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Since the 1980s, extensive work has been under-
taken to clarify the meaning of food insecurity in
a U.S. or Canadian context and to develop survey
instruments to measure the extent of this prob-
lem. Quantitative, qualitative, psychological, and
social or normative dimensions of food insecurity
have been described at the individual and house-
hold levels (1), but measurement work has
largely focused on the qualitative and quantita-
tive compromises in food intake that arise with
declining household resources (2 and 3).
(Italicized numbers in parentheses refer to cita-
tions at the back of this paper.) Dietary intake
data have often been compared with measures of
food sufficiency or food security as a means to
validate these measures (3 to 5), but there has
been little detailed examination of the interrela-
tionships between food security status measures
and individuals’ dietary intake patterns.

In this paper, specific food intake behaviors
related to the severity of household food insecu-
rity are described, and their representation in
conventional descriptors of individuals’ dietary
intakes is explored, using data from a Canadian
study of food insecurity and nutritional vulnera-
bility among women in families using charitable
food assistance programs (6 and 7). Although
limited in sample size, the study is useful in that
it includes contemporaneous measures of house-
hold food security and women’s dietary intakes.
Further, the high levels of deprivation in this
sample enable exploration of intake behaviors in
the context of varying levels of food insecurity.

Study Design and Methods

A full description of the study methods has been
published elsewhere (6 and 7). In 1996-97, par-
ticipants were recruited from a stratified random
sample of 21 emergency food hamper programs
in Toronto. Women were eligible to participate if
they were 19 to 49 years old, had at least one
child under the age of 15 living with them, were

not pregnant, had received emergency food relief
at least one other time in the past 12 months, and
spoke sufficient English to participate in oral
interviews. Participation was voluntary and
confidential.

Three interviews were conducted with each par-
ticipant, on nonconsecutive days and typically on
different days of the week, spanning the 3 weeks
following recruitment. At each interview, the
participant completed an interviewer-adminis-
tered 24-hour dietary intake recall and question-
naire. The dietary recall interviews followed a
multiple-pass approach, with portion size models
used to prompt accurate recall of food quantities.
Interviewers were instructed to record the cir-
cumstances associated with any extreme (low or
high) intakes reported. Height and weight were
measured at the first interview. Food insecurity
was assessed at the third interview, using the 12-
month and 30-day scale items from the U.S.
Department of Agriculture’s (USDA) Food
Security Module (8), but with the omission of
one question about perceived weight loss
attributed to lack of food. Data on household
demographics, perceived health, health-related
behaviors, and food acquisition and provisioning
practices were also collected. A final sample of
153 women was achieved, but the analyses pre-
sented in this paper include only data from the
145 women (95 percent of the sample) who com-
pleted all three interviews within a 31-day win-
dow, thus providing contemporaneous data on
food security and dietary intake.

The 24-hour dietary recall data were converted
into total energy and nutrient intakes, using the
1996 version of the Canadian Dietary
Information System for food intake analysis (9).
Although nutrient intakes from supplements were
recorded, these data were not included in the
analyses of nutrient intakes because supplement
use was only reported by 19 women and use
appeared inconsistent. Categorical variables
were constructed to denote the severity of house-
hold food insecurity over the past 12-month and
30-day periods, using scaling methods developed
by Hamilton et al. (10) for analysis of the USDA
Food Security Module. Statistical analyses were
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conducted using SAS/PC versions 6.10 and 6.12
for Windows (SAS Institute, Cary, NC).

Analysis of variance approaches (PROC GLM)
were used to initially explore relationships
between intake variables and household food
security status. To examine the quantitative
effect of hunger in the household on women's
intakes while controlling for other possible influ-
ences on dietary intake, single-equation multi-
variate regression analyses were performed using
PROC REG. In these analyses, 3-day mean
energy and nutrient intakes were the dependent
variables. The independent variables included a
dichotomous variable to differentiate between
households reporting hunger (moderate or severe)
and those where no hunger was apparent (the ref-
erence category) over the past 30 days. Inde-
pendent variables also included household-level
disposable income for the month and characteris-
tics of the individual woman found to have some
association with at least one of the intake vari-
ables in prior univariate analyses, such as the
woman’s educational level, ethnoracial identity,
smoking behavior, presence of employment
income, and presence of a partner in the house-
hold. To elucidate the effect of controlling for
these variables on the apparent effect of hunger
on intake, a simple regression model was run,
omitting all independent variables except hunger,
and the resultant coefficients were compared with
those from the multivariate models. (A detailed
discussion of these regression analyses can be
found in (7).)

To examine differences in the nutrient composi-
tion of women’s intakes while controlling for dif-
ferences in total food intake, nutrient intakes
were expressed as nutrient densities, i.e., nutri-
ents per megajoule—first calculated for each 24-
hour recall, then averaged over 3 days—and then
analyzed following the analysis of variance and
regression methods described earlier. To explore
the effect of the energy-adjustment method of
these results, selected nutrient intake variables
were also adjusted for total energy intake, using
the regression technique described by Willett and
Stampfer (1/). The nutrient variables were first
log-transformed to improve normality. Then sep-
arate regression models were constructed for
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each nutrient variable, with total energy intake as
the independent variable and absolute nutrient
intake as the dependent variable. Residuals were
extracted from the regression models and used in
analyses of variance to examine differences in
nutrient composition by 30-day food security sta-
tus. As well, the analyses of variance were run
with absolute nutrient intakes as the dependent
variable, but with energy intake included as a
covariate (the standard multivariate method of
energy adjustment).

