 
Monounsat. Fat 1.4 1.7 
Polyunsat. Fat 2.9 4.0 3.5 2.2 - - -

Cholesterol 3.6 4.4 5.6 4.2 
Vitamin A 24.0 1.6 2.5 7.7 10.9 
Vitamin 1.9 2.1 
Vitamin B^2 19.8 23.1 
Vitamin C 3.6 2.0 2.3 2.8 2.3 2.5 
Thiamin 2.6 4.4 .9 1.6 3.3 3.9 
Riboflavin 2.6 2.3 .9 1.8 3.0 3.3 
Niacin 1.7 4.0 2.2 2.5 3.2 3.6 
Calcium 2.3 1.0 1.1 1.7 1.1 1.2 
Iron 1.7 2.6 1.8 1.5 2.7 2.5 
Crude Fiber 2.6 2.6 

Notes: 

^Intraindividual variability is taken as the residual in the analysis ' 
of variance, and includes both true intraindividual variation and 
method variability. 

^Ratio of Intraindividual to interindividual variance calculated by 
squaring the ratio of intraindividual to interindividual coefficients 
of variantion. 

^Reported ratios have been rounded to one decimal point. 
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to 3.6 for intake of cholesterol and vitamin C. For females, levels 

ranged from 1.0 for calcium intake to 24.0 for vitamin A. Hunt et al. 

(1983) evaluated components of variance in three-day records collected 

at yearly intervals from a sample of elderly men and women in 

Albuquerque. Ratios of intraindividua1 to interindividual variance 

were somewhat reduced relative to Beaton et al.'s study population. 

However, values continued to be high. For males, ratio levels ranged 

from .9 for intake to thiamin and riboflavin, to 5.6 for cholesterol. 

For females, values varied from .8 (kilocalories) to 4.2 (cholesterol). 

Sempos et al. (1985) obtained 5,115 daily diet records from 151 

Madison, Wisconsin women during a two-year period (mean of 38 records 

per individual). Ratios of intraindividual to interindividual variance 

were again high for each intake category. Overall, values ranged from 

1.1. (calcium intake) to 23.1 (vitamin intake). 

The sample of studies is small, but several preliminary 

observations are evident from the contents of Table 2.3. Ratios of 

intraindividual to interindividual variance equal or exceed 1.0 in 

almost every category analyzed. Moreover, even given that levels of 

intraindividual variance are high throughout, variability in the 

magnitude of ratio values across categories is still remarkable. 

Several dietary factors hypothesized to affect disease incidence, 

including cholesterol, vitamin A, and fiber intake, are characterized 

by disproportionately large ratio values. Sex and age-related 

differentials are apparent in some categories, but have not been 

systematically evaluated. 



35 

These results have significant implications for the selection 

of a primary dietary instrument in surveys, and determinination of the 

number of times it is applied during the study. If intraindividual 

variation is large and the number of measurements per individual is 

small, the observed mean value may differ significantly fron the true 

mean, and the probability of misclassification of individuals with 

respect to dietary intake may therefore be quite high (Liu et al. 

1978:402). The studies summarized in Table 3.4, each based on the 

application to subjects of multiple, independent 24-hour recall or 

record measures of intake, suggest that standard one, three, or seven 

consecutive days measurement intervals may seriously underestimate 

intraindividual variation in study populations. 

After quantifying ratios of intraindividual to interindividual 

variance within the population, the number of measurements necessary to 

correctly classify individuals and estimate associations between 

variables can be calculated. Liu et al. (1978), Beaton et al. (1979), 

and El Lozy (1983) have presented formulae which can be used to specify 

appropriate numbers of independent days to measure, given variable 

levels of accuracy desired in classification or inference. 

A small number of 6tudies have reanalyzed their data from 

record measures to estimate appropriate measurement intervals for 

specific nutrient categories. Their results are summarized in Table 

2.4. Marr (1980) reanalyzed her data from seven-day weighed intakes 

derived from two groups of male civil servants. Her intent was to 

specify the number of days recorded intake necessary to classify 80 
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Table 2.4. Number of Independent Days Necessary to Estimate Usual Intake 

for Alternative Statistical Power Levels in Three Studies. 

Marr Jame6 et al. Sempos et al 

19802 19802 19853 

London Cambridgeshire Madison 

Male Civic Servants Adults Adult Women 

I Ila lib Male Female 1 II 

Energy 7 7 6 5 4 7 15 

Protein 6 9 9 5 5 9 19 

Carbohydrate 4 3 3 3 2 - - - -

Total Fat 9 8 10 9 6 - - - -

Cholesterol 18 24 17 - - - - - - - -

Vitamin A - - - - - - 46 64 47 99 

Vitamin Bg - - - - - - - - - - 9 19 

Vitamin Bj2 - - - - - - - - - - 99 208 

Vitamin C - - - - - - 6 6 11 23 

Calcium - - - - - - 4 4 6 11 

Thiamin - - - - - - 6 9 17 36 

Riboflavin - - - - - - 10 12 13 30 

Niacin - - - - - - - - - - 16 33 

Iron - - - - - - 12 19 11 23 

Dietary Fiber 6 9 8 10 5 - - - -

Notes ^Group II measured twice at 1 1/2 year interval. 

2Data from Table 1. 

^Results are presented for dietary intake only. 
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percent of the subjects correctly in tertiles, with less than one 

percent grossly misclassified. James et al. (1980) specified 

appropriate measurement periods at the same level of accuracy on the 

basis of seven-day weighed records taken from 61 subjects in a 

Cambridgeshire village. Sempos et al. (1985) based their estimates of 

within-subject variability on a much more complex record sampling 

procedure that asked respondents to record all foods eaten on two 

randomly selected days each month during a two-year period. The 

authors calculated numbers of repeated dietary records necessary to 

estimate within 10 percent true population correlations between dietary 

variables (Table 2.4, I), or true population slope (Table 2.4, II) of 

the relationship. 

The results from each study underscore the need to track 

individual dietary patterns over significant periods of time. 

Considerable disagreement exists over selection of dietary instrument 

and appropriate measurement intervals for particular intake categories. 

Moreover, necessary levels of accuracy for valid inferences are also 

under dispute (Block 1982; Walker and Blettner 1985). Nevertheless, it 

is clear that standard measurement intervals for record and recall 

measures - 24 hours, three days, and seven days - may be seriously 

inadequate as indicants of usual intake of many nutrient categories. 

In fact, intake of some critical dietary components - cholesterol, 

vitamin A, vitamin vitamin C - may be so variable that necessary 

measurement periods exceed the maximum possible in the majority of diet 

surveys. 
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Liu et al. (1978:414-415) have summarized design elements 

necessary to measure usual intake using record measures. Most 

important, they recommend that multiple consecutive daily food records 

be obtained over a period of time adequate to permit reliable estimates 

of mean dietary intake. These multiple measures must also be closely 

spaced, however, in order to avoid bias from changes in the means 

themselves. 

Limited attempts to implement this random replicate days 

approach to recording of present intake have been completed, or are 

underway (Beaton et al. 1979, 1983; Houser and Bebb 1981; Hunt et al. 

1983; Sempos et al. 1985; Ritenbaugh 1984). As yet undetermined is 

the extent to which repeated measures and random scheduling procedures 

will affect cooperation rates. Sempos et al. (1985:123), who collected 

daily records on a twice-monthly basis over two years, reported a 

rather low completion rate of 71 percent. Houser and Bebb (1981:156), 

who obtained repeated three day records monthly during a year from 

three groups, reported striking variability in completion rates. Group 

one, consisting of 106 homebound multiple sclerosis patients, produced 

a completion rate of only 60 percent. Group two, 54 healthy male 

executives from a single corporation, had an extraordinary completion 

rate of 98 percent. Group three, 28 male professionals from a physical 

fitness program, completed records at a moderate rate of 70 percent. 

Clearly, considerable variability across groups in cooperation rates 

can be expected using this approach. 



39 

Other limitations to the repeated records approach include its 

orientation to the assessment of present intake. The epidemiology of 

diet and disease will necessitate measures of diet over lengthy periods 

of time, obtained either through retrospective recall of past intake or 

longitudinal tracking of current intake. Record measures do not 

provide estimates of past diet, and the acceptability of repeated 

consecutive daily food records over multiple years has not been 

demonstrated. Also uncertain is the periodicity of significant changes 

in habitual intake patterns of individuals. Changes in mean intake 

during the study period can seriously bias diet estimates. Thus, 

despite the promise of the random replicate records approach as a 

measure of usual consumption, the technique may have limited 

feasibility in large-scale studies. 

Recal 1 Measures 

Recall measures ask respondents to recall all foods consumed 

during specific periods varying from a minimum of 24 hours to a maximum 

of seven days. The method is popular with researchers, in part because 

a single interview and limited respondent cooperation is generally all 

that is required. Completion rates for most.diet recall statements are 

relatively high; the mean completion percentage for 10 recall studies 

surveyed by Marr (1971;123) was 80 percent, substantially higher than 

comparable rates for record measures. Cooperation rates drop 

dramatically if additional recall interviews are required, however, 

because of scheduling conflicts (Balogh et al. 1971; Sempos et al. 

1985). 
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24-Hour Recal 1. Despite their continued popularity, short-term 

recall measures are particularly vulnerable to validity threats from 

both memory error and intraindividua1 variation in intake. The 24-hour 

recall is most widely applied, despite near-universal consensus that 

the measure is inadequate to represent the usual intake of individuals 

(Marr 1971; Garn et al. 1976; Beaton et al. 1979; James et al. 1980). 

According to Block (1982:499), considerable evidence exists to suggest 

that 24-hour recalls can serve as a valid measures of the average 

intake of groups. Others disagree, however (James et al. 1980). At 

the individual level, 24-hour recalls have failed to predict usual 

intake adequately as estimated by three- or four-day records (Bazzare 

and Yuhas 1983; Morgan et al. 1978); seven-day weighed or diary 

(Hankin, Rhoads, and Glober 1975) records; diet histories (Morgan et 

al. 1978; Bazzare and Yuhas 1983); or biochemical indicants of diet 

(Kerr et al. 1982; Arvidsson et al. 1977). Clearly, the method is 

inappropriate as a measure of individuals1 usual intake. 

Additional questions have been raised about the accuracy of 

recalled intake in 24-hour recall interviews. Several validation 

studies have compared 24-hour recall values to actual known intake 

derived from weighing and direct observation at congregate meal sites 

(Campbell and Dodds 1967; Linusson et al. 1974; Madden et al. 1976; 

Gersovitz et al. 1978). In each study, 24-hour recalls underestimated 

known intake significantly. Frequently, a "flat slope Byndrome" was 

detected: respondents tended to overestimate 6mall intakes and 
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underestimate larger intakes (Linusson, Sangur, and Ericson 1974; 

Madden, Goodman, and Guthrie 1976; Gersovitz et al. 1978). 

Errors of total omission, apparently due to faulty memory, also 

contribute to inaccuracies in recalled intakes. Campbell and Dodds 

(1967) estimated that 25 percent of daily nutrient intake may be 

forgotten by young men. Similar levels of omission were evident in 

recalls by elderly subjects in the same study. Errors of recall are not 

confined to these two groups. Other studies have detected similar 

levels of error across multiple age groups (Arvidsson et al. 1977) and 

in female study populations (Isakkson 1980). For epidemiologic 

purposes, the value of 24-hour recalls is seriously limited by these 

threats to its validity as a measure of either usual or true intake. 

Seven-Day Recall. A small number of studies have asked 

respondents to recall their diets over a seven-day period (Adelson 

I960; Guggenheim et al. 1960; Flores, Flores, and Lara 1965; Hankin et 

al. 1970, 1975). Seven-day recalls reduce the possibility that 

intraindividual variation will be significantly underestimated. 

However, extending the period of specific recall increases the 

potential for memory error. Adelson (1960) compared seven-day recalls 

with seven-day weighed records obtained from the same subjects during 

consecutive weeks. Group mean nutrient intake values agreed well, with 

no significant differences. Individual level agreement was highly 

variable for different nutrient categories, however. Guggenheim et al. 

(1960), using a similar design, found that fully 39 percent of recalls 

had to be discarded because of gross discrepancies. Hankin et al. 
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(1970, 1975) made two attempts to validate a seven-day recall 

questionnaire. The first teet, which evaluated the ability of one 

application to predict a second application 2 1/2 years later, was 

termed "disappointing" by the authors. A second study (Hankin et al. 

1975) compared values from a seven-day record, 24-hour recall, and 

seven-day recall. Results of the comparison indicated that extension of 

the recall period to seven days only marginally reduced overall 

agreement. However, both 24-hour and seven-day recalls underestimated 

mean intake relative to the seven-day record. Spearman rank order 

correlations for nutrient categories measured by both recall and 

records were highly variable, ranging from .44 to .88. 

Available evidence suggests, therefore, that seven-day recalls 

may provide valid measures of the mean intake of groups. On the 

individual level, however, validity of the measure may be highly 

nutrient-6pecific (Block 1982:499). Recall of foods eaten during 

specific periods of time ranging from 24 hours to seven days is 

therefore probably of limited value for the epidemiology of diet and 

disease. The potential for error attributable to limited measurement 

intervals or memory error is substantial at the level of the 

individual. 

Food Frequency Measures 

Food frequency methods of dietary assessment, which range from 

extensive diet history interviews to brief, self-administered 

questionnaires, require individuals to estimate their average rates of 

consumption and usual portion sizes for a list of significant food 
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items. Typically, the respondent has a choice of response categories 

that includes daily, weekly, monthly, and yearly consumption rates. In 

most cases, standard household measures or simple food models are used 

to guide the respondent'6 choice of portion size categories most 

representative of his own intake of each food. Portion sizes selected 

for each food are linked to median serving quantities derived from 

experimental research and multiplied by the respondent's frequency 

estimate to derive measures of the quantity of each food item consumed. 

Standard food composition tables permit the transformation of food item 

quantities into nutrient-level consumption totals. Thus, the result is 

a detailed profile of the respondent's usual eating habits as he or she 

perceives them. 

Food frequency instruments have recently received increasing 

attention from epidemiologists. Despite potential sources of error 

associated with the respondent's ability to recall average frequencies 

and quantities of the foodB he eats, food frequency measures include 

several design advantages of basic significance to the epidemiology of 

diet and disease: 

1. Response categories are designed to measure usual dietary 

patterns extending to a year in duration. Thus, frequency 

instruments are designed to be fully representative of usual 

intake, capturing the full range of intraperson variability in 

the individual's eating habitB in a single administration. 
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2. Response categories are intended to replicate the respondent's 

own cognitive categories for estimating average frequency and 

quantity of intake of each food. Choice of units of time for 

frequency estimates normally includes a choice of daily, 

weekly, monthly, or yearly response categories. Portion sizes 

reported by the respondent are generally aided by the use of 

standard household measures, food models, or photographs of 

typical quantities eaten. 

3. Use of extensive food lists permits the measurement of 

seasonal or rarely eaten foods, and increases the probability 

that a comprehensive estimate of the subject's total calorie 

intake is obtained. 

4. Retrospective assessment of subjects' diets from the 

relatively distant past can be readily incorporated into food 

frequency measures. This capability is particularly important 

for diet and cancer research, where the probable importance of 

extensive, multi-year exposure periods will make the 

measurement of longterm changes and continuities in subjects' 

eating habits essential. Of course, the success of such 

attempts is fully dependent on the respondent's ability to 

recall his usual diet over extended periods of time. The 

validity of this critical "tracking" assumption has only 

recently begun to be subjected to systematic assessment 

(see Byers et al. 1983; Jensen et al. 1984; Rohan and Potter 

1984). 
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Two basic approaches using food frequency measures have been 

developed: Burke's quantitative research dietary history, and brief 

questionnaire or interview techniques. Burke's dietary history method 

makes use of extensive Interviewing to elicit the subject's usual 

eating habits (Burke 1947; Burke and Stuart 1938). Information is 

recorded in three parts. In part one, the typical pattern of daily 

meals, expressed in average frequencies and quantities of consumption, 

is paired with a 24-hour recall of foods actually eaten. In the second 

part, the "cross-check," the subjects' usual intake i6 checked against 

a detailed food list. The final section consists of a three-day record 

compiled by the subject. The resulting whole comprises a detailed 

profile of usual diet. 

The dietary history method has been utilized extensively in 

nutrition research, often in substantially modified form (Beal 1953; 

Epstein et al. 1971; Morgan et al. 1978). Several test comparisons 

between the results of dietary histories and record measures have also 

been reported (Huenemann and Turner 1942; Paul et al. 1963; Lubbe 1968; 

Morgan et al. 1978; Jain et al. 1980; Bazzare and Yuhas 1983). After 

reviewing the results of these studies, Block (1982:495) concludes that 

the dietary history and record measures do not yield equivalent values 

for a nutrient intake, either at the group or individual level. In 

most cases, the dietary history produces significantly higher intake 

values than record measures. Significant correlations have been 
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reported in some studies, but levels of association between methods 

were moderate at best. Which measure is valid? This question cannot 

be readily resolved. As I have noted above, record measures have 

several potential sources of error. Host important, standard measures 

of this type record diet over periods of seven consecutive days or 

less. The appropriateness of this limited measurement period for 

comparisons with the dietary history is questionable. 

In any case, the applicability of the dietary history in large-

scale surveys or community level intervention trials is seriously 

limited. The method requires skilled interviewers and extensive time 

and effort on the part of the respondent. These constraints make it 

unlikely that repeat applications of the method over extended periods 

of time can be undertaken in large populations. 

Numerous researchers have attempted to develop brief 

questionnaires or interviews to measure the usual frequency and 

quantity of food intake. An instrument with these capabilities would 

be ideal for use in large-scale epidemiological surveys or intervention 

trials. Within the space of a half hour, researchers could obtain a 

quantitative profile of the usual intake of an individual. Because of 

its brevity, the measure could also be applied to large numbers of 

persons, and would be theoretically appropriate for repeat applications 

to the same individual. 

Extensive research into the development of food frequency 

questionnaires was carried out in the 1960s and 1970s in the United 

States (Stefanik and Trulson 1962; Browe et al. 1966; Hankin et al. 
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1975, 1978), England (Morris, Marr, and Clayton 1977), and Israel 

(Abramson, Slome, and Kosovsky 1963; Balogh et al. 1968). However, 

questions about the quantitative precision of the method have persisted 

(Epstein et al. 1971; Morgan et al. 1978; James et al. 1980). 

Recently, increasing attention to proposed relationships between 

diet and disease has directed new attention to the development of food 

frequency techniques. New instruments have been developed (Graham 

1980; Jain et al. 1982; Block and DeWys 1984; Willett et al. 1985). 

These instruments, which have received only preliminary validation 

tests, include the capability for both frequency and quantitative 

assessment, and carefully selected food lists designed to provide 

comprehensive measures of intake. They are readily applicable for use 

in large-scale surveys. However, the validity of such measures is still 

under dispute. 

Summary 

Future research into proposed links between diet and major 

diseases must include a rigorous reassessment of existing methods to 

measure human food intake. The capabilities of dietary measures are 

fundamental to any effort to identify causal chains between eating 

habits and the incidence of disease, or to the implementation of diet 

intervention programs. 

I have briefly reviewed existing survey measures of diet. In 

each instance, alternative methods have been evaluated according to a 

small set of epidemiological criteria. Epidemiological research into 

the relationship between diet and disease will require valid measures 
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of the usual intakes of free-living individuals on self-6elected diets. 

The three criteria set forth in this statement - validity, 

representative estimates of usual intake, and the capability to track 

the eating habits of non-institutionalized individuals - together 

constitute a formidable methodological challenge. 

Alternative approaches to measurement of diet include weighed, 

diary, and random replicate record measures, recall of foods eaten 

during specific periods of time, and estimates of the average frequency 

and quantity of particular foods eaten. Weighed records provide 

precise estimates of all foods eaten during a maximum of seven 

consecutive days. However, the method is difficult to apply outside 

laboratory settings. The intrusiveness of the measure may alter 

subjects' reported or actual eating habits, and its value as a 

representative estimate of usual consumption is disputed. Three- and 

seven-day diary techniques dispense with tedious weighing procedures. 

These methods are easily applied within free-living literate 

populations. Substitution of household measures for weighed estimates 

of quantity introduces additional potential for respondent error, 

however. Other evidence suggests that the accuracy of consecutive days 

measures declines significantly after the second day. The probability 

of high ratios of intraindividual to interindividual variance in diet 

presents the most serious threat to the validity of record measures. 

Random replicate records completed by the same subject represent a 

statistically appropriate means to ensure representative estimates of 

usual intake. Despite its design value, however, the use of repeated, 
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random replicate records measures in large-scale surveys may be limited 

by subject resistance and scheduling conflicts. Ongoing tests of the 

approach should yield additional information on the method's 

capabilities. 

Recall methods offer the possibility to measure past intake, an 

essential feature of case-control studies of diet and disease. Short-

term recall of specific foods eaten is of very limited value for 

epidemiologic purposes. Brief measurement intervals (24 hours to one 

week) and recall requirements raise the potential for error to 

unacceptable levels. 

Food frequency methods, however, are based on the individual's 

estimates of his true mean frequency and quantity of intake of 

particular foods. The method can readily obtain estimates of the 

subject's usual diet in the recent or distant past. In its most 

elaborate form, Burke's diet history, the method is usually only 

appropriate for single administrations in relatively small samples. 

Recently, however, renewed attention has focused on the self-

administered food frequency questionnaire. Early attempts to develop 

valid, quantitative measures of diet using this approach were often 

disappointing. Recent examples, however, have incorporated measures of 

quantity at the nutrient level, improved food lists, and dietary 

supplements. Short questionnaires of this type, designed for self-

administration in 30 minutes or less, are readily adaptable for 

repeated applications on individual subjects in large-scale surveys. 

These questionnaires can be used to measure changes in dietary habits 
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during the past, and to monitor stability or change in mean present 

intake of particular foods over time in intervention programs. The 

most important limitation at present iB the uncertain validity of the 

food frequency questionnaire. The concluding section of this chapter 

reviews the results of prior tests of the validity of frequency 

instruments. 

The Validity of Food Frequency Measures: A Meta-Analysis 

Alternative Approaches 

Despite the realitvely wide application of brief food frequency 

interviews and questionnaires in epidemiological research, the validity 

of such measures has rarely been tested. A comprehensive survey by 

Krantzler et al. (1982) identified only five published reports which 

included validity tests of food frequency measures, and one study which 

evaluated their reliability. I have identified twenty additional 

studies, most published after 1980, which report tests of the validity 

of food frequency instruments, and six additional reliability studies 

(Table 2.5). 

The data base, although small, contains surprising variability 

in research design and results; consequently, summarizing conclusions 

across studies presents special difficulties. Problems begin with the 

definition of "brief food frequency measures." At base, such 

instruments are distillations of Burke's quantitative research dietary 

history (Burke 1947), a measure in use for more than four decades, but 

not feasible for large surveys. Interest in the development of a 
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Table 2.5. Data Base of Validity and Reliability Studies of Food 

Frequency Measures. 

Validity Reliability 

1. Abramson et al. 1963 1. Browe et al. 1966 

2. Balogh et al. 1968 2. Byers et al. 1983 

3. Balogh et al. 1971 3. Hankin et al. 1983 

4. Browe et al. 1966 4. Nomura et al. 1976 

5. Chu et al. 1984 5. Rohan and Potter 1984 

6. Epstein et al. 1970 6. Smith-Barbaro et al. 1982 

7. Gray et al. 1984 7. Willett et al. 1985 

8. Hankin et al. 1968 

9. Hankin et al. 1970 

10. Hankin et al. 1975 

11. Hankin et al. 1978 

12. Humb1e e t a1. 1984 

13. Hyman et al. 1982 

14. Jain et al. 1982 

15. Karinpaa & Seppanen 1983 

16. Kolonel et al. 1977 

17. Mullen et al. 1984 

18. Russell-Briefel et al. 1985 

19. Samet et al. 1984 

20. Smith-Barbaro et al. 1982 

21. Stefanik & Trulson 1962 

22. Stuff et al. 1983 

23. Willett et al. 1983 

24. Willett et al. 1985 

25. Yarnell et al. 1983 
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brief, valid food frequency measure ha6 been ongoing since the early 

1960s. Recent research using this approach includes new measures 

developed by Willett et al. (1983, 1985), Byers et al. (1983), Samet, 

Humble, and Skipper (1984), and Block and DeWys (1984). For purposes 

of this review, brief food frequency measures are defined as any 

frequency-based methods expressly designed for use in large-scale 

surveys. This includes instruments which make use of reduced food 

list6 and/or eliminate major portions of the standard dietary history; 

thus, they are designed for brief interview administration or self-

completion. 

The use of brief food frequency instruments is founded on the 

hypothesis that such measures can differentiate and rank groups and 

individuals according to their use (frequent, infrequent, or never) of 

selected foods. Beyond this guiding hypothesis, however, few standards 

have been established for the design or testing of food frequency 

measures. Researchers have variously applied both interview and self-

administered formats. Food lists vary widely in content, number of 

foods queried, and organization. Quantity, requested in the form of 

average portion size, may or may not be measured by the instrument. 

The most appropriate reference period for consumption estimates is also 

under debate. Studies have variously reported usual diet estimated 

over a month, two months, six months, a year, or longer. 

Others have used "frequency recalls" to determine average intake 

over specific, shorterm periods of a week or less. Variation in each of 

these design categories introduces dimensions - interviewer effects, 
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alternative food list formate, disparities between frequency and 

quantity, shifting reference points - which may substantially affect 

the validity of the measure. Specific studies of the effects of 

alternative approaches to the collection of food frequency data are 

rare, however (Smith-Barbaro, Darby, and Reddy 1982; Chu et al. 1984; 

Samet et al. 1984), and comparisons across studies therefore become 

especially problematic. 

Design of the instrument thus constitutes one broad axis of 

variability in studies using brief food frequency measures. Design of 

the validity test comprises the second major axis. Variability within 

this topic area concentrates in three domains: sample size and 

composition, selection of reference measure, and analysis procedures. 

Sample size for primary comparison groups in validations of frequency 

measures is highly variable, ranging from 14 (Balogh et al. 1968) to 

309 (Samet et al. 1984). Study populations used in validation studies 

are similarly diverse. Groups represented include samples consisting 

exclusively of health professionals (Willett et al. 1983, 1985); 

lactating women (Stuff et al. 1983); members of specific ethnic 

categories (Hankin et al. 1968, 1970, 1975, 1978; Chu et al. 1984); 

students residing in a dormitory (Mullen et al. 1984); and "at-risk" 

clinical patients (Russell-Briefel, Caggiula, and Kuller 1985). Other 

equally specific sample groups are also represented. Again, the 

differential effects of sample variability on validity assessments of 

food frequency measures are poorly understood. The same instrument has 

rarely been applied to alternative 6tudy populations; in those cases 
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where thiB approach has been tried, widely variable results are common 

(Epstein et al. 1970). 

Substantial variability is also apparent in the choice of 

reference measures against which to compare the results of food 

frequency instruments. Three alternative approaches to validation are 

represented: 

1. Tests of the relative validity of food frequency measures in 

comparison with the results of other self-report measures of 

diet. 

2. Substitution of reliability estimates as a proxy for tests of 

validity. 

3. Test comparisons between food frequency measures and 

independent biochemical parameters of diet. 

Each approach will be briefly described. Then, the aggregate results 

of prior tests of the relative validity of food frequency measures will 

be discussed in detail. 

Relative Validity. Test comparisons using other 6elf-report 

techniques as reference measures constitute the most popular approach 

to the validation of food frequency measures. Twenty-three of twenty-

five identified validation studies report tests of relative validity. 

Included under this general design are tests of validity using dietary 

histories and weighed or diary record measures; comparison of the 

subject's self-reports with those of his or her spouse; equivalence 

tests using "predicted intake" measures derived from regression 

equations; and comparisons of frequency and quantity estimates drawn 
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from the same interview. In each ca6e, the criterion measure is not 

fully independent of the food frequency measure being tested. 

Reliability. A second approach estimates validity on the basis 

of two or more applications of a food frequency measure to subjects. 

Equating a measure's stability with its validity has been a popular 

approach in the establishment of other standard measures of diet (Block 

1982). However, reliability estimates for food frequency measures have 

rarely been reported, and in most cases such tests have been conducted 

in tandem with tests of relative validity. 

Those studies which have included two or more applications of 

food frequency measures have reported non-significant differences 

between mean estimates of nutrient or food intake at test intervals of 

three months (Hankin et al. 1983); six months (Nomura, Hankin, and 

Rhoads 1976); one year (Willett et al. 1985); two years (Nomura et al. 

1976); and three years (Rohan and Potter 1984). Agreement between mean 

estimates appears to decline significantly thereafter (Byers et al. 

1983). 

Tests of association using correlational statistics display 

much less equivalence. In general, levels of correlation between 

measures decline significantly with each succeeding interval (Hankin et 

al. 1983; Rohan and Potter 1983; Willett et al. 1985). This appears to 

be primarily attributable to declines in reported consumption of most 

food and nutrient categories. An overall trend toward decline in 

reported intake is replicated at both group mean and individual levels 

(Byers et al. 1983; Rohan and Potter 1984). 
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Unfortunately, the results of reliability estimates of dietary 

instruments are difficult to interpret conclusively. Equivalence 

between two applications of the same measure may be spurious, because 

the absence of a criterion measure of intake makes it impossible to 

disentangle the contribution of repetitive error effects to agreement. 

Dissimilar results between applications are equally difficult to 

interpret, as Block succinctly explains: "Since we do not know whether 

what is being measured remains unchanged, we do not know whether 

dissimilar results on two occasions reflect an unreliable measure or 

reflect a reliable measure which is measuring a changed condition" 

(1982:493). Reported declines in intake on successive occasions 

provide one example. Reports may reflect actual shifts in the eating 

habits of study populations. On the other hand, studies of smoking 

habits have established that underreporting of cigarette use has 

increased as smoking has become more widely identified as a health risk 

(Jackson and Beaglehole 1985). Reported declines in food consumption 

may reflect a similar trend. Reliability estimates alone therefore 

provide little or no conclusive information. 

Biochemical Indicators. Comparison of the results of food 

frequency measures with an independent measure of intake, typically a 

biochemical indicator, constitutes a third basic approach to 

validation. Unfortunately, this design has rarely been applied in 

methodological studies of brief food frequency measures, primarily 

because of a paucity of acceptable biochemical parameters with well-

understood determinants (Willett et al. 1983). 
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Three studies have reported validity assessments of food 

frequency measures using biochemical indicators (Abramson et al. 1963; 

Hyman et al. 1982; Willett et al. 1983). Abramson et al. (1963) do not 

provide tabular displays of the results of comparisons between a food 

frequency questionnaire and subjects1 hemoglobin. However, the authors 

do report that only one food (dried fruit) and no food groups were 

significantly associated with hemoglobin levels. Larger aggregations 

of food groups, representing total or near-total intake, did display 

significant associations. 

The results of te6t comparisons reported by Hyman et al. (1982) 

and Willett et al. (1983) are displayed in Table 2.6. Hyman et al. 

(1982) compared results from a shortterm frequency recall to laboratory 

indices of serum cholesterol and cholesteryl linoleate. In most cases, 

levels of association between measures were very low, but in the 

anticipated directions. Willett et al. (1983) compared questionnaire-

derived estimates of intake of beta-carotene and vitamins A and E to 

laboratory indices of plasma retinol, alpha-tocopherol, and carotenoid. 

Unadjusted correlation coefficients between measures were small (range: 

.09 - .29); however, adjustment for total intake substantially raised 

r values in each case (adjusted ranges .22 - .34). 

Test comparisons between food frequency and biochemical 

measures provide suggestive results, but are 6till too few in number to 

draw conclusions. Associations between results are found, and in the 

anticipated directions, but in most cases the amount of variance in 

biochemical parameters explained by food frequency estimates is 



Table 2.6. Comparison Between the Results of Food Frequency and Biochemical 
Measures of Selected Intake Categories. 

Laboratory Measure 

Food Frequency 
Measure 

Serum Cholesteryl Plasma Plasma Plasma 
Cholesterol Linoleate Retinol a-Tocopherol Carotenoid 

Cholesterol 

Saturated Fat 

Polyunsaturated 
Fat 

Linoleic Acid 

Vitamin A 

Vitamin E 

Beta-Carotene 

Study 

.07 

. 0 2  

-.23 

- .08 

Hyman 
et al. 
1982 

-.08 

-.13 

-.06 

.13 

Hyman 
et al 
1982 

.091/.222 

Willett 
et al. 
1983 

. 12 V.312 

Willett 
et al. 
1983 

. 2 9 l / . 3 k 2  

Willett 
et al. 
1983 

^unadjusted 

Adjusted for total intake \_n 
Co 
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negligible. Whether these results indicate that food frequency 

measures are invalid is a question that cannot currently be resolved. 

In many cases, the relation between dietary factors and biochemical 

parameters continues to be poorly understood. Values of biochemical 

indicators may be the outcome of multiple dietary and non-dietary 

determinants. The indicator may also not be sufficiently sensitive to 

day-to-day variation in diet; as a result, the time period represented 

by any single measure may be unknown. For these reasons, food 

frequency measures must also be compared to other independent measures 

of diet. First, however, I will review the aggregate results of test 

comparisons between food frequency and other self-report measures of 

diet. 

Relative Validity 

Morgan et al. (1978), Sorenson (1980), and Block (1982) have 

provided the most extensive recent reviews of conclusions about the 

validity of brief food frequency measures. Morgan and Sorenson both 

conclude that food frequency measures are primarily appropriate as 

qualitative indices of diet for use in the preliminary stages of 

epidemiological research. Block, on the other hand, considers the 

method to have been underutilized, given evidence for strong 

association between results drawn from it and the dietary history 

method. 

Most reviews begin and end with a summary of conclusions drawn 

from prior studies. Glass, McGaw, and Smith (1981) and Rosenthal (1984) 
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argue, however, that reviews of prior studies are most effectively 

accomplished U6ing "meta-analytic" techniques. This approach simply 

makes use of standard statistical procedures to assess quantitatively 

the results of previous research. Meta-analysis begins with the 

assemblage of a body of studies in which some relationship is commonly 

tested. Within this data-base, individual test scores serve as the 

basic unit of analysis. 

The design elements of available tests of the relative validity 

of brief food frequency measures are summarized in Table 2.7, which 

displays variability across studies in sample size and composition, and 

use of reference measure. Surprisingly, food frequency measures have 

most often been tested against diary or weighed record techniques; nine 

studies have used record measures extending from 24 hours (Russell-

Briefel et al. 1985) to 28 days sampled over a year's duration (Willett 

et al. 1985). Six studies report test comparisons between the results 

of food frequency measures and extended dietary histories taken from 

the same subjects. Three studies have used single or multiple 24-hour 

recalls as reference measures. Scattered reports have also tested food 

frequency instruments against estimates of quantity derived from the 

same interview, and "predicted intake" totals obtained using regression 

techniques on prior measures. 

In all probability, alternative types of reference measures 

listed in Table 2.7 are characterized by differential levels of 

validity (Block 1982). The accuracy of estimates of diet may also vary 

across sex, age, and ethnic categories, but in most cases this cannot 



Table 2.7. Design Elements of Relative Validity Tests of Food Frequency Measures. 

Study 
Sample 
Size 

Sample 
Composition 

Reference 
Measure(s) 

1. Abramson et al. 1963 60 Pregnant Women 
Jerusalem 

Quantity/Hemoglobin 

2. 

3. 

Balogh et al. 

Balogh et al. 

1968 

1971 

48 
14 

71 

Male Gov. Empl. 
Jerusalem 

Male Gov. Empl. 
Jerusalem 

Diet History 
7 day Weighed 
Record 
Random 24-Hr. 
Recalls 

4. Browe et al. 1966 29 Male Gov. Empl. 
New York 

Diet History 

5. Chu et al. 1984 167 
175 

Male Cases/Controls 
Hawaii 

Quantity 

6. Epstein et al. 1970 161 Seven Adult Groups 
Jerusalem 

Diet History 

7. Gray et al. 1984 50 Elderly 
Southern California 

Diet History 

8. Hankin et al. 1968 73 Japanese-American Men 
California 

7 Day Record 

9. Hankin et al. 1970 55 Japanese-American Men 
California 

Predicted Intake 



Table 2.7. (Continued). 

Sample 
Study Size 

10. Hankin et al. 1978 52 

11. Humble et al. 1984 92 

12. Jain et al. 1982 50 

13. Karinpaa & 1983 75 
Seppanen 

14. Kolonel et al. 1977 600 

15. Mullen et al. 1984 31 

16. Russell-Briefel 1985 82 
et al. 

17. Samet et al. 1984 130 
309 

18. Smith-Barbaro 1982 LT 20 
et al. 

19. Stefanik and 1962 18 
Trulson 

Sample 
Composition 

Reference 
Measure(s) 

Japanese-American Women 
Hawa i i 

Subject-Spouse Pairs 
New Mexico 

Women Aged 40-59 
Toronto 

Adults 
Finland 
California 

Subject-Spouse Pairs 

Dorm Residents 

Middle-Aged Men 
Pittsburgh 

Adult Cases/Controls 

Adult Family Members 
New York 

Predicted Intake 

Spouse Estimate 

Diet History 

Frequency 
Interview 

Plate Waste 

Spouse Estimate 

28 Day Record 

24-Hr. Recall/ 
3 day Record 

Quantity 

7 Day Record 

University Students 
Massachusetts 

7 Day Record 

ON 
ru 



Table 2.7. (Continued). 

Sample Sample Reference 
Study Size Composition Measure(s) 

20. Stuff et al. 1983 40 Lactating Women 7/3/24-Hr. Record 
Texas 

21. Willett et al. 1985 173 Female Nurses Four 7 Day Records 
Massachusetts 

22. Yarnell et al. 1983 119 Adult Men 7 Day Weighed 
Great Britain Record 
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currently be quantified. Nevertheless, summary statistical indices 

should identify both common results and points of extreme variation 

across validations of food frequency measures, and provide a baseline 

for comparison with additional research. 

TeBts of Mean Difference. Results of validity tests are most 

commonly displayed using nutrient categories as the basic unit of 

analysis. Food level comparisons are still relatively uncommon in 

published reports, despite their significance. Nutrient level 

comparisons possess greater consistency. Table 2.8 displays basic 

information available on test comparisons at the level of major 

nutrient categories. Included are the number of tests reported for 

each category, and crude indices of central tendency at three levels of 

analysis: mean cross-study intake for food frequency and reference 

methods, mean correlation (Pearson's product-moment coefficient) 

between method results, and percent correct classification using the 

test measure. The first frame of conclusions about the validity of 

dietary measures must be their ability to enable valid epidemiological 

inference. Each level of measurement displayed in Table 2.8 represents 

a minimum aggregation point that has been identified as necessary for 

valid inference (Block 1982; Walker and Blettner 1985). 

Examination of the cross-study mean totals for each nutrient 

category in Table 2.8 provides a crude index of the ability of food 

frequency measures to produce equivalent group level estimates of 

intake. Not surprisingly, the results of food frequency instruments 

underestimate reference measures in 14 of 17 nutrient categories. This 



Table 2.8. Data Base for Nutrient Comparisons. Food Frequency and Reference 
Measure Group Means, Correlation Coefficients, and Percent 
Correctly Classified. 

Mean Correlation Correctlj 
Nutrient Class 
Category N of Frequency Reference N of Mean N % 

Reports Measure Measure Reports r 

Total Calories 
(Kcal.) 14 2,050 2,287 14 .57 2 49 

Total Protein 11 79.2 87 12 .39 4 46 
Animal 6 52.9 58.1 6 .71 1 66 
Vegetable 4 31.5 35.6 3 .67 1 62 

Total Carbo
hydrate 11 224.6 264.2 9 .50 3 45 
Sucrose 5 67.8 101.8 5 .54 3 47 

Total Fat 14 81.6 88.4 15 .58 4 44 
Saturated 9 26.5 29.8 12 .66 4 48 
Unsaturated 3 28.9 28.3 8 .60 1 40 
Polyunsaturated 7 13.1 17.1 5 .62 3 45 

Cholesterol (mg) 6 414.8 467.2 9 .46 3 56 

Fiber 1 18.3 19.9 1 .37 1 46 
Crude 3 4.2 4.2 3 .53 3 57 
Dietary 1 17.4 22 1 .70 1 50 



Table 2.8. (Continued) 

Nutrient 
Category N of 

Reports 

Mean 

Frequency Reference 
Measure Measure 

Correlation Correctly 
Class 

N of Mean N 7, 
Reports r 

Vitamin A (Iu) 

Vitamin C 

Vitamin E 

9 

6 

0 

15 

10 

1 

.31 

.49 

. 1 2  
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general tendency has been reported before in validity studies using 

single study populations (Epstein et al. 1970; Yarnell et al. 1983), 

and may be attributable to the brevity of food lists used for brief 

food frequency instruments. Underestimation has by no means been 

uniformly reported, however (Jain et al. 1982; Stuff et al. 1983). In 

addition, three categories-unsaturated fat, and vitamins A and C - are 

overestimated by food frequency techniques relative to reference 

measures. Only three studies have reported test comparisons using 

unsaturated fat as a unit of analysis; thus, the relationship may not 

hold in later research. Overestimation of vitamin consumption by food 

frequency measures may be the result of high levels of day-to-day 

variability in the reported consumption of foods continuing these 

elements. Record measures, unless they represent unusually extended 

periods of time, may not provide comprehensive estimates for foods 

containing vitamins. 

Given the tendency for food frequency measures to underestimate 

the mean intake of groups relative to reference measures, &fcat is the 

average magnitude of difference, and is it large enough to eliminate 

the effects of chance variation? Thi6 question is best addressed by 

selecting a common effect size indicator, and administering a test of 

significance based on the combined factors of effect and sample size. 

According to Glass et al. (1981«102, 107), the simplest and most 

informative standard measure of effect size is given by A, defined as 

the mean difference between test (food frequency instrument) and 

reference measures divided by the reference measure standard deviation: 
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= <XT - XR)/SR [2.1] 

The resulting value expresses the difference between test and reference 

measure means as a proportion of the standard deviation of the 

reference group. Positive values represent overestimates; negative 

values represent underestimates. Cross-study estimates of effect size 

are then derived by simple averaging of A values, without additional 

transformation (Glass et al. 1981:102). 

Rosenthal (1984:21) defines a t statistic that provides an 

effective test of significance for Glass' value. The measure is given 

by: 

t = XT - XD x 1 
[ 2 . 2 ]  

s 
1 + 1 
NT NR 

This test assesses the magnitude of A in relation to sample size. The 

resulting t value can be referred to a standard t distribution table to 

determine the probability that the mean difference is attributable to 

chance. Probability values across studies can be averaged, after 

conversion to standard z values using the cumulative normal 

distribution, to derive a cross-study estimate of the significance of 

the difference between mean values (Rosenthal 1984:33). 

Table 2.9 presents mean totals for test and reference measure, 

values, and significance levels for 14 reported comparisons between 

food frequency and alternative measure estimates of total calories. 

Aggregation of the results indicates that group level food frequency 



Table 2.9. Change Values for Studies Reporting Food Frequency and 
Reference Measure Mean Values for Total Calories. 
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Total Calories 

Study Date 
Sample 
Size 

frequency 
X S 

Reference 
X S A 

Balogh 

Balogh 

Balogh 

Browe 

Epstein 

Hankin 

Hankin 

Jain 

Stuff 

Stuff 

Stuff 

Willett 

Willett 

Yarnell 

1968 

1968 

1971 

1966 

1970 

1970 

1978 

1982 

1983 

1983 

1983 

1985 

1985 

1983 

48 

14 

71 

29 

161 

55 

52 

50 

40 

40 

40 

173 

173 

119 

2727 

2727 

2390 

2782 

1919 

2244 

1638 

2139 

2206 

2206 

2206 

1418 

1371 

1714 

NR 

NR 

NR 

NR 

NR 

NR 

334 

NR 

478 

478 

478 

496 

482 

482 

2546 

2796 

2577 

3035 

2608 

2496 

1585 

1973 

2057 

2059 

2028 

1620 

1620 

2356 

NR 

NR 

NR 

NR 

NR 

NR 

319 

NR 

609 

444 

357 

323 

323 

525 

.45 

-.17 

-.47 

-.63 

-1.7 

.63 

.17 

.41 

.24 

.33 

.50 

-.63 

.77 

• 1 . 2  

.025 

.40 

.005 

.005 

.001 

.005 

.25 

.025 

.25 

.10 

.025 

.001 

.001 

.001 
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estimates of total calories differ substantially and significantly from 

the results of reference measures. Food frequency instruments produced 

estimates of total intake that differed by almost one-third (-.29) of a 

standard deviation from reference measure results. This difference is 

significant at the .02 level. Moreover, the actual distribution of 

values across test comparisons is highly variable (SD = .68). The 

range of differences between mean values extends from an underestimate 

of -1.7 standard deviations (Epstein et al. 1970) to +.50, or an 

overestimate of a half standard deviation (Stuff et al. 1983). Thus, 

mean differences are substantial, significant, and in variable 

directions. 

Similar values were derived for other nutrient categories. 

Table 2.10 presents summary descriptive values across seven categories 

for which sufficient information is available. Values are based on a 

minimum of six tests of mean differences, and a minimum of two tests 

for which the standard deviation of both test and reference measure 

results were reported. Mean cross-study values of SD were substituted 

for unreported values in the calculation of Glass1 value. Mean values 

of A across nutrient categories range from -.44 (total carbohydrate) 

to +.28 (vitamin A). All values compared are significantly different 

at the .04 level or less. 

Comparability is not significantly improved in five of 6ix 

categories when the results of food frequency measures are compared 

exclusively to dietary history results (Table 2.11). Significant 

differences between mean values continue to be found at the levels of 
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Table 2.10. Summary Statistics for Nutrient Level Comparisons between 
the Results of Food Frequency and Reference Measures. 

Test Statistic 

SA Range^ Xp 

Total Calories -.29 .68 -1.7/+.50 .02 

Total Protein -.18 .84 
* 

-1.7/+.82 .01 

Total Carbohydrate -.44 .80 -1.5/+.39 .02 

Total Fat -.20 .51 -.77/+1.09 .03 

Saturated Fat -.27 .47 -.86/+.84 .02 

Cholesterol -.27 .27 -.53/+.20 .04 

Vitamin A + .28 .64 -.45/+.90 .03 

XA 

Intake Category 



72 

Table 2.11. Summary Statistics for Nutrient Level Comparisons—Food 
Frequency and Dietary History Methods Only. 

Test Statistic 

XA SA RangeA 

Intake Category 

Total Calories -.37 1.02 -1.7/+.45 .008 

Total Protein -.58 .50 -.91/-.01 .02 

Total Carbohydrate -1.27 1.17 -2.1/-.44 .01 

Total Fat -.05 .57 -.49/1.09 .01 

Saturated Fat -.02 .75 -.51/ .84 .005 

Cholesterol -.12 .45 -.44/ .20 .16 
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total intake, total protein, total carbohydrate, total fat, and 

saturated fat. Only cholesterol is measured equivalently by both 

techniques. Variability in the direction and magnitude of deviation 

from the mean also continues to be high. 

Available comparative evidence from 25 studies of relative 

validity does not support the conclusion that food frequency and 

reference measures provide equivalent estimates of nutrient intake at 

the group level. Mean cross-study estimates were significantly 

different for all nutrient categories evaluated. In most cases, the 

results of food frequency measures significantly underestimated intake 

values obtained using other measures. However, variability was high 

throughout, and in most cases both over- and underestimates were 

reported within the same nutrient category. Limiting test comparisons 

to studies using the dietary history as reference measure did not 

significantly reduce mean differences for five of six categories 

evaluated. 

Correlation Coefficients. A second index of the relative 

validity of food frequency measures is provided by correlational 

statistics, which measure the direction and magnitude of association 

between alternative methods at the individual level. Glass et al. 

(1981) and Rosenthal 1984) recommend use of correlation coefficients as 

a primary effect size index for cross-study comparisons. However, 

reviewers within epidemiology are divided over its significance as an 

index of validity (Block 1982; Lee 1983; Walker and Blettner 1985). 

The best approach appears to be an evaluation of "r" values in terms of 
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their significance for valid inference from dietary factors to disease 

(Walker and Blettner 1985). 

Most validation studies have reported correlational statistics; 

however, a variety of coefficient indices have been presented, 

including Spearman's rank order correlation, intra-class correlation, 

and Kendal 1*8 tau. For purposes of comparison, reported values have 

been converted to Pearson's product moment correlation coefficient. 

Mean totals have been derived without additional transformation, as 

recommended by Glass et al. (1981). 

Table 2.12 summarizes reported cross-study evidence using 

correlation coefficients on the magnitude and direction of association 

between food frequency and reference measures applied to the same 

subjects. Positive associations are present for all categories. The 

mean value for r across all categories is .52, representing 27 percent 

explained variance in the dependent value. Values of r are highest for 

subcategories of protein (animal .71; vegetable, .67), fat 

(saturated, .66; unsaturated, .60, polyunsaturated, .62) and dietary 

fiber (.70). Values of r are lowest for vitamin categories 

(E, .12; A, .31; C, .49), total fiber (.31), and total protein (.39). 

Coefficients of determination for each nutrient category are 

also displayed in Table 2.12; values range from .01 (vitamin E) to .50 

(animal protein). Thus, the results of food frequency measures explain 

50 percent or less of variation in the results of reference measures 

across all nutrient categories. 



Table 2.12. Cross-Study Mean Correlation Values, Coefficients of 
Determination, and Probabilities of Correct Quintile 
Classification. Food Frequency and Reference Measures Compared. 

Number Mean Coefficient Probability 
Intake of Correlation of of Correct 
Category Reports Correlation Determination Classification 

Total Calories 14 .57 .32 .36 

Total Protein 12 .39 .15 .29 
Animal 6 .71 .50 .40 
Vegetable 3 .67 .45 .40 

Total Carbohydrate 9 .50 .25 .32 
Sucrose 5 .54 .29 .32 

Total Fat 15 .58 .34 .36 
Saturated 12 .66 .44 .40 
Unsaturated 8 .60 .36 .36 
Polyunsaturated 5 .62 .38 .36 

Cholesterol 9 .46 .21 .32 

Fiber 1 .37 .14 .29 
Crude 3 .53 .28 .32 
Dietary 1 .70 .49 .40 

Vitamin A 15 .31 .10 .26 

Vitamin C 10 .49 .24 .32 

Vitamin E 1 .12 .01 .22 ^ 
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Rosenthal (1984:129) argues that the practical implications of 

correlation levels must also be evaluated. We must therefore ask to 

what extent valid epidemiological inference is likely to be affected by 

moderate to low levels of agreement between dietary measures. 

According to Walker and Blettner (1985), correct classification of 

subjects into intake quintiles or tertiles may constitute a minimum 

level of accuracy necessary for valid casual inference between dietary 

factors and disease. Correlation coefficients between methods can be 

evaluated according to the probability of misclassification associated 

with each level of agreement. Assuming that test and reference 

measures both follow a bivariate normal distribution, Walker and 

Blettner have derived "misclassification matrices" to specify the 

likely joint distributions of subjects given different levels of 

agreement. The probability of misclassification associated with each 

mean r value is also presented in Table 2.12. It is clear that 

substantially less than half of all study subjects will be allocated to 

their correct reference measure quintile by food frequency measures, 

given these correlation values. These results Buggest that agreement 

between food frequency and alternative measures is also poor at this 

level of analysis, and that the dissimilarities may have significant 

effects on causal inference. 

Table 2.13 displays mean correlation coefficient values derived 

only from test comparisons between food frequency measures and the 

dietary history methods. Correlation coefficients have substantially 

increased in eight of 15 intake categories. However, in no case does 



Table 2.13 Cross-Study Mean Correlation Values. Food Frequency and Diet 
History Measures Only Compared. 

Number Mean Mean 
of r Values, r Values 

Reports Diet History Only All Reference Tests Difference 
Intake Category 

Total Calories 4 .69 .57 + .12 
Total Protein 2 .62 .39 + .23 
Animal 4 .69 .71 -.02 
Vegetable 2 .69 .67 + .02 

Total Carbohydrate 2 .67 .50 + .17 
Sucrose 1 .66 .58 + .08 
Saturated 3 .60 .66 -.06 
Unsaturated 2 .51 .60 -.09 
Polyunsaturated 3 .57 .62 -.05 

Cholesterol 2 .63 .46 + .17 
Fiber NR 
Crude 1 .70 .53 + .17 
Dietary 1 .70 .70 0 

Vitamin A 3 .21 .31 -.10 
Vitamin C 4 .39 .49 -.10 
Vitamin E NR 
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the resulting r value exceed .70, a value which would explain 49 

percent of the variance, and correctly allocate 40 percent of subjects 

into appropriate quintiles. Moreover, in 7 of 15 categories, test 

comparisons using the dietary history alone decreased r values by an 

average of .06. Despite positive associations between measures, the 

aggregated results of correlation studies suggest that food frequency 

and alternative measures do not achieve practically effective levels of 

agreement, even when validity tests are limited to comparisons between 

food frequency and dietary history methods. 

Comparative Rankings. A small number of studies has directly 

assessed the extent of "misclassification" resulting from comparison of 

food frequency and reference measure dietary estimates. Unfortunately, 

comparisons between reports are difficult at this level. In some 

cases, misclassification totals are only presented in summary form. 

For example, Stuff et al. (1983) merely report that their food 

frequency questionnaire classified less than 50 percent of subjects 

into appropriate tertiles as determined by a seven-day record; no 

tabular display is included. In other reports, studies have presented 

misclassification data using different divisions of the intake 

distribution, including tertiles (Jain et al. 1982; Yarnell et al. 

1983; Gray et al. 1984); quartiles (Russel 1-Briefel et al. 1985); and 

quintiles (Willett et al. 1985). 

Table 2.14 presents summary statistics from three studies in 

which food frequency measures were evaluated according to their ability 

to classify subjects correctly into intake tertiles of sixteen 



Table 2.14 Percentages of Subjects Classified Into Identical, 
Adjacent, and Opposite Tertiles. Food Frequency and 
Reference Measures Compared. 
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Correct Adjacent Opposite 
Number of Tertile Tertile Tertile 
Reports (%) (%) (%) 

Intake Category 

Total Calories 2 

Total Protein 2 
Animal 1 
Vegetable 1 

Total Carbohydrate 1 
Sucrose 1 

Total Fat 2 
Saturated 2 
Unsaturated 1 
Polyunsaturated 1 
Cholesterol 1 

Fiber 1 
Crude 1 
Dietary 1 

Vitamin A 3 

Vitamin C 5 

Vitamin E 

48.5 42 9.5 

46.5 42 11.5 
66 24 10 
62 34 4 

41 45 14 
52 39 9 

44 43.5 12.5 
48 41 11 
40 52 8 
48 40 12 
66 30 4 

46 43 11 
50 36 14 
50 46 4 

38 43.3 18.7 

49.2 38.4 12.4 
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categories as determined by a dietary history (Jain et al. 1982; Gray 

et al. 1984) or a seven-day weighed record (Yarnell et al. 1983). 

Displayed information includes percentages of individuals correctly 

classified into the same, adjacent, or opposite tertiles. The number 

of subjects correctly classified into equivalent tertiles exceeds 50 

percent in only three of 16 categories: animal (66 percent) and 

vegetable (62 percent) protein and cholesterol (66 percent). The mean 

percentage correctly classified is 49.7, or approximately one half of 

all subjects. Direct assessment of the extent of misclassification 

between food frequency and other methods substantially confirms 

estimates based on correlation levels. 

Conclusions 

The results of prior validation studies of brief food frequency 

measures can be categorized into three research design strategies. 

Studies which derive reliability estimates from two or more 

applications of the test methods provide estimates of the stability of 

food frequency measures; however, these results are uninterpretable for 

purposes of validity assessment. Test comparisons between food 

frequency measures and biochemical indicators are highly promising; 

however, results to date are negligible and difficult to interpret. 

The great majority of previous validation studies of food frequency 

measures are tests of the relative validity of these instruments in 

comparison with other self-report measures of diet. 

Statistical review of the aggregate results of relative 

validity tests suggests that food frequency measures and alternative 
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self-report measures of diet do not produce equivalent results at the 

group or individual levels. Substantial differences in the 

classification of individuals according to relative intake also result 

from the application of food frequency and other measures. However, 

the significance of these results cannot be confidently determined, 

because of uncertainties about the design properties of the reference 

measures. Most important, few reference methods provide appropriate 

measurement periods against which to evaluate the validity of food 

frequency estimates. In some cases, estimates of quantity produced by 

reference measures are also under dispute. 

Continuing uncertainty surrounding the results of relative 

validity tests of food frequency measures underlines the necessity to 

develop independent measures of diet for test comparisons with this 

technique. The following chapter describes one alternative measure of 

diet. 



CHAPTER 3 

HOUSEHOLD REFUSE ANALYSIS: AN ALTERNATIVE MEASURE OF USUAL DIET 

Significance of Measurement Error 

After reviewing the results of validity studies in a variety 

of research domains, Bernard et al. (1984:503) conclude that fully 50 

percent or more of respondent self-reports are probably inaccurate in 

some respect. However, the authors also acknowledge that, presented 

in isolation, this fact and the research required to establish it are 

essentially meaningless. If the study of measurement error is to have 

significance, we must understand its implications for the conduct and 

conclusions of research. Most important, methods research must be 

carefully located within specific theoretical and practical contexts. 

For the study of diet and health, the relevant theoretical question 

is, What is the impact of measurement error on valid casual inference 

between dietary factors and health status? The practical implica

tions of error in inference are profound for health policy and the 

longterm health status of populations. 

The previous chapter identified the brief food frequency 

measure as an important practical alternative to standard measures of 

diet. Food frequency measures combine cost-effectiveness and brevity 

with the capability to measure usual diet over lengthy periods of 

time. However, the validity of food frequency measures continues to 

be relatively understudied, and existing reports display broad 

dissimilarities in design and conclusions. Before proceeding further, 

82 
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therefore! we must establish 1) minimum levels of accuracy in dietary 

measures necessary for valid causal inference between diet and disease, 

and 2) basic guidelines for the evaluation of existing tests of the 

validity of food frequency measures. This will establish standards for 

the selection of an alternative reference method for validation. 

Block (1982) presentB the most cogent discussion of minimum 

levels of accuracy in dietary assessment methods necessary for 

epidemiological inference. She argues that two primary dimensions 

should orient methodological studies. The first is the dichotomy of 

group vs. individual. Accuracy at the individual level may not be 

necessary in order to test hypothesized associations between diet and 

disease. For example, significant group level differences in the diets 

of cases vs. control subjects can identify important protective or risk 

factors. 

The distinction between group and individual also has important 

implications for methods research. Tests of the validity of dietary 

measures are necessarily based on comparisons between the results of 

one measure and those produced by a "reference" measure taken to be 

accurate. For purposes of epidemiological inference, a mean difference 

test between the group level results of a food frequency and reference 

measure may be sufficient to establish the "effective" validity of the 

new method. 

Block's second dimension is the dichotomy between quantitative 

precision and classification or ranking of individuals. Although 

precise quantitative measures of individual intake are desirable, 
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methods which locate individuals in basic categories of low, medium, 

and high may be equally capable of assessing nutritional hypotheses. 

For comparisons between methods, the validity of a test measure may be 

established by its ability to replicate the classification of 

individuals produced by the reference measure. 

Walker and Blettner (1985) have developed the quantitative 

implications of Block's second distinction. Misclassification is 

rarely assessed in tests of the validity of dietary assessment methods. 

Instead, the correlation coefficient is the most commonly reported 

measure of association between methods. As a substitute, Walker and 

Blettner begin by establishing the validity criterion that the test 

measure correctly reproduce the reference measure distribution of 

subjects into intake quintiles. Second, they specify a mathematical 

model to determine the probability of misclassification associated with 

different levels of agreement between methods as defined by the 

correlation coefficient. 

The result is a "misclassification matrix" presenting the 

expected joint distribution of subjectB produced by test and reference 

measures for each alternative value of the correlation coefficient. As 

the authors note, these matrices provide a "sobering impression" of the 

practical value of research conducted using imperfect dietary measures. 

For example, a correlation coefficient of .8 between measures, 

excellent correspondence undermost circumstances, would allocate less 

than half of the test measure subjects to their correct reference 
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quintile. Lower levels of association produce even greater disparities 

in classification of subjects. 

Appropriateness of Reference Measures 

The discussions by Block and Walker and Blettner permit us to 

establish three basic indices with which to test the "effective" 

validity of food frequency measures in relation to other measures: 

test of mean difference; value of the correlation coefficient; and 

extent of misclassification. Of course, assessment at each level will 

presuppose that the food frequency measure has been tested against an 

appropriate reference measure. However, established standards for the 

design of validity tests of dietary methods do not exist. Lacking 

these, we can specify five basic guidelines for the selection of 

appropriate reference methods for comparison with food frequency 

instruments. Each will be briefly reviewed. 

Independence. Campbell and Fiske (1959) and Fiske (1982) argue 

that independence of test and reference methods is essential to the 

demonstration of convergent validity. Indeed, the comparison of 

methods with independent'sources of measurement error is the basic 

distinguishing element separating the concept of validity from 

reliability. However, as Block (1982) has noted, this criterion is 

rarely met in validity tests of dietary measures. 

Self-report measures of diet are predicated on the validity of 

the respondent's reports of his or her food intake. Common threats to 

the validity of food frequency and other self-report measures include 

memory error in the estimation of frequency and quantity of particular 
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foods eaten; underestimation of the variability or variety in 

individual diet; and social desirability bia6. Each of these common 

sources of error between food frequency and other self-report measures 

of diet may artificially inflate coefficients of validity. Thus, the 

importance of independence between test and reference measures cannot 

be overstated. 

Longitudinal Application. Food frequency instruments ask 

respondents to report their true mean frequency and quantity of intake 

of specific foods; variability is subsumed under a single "average." 

Appropriate reference methods for validity tests of frequency measures 

should provide actual samples of day-to-day variability in diet over 

extended periods of time. However, most studies limit reference 

measurement periods to 24 hours, three days, or a maximum of seven 

days. Willett et al. (1985) have obtained the best approximation of 

usual intake for a validation study; the authors tested the accuracy of 

a food frequency questionnaire completed by 173 health professionals 

against average intake derived from four seven-day records sampled over 

a year's duration. Mullen et al. (1984) reported the most extensive 

validation of a food frequency measure using an objective criterion. 

The investigators tested the validity of a food frequency questionnaire 

completed by 31 students who ate at a dormitory cafeteria against 75 

consecutive meal reports obtained from each subject during a 28-day 

period. Self-reports by subjects at each meal were verified 

unobtrusively by examination of plate waste by observers. 
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Such studies are rare, however, and report the results from 

relatively specialized samples. In studies of non-institutionalized 

subjects who live and eat in separate households, respondent burden 

becomes a critical limiting factor on the duration of diet measures. 

As a result, measurement intervals for reference measures in most 

validity tests are clearly inadequate for comparisons with frequency 

categories. 

Individual Level.* For epidemiologic purposes, it is important 

to focus tests of validity at both the group and individual levels, in 

order to examine individual variability in the accuracy of results. 

Most food frequency measures obtain information on usual food intake at 

this level. Thus, it is important for reference measures to provide 

absolute or derived estimates of individual diet. In most cases, this 

is readily accomplished by standard reference measures. 

Recording of Frequency and Quantity of Intake. Recent food 

frequency measures require respondents to estimate both their average 

frequency and portion size for each food (Block and DeWys 1984). 

Number and quantity are both essential components of nutrient level 

calculations. Thus, it is increasingly essential for both frequency 

and other instruments to include measures of quantity. However, new 

complications follow from this requirement. The inclusion of tedious 

weighing procedures introduces additional respondent burden, which in 

turn limits the potential duration of measurement and the nature of the 

study sample. Weighed measures are limited to seven days duration or 

less, and are difficult to apply outside laboratory or clinical 
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settings. The use of household measures or visual estimates to 

determine quantity has been extensively criticized (see above, Chapter 

2), and is not independent from self-reports of quantity in food 

frequency instruments. Quantity is therefore a significant 

methodological challenge for both food frequency and alternative 

measures of diet. 

Comprehensive Measure of Foods Eaten. "Comprehensive," as 

defined here, is an umbrella term used to denote two aspects of usual 

diet: diversity and specificity. Diversity refers to the number of 

different foods eaten in the individual's usual diet. Food frequency 

questionnaires query the consumption of a limited number of foods. It 

is important to determine "whether the food list used by the 

questionnaire is representative of the full diversity of the subject's 

diet (Randall et al. 1985). Appropriate reference measures should 

provide a comprehensive estimate of all foods eaten. Specificity 

refers to the extent of variability in the nutrient content of 

alternative forms of particular foods. For some intake categories, 

variability from one alternative form to another may be large enough to 

affect significantly estimates of quantity consumed (Lyon et al. 1983). 

It is therefore important to know whether food categories displayed in 

the food list adequately represent variability in the specific content 

of particular intake categories. Appropriate reference measures 

should, therefore, also provide sufficient detail on each food eaten to 

permit estimates of within-food variability in content. 
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Taken together, these five requisite capabilities can serve as 

a basis for the evaluation of the results of prior studies, and 

establish a framework for the selection of alternative reference 

measures for validations. 

Household Refuse Analysis 

Recommendations for 1) effective tests of the validity of 

existing survey measures of diet, and 2) the development of alternative 

measures of diet for use in human intervention trials are prominent in 

priorities for research established by both the National Research 

Council's Committee on Diet, Nutrition, and Cancer (1982, 1983), and 

the National Cancer Institute's Division of Cancer Prevention and 

Control (1984). 

Results drawn from the testing of biochemical or physiological 

markers of diet have shown promise, both as objective means to validate 

survey measures of diet, and as periodic measures in intervention 

programs. Objective measures have been used in tandem with survey 

measures of diet in a number of studies, including both national 

samples (Kerr et al. 1982) and major intervention programs (Nichols, 

Ravenscroft and Lamphiear 1976a, 1976b; Jacobs et al. 1979; Dawber 

1980). Comparisons between biochemical and survey measures of the same 

dietary factor have, however, frequently yielded zero or near zero 

correlations. The repeated failure to demonstrate relationships 

between diet and serum cholesterol in non-laboratory settings i6 the 

most prominent example (Kannel and Gordon 1970; Nichols et al. 1976a, 
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1976b; Jacobs et al. 1979), but similar results for other components of 

diet are also common (Kerr et al. 1982: Bazzare and Yuhas 1983). 

Unfortunately, the significance of these results has been 

difficult to determine. As I have argued above, the sources and 

significance of measurement error in survey measures of diet are poorly 

understood. The issue is further complicated by similar confusion with 

respect to biochemical indicators. Willett et al. (1983:632) have 

argued that to be effective as a test of validity for survey measures, 

a biochemical parameter must be sensitive to dietary intake, its 

periodicity wejl understood, and its other determinants known and 

measurable. 

In many cases, one or more of these criteria cannot be 

satisfied at this time. Many routinely measured biochemical values, 

including blood sodium, glucose, calcium, and albumin, are not 

sufficiently sensitive to dietary intake under normal circumstances. 

Major nutrient categories, including carbohydrate, total fat and 

sucrose, also lack acceptable corresponding biochemical indicators. 

Even given recognized sensitivity to diet, other determinants of a 

biochemical parameter may be unknown or unmeasurable (Ibid.:638). 

Despite their potential significance, therefore, broad application of 

many biochemical indices in intervention trials must await better 

understanding of their determinants (Byers and Graham 1984). 

Household level analysis of the refuse of free-living 

populations constitutes a second means to obtain objective material 

measures of dietary behavior. Refuse analysis makes new use of 
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established archaeological methods of inference to provide a 

distinctive perspective on usual diet (Rathje 1974; Rathje and Harrison 

1978; Rathje and Schiffer 1982). Developed during more than a decade of 

research by the Household Refuse Analysis Project of the University of 

Arizona's Bureau of Applied Research in Anthropology, the measure has 

several important advantages. It i6 unobtrusive and readily adaptable 

to longitudinal monitoring of diet. Respondent burden and heightened 

awareness of eating habits are minimal. The measure is also not 

dependent upon respondent memory. Frequency, quantity, and brand-level 

detail are routinely recorded for diet-related refuse (Rathje 1974, 

1979, 1984; Rathje and Harrison 1974; Rathje and Hughes 1975). 

Prior studies have demonstrated the applicability of refuse 

evidence for food consumption studies at the community, household, and 

individual levels of analysis (Rathje 1977-1978, 1984; Rathje and 

Ritenbaugh 1984; Rathje et al. 1985). Potential sources of measurement 

error in refuse evidence have been identified and evaluated and design 

controls have been developed to minimize their significance (Harrison 

1976; Harrison et al. 1983; Ritenbaugh and Harrison 1984). 

Refuse measures have already been used to validate shortterm 

survey measures of diet, and to evaluate intervention programs in other 

areas of research. Two previous studies of Tucson households utilizing 

a concurrent respondent report/refuse analysis design have been applied 

to the validation of quantitative estimates of food consumption 

reported in interviews (Harrison 1976; Rathje et al. 1985). Given 

appropriate controls for recognized biases in the evidence, refuse 
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analysis can serve as 1) an independent reference measure to evaluate 

the validity of respondents' reports of their diet, and 2) an important 

alternative measure of longterm community or household diet patterns 

for use in intervention trials. 

Capabilities 

Five basic conditions for an effective validation of self-

report food frequency questionnaires are set forth above. Using 

appropriate sample controls and supplementary measures, refuse analysis 

satisfies each of these criteria. 

Independence. Food frequency questionnaires are predicated on 

the validity of the respondent's reports of his or her mean intake of 

foods. Common threats to the validity of this and other self-report 

measures include memory error in the estimation of average frequency 

and quantity of particular foods eaten; underestimation of the 

variability or variety in individual diet; and social desirability 

bias. 

Refuse analysis is an objective measure of household 

consumption which is predicated upon accurate inference from the 

material remains of foods eaten. The measure is not dependent upon 

respondent memory. Variability and diversity in diet are evaluated on 

a continuous basis during the study period; the measure i6 not 

dependent upon a single estimate of average frequency and portion 6ize 

eaten. Refuse analysis is also unobtrusive, minimizing reactivity 

attributable to social desirability bias. Threats to the validity of 

refuse evidence are limited to potential distortions in the ordinary 
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disposal of household waste: recycling behavior, use of garbage 

disposals, feeding of plate wa6te to pets, food consumption by 

visitors, and consumption outside the home. Sources of measurement 

error for each method are therefore independent and, to some extent, 

complementary. 

Longitudinal Application. Food frequency measures have rarely 

been evaluated against reference methods that record diet for periods 

longer than seven days. Refuse analysis of individual households is 

minimally applied for a period of four weeks' continuous observation. 

In studies of individual households, prior consent to analyze refuse 

samples is obtained from subjects. However, no additional cooperation 

is necessary. Refuse samples are collected from households on the same 

dates that waste is normally collected. Instrusiveness and respondent 

burden are therefore minor, and continuous monitoring of subject 

households might theoretically extend for periods of a year or longer 

without significant disruptions of subjects' normal behavior. 

On the community level, household samples are randomly selected 

from tract-level divisions of the metropolitan area. Again, respondent 

burden is minimal, even given repeated applications of the collection 

process. Refuse analysis is therefore readily adaptable to continuous 

monitoring of households' diet-related refuse over periods of a month 

or longer. In validity tests, measurement intervals can be tailored to 

meet categories established by frequency measures. 

Individual Level. Standard food frequency measures obtain 

information on usual food intake from individuals. For epidemiologic 
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purposes, it is important to focus tests of validity at both the group 

and individual levels, in order to examine individual variability in 

the accuracy of results. Refuse analysis is a household level measure 

of diet, and this constitutes its most significant limitation in 

validity studies. Aggregate refuse evidence from multi-perBon 

households can be divided according to established age- and sex-

specific scales U6ed for standard household measures (Jensen et al. 

1984). However, it is difficult to verify the validity of these 

weighting procedures (Marr 1971). At present, therefore, the use of 

refuse analysis as a reference measure for tests of validity is most 

appropriate in study samples of one- and two-person households, as in 

the present study. Using this approach, the household and individual 

levels of analysis are essentially identical. 

Recording of Frequency and Quantity of Intake. Recent examples 

of food frequency questionnaires include requests for estimates of 

average quantities of each food eaten by the respondent. Reference 

measures for tests of validity must also include the capability to 

measure both frequency and quantity. However, the use of weighed or 

visual estimates of quantity introduces potentially important sources 

of inaccuracy, and places new constraints on both the duration of 

measurement periods and the composition of the study sample. 

Quantity is a routinely recorded variable for every diet-

related item in refuse evidence. Original quantity is recorded from 

label information on packaging refuse of food items. The remains of 

unpackaged items, including fruits and vegetables, are weighed and the 
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original quantity estimated using standard multiples (see below, 

Chapter 4). Edible food loss is also weighed and subtracted from the 

original quantity to obtain an estimate of quantity actually eaten. 

Frequency and quantity are thus standard attributes of diet estimates 

recorded from refuse evidence, and both measures are obtained without 

burdening respondents. 

Comprehensive Measure of Foods Eaten. Reference instruments 

must also provide a comprehensive measure of the diversity and 

specificity of foods eaten by subjects. It is important to assess 

whether the food list used in the frequency questionnaire represents 

the full diversity of the subject's diet, and whether food categories 

included in the list adequately represent variability in the specific 

content of particular food varieties. 

Refuse evidence provides a comprehensive measure of all foods 

consumed in the household. It is similar to self-report record 

measures in that information on foods eaten is not arbitrarily limited 

by the bounds of a food list. It can therefore serve as an effective 

criterion measure with which to evaluate the adequacy of food lists 

used in frequency measures. Refuse evidence also provides both 

indirect and direct evidence on the specific content of variants of 

particular foods. 

Brand name is routinely recorded for all foods for which 

information is available. This information can be used to estimate the 

specific content of variants of the same product. In addition, 

proximate analysis of the nutrient content of food samples taken from 
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refuse evidence has been used to assess nutrient content directly. 

(Harrison et al. 1983). These capabilities make refuse analysis an 

effective means to test the representativeness of food lists used in 

frequency questionnaires, including the important dimensions of 

diversity and specificity. 

In the past, food frequency measures have often been validated 

against inappropriate reference measures. Refuse analysis, despite its 

limitations as measure of individual diet, possesses several 

capabilities which make it an effective reference measure in 

comparisons with the results of food frequency instruments. Given 

design controls on household size, refuse evidence can be used as an 

independent, individual level measure of usual diet. Recorded 

information includes frequency, quantity, and brand-level detail on all 

foods consumed within the household. Of course, other disposal 

channels for refuse evidence must also be evaluated, and their 

significance either quantified or controlled. I will briefly review 

available evidence on the sources and magnitude of potential 

measurement error in refuse evidence for dietary behavior. 

Sources of Measurement Error 

Potential sources of measurement error using refuse evidence 

include selection bias in the recruitment of households, changes in 

refuse disposal patterns because of social desirability, and use of 

alternative channels to dispose of household waste. Each of these 

topics has been addressed in the context of prior research projects. 

Conclusions and unresolved questions are summarized below. 
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Response Rates. Subjects' permission ie always obtained in 

studies of individual households. If selection bias occurs in the 

decision to permit the collection of refuse evidence, significant 

distortion may be introduced. Sample recruitment procedures used in 

the Food Loss study (Harrison et al. 1983; Ritenbaugh and Harrison 

1984) were designed to evaluate this possibility. Respondents were 

asked to complete the Nationwide Food Consumption Survey (NFCS) 

interview schedule, and to permit five weeks of their household refuse 

to be analyzed. Contact procedures were designed, however, to separate 

permission for each of these components of the study. Potential 

respondents were first contacted for permission to conduct interviews. 

After agreeing to participate, respondents were contacted a second time 

for permission to analyze their refuse. No subjects who agreed to be 

interviewed refused permission for refuse analysis. These results 

suggest that refusal rates for studies using refuse analysis are 

equivalent to those for studies which employ standard interview 

procedures. Selection bias in sample recruitment for refuse studies is 

unlikely. 

Reactivity. Subjects who are aware that their garbage is being 

collected and analyzed may change their discard behavior. The potential 

reactivity of refuse analysis procedures has also been investigated in 

the context of the Food Loss project (Ritenbaugh and Harrison 1984). 

During the study, refuse was collected from a total of 63 respondent 

and 119 nonrespondent households. Ritenbaugh and Harrison (1984) used 

multiway analysis of variance to test for differences between mean food 
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loss weights of respondent and nonrespondent households, including 

comparisons between alternative income categories. The results 

displayed no statistically significant differences. 

For two weeks during the overall collection period, respondent 

households were asked to place their garbage in special yellow bags and 

tag the sample with a code number and date. Ritenbaugh and Harrison 

(1984) also compared bag weights from this period (when respondent 

awareness of discard patterns was presumably high) to bags obtained 

from ordinary pickups. Again, no statistically significant differences 

were found. Analysis of the contents of yellow and non-yellow bags 

from respondent households yielded only one significant difference: 

alcohol bottles. These results suggest that social desirability bias 

in refuse evidence is minimal and limited only to the most sensitive 

items. The inconvenience associated with significant changes in 

discard behavior is probably the most important factor minimizing 

reactivity. 

Garbage Disposals. If garbage disposal use by the household is 

high, refuse analysis may seriously underestimate consumption of non-

packaged foods. Use of disposal units has been evaluated in two 

previous studies (Harrison 1976; Harrison et al. 1983). The 

significance of bias attributable to disposal usage is difficult to 

determine precisely. However, it is clear that usage varies primarily 

according to income level, operable status, and food spoilage. The 

proportion of lower income households owning disposals in the 1976 and 

1983 reports was stable at between 3 and 4 percent of the total. 
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Between 66 and 67 percent of middle and upper income households owned 

disposals. Across income categories, significant proportions of 

inoperable machines further reduced discard through this channel. 

Interviews with households owning operable machines indicate that 

disposal usage is primarily used for spoiled food items with a 

perceived bad odor. These results suggest that disposal use may be 

restricted in most households to a small subset of food items. 

It is important to query and monitor household disposal usage 

during sampling periods. Standard variables elicited include average 

frequency of usage and types of food disposed of in this manner. This 

information is used to avoid problems with individual households in 

estimates of the consumption of fresh, non-packaged, produce items. 

Pet Consumption of Foods. Feeding to pets of meat fat or other 

plate scrapings may reduce identifiable food debris in refuse. In most 

cases, including meat consumption, packaging evidence also provides the 

necessary information. During the Food Loss study, comparisons between 

food loss totals of households with and without pets were used to test 

for other potential differences. No statistically significant 

differences were apparent in the results. (Harrison et al. 1983). Use 

of commercial pet food was universal in households interviewed, and 

survey results suggested that food supplements from plate scraping were 

negligible. Nevertheless, ownership of pets and pet feeding patterns 

are elicited as a standard procedure in refuse analysis studies of 

individual households. 
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Recycling Behavior. Recycling of diet-related refuse, 

primarily aluminum soft drink and beer cans, can artificially reduce 

consumption estimates. Supplementary evidence is available in the form 

of plastic rings and paper containers used to package recyclable 

containers. However, recycling behavior is also elicited from 

respondents as a standard procedure. Comparison of households in the 

1975 study reporting recycling of food-related debris with those who 

did not revealed no statistically significant differences in disposal 

rates of the items in question (McGuire, Hughes, and Rathje 1982). 

Respondents in the 1981 sample reported negligible recycling rates of 

diet-related debris (Harrison et al. 1983). Results of both sample 

surveys suggest that establishing controls for recycling behavior in 

refuse analysis studies would be relatively simple, and would not 

significantly reduce sample coverage. 

Compost Piles. Analysis of a set of households reporting use 

of compost piles indicated significantly lower rates of discard of 

once-edible food than the average (Harrison 1976), and subsequent 

studies have controlled for this potential source of bias. Reported 

incidence of compost pile usage in the Arizona population is 

negligible, however (Harrison et al. 1983). Therefore, controls for 

this factor should not appreciably reduce sample coverage of 

households. 

Consumption Outside the Home. In studies of individual 

households, bias in refuse attributable to eating out must be 

controlled u6ing respondents' information. For purposes of validation, 
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the present study will limit sample selection to households reporting 

less than three meals per week outside the home as an average. This is 

commensurate with mean rates of eating out among singles nationally 

(Sexauer and Mann 1979), and mean rates within the Tucson metropolitan 

area (Tucson Newspapers Incorporated, and Valley National Bank 1984). 

Visitors. Visitors who eat food within the household may 

artificially inflate consumption estimates using refuse evidence. No 

previous study has addressed this issue. For the present study, 

respondents will be asked to record the dates on which visitors ate 

meals in the household. 

Refuse analysis has several distinctive attributes. It is 

unobtrusive, quantitative, routinely records brand-level detail, and is 

readily adaptable to longterm monitoring of diet or the specific 

effects of intervention trials. Refuse measures of diet also have 

recognized sources of potential bias, which have been identified, 

examined in methodological trials, and can be minimized using 

appropriate design controls and monitoring procedures. Moreover, 

refuse biases are independent of biases associated with respondent 

self-report measures of diet. 

Basic Procedures 

Col lection. The basic unit of data collection for refuse 

evidence is the garbage pickup, i.e., all of the refuse deposited by an 

individual household. Standard evidence for refuse analysis studies 

derives only from individual housing units, and does not include 
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material from duplexes, apartments, or condominium complexes (Hughes 

1984). 

Refuse evidence is collected using two basic sampling 

strategies. On the community level, household refuse is randomly 

selected from census tract areas representing local variation in 

socioeconomic status. Maps delineating sampling areas are given to 

city sanitation managers, who direct random samples of refuse from 

individual housing units. Subjects are not notified of the collection 

procedure; to protect anonymity, no identities or addresses are 

recorded. 

In Tucson, a twelve-year community data base has been 

established using random sampling procedures. Tucson has provided the 

setting for extended studies of community food loss patterns (Eathje 

1977-1978; Rathje and Harrison 1978); recycling behavior (McGuire et 

al. 1982); stability and change in the dietary habits of Mexican-

Americans (Reilly and Wallendorf 1984); and ethnic and income 

differences in food consumption habits (Wallendorf et al. 1985). 

Community level studies of household refuse have also been conducted in 

Milwaukee, Wisconsin (Rathje and Thompson 1981); Marin County, 

California; and Mexico City, Mexico (Rathje, Reilly, and McGuire 

1985a). 