To further explore the relationship between the
reporting of dietary intake and household food
insecurity status over a 30-day period, women’s
reported mean energy intakes (EI) were
expressed as a ratio of their estimated basal meta-
bolic rate (BMRest) (12), and these ratios were
compared across groups defined by 30-day food
security status. Using this ratio (EI:BMRest),
Goldberg et al. have proposed a method to esti-
mate minimum plausible levels of intakes among
normal, healthy, free-living adults for use in eval-
uating self-reported energy intake data (73).
Following their method, the Goldberg cut-off
value for EI:BMRest for individuals in this study
was calculated to be 1.04 (13). The odds of
falling below this cut-off value, given reported
household food insecurity with hunger (grouping
moderate and severe hunger classifications
together) was calculated using PROC
LOGISTIC.

Sample Characteristics

A full description of the study sample is pre-
sented elsewhere (6 and 7). Briefly, participants
ranged in age from 19 to 48 years, with the mean
age 33 = 7 years. The mean body mass index
(BMI) of women in this study was 27.7 + 6.74
kg/m? (median 26.9 kg/m?), and 49 percent of
the sample had BMI's in excess of 27 kg/m?.
Forty percent reported a long-standing health
condition, illness, or disability, and two-thirds of
these (26 percent of the sample) described the
condition as activity-limiting.

The sample was heterogeneous with respect to
ethnoracial identity, education, and household
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composition, but remarkably similar in their
poverty. Forty-six percent of women were white,
27 percent black, 11 percent Latin American, 10
percent Asian, 3 percent aboriginal Canadians,
and 2 percent undefined. Most (65 percent)
women had completed high school, and 41 per-
cent had at least some post-secondary training.
Sixty-five percent of the sample were presently
lone parents. Household size ranged from 2 to
10, with a median of 3 persons per household.
The median number of children was two. Most
(69.9 percent) households were supported by
social assistance programs (welfare); an addi-
tional 14.4 percent of households relied on a
combination of welfare payments and employ-
ment income. Only 9.8 percent of households
relied solely on employment incomes. The
remaining 5.9 percent of households were reliant
on savings or received income from student
loans, unemployment insurance, or other sources.
As a means to interpret household income rela-
tive to Canadian standards, reported income for
the month was expressed as a percentage of the
1995 Statistics Canada Low-Income Cut-offs,!
commonly referred to as “poverty lines” (14).
Household incomes were, on average, 52.8 per-
cent = 0.13 percent of the poverty line, and 90
percent of households had incomes which were
less than two-thirds of the poverty line.

Although the extent of reported food deprivation
varied widely among households, 93.5 percent
reported some degree of food insecurity over the
past 12 months (6). Fifty-two (36 percent) of the
145 women who comprise the analytic sample
reported food insecurity with moderate hunger
and 31 (21 percent) reported food insecurity with
severe hunger, over the past 30 days.

I'The Statistics Canada Low-Income Cut-offs define “low
income” in relation to average household expenditure pat-
terns, and are adjusted for household size and degree of
urbanization. In 1995, the cut-offs were set at dollar values
below which households spent 56.2 percent or more of their
gross income on the basic necessities of food, clothing, and
shelter.

Evidence of Food Insecurity in
Women's Dietary Intake Data

Food intake behaviors associated with food inse-
curity, by definition, include compromises in the
selection and quality of foods consumed and
reductions in the quantity of food consumed as
resources become more constrained. The behav-
iors should, to some degree, be observable in
individuals’ intake data, depending on the nature
of the dietary data collection and analysis and
depending on intrahousehold food distribution
practices. Even when households are under no
apparent economic constraints, foods and nutri-
ents are not allocated in proportion to individual
members’ needs; some members are more privi-
leged than others (75 to 18). Inequities in intra-
household food distribution appear to increase in
the context of food insecurity. Poor women typi-
cally report that they deprive themselves of food
so as to leave more for their children during peri-
ods of severe food shortages (719 to 23). This
behavior is also suggested by studies reporting
poor-quality dietary intakes among low-income
women in comparison with their children (20, 24,
and 25). Thus, women’s intakes may be particu-
larly sensitive to deteriorations in household food
security.

Reductions in Total Food Intake

Comparing women’s 3-day mean intakes with a
concurrent measure of 30-day household food
security status, group mean intakes for energy
and most nutrients fell in a stepwise fashion as
severity of household food insecurity increased
(table 1).2 Statistically significant differences
between group means were observed for energy,
protein, vitamin A, iron, magnesium, and zinc.
The prevalence of inadequacy in this sample was
estimated to be at or in excess of 15 percent for
protein, vitamin A, folate, iron, and magnesium,
suggesting that the low levels of intake associ-
ated with severe household food insecurity are in
a range that could put women at risk of nutrient
deficiencies (7).