A second major sampling procedure is the recording of refuse 

from selected households on a continuous basis for extended periods of 

time (Hughes 1984). This approach is most appropriate for 

methodological studies or longitudinal measures of usual diet. 
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Subjects' consent is obtained before collection and analysis begin. To 

date, two studies using this approach have been conducted. In 1975, a 

stratified random sample of 73 Tucson households was used to compare 

refuse from alternative ethnic and income categories in Tucson. Five 

weeks of refuse was collected from each household. At the same time, 

household frequency of consumption of various products was also 

elicited, permitting comparisons between refuse evidence and interview 

reports (Harrison 1976). In 1980-1982, refuse was collected for five 

weeks from 182 households in contiguous blocks within two Tucson 

neighborhoods. During the collection period, standard Nationwide Food 

Consumption Survey procedures were completed by members of the study 

households. 

The results have been used to determine the contribution of 

food loss to variation in household and individual consumption 

estimates (Harrison et al. 1983), and to identify sources of respondent 

error in diet reports (Rathje, 1984; Rathje et al. 1985b). In these 

studies, all refuse is collected by project personnel under supervision 

of the field director. Regular refuse collection services are 

suspended during the study period. 

Recording. Primary recording of refuse evidence is conducted 

by paid or volunteer 6tudent "sorters" under the direction of the 

project field director and research assistants. Recording procedures 

are conducted in two parts: the weight sort, and the regular sort 

(Hughes 1984). Weight sorts provide quantitative information on the 

material composition of each household refuse pickup. Total weights of 
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major material categories are recorded, including metals, paper, glasB, 

and organic materials. 

Recorded information from the regular sort provides the level 

of detail necessary for measures of food consumption. All refuse data 

are recorded using a standard recording form and code. Recorded 

information categories are: item code, number of items, original fluid 

or solid ounces, price, waste in grams, brand name, type, material 

composition code, and any special indicators. For purposes of 

cotnparison with NFCS data, the refuse code has been altered to match 

standard USDA data base food codes (Rathje et al. 1985b). Using 

recorded information from the regular sort, household consumption 

estimates can be derived at the frequency and quantity levels of 

measurement. Measurable intake levels include food item, food group, 

and nutrient consumption. 

Special capabilities of the refuse recording process include: 

1. Unconsumed edible food in refuse is recorded and weighed, 

providing a minimum estimate of frequency and quantity of 

waste in consumption. Edible food loss quantities are 

subtracted from estimates of consumption of food items during 

data processing. 

2. Evidence concerning food preparation techniques - frying, 

baking, boiling - is present in many cases. 

3. Waste products of cigarette and vitamin supplement use are 

also collected and recorded. 
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4. Detailed analysis of residual aggregate material (primarily 

plate scrapings) provides additional information. 

Identification of fresh vegetable and fruit waste, food groups 

which may lack packaging evidence in refuse is possible using 

this approach. 

Primary Evidence. Evidence pertaining to household diet consists 

of three types: 

1. Food packaging remains, including label information on the 

type, brand, composition, cost, and volume or weight of the 

product. 

2. Major food debris, including edible waste, peelings, rinds, 

stalks, bones, separable meat fat, and other items 

particularly important for the identification of fresh fruit 

and vegetable consumption. 

3. Aggregate food debris (primarily plate scrapings), requiring 

detailed compositional analysis. Examination of these 

materials permits the assessment of details of diet behavior 

and food preparation techniques, including fragments of fresh 

fruit and vegetables, prepared dished with multiple 

ingredients, and evidence of frying and baking techniques 

(McGuire 1S80; Harrison et al. 1983). 

All refuse data are recorded. Multiple evidence (e.g., egg 

shells and egg cartons) is used for cross-verification of consumption 

inferences. A standard three-digit code is used for each item 



106 

category. (The complete refuse code, notes, and recording form are 

included in Appendix B.) 

The preceding sections have detailed design capabilities, 

potential sources of measurement error, and standard collection and 

recordings procedures used in refuse analysis studies. Relevant 

conclusions from prior validation research using refuse evidence are 

summarized in the following section. 

Conclusions from Prior Research 

As mentioned above, refuse analysis studies have been conducted 

using two basic sampling designs: community level samples of randomly 

selected single household refuse pickups, and methological studies in 

which sample household's refuse is monitored continuously over five-

week periods. For present purposes, only conclusions drawn from the 

latter type of study are relevant. Two prior studies have utilized 

this sampling design. I will focus on conclusions from this research 

about the validity of self-report frequency and quantity measures of 

diet made on the basis of comparisons with evidence from household 

refuse. r 

Frequency Measures. In 1974 and 1975 a sample of 73 Tucson 

households monitored over five weeks was used to examine the 

relationship between the results of a household frequency of food 

purchase interview and refuse evidence. The results of comparisons 

between the measures are reported in Harrison (1976). The sample was 

selected to maximize distribution of income and enthnic categories 

within the Tucson population. Five successive weeks of refuse from 
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each household were collected and analyzed. During the study period, 

one member of each household completed an interview schedule that 

included requests for information of household frequency of consumption 

of 77 food items. Response categories included weekly, monthly, and 

"never" as alternative consumption frequencies. 

Pearson correlation coefficients were used to assess the 

relationship between reported frequency of household purchase of 52 

food items and average input volume of the same items derived from 

refuse evidence. Statistically significant positive correlations were 

found between interview and refuse results for 28 of 52 foods. No 

significant association was detected for 24 foods. 

According to Harrison (1976:194-197), these foods fall into 

four basic categories: 

1. Foods which are likely to be underreported because of social 

desirability bias, including liquor and candy. Comparisons 

also revealed a tendency to report as "never" consumed six 

food categories which regularly appeared in refuse: beer, 

candy, pastries, soft drinks, baby food and formula. 

2. Items with low frequency of purchase and discard, such as 

vitamins. 

3. Foods contained in variable packaging quantities with 

potentially long storage periods, including flour, rice, tea, 

and corn meal. 

4. Fresh, perishable products, including some meat, fruit and 

vegetable categories. 
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Harrison (1976:155) concludes that only the fourth category 

presents a threat to the validity of refuse evidence as a measure of 

household consumption. Category two can be remedied by extending 

measurement intervals for refuse evidence. Categories one and three 

provide supportive arguments for the use of unobtrusive measures of 

food consumption. Items underreported because of cultural proscription 

can be more accurately estimated using measures for which the subject 

is blind. 

Category three suggests the possibility that, for some food 

items, frequency of purchase and input volume are in fact not 

correlated. A household using a larger amount of a product may 

purchase it in larger packages, but no more frequently, than a 

household which uses less. In such cases, frequency of purchase may 

not be a valid indicator of quantity used by the household. Recently, 

comparing frequency and quantitative record measures, Chu et al. (1984) 

have reported similar conclusions. The significance of category four, 

including fresh, potentially unpackaged meatB, fruits, and vegetables, 

cannot be conclusively resolved from comparisons between frequency-only 

measures and refuse evidence. 

Quantitative Measures. Refuse evidence has al60 been used to 

evaluate the accuracy of shortterm, quantitative household food "use" 

and individual intake records. In 1981, 62 Tucson households completed 

the Nationwide Food Consumption Survey (NFCS) interview schedule, 

including a seven-day recall of household food use, and three-day food 

records from individual residents. Five weeks of refuse evidence was 
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collected from each household before, during, and after the interview 

period. Primary analysis determined the contribution of food loss to 

the mean difference (545 g/person/day) between household and aggregate 

individual estimates of intake (Harrison et al. 1983; Harrison and 

Rathje 1983). More recently, comparisons between refuse evidence and 

household and individual level interview records have been used to 

identify potential sources of measurement error in respondent reports. 

The final report of this research is still under preparation. However, 

household level comparisons between refuse evidence and interview 

reports have been extensively analyzed for two food categories: red 

meat and milk (Rathje 1984; Dobyns and Rathje 1985). These results 

provide suggestive evidence on food-specific reporting patterns of 

quantity. 

The two food categories selected for validation contrast 

sharply in their patterns of quantity distribution. Milk is packaged 

in standard units of fluid volume. Red meat, on the other hand, is 

purchased in widely variable quantities. Rathje (1984) presents 

analyses for both milk and meat. Report of milk use and milk packaging 

in refuse agreed exactly in only a small number of cases. However, 

total differences between most households ranged between 10 and 20 

ounces or less. Moreover, aggregate milk use totals for household 

interview reports and refuse evidence also agreed closely. Thus, 

refuse evidence suggests that respondents' estimates of quantity may be 

accurate, at least at the aggregate level, for foods that are packaged 

in standard units. 
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Relatively stringent criteria for exclusion were used to ensure 

that comparisons between reported meat use and meat packaging in refuse 

were not inadvertently biased by partial consumption, home freezing, or 

pet consumption. Rathje (1984) presented the first comparative 

analysis; Dobyns and Rathje (1985) have re-6tudied the 6ame data, using 

more exacting criteria for exclusion. Comparisons in the latter study 

excluded 58 percent of 219 reports of meat consumption in 45 

households. Comparisons of the remaining 91 reports with refuse 

evidence revealed seven cases (4 percent) in which agreement was exact, 

22 cases (24 percent) in which refuse evidence for consumption was 

completely lacking, and 62 cases (72 percent) in which quantity 

estimates varied between report and refuse totals. Total quantity of 

meat consumed as calculated by refuse evidence underestimated interview 

reports by more than 37 percent. 

Most important, examination of quantity variance suggested 

that distinguishable reporting patterns were operating. The frequency 

distribution of reported quantities displayed prominent "spikes" at the 

one, two, three, and (perhaps) four pound levels. The equivalent 

distribution of "found" quantities in refuse did not display 

recognizable spikes, suggesting that respondents rounded quantities up 

or down in reports (Rathje 1984; Dobyns and Rathje 1985). Second, 

overreports of meat consumption relative to refuse evidence exceeded 

underreports to a large degree; 87 percent of households overreported 

meat consumption at the aggregate level, although both under- and 

overreports were recorded for each household. Finally, discrepancies 
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between reports and refuse evidence for meat were relatively uniform 

across income, educational, and ethnic categories. These results, 

based on comparisons with food record reports and limited by stringent 

assumptions, indicate the potential significance of refuse evidence as 

a reference measure which can identify systematic response pattern 

effects in survey measures of diet. 

Conclusions 

Available evidence suggests that measurement error is a 

potentially critical confounding issue in the establishment of causal 

links between dietary factors and disease. Extrapolating from 

hypothetical models, analysts have argued that random variation or 

systematic error alone can effectively obscure true relationships 

between variables. For example, modest levels of disagreement between 

dietary measures may profoundly affect the appropriate classification 

of individuals according to intake, sample size requirements, and, 

ultimately, causal inference between diet and disease. 

Interpretation of epidemiological studies of dietary risk 

factors is additionally complicated by the fact that the validity of 

standard dietary measures is still under dispute. New methods must 

therefore of necessity be validated against measures with unestablished 

validity. As a basis for evaluation, I identified five primary 

attributes of effective reference measures for use in validity tests of 

dietary measures. The most appropriate reference measures are 

independent of the test methods; capable of longitudinal measurement of 



112 

usual diet; individual level; capable of measuring both frequency and 

quantity; and comprehensive measures of all foods eaten by the subject. 

Household level analysis of the diet-related refuse of 

populations constitutes one alternative means to obtain objective 

material measures of dietary behavior. The method fulfills each 

reference measure criterion to variable degrees. It is unobtrusive 

and capable of monitoring diet over extended periods of time with 

minimal respondent burden or heightened awareness of eating habits. 

Individual level estimates of dietary intake can be derived from 

samples of one- and two-person households. Frequency, quantity, and 

brand-level detail are routinely recorded for all diet-related refuse, 

and the measure provides comprehensive estimates of all foods eaten in 

the household. Potential sources of bias in the methods have been 

identified, and design controls developed to minimize their 

significance. Household refuse analysis therefore constitutes an 

appropriate independent reference measure against which to evaluate the 

results of food frequency measures. 



CHAPTER 4 

RESEARCH DESIGN: THE STUDY POPULATION, METHODS, 

AND PROCEDURES FOR COMPARISON 

The Study Population: Older Individuals 

The study focuses on one segment of the growing population of 

older individuals in the United States: independent, single persons 

living in retirement communities. Selection of this group was based on 

two considerations: 1) methodological requirements of the validity 

test, and 2) future applications of these measures in populations 

targeted for dietary interventions. 

Individual level comparisons between refuse evidence and 

frequency measures are currently limited to populations living in 

independent homes. Thus, retirement communities offer obvious sampling 

advantages for a proposed test comparison between these methods. Both 

frequency and refuse measures also attempt to minimize respondent 

burden, making them potentially well-suited for longterm studies of 

older populations. 

At the same time, older individuals are an increasingly 

significant population for health studies. Persons over 65 currently 

comprise 11.1 percent of the total population, but that proportion is 

expected to increase dramatically over the next two decades, reaching 

20 percent or higher by the year 2000 (Rimer et al. 1983:384). 

Populations of the elderly outside the United States are growing at an 
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even faster rate (Lecos 1984:22). As the world's population ages, the 

number of persons significantly at risk for health-related problems 

will also increase proportionately. Chronic illness and associated 

disability increases with age, and thei elderly make consistently 

greater use of almost all health services, accounting for 30 percent of 

the country's health-care costs, 34 percent of all days in short-stay 

hospitals, and 87 percent of occupancies in hospitals (Ibid.). 

Potential interrelationships between nutrition, aging, and 

health have also become an increasing topic of research (Kohrs and 

Kamath 1982; Rivlin and Young 1982). Nutrient requirements for older 

adults continue to be poorly understood (Gersovitz et al. 1982). 

Because of the relative paucity of research on this question, 

recommended dietary allowances for older persons must be "extrapolated" 

from the results of studies of younger adults. Recommendations are 

lumped into a single category of those who are 51 and over, and in most 

cases are virtually identical to those established for younger adults 

(Lecos 1984:24). As a result, the nutritional adequacy of the elderly 

population as a whole, and sub-populations within it, continues to be 

debated. For example, many studies have clearly demonstrated that 

individuals eat less as they grow older. The effects, positive or 

negative, of this fundamental shift in dietary habits remain to be 

determined, however (Kohrs and Kamath 1982). 

Recently, research has also begun to focus on the effects of 

directed change in dietary habits relatively late in life on the 

incidence of major diseases. Evidence suggests that important 
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promotional or preventive effects on disease incidence can be initiated 

after age 55 (Colditz et al. 1985:33). The epidemiology of cancer 

provides one example. Sorenson, Seltser, and Sunwall (1983) have 

estimated that more than 240,000 cases of cancer per year are initiated 

after age 60. Substantial proportions of these cancers may be diet-

related, and intervention programs may play a critical preventive role 

at either the initiation or promotional stages of carcinogenesis. For 

example, the average age at diagnosis of colon cancer is 67; Alberts 

and Ho (1985) have proposed that fiber supplements and fat reduction 

begun after age 55 may significantly reduce the incidence of 

precancerous adenomatous polyps, the most important precursors of this 

disease. Colditz et al. (1985) postulate that the inhibitory effects 

of carotene-containing vegetables may be most important during the 

later stages of carcinogenesis; again, this suggests that dietary 

modifications after age 55 may have critically important preventive 

effects. 

For these and other reasons, health education and diet 

intervention programs have increasingly targeted older populations 

(German 1978, 1981). Rimer et al. (1983) and others have argued that 

many of the conditions that result in functional dependency among the 

elderly are amenable to early intervention in a variety of domains. 

Nutritional knowledge, attitudes, and habits may play a particularly 

important role in the health Btatus of older persons. O'Hanlon and 

Kohrs (1978) reported, for example, that nutritional knowledge is 

lowest among older individuals. Health awareness is also apparently 
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insufficient to ensure an appropriate diet; Harrison, Campbell, and 

Bird (1982) reported that older adults who value health more highly did 

not necessarily have a more balanced diet. Available evidence 

suggests, therefore, that an important need for nutrition and health 

information exists, and that dietary intervention programs among 

elderly populations may have significant effects on the health status 

and longevity of subjects. 

Future intervention programs must also recognize the diversity 

that exists within the elderly population. Variation across a number 

of dimensions may have important effects on the health status and 

dietary habits of older subjects. The present study focuses on a 

relatively specific "category" within this population: independent 

living, single residents of retirement communities. In most cases, 

information is sparse on the effects of independence or single status 

on dietary habits or health. Before describing the study community, 

however, I will touch briefly on conclusions from prior studies of 

these attributes. 

Independence 

Most studies of the dietary habits of older Americans 

concentrate on clinical or institutional populations (O'Hanlon and 

Kohrs 1978), members of government supported meal programs (Pelcovits 

and Holmes 1971; Madden, Goodman, and Guthrie 1976), or poor residents 

of single-room occupancy hotels (Bohannon 1982; Sokolovsky and Cohen 

1981). Relatively few reports have profiled the foods eaten by fully 

independent living elderly, evaluated the nutritional adequacy of their 
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diets, or examined the consequences of these factors on health status 

and incidence of disease within this population. 

Those studies which do exist are predictably diverse in design 

and conclusions. A small cluster of reports has examined the nutrient 

intake of rural independent living elderly (Guthrie, Balck and Madden 

1972; Ravson et al. 1978; Bazzare, Yuhas, and Wu 1983). Three studies 

have recorded the intake of independent elderly over relatively 

extended periods of time (Garry et al. 1982; Kim, Caldwell, and 

Williford 1984; Colditz et al. 1985). A final set of unrelated studies 

has examined relationships between measures of sociodemographic status, 

attitudes, and dietary habits in populations of independent living 

older persons (Lebovit 1965; Clarke and Wakefield 1975; Reid and Miles 

1977; Grotkowski and Sims 1978; Krondl and Lau 1982; Harrison et al. 

1982; Higgins, Smiciklas-Wright, and Warland 1985). 

Three basic conclusions about independent living elderly can be 

drawn from this literature: 

1. Older individuals who live independently tend to have 
higher nutrient intakes than their counterparts in 
institutions, but the diets of both populations tend to be 
depressed relative to recommended dietary allowances. 

2. A variety of sociodemographic measures has been tied to 
the incidence of depressed intakes within this segment of 
the elderly, the most important being 6ex, income, marital 
status, mobility, and seasonality. 

3. Variability in the diets of free-living elderly is high, 
equalling levels recorded for younger populations in most 
nutrient categories. 

Depressed nutrient intakes, particularly with respect to total 

calories, Vitamin A, and calcium, have been observed in several 
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studies of independent elderly populations (Bazzare et al. 1983:14). 

However, it has proven difficult to isolate the causes of this 

phenomenon conclusively, or to understand its significance for the 

health status of elderly populations. Although significant 

associations between reduced intake and various factors have been 

reported in surveys of independent older populations, results across 

studies have been highly inconsistent (O'Hanlon and Kohrs 1978; Kim et 

al. 1984). It is clear, however, that free-living persons constitute a 

distinctive, understudied segment of the elderly population; that 

significant intra-individual and interindividual variability exists in 

the diets of this group; and that this variability may be tied to a 

number of associated sociodemographic factors. Additional dietary 

surveys within this population are clearly needed. 

Single Status 

During the past decade, an outpouring of research has examined 

proposed relationships between social networks, social support, and 

health (Berkman and Breslow 1983; Broadhead et al. 1983; Berkman 1984). 

Studies have focused specifically on the importance of social bonds 

within populations of the elderly (Fry 1981; Unruh 1983; Peterson and 

Quadagno 1985). 

Recently, emphasis has also been placed on the significance of 

social support for the well-being of single (often recently widowed), 

independent older persons (Gibbs 1985; Heinemann 1985). The first 

national study of the importance of social support for single elderly 
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living alone has only recently been released (Arizona Daily Star May 9, 

1986). 

With few exceptions, interconnections between single status, 

diet, and the ultimate health status of older individuals have not been 

extensively studied. Most attention has been directed to the links 

between networks of association and the dietary adequacy of the elderly 

occupants of single-room-occupancy hotels. Research by Bohannon (1981) 

and others has documented the critical importance of social networks to 

these single individuals' acquisition of adequate diets. 

Few studies have examined the food habits of older singles in 

other locations, or evaluated the importance of social support to the 

nutritional adequacy of their diets. Again, results across studies 

have not been consistent. Some researchers have reported that no 

significant differences exist between the diets of single and non-

single older persons (Todhunter 1976; Templeton 1978). Other studies 

conclude, however, that single status may have important negative 

effects on 1) the diversity and quantity of diet (number of different 

foods eaten, number of tneals per day), and 2) dietary adequacy of one 

or more nutrients, or total intake (Davidson et al. 1962; Guthrie et 

al. 1972; Weinberg 1972; Grotkowski and Sims 1978). Not surprisingly, 

other reports conclude that these effects are accentuated by the single 

person's degree of "social isolation," measured by the number of meals 

eaten alone per day, or the extent to which he or she is limited by 

physical disability (Clark and Weisfeld 1975). 
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Older adults who live indepedently and alone are and important 

population for dietary surveys and potential intervention trials. This 

population is significantly at risk for health problems. Available 

evidence, although incomplete, also suggests that the current health 

status of this population may be directly tied to dietary knowledge, 

attitudes, and habits. Finally, other evidence indicates that a variety 

of sociodemographic factors, most notably degree of social support, may 

influence both the diet and health of this population. 

The Study Community: Green Valley, Arizona 

Age-segregated retirement communities provide an excellent 

setting for preliminary tests of dietary measures or intervention 

trials among older individuals. Most such communities are moderate in 

size and relatively autonomous, with their own grocery, restaurant, 

medical and media establishments. The population in retirement 

communities is stable (according to Baker 1983, approximately 10 

percent are likely to be seasonal residents), homogeneous, and 

community-oriented. Moreover, members of these communities represent 

an important,, understudied segment of the independent living elderly in 

the United States. Overall, they are better educated, contain larger 

numbers of former professionals, and are somewhat wealthier than the 

general population of older persons. Health status or dietary surveys 

which focus specifically on the effects of residence in theBe 

communities are rare, however, (Jacobs 1974; Baker 1983s Kim et al. 

1984). 
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Age-segregated communities also provide an opportunity to 

examine the effects of distinctive patterns of community and social 

organization on dietary habits and general health Btatus. Almost all 

residents are migrants who have broken ties with their primary families 

and communities relatively late in life. In their new homes, these 

individuals have established replacement networks of association on the 

basis of local neighborhoods or an extraordinary proliferation of 

community level "clubs." Many are also recently widowed, either before 

or after establishing residence in the new community. These networks 

may play a particularly important role in the health of these 

individuals (Gibbs 1985; Heinemann 1985). Jacobs (1974), in fact, 

proposed that integration into these new networks may be the crucial 

factor in the continued independent functioning of all retirees 

arriving in the community. 

Established in 1964, Green Valley is an unincorporated 

retirement community located 25 miles south of Tucson, Arizona. The 

community consists of an original residential and business area 

surrounded by an ever-increasing number of new semi-independent housing 

developments. Despite its proximity to Tucson, Green Valley is almost 

fully self-contained, and possesses its own governmental structure and 

services, community facilities, shopping areas and restaurants, 

newspaper, and radio station. In size, the community is presently 

about seven miles in length and two miles in width. However, 

boundaries are shifting rapidly as new housing developments are 

established. 
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Demographic and Social Characteristics. I will briefly 

describe basic demographic and social characteristics of the community. 

Tabular source material for this discussion is included in the 

following chapter, as part of the description of the sample. Census 

estimates place the total number of residents in Green Valley proper in 

1980 at approximately 8,000, distributed into 4,375 households. Other 

reports suggest that the total population in the core community and 

surrounding areas may now exceed 12,500 individuals (Green Valley 

Chamber of Commerce 1984). Sampling within the present study was 

conducted entirely within enumeration districts defined for the 

community by the Census Bureau. 

Approximately 56 percent of community residents are female. 

The median age of the total population is 67.4, with males slightly 

older than females on average. Moderate to large age differentials 

between males and females are characteristic of retirement communities. 

As Baker (1983:116) has noted, such differences among married couples 

indicate that wives will outlive husbands in most cases, creating a 

large and continuously reproduced cohort of older single women in such 

communities. 

The great majority (95 percent) of units in the community are one-

and two-person households. Median households size is 1.85 persons, and 

one-person residences comprise fully 26 percent of all units. These 

proportions are similar to those cited by Jacobs (1974), Baker (1983), 

and Kim et al. (1984), for other retirement communities in Arizona and 

elsewhere. 
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Approximately 10 percent of males in the population may be 

single person residents, including those recorded as single, widowed, 

separated, or divorced. The equivalent figure for females is much 

higher; approximately 30 percent of women, most of whom are widows, may 

live in single-person residences. Again, these totals are broadly 

representative of retirement communities in the United States; Jacobs 

(1974:49), for example reports precisely the same male:female ratio for 

single person residents of his pseudonymous "Fun City." Nationally, 

more than 80 percent of the elderly who live alone are female (Arizona 

Daily Star May 9, 1986). 

This information is sufficient to sketch basic patterns of 

household composition in Green Valley. The community consists almost 

exclusively of older individuals distributed into households containing 

married couples or single individuals. Females outnumber males by 28 

percent overall, a difference that is primarily attributable to a large 

cohort of single and/or widowed women in the community. 

Green Valley is extraordinarily homogeneous racially and 

ethnically. Fully 98 percent of residents are white and of non-Spanish 

origin. Within the white population, ancestry is also strongly 

concentrated. Sixty-eight percent of individuals who report single 

ancestry designated themselves as descendants of Germany, England, and 

Ireland. The same three groups also dominate members of multiple 

ancestry groups; 89 percent of this segment of the population reports 

themselves as predominantly descended from these national categories. 

In this respect, as in so many others, Green Valley is remarkably 
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similar to its counterpart retirement communities (cf. Jacobs 1984; Kim 

et al. 1984). 

Migrant status constitutes another of the defining character

istics of age-segregated retirement communities. Less than one percent 

of inhabitants were born in Arizona. Moreover, in most cases residence 

has been established quite recently. In 1980, only 34 percent of Green 

Valley residents had lived in the community for five years or longer. 

The majority of residents derive originally from states in the midwest 

and northeast (Blake Publishing Company 1984). Recent evidence suggests 

that this pattern may be gradually changing. In his profile of Sun 

City, for example, Baker (1983) notes that since 1977 Arizona-born 

individuals have become the third largest contributor to new residents. 

In most cases, however,the established pattern of migration continues 

to consist of major shifts in residence across states and regions late 

in life, with the added consequence of relatively complete separation 

from prior family- and friend-based social networks. 

In general, residents of retirement communities are also better 

educated and more affluent than older individuals living in other 

locations. Eighty-three percent of Green Valley inhabitants 25 years 

or older are high school graduates. More than one half (51 percent) 

have at least some college education, and more than one quarter (27 

percent) are college graduates. Levels of education among the elderly 

nationally are substantially lower (O'Hanlon and Kohrs 1978). 

In most cases, household income in retirement communities is 

also substantially above national averages for older persons (Kim et 

al. 1984). Median household income in Green Valley in 1980 was 
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$17,160, with less than 22 percent of households reporting annual 

incomes of less than $10,000. The percentage of single-person 

residences reporting relatively low incomes is not reported. 

Comparative evidence is available from Sun City, however; Baker (1983) 

reports that, on average, one-person households report less than one 

half ($10,800) of the median annual income reported by two-person 

households ($22,000) in that community. Both figures exceed national 

averages for one- and two-person elderly households, however. 

Other evidence also suggests that most of the community enjoys 

considerable financial stability. Less than three percent of the 

population receives income from public assistance. Seventy-seven 

percent of individuals report receiving Social Security income, and at 

least 31 percent receive additional earnings. Income from.investments 

is not reported, but is probably substantial in many households. Only 

12.7 percent of the populace remains in the labor force. Finally, 88 

percent of households are owner-occupied. 

Evidence from this brief review of census estimates is 

sufficient to highlight several distinctive attributes of Green Valley 

in relation to multi-aged communities. In addition to age 

restrictions, Green Valley is characterized by an usually high 

percentage of female residents and single-person households, 

extraordinary racial and ethnic homogeneity, universal migrant status, 

and relatively high levels of educational achievement and annual 
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income. The community is also exceedingly new. Housing developments 

in the area were first completed in 1964, and more than 70 percent of 

structures have been built since 1970. Most inhabitants have lived in 

the community for less than five years. 

Social Organization. The political and social organization of 

Green Valley i6 also distinctive. Politically, the community is 

"loosely bounded" by deliberate intent. Despite its increasing size, 

Green Valley remains unincorporated. Thus, it is without legal 

boundaries, and is officially governed by the five member Board of 

Supervisors of Pima County. The intent to establish a new community of 

equal individuals free from prior political constraints is explicitly 

recognized by inhabitants. For example, the "Declaration of 

Independence" placed at the head of the 1984 Green Valley Community 

Directory contains the following passage: 

Each of us can say our retirement community of 
Green Valley is very different from the community which 
we left. Here we have dissolved the 'Political Bands 
which have connected us1 to another state - another 
county - another city. Here we can and do assume the 
'Station to which the Laws of Nature entitle1 us. We 
find that all who reside here 'are equal,' and that in 
full measure we enjoy the 'Rights' of 'Life, Liberty, 
and the Pursuit of Happiness.' (p. 7). 

The ideology expressed in this passage is simultaneously one of 

community and individual independence. Particular emphasis is placed 

on unity in diversity. Traditional social and political bonds have 

been broken, and replaced by those of mutual interest. 

In practice, many primary decisions have been and continue to 

be made by the variety of developers who have established semi-



independent housing areas within the district. Each developer declares 

his own deed restrictions (including age and rental policies), and 

provides separate recreation centers for the exclusive use of his 

residents. In most cases, such developments have independent names, 

6ingle entrances, and boundaries carefully marked by walls or fences. 

Street routes are frequently fully contained within single 

developments, with access to adjacent housing areas possible only by 

returning to the main highway. 

Since 1972, however, many longterm decisions have been made by 

the Green Valley Community Coordinating Council. The Council is 

without legal status, but enjoys substantial popular support. 

Membership consists of one voting representative of each of 28 Home 

Owners Associations, and six non-voting members-at-large. Each member 

has one vote in minor questions decided by voice votes or raised hands. 

On the other hand, major decisions requiring roll calls or secret 

ballots are decided by giving each representative one vote for each 50 

homesites within his association. Propositions for Council discussion 

are set forth a variety of committees, including groups which discuss 

local environmental policy, flood control, zoning, security, and long 

range planning. The Council represents an explicit compromise between 

centralized planning and individual independence. In Green Valley, 

newly arrived couples or individuals are not, strictly considered, 

members of an established metropolitan entity with designated 

boundaries. The new resident is first a member of one of 28 Homeowners 

Associations in the area. As such, he or she has rights of access to 
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the development's recreation center, and can participate in decisions 

affecting areas within the bounds of the homeowners' group. 

Second, the new resident is potentially a member of one or more 

of an extraordinary variety of community-wide associations. In Green 

Valley, a recent Community Directory (1984) lists 133 community 

organizations, arranged into the following 10 categories: 

1. Business Groups 14 
2. Charter Clubs 54 
3. Church Organizations 12 
4. Fraternal Organizations 15 
5. Recreation Organizations 4 
6. Service Organizations 20 
7. Hobby Clubs 7 
8. Political Groups 6 
9. Retirees Groups 3 
10. Other Groups 8 

In his study of "Fun City," Jacobs (1974:10-30) recognizes the 

profound significance of cross-cutting organizations to the identity 

and public "face" of retirement communities. Such associations 

constitute the ostensible "tissue" of social relations in these cities, 

and their existence is a primary source of support for the mixed 

ideology of community and independence which unites them. These 

associations, whose membership is based on mutual "interests," replace 

traditional political and familial bonds. They also provide a second 

example of unity in diversity. Of course, levels of active membership 

in these groups are difficult to measure. Jacobs (1974:26) argues that 

the majority of residents may lead a "passive way of life" that is 

characterized by significant levels of isolation from all individuals 

outside the household. Nevertheless, for most residents these 

associations are the principal means of social support available. 
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This brief discussion has sketched basic social and demographic 

characteristics of residents of Green Valley, and traced primary 

channels of association available to them. Below, data on the health 

6tatus and diets of residents is reviewed. Information is sparse, but 

suggestive. 

Health Status and Dietary Behavior. According to census 

estimates, less than one percent of the total Green Valley population, 

and less than two percent of residents over 65 are institutionalized. 

This is perhaps the most important measure of the health status of the 

population. Unfortunately, more specific information is lacking. I 

have not discovered a report which focuses specifically on the health 

of the Green Valley population. However, we can make general 

inferences from the profile of Sun City, Arizona presented in Baker 

(1983). According to Baker, 78 percent of Sun City residents over 65 

report that their current health status is "good" or "excellent"; 

nationally, 69 percent of subjects in this age category report similar 

levels of health. However, more than one half of Sun City residents 

also report that health problems interfere to some degree with their 

everyday activities. Problems with mobility are most frequently cited. 

The pattern of chronic and other medical conditions in the community is 

similar to that observed in national samples; again, however, 

prevalence rates in Sun City are somewhat lower. Nutritional problems 

may be indicated by the fact that 29.5 percent of residents report 

eating alone, and 21.9 percent report recent changes in weight. 
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Baker concludes that, overall, Sun City residents enjoy better 

health than older Americans generally. However, substantial numbers of 

residents report chronic health problems, and a large cohort, primarily 

single and female, are at significant health risk. Similar conditions 

probably prevail in Green Valley. 

Direct but limited information on the dietary habits of Green 

Valley residents is available from the Household Refuse Analysis 

Project's 1976 report on food and beverage consumption in the community 

(Rathje 1976). The study compared the contents of diet-related refuse 

from Green Valley to sample areas in Tucson composed primarily of young 

and middle-aged families. Survey measures of diet were not included in 

this study. As expected, consumption of most items was lower in Green 

Valley samples than in the younger age groups. Therefore, direct 

comparisons were based on volume and occurrence percentages of material 

items. Volume percentage comparisons of primary food groups indicated 

that older families consumed significantly lower percentages of grain 

products, soft drinks, and vegetable protein. On the other hand, older 

families consumed significantly higher percentages of fruits and dairy 

products (particularly ice cream). 

Food level comparisons indicate that both relative and absolute 

consumption of several foods was usually high among Green Valley 

households: fresh and canned fruit, eggs, dark bread, soup, crackers, 

unsaturated fats, artificial sweeteners, and frozen vegetables. Among 

beverages, coffee, hard liquor, and fruit juice were high. Especially 
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low levels of consumption were recorded for fresh vegetables, take-out 

meals, and chip products. 

This small amount of information, now almost a decade old, does 

suggest that important patterns and inconsistencies may exist in the 

dietary habits of Green Valley residents. Most differences between 

Green Valley and younger Tucson households appear to be based on the 

perceived health value of particular foods. Green Valley residents 

consumed higher percentages of fruit (fresh, canned), fruit juice, dark 

bread, and artificial sweeteners. Other items are more difficult to 

explain, however. Green Valley households consumed unusually low 

numbers of fresh vegetables, despite their purported health value. 

Green Valley households also consumed relatively large amounts of eggs, 

ice cream, and other sweet snacks. Among beverages, coffee and hard 

liquor were also important consumption items. As Harrison et al. 

(1982) and others have argued, fundamental inconsistencies in dietary 

attitudes and habits may exist within elderly populations, despite high 

levels of concern for health. 

Green Valley is a community comprised almost exclusively of 

older couples and single persons living independently. In general, 

residents are better educated and somewhat wealthier than older 

Americans nationally. Perhaps most important, however, almost all 

residents are migrants, most having moved to Green Valley late in life 

from communities outside Arizona. In Green Valley, residents have 

attempted to establish new, distinctive networks of political and 

social associations. Central political authority is minimized; 
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participation is deemed to be voluntary and based on mutual interest. 

Socially, the community is characterized by a startling variety of 

independent voluntary organizations. Traditional bases of association 

in the family or neighborhood are supplanted or overlain by voluntary 

organizations. The effects, if any, of these conditions on dietary 

practices, attitudes, and health status are unknown. While it is clear 

that residents of Green Valley and retirement communities generally are 

healthier than their counterparts living elsewhere, relatively large 

numbers also suffer important limiting medical conditions. Retirement 

communities also contain a significant cohort of individuals, most of 

them female, who are particularly at risk for health problems. Dietary 

habits, attitudes, and levels of social support available to this 

segment of the population are also poorly understood. They are a 

particularly important study population for dietary surveys. 

The Sample 

Selection Parameters 

The final size of the study sample was 56 subjects, aged 55-85, 

41 females, 15 males, distributed into 44 households in Green Valley, 

Arizona. The intent of the study was primarily methodological: to 

validate the food frequency questionnaire. Sample stratification was 

designed to ensure accuracy of the reference measure. In addition to 

age and residence restrictions, selection of subjects was determined 

using refuse controls. To eliminate or minimize error attributable to 

bias in refuse, six criteria for exclusion were established. Results 
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of these procedures are discussed in the section on refuse related 

behavior in the following chapter. 

Household Size. Household composition consisted of 75 percent 

adult one-person and 25 percent adult two-person residences. Limiting 

sample size to one- and two-person households was designed to minimize 

methodological difficulties involved in estimating individual dietary 

intake from aggregate household refuse. The focus on single person 

residents was also designed to identify a particular segment of the 

elderly population, individuals who live alone, who are understudied in 

dietary research. 

Consumption Outside the Home. Sample selection was limited to 

those respondents who report eating less than three meal6 per week 

outside the home to minimize underestimation of intake levels using 

refuse evidence. This is commensurate with estimated mean frequencies 

of eating out in Tucson (Tucson Newspapers, Inc., and Valley National 

Bank 1984), and of single persons nationally (Sexauer and Mann 1979). 

Recycling Behavior. Respondents who reported regular recycling 

of food-related debris (aluminum and non-aluminum cans, returnable 

bottles) at initial contact were to be excluded from the sample. 

Compost Piles. Respondents who reported active use of compost 

piles, probably repositories for food waste, were excluded from the 

sample. Prior studies indicated that such individuals comprise a 

negligible proportion of the Tucson area population (Harrison 1976; 

Harrison et al. 1983). 
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Pet Ownership. The initial contact determined the number of 

pets owned and standard feeding behaviors in the household. Residents 

with cats or dogs were to be excluded from the sample. Prior study 

(Harrison 1976) of households with and without pets has indicated that 

no statistically significant differences exist in the composition of 

the subject's household refuse. Use of pet food appears to be 

essentially universal in American urban populations. 

Visitors. Prospective inquiries established the times and 

lengths of any anticipated overnight visits to the household by guests 

during the refuse sampling period. Subjects who reported anticipating 

overnight visitors during the study period were excluded. 

Retrospective reports established dates of arrival and departure for 

any remaining visits during the study period. Residents who 

anticipated absence from home for overnight or longer were also 

excluded. 

Garbage Disposals. Garbage disposal use, not a criterion for 

exclusion, was systematically monitored during the study period. 

Queries at initial contact and at the end of the study period 

established typical patterns of disposal use, including typical food 

items deposited in disposals and overall frequency of use. 

Recruitment 

Two sample segments were recruited (30 subjects during phase 

one, 26 subjects during phase two) for entrance into the study at six 

month during the fall of 1984 and spring of 1985. This was intended to 

facilitate refuse analysis procedures, and provide data on seasonal 
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shifts in food consumption. Sample selection procedures were intended 

to identify and recruit individuals who were both single and members of 

some primary (non-household, non-family) group. Such individuals 

should experience both isolation and a common extra-household measure 

of social support. Recruiting activities were concentrated on 

presentations to three typ6s of associations: "singles" groups 

predominantly composed of single females, males only associations, and 

health awareness groups. This approach served two objectives: 1) to 

identify and recruit a study population that is noted for its 

inaccessibility and low response rates to surveys (Jacobs 1974)j 2) to 

provide a practical forum to present and discuss the proposed research 

with prospective subjects, including obligations for involvement, 

refuse analysis procedures, and objectives of the study. 

Administration of Instruments 

Figure 4.1 displays the basic sequence of administration of 

instruments completed by all members of each study household. Five 

types of instruments were administered to respondents. 

1. Pre-study Information Sheet. This brief two-page 

questionnaire was designed to elicit primary information for 

sample selection purposes. Three types of information were 

requested: basic demographic data, social characteristics, 

and data on refuse sample controls. 

2. Health Habits and History Questionnaire (Week One). This Belf-

administered questionnaire designed by Block and Associates 
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Week 
Pre-Study 12 3 4 5 

Instrument 

Pre-Study 
Information Sheet 

Food Frequency 
Questionnaire I 

Refuse Analysis 

Food Frequency 
Questionnaire II 

Post-Study 
Information Sheet 

Figure 4.1. Schedule for Administration of Instruments 
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(1984) constitutes the primary source of survey information on 

dietary and other health-related habits of subjects in the 

study. The questionnaire has two basic parts. Part one 

requests information on factors which have been identified as 

important predictive or confounding elements in health 

studies. Part two requests average frequency of intake and 

portion size for food categories, representing 93 percent of 

contributors to total intake as well as additional information 

on food preparation and eating habits. 

3. Recent Diet Questionnaire (Week Five). This questionnaire, 

completed immediately after the cessation of refuse collection 

procedures, requested recalled information on average 

frequency of intake and portion size during the previous four 

weeks. The food list for both food frequency questionnaires 

was identical. 