Tables are at the end of this paper.
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When women'’s reported energy and nutrient
intakes were considered in relation to the pres-
ence or absence of hunger in the household,
while controlling for other economic, socio-cul-
tural, and behavioural influences on diet, system-
atically lower intakes (indicated by the negative
direction of the partial regression coefficients in
table 2) were observed among women in house-
holds reporting moderate or severe hunger, com-
pared with those where no hunger was apparent.
The differences in mean intake levels were sig-
nificant (p < 0.05) for energy and all nutrients
examined except fat, vitamin C, and calcium.
The partial regression coefficients derived from
the multivariate model diminished only slightly
for energy and most nutrients, when compared
with those derived from the simple (uncontrolled)
regression model, suggesting that the negative
effect of household food insecurity with moder-
ate or severe hunger on the food intakes of
women is independent of many other influences
on diet. It is noteworthy, however, that the asso-
ciation of hunger with two nutrients (fat or vita-
min C) lost statistical significance once other
dietary influences were included in the model.

Expressing individuals’ mean energy intakes as a
ratio of their estimated basal metabolic rates
(EI:BMRest) provides another means to explore
reported intakes for indications of food depriva-
tion. Women reporting household food insecurity
with severe or moderate hunger had a group
mean EI:BMRest of 0.975 + 0.411, whereas the
mean ratio for women not reporting food insecu-
rity with hunger was 1.21 + 0.603. Further, the
odds of having an EI:BMRest below the esti-
mated minimum plausible level of intakes among
a normal, healthy, free-living sample of adults
(i.e., the calculated Goldberg cut-off level) was
2.58 (95 percent confidence interval: 1.31, 5.07)
for women in households characterized by food
insecurity with moderate or severe hunger when
compared with those in households where no
hunger was evident (7).

The observed associations between intake and
household food security status, although cross-
sectional in nature, imply that some women’s
reports of low intakes reflect reductions in food
intake and/or episodes of absolute food depriva-
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tion in the context of scarce household resources.
This is further borne out by the heightened prob-
ability of low EI:BMRest among women in
households with hunger. The intake data would
appear to simply be mirroring the behaviours
women have described on the Food Security
Module, i.e., cutting meal sizes, skipping meals,
going hungry, and going whole days without eat-
ing. The interviewers’ records of the women’s
descriptions of extenuating circumstances in
association with their reports of extreme intakes
lend further credence to this interpretation.
Women’s subjective appraisals of household food
security appear reflected in the adequacy of their
own dietary intakes.

Interpretation of the associations presented here
is complicated, however, by the problem of
underreporting in dietary intake surveys.
Underreporting has been repeatedly observed
when self-reported energy intakes (assessed with
24-hour recall or food record methods) have been
contrasted to biological markers of intake (e.g.,
the doubly labeled water technique) (26 fo 30) or
to calculated estimates of energy expenditure (27,
28, and 31 to 33). Further, a recent United
Kingdom study has suggested that the prevalence
of underreporting is inversely related to socio-
economic status (34). Among low-income
women, underreporting has been found to relate
to low levels of literacy and high levels of body
fatness (35). Although the issue of underreport-
ing is typically discussed in terms of reported
low levels of energy intakes, in fact, people must
underreport food intake. Thus, problems of
underreporting can confound the interpretation of
observed low levels of nutrient intakes as well as
energy intakes.

The low levels of food intakes reported by some
women in this study and the comparison of
reported energy intakes with estimated basal
energy expenditures raise the question of whether
the results presented here can be explained by
underreporting. However, there are serious prob-
lems with the application of standard cut-off val-
ues of EI:BMRest to identify underreporting
among individuals in specific population sub-
groups that differ markedly from the general pop-
ulation (7). In particular, calculation of the basal
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metabolic rate (BMR) may overestimate true
BMR for obese individuals. Further, the assump-
tions about normal levels of physical activity
may be unrealistic in impoverished samples
where activity limitations are likely more preva-
lent and opportunities for physical recreation less
common. Lastly, the proposed evaluation criteria
assume that habitual intake is being assessed and
individuals are in energy balance during the time
frame of observation. This is not a reasonable
assumption in studies of dietary intake in the
immediate context of severe household food
insecurity.

Given evidence of the pervasiveness of underre-
porting in dietary surveys, it would be naive to
suggest that studies of dietary intake in the con-
text of resource constraints are somehow immune
to this problem. However, additional factors
underlie the reporting of low levels of energy
intakes in these settings, making the application
of standard population-level assumptions about
energy expenditure and energy balance an inap-
propriate means to differentiate reporting effects
in these data. Regrettably, we lack a means to
differentiate underreporting from true low
intakes.

Altered Food Selection Practices

Qualitative compromises in dietary intake in
response to resource constraints may entail the
restriction or omission of specific food items or
whole classes of foods from the diet because,
although desirable, the foods are deemed unaf-
fordable. Additionally, the use of food items of
substandard quality, e.g., damaged packaged
goods, stale baked goods, and fresh produce that
is aged or otherwise sub-optimal may increase.
Insofar as household food insecurity is a man-
aged process, qualitative compromises may pre-
cede quantitative changes in individuals’ intakes,
denoting less severe stages of food insecurity (36
and 37). However, as food insecurity worsens
and reductions in food intake occur, the selection
of foods consumed must become even more
restricted. Reports of meals comprised of fried
potatoes, rice, or bread with little else are not
uncommon among families facing extreme con-
straints (27 and 23). Studies of dietary intakes in

the context of food insecurity have typically not
differentiated between qualitative and quantita-
tive compromises in intake, but the distinction is
important in the formulation of effective inter-
vention strategies.