4. Refuse Analysis (Weeks One-Six). All refuse deposited by 

study households was collected and analyzed on a continuous 

basis during the six-week 6tudy period. Standard refuse 

collection procedures were suspended during the study period. 

Refuse was collected by study personnel on a twice-weekly 

basis, if possible on the same days that normal collection 

procedures occurred, in order to minimize disruption of 

habits. 

5. Post-Study Information Sheet (Week Six). This final 

questionnaire requested information on the respondent's 



138 

behavior related to potential refuse biases during the study 

period. It was designed to serve as a retrospective control 

on problems in the sample selection process. Summary measures 

of food preferences for six foods were also obtained. 

Methods 

The following sections will briefly describe instruments 

administered during the 6tudy. Data collection, coding, and reduction 

procedures for comparison between questionnaire and refuse evidence are 

also discussed. Diet measurement capabilities of the questionnaire 

food list and refuse analysis portions are discussed, and basic 

principles of interpretation underlying the comparative analysis of the 

two measures are set forth. Demographic and health status measures 

obtained by the questionnaire are briefly enumerated, and pre-study and 

post-study information sheets are discussed. 

Questionnaires 

Health Habits and History Questionnaire. Questionnaire 

materials, including the dietary instrument, were distributed to 

respondents upon return of the household consent form and pre-study 

information sheet. Respondents were briefly instructed in requirements 

for completion of the dietary portion of the questionnaire, and asked 

to complete and return the forms on the first day of refuse collection 

procedures. Completed forms were collected and reviewed with 

respondents on the first day of collection. Self-addressed and stamped 

envelopes were left at the doorstep for respondents who were not at 
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home, with instructions to return the completed forms before the end of 

the week. After review of mailed forms, respondents were contacted by 

telephone to clarify any ambiguities. 

The self-administered "Health Habits and History Questionnaire" 

designed by Block and Associates (1984) for universal application in 

diet and health surveys was selected to serve as the basic survey 

measure of diet in the study. Selection of this questionnaire was 

based on several considerations. The instrument is explicitly designed 

to synthesize and standardize previous survey research on dietary 

intake relevant to epidemiological studies. The food list includes 

requests for average frequency eaten and average portion 6ize for food 

categories comprising more than 93 percent of the foods contributing to 

to total calories and 93 to 95 percent of foods contributing to three 

primary nutrient categories in the American diet. This comprehensive 

measurement design, carefully grounded in the data base on diet 

established by the second National Health and Nutrition Examination 

Survey (NHANES II) of 1978, makes the questionnaire potentially 

suitable for large-scale use in epidemiological and/or intervention 

studies. Coding and analysis procedures are also designed to permit 

rapid processing and dietary assessment. The questionnaire has not 

been assessed against an independent, continuous measure of usual diet. 

The food list portion of the "Health Habits and History 

Questionnaire" constitutes a "semiquantitative" measure of the 

individual's usual intake. The respondent's average frequency of 

intake and usual portion size are requested for 100 food categories 
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grouped into nine food groups. (The complete food list is reproduced 

in Appendix A.) Nine food groups, representing a heterogeneous set of 

formal and familiar conceptual units, appear in the food list: 1) 

Fruits and Juices; 2) Vegetables; 3) Meat, Fish, and Poultry; 4) Mixed 

Dishes and Lunch Items; 5) Breads, Salty Snacks and Spreads; 6) 

Breakfast Foods; 7) Sweets; 8) Dairy Products; and 9) Beverages. 

The dietary section of the questionnaire is designed for 

potential self-administration in 15-20 minutes by respondents. Items 

present a mixture of highly specific and agglomerative categories. 

Consumption rates of alternative types of particular foods (e.g., diet 

and regular soft drinks, decaffeinated and regular coffee, canned or 

frozen and fresh strawberries) are requested in some cases. Other 

items require the respondent to estimate hi6 combined consumption of 

related but semi-independent foods (e.g., apples, applesauce, and 

pears, or fresh and juiced varieties of grapefruit). In some cases, 

prepared dishes with multiple ingredients (including spaghetti, 

lasagna, and mixed dishes with cheese) serve as item categories. Meal 

additives such as butter or margarine and sugar are given separate 

categories for each meal context to which they contribute (e.g., use of 

butter on bread or rolls and in the preparation of vegetables is 

separately queried). 

Block and DeWys (1984) has described the derivation of the 

questionnaire's food list. In brief, food records from 11,468 NHANES 

II respondents were used to determine the diversity of foods eaten by 

the American population. Reports from the 2244 food codes resulting 



1141 

from the survey were summed, total consumption for each of 18 nutrients 

was then calculated, and the relative contribution of specific food 

items to each nutrient was determined. This "data-ba6ed" approach 

permitted the the selection of food items to be primarily based on 

actual reports of food consumption from a national sample (Block et al. 

1985a, 1985b). 

Specific food items were grouped into larger categories on the 

basis of conceptual similarity or interchangeability, familiarity to 

respondents, and.equivalent nutrient content. Final inclusion of 

resulting categories in the food list was accomplished in three stages. 

Foods were first selected on the basis of their percentage contribution 

to total calories, fat, and vitamins A and C in the NHANES II data. 

Second, the food list was augmented by the addition of foods 

contributing significantly to fiber intake; major cruciferous 

vegetables; potential carcinogens in the diet, including coffee, tea, 

and artificial sweeteners; and foods which, if consumed by the 

respondent but overlooked in the food list, might result in 

misclassification of the subject relative to his consumption of 

critical nutrients. A third step established minor modifications 

designed to enhance the respondent's recall of food items, including 

provision for seasonal availability of some fruits and separation into 

fresh, frozen, and canned varieties in a few instances. A final, open-

ended query permits respondents to add information on their consumption 

of foods not included in the main list. A "prompt list" of 48 residual 
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food categories is followed by six blank spaces in which the respondent 

can add other foods which he consumes at least once a month. 

The complete food list is intended to provide the capability 

for relatively comprehensive dietary assessment of the individual's 

usual diet, as well as the possibility to test nutrient- or food-level 

hypotheses about disease causation from a highly specific vantage 

point. Outcome variables include total calories, intake of major 

nutrients, and intake of foods. The instrument is also designed to 

permit the assessment of a wide range of adult population groups in the 

United States. 

Completed food frequency questionnaires provide an "average" 

representation of the individual's usual diet over a defined period of 

time. Summary estimates for each food item replace the detailed record 

of actual consumption provided by diet diaries. As Liu et al. (1978: 

410) have noted, food frequency instruments therefore place special 

emphasis on the respondent's capability to describe his own usual 

dietary habits. Most important, use of the food frequency method 

presupposes that intra-individual variation has been accounted for by 

the individual in his summary response. In effect, the respondent must 

estimate his true mean intake, or hypothetical average about which he 

varies, for each food item. 

The "Health Habits and History" questionnaire requests average 

frequency and quantity of consumption of each item in the food list 

during the current year. The respondent records frequency by selecting 

one of five temporal categories - daily, weekly, monthly, yearly, and 
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rarely or never - and assigning an average number to it. At the 6ame 

time, he or she is asked to record usual portion size, either small, 

medium, or large, in relation to a standard median quantity displayed 

in common household measures next to each item. The respondent is 

instructed to consider small portion sizes to be approximately one-half 

or smaller than the quantity displayed next to each food item. Large 

portion sizes are defined as roughly one-and-a-half times or larger 

than the medium quantity displayed. 

Of course, reduction of actual quantities into three average 

serving sizes results in a significant abstraction from measured 

quantity. However, medium quantities displayed next to each food item 

category, as well as small and large portion sizes used in nutrient 

calculations from the results of completed questionnaires, are in each 

case based on the actual distribution of reported quantities eaten of 

the food category by NHANES II respondents. That survey made extensive 

use of three-dimensional food models in an effort to ensure accuracy in 

the estimation of serving size (Block and DeWys 1984:3). This second 

application of a "data based" approach to parameters used by the 

questionnaire is therefore designed to enhance the measurement of 

quantity, a traditional weakness of food frequency instruments 

(Abramson et al. 1961; Sorenson 1982). 

Variables obtained for the present study included: 1) total 

quantity of intake in grams for 74 food item categories; 2) monthly 

household frequency for each food group and item; 3) monthly household 

quantity for each food group and item. Frequency was derived by 
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multiplying the number selected by the respondent by appropriate 

multiples for monthly consumption. Quantity for each food category was 

derived by substituting representative values for small, medium, or 

large portion size codes, and multiplying the results by the number of 

servings reported consumed during the specified period. One month 

served as the unit of consumption for all comparisons. At present, the 

measurement capabilities of refuse analysis are limited to the level of 

food item or food group. Therefore, all questionnaire frequency and 

quantity values used in comparative analyses were also derived at this 

level. This level of specificity in comparisons is also desirable for 

primary validation of the instrument. 

Recent Diet Questionnaire. Administered at the end of week 

five of the study schedule, the "Recent Diet" questionnaire was 

designed to elicit the respondent's average frequency and quantity of 

intake during the previous four week period. Food categories, with 

minor modifications to eliminate seasonal distinctions, were identical 

to thoBe requested in the Health Habits and History Questionnaire. 

Questionnaire results in the present study are derived entirely from 

the Health Habits and History Questionnaire, which represents reported 

usual diet. 

Brief information sheets were administered to respondents 

before entry into the trial and at the close of the five-week study 

period. The pre-study sheet was designed to permit screening of 

subjects according to sociodemographic and refuse analysis controls. 

The post-study sheet was designed to provide retrospective information 
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on the same variables. Results of both questionnaires are reported in 

the following chapter. 

Pre-study Information Sheet. Variables obtained by this 

information sheet are listed in Appendix C. Information collected 

included basic identifier data, and standard indices of demographic and 

socioeconomic status. In addition, variables pertinent to the 

interpretation of refuse evidence were also requested: household size, 

average consumption outside the home, pet ownership and feeding, 

visits, ownership and use of garbage disposals, and recycling behavior. 

Post-study Information Sheet. Variables obtained by the 

information sheet administered to respondents upon completion of the 

study period are also listed in Appendix C. Retrospective information 

was collected on behavior patterns during the 6tudy period which may 

affect the discard of diet-related materials. Most variable categories 

are identical to those requested in the prior sheet. Included were 

average consumption outside the home during the study period, pet 

feeding patterns, use of garbage disposals, and recycling. Information 

was also obtained on visits by guests who consumed food in the home. 

These measures provided retrospective "controls" on the potential 

significance of sources of bias in refuse evidence. 

Refuse Analysis: Evidence and Interpretation 

The present section briefly describes refuse sample collection 

procedures used in the study, categories of evidence for diet found in 

refuse, basic principles of interpretation necessary to infer 
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consumption using theBe indicators, and adjustments employed in 

comparisons between refuse and questionnaire food item categories. 

Data Col lection Procedures. After household consent was 

obtained, refuse collection and analysis proceeded on a continuous 

basis for each residence for a minimum of five and a maximum of six 

weeks. Collection procedures proceeded in two phases, with half of 

sample households completing analysis between October and November of 

1984, and the second half undergoing 6tudy during the months of May and 

June of 1985. Holiday periods were excluded from the observation 

schedule because of their potential effects upon consumption and 

visiting habitB. 

Study personnel collected all refuse samples from households on 

a twice-weekly schedule which matched the regular weekly schedule 

maintained by commercial collectors serving the community. Standard 

collection services for each household were suspended for the duration 

of the study, and a brightly colored identifier label placed on each 

garbage receptacle to signal ongoing participation. Samples were 

bagged and tagged with a household identifier code and collection date 

at each pickup point. 

After collection, samples were taken to the analysis area, 

their contents recorded, and all evidence returned to community refuse. 

Standard recording procedures for refuse evidence (described in detail 

in the previous chapter) were followed. In brief, recorded information 

for each artifiact consists of basic identifier categories (household 

code and collection date), a three-digit item code, and additional 
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information on number of items, original fluid or solid ounces, price, 

edible waste in grams, brand name and type in alphabetic characters, 

material composition, and special indicators. Packaging which once 

contained food items is recorded under the appropriate food item code, 

and is identifiable as packaging by examination of the material 

composition code. Residual diet-related evidence in the form of plate 

scrapings or food preparation debris is recorded under a single item 

code (069) and identified item-by-item using the "Type" variable category. 

Categories of Evidence. Basic types of evidence in refuse used 

to infer food consumption are briefly described below, using food 

groups measured by the questionnaire as a framework for discussion. 

Additional details are provided in Appendix D. Evidence pertaining to 

diet is available in refuse for each of the major categories of the 

"Health Habits and History Questionnaire" food lists 

1. Fruit (Fresh, Frozen, or Canned), and Fruit Juices. 

Household consumption of fresh fruits is marked by the 

appearance in refuse of the non-edible constituents of these 

foods (including cores, peels, rinds, pits, and other items), 

as well as edible food loss. Use of canned and frozen fruit 

is similarly marked by the appearance of packaging materials 

pertaining to these products in refuse. Fruit juice 

containers also appear regularly if these products are used. 

2. Vegetables (Fresh, Frozen, or Canned) and Vegetable 

Juices, Non-edible, rarely eaten, or edible portions of fresh 

vegetable are regularly deposited in refuse, including cobs, 
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leaves, tops, stalks, stems, and other items. Consumption of 

processed vegetables is similarly marked by canned or plastic 

packaging with labels. 

Meat, Poultry, and Fish. Packaging with label information on 

cut and weight permit precise estimates of quantities 

consumed. Additional evidence for meat consumption appears in 

the form of separable fat, bones, skins, and edible food loss. 

Mixed Dishes and Lunch Items. Lunch items eaten, including 

ham and other lunch meats, hot dogs and Boups, are regularly 

marked in refuse by packaging with label information on 

quantity. Using standard recording procedures, mixed dishes 

are primarily identifiable only if they are eaten as pre-

prepared dishes. 

Breads, Salty Snacks, and Spreads. Breads, rolls, and 

crackers consumed are clearly marked by high frequency 

packaging with label information. Edible food loss is weighed 

and recorded with packaging. Salty snacks eaten, from 

packaging materials. 

Breakfast Foods. Cereal use i6 identified by the frequent 

appearance of packaging. Cereals are recorded by brand and 

type, and quantities in ounces is recorded. Eggs, bacon, and 

sausage are al6o high frequency items in refuse, if eaten. 

Eggs are marked by the presence of both cartons and eggshells. 

Bacon and sausage packaging includes label information on 

quantity. 
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Sweets. Most candies are doubly wrapped, individually and in 

bulk, providing alternative sources of information on the 

consumption of these foods. Information on quantity is 

generally available on packaging labels. Pies must be 

inferred from packaging (pre-prepared varieties) or 

ingredients (filling, crusts). Jellies, honey, and other 

candies can be readily measured through packaging. 

Dairy Products. Use of most dairy products can be readily 

measured from evidence in refuse. Packaging associated with 

the consumption of cheese, cottage cheese, yogurt, and milk 

products includes label information on quantity. Milk type is 

recorded by fat content. 

Beverages. Containers for soft drinks, beer, and wine are 

high frequency items in refuse if these products are consumed. 

Liquor bottles are more infrequently deposited. If recycling 

of individual bottles or cans occurs, additional information 

is available from paper cartons or plastic ring-holders. 

Coffee grounds and teabags are also regularly discarded by 

consumers. Containers for these products are discarded on a 

less frequent basis. 

Spreads and Other Additives. Quantities of butter and 

margarine can be inferred from the appearance of tubs, stick 

wrappers, or other packaging associated with these foods. 

Consumption of peanut butter, salad dressing, and mayonnaise 

can also be precisely inferred from packaging. However, 
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intervals between purchase and discard of the empty item tends 

to be longer for these items. 

Additional evidence in refuse pertinent to this study includes 

materials indicating consumption of cigarettes, cigars, and pipes, and 

the use of vitamins. Smoking paraphernalia, including cigarette butts, 

individual packages, pouches, and boxes all appear in refuse. Vitamin 

containers also appear in refuse; however, their frequency of discard 

is more limited. 

Principles of Interpretation. Refuse pertaining to diet 

constitutes material evidence of household food habits during the 

period of observation. The principal advantages of the technique as a 

measure of usual diet lie in its properties as a tool to observe food 

habits continuously over relatively extended periods of time, its 

minimal intrusiveness or burden to respondents, and its capability to 

provide precise estimates of quantity on the basi6 of package labeling 

information or non-edible constituents of food found in refuse. 

However, refuse analysis is not a direct measure of food intake. 

Refuse represents the artifactual residue of consumption. Edible 

quantities of foods consumed must be inferred on the basis of a variety 

of types of information. Therefore, it is essential to make explicit 

interpretive assumptions and calculation parameters used in the 

analysis. 

The present section describes basic categories of refuse 

evidence used to reconstruct frequency and quantity of foods consumed, 

principles for inclusion and exclusion of alternative types of 
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evidence, and necessary adjustments in the results to ensure 

comparability with questionnaire reports. Calculation parameters 

underlying frequency and quantity estimates used to derive estimates 

for comparison with questionnaire values can be found in Appendix D. 

Diet-related evidence found in refuse can be categorized into 

four basic types: 

1. Primary organic materials, consisting of non-edible 

constituents of foods and once-edible food loss. These 

objects constitute the basis for inferences about the 

consumption of fresh fruit and vegetable items in the 

household. 

2. Primary packaging, consisting of materials that are ordinarily 

discarded immediately after consuming the foods stored in 

them. Examples include individual candy wrappers, beverage 

packaging, and margarine tubs. Many foods are normally 

packaged exclusively in packaging of this variety. Canned 

products, milk, and meats are examples. Packaging of this 

variety, which frequently includes label information on 

original quantity, constitutes the primary source of 

information in refuse on household use of processed foods. 

3. Secondary organic materials, consisting primarily of plate 

scrapings and the residues of food preparation. These small, 

aggregate materials are identified by type and recorded under 

a single code. Secondary food debris of this sort i6 

important for the identification of food preparation practices 



or foods which may leave only minimal residues. In order to 

minimize the possibility of overestimation, these materials 

are only used for analytic purposes in the absence of other 

types of evidence on the food. 

4. Secondary packaging, consisting of materials which enclose 

primary packaging units. Paper containers used to include 

beverage multi-packs are the most important example. These 

materials, which may be discarded before consumption of the 

materials, are less less reliable indices of food use, and are 

generally excluded from analysis. However, they may yield 

important information in the presence of recycling of beverage 

containers. 

The latter two categories constitute residual sources of 

information used only in the absence of primary evidence. Three 

inferential strategies are suggested by the primary organic and 

packaging material categories; 1) exclusive use of organic materials to 

infer consumption; 2) exclusive use of packaging materials; and 3) 

selective use of both types of information. Each approach, and its 

applicability to particular food types, will be briefly described. 

Primary Organic Materials Only. Calculation of monthly 

frequency and edible quantity of freBh fruits and vegetables using 

refuse was in most cases based entirely on evidence from residual 

organic materials. Estimates of quantity derived from these materials 

rest on the primary assumption that typical proportions of edible and 

non-edible quantity exist for most types of fruits and vegetables. 
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Analysis therefore began by establishing "average" proportions of non-

edible and edible materials for each fresh food category. Constituents 

which may or may not be eaten according to individual preference were 

also identified. The basic Table of the Nutritive Values of the Edible 

Part of Foods developed by the U.S. Department of Agriculture served as 

the primary reference in this process. Supplemental information was 

provided by Pennington and Church (1985) and the Handbook of Food 

Preparation (AHEA 1975). Proportions of edible and non-edible quantity 

used in analyses are displayed on a food-by-food basis in Appendix D. 

These "typical" values for edible and non-edible quantity of 

particular fruits and vegetables are admittedly abstractions from a 

complex reality which probably includes substantial within-6pecies 

variability, as well as differences between individuals in their 

definitions of the edibility of food constituents. Nevertheless, 

similar assumptions of uniformity underlie the measurement of quantity 

by the questionnaire, as well as the calculation of nutrient values 

using food composition tables. These values, despite their 

limitations, do provide parameters for the calculation of household 

intake on the basis of organic material evidence in refuse. 

Organic materials in refuse are recorded under the appropriate 

item code, their quantity in grams is weighed, and the nature of the 

evidence is specified in alphabetic characters in the "Type" category. 

Non-edible and edible materials are separately recorded under different 

item codes for fruits. Standard recording procedures, which were used 

throughout the study, make edible food loss more difficult to identify 
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in some cases for fresh vegetables. Entries which could not be firmly 

established as either edible or non-edible quantity were arbitrarily 

allocated to edible food loss and subtracted from the total estimate of 

the food consumed. If quantity in grams was not recorded for the 

entry, one medium serving size of the food was imputed. 

Calculation of monthly quantities for fresh fruits and 

vegetables was accomplished in four steps. First, original total 

quantity for each food record was estimated by dividing the quantity in 

grams of non-edible constituents found in refuse by the standard 

percentage of the food represented by these materials. Second, edible 

quantity was calculated by multiplying total quantity by the standard 

percentage of the food represented by edible materials. Third, an 

estimate of quantity "actually eaten" by the household was derived by 

subtracting edible food loss (waste) from edible quantity. Finally, 

resulting quantities for each household were summed and adjusted by 

observation .pa period to derive an estimate of quantity consumed for 

each food during one month. 

Apples provide one example of this process. According to 

estimates provided in the Table of Nutritive Values, the core and Beeds 

of an apple comprise on average approximately nine percent of the total 

quantity of one fruit. Using this value as a basis for calculation, an 

apple core in refuse weighing 13 grams yieldB an estimate of original 

total quantity of 144 grams. Edible quantity from this total would 

constitute 131 grams. If seven grams of apple peel were also recorded 
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in refuse, thie quantity would be subtracted from edible quantity, 

resulting in an estimate of 124 grams of actually eaten material. 

Frequency of consumption of fresh fruits and vegetables was 

derived in one of two ways. Residual materials for some foods 

represent individual units of consumption (e.g., apple cores, peach and 

apricot pits, and corn cobs). Monthly frequency for foods of this type 

was calculated by simply counting entries. However, multiple peels or 

other residues deposited by some fruits and vegetables make it 

difficult to assign individual serving units to the evidence in refuse. 

For these foods, frequency represents a derived variable from total 

monthly quantity eaten by households. Frequency is determined in these 

instances by dividing total monthly quantity by the average portion 

6ize in grams (small, medium, or large) reported by the respondent. 

The resulting value, which permits direct comparison with the 

respondent's self-report, was judged to be preferable to dividing 

quantity by a single, standardized serving size. Monthly frequency and 

quantity of fresh varieties of the following foods were derived 

exclusively on the basis of organic residues in refuse: apples, pears, 

bananas, peaches, apricots, canteloupe, watermelon, strawberries, 

oranges, grapefruit, corn, squash, tomatoes, broccoli, cauliflower, 

brussel sprouts, spinach, sweet potatoes, yams, and other potatoes. 

Packaging Only. Monthly frequency and quantity for the 

majority of food6 was derived entirely on the basi6 of primary 

packaging material. Food items in this category include processed 

forms of fruits and vegetables, fresh and processed varieties of meat, 
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most dairy products, breakfast and lunch foods, sweets, and all 

beverages. Quantity in most instances is derived from label 

information provided on primary packaging. Refuse procedures record 

the original quantity provided on packaging in the "Solid" or "Fluid" 

volume categories; edible food loss contained in or associated with the 

packaging is weighed and recorded in the "Waste" category. 

Original quantity (minus edible food loss) is directly 

comparable to reports of quantity from the questionnaire for many 

foods. Items in this class include: beverages in non-concentrate form 

(e.g., soft drinks, beer, wine, alcohol, many fruit or vegetable juices 

and most forms of milk); "semi-solid" foods (e.g., applesauce, non-

condensed soups, yogurts, ice cream, dressing, cheeses, butter and 

margarine, peanut butter, and other spreads); many grain products 

(e.g., breads, cereals); most processed meats (e.g., hot dogs, ham, 

pre-cooked sausage); some granular products (e.g., sugar, artificial 

sweeteners); and many snack or dessert foods (e.g., chips, roasted 

peanuts, and other salty snaclcs). 

Original quantity for other foods requires adjustment for the 

effects of food preparation. Calculation parameters for adjustments 

were also derived from the sources noted above. If variation in 

particular food categories was noted, the midpoint value was derived 

for use in adjustments. Adjustments in original quantity were required 

in five contexts: 



1. Beverage Concentrates. Recorded quantity on packaging of 

concentrates was adjusted to reflect fluid quantity in 

standard serving sizes. 

2. Drain or Thaw Weights. Original quantity as recorded on 

packaging was adjusted to reflect only the weight of food for 

products with signifcant separable water weights. 

3. Dry Products. Original quantity of dry foods was adjusted to 

reflect reconstituted portions. Foods for which these 

adjustments were necessary included dry soups, cooked cereal, 

coffee and tea, and mixes. 

4. Cooking and Other Preparation Loss. Adjustments of some 

products, particularly fresh meatB, were necessary to reflect 

reductions in quantity resulting from cooking and removal of 

non-edible or other parts. For example, original quantity of 

packaging on fresh meat was reduced to reflect loss due to 

cooking, removal of bones, and trimming of separable fat. 

5. Prepared Meals. In some instances, particular foods were 

consumed as one part of a multiple food package. Many frozen 

dinners fall into this category. In these caBes, one medium 

serving size of the principal food item in the dish was 

imputed. For example, frozen "Sirloin Steak" dinners would be 

assigned one medium serving size for beef. 

After adjustments for original quantity, resulting values for 

edible quantity were summed for each food, quantity of edible food loss 

subtracted, and the resulting estimate of food eaten adjusted to 
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reflect one month of consumption. In a small set of cases, label 

information on quantity was either absent or obscured. In theBe 

instances, quantity was imputed to equal one medium serving size of the 

food. Fast food packaging for hamburgers provides one example for 

which label information on quantity was unavailable. Smeared meat 

packaging labels offer a second example; although the estimation 

procedure is probably conservative in this instance, this method was 

judged to be most appropriate. 

Frequency was derived from primary packaging using either of 

two procedures. Primary packaging of some foods permits us to make 

direct estimates of foods consumed in standard units. Candy wrappers, 

egg cartons, and artificial sweetener packets are three examples. 

Primary packaging of other foods is designed to contain more than one 

serving. In these instances, frequency can be derived from refuse by 

dividing total quantity by either the serving size defined by the 

manufacturer, or that reported by the respondent. The latter procedure 

was judged to be most appropriate for comparison with questionnaire 

reports. 

Questionnaire food group categories for which frequency and 

quantity were estimated on the basis of primary packaging include the 

following: frozen and canned examples of fruits and vegetables; fresh 

and processed meats (with some exceptions discussed below); additives, 

including butter, margarine, salad dressing, and mayonnaise; lunch 

items, including soups and salty snacks; grain products, including 
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breads and cereals; all sweets and dairy products; and the majority of 

beverage items. 

Selective Use of Both Primary Organic and Primary Packaging 

Evidence. A small number of foods produce both organic and inorganic 

evidence of their consumption on a regular basis. Foods in this 

category include a small number of fresh fruits and vegetables 

(principally strawberries, carrots, and potatoes); some fresh meats 

(for which packaging is frequently associated with bones and separable 

fat); eggs (shells and cartons); and coffee (grounds and packaging). 

Principles of inclusion and exclusion of evidence must be derived when 

measuring use of these foods, in order to avoid the potential to 

overestimate consumption. Two options present themselves. The first 

is to exclude one category of evidence for a particular food from 

analyses. This procedure was decided upon for the calculation of 

quantities eaten of strawberries, potatoes, and carrot6. 

The second approach permits selective inclusion of both types 

of evidence if the materials are judged to be unassociated in refuse. 

This second interpretive procedure wa6 adopted in the estimation of 

eggs, fresh meats with both packaging and bone residuals, and coffee. 

Primary packaging constitutes the basic category of evidence under this 

approach; however, organic materials were also included in calculations 

of quantity if they were deposited in refuse at intervals longer than 

one week before or after the appearance of packaging for the food. 

Consumption of chicken provides one example. Small portions of chicken 

may be consumed and the remains discarded in refuse before the empty 
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package. Instances in which chicken bones appeared in refuse longer 

than a week after the final example of packaging were judged to 

represent subsequent meals. Instances which met this conservative 

criterion were relatively rare. Those examples which did occur were 

each assigned the value of a single serving size. Frequency for foods 

in this hybrid category was determined in the same manner a6 described 

above. 

The following chapter presents basic results of comparative 

analysis between results of the questionnaire and refuse evidence. 

Comparisons between dietary estimates in the present study are limited 

entirely to results of refuse analysis and the primary Health Habits 

and History questionnaire. Emphasis is on the representativeness of 

the results of each technique as estimates of usual diet. 



CHAPTER 5 

ANALYSIS 

Objectives 

Comparisons between questionnaire and refuse estimates of 

monthly food intake are designed to evaluate the relationship between 

self-report and material measures of usual diet at two primary levels: 

frequency and quantity. Total intake, food group, and food item 

categories serve as the basic units of comparison. Analysis test6 the 

equivalence or association between the results of each measure at the 

group (using total quantity, mean quantity, and mean frequency of each 

food category as test indicators), individual household (using 

Pearson's product-moment correlation coefficient as test indicator) and 

inter-household (using tertile rankings as test indicator) levels. 

Equivalence for each food category can be examined using either 

frequency or quantity as the basic unit of measurement, at either the 

group, household, or inter-household level. 

Frequency and quantity of intake constitute alternative levels 

of precision in dietary assessment. To date, few studieB have jointly 

examined the validity of respondent's estimates of these two basic 

dimensions of dietary habits. Despite the extensive use of frequency 

techniques in surveys as qualitative measures of diet, the respondents' 
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ability to estimate average frequency (usually defined as average 

number of servings per day, week, month, or year) is poorly understood. 

Other aspects of memory have received extensive attention in 

experimental research (Horton and Mills 1984); however, even short-term 

aspects of frequency are rarely examined. The capability to measure 

usual frequency over extended periods of time is, to my knowledge, 

completely unexamined. 

For research purposes, measurement of the quantity of usual 

diet results in an extraordinary increase in analytic power (Liu et al. 

1978). However, shifts to this level of measurement, if one uses 

conventional self-report measures, are fully dependent on the 

respondent's capability to estimate his average quantity of intake over 

extended periods of time with reasonable accuracy. A small set of 

studies has examined this capability against "known quantity" in short-

term experimental settings (Stunkard and Waxman 1981; Lansky and 

Brownell 1982; Guthrie 1984). Fewer still have studied this question 

in natural settings over relatively extended periods of observation 

(Mullen et al. 1984, Gersovitz et al. 1978). 

Testing for equivalence between measures at alternative levels 

of analysis reflects Block's (1982) argument that the "effective" 

validity of dietary measures may not require precise measures of 

intake. In many prior instances, epidemiological inference has been 

based exclusively on the presence of risk factor and disease incidence 

differences at the group or between-subjects levels. Dietary measures 

which have the capability to measure mean consumption accurately, or to 
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rank subjects correctly by quantity of intake, may be fully acceptable 

for epidemiological purposes. 

The following sections briefly describe socio-demographic and 

behavioral information relevant to the study. Potential effects of 

these variables on differences between questionnaire and refuse results 

are discussed in the concluding chapter. 

The Sample: Demographics and Socioeconomic Status 

It is first important to recognize the limitations of the 

present study as a characterization of the entire community of Green 

Valley. The primary purpose of the study was to evaluate the validity 

of the frequency questionnaire as a measure of usual diet. Refuse 

analysis was to serve as reference measure for this test. Sample 

selection procedures were therefore primarily designed to facilitate 

direct comparisons between questionnaire and refuse estimates of diet, 

and to minimize the possibility of error in the reference measure. 

Selection criteria were not designed to represent all sections of the 

population. In fact, restrictions placed upon household size and 

subject behavior necessarily over-represented some segments of Green 

Valley, and excluded others. Particular emphasis was placed upon the 

recruitment of independent elderly individuals who live alone. 

Tables 5.1 to 5.11 present basic demographic and socioeconomic 

information on participants in the study. Where available, values for 

the total population of Green Valley derived from the 1980 Census of 

Population and Housing are included for comparative purposes. This 

information provides a rough index to significant similarities and 
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differences between study participants and the total population of the 

community. The subsequent section briefly characterizes activities 

related to the discard of diet-related waste. 

Restrictions on household size placed the most significant 

constraints on the overall representativeness of the sample selection 

process. The research design called for the sample to be limited to 

one- and two-person households, with a minimum of 75 percent of sample 

households to consist of single-person residences. This restriction 

was designed to serve two methodological purposes: 1) to effectively 

eliminate the distinction between household and individual levels of 

measurement in the majority of the sample, and 2) to provide a 

foundational data base for the eventual derivation of age- and sex-

specific correlates of diet in refuse evidence. 

Table 5.1 presents the final distribution of household size in 

the sample. Members of single-person households, who proved relatively 

difficult to identify and recruit, comprise 75 percent (33 households) 

of the total sample. The remaining 25 percent of households consists 

of 10 two-person residences (all married couples) and a single three-

person household (made up of a married couple and a widow). A glance 

at the total distribution of household size in Green Valley in 1980 

illustrates the significance of this selection criterion for the 

overall sampling process. The sample effectively reverses the total 

distribution of household size in Green Valley. Independent elderly 

who live alone are over-represented in the sample by a factor of three. 

Two-person households are reduced to an equivalent degree. 
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Table 5.1. Number of Persons per Household in Study Sample 
Compared to Green Valley (1980). 

Sample Green Valley 
Persons Persons 

Household Size N % N % 

1 33 75% 1,129 26% 

2 10 23% 3,037 69% 

3 1 2% 162 4% 

more 0 — 47 1% 

Median 1 . 2  1.85 
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The focus on single-person households had additional 

consequences for the distribution of other sample parameters. Table 

5.2 displays the percentages of males and females in the sample 

relative to their distribution in the total population of Green Valley 

in 1980. Males are substantially under-represented in the 6tudy 

relative to the total community. This is partially attributable to the 

greater proportion of females living in one-person households. Women 

comprise approximately 80 percent of elderly singles nationally 

(National Center for Health Statistics 1986). The final sample 

included only four male members of single-person households. 

The focus on one-person residences is also evident in Table 

5.3, which presents the comparative distribution of marital status in 

the sample and the total community. Single statuses are 

disproportionately represented in the study, with widowed individuals 

comprising 46 percent of sample participants, and those who are 

divorced or separated accounting for an additional 11 percent. Most 

widowed individuals in the study had originally moved to Green Valley 

with spouses who had subsequently died. Relative proportions of 

divorced or separated to widowed individuals in the general population 

and the sample are essentially identical. However, residents who 

designated themselves as single are somewhat under-represented in the 

study sample for reasons that are not immediately apparent. 

Table 5.4 displays the relative age distributions of the study 

sample and the total population of Green Valley aged 55 or over in 

1980. The median age of sample participants (70.0) slightly exceeds 
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Table 5.2. Sex of ParticlpantB In Study Sample Compared to Green 
Valley (1980). 

Sample Green Valley 
Sex . Persons Persons 

N % N % 

Male 

Female 

15 

41 

27% 

73% 

3,151 44% 

3,982 56% 
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Table 5.3. Marital Status of Study Participants in Comparison 

with Green Valley (1980). 

Status 
Sample 
Persons 

Green Valley 
Persons 

N % N % 

Single 2 4% 394 5% 

Married 22 39% 6,215 79% 

Divorced/Separated 6 11% 256 3% 

Widowed1 26 46% 1,048 13% 

^Widowed individuals include three males and 23 females. 
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that of the total community (68.4). The difference holds for both 

males and females, and can be attributed to the relative under-

representation of individuals between the ages of 55 and 64 in the 

study sample. This deviation may reflect the fact that members of 

single-person households are slightly older on average than their 

counterparts in two-person households (the median age of singles in the 

sample exceeds that of couples by more than a year). Alternatively, 

sample restrictions placed on the frequency of consumption outside the 

home may have inadvertently selected for a slightly older and less 

active sample population. 

Other sample parameters are substantially Bimilar to the 

distribution of values in the general population. The sample 

reproduces, in slightly accentuated form, the extreme racial 

homogeneity of Green Valley, displayed in Table 5.5. All subjects 

designated themselves as white and of non-Spanish origin. The migrant 

status of the large majority of residents in the community is also 

reproduced in the study sample, as displayed in Tables 5.6 and 5.7. 

Non-natives comprise more than 98 percent of the sample. Birthplaces 

of sample participants cluster in midwest states and New York, 

reflecting the reported distribution in the community as a whole (Blake 

Publishing Company 1984). Substantial recent mobility, displayed in 

Table 5.7, is also reported by respondents. More than 50 percent of 

sample participants reported two or more moves during the previous 10 

years, with 11 percent reporting five or more residence changes. 

However, the median number of years residence in Green Valley among all 



Table 5.4. Age Distribution of Study Participants in Comparison 
with Green Valley (1980). 
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Age 
Sample* 
Persons 

Green Valley 
Persons 

N % 

55-59 

60-64 

27.— 

16%— 

18% 2,217 31% 

65-69 17 31%— 

58% 3,465 49% 

70-74 15 27%- — 

75-79 

80-85 

8 15% 

9%— 

24% 1,451 20% 

* Unreported: 1 
Median (Total) 70.0 
Median (Male) 73.0 
Median (Female) 69.0 
Median (2 Person) 69.0 
Median (1 Person) 70.5 

68.4 
68.8 
6 6 . 2  
N.R. 
N.R. 



Table 5.5. Race of Study Participants Compared to Distribution 
in Green Valley (1980). 
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Race 
Sample 
Persons 

Green Valley 
Persons 

N 7. N 7. 

White (Other than 
Spanish Origin) 

56 1007. 7,892 997. 

Spanish Origin 0 — 53— 

Black 0 - - 16 

American Indian 0 — 16 17. 

Asian 0 - - 9 

Other 0 — 13— 
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Table 5.6. Birthplace of Study Participants Compared to Distribution 
in Green Valley (1980). 

Sample Green Valley 
State Persons Persons 

N 7. N 7. 

Arizona 1 1.97, 64 17. 

California 2 3.87.— 

Colorado 3 5.77. 

Illinois 6 11.37. 

Indiana 4 7.57. 

Iowa 3 5.77. 

Kansas 2 3.87. 

Maryland 1 1.97. 

Michigan 4 7.57. 94.5% 7,388 92% 

Minnesota 2 3.87. 

Missouri 1 1.97. 

New Jersey 3 5.77. 

New York 8 15.17. 

Ohio 3 5.77. ' 

Oregon 1 1.97. 

Pennsylvania 4 7.57. 

South Dakota 1 1.97. 

Wisconsin 2 3.87.— 

Outside U.S. 2 3.87. 547 77. 

Unreported s 3 
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Table 5.7. Recent Mobility of Study Population. 

Number of Moves Persons 
During Last 10 Years N % * 

0 8 15% 

1 18 347. 

2 14 267. 

3 6 117. 

4 1 27. 

5 or More 6 11% 

* Unreported: 3 

Median: 2.0 
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study participants is 6.3, with 22 percent having lived in the 

community for 10 or more years (Table 5.8). 

The questionnaire also obtained information on subjects' 

education and primary current or former occupation. Annual household 

income was separately obtained in the prospective information sheet. 

Years of school completed by study participants and the community as a 

whole are presented in Table 5.9. Green Valley residents, like the 

members of retirement communities nationally, are highly educated 

relative to other segments of the elderly population. Eighty-three 

percent of the total community in 1980 were high school graduates. 

Educational levels of participants in the study accentuate this 

tendency; reported years of schooling was moderately skewed toward the 

upper end of the distribution. Median years education completed by 

members of the sample exceeded the value for the total community by two 

years, reflecting substantial under-representation of community 

residents who did not complete high school, and proportionate over-

representation of residents with four or more years of post-graduate 

education. Self-selection bias, operating to include better educated 

individuals at a higher rate in the sample, is the probable explanation 

for this deviation from the distribution within the overall population. 

Table 5.10 provides reported information on annual household 

income of respondents. The request for household income was the only 

questionnaire item which encountered a significant non-response rate 

(32 percent) in the sample. The median value for those 30 households 

which did respond was $15,000, slightly lower than the reported value 
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Table 5.8. Years Residence in Green Valley of Study Population. 

Years Persons 
N 7. 

1-4 18 36% 

5-9 21 42% 

10-14 11 22% 

Unreported: 6 

Median: 6.3 
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176 

Years in School 
Sample 
Persons 

Green Valley 
Persons 

N % N % 

0-11 2 4% 1,336 17% 

12 13 24% 2,463 32% 

13-15 17 30% 1,900 24% 

16 or more 23 42% 2,124 27% 

Unreported: 1 

Median 15.2 13.2 
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Table 5.10. Household Income Distribution of Study Participants 

Compared to Distribution in Green Valley (1980). 

Household 
Income 

1-person 

Sample 

2-person Total % 

Green Valley 

N % 

< $5,000 1 0 1 3% 258 67. 

$5,000-7,499 3 0 3 10% 359 8% 

$7,500-9,999 2 0 2 7% 358 8% 

$10,000-14,999 8 1 9 30% 874 207. 

$15,000-19,999 3 2 5 177. 619 147. 

$20,000-24,999 0 2 2 77. 653 157. 

$25,000-34,999 2 1 3 10% 697 16% 

$35,000-49,999 1 2 3 10% 316 77. 

$50,000 or More 1 1 2 7% 205 5% 

Unreported 12 

Median $10,280 

2 

$20,375 

14 

$15,000 $17,160 
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of $17,160 for the entire community in 1980. It is probable that the 

overall sample median was moderately depressed by the predominance of 

single-person households in the study; median reported income for 

singles in the sample was $10,280. The median reported value for two-

person households was approximately twice that of singles ($20,375). 

In any event, the valid distribution of household income for 6tudy 

participants is difficult to calculate with confidence, given the large 

number of subject refusals. 

Respondents were also asked to report their primary current or 

former occupation. The distribution of responses by occupational 

category is displayed in Table 5.11 (comparative information on the 

previous occupations of the community as a whole was not available). 

Five respondents reported Bome current employment; all others were 

fully retired. The sample included a heavy representation (58 percent) 

of individuals who formerly held managerial or professional jobs; this 

unusual occupational distribution is characteristic of retirement 

communities generally (Jacobs 1974). Eighty-seven percent of males in 

the sample were concentrated in these two categories. Clerical, 

service, and homemaker categories were comprised exclusively of women. 

However, 48 percent of women in the sample had held professional or 

managerial positions; overall, 83 percent of women had worked regularly 

during their lifetimes. 

Thi6 brief discussion is sufficient to sketch significant 

differences and similarities between sample participants and the total 

community of Green Valley. Sample selection procedures focused 



179 

Table 5.11. Primary Occupational Category of Study Participants. 

Occupational Persons 
Category N % 

Clerical 12 22% 

Craftsman 1 2% 

Homemaker 7 13% 

Manager 11 20% 

Professional 21 38% 

Sales 1 2% 

Service 2 4% 

Unreported: 1 
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disproportionately on single elderly living alone, and this decision 

significantly affected the distribution of several other factors. As a 

result, males, married couples, and subjects aged 55 to 64 are under-

represented in the sample relative to the total community. Women, many 

of whom are widows, are over-represented. Other characteristics of 

retirement communities are effectively reproduced in the sample: 

extreme racial homogeneity, migration late in life, elevated levels of 

education and income, and significant percentages of subjects who 

previously held managerial or professional positions. 

Refuse-Related Behavior 

Study procedures were designed to minimize the potential for 

error in refuse-based estimates of diet. Recognized sources of bias in 

refuse evidence were "controlled" in two ways: 1) the establishment of 

criteria for exclusion of subjects on the basis of refuse-related 

behaviors with limited distribution in the population; and 2) 

monitoring of other pertinent behaviors through the use of short 

questionnaires administered at the beginning and end of study 

procedures. 

Respondents completed a brief questionnaire prior to entry into 

the study which included requests for information about their socio-

demographic status and usual habits related to the disposal of 

materials related to diet. This prospective questionnaire was 

primarily designed to permit the exclusion of subjects according to 

eight criteria: 
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1. Age (55-85 years of age) 

2. Residence in Green Valley 

3. Household size (one- and two-person households) 

4. Visitors (no overnight visitors anticipated during the 

observation period) 

5. Consumption outside of the home (less than three meals 

per week eaten outside the home on average) 

6. Recycling (no regular recycling of diet-related items) 

7. Pets (no dogs or cat6 owned) 

8. Compost piles (no regular use of compost piles). 

The prospective questionnaire also requested information on whether the 

household owned a garbage disposal, and, if so, its operational status 

and the types of food remains regularly placed in it. 

A second, retrospective questionnaire completed immediately 

after the observation period asked respondents to report their usual 

behavior pertaining to the same factors during the study. All criteria 

for exclusion were retrospectively measured by this instrument, in 

order to ensure control for these behaviors. Garbage disposal use 

during the observation period was also retrospectively queried. 

Age, length of residence, and household composition of 

participants in the study are summarized above in the description of 

the sample. The present section summarizes refuse-related behavior 

reported by respondents during the study period. Tests to assess the 

effects of these factors on refuse-based estimates for particular foods 

are described below in the discussion of alternative hypotheses. 
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Visitors. Visitors to the household, including both 

individuals who stay overnight and other guests at meals, can 

artificially inflate refuse-based estimates of food consumption. 

Partial control over this factor was established by limiting sample 

participants to households which did not anticipate overnight visitors 

during the study period. As a follow-up, the retrospective 

questionnaire also asked respondents to record the presence of any 

overnight visitors during the study period, and the dates of their 

arrival and departure. The total number of visitors and "visitor days" 

per household were derived from these responses. 

A second query asked respondents to estimate the average 

frequency (weekly) at which gueBts were present at meals in the home 

during the study period. An estimate of the total number of meals per 

household at which guests were present was derived from responses to 

this question. 

Tables 5.12-5.14 summarize the results of reported information 

about the presence of visitors during the observation period. Table 

5.12 displays total numbers of overnight visitors per household during 

the observation period. Despite prospective reports to the contrary, 

nine households (22 percent) retrospectively reported the presence of 

one or more overnight visitors during data collection procedures. 

Thirty-two households (78 percent) did not report overnight visits, 

resulting in an overall mean of less than one visitor per household 

during the study period. 
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Table 5.12. Number of Overnight Visitors per Household 
During the Observation Period. 

Number of Visitors Households 
N % 

0 32 78% 

1 4 10% 

2 4 10% 

4 1 2% 

Household Mean: .39 
Sum: 16 
Unreported: 3 
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Table 5.13 presents data on the duration of visitors' stays. 

Values in the "Visitor Days" column represent the total number of days 

during which visitors were present in the household. An overall mean 

of 1.2 visitor days per household was recorded during the observation 

period. Table 5.14 presents estimates of the total number of meals in 

the household with guests present during the study period, based on 

weekly frequency reports by respondents. (A value of zero represents a 

reported average of less than one meal per week with guests in the 

household). The estimates include meals in the household by both 

overnight visitors and all other guests. Twenty-six households (65 

percent) reported entertaining gue6ts at meals at a rate of less than 

one meal per week. Meals with guests reported by remaining households 

raised the mean to 2.2 meals with guests per household during the 

observation period. According to respondents' estimates, therefore, 

meals with guests probably accounted for approximately two percent of 

meals in the household on average during the study period. 

Consumption OutBide the Home. Frequent food consumption 

outside the home by subjects will result in invalid refuse-based 

estimates of diet. At a minimum, quantity values for certain foods 

will be underestimated. Additional bias in measurement can be 

introduced if the subject's diet outside the home is qualitatively 

different from his eating habits in the household. Thus, it is 

important to include measures of both the frequency and types of foods 

eaten outside the home. 
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Table 5.13. Total Number of Visitor Days per Household 
During the Observation Period. 

Visitor Days Households 
N % 

0 32 80% 

1-5 3 8 % 

6-10 4 10% 

13 1 2% 

Household Means 1.2 days 
Sum s 47 
Unreported: 4 



Table 5.14. Total Number of Heals with GueBts Present 
During the Observation Period.1 
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Total Meals Households 
with Guests N 7> 

0 

I-5 

6-10 

II-15 

26 

9 

2 

3 

65% 

227. 

57. 

87. 

Household Mean: 2.2 
Sum s 89 
Unreported: 4 

^Includes meals with overnight visitors and other guests. 
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Consumption outside the home was measured three times using 

questionnaire reports during the course of the study. The prospective 

information sheet included a question asking respondents to estimate 

the average frequency (daily, weekly) at which they ate all meals 

outside the home. In order to minimize the potential for significant 

error in the refuse measure, individuals who reported eating more than 

one meal per day or three meals per week outside the home were excluded 

from the sample. This rate was consonant with mean reported values for 

weekly consumption outside the home in Tucson (Valley National Bank 

1984) and among elderly singles and couples nationally (Sexauer and 

Mann 1979). It was felt that this criterion for exclusion would 

eliminate the possibility of significant error without seriously 

distorting the sample selection process. 

After the participant's entry into the study, consumption 

outside the home was again measured at the beginning and end of refuse 

collection procedures. The first measure, included as part of the 

primary questionnaire completed during the first week of the study, 

asked respondents to estimate their average frequency of consumption 

outside the home for six types of foods served in restaurants: chicken, 

hamburger or other beef, fish, pizzas, Mexican dishes, and Chinese 

food. (Respondents were asked to include club luncheons and cafeteria 

consumption in these estimates). Responses to these six categories 

were recoded to derive weekly and monthly estimates of frequency of 

meals consumed outside the home. The relative contribution of each 

food type to total consumption outside the home was also measured by 
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weighting subjects' responses according to the reported frequency of 

consumption of each food. 

Consumption outside the home was measured again, using the same 

question framework, at the conclusion of refuse collection procedures. 

Respondents were asked to recall their average frequency of consumption 

outside the home during the study period. 

Table 5.15 presents the levels of consumption outside the home 

reported by subjects at the beginning and end of study procedures. 

Values represent estimates of the total number of meals consumed 

outside the home in a month. Upon completion of the primary 

questionnaire, 68 percent of the sample reported eating zero or less 

than one meal per month outside the home on average. Two individuals 

reported eating more than 10 meals per month outside the home, with one 

individual exceeding the standard weekly rate established prior to the 

study. Overall, individuals reported eating an average of 2.3 meals 

outside the home per month in the prospective questionnaire. However, 

responses to the recall questionnaire displayed substantially higher 

levels of consumption outside the home on average. The percentage of 

individuals reporting consumption outside the home of less than one 

meal per month declined to 31 percent. Eighty-five percent of the 

sample reported eating less than 10 meals outside the home during the 

study period; however, five individuals exceeded the pre-study maximum 

of three meals per week eaten out of the household. Overall, subjects 

recalled eating an average of 5.7 meals per month outside the home 

during the observation period. 
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Table 5.15. Monthly Frequency of Meals Consumed Outside the Home 
During the Observation Period: Prospective and 
Retrospective Questionnaire Reports Compard. 

Prospective Retrospective 

Number of Meals Persons 
N 7, 

Persons 
N 7» 

0 

1-5 

6-10 

11-15 

16-20 

20 or More 

38 

10 

6 

1 

1 

0 

68% 

187, 

117= 

27c 

27. 

16 

18 

10 

5 

1 

1 

31% 

357o 

207o 

107, 

27o 

2 %  

Individual Mean 2.3 
Household Mean 1.8 

5.7 
4.5 

Unreported: 0 
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Recycling Behavior. Recycling of diet-related objects, 

principally aluminum or steel cans glass bottles, may be the cause of 

underestimates of beverage consumption using refuse evidence. Thus, it 

is essential to identify regular recyclers of these materials. The 

preliminary research design called for the exclusion of recyclers from 

the sample, based on relatively low reported rates of recycling in two 

previous studies of Tucson households (Harrison 1976; Harrison et al. 

1983). However, a majority (62 percent) of Green Valley respondents 

who completed the prospective information sheet reported regular or 

occasional recycling of either aluminum cans or glass bottles. Most 

were members of associations which participated in intermittent 

recycling drives for charity. 

Recycling was therefore necessarily eliminated as a criterion 

for exclusion in the sample selection process. As a partial control, 

recycling behavior was again queried in the recall questionnaire 

completed by respondents after completion of refuse collection 

procedures. The results of both queries on recycling behavior are 

displayed in Table 5.16. Surprisingly, reported numbers of recycling 

households declined by more than one-half, representing 29 percent of 

the sample in responses to the recall questionnaire. The majority of 

recyclers (9 of 12 households in the recall questionnaire) reported 

recycling only aluminum cans. Three households reported recycling of 

glass bottles. No household reported recycling other diet-related 

items. The explanation for the decline is not immediately apparent. 

Respondents were not asked to change their ordinary behavior in any 
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way. Some subjects quickly recognized the purpose of queries on 

recycling and other behavior, however, and may have voluntarily reduced 

their recycling activities during the study period. Perhaps more 

likely, most recycling in this relatively affluent community appeared 

to be tied to seasonal charity drives by service organizations. Thus, 

monthly frequencies of recycling behavior may vary considerably. 

Substantial numbers of recycling households are also present in 

responses to the recall questionnaire, however. In order to evaluate 

the potential effects of this behavior, beverage consumption estimates 

from reported recyclers are separately examined below in the discussion 

of alternative hypotheses. 

Pet Ownership. Feeding of meat trimmings or other types of 

table scraps to pets may distort refuse-based estimates of food 

consumption in Borne instances. The significance of this potential 

source of error is probably limited by the near-universality of pet 

food use (Harrison et al. 1983). Moreover, packaging is the exclusive 

source of information for refuse-based consumption estimates for most 

foods for which trimmings may be potentially eaten by pets. 

Nevertheless, the original study design called for the exclusion of 

owners of dogs or cats from the experimental sample. (Ownership of 

poultry or other commercial feed animals is prohibited by zoning 

restrictions in the community). 

Preliminary results of the prospective information sheet again 

suggested, however, that this procedure would significantly distort the 

sample selection process, and the criterion was eliminated. Ten 
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Table 5.16. Number of Households Recycling Diet-Related Containers 
Regularly or Occasionally: Prospective and Retrospective 
Questionnaire Reports Compared. 

Prospective Retrospective 

Recycling Households Households 
N 7. N % 

Recycling One or 
More Diet-Related 
Containers 26 62% 12 29% 

Don't Recycle 
Diet-Related 
Containers 16 387„ 29 717o 

Unreported: 
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households (24 percent) reported ownership of one to three dogs or cats 

(Table 5.17). As an additional measure, respondents were asked 

retrospectively to report their pet feeding habits during the study. 

Four households (10 percent) reported regular or occasional feeding of 

table scraps to pets (Table 5.18). No household reported exclusive 

purchase of human food for consumption by pets. Heat consumption 

estimates for households which reported feeding table scraps to pets 

will be separately displayed in the discussion of alternative 

hypotheses. 

Compost Piles. Regular disposal of organic food waste in 

compost piles will also reduce refuse-based estimates of household 

diet. Regular disposal of wastes in compost piles constituted the 

final criterion for exclusion from the sample. Unlike recycling 

behavior or pet ownership, use of compost piles was not a significant 

component of respondent's behavior. One household reported active use 

of a compost pile; members of this residence agreed to stop use of the 

compost pile during the refuse data collection procedures. 

Garbage Disposals. Garbage disposal use probably presents the 

most significant potential source of measurement error for refuse-based 

estimates of diet. Regular use of disposals may have particularly 

significant consequences for estimates of fresh fruits and vegetables 

consumed by the household. Thus, it is essential to identify regular 

users and types of foods placed in disposals. 

Garbage disposal use was not a criterion for exclusion in the 

study design because of the relatively ubiquitous presence of garbage 
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Table 5.17. Number of Doge and Cats Owned by Sample Households. 

Number of Pets Households 
N % 

0 31 76% 

1 7 i n  

2 2 57c 

3  ' 1 2 %  

Unreported: 3 
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Table 5.18. Pet Feeding Habits of Sample Households During the 
Observation Period. 

Feeding Behavior Households 
N % 

No Pets Owned 31 73% 

Pet Owners: 

Don't Feed Table Scraps* 7 17% 

Feed Table Scraps 4 10% 

Unreported: 3 

*One household reported feeding table scraps to dog, but not 
to two cats owned. 
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disposals in middle and upper income households (Harrison 1976; 

Harrison et al. 1983). However, use patterns were measured both prior 

to and after study procedures had been completed. Respondents were 

asked whether they owned a garbage disposal, and, if so, whether it was 

operational and what specific types of foods were regularly placed in 

it. 

Table 5.19 presents the distribution of users and non-users of 

garbage disposals as reported in both the prospective and retrospective 

information sheets. Thirty-two households (76 percent of responses) 

reported regular use of garbage disposals for the elimination of one or 

more foods. Six households (14 percent) reported that they did not own 

a disposal, or that their machine was currently inoperable. Four 

households (10 percent) reported that they did not regularly use the 

disposal they owned. Reported use of garbage disposals dropped sharply 

in the recall questionnaire completed after the observation period, 

however. The number of households reporting regular use declined to 14 

(34 percent of responses). 

Three potential explanations are suggested by this difference. 

The change in reported behavior may reflect an artificial decline in 

normal garbage disposal use, initiated by respondents' recognition of 

the measurement problems created by this behavior. (As with recycling, 

participants were not asked to change their usual behavior in any way; 

however, many subjects immediately recognized the potential importance 

of garbage disposal use). Second, retrospective responses by an 

increasingly "sensitized" population may represent a more accurate 
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Table 5.19. Garbage Disposal Use During the Observation Period: 
Prospective and Retrospective Questionnaire Reports 
Compared. 

Prospective Retrospective 

Use Households Households 
N % N % 

Regular Users 32 76% 14 34% 
(One Food 
or More) 

Non-Users: 

No Disposal 5 . 5 1 
14% I 15% 

Inoperable 1 1 ' 

No Regular Use 4 10% 21 51% 

Unreported: 
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portrayal of usual disposal use patterns. If this explanation is 

correct, U6e of garbage disposals in particular households may be much 

more irregular than suggested by primary reports. Alternatively, 

subjects who did not report regular use of disposals in the 

retrospective questionnaire may have continued normal behavior, but 

selected the "socially desirable" response in the retrospective 

questionnaire. 

An open-ended question also asked respondents to report 

specific foods regularly placed in disposals in their households. 

Table 5.20 presents the distribution of foods reported regularly 

disposed of in this way by one or more households during the 

observation period. As expected, fre6h vegetables and fruits dominate 

the list of foods. A smaller set of households (five, or 11 percent of 

households) reported regular disposal of meat trimmings or small bones 

in the garbage disposal. Potential effects of disposal use on 

estimates for these three basic food types will be separately examined 

below in the discussion of alternative hypotheses. 

Other foods listed in Table 5.20 probably do not present 

measurement problems for the present study. Eggshells and coffee 

grounds found in refuse were not used to estimate consumption. The 

elimination of plate scrapings (reported by four households) may have 

affected measures of presence or absence of some foods; however, 

evidence from plate scrapings only served as ancillary aids in the 

estimation of foods in the present study. 



Table 5.20. Food Remains Regularly Placed in Garbage Disposals 
by Users During Observation Period (14 Housholds, 
Retrospective Questionnaire). 

Food Remains Housholds 

N 

Vegetable: 

Carrot 11 

Lettuce 3 

Celery 2 

Potato 2 

Broccoli 1 

Radish 1 

Spinach 1 

Tomato 1 

Fruit: 

Apple 2 

Grapefruit 2 

Melon 2 

Avocado 1 

Lemon 1 

Orange 1 

Strawberry 1 



Table 5.20 (Continued) 
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Food Remains Housholds 

N 

Meat 5 

Egg Shells 5 

Plate Scrapings 5 

Coffee Grounds 4 

Spoiled Foods 4 

Cheese 1 
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The potential effects of these factors on refuse estimates of 

diet are evaluated in the concluding chapter. 

Limitations of the Comparative Analysis 

Unrecorded Aspects of Subjects' Diets 

Before proceeding with the presentation of results, we must 

first briefly discuss the limitations of the "Health Habits and 

History" questionnaire and refuse evidence as measures of usual diet. 

Necessary aggregations and/or exclusions of some food item categories 

for comparisons between the measures will also be described. 

Standard food lists in questionnaires, including the instrument 

under evaluation here, request information about each constituent of 

the subject's diet in isolation. This approach necessarily fragments 

our understanding of the associated elements in individual meals or 

meal "cycles" (Goode et al. 1984). Patterns of association between 

different foods in a particular meal, or between variants of a 

particular food which may substitute for each other, are not recorded. 

A secondary, untested assumption also underlies this technique: that 

individuals can conceptualize and quantify interdependent elements of 

their diets as separate entities. 

Other components of the diet are measured summarily or not at 

all by the questionnaire. Variation in the use of some cooking methods 

- for example, relative consumption of fried versus other forms of 

chicken, fish and potatoes - is recorded. However, measures for other 

aspects of food preparation are weak or absent. Additives, including 
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the use of fats, oils, salt, and pepper, are measured as general 

tendencies. The subject's consumption of fresh and processed varieties 

of food is requested for peaches, apricots, and strawberries. However, 

fresh, canned, frozen, and juiced varieties of most fruits are 

aggregated into single categories. Relative consumption of raw and 

cooked vegetables is only assessed for spinach. Brand-level preference 

i6 only recorded for cold cereals. 

Equally important, the surrounding social context of meals and 

meal cycles is fully ignored by most dietary questionnaires, including 

the instrument used in the study. Details of meal scheduling and 

format are not obtained, and the significance of snacking cannot be 

evaluated. Potential effects of living and eating with others in the 

same household can only be examined by comparing the subject's 

responses to the questionnaire with those of other household members 

(cf. Kolonel, Hirohata, and Nomura 1977; Marshall et al. 1980; Humble, 

Samet, and Skipper 1984). 

Discussion of these topics points up the limitations of most 

questionnaire-based measures of usual diet. Although designed as a 

"comprehensive" measure of the frequency and quantity of all foods 

eaten, the resulting profile of usual diet produced by the "Health 

Habits and History" questionnaire is highly specialized in important 

respects. Individual foods eaten by the subject are abstracted from 

the matrix of meal components and social relations in which they are 

normally embedded. Moreover, variation in the subject's selection of 
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fresh and processed variants of foods, cooking methods, and other food 

preparation techniques is aggregated or unmeasured in most instances. 

When standard collection and recording practices are employed, 

refuse analysis also represents a measure of the individual 

constituents of the diet. Information recorded from packaging measures 

the elements of household diet in an "as purchased" form. Standard 

adjustments permit us to derive estimates of the probable "edible 

quantity" of food represented by label information on packaging or non-

edible food remains. However, packaging evidence does not permit 

reliable reconstructions of particular meals in most cases. Evidence 

from organic residues, particularly plate scrapings, can serve as 
\ 

important indices of food preparation methods and meal components. 

However, refuse samples, collected twice weekly, represent a minimum of 

3.5 days consumption, making it very difficult to reconstruct 

individual meals from aggregated remains. Although refuse evidence 

provides a wealth of information on aspects of "lifestyle", in most 

cases we also cannot reliably infer details of the social context 

surrounding particular meals using this measure alone. 

The common diet measurement capabilities of the frequency 

questionnaire and refuse analysis facilitate direct comparison between 

the two techniques in most instances. Moreover, refuse analysis can 

serve as an effective complement to frequency questionnaires in many 

contexts. The refuse measure is continuous rather than intermittent, 

and diet measurement using this approach can extend over an indefinite 

period without introducing excessive respondent burden. Refuse 
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evidence provides precise estimates of food quantity in most cases, and 

standard measurement capabilities of the technique include recorded 

information on food loss and specific type and brand of food eaten. 

However, several food item categories in the questionnaire ask 

respondents to estimate their consumption of particular types of 

prepared foods, including fried foods and mixed dishes. Another set of 

questionnaire items asks about the subject's habitual use of food 

additives in different contexts, including sweeteners or butter and 

margarine. Finally, a small set of food item categories in the 

questionnaire requests information about foods which may be wholly 

consumed or difficult to identify in refuse. In these instances, it 

was necessary to aggregate or exclude questionnaire items for 

comparison with refuse evidence. Aggregated and excluded categories 

are described below. 

Aggregated Categories. Standard refuse analysis procedures do 

not record information on frying unless the food is pre-prepared 

(McGuire 1981). Consequently, questionnaire items requesting 

consumption of fried foods were aggregated with other prepared 

varieties of each food in three instances: 1) fried and other chicken 

(including roasted, stewed, and broiled types); 2) fried and other fish 

(including broiled and baked dishes); 3) fried and other potatoes 

(including boiled, baked, and salad). Questionnaire categories for 

pumpkin pie and other pies were also aggregated for comparison with 

refuse estimates of pie consumption. Finally, the questionnaire 

separately requests information on the respondent's use of 6ugar in 
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cereal or tea, and the use of butter and margarine on bread and in 

cooking. These categories, which represent behavioral contexts of 

consumption which cannot be measured by refuse evidence, were also 

aggregated for comparative purposes. 

Exclusions. Nine primary food item categories, displayed in 

Table 5.21, were excluded from the comparative analysis. These items 

fall into two basic categories: mixed dishes, and fully or rarely 

consumed foods. Using refuse evidence, the consumption of mixed dishes 

must be inferred from the presence of primary ingredients (e.g., sauce, 

pasta, and meat for spaghetti), packaging associated with pre-prepared 

meals (frozen, canned, or dry), or the identification of plate 

scrapings. Inference from primary ingredients, in particular, may 

introduce considerable potential for error in quantity estimates. For 

purposes of the present study, therefore, mixed dishes, including 

spaghetti and lasagna, pizza, beef stew, and cheese dishes, were 

excluded from quantity comparisons. 

Table 5.21 presents basic information on the significance of 

mixed dishes in subjects' diets, including mean reported servings per 

month and a comparison of the total percentage of households consuming 

each food as derived from the questionnaire and selected indicators 

from refuse. The most important exclusion is green salads, which were 

a near-universal component of reported household diet. Refuse analysis 

derives independent quantitative estimates for each of the probable 

vegetable ingredients of green salads. However, inference from the 

presence of these constituents to the preparation of salads is more 
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Table 5.21. Excluded Food Item Categories—Mean Servings per Month 
(Questionnaire) and Percent Consuming Households as 
Determined by Questionnaire Reports and Refuse Evidence. 

Food Item Mean Monthly Servings Percent Consumers 

Individual Houshold Quest. Refuse 

Green Salad 

Spaghetti, 
Lasagna 

Pizza 

Mixed Dishes 
with Cheese 

Mustard Greens, 
Turnip Greens, 
Collards 

Winter Squash, 
Baked Squash 

Red Chilies 

Gravies 

Cream (Real) in 
Coffee or Tea 

19.6 

2 . 2  

.7 

2.4 

1 . 8  

1.7 

1 . 6  

1 . 8  

. 8  

25.0 

2 . 8  

.9 

3.1 

2.3 

2 . 2  

2 . 0  

2.3 

1 . 0  

98% 

62% 

23% 

59% 

41% 

59% 

20% 

55% 

5% 

93% 

36% 

14% 

27% 

7% 

30% 

7% 

16% 

0% 
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problematic. The presence of lettuce in refuse can serve as a proxy 

measure of salad consumption, and it is this groBS index of presence or 

absence which provided the estimated percentage of consuming households 

in Table 5.21. On the basis of this measure alone, little difference 

exists between questionnaire and respondent estimates of green salad 

consumption in the sample. Spaghetti and lasagna, pizza, beef stew, 

and mixed dishes with cheese were reported consumed by smaller 

percentages of households. Refuse estimates for these households were 

based entirely on the presence of pre-prepared varieties of these foods 

in refuse. Not surprisingly, using this index alone, refuse 

consistently underestimates the proportion of households consuming each 

food. 

A second set of five excluded categories consists of foods 

which may be fully consumed or otherwise difficult to identify 

consistently in refuse. In part, difficulties in the measurement of 

these foods may be attributable to the relative rarity of their 

reported consumption; mean numbers of servingB per household per month 

for the five items range from 1.0 (real cream) to 2.3 (mustard or 

turnip greens and col lards). If all parts of the food are consumed (as 

may be the case with mustard or turnip greens and col lards), or 

remaining portions are difficult to identify (possibly the case with 

red chilies and squash), quantity estimates cannot be derived from 

refuse. 

Simple comparisons between the questionnaire and refuse at the 

level of presence or absence, as displayed in Table 5.21, does 
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illustrate the potential for refuse analysis to identify the 

consumption of these foods. However, refuse analysis consistently 

underestimates, relative to questionnaire reports, the percentage of 

households consuming each food. Tests of equivalence at the level of 

frequency or quantity are therefore probably not appropriate for these 

foods. 

Comparative Analysis 

The fol lowing sections compare questionnaire and refuse results 

for total intake and 74 food items contained within 10 food group 

divisions. As I have argued above, it is essential to examine 

agreement between results at multiple levels. "Effective" agreement 

between measures of diet may exist despite disparities in absolute 

quantity comparisons. Methods which produce valid measures of usual 

diet at the levels of mean quantity or tertile distributions of 

subjects may be sufficient for purposes of epidemiological inference. 

Comparability between results of the two measures is evaluated 

at four basic levels. Total quantity (all households) comparisons 

between questionnaire and refuse results reveal consistent patterns in 

the direction of reported diet relative to refuse estimates. At this 

basic level, three dimensions of comparison are examined: percentage 

difference between total quantity results, comparative rankings of 

foods within food groups, and percentages of households identified as 

consumers of each food by the questionnaire and refuse. Total quantity 
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comparisons are discussed at the levels of total intake, food groups, 

and food items. 

Mean frequency and quantity comparisons evaluate the 

statistical significance of differences at the group level. In many 

instances, agreement between results of measures at this level may by 

sufficient to validate the test measure for purposes of epidemiological 

inference. Mean values are compared at the levels of total intake, 

food groups, and food items. 

Pearson product-moment correlation coefficients measure linear 

association between questionnaire and refuse estimates at the level of 

individual households. Reproducibility of results at this level is 

desirable, but may not be necessary for effective use of the test 

measure in dietary studies. Correlation levels are calculated for 

comparisons between questionnaire and refuse estimates of frequency and 

quantity for total intake, food groups, and individual food items. 

Household rankings by quantity produced by the questionnaire 

and refuse evidence provide a final index of similarity between 

results. The present study evaluates the ability of the questionnaire 

to reproduce tertile distributions of households ranked by quantity of 

intake produced by refuse evidence. Analysis calculates the percentage 

of households classified into equivalent tertiles by the questionnaire 

for total intake and each food group, and the percentage "grossly 

misclassified" into tertiles at the opposite end of the distribution. 
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Total Intake 

"Total Intake" in the present study refers to combined 

consumption of 74 food categories (87 percent of primary food items 

measured by the questionnaire) organized into 10 food groups. Table 

5.22 presents total monthly quantity (all households) comparisons 

between questionnaire and refuse results for all foods combined and 

each of the 10 food groups. Overall agreement between quantity 

estimates for all foods combined is extraordinarily close; total grains 

reported in the questionnaire represent 99.8 percent of the refuse 

total. However, agreement at this aggregate level masks substantial 

differences between food groups. 

At the food group level, fruits and juices and vegetables are 

substantially overreported by the questionnaire in total quantity 

estimates relative to refuse. Sweets (including pastry, ice cream, 

chocolate, and other candy), beverages (including alcohol, soft drinks, 

coffee, and tea), and additives (including spreads, dressing, sugar, 

and other additions to foods) are substantially underreported in the 

questionnaire relative to refuse. 

Fresh fruits and vegetables are subject to seasonal variation 

in consumption, and their remains may be differentially consumed by 

garbage disposals. Even if we exclude these fopd groups from 

consideration, however, results for remaining categories at this basic 

level of comparison still provide suggestive evidence that foods with 

perceived negative health value or foods perceived as "fattening" were 

substantially underreported by respondents in the present study. 
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Table 5.22. Total Intake (74 Food Items)--Questionnaire and Refuse 
Analysis Estimates of Monthly Household Consumption 
Compared. 

Food Group Questionnaire Refuse 
g % g 7o 

Fruits and Juices 686,552 22.36 567,194 18.44 

Vegetables 347,251 11.31 209,953 6.82 

Meat, Fish, 158,647 5.17 120,743 3.92 
Poultry 

Lunch Items 138,978 4.53 113,238 3.68 

Breads 120,855 3.94 116,234 3.78 

Breakfast Foods 117,457 3.82 142,011 4.62 

Sweets 56,001 1.82 113,413 3.69 

Dairy Products 491,966 16.00 - - 14.25 

Beverages 902,460 29.39 1,172,181 38.10 

Spreads, Additives 50,919 1.66 83,173 2.70 

Total 3,071,086 3,076,696 
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Table 5.23 presents basic indices of agreement and association 

between questionnaire and refuse results for total intake. At this 

aggregate level, agreement between mean quantity estimates for each 

measure is excellent; values are not significantly different, using a 

two-tailed t test of mean difference. However, mean monthly frequency 

(number of servings) for all food6 reported in the questionnaire is 

significantly lower than the refuse estimate. 

Aggregate correlation between questionnaire and refuse 

estimates for frequency is also lower (.65) than the comparable value 

for quantity comparisons (.72). Overall reproducibility of 

questionnaire and refuse results for total intake at this level of 

comparison is lower than for mean value comparisons. 

Comparison of inter-household rankings by quantity produced by 

the questionnaire and refuse provides a final index of effective 

agreement between results. At the level of total intake, tertile 

distributions produced by both measures are effectively equivalent. 

Fifty-seven percent of households are classified into equivalent 

tertiles by both measures. Misclassification into opposite tertiles 

rarely occurs; total incidence is seven percent. 

In total intake comparisons, the results of the questionnaire 

and refuse analysis are effectively equivalent at the levels of mean 

quantity and inter-household rankings. Positive correlation between 

scores for individual households is also demonstrated; however, 

reproducibility of results at this level is lower. Mean frequency 

estimates for total intake produced by the measures are significantly 
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Table 5.23. Total Intake (74 Food Items). 
Summary Indices of Agreement or Association between 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Index Total Index 

^Mean (SD) Household Frequency 

Questionnaire 

Refuse 

3t(p) 

^Mean (SD) Household Quantity in Grams 

Questionnaire 

Refuse 

3t(p) 

719(439) 

909(424) 

-209(.05) 

69,797(38,779) 

69,925(35,907) 

-.02(n.s.) 

Correlation Coefficients (Ques. vs. Refuse) 

Frequency 

Quantity 

.65 

.72 

Tertile Distribution 

Equivalent Tertiles (%) 

Opposite Tertiles (%) 

57 

7 

^Number of Servings of all foods per household per month. 
^Total monthly quantity in grams per household. 
^Two-tailed test. 
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different. Subsequent sections discuss comparability of results for 

foods within each of the 10 food group divisions represented in the 

questionnaire. 

Fruits and Juices 

Sixteen food items are included under the category of "Fruits 

and Juices" in the questionnaire. Three residual items were excluded 

from comparisons with refuse: intake of cantaloupes out of 6eason, and 

intake of other fruits or juices not mentioned in the primary food 

list. The remaining 13 categories included the following items: 

apples, applesauce, or pears; bananas; peaches or apricots (canned or 

frozen); peaches, apricots, or nectarines (fresh, in season); 

cantaloupe (in season); watermelon (in season); strawberries (frozen or 

canned); strawberries (fresh, in season); oranges; orange juice; 

grapefruit or grapefruit juice; Tang, Start, or similar breakfast 

drinks; and other fruit juices or fortified fruit drinks. 

Total Quantity Comparisons. Under the research design of the 

present study, refuse estimates for usual intake of fresh fruits and 

vegetables are most vulnerable to error. Five or six weeks of refuse 

from subject households may not capture seasonal variation in the 

consumption of fresh fruits. The results of comparisons between 

questionnaire reports and refuse estimates for these foods must be 

interpreted with this qualification in mind. The direction or 

magnitude of association between values, as measured by the correlation 

coefficient, may be a more significant index of validity for some items 

than comparisons of absolute values. 
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Table 5.24 displays total quantity comparisons for 

questionnaire and refuse estimates of monthly consumption of 13 fruit 

and fruit juice items. In general, fresh fruit consumption is 

substantially overreported in the questionnaire relative to refuse 

estimates. Seven foods are overreported in total quantity estimates by 

more than 50 percent: apples, applesauce, or pears; peaches or apricots 

(fresh, in season); cantaloupe (in season); watermelon (in season); 

strawberries (fresh, in season); strawberries (frozen or canned); and 

oranges. 

The majority of the differences between estimates for six of 

these categories may be attributable to seasonality. This is 

particularly true for cantaloupes, watermelon, peaches or apricots, and 

strawberries; the food list requests usual consumption "in season" for 

each of these foods. 

The list of fruits and juices which are underreported relative 

to refuse is short. Refuse estimates exceed questionnaire reports for 

three food items: grapefruit or grapefruit juice, Tang or Start 

breakfast drinks, and other fruit juices (not including orange juice). 

Underreporting of grapefruit or grapefruit juice and other fruit juices 

is probably attributable to the "aggregate" nature of these food 

measures: both categories ask respondents to quantify their total 

consumption of more than one type of food. Underreporting of Tang or 

Start is more difficult to interpret, but may be tied to the perceived 

health value of these fruit juice substitute breakfast drinks. 



Table 5.24. Fruits and Juices. Total Quantity Comparisons between 
Questionnaire and Refuse Estimates of Monthly Household 

Consumption. 

Total 
Food Quantity Difference Rank Consumers 

Q R Q R Q R 
g % N 7» 

Apples, Pears 68,176 37,920 +80 4 3 86 75 

Bananas 72,374 51,618 +40 3 1 91 86 

Peaches, Apricots 
(Canned or Frozen) 

9,106 6,731 +35 9 9 45 25 

Peaches, Apricots 
(Fresh in Season) 

57,879 25,641 +126 5 4 84 55 

Cantaloupe 
(in Season) 

80,450 19,814 +306 2 6 86 59 

Watermelon 
(in Season) 

99,110 8,618 +1005 1 8 57 18 

Strawberries 
(Frozen or Canned) 

3,754 757 +396 11 13 20 5 



Table 5.24. (Continued). 

Total 
Food Quantity Difference Rank Consumers 

R Q R Q 
g 7o N % 

Strawberries 35,536 23,249 +53 6 5 84 41 
(Fresh in Season) 

Oranges 33,077 13,162 +150 7 7 57 27 

Orange Juice 4,758 3,825 +24 10 11 68 57 

Grapefruit 
(Fruit and Juice) 

29,710 42,094 -29 8 2 66 55 

Tang, Start 469 3,934 -88 13 10 9 14 

Other Fruit Juices 1,229 3,131 -61 12 12 41 57 
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Comparative rankings of questionnaire and refuse quantity 

estimates provide one index with which to assess the significance of 

total quantity differences. In this case, the questionnaire ranking of 

fruits and juices is substantially similar to the refuse ranking, if we 

remove watermelon and cantaloupe (both subject to seasonal variation in 

availability) from consideration. Bananas, apples or pears, fresh 

peaches, fresh strawberries, and oranges occupy relatively high 

positions in both questionnaire and refuse ranks. 

Comparative percentages of households identified as consumers 

by both measures provide a final index of similarity. In the present 

case, however, seasonality introduces a confounding factor which 

renders interpretations of differences difficult at this level. 

Questionnaire estimates for the percentage of consumers exceed refuse 

estimates in 11 of 13 food categories. Estimates for some other food 

groups reverse this relationship. However, given the seasonal 

availability of many fruits, differences between questionnaire and 

refuse percentages cannot be taken as evidence for overreporting of 

fresh fruit consumption. 

Mean Quantity Comparisons. Table 5.25 presents mean values for 

questionnaire and refuse estimates of monthly household consumption of 

fruits and juices. Significance values for two-tailed tests of mean 

difference are also included. Six of 13 food item categories displayed 

significant differences (using alpha of .05 or less): apples, 

applesauce, or pears; peaches or apricotB (fresh, in season); 



Table 5.25. Fruits and Juices—Comparison of Mean Monthly 
Household Consumption for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test 

F Q(g) 
Mean (SD) 

F Q(g) 
Mean (SD) 

F Q 

P 

Apples, Pears 12(15) 

Bananas 16(16) 

Peaches,Apricots 2(3) 
(Canned,Frozen) 

Peaches,Apricots 14(15) 
(Freshjin Season) 

Cantaloupe 14(15) 
(In Season) 

Watermelon 6(10) 
(In Season) 

Strawberries 1(2) 
Frozen,Canned) 

1549(1924) 

1645(1674) 

207(334) 

1315(1699) 

1828(2023) 

2253(4539) 

85(160) 

6(8) 862(1013) .02 .05 

12(11) 1173(1119) .20 .20 

1(3) 153(383) .80 .50 

7(11) 583(1024) .02 .02 

4(5) 450(541) >.001 >.001 

1(2) 196(428) .002 .01 

.2(1) 17(80) .05 . 0 2  



Table 5.25. (Continued). 

Food Questionnaire Refuse T Test 

F Q(g) 
Mean (SD) 

F Q(g) F Q 
Mean (SD) p 

Strawberries 10(11) 
(Fresh,in Season) 

Oranges 

Orange Juice 

Grapefruit 
(Fuit,Juice) 

Tang, Start 

Other Fruit 
Juices 

5(9) 

23(35) 

6 ( 1 1 )  

2(9) 

6(13) 

739(869) 8(14) 528(810) .50 .50 

752(1353) 2(5) 299(891) .05 .10 

3348(4836) 18(27) 2697(3720) .80 .50 

675(1251) 10(18) 957(1863) .50 .50 

341(1674) 15(60) 2759(11160) .20 .20 

868(1674) 14(23) 2201(3069) .05 .02 
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cantaloupe (in season); watermelon (in season); Btrawberries (frozen or 

canned); and other fruit juices. 

The difference between questionnaire and refuse estimates for 

apples is the most surprising result of comparisons at this level. 

Differences between results for the other four fresh fruit categories 

are probably due to seasonality. Frozen strawberries are not a 

significant contributor to usual diet in either the questionnaire or 

refuse, and "other fruit juices" is a residual category- in the 

questionnaire. Significant differences between questionnaire and 

refuse estimates at the group level for fruits and juices therefore 

appear to be largely limited to foods for which consumption is 

seasonally variable. 