To explore differences in the nutrient composi-
tion of women’s diets, depending on their house-
hold food security status, women’s nutrient
intakes were first expressed in relation to total
energy intake as nutrient densities and then com-
pared across groups using analysis of variance
methods (table 2). No significant difference in
the macronutrient composition of women’s diets
was noted, and no micronutrients per megajoule
(MJ) appeared to differ by food security status
except vitamin A. To examine the relationship
between severity of household food insecurity
and nutrient density while controlling for other
identified influences on dietary intake, single-
equation multivariate regression analyses were
rerun as described earlier, but with 3-day mean
nutrient intake per MJ as the dependent variable.
In examining the partial regression coefficients
for hunger derived from this model, again only
one significant difference in intake was observed.
Women reporting food insecurity with moderate
or severe hunger had a mean difference of -1,232
+ 572 Retinal Equivalent of vitamin A per MJ,
when compared with those not reporting hunger
(p-value = 0.0332). This low level of intake may
indicate a drop in women’s vegetable intake, with
increasing severity of food security, although it
should be noted that no similar decline in folate
intake was observed. The absence of significant
associations for other nutrients when expressed in
relation to total energy intake suggests that the
observed differences in women’s nutrient intakes
by household food security status primarily
reflected differences in absolute intake levels,
rather than differences in food selection
practices.

Our inability to discern more systematic differ-
ences in food selection by food security status
may partly be attributed to high overall levels of
deprivation in this sample. The comparisons pre-
sented here are essentially between women in
households experiencing more and less severe
food insecurity. Qualitative compromises in
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dietary intake were probably occurring even
among the most advantaged group in this sample.
Perhaps a comparison of women’s intakes of spe-
cific classes of foods rather than nutrients would
reveal some changes in food selection with
increasing severity of food insecurity. However,
the absence of observable differences in all but
one nutrient per MJ by food security status sug-
gests that differences in food selection are not
what is driving the systematically lower nutrient
intakes observed here. It is interesting that in
1989, the results of Campbell and Desjardins’
exploratory study of low-income families’ man-
agement of limited food resources led them to
hypothesize that “the risk of inadequate nutrient
intake is more related to total calorie intake than
to specific foods selected” (19). The foregoing
examination of food selection practices would
appear to confirm this.

The comparisons presented here may also have
been affected by the particular analytic approach
employed to adjust for the effect of total food
intake on food selection. In the nutritional epi-
demiology literature, there has been considerable
discussion and debate about the most appropriate
analytic method to separate differences in food
selection or dietary composition from differences
in total food intake (37 and 38 to 42). One alter-
native to the use of nutrient densities is the stan-
dard multivariate method of controlling for
energy by simply including energy as a covariate
in analyses. In addition, Howe et al. have pro-
posed an energy partition, or energy decomposi-
tion, method (43), and Willett and Stampfer have
proposed the use of nutrient residuals derived
from the regression of absolute nutrient intakes
on total energy intake (7). Different approaches
to energy adjustment have been demonstrated to
yield different results in examinations of particu-
lar diet-disease relationships (39 and 41). Beaton
has determined that the derived variables from
the different procedures possess different error
structures and the approaches embody subtly dif-
ferent assumptions about the nature of the rela-
tionship being examined (37).

To explore the effect of the energy-adjustment
method on the apparent relationship between
food selection and food security status, analysis
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of variance comparisons were repeated for
selected nutrients, using the residual method and
the standard multivariate method to control for
total energy intake. The apparent relationship of
protein and vitamin A intake with household food
security status changed, depending on the method
of adjustment (table 3). This brief comparison
highlights the importance of the choice of adjust-
ment procedure, but leaves the question unre-
solved about which method is most appropriate
for use in characterizing food selection practices
in the present context.

Day-to-Day Variation in Intake

Individuals in households with severe resource
constraints could be expected to exhibit very low
intakes (absolute food deprivation) when
resources are severely limited, and increased
intakes with the influx of resources. Their day-
to-day variation in intake might, therefore, be
greater than the variation among individuals
experiencing no resource constraints because of
this additional pressure. Although the error asso-
ciated with the estimation of true within-person
variation from a limited number of days of intake
data is substantial (44), when more than 1 day of
intake data is available per person, day-to-day
variation can be estimated as the individual’s
standard deviation or variance in intake over the
days of observation. To control for differences in
mean intake, within-person variation is also
expressed as the coefficient of variation.

When standard deviations or coefficients of vari-
ation derived from three 24-hour recalls per
woman were considered in relation to household
food security status over the same time period,
there is some suggestion that women in house-
holds characterized by food insecurity with
severe hunger were more likely to exhibit higher
day-to-day variation in energy intake (table 4). It
is emphasized that the sample is small and the
variance estimates must be poor given our lim-
ited sampling of days over the month in question.
Nonetheless, this very crude comparison suggests
that particularly high levels of within-person
variation in energy intake observed in the context
of severe household food insecurity might be
indicative of extreme fluctuations in intake in
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response to particularly desperate situations.
Further research is needed to confirm this obser-
vation.