Correlation Coefficients. Pearson product-moment correlation 

coefficients provide an index of association between questionnaire and 

refuse estimates at the level of individual households. Table 5.26 

presents correlation coefficients for comparisons between questionnaire 

and refuse estimates of frequency and quantity of each food. Values 

are predictably lowest for fresh fruit categories subject to seasonal 

variation (watermelon, .02, -.05; fresh peaches or apricots, .08, .10; 

fresh strawberries, .27, .26; cantaloupe, .31, .32). Values for many 

item categories are surprisingly high, however, including apples or 

pears (.81), orange juice and other fruit juices (.72,.71), oranges 

(.65), and bananas (.62). Overall reproducibility of questionnaire and 

refuse results for fruits and juices is also relatively high at this 

level, if foods subject to seasonality are excluded. 



Table 5.26. Fruits and Juices—Pearson Correlation Coefficient 
Values for Comparisons between Questionnaire and Refuse 
Estimates of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 

Frequency Quantity 

Apples, Pears 

Bananas 

Peaches, Apricots 
(Canned) 

Peaches, Apricots 
(Fresh, in Season) 

Cantaloupe 

(In Season) 

Watermelon 
(In Season) 

Strawberries 
(FroEen or Canned) 

Strawberries 
(Fresh, In Season) 

.81  

.63 

.30 

.08  

.31 

.02 

.19 

.27 

.81 

. 6 2  

.35 

.10  

.32 

-.05 

.30 

. 2 6  



Table 5.26. (Continued). 

Food Questionnaire vs. Refuse 

Frequency Quantity 

Oranges .48 .65 

Orange Juice .70 .72 

Grapefruit .26 .37 
(Fruit and Juice) 

Tang, Start .60 .59 

Other Fruit Juices .81 .71 
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Food Group Indices. Table 5.27 presents summary indices of 

association between questionnaire and refuse values for all 13 fruits 

and juices aggregated into "food group" quantities. Overall agreement 

between questionnaire and refuse estimates of total and mean quantity 

at the food group level is very good. Questionnaire estimates for 

total quantity of all fruits and juices exceeds refuse estimates by 19 

percent, and household mean monthly quantity estimates for each measure 

are not significantly different at this level. The magnitude of 

association between food group results for individual households is 

modest, however; the aggregate correlation coefficient is .39. 

Comparison of inter-household rankings provides a final index 

of similarity between questionnaire and refuse results. Tertile 

distributions based on quantity estimates were calculated for both the 

questionnaire and refuse at the food group level. Table 5.27 presents 

the percentage of households classified into identical tertiles by both 

measures for fruits and juices. The percentage of households 

misclassified into opposite tertiles is also included. Using this 

index, overall agreement between questionnaire and refuse is relatively 

high at the inter-household level for fruits and juices; 59 percent of 

households are classified into the same tertile by both measures, and 

the incidence of gross misclassification is only five percent. 

The results of comparisons between questionnaire and refuse 

estimates for fruits and juices indicate that the two measures produce 

statistically equivalent results at the group level for both the 

aggregate food category and individual food items. Levels of agreement 
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Table 5.27. Fruits and Juices—Aggregate Value Comparisons for 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Comparative Index Fruits and Juices 

Mean Quantity (g) 

Questionnaire 15,503 

Refuse 12,891 

T Test (t/p) 1.04(.50) 

Total Quantity (g) 

Questionnaire 686,552 

Refuse 567,194 

Difference (%) +19 

Correlation Coefficient .39 

Tertile Distribution 

Equivalent Tertiles(%) 

Opposite Tertiles (%) 

59% 

5% 
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decline moderately when inter-household rankings are compared, and 

decline again when association between scores is measured at the level 

of the individual household. 

Vegetables 

Fresh vegetables present the most important challenge for 

refuse analysis. Consumption of fresh vegetables may be highly 

variable during the course of a year. Moreover, original quantity 

estimates for most foods in this category must be fully reconstructed 

from organic remains in refuse. Associated packaging is not ordinarily 

present. Additionally, garbage disposals may consume large amounts of 

vegetable remains in some households, making measurement of these foods 

impossible. For these reasons, it is essential to examine multiple 

levels of analysis in comparisons between self-reports and refuse 

evidence for vegetable consumption. Consistent patterns in the 

direction of results, or comparison of between-foods rankings for both 

measures, may be more important than differences in absolute values. 

The vegetable food group in the questionnaire includes 21 

primary food item categories. Two categories were aggregated for 

comparisons with refuse evidence. Estimates for French fries and fried 

potatoes were combined into a single category with results for other 

potatoes (boiled, baked, and salad). The category for margarine added 

to vegetables was transferred to the food group comprising spreads and 

other additives. In addition, five food categories were excluded from 

comparisons: winter and baked squash; red chilies; mustard or turnip 

greens and col lards; cole slaw, cabbage, or sauerkraut; and green 
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salads. The following 14 foods are included in the present analysis: 

green or string beans; peas; other beans (including baked, pinto, 

kidney, and limas); corn; mixed vegetables; tomatoes or tomato juice; 

broccoli; cauliflower or brussel sprout6; raw spinach; canned spinach; 

carrots, or peas and carrots; sweet potatoes or yams; potatoes, 

including fried, boiled, baked, or salad; and rice. 

Total Quantity Comparisons. Table 5.28 compares questionnaire 

and refuse estimates of total monthly quantity of vegetables consumed 

by households. In aggregate comparisons, the large majority of food 

categories (11 of 14) are overreported by the questionnaire relative to 

refuse estimates. Questionnaire and refuse estimates for two food 

categories, carrots and sweet potatoes or yams, are essentially 

identical. Only corn is underreported relative to refuse by a large 

margin. 

One index of the significance of total quantity differences is 

provided by comparison of food rankings of vegetables produced by the 

questionnaire and refuse. With the exceptions of rice and corn, the 

upper end of the distribution for both measures contains the same 

foods: tomatoes, potatoes, carrots, and broccoli. The lower end of the 

distribution is also similar for both measures: cauliflower, mixed 

vegetables, and spinach (canned and raw) are consumed in low quantities 

according to both estimates. Major differences in rank between the two 

estimates occur for four foods: rice, corn, green or string beans, and 

6weet potatoes or yams. 



Table 5.28. Vegetables—Total Quantity Comparisons Between Questionnare 
and Refuse Estimates of Monthly Consumption. 

Total 
Food Quantity Difference Rank Consumers 

Q R Q R Q R 
g % N 7o 

Green Beans 18,687 5,973 +218 6 9 89 32 

Peas 17,199 11,178 +54 7 6 80 45 

Other Beans 16,475 10,248 +61 8 7 59 41 

Corn 7,323 11,457 -36 12 5 73 50 

Mixed Vegetables 14,964 5,639 +165 9 10 64 23 

Tomatoes 81,379 44,273 +84 1 2 91 82 

Broccoli 33,527 21,200 +58 4 4 89 50 

Cauliflower 11,986 2,061 +482 10 13 75 11 

Spinach (Raw) 3,235 1,584 +104 14 14 34 30 

Spinach (Cooked) 9,421 3,053 +209 11 12 61 23 



Table 5.28. (Continued). 

Total 
Food Quantity Difference Rank Consumers 

Q R Q R Q 
g % N % 

Carrots 

Sweet Potatoes, 
Yams 

Other Potatoes 

Rice 

22,903 23,968 

5,644 6,355 

67,691 58,304 

36,817 4,660 

-4 5 

-11 13 

+16 2 

+690 3 

3 86 73 

8 25 20 

1 100 73 

11 91 25 
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Relative percentages of households identified as consumers of 

each food by the questionnaire and refuse constitute a final index of 

similarity between results of the two measures. Comparison of 

questionnaire and refuse estimates for fresh vegetables at this level 

may signal instances in which the refuse measure has problems. As 

Table 5.28 indicates, the percentage of consumers identified by the 

questionnaire exceeds refuse estimates for al1•categories in the 

vegetable food group. However, major differences between estimates are 

confined to rice, green or string beans, peas, cauliflower, canned 

spinach, and mixed vegetables. Differences for these foods may be 

attributable to the research design of the study. The low refuse 

estimate for rice is probably linked to the limited data collection 

period; rice is frequently packaged in large containers which may not 

be discarded during a five or six week observation period. Canned 

spinach, cauliflower, and mixed vegetables are not major contributors 

to either reported or refuse estimates of vegetable consumption; again, 

therefore, a limited observation period may not effectively sample 

these infrequently consumed foods. Differences in reported percentages 

of peas and green or string beans, for which refuse receives precise 

information from packaging, may reflect "true" overreporting in 

questionnaire results. 

Mean Quantity Comparisons. Table 5.29 reports mean monthly 

household frequency and quantity estimates produced by the 

questionnaire and refuse for 14 vegetable categories. In two-tailed 

tests of significance, mean quantity values in the questionnaire are 



Table 5.29. Vegetables--Comparison of Mean Monthly Household Consumption 
for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test 

F 
Mean 

Q(g)  
(SD) 

F Q(g)  
Mean (SD) 

F Q 
P 

Green Beans 7(7) 425(424) 2(4) 136(253) >.001 >.001 

Peas 5(7) 391(486) 3(5) 254(44) .20 .20 

Other Beans 3(5) 374(475) 2(4) 233(408) .50 .20 

Corn 2(2) 166(197) 4(5) 260(343) .10 .20 

Mixed Vegetables 4(7) 340(594) 2(6) 128(297) .20 .05 

Tomatoes 16(24) 1850(3324) 9(13) 1006(1611) .10 .20 

Broccoli 8(11) 762(1229) 7(16) 482(971) .80 .50 

Cauliflower 4(5) 272398) 1(3) 47(162) .001 .001 

Spinach (Raw) 2(5) 74(152) 1(3) 36(81) .50 .20 

Spinach (Canned) 3(5) 214(347) 1(2) 69(134) .05 .01 

Carrots 9(12) 521(750) 11(13) 545(576) .50 <.80 

Sweet Potatoes, 1(2) 128(260) 1(4) 144(462) <.80 <.80 
Yams 



Table 5.29. (Continued) 

Food Questionnaire Refuse T Test 

F Q(g) F Q(g) F Q 
Mean (SD) Mean (SD) p 

Other Potatoes 13(13) 1538(1680) 10(14) 1325(1861) .50 .80 

Rice 7(8) 837(1010) 1(1) 106(253) >.001 >.001 
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significantly higher than refuse estimates for five foods: green or 

string beans, mixed vegetables, cauliflower, spinach (canned), and 

rice. With the exception of green or string beans, differences between 

results for these foods may be largely attributable to the limited data 

collection period for refuse materials. Despite differences in total 

quantity, mean quantity values for the remaining nine food categories 

are not significantly different. Nevertheless, overall agreement 

between mean quantity results of the two measures for vegetables was 

the lowest among food groups examined, with the exception of sweets. 

Correlation Coefficients. Table 5.30 displays Pearson 

correlation coefficients for comparisons between questionnaire and 

refuse estimates of frequency and quantity for vegetables. 

Predictably, results at this level are highly variable. Moderate 

levels of association are evident for four foods, two of which produced 

significant differences between results at the level of mean 

quantities: tomatoes (including canned and juiced varieties), spinach 

(canned), mixed vegetables, and sweet potatoes or yams. Primary 

evidence for three of these categories derives from canned information, 

a factor which may have increased correlation levels for these foods. 

Foods which display substantial differences at other levels of 

comparison are also characterized by low levels of association between 

scores at the household level: green or string beans, cauliflower, 

rice, and corn. However, carrots and broccoli, foods for which results 

at other levels were effectively equivalent, also display low levels of 

correlation at the household level. Overall, reproducibility of 
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Table 5.30. Vegetables—Pearson Correlation Coefficient Values for 

Comparisons between Questionnaire and Refuse Estimates of 
Monthly Household Consumption. 

Food Questionnaire vs. Refuse 

Frequency Quantity 
r 

Green Beans .22 .11 

Peas .10 .25 

Other Beans .36 .26 

Corn .28 .22 

Mixed Vegetables .60 .55 

Tomatoes .73 .77 

Broccoli -.04 .08 

Cauliflower .08 .08 

Spinach (Raw) .16 .16 

Spinach (Canned) .39 .63 

Carrots .11 .21 

Sweet Potatoes, .45 .55 
Yams 

Other Potatoes .27 .49 

Rice .11 .23 
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questionnaire and refuse results at the household level is low for 

vegetables. 

Food Group Indices. Summary indices of agreement or 

association for all vegetables combined are reported in Table 5.31. 

Comparisons between measures of vegetable consumption also display 

significant differences at the food group level. Mean quantity for 14 

vegetable categories reported in the questionnaire is significantly 

higher than the comparable refuse estimate. The questionnaire value 

for total quantity (all vegetables) is also substantially higher than 

the refuse estimate. Overall association between vegetable food group 

scores for individual households is also low at .35. Comparison 

between results of the measures at the level of inter-household 

rankings reveals slightly greater agreement. Fifty-two percent of 

households are classified into equivalent tertiles by both measures. 

However, incidence of misclassification into opposite tertiles is high 

(11 percent), relative to other food groups examined. 

Questionnaire and refuse results for vegetable consumption are 

not effectively equivalent at any level of comparison. Unfortunately, 

interpretation of these results is hampered by uncertainties about the 

accuracy of refuse estimates for some fresh vegetable categories. 

"Overreports" in the questionnaire relative to refuse fit anticipated 

results for both a "health benefit" reporting effect, and error in 

refuse evidence. Given these ambiguities, results of comparisons for 

this food group are tentative. 
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Table 5.31 Vegetables—Aggregate Value Comparisons for Questionnaire 
and Refuse Estimates of Monthly Household Consumption. 

Comparative Index Vegetables 

Mean Quantity (g) 

Questionnaire 7,892 

Refuse 4,772 

T Test (t/p) 2.78(.01) 

Total Quantity (g) 

Questionnaire 347,251 

Refuse 209,953 

Difference (%) +65 

Correlation Coefficient .35 

Tertile Distribution 

Equivalent Tertiles(7o) 

Opposite Tertiles (%) 

52% 

11% 
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Meats, Fish, and Poultry 

Eleven meat, fish, and poultry items are measured in the 

questionnaire. Categories for fried chicken and other chicken or 

turkey were aggregated for comparison with refuse. Fried fish and 

other fish categories were also aggregated. One food item, beef stew, 

was excluded from comparisons because of its status as a mixed dish. 

The remaining eight categories used in comparisons are: hamburgers, 

cheeseburgers, or meat loaf; beef (steaks, roasts); liver, including 

chicken liver; pork (chops, roasts); chicken or turkey (fried, roasted, 

stewed, or broiled); tuna; shell fish; and other fish (fried, broiled, 

baked). 

Total Quantity Comparisons. Table 5.32 presents total quantity 

comparisons between questionnaire and refuse estimates for foods in 

this category. Questionnaire quantity estimates exceed refuse values 

in 6ix of eight categories. Two categories, beef and chicken or 

turkey, are marginally underreported in the questionnaire relative to 

refuse. However, questionnaire estimates are substantially higher than 

refuse for all other meat categories. Liver, tuna, and pork are 

overreported to the highest degree; hamburger, shell fish, and other 

fish are overreported by smaller margins. 

Comparison of questionnaire and refuse rankings by quantity 

reveals two shifts of more than one position. Beef ranks third in 

quantity according to refuse, two positions higher than its rank in the 

questionnaire. Tuna drops two positions, to sixth, in refuse rankings. 

Rankings for the two measures are equivalent at extreme ends of the 



Table 5.32. Meats, Fish, and Poultry—Total Quantity Comparisons Between 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Food 
Total 
Quantity Difference Rank Consumers Food 

Q 
oz 

R 
7o 

Q 
N 

R Q 
% 

R 

Hamburger 893 567 +57 3 4 82 52 

Beef 546 596 -8 5 3 75 57 

Liver 184 61 +200 8 8 36 11 

Pork 449 245 +83 6 5 59 41 

Chicken and Turkey 1,729 1,763 -2 1 1 91 91 

Tuna 614 216 +184 4 6 82 55 

Shell Fish 230 158 +46 7 7 39 32 

Other Fish 951 652 +46 2 2 84 50 
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distribution, however. Chicken or turkey and other fish rank first and 

second, and shell fish and liver occupy the seventh and eighth 

positions in both rankings. 

Questionnaire estimates of the percentage of consumers also 

exceed refuse estimates in seven of eight food categories. Chicken or 

turkey was near-universal ly consumed by households, according to both 

measures. Differences between questionnaire and refuse percentages for 

remaining categories may in part reflect high levels of variability in 

the consumption of some meats, particularly liver and tuna. 

Consumption of hamburgers outside of the home may have depressed refuse 

estimates for this food. 

On the other 6ide, evidence for beef consumption was found in 

four of five households (80 percent of "non-consumers") which did not 

report consuming this meat. Three of six reported non-consumers of 

pork discarded evidence for its consumption, as did two of two reported 

non-consumer6 of chicken. "Misidentification" of consumers by the 

questionnaire was much lower for other meat categories. 

Comparison at these basic levels does not reveal consistent 

reporting patterns for meats. The effects of perceived health value on 

the reporting of fried versus other types of chicken or fish cannot be 

evaluated because of the necessity to aggregate these categories for 

comparison with refuse. Moreover, the direction of between-foods 

reports is not consistent. Beef (steaks, roasts) is underreported, as 

we might anticipate given its increasing identification with health 

risks. All varieties of fish are overreported relative to refuse; 
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again, these results are consistent with the probable health value 

attached to these foods. However, hamburger and pork are also 

overreported, contrary to apparent expectations. 

Mean Quantity Comparisons. Table 5.33 presents questionnaire 

and r.efuse estimates for mean monthly household consumption of foods in 

this category. Mean quantity differences between results are 

significant for liver and tuna. Mean monthly frequency estimates are 

also significantly different for these two foods, and for other fish as 

well. 

Differences between questionnaire and refuse estimates for 

liver are probably an artifact of the research design. Liver does not 

contribute significantly to reported diet, and its consumption is 

probably highly variable; five or six weeks of refuse evidence may not 

effectively sample that variability. Differences between questionnaire 

and refuse estimates for tuna and other fish are more difficult to 

interpret. Refuse receives precise estimates of quantity for these 

foods from labelling. Nevertheless, they are significantly 

overreported. These differences may reflect a limited "health value" 

effect in reported values for fiBh; however, the evidence is only 

suggestive. 

Correlation Coefficient. Correlation coefficients for 

comparisons between monthly frequency and quantity estimates by the 

questionnaire and refuse are displayed in Table 5.34. Values are 

highly variable across foods. Correlation values for pork are 

surprisingly high at .68 (frequency) and .85 (quantity). Coefficients 



Table 5.33. Meats, Fish, and Poultry—Comparison of Mean Monthly 
Household Consumption for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test 

F 
Mean 

Q(g) 
(SD) 

F Q(g) 
Mean (SD) 

F Q 

P 

Hamburger 5(7) 20.3(24.1) 3(5) 12.9(19.8) .20 .20 

Beef 3(4) 12.4(15.6) 4(6) 13.6(23.9) .80 .80 

Liver 1(2) 4.2(6.4) .3(1) 1.4(4.2) .05 .01 

Pork 2(5) 10.2(29.7) 2(3) 5.6(10.9) .50 .50 

Chicken,Turkey 20(38) 39.3(76.7) 16(16) 40.1(43.1) .50 <.80 

Tuna 5(7) 14(18.9) 2(3) 4.9(8.6) .01 .01 

Shell Fish 2(3) 5.2(10.6) 2(5) 3.6(7.6) <.80 .50 

Other Fish 7(9) 21.6(24.2) 3(4) 14.8(22.8) .01 .20 

ro £r-
f-J 
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Table 5.34. Meats, Fish, and Poultry-Pearson Correlation 
Coefficient Values for Comparisons between Questionnaire 
and Refuse Estimates of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 

Frequency Quantity 
r 

Hamburger .25 .24 

Beef .32 .41 

Liver .23 .20 

Pork .68 .85 

Chicken or Turkey .12 .27 

Tuna .02 .02 

Shell Fish .21 .23 

Other Fish .42 .46 
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for other foods are moderate to low, however; no other value exceeds 

.46. Overall, questionnaire and refuse results are not effectively 

reproducible at this level of association. 

Food Group Indices. Table 5.35 displays summary measures of 

agreement between the questionnaire and refuse results for all food 

items in the meats, fish, and poultry category combined. Mean quantity 

differences between the two measures are not significant at the food 

group level, although the overall percentage difference for all 

households is relatively large (31 percent). The aggregate correlation 

coefficient at the food group level is still modest at .42. 

Inter-household rankings between questionnaires and refuse 

estimates compare favorably at the food group level. Fifty-five 

percent of households were classified into equivalent tertiles by both 

measures. The level of misclassification was comparable to that for 

other food groups examined. 

Questionnaire and refuse results for meats, fish, and poultry 

were effectively equivalent for mean estimates at the food group level, 

and for the majority of individual food categories. Clearly, results 

at the level of the individual household were not equivalent. 

Results of comparisons also displayed marked inconsistencies. 

Results of the two measures compare closely for chicken or turkey and 

beef at the levels of total and mean quantity. However, correlation 

coefficients between questionnaire and refuse estimates for both foods 

were low to moderate. Pork, on the other hand, displayed substantial 

differences at the level of total quantity. However, association 
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Table 5.35. Meats, Fish, and Poultry-Aggregate Value Comparisons for 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Comparative Index Meats, Fish, and Poultry 

Mean Quality (g) 

Questionnaire 

Refuse 

T Test (t/p) 

127.2 

96.8 

1.49 (.20) 

Total Quality (g) 

Questionnaire 

Refuse 

Difference (7«) 

5,596 

4,259 

+31 

Correlation Coefficient . 4 2  

Tertile Distribution 

Equivalent Tertiles (7») 

Opposite Tertiles (%) 

55% 

5% 
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between household scores for pork, as measured by the correlation 

coefficient, were very high. These and other inconsistencies make it 

difficult to interpret the reBultB of comparisons for this food group. 

Lunch Foods 

The questionnaire food group labelled "Mixed Dishes and Lunch 

Items" contains eight food categories. Three mixed dishes - spaghetti 

or lasagna, pizza, and mixed dishes with cheese - were excluded from 

comparisons with refuse. The remaining five categories consist of the 

following foods: ham and other lunch meats; hot dogs; liverwurst; 

vegetable soups, primarily including vegetable beef, minestrone, and 

tomato soups; and other soups, primarily including soups with meat as 

the basic ingredient. 

Total Quantity Comparisons. Table 5.36 displays total quantity 

comparisons for questionnaire and refuse estimates for monthly intake 

of lunch foods. Items in this category are not consistently under- or 

overreported relative to refuse estimates. Total quantity estimates 

for liverwurst are essentially identical, and questionnaire reports and 

refuse for other 60ups (non-vegetable) are only marginally different. 

However, ham and lunch meats are underreported by 57 percent. Hot dogs 

are also substantially underreported (27 percent). On the other hand, 

consumption of vegetable soup is strongly overreported (94 percent). 

Despite differences between questionnaire and refuse estimates 

for particular lunch items, comparative rankings of foods in this 

category are very similar. Questionnaire and refuse ranks for three 



Table 5.36. Lunch Items—Total Quantity Comparisons Between 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Total 
Food Quantity Difference Rank Consumers 

R Q R 
7= N • % 

Ham/Lunch Meats 8,753 20,325 -5.7 3 3 55 73 

Hot Dogs 4,722 6,431 -27 4 4 39 27 

Liverwurst 812 802 +1 5 5 16 11 

Vegetable Soup 67,901 34,915 +94 1 2 68 59 

Other Soups 56,794 50,765 +12 2 1 77 66 
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foods are identical. However, questionnaire ranks for vegetable and 

other soups reverse positions assigned to these foods by refuse. 

Comparative percentages of households identified as consumers 

of each food by the queetionnaire and refuse do not reveal consistent 

patterns. Questionnaire estimates of the number of consumers of each 

food exceed refuse estimates in four of five food categories; ham and 

lunch meats are the only exception. However, differences between 

questionnaire and refuse estimates of numbers of consumers are 

relatively small across all food items. Households-Identified as 

consumers in refuse only are concentrated in categories of other soups 

(80 percent of reported non-consumers) and ham and lunch meats (67 

percent of reported non-consumers). 

Mean Quantity Comparisons. Table 5.37 displays mean monthly 

household frequency and quantity for lunch items, as determined by the 

questionnaire and refuse. Two foods display statistically significant 

differences in quantity estimates. Ham and luch meats are 

significantly underreported; vegetable soup is significantly 

overreported. Questionnaire and refuse estimates for the remaining 

three foods are effectively equivalent at the group level. 

These results provide some support for the argument that the 

perceived health value or fat content of foods may affect reporting 

patterns. Two categories of processed meats (ham and other lunch 

meats, and hot dogs) are underreported. Vegetable Boups are highly 

overreported, while other soups are overreported to a much smaller 

degree. Consumers who did not identify themselves as such in the 



Table 5.37. Lunch Items—Comparison of Mean Monthly Household 
Consumption for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test 

F Q(g) F Q(g) F Q 
Mean (SD) Mean (SD) p 

Ham/Lunch Meats 4(7) 199(354) 9(13) 462(642) .05 • 

Hot Dogs 1(1) 107(146) 1(3) 146(309) .50 • 

Liverwurst .4(.8) 18(36) .4(1) 18(55) <.80 < .  

Vegetable Soup 6(9) 1,542(2,025) 4(5) 793(996) .10 • 

Other Soups 5(6) 1,291(1,870) 5(7) 1,154(1,584) <.80 
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questionnaire are also concentrated in food categories which may be 

negatively valued. However, results are not uniformly consistent with 

expectations for this explanation. Liverwurst, also a processed meat, 

is not significantly underreported. Moreover, although differences 

between questionnaire and refuse estimates of mean consumption of hot 

dogs are in the predicted direction, the results do not achieve 

statistical significance. 

Correlation Coefficients. Table 5.38 provides evidence for the 

reproducibility of questionnaire and refuse results at the level of the 

individual household. Despite effective agreement at the group level, 

correlations between questionnaire and refuse estimates for liverwurst 

and other soups are low. Coefficients for ham and lunch meats and 

vegetable soups, which display significant differences at the group 

level, are also very low. Estimates for hot dogs correlate to a 

moderate degree. However, high levels of correlation are not attained 

in any comparison. Questionnaire results for lunch foods do not 

effectively reproduce refuse estimates at this level. 

Food Group Indices. Aggregated questionnaire and refuse 

quantities for all lunch foods are compared in Table 5.39. The 

difference between estimates of mean quantity for all lunch foods 

combined is not statistically significant. Thus, the questionnaire 

effectively reproduces refuse estimates of usual consumption at this 

food group level. The aggregate correlation coefficient is also 

moderately higher, at .41, then values obtained for most food level 

comparisons. Total variance in refuse results explained by 
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Table 5.38. Lunch Items--Pearson Correlation Coefficient 
Values for Comparisons between Questionnaire and Refuse 
Estimates of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 
Frequency Quantity 

r 

Ham/Lunch Meats •51 .33 

Hot Dogs .49 .49 

Liverwurst -.06 -.03 

Vegetable Soup .01 .08 

Other Soups .24 .20 
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Table 5.39. Lunch Items--Aggregate Value Comparisons for Questionnaire 
and Refuse Estimates of Monthly Household Consumption. 

Comparative Index Lunch Items 

Mean Quantity (g) 

Questionnaire 3,159 

Refuse 2,574 

T Test (t/p) .93(.50) 

Total Quantity (g) 

Questionnaire 138,978 

Refuse 113,238 

Difference (%) +23% 

Correlation Coefficient .42 

Tertile Distribution 

Equivalent Tertiles(%) 70% 

Opposite Tertiles (%) 9% 
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comparisons. Total variance in refuse results explained by 

questionnaire reports is still relatively low, however. 

Questionnaire and refuse household rankings for all lunch items 

display substantial agreement. Thirty-one households (70 percent) are 

classified into the 6ame tertile by both measures. Four households (9 

percent) are classified into opposite tertiles. 

Overall, results of comparisons indicate that questionnaire 

estimates of mean frequency and quantity are valid for lunch items as a 

group, and for the majority of individual food items. Inter-household 

rankings are also substantially similar. Questionnaire reports do not 

effectively reproduce refuse estimates for this food group at the level 

of individual households. Moreover, evidence suggests that the 

perceived desirability of some foods in this category may have 

artificially inflated or reduced reporting levels. 

Breads and Salty Snacks 

The food group designated as "Breads, Salty Snacks, and 

Spreads" in the questionnaire contains nine food items. Four items 

(butter, margarine, peanut butter or peanuts, and salad dressing or 

mayonnaise) were placed in a separate food group category with 

additives in the present analysis. One additional item, gravies, was 

excluded from comparisons. The remaining four food items are: white 

bread, including rolls and crackers; dark bread, including whole wheat, 

rye, and pumpernickel; corn bread, also including corn muffins and 

tortillas; and salty snacks, primarily including chips, and popcorn. 
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Total Quantity Comparisons. All food categories display 

relatively large differences in total quantity, as reported in Table 

5.40. However, foods are not consistently over- or underreported 

relative to refuse estimates. Consumption of white bread and salty 

snacks i6 underreported. Reported values for intake of dark bread and 

corn bread exceed refuse estimates by substantial marginor" The 

discrepancies are large enough to reverse the ranking of white and dark 

bread in the questionnaire relative to refuse. 

These results suggest the possibility that perceived health 

value may have influenced reporting patterns for white bread, dark 

bread, and salty snacks. Dark bread, positively valued in current 

consciousness, is overreported in total quantity comparisons. White 

bread and salty snacks are underreported relative to refuse. 

Additional evidence appears in the relative percentages of households 

consuming each food as determined by the questionnaire and refuse. 

Evidence for consumption of white bread appeared in refuse for 11 

households (92 percent of reported non-consumers), which did not report 

eating this food. Overall, the percentage of households identified by 

refuse as consumers of white bread and salty snacks exceeded 

percentages identified in the questionnaire; the reverse is true for 

consumption of dark bread. 

Mean Quantity Comparisons. Table 5.41 displays mean frequency 

and quantity estimates for breads and salty snacks as determined by the 

questionnaire and refuse. Mean quantity values for dark bread and 

salty Bnacks display significant differences. Despite differences in 



Table 5.40. Breads and Salty Snacks—Total Quantity Comparisons Between 
Questionnaire Refuse Estimates of Monthly Household 
Consumption. 

Food 
Total 
Quantity Difference Rank Consumers Food 

Q R 
g % 

Q 
N 

R Q R 
% 

White Bread 41,993 52,818 -21 2 1 70 95 

Dark Bread 72,886 42,289 +48 1 2 95 87 

Corn Bread 3,736 2,090 +79 3 4 39 11 

Salty Snacks 2,240 12,037 -81 4 3 52 57 



Table 5.41. Breads and Salty Snacks—Comparison of Mean Monthly 
Consumption for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test Food 

F 
Mean 

Q(g) 
(SD) 

F Q(g) 
Mean (SD) 

F Q 

P 

White Bread 20(27) 954(1315) 28(31) 1200(1084) .20 50 

Dark Bread 34(25) 1657(1393) 25(26) 1120(1035) .20 05 

Corn Bread 2(6) 85(223) 1(4) 48(144) .50 50 

Salty Snacks 4(5) 51(76) 20(33) 274(416) >.001 > .  

H
 
o
 
o
 

(Chips, Popcorn) 
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total quantity, usual consumption of corn bread and white bread was 

effectively measured by the questionnaire, relative to refuse, at the 

group level. 

Correlation Coefficients. Table 5.42 presents Pearson 

correlation coefficients for questionnaire and refuse estimates of 

frequency and quantity of each food item. All values are positive; 

however, reproducibility of both frequency and quantity estimates at 

this level is poor, with values ranging from .02 (salty snacks) to .39 

(white bread). Despite effective agreement at the level of mean 

intake, estimates for corn bread and white bread do not correlate 

strongly. 

Food Group Indices. Table 5.43 displays food group indices for 

aggregated breads and salty snacks, and for breads alone. Aggregation 

reduces differences between mean quantities for this food group to non

significant levels. Differences between total quantity estimates for 

both food groupings are also relatively small. Questionnaire and 

refuse values are effectively equivalent at this aggregate level. 

Correlation between questionnaire and refuse values for individual 

households is still moderate, however, for both food group categories. 

Equivalence between household rankings for breads and salty 

snacks is also relatively low. Twenty-six households (59 percent) are 

correctly classified by the questionnaire into the same tertileB in the 

refuse distribution. The percentage rises appreciably, to 66 percent, 

if salty snacks are eliminated from the total. However, the incidence 

of gross misclassification is substantial at 11 percent; moreover, it 
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Table 5.42. Breads and Salty Snacks--Pear6on Correlation Coefficient 
Values for Comparisons between Questionnaire and Refuse 
Estimates of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 

Frequency Quantity 
r 

White Bread .31 .39 

Dark Bread .34 .38 

Corn Bread .09 .10 

Salty Snacks .05 .02 



258 

Table 5.43. Breads and Salty Snacks—Aggregate Value Comparisons for 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Comparative Index 
Breads/ 
Salty Snacks Breads Only 

Mean Quantity (g) 

Questionnaire 2,747 2,696 

Refuse 2,642 2,368 

T Test (t/p) .25(.80) .78(.50) 

Total Quantity (g) 

Questionnaire 120,844 118,615 

Refuse 116,234 104,197 

Difference (%) +47. +147. 

Correlation Coefficient .49 .54 

Tertile Distribution 

Equivalent Tertiles(%) 

Opposite Tertiles (7.) 

597. 

11% 

667. 

97. 



declines only marginally to 9 percent when salty snacks are removed. 

These results suggest that effective measurement of breads and salty 

snacks by the questionnaire may be limited to mean quantities at the 

food group level. Agreement between questionnaire and refuse estimates 

declines substantially at finer levels of measurement. 

Breakfast Foods 

"Breakfast Foods" includes eight food items in the 

questionnaire. One item, sugar added to cereal, was aggregated with 

responses for sugar added to coffee or tea, and the resulting total was 

included in the food group for spreads and other additives. The 

remaining seven breakfast food categories ares high fiber, bran, or 

granola cereals, also including shredded wheat; highly fortified 

cereals (such as Special K or Total); other cold cereals (such as Corn 

Flakes and Rice Krispies); cooked cereals; eggs; bacon; and sausage. 

Total Quantity Comparisons. Table 5.44 presents total quantity 

comparisons between questionnaire and refuse estimates for breakfast 

foods. Cereals offer a second opportunity to evaluate reporting 

patterns for sub-tyes of foods with variables perceived health value. 

Total quantity comparisons for high fiber, vitamin-fortified, and other 

cold cereals repeat the general pattern established in comparisons of 

sub-types of breads and soups. High fiber and highly fortified cereals 

are both overreported relative to refuse by more than 20 percent. 

Other cold cereals (including cereals with low fiber and vitamin 

content and high sugar levels) are underreported by 57 percent. Health 



Table 5.44. Breakfast Foods—Total Quantity Comparisons between 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Total 
Food Quantity Difference Rank Consumers 

Q R Q R Q R 
g % N % 

High Fiber Cereal 23,350 15,023 +55 3 3 84 52 

Fortified Cereal 4,026 3,325 +21 5 7 32 20 

Other Cold Cereal 4,310 10,132 -57 4 4 32 41 

Cooked Cereal 48,224 56,393 -14 1 1 68 32 

Eggs '33,007 42,450 -22 2 2 93 95 

Bacon 1,574 7,951 -80 7 5 52 30 

Sausage 2,966 6,737 -56 6 6 — - -
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value appears to be the most salient distinction between these three 

varieties of cereals. 

Eggs, bacon, and 6ausage, all identified with health risk to 

varying degrees, are also underreported by more than 20 percent in the 

questionnaire relative to refuse evidence. Questionnaire and refuse 

estimates for total quantity of cooked cereal, on the other hand, are 

only marginally different. 

Examination of total quantity rankings of breakfast foods 

indicates that under- and overreports were not large enough to affect 

the relative ordering of breakfast foods significantly. The first four 

ranks are identical for both questionnaire and refuse values: cooked 

cereals, eggs, high fiber cereals, and other cold cereals. At the 

lower end of the distribution, fortified cereals and bacon exchange 

ranks in the questionnaire results, however. 

Differences in the percentage of identified consumers of 

cereals are generally consistent with the direction of differences in 

total quantity. The percentage of consumers identified by the 

questionnaire exceeds refuse percentages for high fiber and fortified 

cereals; on the other hand, the refuse percentage is highter for other 

cold cereals. Percentages for bacon and sausage reverse this pattern; 

although both foods are substantially underreported in total quantity 

estimates, larger numbers of households reported consuming these foods 

than were identified in refuse. This suggests that underreporting of 

bacon and sausage was large, but concentrated within relatively small 

numbers of households. 
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Mean Quantity Comparisons. Mean monthly household estimates 

for breakfast foods are presented in Table 5.45. Two-tailed tests of 

mean difference indicate that questionnaire and refuse estimates for 

frequency and quantity are significantly different for other cold 

cereals and bacon. Estimates of frequency only are significantly 

different for eggs. Although differences between reported and material 

evidence are in the predicted direction (given expectations for health 

value effects), they do not achieve statistical significance. Mean 

quantity comparisons between the questionnaire and refuse are 

effectively equivalent for four of seven breakfast foods. 

Correlation Coefficients. Table 5.46 presents Pearson 

correlation coefficients for comparisons between questionnaire and 

refuse estimates of frequency and quantity for each food. Agreement 

between the two measures at this level is moderate to low for all 

foods. Values are highest for sausage and bacon, again suggesting that 

misreports for these foods are concentrated within a relatively small 

number of households. Coefficients do not exceed .50 for any other 

food. 

Food Group Indices. Measures of association for questionnaire 

and refuse values for all breakfast foods combined and cereals only are 

displayed in Table 5.47. At both food group levels differences between 

monthly estimates of quantity are negligible. Overall, breakfast foods 

are underreported by the questionnaire relative to refuse; however, the 

difference is not significant. 



Table 5-45. Breakfast Foods—Comparison of Mean Monthly 
Household Consumption for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test 

F 
Mean 

Q(g) 
(SD) 

F Q(g) 
Mean (SD) 

F Q 

P 

High Fiber 
Cereal 

21(36) 531(965) 16(25) 341(464) .50 .50 

Fortified Cereal 4(8) 91(185) 3(7) 76(193) .80 .80 

Other Cold 
Cereal 

4(10) 98(243) 10(15) 230(365) .05 .05 

Cooked Cereal 6(8) 1096(1389) 6(15) 1282(2520) .80 .80 

Eggs 10.7(8) 750(654) 19(16) 965(791) >.001 .20 

Bacon 3(5) 36(64) 17(48) 181(409) .05 .05 

Sausage 3(7) 67(185) 5(10) 153(319) .20 .20 

ro on 
LO 
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Table 5.46 Breakfast Foods—Pearson Correlation Coefficient Values 
for Comparisons between Questionnaire and Refuse 
Estimates of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 
Frequency Quantity 

r 

High Fiber Cereal .50 .43 

Fortified Cereal .28 .17 

Other Cold Cereal .21 .24 

Cooked Cereal .41 .14 

Egge .44 .47 

Bacon .63 .57 

Sausage .40 .62 



Table 5.47. Breakfast Foods—Aggregate Value Comparisons for 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 
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Comparative Index Breakfast Foods Total Cereals 

Mean Quantity (g) 

Questionnaire 2,669 1,816 

Refuse 3,228 1,929 

T Test (t/p) -1.05(.50) -.24(.80) 

Total Quantity (g) 

Questionnaire 117,457 79,910 

Refuse 142,011 84,873 

Difference (7.) -17% -67. 

Correlation Coefficient .10 .11 

Tertile Distribution 

Equivalent TertilesC%) 487. 577. 

Opposite Tertiles (%) 207. 147. 
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At the level of individual households, association between 

questionnaire and refuse results is effectively non-existent. 

Aggregate correlation coefficients for all breakfast foods and cereals 

only are .10 and .11, respectively. 

Agreement is also poor between questionnaire and refuse inter-

household rankings for breakfast foods. Less than half (48 percent) of 

households are classified into equivalent tertiles for breakfast foods, 

and the incidence of gross misclassification was the highest, at 20 

percent, among all food groups examined. 

These results suggest questionnaire and refuse estimates of 

usual consumption of breakfast foods are effectively equivalent only at 

the level of mean quantity or frequency. At this level, differences 

between results of the measures are not significant for the aggregate 

food group or the majority of food items. However, agreement is poor 

at the inter-household and household levels of analysis. 

Sweets 

The division labelled "Sweets" in the questionnaire includes 

six food items. Two items - pumpkin or sweet potato pie and all other 

pies - were aggregated into the single category of "pies" for 

comparison with refuse. The five remaining categories are: pies; ice 

cream; pastry, primarily including doughnut6, cookies, and cake; 

chocolate candy; and other candies, including jelly, honey, and brown 

sugar. No food items in this category were excluded from comparisons. 

Total Quantity Comparisons. Table 5.48 presents the results of 

total quantity comparisons for all foods classified as sweets. Items 



Table 5.48. Sweets—Total Quantity Comparisons between 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Total 
Food Quantity Difference Rank Consumers 

Q R Q R Q R 
g 7. N % 

Pastry 30,164 35,662 -15 1 2 75 89 

Pies 5,303 10,271 -48 3 4 41 30 

Ice Cream 15,006 40,288 -63 2 1 80 73 

Chocolate Candy 1,037 4,947 -79 5 5 34 52 

Other Candy 4,486 22,244 -80 4 3 57 82 
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in this category are consistently underreported in the questionnaire 

relative to refuse estimates. These results, although not unexpected, 

are still striking. Chocolate and other candies are underreported by 

more than 75 percent. Total quantity estimates from refuse for ice 

cream' and pies effectively double questionnaire reports for the same 

foods. Pastries are underreported by a smaller margin (15 percent). 

Ice cream is particularly popular, supplanting pastry in the refuse-

based ranking of sweets by quantity. 

Refuse estimates of the total percentage of households 

consuming these foods exceed reported levels in the questionnaire for 

three of five items: pastry, chocolate, and other candy. Moreover, 

refuse evidence for consumption of these foods was found in substantial 

numbers of households which did not report consuming them: four of five 

(80 percent) of non-consumers of ice cream; 11 of 14 (79 percent) of 

non-consumers of other candy; five of eight (63 percent) of non-

consumers of pastry; and eight of 18 (44 percent) and three of 11 (27 

percent) of non-consumers of chocolate candies and pies, respectively. 

Taken together, these results reinforce the argument that 

negative perceived health value of particular foods or food groups may 

influence subjects' reported frequency and quantity of intake. 

Overall, the results of comparisons to this point suggest that 

perceived health value may influence reporting patterns at the levels 

of the food group, food, and food sub-type. 

Mean Quantity Comparisons. Table 5.49 presents mean values for 

monthly frequency and quantity of sweets, as reported by the 



Table 5.49. Sweets—Comparison of Mean Monthly Household 
Consumption for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test 

F Q(g) F Q(g) F Q 
Mean (SD) Mean (SD) p 

Pastry 11(16) 686(981) 15(15) 811(689) .50 .50 

Pies 1(1) 121(154) 2(5) 233(448) .10 .10 

Ice Cream 8(8) 341(373) 25(26) 916(970) >.001 > .001 

Chocolate Candy 1(2) 24(46) 6(9) 112(159) >.001 > .001 

Other Candy 9(13) 102(155) 38(50) 506(637) >.001 > .001 
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questionnaire and found in refuse. Of ten food categories examined, 

sweets exhibit the highest proportion of statistically significant 

differences. Values for four of five food items achieve strong or 

marginally significant values of t, using two-tailed tests of 

significance. Questionnaire and refuse estimates for pastry are not 

statistically significant, although mean reported monthly quantity of 

pastry items is lower than refuse estimates for this category. 

Correlation Coefficients. Correlation coefficients for 

questionnaire and refuse estimates of sweets are consistently low to 

moderate for both frequency and quantity, as displayed in Table 5.50. 

Estimates for pastry do achieve moderate levels of reproducibility (.41 

for quantity, .28 for frequency). However, correlation coefficients 

for other food items are decidedly low, particularly for other candy 

(which received one of three marginally negative values in quantity 

comparisons), and pies (for which correlation levels approached zero). 

These results are also generally consistent with expectations 

for the hypothesis that perceived health value may affect reporting 

patterns for foods. We would expect low, absent, or negative levels of 

association between questionnaire and refuse estimates for foods with 

negative perceived health value. 

Food Group Indices. Aggregate results for all five food items 

classified as sweets are presented in Table 5.51. As expected, 

significant differences between the results of the questionnaire and 

refuse are also apparent at the food group level. Mean monthly 

quantities for estimates of sweets are significantly lower than refuse 
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Table 5.50. Sweets--Pearson Correlation Coefficient Values for 
Comparisons between Questionnaire and Refuse Estimates 
of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 

Frequency Quantity 
r 

Pastry .28 .41 

Pies .00 .07 

Ice Cream .20 .35 

Chocolate Candy .32 .28 

Other Candy .06 -.01 
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Table 5.51. Sweets—Aggregate Value Comparisons for Questionnaire and 

Refuse Estimates of Monthly Household Consumption. 

Comparative Index Sweets 

Mean Quantity (g) 

Questionnaire 1,273 

Refuse 2,578 

T Test (t/p) -4.04(GT. .001) 

Total Quantity (g) 

Questionnaire 56,001 

Refuse 113,413 

Difference (7°) -51% 

Correlation Coefficient .24% 

Tertile Distribution 

Equivalent Tertiles(%) 55% 

Opposite Tertiles (7«) 9% 
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estimates. The difference in total quantity for all households also 

exceeds 50 percent. Moreover, aggregate correlation is also low; the 

overall correlation coefficient is .24, accounting for less than six 

percent of variance in refuse results. 

Household rankings for sweets provide a final index of 

agreement between questionnaire reports and refuse. Fifty-five percent 

of households are classified into the same tertile by both the 

questionnaire and refuse. However, the incidence of gross 

misclassification of households is high at nine percent. In general, 

results of comparisons between the questionnaire and refuse for sweets 

are consistent: usual consumption of sweets is significantly 

underreported relative to refuse estimates. 

Dairy Products 

Dairy products included as primary food categories in the 

questionnaire are yogurt, cottage cheese, other cheeses, and three 

varieties of milk (whole, 2 percent, and skim or one percent). 

Questionnaire reports and refuse evidence for all varieties of milk 

were also separately aggregated to obtain estimates of "total milk" 

consumed for each measure. Two dairy products were included in other 

food group categories: eggs (breakfast foods) and ice cream (sweets). 

No dairy product categories were excluded from comparisons. 

Total Quantity Comparisons. Overall, agreement between 

questionnaire and refuse estimates for dairy foods is relatively high. 

Table 5.52 displays total quantity comparisons for four basic food 



Table 5.52. Dairy Products--Total Quantity Comparisons between 
Questionnaire and Refuse Estimates of Monthly Household 
Consumption. 

Total 
Food Quantity Difference Rank Consumers 

Q R Q R Q R 
g 7« N % 

Whole Milk 10,248 33,001 -69 6 3 14 25 

2% Milk 123,708 207,553 -40 2 1 59 70 

Skim Ylo Milk 180,347 115,229 +57 1 2 48 45 

Total Milk 314,303 355,783 -12 - - 89 86 

Yogurt 43,351 28,580 +52 4 5 43 34 

Cottage Cheese 105,245 25,612 +311 3 4 84 50 

Other Cheese 29,065 28,575 +2 5 6 89 84 
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categories: total milk, yogurt, cottage cheese, and other cheese. Two 

of these categories achieve effectively identical results in total 

quantity estimates from the questionnaire and refuse; cheese (other 

than cottage) is marginally overreported (two percent), while total 

milk is underreported to a slightly larger degree (12 percent). Yogurt 

is moderately overreported (52 percent); questionnaire values for 

cottage cheese, however, exceed refuse estimates by more than three 

times. 

The most interesting differences lie in comparisons between 

questionnaire and refuse quantity estimates for three varieties of milk 

categorized by fat contents. Refuse estimates rank two percent milk, 

skim or one percent milk, and whole milk first, second, and third, 

respectively. In questionnaire reports, however, two percent and skim 

or one percent milk exchange ranks, and consumption of whole milk drops 

to sixth. These results exemplify the pattern identified above in 

discussions of breads and cereals: sub-types of foods with low fat 

content tend to be overreported relative to refuse estimates, and sub

types with higher fat content tend to be underreported. 

Relative percentages of consumers of each sub-type of milk 

identified by the questionnaire and refuse provide a second perspective 

on this pattern. Six households (14 percent) reported drinking at 

least one serving of whole milk per month. However, refuse evidence 

for whole milk consumption was found in 25 percent of households, 

including seven which did not report consuming the food. Variability 

between questionnaire and refuse reports for whole milk primarily 
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reflects differences between numbers of households identified as 

consumers by the two measures, rather than simple differences between 

quantity estimates. 

The refuse estimate of the percentage of households consuming 

two percent milk also exceeds the reported percentage in the 

questionnaire. However, evidence for skim or one percent milk reverses 

this relationship; the percentage of reported consumers exceeds the 

refuse estimate, and the number of households identified as consumers 

only by refuse is small (three households or 13 percent of reported 

non-consumers). These results coincide with a second, relatively 

consistent trend in the data: differences between numbers of consumers 

identified by the questionnaire and refuse for sub-types of foods with 

variable fat content or perceived health value tend to concentrate in 

the negatively valued foods. Consumers of negatively valued foods are 

therefore more likely to be "misidentified" as non-consumers by the 

questionnaire. 

Mean Quantity Comparisons. Mean monthly frequency and quantity 

of each dairy product consumed by households is displayed in Table 

5.53. With the exception of cottage cheese, substantial agreement 

exists between questionnaire and refuse estimates of consumption of 

dairy products at the group level. Differences between mean values for 

questionnaire and refuse estimates for cottage cheese are highly 

significant. Questionnaire and refuse values for alternative varieties 

of milk achieve marginal significance; however, these differences 

disappear when values for each measure are aggregated into estimates of 



Table 5.53. Dairy Products—Comparison of Mean Monthly Household 
Consumption for Questionnaire and Refuse. 

Food Questionnaire Refuse • T Test 

F 
Mean 

Q(g) 
(SD) 

F Q(g) 
Mean (SD) 

F Q 

P 

Whole Milk 1(5) 233(1103) 4(9) 750(1952) .10 .20 

2% Milk 15(28) 2811(5481) 26(36) 4717(6355) .10 .20 

Skim, 17. Milk 21(36) 4099(5728) 14(27) 2619(4376) .50 .20 

Total Milk 37(42) 234(240) 44(42) 265(242) .50 .80 

Yogurt 5(10) 985(1788) 3(6) 650(1180) .50 .50 

Cottage Cheese 12.1(19) 2392(3902) 3.0(4) 582(829) .003 .003 

Other Cheese 13(13) 661(729) 13(12) 649(634) <.80 <.80 
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"total milk". Differences between questionnaire and refuse estimates 

for yogurt and other cheese do not achieve significance. 

Correlation Coefficients. Pearson correlation coefficient 

values for questionnaire and refuse estimates of monthly household 

consumption of dairy foods are displayed in Table 5.54. Associations 

between frequency and quantity are positive for all foods. The 

magnitude of association is moderate to high for most food categories; 

values equal or exceed .50 for six of seven food categories for which 

quantities are compared, and values for frequency are only marginally 

lower. Cottage cheese, which was significantly overreported, 

nevertheless displays high levels of association between estimates, 

suggesting that differences were concentrated in underreports by 

consumers identified by both the questionnaire and refuse. 

Coefficients are lowest for whole milk and skim or one percent milk. 

These results are consistent with the hypothesis that reporting of 

these foods was affected by their perceived health value or fat 

content. 

Food Group Indices. Table 5.55 presents summary indices for 

all dairy products combined. Of the ten food groups examined, overall 

agreement between questionnaire and refuse results was highest for 

dairy products. Differences between estimates of total and mean 

household were marginal and non-significant. Reproducibility of 

individual household scores was also high, with an aggregate 

correlation coefficient of .75. Tertile distributions of households 

also display relatively high levels of agreement. The questionnaire 
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Table 5.54. Dairy Products--Pearson Correlation Coefficient 
Value6 for Comparisons between Questionnaire and Refuse 
Estimates of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 

Frequency Quantity 
r 

Whole Milk .03 .03 

2% Milk .74 .79 

Skim, 17o Milk .32 .50 

Total Milk .45 .65 

Yogurt .47 .65 

Cottage Cheese .74 .74 

Other Cheese .52 .53 
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Table 5.55. Dairy Product6--Aggregate Value Comparisons for 
Questionnaire and Refuse Estimates of Monthly 
Household Consumption. 

Comparative Index Dairy Products 

Mean Quantity (g) 

Questionnaire 11,181 (g) 

Refuse 9,967 (g) 

T Test (t/p) .58 

Total Quantity (g) 

Questionnaire 491,966 (g) 

Refuse 438,556 (g) 

Difference (%) +12% 

Correlation Coefficient .75 

Tertile Distribution 

Equivalent Tertiles(%) 

Opposite Tertiles (X) 

707. 

5% 
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correctly classifies 70 percent of households into equivalent tertiles, 

relative to refuse estimates of total quantity; two households (five 

percent) are grossly miscla6sified. 

Beverages 

Thirteen categories are included under "Beverages" in the 

questionnaire. Categories for "cream (real) in coffee or tea" and 

"milk in coffee or tea" were excluded from comparisons. The category 

labelled "sugar in coffee or tea" was aggregated with "sugar added to 

cereal" and included with other spreads and additives discussed below. 

Non-dairy creamers were also included with spreads and additives. The 

remaining beverage categories are: regular soft drinks; diet soft 

drinks; beer; wine; liquor; regular coffee; decaffeinated coffee; and 

tea (hot or iced). 

Total Quantity Comparisons. Total quantity comparisons between 

the questionnaire and refuse for beverage categories, presented in 

Table 5.56, display substantial differences in predicted directions, 

given expectations for socially desirable responses. However, 

comparisons at the level of mean frequency or quantity for beverages 

display marginally significant differences, at best. Two beverage 

categories, diet soft drinks and tea, are overreported by the 

questionnaire in total quantity comparisons with refuse. Six 

categories are underreported: regular soft drinks, beer, wine, liquor, 

and regular and decaffeinated coffee. 

These results are broadly consistent with expectations for 

"ideal" reporting of dietary habits. Regular (high sugar) soft drinks 



Table 5.56. Beverages—Total Quantity Comparisons between Questionnaire 
and Refuse Estimates of Monthly Household Consumption. 

Total 
Food Quantity Difference Rank Consumers 

Q R Q R Q R 
fl. oz. % N 7. 

Regular Soft Drink 810 1,477 -45 8 6 25 45 

Diet Soft Drink 2,422 762 +218 4 8 45 30 

Beer 1,313 1,751 -25 6 7 36 32 

Wine 1,460 2,842 -49 5 3 . 77 48 

Liquor 1,124 1,868 -40 7 5 55 43 

Regular Coffee 8,869 15,270 -42 2 1 68 61 

Decaffeinated 9,544 12,464 -23 1 2 73 34 
Coffee 

Tea 4,540 2,639 +72 3 4 64 70 
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are underreported; diet 6oft drinks, on the other hand, are 

overreported. All categories of alcohol are underreported by 

respondents; overall, total quantity estimates in the questionnaire are 

AO percent lower than the amount found in refuse. Coffee is also 

underreported in the questionnaire; on the other hand, tea, frequently 

recommended as a coffee substitute, is overreported. Although both 

sub-types of coffee are underreported, consumption of regular coffee i6 

underestimated by the questionnaire to a much larger degree. 

Differences between questionnaire and refuse estimates are 

large enough to affect comparative rankings of beverage categories 

produced by both measures. The two varieties of coffee occupy first 

and second ranks in both lists; however, decaffeinated coffee exchanges 

positions with regular coffee in the ranking produced by the 

questionnaire. Wine, liquor, and regular soft drinks also drop 

significantly in the questionnaire ranking. 

The percentage of consumers of each beverage identified by the 

questionnaire exceeds refuse estimates in six of eight categories. 

This suggests that differences between reports and refuse for this food 

group derive primarily from large underreports by a relatively small 

number of households. Percentages of households identified as 

consumers only in refuse are highest for regular coffee, regular soft 

drinks, and tea. 

Mean Quantity Comparisons. Table 5.57 compares questionnaire 

and refuse estimates for mean monthly household consumption of 

beverages. Using two-tailed tests of mean difference, discrepancies 



Table 5.57. Beverages—Comparison of Mean Monthly Household Consumption 
for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test 

F 
Mean 

Q(g) 
(SD) 

F Q(g) 
Mean (SD) 

F Q 

P 

Regular Soft 
Drinks 

2(5) 18(59) 4(8) 34(6) .20 .20 

Diet Soft 
Drinks 

7(20) 55(133) 2(5) 17(35) .10 .10 

Beer 3(7) 30(57) 4(10) 40(98) .80 .80 

Wine 10(15) 33(56) 20(42) 65(127) .20 .20 

Liquor 18(41) 26(60) 25(55) 42(118) .50 .50 

Regular Coffee 30(39) 202(329) 52(95) 347(732) .20 .50 

Decaffeinated 
Coffee 

37(49) 217(409) 49(82) 283(502) .50 .50 

Tea 18(25) 103(148) 11(14) 60(84) .10 .10 

ro CD 
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between estimates achieve marginal statistical significance only for 

diet soft drinks, tea, and wine. Despite differences, therefore, 

statistical agreement between questionnaire and refuse estimates of 

mean frequency and quantity of beverage consumption is relatively good. 

Correlation Coefficients. On average, correlation coefficients 

between questionnaire and refuse estimates for beverages, displayed in 

Table 5.58, are higher than for all food groups other than dairy 

products. In part, this may be attributable to respondents' greater 

familiarity with measures of quantity for these foods (glasses, cups, 

bottles, or cans). However, variability is high across beverage 

categories. Association between questionnaire and refuse values is 

effectively non-existent for regular and diet soft drinks, and liquor. 

On the other hand, levels of correlation for beer and wine are 

surprisingly high, exceeding .80 for all comparisons. Despite these 

inconsistencies, overall reproducibility of questionnaire and refuse 

results for beverages is high at the household level of comparison. 

Food Group Indices. Measures of agreement for all beverages 

combined are displayed in Table 5.59. At the food group level, 

questionnaire and refuse estimates of mean quantity are statistically 

equivalent. Aggregate levels of correlation for quantity estimates are 

moderate at .55. Inter-household quantity rankings for beverages 

produced by the questionnaire and refuse also compare favorably. 

Seventy percent of households are classified into equivalent tertiles 

by the questionnaire and refuse. MiBclassification into opposite 

tertileB i6 moderate at seven percent. 
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Table 5.58. Beverages--Pearson Correlation Coefficient Values for 
Comparisons between Questionnaire and Refuse Estimates 
of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 

"Frequency Quantity 
r 

Regular Soft Drink .04 .00 

Diet Soft Drink .03 .07 

Beer .85 .81 

Wine .81 .84 

Liquor .40 .34 

Regular Coffee .43 .61 

Decaffeinated Coffee .31 .46 

Tea .76 .79 
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Table 5.59. Beverages—Aggregate Value Comparisons for 
Questionnaire and Refuse Estimates of Monthly 
Household Consumption. 

Comparative Index Beverages 

Mean Quantity (g) 

Questionnaire 683.7 

Refuse 880.0 

T Test (t/p) -1.35(.20) 

Total Quantity (g) 

Questionnaire 5,523 

Refuse 7,314 

Difference (%) -24% 

Correlation Coefficient .55 

Tertile Distribution 

Equivalent Tertiles(/«) 

Opposite Tertiles (%) 

70% 

1% 
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Despite consistent patterns in the over- and underreporting of 

individual categories, overall agreement between questionnaire and 

refuse estimates for beverages i6 good. Mean estimates are equivalent 

at the food group level, and for the majority of individual beverage 

categories. Correlation coefficients, although variable, display high 

levels of association relative to other food groups examined. Finally, 

inter-household rankings display relative agreement. 

Spreads and Other Additives 

A final "food group" was developed from items which did not 

fully fit other conceptual divisions. "Spreadfe and Other Additives" 

contains the following seven food items: margarine (on bread or rolls, 

and added to vegetables); butter (on bread or rolls, and added to 

vegetables); peanut butter or peanuts; salad dressing or mayonnaise; 

sugar (in cereal or beverages); non-dairy creamers; and artificial 

sweeteners. 

Total Quantity Comparisons. Total quantity comparisons between 

questionnaire and refuse estimates for spreads and other additives are 

displayed in Table 5.60. With the exception of margarine, substantial 

differences between results of the two measures are evident for all 

foods. Artificial sweeteners, butter, and peanut butter or peanuts are 

overreported by the questionnaire relative to refuse. Sugar, salad 

dressing or mayonnaise, and non-dairy creamers are strongly 

underreported. 

Differences between estimates are large enough to affect 

comparative rankings of food items within this group. Salad dressing 



I Table 5.60. Spreads and Other Additives—Total Quantity Comparisons between 
; Questionnarie and Refuse Estimates of Monthly Household Consumption. 

i 

Food 
Total 
Quantity Difference Rank Consumers 

OQ
 

R 
% 

Q 
N 

R Q 
% 

R 

Margarine 22,412 21,321 +5 1 2 84 91 

Butter 3,284 1,524 +115 4 6 30 18 

Peanut Butter, 
Peanuts 11,450 6,184 +85 2 5 75 36 

Salad Dressing, 
Mayonnaise 10,455 34,613 -70 3 1 84 75 

Sugar (in Tea 
or Beverages) 1,100 18,636 -94 7 3 9 30 

Non-Dairy Creamer 1,693 9,730 -83 6 4 18 18 

Artificial 
Sweeteners 2,162 576 +275 5 7 30 43 
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or mayonnaise, sugar, and non-dairy creamers are assigned significantly 

lower positions in questionnaire rankings. Peanut butter or peanuts, 

butter, and artificial sweeteners occupy comparably higher positions. 

Comparative percentages of consumers identified by both 

measures follow the direction of over- or underreports of total 

quantity for butter, peanut butter or peanuts, and sugar. Percentages 

of households identified as consumers only in refuse are highest for 

salad dressing or mayonnaise (six of seven non-consumers, or 86 

percent) and margarine (four of six ncn-consumers, or 67 percent). 

Differences between estimates by the two measures for foods in 

this group are probably the result of several factors. "Overreports" 

of peanut butter or peanuts are probably an artifact of the research 

design; households, particularly single-person residences, may discard 

peanut butter containers at rates of less than one per month, 

artificially lowering refuse estimates. The perceived health value or 

fat content of foods in this category may have also influenced 

reporting patterns. Sugar, salad dressing or mayonnaise, and non-dairy 

creamers are overreported to large degrees; artificial sweeteners, on 

the other hand, are underreported. 

Finally, differences may also be attributable to difficulties 

encountered by respondents in quantifying consumption of these foods. 

Additives are residual components of meals, and our level of awareness 

about the eating of these foods may be proportionately lower than for 

primary dishes. Respondents were also asked to quantify consumption of 

these foods in units which may have been unfamiliar to them: "pats" of 
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butter or margarine, or teaspoon and tablespoon quantities of salad 

dressing and other foods. 

Mean Quantity Comparisons. The results of test of mean 

difference for questionnaire and refuse estimates of frequency and 

quantity are presented in Table 5.61. Quantity estimates for sugar, 

salad dressing or mayonnaise, and non-dairy creamers are significantly 

underreported in the questionnaire relative to refuse. Whatever the 

explanation for differences in these estimates, refuse estimates for 

sugar and 6alad dressing or mayonnaise have significant implications 

for the evaluation of self-reported consumption of these foods in 

dietary studies. . On the other side of the distribution, artificial 

sweeteners are overreported to a marginally significant degree. 

Overall, questionnaire and refuse results for spreads and other 

additives are not effectively equivalent at the level of mean frequency 

and quantity comparisons. 

Correlation Coefficients. Table 5.62 presents correlation 

coefficients for frequency and quantity comparisons between the 

questionnaire and refuse for spreads and other additives. Values are 

uniformly low to moderate for both types of comparison. Coefficients 

for margarine, butter, and peanut butter or peanuts (foods for which 

mean comparisons did not exhibit significant differences) do not exceed 

.37 for either frequency or quantity comparisons. Overall 

reproducibility of questionnaire and refuse results is poor at this 

level of analysis. 



Table 5.61. Spreads and Other Additives—Comparison of Mean Monthly 
Household Consumption for Questionnaire and Refuse. 

Food Questionnaire Refuse T Test 

F Q(g) F Q(g) F Q 
Mean (SD) Mean (SD) p 

Margarine 59(70) 

Butter 9(32) 

Peanut Butter, 10(20) 
Peanuts 

Salad Dressing, 17(25) 
Mayonnaise 

Sugar (In Cereal 6(24) 
or Beverage) 

Non-Dairy Creamer 4(10) 

Artificial 16(46) 
Sweeteners 

509(617) 63(54) 484(381) .80 .80 

75(316) 6(21) 35(110) .80 .50 

260(692) 7(11) 141(210) .50 .50 

238(357) 74(119) 787(1078) .001 .001 

25(113) 64(146) 424(846) .01 .001 

38(96) 20(59) 221(603) .10 .05 

49(125) 4(9) 13(27) .10 .10 
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Table 5.62. Spreads and Other Additives--Pearson Correlation 
Coefficient Values for Comparisons between Questionnaire 
and Refuse Estimates of Monthly Household Consumption. 

Food Questionnaire vs. Refuse 

Frequency Quantity 

Margarine .33 .37 

Butter .16 .04 

Peanut Butter, Peanuts .07 .01 

Salad Dressing, .12 .21 
Mayonnaise 

Sugar (In Beverages .49 .52 
or Cereal) 

Non-Dairy Creamer .49 .40 

Artificial Sweetener .15 .19 
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Table 5.63. Speads and Other Additives--Aggregate Value 
Comparisons for Questionnaire and Refuse Estimates 
of Monthly Household Consumption. 

Comparative Index Spreads and Other Additives 

Mean Quantity (g) 

Questionnaire 

Refuse 

T Test (t/p) 

Total Quantity (g) 

Questionnaire 50,919 

Refuse 83,173 

Difference (%) -38% 

Correlation Coefficient .33 

Tertile Distribution 

1,157 

1,890 

-2.44(.02) 

Equivalent Tertiles(%) 

Opposite Tertiles (%) 

55% 

11% 
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Food Group Indices. Summary measures of agreement for all 

spreads and additives combined are displayed in Table 5.63. The 

results of comparisons indicate that questionnaire and refuse results 

are also not equivalent at the food group level. Mean quantity 

estimates for monthly household consumption of this food group are 

significantly different. Overall, the refuse total exceeds 

questionnaire reports by 38 percent. The aggregate level of 

correlation between household totals is also modest at .33. Comparison 

of inter-household rankings for spreads and other additives also 

reveals differences. Fifty-five percent of households are classified 

into equivalent tertiles by the questionnaire. However, 11 percent of 

households are misclassified into opposite tertiles. In some, 

questionnaire and refuse results for spreads and other additives 

display consistent differences at every level of comparison. 

The following chapter summarizes results of these detailed 

comparisons, evaluates alternative explanations for differences between 

the measures, and discusses implications for future applications of 

each measure. 



CHAPTER 6 

CONCLUSIONS AND IMPLICATIONS 

Results of Comparisons 

Tables 6.1 to 6.14 summarize the results of comparisons between 

questionnaire and refuse estimates of consumption at alternative levels 

of analysis. The following sections briefly examine alternative 

explanations for differences between estimates, including the effects 

of social factors, refuse-related behaviors, and the perceived health 

value of foods. Lastly, limitations of the study, and its implications 

for future uses of both measures are discussed. 

Total Quantity Comparisons (Food Group, Food Item). Table 6.1 

compares questionnaire and refuse estimates of total quantity in grams 

for "total intake" (74 food items compared) and each of the 10 food 

group divisions discussed above. Simple comparison at this level 

suggests that quantity estimates for both measures are essentially 

equivalent for total intake and the majority of food groups. Total 

intake estimates are virtually identical; in addition, differences of 

less than 25 percent in total quantity were recorded for six of ten 

food groups: fruits and juices; lunch items; bread and salty snacks; 

breakfast foods; dairy products; and beverages. 
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Table 6.1. Total Quantity Comparisons (All Households) between 
Questionnaire and Refuse Estimates of Monthly Consumption 
at the Food Group Level. 

Food Group Questionnaire 
(g) 

Refuse 
(g) 

Difference 
7o 

^Total Intake 3,071,086 3,076,696 -.002 

Fruits and Juices 686,552 567,194 +21 

Vegetables 347,251 209,953 +65 

Meat, Fish, Poultry 158,647 120,743 +31 

Lunch Items 138,978 113,238 +23 

Bread and Salty 
Snacks 

120,855 116,234 +4 

Breakfast Foods 117,457 142,011 -17 

Sweets 56,001 113,413 -51 

Dairy Products 491,966 438,556 +12 

Beverages 902,460 1,172,181 -23 

Spreads, Additives 50,919 83,173 -39 

174 Food Items 
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Substantial differences between total quantity estimates are 

apparent for four food groups. Vegetables and meat, fish, and poultry 

are "overreported" by substantial margins in the questionnaire relative 

to refuse evidence. The potential for error in refuse estimates of 

vegetable consumption makes it difficult to interpret the results of 

comparisons for this food group; overreports of vegetables may reflect 

the influence of perceived health value, or simply regular use of 

garbage disposals. 

Meats, fish, and poultry do not present the same problem; 

precise estimates of quantity are available on packaging for these 

foods. However, results for this food group do not fit any immediately 

identifiable expectations. Overreports within this food group are 

concentrated in different categories of fish, suggesting that perceived 

health value affected reporting of these foods. However, hamburger is 

also strongly overreported. Moreover, questionnaire and refuse results 

are essentially identical for both beef and chicken, an unexpected 

result. 

Underreports of sweets and spreads and additives are more 

readily interpretable. Sweets are strikingly underreported at every 

level; these results are clearly consistent with expectations for a 

social desirability effect. Underreports within the category for 

spreads and additives are also concentrated in foods with probable 

negative perceived health value: sugar, salad dressing or mayonnaise, 

and non-dairy creamers. An alternative explanation centering on 
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respondents' lower awareness of the amounts of additives eaten cannot, 

however, be excluded given these results. 

Table 6.2 compares rankings of all foods (aligned by their 

relative contribution to total intake) produced by the questionnaire 

and refuse. Rankings permit us to examine relationships between 

reported and material reality at the level of individual food items. 

Substantial agreement between measures is apparent at both extreme ends 

of the distribution. Coffee, milk, and tea occupy primary positions in 

both rankings. Raw spinach, liverwurst, artificial sweeteners, and 

butter are identified as rarely consumed foods in both rankings. 

Important differences are also apparent. Wine, liquor, and 

beer follow rapidly after coffee, milk, and tea in the refuse ranking. 

This relationship does not hold in the questionnaire ranking. Sweets 

rank consistently lower in questionnaire reports than in refuse 

estimates. Sub-types of foods are also reversed in questionnaire and 

refuse rankings in several instances: decaffeinated and regular coffee; 

skim or one percent and two percent milk; white and dark bread; 

vegetable and other soup; and diet and regular Boda. At the food item 

level, therefore, differences between questionnaire and refuse results 

are most consistently explained by variability in perceived health 

value of particular foods. 

Table 6.3 provides additional perspective on differences 

between ideal and material rankings. In it, foods are ranked from 

first to tenth according to the percentage of consumer households 

identified by the questionnaire and refuse. Comparative results from 
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Questionnaire Refuse 

Food 7 Food 

Decaffeinated Coffee 9.32 Regular Coffee 14.90 

Regular Coffee 8.66 Decaffeinated Coffee 12.20 

Skim, 17. Milk 5.87 27 Milk 6.75 

Tea 4.43 Skim, 1% Milk 3.75 

27, Milk 4.03 Wine 2.77 

Cottage Cheese 3.43 Tea 2.57 

^Watermelon 3.23 Potatoes 1.90 

Tomatoes 2.65 Cooked Cereal 1.83 

^Cantaloupe 2.62 Liquor 1.82 

Dark Bread 2.37 White Bread 1.72 

Diet Soft Drinks 2.37 Beer 1.71 

Bananas 2.36 Bananas 1.68 

Apples or Pears 2.22 Other Soups 1.65 

Vegetable Soups 2.21 Chicken, Turkey 1.62 

Potatoes 2.20 Regular Soft Drinks 1.44 

^•Peaches, Apricots (F) 1.88 Tomatoes 1.44 

Other Soup 1.85 Eggs 1.38 

Chicken, Turkey 1.60 Dark Bread 1.37 

Cooked Cereal 1.57 Grapefruit 1.37 

White Bread 1.47 Ice Cream 1.31 

Wine 1.43 Apples, Pears 1.23 

Yogurt 1.41 Pastry 1.16 

Beer 1.28 Dressing, Mayonnaise 1.13 

lln Season 



Table 6.2. (Continued) 

301 

Questionnaire Refuse 

Food % Food % 

Rice 1.20 Vegetable Soup 1.13 

^Strawberries (F) 1.16 Whole Milk 1.07 

Liquor 1.10 Cheese (Exc. Cottage) .93 

Broccoli 1.09 ^Peaches, Apricot6 (C) .83 

Oranges 1.08 Carrots .78 

Eggs 1.07 ^Strawberries (F) .76 

Pastry .98 Diet Soft Drinks .74 

Grapefruit .97 Candy (Exc. Chocolate) .72 

Cheese (Exc. Cottage) .95 Broccoli .69 

Fish (Exc. Tuna) .88 Margarine .69 

Hamburger .82 Ham, Lunch Meats .67 

Regular Soft Drinks .88 ^•Cantaloupe .64 

High Fiber Cereal .76 Sugar .61 

Carrots " .75 Fish (Exc. Tuna) .60 

Margarine .73 Beef .55 

Green Beans .61 Hamburger .52 

Tuna .57 High Fiber Cereal .49 

Peas .56 Oranges .43 

Other Beans .54 Salty Snacks .39 

Beef .50 Corn .37 

Ice Cream .49 Peas .36 

Mixed Vegetables .49 Other Beans .33 

Pork .41 Other Cereal .33 

*In Season 
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Questionnaire Refuse 

Food % Food 7« 

Cauliflower .35 Pies .33 

Peanut Butter, Peanuts .37 Non-Dairy Creamer .32 

Dressing, Mayonnaise .34 ^Watermelon .28 

Whole Milk .33 Bacon .26 

Spinach (Canned) .31 Pork .23 

Peaches, Apricots (C) .30 Peaches, Apricots (C) .22 

Ham, Lunch Meats .29 Sausage .22 

Corn .24 Hot Dogs .21 

Shell Fish .21 Sweet Potatoes, Yams .21 

Sweet Potatoes, Yams .18 Peanut Butter, Peanuts .20 

Liver .17 Tuna .20 

Pies .17 Green Beans .19 

Hot Dogs .15 Mixed Vegetables .18 

Orange Juice .15 Chocolate Candy .16 

Candy (Exc. Chocolate) .15 Rice .15 

Other Cereal .14 Shell Fish .15 

Fortified Cereal .13 Tang, Start .13 

Corn Bread .12 Orange Juice .12 

Butter .11 Fortified Cereals .11 

Spinach (Raw) .11 Other Fruit Juices .10 

Sausage .10 Spinach (Canned) .10 

Artificial Sweeteners .07 Cauliflower .07 

^In Season 
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Questionnaire Refuse 

Food ' % Food % 

Salty Snacks .07 Corn Bread .07 

Non-Dairy Creamers .06 Liver .06 

Bacon .05 Butter .05 

Sugar .04 Spinach (Raw) .05 

Chocolate Candy .03 Liverwurst .03 

Liverwurst .03 Artificial Sweeteners .02 

Tang, Start .002 Strawberries (Frozen) .02 

^In Season 



30h 

Table 6.3. Foods Ranked by Percentage of Consumers From First to 
Tenth (Tied Ranks Included): Questionnaire, Refuse, 
and NHANES II Survey (1976-1980). 

Questionnaire Refuse SHANES II 

Coffee, Tea Coffee, Tea Coffee, Tea 

Potatoes White Bread White Bread 

Dark Bread Eggs Margarine 

Eggs Margarine Whole Milk 

Bananas Chicken, Turkey Pastry 

Tomatoes Pastry Sugar 

Rice Dark Bread Regular Soft Drinks 

Chicken, Turkey Bananas Cheese (Exc. Cottage) 

Broccoli Cheese (Exc. Cott.) Eggs 

Cheese (Exc. Cottage) Tomatoes Dressing, Mayonnaise 

Green String Beans Candy (Exc. Choc.) Ham, Hot Dogs, Lunch 
Meats 

1 Source: Block et al. 1985a. Excludes Green Salads. 
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the NHANES II survey of national diet (1976-1980) are also displayed. 

Not surprisingly, coffee and tea occupy the first position in each 

ranking. Eggs and cheese are also represented in all three rankings. 

More interesting, four vegetable categories (potatoes, rice, broccoli, 

green or string beans) represented in the questionnaire are absent in 

the NHANES II and refuse rankings. Absent from the questionnaire (but 

represented in both NHANES II and refuse rankings) are white bread, 

pastry, and margarine. Again, these results may reflect social 

desirability effects in the reported diets of the study sample. They 

also appear to indicate genuine shifts in dietary behavior may be 

ongoing: dark bread, tomatoes, chicken or turkey, and bananas are near-

universal ly consumed in both questionnaire and refuse estimates for the 

sample, but are absent from the NHANES II rankings. 

Overall, total quantity comparisons between questionnaire and 

refuse results display substantial agreement between food groups and 

between food items. However, important differences were noted between 

results for food groups or items prominently identified with health 

concerns. 

Tests of Mean Difference. Tests of mean difference between 

questionnaire and refuse estimates for mean household frequency and 

quantity of consumption evaluated the statistical equivalence of 

results at the group level. Table 6.4 compares results of mean 

estimates for total intake and all food groups. In general, results of 

comparisons for both frequency and quantity confirm differences noted 

in total quantity comparisons. Mean estimates for total quantity of 



Table 6.4. Total Intake and Food Groups--Mean Frequency and Quantity 
Comparisons between Questionnaire and Refuse Estimates. 

Food Questionnaire Refuse T Test 

Q(g) F Q(g) 
Mean (SD) Mean (SD) 

^Total Intake 719(439) 69,797(38,779) 909(424) 69,925(35,907) .05 ^n.s. 

Fruits and Juices 117(70) 15,603(10,146) 99(89) 12,891(14,131) n. s. n. 8. 

Vegetables 84(72) 7,892(6,513) 54(40) 4,772(3,684) >.01 >.01 

Meats, Fish 
Poultry 

46(48) 3,606(3,291) 31(21) 2,744(1,999) n. s. n.s. 

Lunch Items 16(18) 3,159(3,483) 19(17) 2,574(2,338) n. s. n.s. 

Breads, Salty 
Snacks 

59(45) 2,747(2,255) 75(58) 2,642(1,737) n. s. n. s. 

Breakfast Foods 51(46) 2,669(1,888) 77(77) 3,228(3,027) n. s. n.s. 

Sweets 30(28) 1,273(1,259) 86(69) 2,578(1,759) >.001 >.001 

Dairy Products 67(68) 11,181(11,306) 64(48) 9,967(8,047) n.s. n.s. 

Beverages 126(82) 20,510(14,344) 166(135) 26,641(26,714) n. 8. n. s. 

Spreads, Additives 121(119) 1,157(1,086) 238(222) 1,890(1,695) .01 .02 

174 Food Items 
^n.s. = Not significant using alpha of .05, two-•tailed test of significance. 
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intake are not significantly different. However, mean household 

frequency estimates do not agree at this level; the average number of 

servings (all foods) per household per month reported in the 

questionnaire is significantly lower than refuse estimates. At the 

food group level, mean reported frequency and quantity of vegetables 

consumed are significantly lower. Despite differences in total 

quantity, mean differences between measures for meats, fish, and 

poultry did not achieve statistical significance. 

Table 6.5 highlights the results of mean quantity comparisons 

at the level of individual food items. Mean differences of ten percent 

or less were recorded for a small set of foods: beef, chicken or 

turkey, liverwurst, margarine, and cheese. Despite equivalence at this 

level, however, correlation coefficients between results for each of 

these foods were low to moderate. 

A second set of foods was significantly overreported in the 

questionnaire relative to refuse estimates. Included in this group are 

three items strongly affected by seasonality: cantaloupe, fresh peaches 

or apricots, and watermelon. Differences between estimates for these 

foods are probably attributable to the limited refuse collection 

period. Two other foods - liver, and frozen or canned strawberries -

are rarely consumed items in rankings produced by both measures. 

Remaining items - apples or pears, cottage cheese, dark bread, tuna, 

and vegetable soup - may reflect "true" overreports influenced by 

perceived health value. Social desirability effects appear to have 

strongly influenced underreporting of foods at this level. With the 



Table 6.5. Mean Quantity Comparisons between Questionnaire and 
Refuse Estimates at the Food Level--Food6 for which Estimates 
Differed by Less than 10 percent, and Foods Significantly Over-
and Underreported in the Questionnaire Relative to Refuse. 

+/- 10 Percent 
or Less 

Significantly 
Overreported 

Significantly 
Underreported 

Beef Apples or Pears Bacon 

Chicken or Turkey Cantaloupe (in Season) Chocolate Candy 

Liverwurst Cottage Cheese Ham, Lunch Meat 

Margarine Dark Bread Ice Cream 

Cheese (Except 
Cottage) 

Peaches, Apricots 
(Fresh, in Season) 

Candy (Except 
Chocolate) 

Strawberries (Frozen 
or Canned) 

Other Cold Cereal 

Tuna Other Fruit Juices 

Vegetable Soup Salad Dressing, 
Mayonnaise 

Watermelon 
(In Season) 

Salty Snacks 

Sugar 
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exception of fruit juices (other than orange) all foods listed are 

commonly identified with health risk or high fat content. 

Agreement between measures at the level of mean quantity or 

frequency of consumption is critical for epidemiological inference. 

Overall agreement between questionnaire and refuse mean estimates is 

good for total intake, food groups, and food items. However, important 

differences persist, particularly for foods residing on the negative 

end of the health value continuum. 

Correlation Coefficients. Pearson product-moment correlation 

coefficients provided an index of linear association between 

questionnaire and refuse results at the level of individual households. 