In the nutrition literature, within-person variance
has traditionally been a subject of interest
because it functions as a source of error in the
estimation of usual intake from limited days of
observation of actual intake. However, there is
some work to suggest that within-person variance
may be a useful indicator of environmental pres-
sures on intake. Working with energy and pro-
tein intake data from household samples in India
and the Philippines, Bhargava (45) observed that
the contribution of within-person variation to
total observed variation declined with household
income, implying a relative increase in within-
person variation among individuals in households
with lower versus higher incomes. The observa-
tion is intriguing and begs the question of
whether comparisons of pooled estimates of
within-subject variance in other samples might
reflect differences in household food security.

The study of within-person variation in intake in
the context of food insecurity may be of potential
importance to our field for two reasons. First, an
examination of within-person variation in intake
may enable us to identify specific settings and
circumstances associated with episodic hunger
and thus inform interventions. Second, the char-
acterization of within-person patterns of intake in
the context of varying degrees of food insecurity
may yield insight into the particular health conse-
quences of food insecurity. For example, Dietz
(46) has hypothesized that the higher prevalence
of obesity among low-income groups may be
related to the unique pattern of energy and
macronutrient intake associated with chronic
food insecurity. Pursuit of this research direc-
tion, however, would require a more thorough
assessment of individuals’ intakes over time and
the development of additional questions to cap-
ture detailed data on the duration, frequency, and
depth of food deprivation experienced.

Conclusions

The foregoing analyses indicate that the severity
of household food insecurity is manifested in the
dietary intake behaviors of women in these set-
tings. These analyses also have served to reveal
some methodological issues that affect the identi-
fication and interpretation of particular intake
behaviours in relation to food insecurity. Given
differences in intrahousehold food distribution,
the particular interrelationships described here
cannot be generalized to other members of these
households. Research into the intake patterns of
children and other adults in the context of declin-
ing household food security is clearly required.

While previous work has documented relation-
ships between household food insufficiency or
insecurity and individuals’ dietary intakes (5, 24,
and 47), this examination of the interrelationship
between household food security status and vari-
ous descriptors of women’s dietary intakes points
to the possibility of considering both kinds of
data simultaneously as a means to better describe
individuals’ vulnerability. The integration of
dietary and food security measures to identify
specific aspects of nutritional vulnerability
related to resource constraints may be particu-
larly useful in furthering our understanding of the
effect of varying experiences of food insecurity
on health and well-being and in informing effec-
tive policy and program responses.

References

1. Campbell, C.C. “Food Insecurity: A
Nutritional Outcome or a Predictor Variable?”
Journal of Nutrition. Vol. 121. pp. 408-415.
1991.

2. Carlson, S.J., M.S. Andrews, and G.W.
Bickel. “Measuring Food Insecurity and Hunger
in the United States: Development of a National
Benchmark Measure and Prevalence Estimates,”
Journal of Nutrition. Vol. 129. pp. 510S-516S.
1999.

3. Frongillo, E.A., B.S. Rauschenbach, C.M.
Olson, A. Kendall, and A.G. Colmenares.

Second Food Security Measurement and Research Conference/FANRR-11-2 0O 65



“Questionnaire-Based Measures are Valid For the
Identification of Rural Households With Hunger
and Food Insecurity,” Journal of Nutrition. Vol.
127. pp. 699-705. 1997.

4. Basiotis, P.P. Validity of the Self-Reported
Food Sufficiency Status Item in the U.S.
Department of Agriculture’s Food Consumption
Surveys. Toronto, Canada. Proceedings, 1992
annual meeting of the American Council in the
Consumer Interest. 1992.

5. Rose, D., and V. Oliveira. Validation of a
Self-Reported Measure of Household Food
Insufficiency with Nutrient Intake Data.

Technical Bulletin No. 1863. U.S. Department of
Agriculture, Economic Research Service. August
1997.

6. Tarasuk, V.S., and GH. Beaton. “Household
Food Insecurity and Hunger Among Families
Using Food Banks,” Canadian Journal of Public
Health. Vol. 90, No. 2. pp. 109-113. 1999.

7. Tarasuk, V.S., and G.H. Beaton. “Women’s
Dietary Intakes in the Context of Household
Food Insecurity,” Journal of Nutrition. Vol. 129.
pp- 672-679. 1999.

8. Hamilton, W., J. Cook, and W. Thompson et
al. Household Food Security in the United States
in 1995: Summary Report of the Food Security
Measurement Project. U.S. Department of
Agriculture, Food and Consumer Service (cur-
rently Food and Nutrition Service), Office of
Analysis and Evaluation, Alexandria, VA. 1997.

9. Nova Scotia Heart Health Program, Nova
Scotia Department of Health, and Health and
Welfare Canada. Report of the Nova Scotia
Nutrition Survey. 1993.

10. Hamilton, W., J. Cook, and W. Thompson et
al. Household Food Security in the United States
in 1995: Technical Report of the Food Security
Measurement Project. U.S. Department of
Agriculture. Food and Consumer Service (cur-
rently Food and Nutrition Service), Office of
Analysis and Evaluation, Alexandria, VA. 1997.

66 O Second Food Security Measurement and Research Conference/FANRR-11-2

11. Willett, W., and M.J. Stampfer. “Total
Energy Intake: Implications for Epidemiologic
Analyses,” American Journal of Epidemiology.
Vol. 124, No.1. pp. 17-27. 1986.

12. Schofield, W.N. “Predicting Basal
Metabolic Rate, New Standards and Review of
Previous Work,” Human Nutrition and Clinical
Nutrition. Vol. 39C, Supplement 1. pp. 5-41.
1985.