Table 6.6 presents correlation coefficients for comparisons between 

questionnaire and refuse estimates of frequency and quantity for total 

intake and all food groups. Association between results i6 relatively 

strong at the level of total intake. However, within food groups 

comparable levels of association are present only for dairy products. 

Positive values are recorded for all food groups (relatively rare when 

fully independent measures of diet are compared), but no value exceeds 

.75. Thus, agreement between questionnaire and refuse results 

effectively ends at this level of analysis. 

Table 6.7 ranks all foods according to the value of the 

correlation coefficient for comparisons between quantity estimates. 

Consistent patterns of high or low association are not apparent at this 

level of analysis. Variability in scores is high across foods within 

particular food groups. Overall, beverages achieve the highest 
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Table 6.6. Pearson Correlation Coefficient Values for 
Comparisons between Questionnaire and Refuse Estimates of 
Monthly Household Consumption at the Food Group Level. 

Food Group Questionnaire vs. Refuse 

Frequency 
r 

Quantity 

^Total Intake .65 .72 

Fruits and Juices .48 .39 

Vegetables .24 .35 

Meat, Fish, Poultry .23 .42 

Lunch Items .60 .42 

Breads, Snacks .24 .49 

Breakfast Foods .29 .10 

Sweets .15 

C
M

 

Dairy Products .66 .75 

Beverages .44 .55 

Spreads, Additives 00
 

.33 

I74 Food Items 
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Table 6.7. Reproducibility of Questionnaire Reports in 
Relation to Refuse Estimates of Diet: Seventy-Four Food 
Item Categories Ranked by Value of Pearson's 
Correlation Coefficient (Quantity Comparsions). 

Food r Food Group 

Pork (Chops, Roasts) .85 Meat, Fish, Poultry 

Wine .84 Beverages 

Apples .81 Fruits and Juices 

Beer .81 Beverages 

27« Milk .79 Dairy Products 

Tea .79 Beverages 

Tomatoes, Juice .77 Vegetables 

Cottage Cheese .74 Dairy Products 

Orange Juice .72 Fruits and Juices 

Oranges .65 Fruits and Juices 

Yogurt .65 Dairy Products 

Spinach (Canned) .63 Vegetables 

Bananas .62 Fruits and Juices 

Sausage .62 Breakfast Foods 

Regular Coffee .61 Beverages 

Bacon .57 Breakfast Foods 

Mixed Vegetables .55 Vegetables 

Sweet Potatoes .55 Vegetables 

Cheese .53 Dairy Products 

Sugar .52 Additives 

Skim, 1% Milk .50 Dairy Products 

Hot Dogs .49 Lunch Items 

Potatoes .49 Vegetables 

Eggs .47 Breakfast Foods 

Decaffeinated Coffee .46 Beverages 
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Table 6.7. (Continued) 

Food r Food Group 

Fish .46 Meat, Fish, Poultry 

High Fiber Cereal .43 Breakfast Foods 

Beef (Steak, Roast) .41 Meat, Fish, Poultry 

Pastry .41 Sweets 

Non-Dairy Creamer .40 Additives 

White Bread .39 Breads and Snacks 

Dark Bread .38 Breads and Snacks 

Margarine .37 Additives 

Ice Cream .35 Sweets 

Peaches, Apricots (C) .35 Fruits and Juices 

Liquor .34 Beverages 

Ham, Lunch Meats .33 Lunch Items 

Cantaloupe (In Season) .32 Fruits and Juices 

Strawberries (F/C) .30 Fruits and Juices 

Chocolate .28 Sweets 

Chicken or Turkey .27 Meat, Fish, Poultry 

Beans .26 Vegetables 

Strawberries (Fresh) .26 Fruits and Juices 

Peas .25 Vegetables 

Hamburger .24 Meat, Fish, Poultry 

Other Cold Cereal .24 Breakfast Foods 

Rice .23 • Vegetables 

Shell Fish .23 Meat, Fish, Poultry 

Corn .22 Vegetables 
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Table 6.7. (Continued) 

Food r Food Group 

Carrots .21 Vegetables 

Salad Dressing, Mayonnaise .21 Additives 

Liver .20 Meat, Fish, Poultry 

Soup (Non-Vegetable) .20 Lunch Items 

Artificial Sweeteners .19 Additives 

Fortified Cereal . 17 Breakfast Foods 

Spinach (Raw) .16 Vegetables 

Cooked Cereal .14 Breakfast Foods 

Green Beans .11 Vegetables 

Corn Bread .10 Breads and Snacks 

Peaches, Apricots (F) . 10 Fruits and Juices 

Broccoli 

00 o
 Vegetables 

Cauliflower .08 Vegetables 

Soup (Vegetable) .08 Lunch Items 

Pies .07 Sweets 

Diet Soft Drinks .07 Beverages 

Butter .04 Additives 

Whole Milk .03 Dairy Products 

Chips, Popcorn .02 Bread and Snacks 

Tuna .02 Meat, Fish, Poultry 

Peanut Butter, Peanuts .01 Additives 

Regular Soft Drinks 

o
 
o
 Beverages 

Candy (Exc. Chocolate) 

H
 
0
 

1 Sweets 

Liverwurst -.03 Lunch Items 

Watermelon (In Season) -.05 Fruits and Juices 
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correlation levels (wine, beer, two percent milk, tea, orange juice, 

regular coffee), probably reflecting respondents' familiarity with 

units of quantity for these items. However, variability is high even 

within this group; association between questionnaire and refuse scores 

for soft drinks and whole milk are negligible. Expectations for social 

desirability effects are not consistently evident at this level of 

analysis. 

Association between the questionnaire and refuse, as measured 

by the correlation coefficient, was weaker than for other levels of 

comparison. Despite relatively high values for total intake, dairy 

products, and some food items, overall reproducibility of results was 

moderate. 

Household Rankings by Quantity. Relative rankings of 

households provided a final index of "effective" agreement between the 

questionnaire and refuse. Table 6.8 displays the results of 

comparisons of tertile distributions of households produced by the 

questionnaire and refuse for total intake and ten food groups. Overall 

agreement between results of the two measures at this level is very 

good. In total intake comparisons, 57 percent of households were 

classified into equivalent tertiles by both methods. Incidence of 

classification into opposite tertiles was minimal at seven percent. 

Similar levels of agreement are evident for most food groups. 

Surprisingly, agreement was lowest for breakfast foods; the percentage 

of households classified into equivalent tertiles was low at 48 

percent, and 20 percent of households were classified into opposite 
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Table 6.8. Comparison of Inter-Household Rankings Produced by the 
Questionnaire and Refuse at the Food Group Level. 

Food Group Equivalent 
Tertiles 

7. 

Opposite 
Tertiles 

^Total Intake 51% 77. 

Fruits and Juices 597. 57. 

Vegetables 527, 117. 

Meat, Fish, Poultry 557c 57. 

Lunch Items 707. 97. 

Breads, Snacks 597. 117. 

Breakfast Foods 487. 207. 

Sweets 557. 97. 

Dairy Products 707. 57. 

Beverages 707. 77. 

Spreads, Additives 557. 117. 

1 74 Food Items 
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tertiles by the two methods. Levels of misclas6ification declined 

slightly when comparison was limited to cereals only. Vegetables, 

sweets, and spreads or additives also displayed lower levels of 

agreement between household rankings. 

In comparisons at alternative levels of analysis, the results 

of the questionnaire and refuse analysis displayed overall agreement at 

three levels: total quantity, mean household quantity, and inter-

household rankings by quantity. Low to moderate levels of association 

between results was evident in correlational analyses. Agreement was 

strongest at the level of "total intake" (74 food items aggregated). 

The results of total quantity and mean comparisons at this level 

differed only marginal ly. Comparisons at the food group level also 

displayed substantial agreement; results for vegetables, sweets, and 

spreads or additives were significantly different, however. 

Comparisons at the level of individual food items were more variable, 

and in some cases appeared to be significantly influenced by social 

desirability effects rooted in perceived health value. Before 

concluding, however, we must briefly examine the effects of other 

factors on comparisons between the measures. 

Social Factors 

Studies have variously identified the respondent's sex, age, 

education, and marital status as factors in the ability to report 

dietary habits accurately (see Chapter 2). The significance of these 

factors can only be explored in limited ways in the present study, 
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given the specialized nature of the sample. An estimate of "percentage 

difference" between questionnaire and refuse results was derived for 

each household at the level of total intake by subtracting reported 

intake from refuse intake and dividing the difference by the refuse 

value. The resulting percentage constituted a household level estimate 

of the relative accuracy of reported total intake. Table 6.9 

summarizes results of tests of the significance of social factors for 

the accuracy of questionnaire reports, using this value as the 

dependent variable. Each topic will be briefly discussed. 

Sex of Respondent. The household level of analysis required by 

refuse analysis restricts comparisons of results by sex of respondent 

to single person households. Unfortunately, only four males resided in 

single-person households in the sample. Nevertheless, mean levels of 

"percentage difference" were calculated for male and female (29 

subjects) respondents living in single-person households. Male 

respondents did report their diets with significantly less accuracy 

relative to refuse than did females. However, given the differential 

sample size for this comparison, generalization from these results is 

very difficult. 

Household Size. Household size (a proxy measure of marital 

status in the present study) was correlated with percentage difference 

between questionnaire and refuse results. The resulting correlation 

value, -.02, suggested that respondents living in single-person 

households were marginally les6 accurate than members of two-person 

households. 
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Table 6.9. Relationship between Selected Social Factors and 
Percent Difference between Questionnaire and Refuse 
Estimates of Household Total Intake. 

Index Values 

Mean Difference (Percent Difference) 

Sex (Single Person Housholds Only) 

Male: .476 

Female: .375 

^Significance .025 

Correlation 

Household Size with Percent Difference -.02 

2Age with Percent Difference .04 

^Years of Education with Percent Difference .36 

^•One-tailed t Test 
^Midpoint values were used for two-person households. 
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Table 6.10 presents summary Indices of agreement or association 

between the questionnaire and refuse results for total intake for 

single-person households only. Overall agreement at the levels of 

total and mean quantity is only marginally less than equivalent values 

for the total sample. Mean estimates of monthly frequency (all foods) 

are significantly different; again, however, this result is effectively 

equivalent to values derived for the total sample. The effect of 

residence in single-person households on accuracy of reported diet is 

therefore relatively modest. 

Age of Respondent. Increasing age is associated with lower 

levels of accuracy in reported diet in some studies. Other studies 

have not replicated these results, however. Increasing age was 

correlated with percentage difference for questionnaire and refuse 

results for the present study. The resulting correlation coefficient, 

.04, indicates a slight but effectively insignificant effect of age on 

the accuracy of reported diet within the limited age distribution (55-

85) represented in the present study. 

Years Education of Respondent. The numbers of years of 

schooling reported by subjects was also correlated with percentage 

difference between reported and refuse estimates of diet. 

Surprisingly, positive association of .36 resulted, indicating that 

levels of inaccuracy increased with increasing education. However, 

this result still accounts for less than 13 percent of total variance 

in the dependent variable. Thus, the effect, if it exists, is 

negligible. 
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Table 6.10. Single Person Households Only—Comparison of 
Questionnaire and Refuse Estimates of Total 
Household Intake (74 Food Items). 

Index Single Person Household 

Total Quantity in Grams 

Questionnaire 

Refuse 

1,843,722 

1,953,264 

Mean Household Quantity (SD) in Grams 

Questionnaire 

Refuse 

t(p) 

55,870(26,410) 

59,190(26,670) 

-.59(n.s.) 

Mean Household Frequency 

Questionnaire 

Refuse 

t(p) 

556(228) 

762(238) 

-4.16O.001) 

Correlation Coefficient 
(Questionnaire vs. Refuse) 

Frequency 

Quantity 

- . 0 1  

.34 
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Two other factors of potential significance, ethnicity and 

income, cannot be evaluated within the present study. Both the sample 

and the community from which it was drawn are ethnically homogeneous. 

The request for household income received high levels of non-response, 

effectively precluding analysis of potential effects of thi6 factor on 

reported diet. 

Refuse-Related Behaviors 

The value of the present study was also predicated on effective 

control or measurement of several behaviors recognized as potential 

sources of error in refuse estimates of diet. These behaviors were 

queried before and after completion of refuse procedures, in order to 

identify households where measurement problems might arise. During 

analysis, potential effects of these behaviors were evaluated through 

tests of mean difference and correlational analysis. Table 6.11 

presents the results of these tests for four refuse-related behaviors: 

visitors, consumption outside the home, recycling, and pet ownership. 

. Visitors. Visitors who consume food in the homes of 

respondents will artificially inflate refuse estimates. Mean values 

for total quantity (all foods) produced by the questionnaire and refuse 

were compared for households which reported overnight visitors. The 

mean refuse estimate for these households exceeds questionnaire results 

by 12 percent; however, the results are not significantly different. 

Two other indices of the effects of visitors were also 

calculated. The total number of meals with guests (including overnight 

and casual visitors) retrospectively reported by subjects was 
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Table 6.11. Effects of Refuse-Related Behaviors (Excluding Garbage 
Disposals) on Differences between Questionnaire and 
Refuse Results at the Levels of Total Intake and 
Selected Food Groups. 

Refuse-Related Behavior Mean 
Quantity 

P Correlation 
Coefficient 

Visitors 

Households with Visitors (Q) 73,173 
n. 6. 

Households with Visitors (R) 83,601 

N of Guest Meals vs. 
Percent Difference .07 

N of Visitor Days vs. 
Percent Difference .05 

Consumption Outside the Home 

N of Meals Outside the Home vs. 
Percent Difference .12 

Recycling 

Households Recycling 
Beverages (Q) 20,760 

Households Recycling 
Beverages (R) 36,090 

Pets 

.025 

Pet Owners (Q) 4,734 
n.s. 

Pet Owners (R) 3,799 
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correlated with the percentage difference between questionnaire and 

refuse results. Second, the total number of "visitor days" (days 

during which overnight visitors were present) was correlated with the 

percentage difference between results of the two methods. Both tests 

yielded slight but insignificant levels of association (.07 for meals 

with guests, .05 for visitor days) between the presence of visitors and 

differences between the measures. These results indicate that 

consumption by visitors did not significantly affect refuse estimates 

in the present 6tudy. 

Consumption Outside the Home. Eating of meals outside the home 

can artificially reduce refuse-based estimates of consumption. In 

order to evaluate the significance of this factor in the present study, 

the number of meals reported eaten outside the home during the study 

period by respondents was correlated with the percentage difference 

between questionnaire and refuse results. This test yielded a 

correlation coefficient of .12; thi6 value, although positive, 

indicates that this factor accounted for less than two percent of the 

deviation between questionnaire and refuse results in the present 

study. 

Recycling. Recycling of diet-related products can result in 

invalid estimates of consumption. Twelve households reported recycling 

aluminum cans or glass bottles during the study period. The 

significance of this activity was evaluated by comparing mean 

questionnaire and refuse values for beverage consumption for these 

households. Surprisingly, the mean refuse estimate for these 



32 b 

households was significantly higher than results from the 

questionnaire. This difference is in the opposite direction from that 

predicted by a "recycling effect". It appears, therefore, that 

recycling behavior did not reduce beverage estimates in the present 

study. 

Pet Ownership. Feeding of meat fat or other foods to pets can 

reduce refuse estimates of household consumption in some instances. 

Ten households in the sample reported owning dogs or cats. Mean 

household quantity estimates produced by the questionnaire and refuse 

for meat consumption were compared. The mean refuse estimate (3,799 

grams) is substantially lower than the questionnaire mean (A,734 

grams); however, the results are not significantly different, and in 

fact replicate the direction of differences between results for meats 

in the total sample. These results Buggest that pets did not make a 

significant contribution to this difference. 

Garbage Disposals. Potential effects of garbage disposals on 

refuse estimates were evaluated on several levels. Table 6.12 presents 

the results of these tests. Fourteen households reported regular use 

of garbage disposals during the study period. Mean quantity values 

produced by the questionnaire and refuse for these households were 

compared at four levelsi total intake, vegetables, fruits and juices, 

and meats, fish and poultry. Mean total intake derived from refuse for 

these households was slightly lower than the mean value in the 

questionnaire. However, the difference was not significant. 

Differences were similarly non-significant for comparisons of mean 
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Table 6.12. Effects of Regular Garbage Disposal Use on Differences 
between Questionnaire and Refuse Estimatee of Household 
Consumption. 

Refuse-Related Behavior Mean 
Quantity 

P Correlation 
Coefficient 

Garbage Disposal 

Regular Users (All Foods) 

Questionnaire 76,415 

Refuse 75,156 
n. s. 

Regular Users (Vegetables) 

Questionnaire 

Refuse 

8,254 

4,538 
.05 

Regular User6 (Fruits) 

Questionnaire 15,527 

Refuse 19,716 
n. s. 

Regular Users (Meats) 

Questionnaire 3,572 

Refuse 2,353 
n. s. 

Regular Disposal Use vs. 
Percent Difference (All Foods ) .26 
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refuse and questionnaire estimates for fruits and meats. However, the 

mean refuse estimate for vegetables was significantly lower than the 

questionnaire value, indicating that use of disposals differentially 

affected refuse estimates for consumption of this food group. Reported 

levels of disposal use were also correlated with the percentage 

difference between questionnaire and refuse results for total intake 

for each household, yielding a correlation coefficient of .26. 

These results suggest that, with the exception of fresh 

vegetables, error in refuse estimates attributable to refuse-related 

behaviors was minimal. Visitors, consumption outside the home, 

recycling, and pet ownership did not significantly contribute to 

differences between refuse and questionnaire values. Significant 

effects of garbage disposal use appear to have been limited to 

estimates for vegetables. Therefore, primary factors underlying 

differences between the measures are probably to be found elsewhere. 

Health Value and Reported Diet 

The most consistent explanation for significant differences 

between questionnaire and refuse results in the present study is 

offered by differences in the perceived health value of particular 

foods. That is, consumption of foods associated with health risk or 

high fat content tends to be significantly underreported. To a lesser 

degree, consumption of foods associated with health benefits tends to 

be overreported. Jackson and Beaglehole (1985) have suggested that 

underreporting of smoking behavior has increased with the increasing 
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recognition of health risks associated with the habit. The results 

reported here suggest that similar social desirability effects may 

develop in reported dietary behavior. 

Clearly, many factors have contributed to differences between 

the questionnaire and refuse results. Several alternatives have been 

suggested during the course of the discussion: seasonality, 

differential familiarity with particular units of quantity, regular use 

of garbage disposals, and differential levels of awareness of 

particular meal components. Moreover, results for several food items 

(e.g., hamburger, pork) are not consistent with expectations for a 

health value effect. 

Nevertheless, suggestive evidence for the health value 

hypothesis occurs at multiple levels of comparison. At the food group 

level, sweets and spreads or additives are significantly underreported 

in the questionnaire relative to refuse. Vegetables are significantly 

overreported; however, uncertainty about the validity of refuse 

estimates for this food group precludes their consideration. At the 

level of individual food items, foods underreported by substantial 

margins are consistently associated with negative health value or high 

fat content (Table 6.13). The effect is less apparent at the opposite 

end of the reporting continuum (Table 6.14). 

Perhaps the most interesting evidence appears in comparisons 

between sub-types of foods with variable perceived health value. Table 

6.15 examines the relationship between health value and reported 

consumption within sub-types of seven foods. Mean monthly household 



Table 6.13. Total Quantity Comparisons—Foods Underreported by 
Questionnaire (Relative to Refuse) by more than 
50 Percent. 
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Food 7» Underreported 

Sugar 

Tang, Start Breakfast Drinks 

Non-Dairy Creamer 

Chips/Popcorn 

Candy (Non-Chocolate) 

Bacon 

Chocolate Candy 

Salad Dressing, Mayonnaise 

Whole Milk 

Ice Cream 

Ham, Other Lunch Meats 

Cold Cereal (Except High Fiber 

or Fortified) 

Sausage 

94 

88 

83 

81 

80 

80 

79 

70 

69 

63 

57 

57 

56 



Table 6.14. Total Quantity Comparisons—Foods Overreported 
by Questionnaire Relative to Refuse by More 
than 50 Percent (Excludes Fruits and Vegetables). 

Food % Overreported 

Cottage Cheese 311 

Artificial Sweeteners 275 

Diet Soft Drinks 218 

Liver 200 

Tuna 184 

Butter 115 

Vegetable Soup 94 

Peanut Butter, Peanuts 85 

Pork (Chops, Roasts) 83 

Corn Bread 79 

Tea 72 

Hamburger 57 

Skim, 1% Milk 57 

High Fiber Cereal 55 

Yogurt 51 

u> 
fo 
\o 



330 

Table 6.15. Comparisons between Foods with Subtypes with 
Variable Perceived Health Value. 

Food Group Mean (Q) Mean (R) Over (%) Under (%) 
(grams) (grams) 

Cereals 

High Fiber 531 341 55 
Highly Fortified 91 76 21 
Other Cold Cereal 98 230 — 57 

Milk 

Skim, 1% 4,099 2,619 57 
2% 2,811 4,717 — 69 
Whole 233 750 — 69 

Bread 

Dark 1,657 1,120 48 
White 954 1,200 — 21 

Coffee 

Decaffeinated 6,510 8,490 -- 23 
Regular 6,060 10,410 -- 42 

Soft Drinks 

Diet 1,650 510 218 
Regular 540 1,020 — 45 

Soups 

Vegetable 1,542 793 94 
Meat 1,291 1,154 12 
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Food Group Mean (Q) 
(grams) 

Mean (R) Over (%) Under (%) 
(grams) 

Spreads 

Margarine 
Butter 

509 
75 

484 
35 

5 
115 
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diet at the food item level. Relatively comprehensive measures of 

usual diet can be obtained using refuse analysis. Estimates for foods 

not included in the present study can be obtained by extending standard 

recording procedures. With the exception of garbage disposals, sources 

of bias in refuse evidence did not contribute significantly to 

differences between results in the present study. 

Limitations of the technique in this study are traceable to the 

relatively brief data collection period. Effective refuse-based 

measures of usual diet for 6ome foods must incorporate design features 

to capture seasonal variation and rarely discarded items. Extending 

data collection periods to intervals longer than six weeks is the most 

effective response to this problem. 

The most important limitation of the study is inherent in the 

overall research design. Household refuse analysis provides us with a 

unique perspective on behavior which has both immediate practical 

significance for dietary studies, and general theoretical implications 

for our understanding of differences between ideal and actual behavior. 

Extension of the conclusions of this study depends, however, upon 

integration of material and survey measures of diet with precise 

measures of individuals' food level perceptions. The findings 

presented here provide the methodological basis for future 

comprehensive Btudy of relationships between these levels of 

observation in dietary research. 
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quantities determined by the questionnaire and refuse are displayed in 

columns one and two; columns three and four report the percentage over-

or underreported by the questionnaire relative to refuse. A consistent 

pattern is apparent across four food categories. Sub-types within 

foods which are high in perceived health or "slimming" value (high 

fiber or fortified cereals, skim or one percent milk, dark bread, diet 

soda) are overreported relative to refuse evidence. Sub-types with low 

perceived health value are underreported (fiber poor cereal, whole 

milk, white bread, regular soda). 

This relationship is also evident, to a lesser degree, for sub

types of soups. Vegetable and meat soups are both overreported 

relative to refuse; however, vegetable soup is overreported to a 

substantially larger degree, and the quantitative ranking between the 

two sub-types is reversed in refuse. Both decaffeinated and regular 

coffee are also underreported in the questionnaire; however, 

decaffeinated coffee is underreported to a smaller degree, and the 

quantitative ranking between the two foods is again reversed in refuse. 

Similar reporting patterns are not apparent in comparisons between 

butter and margarine. 

Results of comparisons at this level are particularly 

compelling because of their specificity. Refuse analysis may measure 

some food groups or foods with differential accuracy. However, 

differential accuracy in the measurement of sub-types of particular 

foods is unlikely. 
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Thi6 interpretation is suggestive, rather than conclusive. The 

hypothesis was not anticipated prior to the study, and effective 

attitudinal measures of perceived health value or risk for individual 

food items were not included in the final research design. Clearly, 

future research much include triangular designs which incorporate 

complementary measures of dietary attitudes, reported eating behavior, 

and material correlates of dietary behavior. 

Implications 

Health Habits and History Questionnaire. Agreement between 

questionnaire and refuse results was generally excellent at aggregate 

levels of measurement. Quantitative estimates for mean total intake of 

seven food groups displayed no significant differences between 

measures. Estimates for mean household intakes of the majority of 

foods were also effectively equivalent. Tertile distributions of 

households produced by each measure were substantially similar. These 

results indicate that the questionnaire can effectively monitor usual 

diet at the population level. 

In general, levels of agreement between measures were very 

high, relative to other examples in which survey techniques have been 

compared to fully independent measures of diet (Willett et al. 1983; 

Hyman et al. 1982; and Abramson et al. 1963). Comparability was also 

high relative to many validations of frequency measures using record 

techniques as a reference (cf. Chapter 2). Again, these results 

suggest that the continuous measure of usual diet provided by refuse 
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analysis is the appropriate measurement interval for comparisons with 

frequency instruments. 

Despite these positive results, the study also highlighted 

significant limitations of the questionnaire. Associations between 

values at the level of individual households were substantially lower 

throughout than at other levels of measurement. In general, agreement 

at the level of individual food items was also lower at all levels of 

analysis than agreement between results at the levels of aggregated 

intake or food group. At the perceptual level represented by 

individual food items, respondents did not effectively estimate their 

usual diet6 for many foods. 

Most important, significant differences in the direction of 

reported intake relative to refuse suggested that social desirability 

effects may have influenced questionnaire results for many foods 

identified with health benefit or risk. Evidence consistent with this 

hypothesis occurred at the levels of food group, food items within 

groups, and sub-types of particular foods. Significant differences in 

predicted directions are not consistent across all foods; results 

suggest that social desirability effects are strongest on the negative 

end of the health value axis. However, in many cases, the foods most 

important to measure may be the most poorly reported in dietary 

surveys. 

Refuse Analysis. Thi6 limited study clearly demonstrates the 

potential significance of refuse analysis for dietary studies. The 

technique can serve as an effective independent measure of usual 
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household level dietary consumption. Its status as a material measure 

of behavior also makes it uniquely valuable as a contrast for reported 

diet at the food item level. Relatively comprehensive measures of 

usual diet can be obtained using refuse analysis. Estimates for foods 

not included in the present study can be obtained by extending standard 

recording procedures. With the exception of garbage disposals, sources 

of bias in refuse evidence did not contribute significantly to 

differences between results in the present study. 

Limitations of the technique in this study are traceable to the 

relatively brief data collection period. Effective refuse-based 

measures of usual diet for some foods must incorporate design features 

to capture seasonal variation and rarely discarded items. Extending 

data collection periods to intervals longer than six weeks is the most 

effective response to this problem. 

The most important limitation of the study is inherent in the 

overall research design. Household refuse analysis provides us with a 

unique perspective on behavior which has both immediate practical 

significance for dietary studies, and general theoretical implications 

for our understanding of differences between ideal and actual behavior. 

Extension of the conclusions of this study depends, however, upon 

integration of material and survey measures of diet with precise 

measures of individuals' food level perceptions. The findings 

presented here provide the methodological basis for future 

comprehensive study of relationships between these levels of 

observation in dietary research. 
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Medium 
Serving 

Your 
Serving 

SUe 

FRUITS & JUICES S M t 
Apples, applesauce, pears (1) or'/!? cup 

Bananas (1) medium 

Peaches, apneots (canned or frozen, whole year} (Dor V?cup 

Peaches apneots. nectarines (fresh, in season) (1) medium 

Cantaloupe (in season) V« medium 

Cantaloupe (out of season) !/« medium 

Watermelon (in season) 1 slice 

Strawberries (frozen or canned, whole year) '/? cup 

Strawberries (fresh, in season) i/2 cup 

Changes 1 medium 

Orange juice 6 02. glass 

Grapefruit, grapefruit juice (V2) or 6 oz 

Tang. Start breakfast drinks 6 oz glass 

Other fruit juices, fortified fruit drinks 6 oz glass 

Any other fruit, including bemes. fruit cocktail l/2 cup 

Most frequent other fruit or juice"5 

VEGETABLES s M L 

String beans, green beans V2 cup 

Peas l/2 cup 

Other beans such as baked beans, pintos. kidney beans, limas 3/» cup 

Corn '/? cup 

Mixed vegetables '/? cup 

Winter squash, baked squash l/2 cup 

Tomatoes, tomato juice (1) or 6 02. 

Red chil>es. powdered /crushed. sauces-exclude picante. taco sauce 2Tblsp sauce 

Broccoli V2 cup 

Cauliflower or brussel sprouts 1/2 cup 

Spinach (raw) 3/« cup 

Spinach (cooked) »/2 CUp 

Mustard greens, turnip greens, collards V2 cup 

Cole slaw, cabbage, sauerkraut V2 cup 

Canots. or peas and carrots Vt cup 

Green salad 1 med bowl 

French fries and fried potatoes 3/4 cup 
Sweet potatoes, yams V2 cup 

Other potatoes, including boiled, baked, potato salad (1) or l/2 cup 

Rice 3/4 cup 

Any other vegetable, including cooked onions, summer squash V2 cup 

Most frequent other veqetable? 

Butter, margarine or other fat added to vegetables 2 pats 

MEAT, FISH & POULTRY s M L 

Hamburgers, cheeseburgers, meat loaf 1 medium 

Beef—steaks, roasts 4 02. 

Beef stew or pot pie with canots. other vegetables 1 cup 
LJver, including chicken livers 4oz 

Pork, including chops, roosts 2 chops or 4 02. 

Fried chicken 2 sm or 1 Ig piece 

Chicken or turkey, roasted, stewed or broiled 2sm or 1 Ig piece 

Fried fish or fish sandwich 4 02 or 1 sand 

Tuna fish, tuna salad, tuna casserole V2 cup 

Shell fish (shrimp, lobster, crab, oysters, etc.) (5)'/«cup or 3 02 

Other fish, broiled, baked 2 pieces 

I 
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Medium 
Serving 

Your 
Serving 
5Ue 

MIXED DISHES/LUNCH ITEMS S M L 

Spaghetti lasagna. other pasta with tomato sauce 1 cup 

Pizza 2 slices 

Mixed dishes with cheese (such as macaroni and cheese) 1 cup 

Liverwurst 2 slices 

Hot dogs 2 doqs 

Ham. lunch meats 2 slices 

Vegetable soup, vegetable beef, minestrone, tomato soup 1 medium bowl 

Other soups 1 medium bowl 

BREADS /SALTY SNACKS /SPREADS s M L 

White bread, rolls, crackers, (including sandwiches) 2 slices. 3 crack 

Dark bread, incl. whole wheat, rye. pumpernickel 2 slices 

Corn bread, com muffins, corn tortillas 1 medium piece 

Salty snacks (such as chips, popcorn) ] handful 

Peanuts, peanut butter 2*n>lsp 

Butter on bread or rolls 2 pats 

Marganne on bread or rolls 2 pats 

Salad dressing, mayonnaise (including on sandwiches) 3 Tblsp 

Gravies made with meat drippings, or white sauce 2 Tblsp 

BREAKFAST FOODS s M L 

High fiber, bran or granola cereals, shredded wheat 1 med bowl 

Highly fortified cereals, such as Special K. Total 1 med bowl 

Olher cold cereals, such as Corn Flakes. Rice Krispies 1 med bowl 

Cooked cereals 1 med bowl 

Sugar added to cereal 2 teaspn. 

Eggs 2 eggs 

Bacon 2 slices 

Sausage 2 patties or links 

SWEETS s M L 
Ice cream 1 scoop 

Doughnuts, cookies, cake, pastry 1 pee or 3 cook 

Pumpkin pie. sweet potato pie i med slice 

Other pies 1 med. slice 

Chocolate candy small bar. 1 oz 

Other candy, jelly, honey, brown sugar 3pce.or 1 Tblsp 

DAIRY PRODUCTS s M L 

Cottage cheese »/2 cup 

Other cheeses and cheese spreads 2 slice or 2 oz 

Flavored yogurt 1 cup 

Whole milk and beverages with whole milk 8 02 glass 

2% milk and beverages with 2% milk 8oz glass 

Skim milk. 1 % milk or buttermilk 8 oz glass 

BEVERAGES s M L 

Regular soft drinks 12 oz can or bottle 

Diet soft drinks 12 oz can or bottle 

Beer 12 02.can or bottle 

Wine 1 med. glass 

Liquor 1 shot 

Decaffeinated coffee 1 med cup 

Coffee, not decaffeinated 1 med cup 

Tea (hot or iced) 1 med. cup 

Non-dairy creamer in coffee or tea 1 Tblsp 

Milk in coffee or tea 1 Tblsp. 
Cream (real) in coffee or tea 1 Tblsp 
Sugar in coffee or tea 2 teaspn. 

Artificial sweetener in coffee or tea 1 packet 
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Garbage Item Code List 

BEEF* 001 FROZEN VEGETABLES* . 043 
OTHER MEAT (not bacon). . 002 POTATO PEEL* 
CHICKEN 003 FRESH FRUIT* 
OTHER POULTRY 004 CANNED FRUIT 
FISH (fresh, frozen (dehydrated also)* . 046 
canned, dried)* .... 005 FROZEN FRUIT* 

CRUSTACEANS & MOLLUSKS 
(shrimp, clams, etc.) . 006 FRUIT PEEL* . 048 

T.V.P. TYPE FOODS * . . . 007 RELISH, PICKLES, OLIVES*. . . . 049 
UNKNOWN MEAT 008 SYRUP, HONEY, JELLIES, 
CHEESE (including MOLASSES 
cottage cheese) .... 009 PASTRIES (cookies, cakes 

MILK* 010 and mix-, pies, etc.)* . . . . 052 
ICE CREAM (also ice SUGAR* . 053 
milk, sherbet)* .... 011 ARTIFICIAL SWEETENERS .... . 054 

OTHER DAIRY (not butter). 012 CANDY* . 055 
EGGS (regular, powdered, SALT* . 056 

013 SPICES AND FLAVORINGS 
BEANS (not green beans)*. 014 (catsup, mustard, 
NUTS 016 pepper, etc.)* . 057 
PEANUT BUTTER 017 BAKING ADDITIVES (yeast, 
FATS: Saturated* 018 baking powder, etc.)* . . . . 058 

Unsaturated*. . . . 019 POPSICLES . 060 
Bacon, saltport*. . 020 PUDDING . 061 
Meat trimming . . . 021 GELATIN . 062 

CORN (also corn meal INSTANT BREAKFAST . 063 
and masa)* 022 DIPS (for chips) . 064 

FLOUR (also pancake mix)* 023 NON-DAIRY CREAMERS AND 
RICE* 024 WHIPS . 065 
OTHER GRAIN (barley, 
wheat germ, etc.) . . . 025 HEALTH FOODS* . 066 

NOODLES (pasta) 026 SLOP* . 069 
WHITE BREAD 027 
DARK BREAD 028 REGULAR COFFEE (instant or 
TORTILLAS* 029 ground)* . 070 
DRY CEREALS: DECAF COFFEE . 071 
Regular 030 EXOTIC COFFEE* . 072 
High Sugar (first 
ingredient only). . . 031 CHOCOLATE DRINK MIX OR 

COOKED CEREALS (instant TOPPING . 074 
or regular) 032 FRUIT OR VEG. JUICE 

CRACKERS 033 (canned or bottled) .... . 075 
CHIPS (also pretzels) . . 034 FRUIT JUICE CONCENTRATE . . . . 076 
UNKNOWN PRODUCE* 040 FRUIT DRINK, pdr. or lqud. 
FRESH VEGETABLES* .... 041 (Tang, Koolaid, Hi-C)*. . . . 077 
CANNED VEGETABLES DIET SODA . 078 
(dehydrated also)*. . . 042 REGULAR SODA . 079 

•Special Notes Used in Recording Procedures 



Garbage Item Code List (Continued) 

COCKTAIL MIX (carbonated). 080 
COCKTAIL MIX (NON-CARB. 
liquid) 081 

COCKTAIL MIX (powdered). . 082 

PREMIXED COCKTAILS 
(alcoholic) 083 

SPIRITS (booze) 084 
WINE (still & sparkling) . 085 
BEER* 086 

BABY FOOD & JUICE* .... 087 
BABY CEREAL (Pablum) ... 088 
BABY FORMULA (liquid)* . . 089 
BABY FORMULA (powdered)* . 090 
PET FOOD (dry) 091 
PET FOOD (canned or 

moist) 092 
TV DINNERS (also pot pies) 094 
TAKE OUT MEALS 095 
SOUPS* 096 
GRAVY & SPECIALTY SAUCES*. 097 
PREPARED MEALS (canned or 

packaged)* 098 

VITAMIN PILLS & 
SUPPLEMENTS 
(commercial)* 100 

*Special Notes Used in Recording Procedures 
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PRE-STUDY INFORMATION SHEET 

Identifier Information: 

Name 

Address 

District 

Sex 

Height 

Weight 

Date of Birth 

Place of Birth 

Years Residence in Community 

Occupation (Current or Former) 

Years of Education 

Household Income 

Spouse s Name, if Present 

Spouse s Date of Birth 

Spouse s Place of Birth 

Spouse s Occupation 

Spouse s Years of Education 



RefuBe Controls: 

Household Size 

Consumption Outside the Home (Frequency, Type) 

Pets 

Own (Y/N) 

If YES, Number 

Anticipated Overnight Visitors (Y/N) 

Recycling 

Recycle (Y/N) 

If YES, Types of Items Recycled 

Garbage Disposal 

Own (Y/N) 

If YES Operational Status 

If YES Types of Foods Placed in Disposal 

Compost Pile 

Own (Y/N) 

If YES Frequency of Use 



POST-STUDY INFORMATION SHEET 

Refuse Controls: 

Frequency of Consumption Outside the Home During Study 

Pets 

Own (Y/N) 

If YES Number 

If YES Fed Table Scraps, During Study (Y/N) 

Overnight Visitors During Study 

Number 

Date Arrived 

Date Departed 

Frequency of Guests for Meals during Study 

Recycling 

Recycled During Study (Y/N) 

If YES Types of Items Recycled 

Garbage Disposals 

Use During Study (Y/N) 

If YES Types of Foods Placed in Disposal 
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1. Percentage of Total Quantity Represented by Edible Portion—Fresh 
Fruits and Vegetables. 

Food Edible Portion (% of Total) 

Apple 91 
Apricot 95 
Banana 68 
Cantalope 57 
Grapefruit 50 
Nectarine 88 
Orange 72 
Peach 88 
Pear 90 
Strawberry 90 
Watermelon 46 

Broccoli 90 
Brussel Sprouts 90 
Carrot 90 
Cauliflower 90 
Corn 55 
Potato 89 

2. Percentage of Total Quantity Represented by Edible Portion after 
Removal of Bones and Adjustment for Food Preparation: Meats, 
Fish, and Poultry. 

Food Edible Portion (% of Total) 

Beef-Hamburger 
After Cooking 69 

Beef-Steaks, Roasts 
Rib (Cooked, Bones Removed) 38 
Round (Cooked, Lean Only) 66 

Pork-Ground 
After Cooking 69 

Pork-Chops, Roasts 
Cooked, Bones Removed, Lean Only 38 

Chicken 
Cooked, Skin, Bones Removed 40 

Sausage-Link or Patty 
Cooked 50 



Food 
350 

Edible Portion (% of Total) 

Bacon 
Cooked 34 

Tuna 
Canned, After Draining 86 

Other Fish, Shellfish 
Canned, After Draining 85 

Lobster 
Shell Removed 50 

3. Percentage of Total Quantity Represented by Edible Portion after 
Draining: Canned Fruits and Vegetables. 

Food Edible Portion (7. of Total) 

Apples 
Applesauce 
Apricot 
Grapefruit 
Peach 
Pear 
Strawberry 

Syrup 
Syrup 
Syrup 
Syrup 
Syrup 
Syrup 
Syrup 

Weight 
Weight 
Weight 
Weight 
Weight 
Weight 
Weight 

Assumed 
Assumed 
Assumed 
Assumed 
Assumed 
Assumed 
Assumed 

Carrot 
Corn (Whole) 
Green Bean 
Mixed Vegetables 
Other Beans 

Kidney 
Lima 

Peas 
Sweet Potato 
Tomato 

70 
74 
56 
76 

80 
75 
74 
87 

100 

4. Ratio of Prepared to Unprepared Quantity for Reconstituted Foods. 

Food Ratio Prepared/Unprepared 

Beans (Dry) 2.2:1 
Cooked Cereal 5.7:1 



Food Ratio Prepared/Unprepared 

351 

Grapefruit Juice 
(Concentrate) 

Milk (Condensed) 
Orange Juice (Concentrate) 
Other Fruit Juice 
(Concentrate) 

Potato (Dry) 
Rice 
Salad Dressing (Mix) 
Soup 
Condensed 
Dry 

Coffee 
Brewed 
Instant 

Tea 
Leaves 
Instant 

Tang, Start Drinks 

3:1 
3:1 
311 

3:1 
12.5:1 
1.4:1 
9.1:1 

2 : 1  
8 . 8 : 1  

1 oz. yields 19 cups 
1 oz. yields 43 cups 
1 tbsp yields 62 grams beverage 

1 oz. yields 3.1 cups 
1 02. yields 30 cups 
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