13. Goldberg, GR., A.E. Black, S.A. Jebb, T.J.
Cole, P.R. Murgatroyd, W.A. Coward, and A.M.
Prentice. “Critical Evaluation of Energy Intake
Data Using Fundamental Principles of Energy
Physiology: 1. Derivation of Cut-Off Limits to
Identify Under-Recording,” European Journal of
Clinical Nutrition. Vol. 45. pp. 569-581. 1991.

14. National Council of Welfare. Poverty
Profile 1995. Ottawa: Minister of Supply and
Services Canada. 1997.

15. Bull, N.L. “The Distribution of Energy and
Nutrient Intakes Within Households,” Journal of
Human Nutrition and Dietetics. Vol. 4. pp. 421-
425. 1991.

16. Enns, C.W. “Comparison of Nutrient
Intakes By Male Versus Female Heads of
Households,” Journal of the American Dietetic
Association. Vol. 87. pp. 1,551-1,553. 1987.

17. Louk, K.R., E. Schafer, R.B. Schafer, and P.
Keith. “Comparison of Dietary Intakes of
Husbands and Wives,” Journal of Nutrition
Education. Vol. 31. pp. 145-152. 1999.

18. Nelson, M. “The Distribution of Nutrient
Intake Within Families,” British Journal of
Nutrition. Vol 55. pp. 267-277. 1986.

19. Campbell, C.C., and E. Desjardins. “A
Model and Research Approach for Studying the
Management of Limited Food Resources by Low

Income Families,” Journal of Nutrition
Education. Vol. 21, No. 4. pp. 162-171. 1989.

Economic Research Service/USDA



Economic Research Service/USDA

20. Dowler, E., and C. Calvert. Nutrition and
Diet in Lone-Parent Families in London.
London: Family Policy Studies Centre. 1995.

21. Fitchen, J.M. “Hunger, Malnutrition, and
Poverty in the Contemporary United States:
Some Observations on Their Social and Cultural
Context,” Food and Foodways. Vol. 2, No. 3.
pp- 309-333. 1988.

22. National Council of Welfare. Women and
Poverty Revisited. Ottawa, ON: Minister of
Supply and Services Canada. 1990.

23. Tarasuk, V., and H. Maclean. “The Food
Problems of Low-Income Single Mothers: An
Ethnographic Study,” Canadian Home
Economics Journal. Vol. 40, No. 2. pp. 76-82.
1990.

24. Cristofar, S.P., and P.P. Basiotis. “Dietary
Intakes and Selected Characteristics of Women
Ages 19-50 Years and Their Children Ages 1-5
Years by Reported Perception of Food
Sufficiency,” Journal of Nutrition Education.
Vol. 24, No. 2. pp. 53-58. 1992.

25. Lee, P. “Nutrient Intakes in Socially
Disadvantaged Groups in Ireland,” Proceedings
of the Nutrition Society. Vol. 49. pp. 307-321.
1990.

26. Bandini, L.G,, D.A. Schoeller, H.N. Cyr, and
W.H. Dietz. “Validity of Reported Energy Intake
in Obese and Nonobese Adolescents,” American
Journal of Clinical Nutrition. Vol. 52. pp. 421-
425. 1990.

27. Black, A.E., S.A. Goldberg, S.A. Jebb,
M.B.E. Livingstone, T.J. Cole, and A.M.
Prentice. “Critical Evaluation of Energy Intake
Data Using Fundamental Principles of Energy
Physiology: 2. Evaluating the Results of
Published Surveys,” European Journal of
Clinical Nutrition. Vol. 45. pp. 583-599. 1991.

28. Heerstrass, D.W., M.C. Ocke, H.B. Bueno-
de-Mesquita, and J.C. Seidell. “Underreporting
of Energy, Protein and Potassium Intake in
Relation to Body Mass Index,” International

Journal of Epidemiology. Vol. 27. pp. 186-193.
1998.

29. Martin, L.J., W. Su, P.J. Jones, G.A.
Lockwood, D.L. Tritchler, and N.F. Boyd.
“Comparison of Energy Intakes Determined By
Food Records and Doubly Labeled Water in
Women Participating in a Dietary-Intervention
Trial,” American Journal of Clinical Nutrition.
Vol. 63. pp. 483-490. 1996.

30. Sawaya, A.L., K. Tucker, R. Tsay, W. Willett,
E. Saltzman, G.E. Dallal, and S.B. Roberts.
“Evaluation of Four Methods for Determining
Energy Intake in Young and Older Women:
Comparison with Doubly Labeled Water
Measurements of Total Energy Expenditure,”
American Journal of Clinical Nutrition. Vol. 63.
pp. 491-499. 1996.

31. Beaton, GH., J. Burema, and C. Ritenbaugh.
“Errors in the Interpretation of Dietary
Assessments,” American Journal of Clinical
Nutrition. 1997.

32. Briefel, R.R., C.T. Sempos, M.A. McDowell,
S. Chien, and K. Alaimo. “Dietary Methods
Research in the Third National Health and
Nutrition Examination Survey: Underreporting
of Energy Intake,” American Journal of Clinical
Nutrition. Vol. 65 (supplement). pp. 1,203S-
1,209S. 1997.

33. Macdiarmid, J., and J.E. Blundell. “Dietary
Under-Reporting: What People Say About
Recording Their Food Intake,” European Journal
of Clinical Nutrition. Vol. 51. pp. 199-200.
1997.

34. Stallone, D.D., E.J. Brunner, S.A. Bingham,
M.G. Marmot. “Dietary Assessment in Whitehall
II: The Influence of Reporting Bias on Apparent
Socioeconomic Variation in Nutrient Intakes,”
European Journal of Clinical Nutrition. Vol. 51.
pp. 815-825. 1997.

35. Johnson, R.K., R.P. Soultanakis, and D.E.
Matthews. “Literacy and Body Fatness are
Associated With Underreporting of Energy Intake in
U.S. Low-Income Women Using the Multiple-Pass

Second Food Security Measurement and Research Conference/FANRR-11-2 0O 67



24-hour Recall: A Doubly Labeled Water Study,”
Journal of the American Dietetic Association. Vol.
98, No. 10. pp. 1,136-1,140. 1998.

36. Radimer, K.L., C.M. Olson, and C.C.
Campbell. “Development of Indicators to Assess
Hunger,” Journal of Nutrition. Vol. 120.. pp.
1,544-1,548. 1990

37. Radimer, K.L., C.M. Olson, J.C. Greene,
C.C. Campbell, and J. Habicht. “Understanding
Hunger and Developing Indicators to Assess it in
Women and Children,” Journal of Nutrition
Education. Vol. 24, No. 1. pp. 36S-45S. 1992,

38. Freedman, L.S., V. Kipnis, C.C. Brown, A.
Schatzkin, S. Wacholder, and A.M. Hartman.
“Comments on Adjustment for Total Energy
Intake in Epidemiologic Studies,” American
Journal of Clinical Nutrition. Vol. 65 (supple-
ment). pp. 1,229S-1,231S. 1997.

39. Kushi, L.H., T.A. Sellers, J.D. Potter, C.L.
Nelson, R.G. Munger, S.A. Kaye, and A.R.
Folson. “Dietary Fat and Postmenopausal Breast

Cancer,” Journal of the National Cancer
Institute. Vol. 84. pp. 1,092-1,099. 1992.

40. Wacholder, S., A. Schatzkin, L.S. Freedman,
V. Kipnis, A. Hartman, and C.C. Brown. “Can
Energy Adjustment Separate the Effects of
Energy From Those of Specific Macronutrients?”
American Journal of Epidemiology. Vol. 140,
No. 9. pp. 848-855. 1994.

68 O Second Food Security Measurement and Research Conference/FANRR-11-2

41. Willett, W.C., GR. Howe, and L.H. Kushi.
“Adjustment for Total Energy in Epidemiologic
Studies,” American Journal of Clinical Nutrition.
Vol. 65 (supplement). pp. 1,220S-1,228S. 1997.

42. Willett, W. Nutritional Epidemiology. 2nd
edition, New York, NY: Oxford University
Press. 1998.

43. Howe, GR., A.B. Miller, and M. Jain.
“Total Energy Intake: Implications For
Epidemiologic Analyses,” American Journal of
Epidemiology. Vol. 124, No. 1. pp. 157-159.
1986.

44. Tarasuk, V., and GH. Beaton. “Day to Day
Variation in Energy and Nutrient Intake:
Evidence of Individuality in Eating Behaviour?”
Appetite. Vol. 18. pp. 43-54. 1992.

45. Bhargava, A. ‘“Malnutrition and the Role of
Individual Variation With Evidence From India
and the Philippines,” Journal of the Royal
Statistical Society. Vol. 155, Part 2. pp. 221-
231. 1992.

46. Dietz, W.H. “Does Hunger Cause Obesity?”
Pediatrics. Vol. 95, No. 5. pp. 766-767. 1995.

47. Kendall, A., C.M. Olson, and E.A. Frongillo.
“Relationship of Hunger and Food Insecurity to
Food Availability and Consumption,” Journal of
the American Dietetic Association. Vol. 96. pp.
1,019-1,024. 199%e6.

Economic Research Service/USDA



Table 1—Comparison of women’s mean energy and nutrient intakes £ SD with their 30-day household food security

status (n = 145)!

Nutrient Food insecure with Food insecure with

Intake/MJ No hunger evident moderate hunger severe hunger F value?
n=62 n=>52 n=31 2df

Energy, kl/d 7,182.58 + 3,207.33 6,164.08 + 2,370.20 5,696.84 + 2,388.81 3.293

Protein, g/d 67.78 £ 31.78 55.78 £22.17 47.56 +£20.49 6.283

(g/MI) (168.48 + 46.42) (160.74 + 45.43) (152.42 £ 49.00)

Carbohydrate, g/d 242.61 £ 113.56 203.81 £ 76.97 203.07 £ 94.46 2.46

(g/M)) (599.46 + 99.02) (600.89 + 105.79) (625.11 £ 105.52)

Total Fat, g/d 54.33 £31.62 46.51 £ 26.91 41.68 £21.25 2.27

(g/MJ) (127.54 £ 34.27) (124.04 = 39.41) (125.12 + 34.90)

Vitamin A, RE/d 1,339.40 + 1,683.93 594.97 + 528.67 732.18 + 641.97 6.803

(RE/MJ) (3,477.914£4,666.05) (1,830.44+1,749.73) (2,750.47+3,095.16)

Vitamin C, mg/d 108.44 + 82.34 84.07 + 68.06 76.37 £ 61.57 2.10

(mg/M1J) (299.85 £ 257.55) (255.84 + 186.19) (241.17 £219.82)

Folate, mcg/d 197.69 + 116.20 156.32 + 78.99 153.08 +70.38 3.02

(g/MJ)) (505.64 +241.28) (490.58 + 342.11) (493.06 = 206.26)

Calcium, mg/d 560.49 + 355.01 469.05 +289.10 440.77 £231.19 1.91

(mg/M1J) (1,361.25 + 469.46) (1,354.95 + 588.00) (1,421.44+647.81)

Iron, mg/d 11.52 £ 6.90 9.18+3.73 8.25+3.53 4.30°

(mg/MJ) (27.77 £ 6.75) (27.64 £ 9.62) (26.72 £ 7.90)

Magnesium, mg/d 237.49 £ 99.50 194.13 + 81.66 187.99 + 89.92 4,553

(mg/M1J) (610.42 £ 155.41) (586.50 = 224.08) (619.30+183.49)

Zinc, mg/d 9.37+4.78 724 +3.11 6.30 +£3.25 7273

(mg/MJ) (23.01 + 6.67) (21.04 + 6.98) (19.97 + 6.72)

Table from (7).

2Based on analysis of transformed data in cases where the original distribution failed to approximate normality.

3Indicates statistically significant (p < 0.05) difference between groups defined by food security status. No significant differ-
ence was detected for the nutrient per MJ intakes (except vitamin A).
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Table 2—Differences in energy and nutrient intake between women in households reporting hunger over the past 30
days and those reporting no hunger (n = 145)!

Model adjusted for
other influences on intake Unadjusted model
Nutrient Unit? Intake difference’ (S.E.) p-value? Intake difference’ (S.E.) p-value*
Energy kJ/d -1,058.00 (484.20) 0.0307 -1,193.01 (463.32) 0.0110
Protein g/d -13.58 (4.65) 0041 -15.07 (4.45) .0009
Carbohydrate g/d -34.64 (16.96) 0431 -39.08 (16.35) 0181
Total fat o/d -8.45 (4.91) 0876 -9.62 (4.70) 0423
Vitamin A RE/d -634.51 (195.84) .0015 -693.18 (198.49) .0006
Vitamin C mg/d -20.29 (12.40) .1042 -27.25 (12.28) .0280
Folate m/d -35.43 (15.59) .0247 -42.58 (15.95) .0085
Calcium mg/d -73.59 (53.46) 1071 -101.98 (51.71) .0505
Iron mg/d 2.35 (.93) 0122 -2.68 (.89) .0030
Magnesium  mg/d -39.02 (15.88) .0082 -45.65 (15.30) .0033
Zinc mg/d .23 (.69) 0153 -2.49 (.66) 0002

ITable from (7).

2kj/d is the abbreviation for kilojoules for each day, g/d is grams for each day, RE/d is retinol equivalents for each day, and
mg/d is milligrams for each day.

3Differences in 3-day mean intakes between women in households with hunger and those without, while controlling for other
factors affecting diet. These are partial regression coefficients estimated from a single-equation multivariate regression model
in which each intake variable was regressed on an indicator of household food insecurity with hunger, disposable income
(adjusted for family size and composition), presence of employment income in the household, presence of a partner in the
household, and woman’s level of education, smoking status, and ethnoracial identity.

4p-value represents the probability of these results occurring under the null hypothesis that there is no difference in intakes
between women categorized by household hunger status. A p-value of 0.05 or less is generally considered grounds for rejection

of the null hypothesis.

SDifferences in 3-day mean intakes between women in households with hunger and those without, derived from a simple lin-
ear regression model in which intake was regressed on an indicator of household food insecurity with hunger.
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Table 3—Results of analysis of variance to assess the relationship between women’s 3-day mean intakes of selected
nutrients and 30-day household food security status as a function of the method of adjustment for total energy intake

(n = 145)
Method of energy
adjustment
Nutrient Nutrient density Nutrient residual Standard multivariate
F value' (Pr > F) F value! (Pr > F) F value! (Pr > F)
Protein 1.46 (0.2352) 3.18 (0.0446) 2.83 (0.0625)
Vitamin A 4.03 (.0198) .38 (.6850) 4.98 (.0082)
Iron 0.27 (.7649) 40 (.6702) .80 (.4536)

IF value with 2 degrees of freedom, derived from analysis of variance (PROC GLM), comparing 3-day mean intakes by 30-
day household food security status. In cases where the distribution of the nutrient variable failed to approximate normality, the
data were transformed prior to this analysis.

Table 4—Observed distributions of women’s standard deviations and coefficients of variation in energy intake over
3-days, by 30-day household food security status

Food security

status Percentile Percentile
25th 50th 75th 25th 50th 75th
-------- 3-Day standard deviation ---------- ------ 3-Day coeftficient of variation ----------
No hunger
evident (n = 62) 295.8 384.2 616.1 16.70 28.23 38.20

Food insecure
with moderate
hunger (n = 52) 261.0 382.4 601.8 20.54 27.19 43.68

Food insecure

with severe
hunger (n = 31) 242.6 4499 699.3 18.11 37.09 54.64
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