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Objectives: The relation between food insecurity (FI) and delay discounting (DD) and probability dis-
counting (PD) for food and money was tested in women. In addition, discounting was tested as a vari-
able that mediates the relation between obesity and FI. Method: Women recruited from a community
sample (N = 92) completed questionnaires. They completed the food choice questionnaire, the monetary
choice questionnaire, measures for food and money probability discounting (which quantify sensitivity
to risk aversion), and demographic measures. Results: Women with FI had higher rates of obesity and
higher food DD compared to food-secure women. However, DD for money or probability discounting
for food or money did not significantly differ between FI and food secure groups when controlling for
significant covariates. Neither DD or PD significantly mediated the relation between FI and obesity.
Conclusions: These results suggest that FI is associated with greater impulsive food choice, but its asso-
ciation with other monetary discounting and probability discounting for food and money appears contin-
gent upon other demographic factors.
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In the United States, a complex and paradoxical relation exists
between poverty and obesity. Lower socioeconomic status is
linked to obesity in women and in individuals who identify as
non-Hispanic Black and Latino ethnicities (Ogden et al., 2017).
One aspect of low socioeconomic status that appears to be a con-
sistent poverty-related link to obesity in American populations is
food insecurity (FI), which refers to economic or physical barriers
that prevent consistent access to nutritious food that meets dietary
needs (e.g., Martin & Ferris, 2007; Olson, 1999; Pan et al., 2012;
Townsend et al., 2001).
One reason why those with low food security may be more

likely to be obese has to do with environmental stressors and

nutrition trends that interact with the reinforcing value of food
underlying self-regulation process. Larger body mass among those
of lower socioeconomic status is associated with increases in food
reinforcement value, which can be affected by changes to food
availability (Carr et al., 2011; Lin et al., 2013). Socioeconomic
disadvantage is associated with lower access to necessary goods
and commodities; however, individuals with low food security
seem to be particularly vulnerable to changes in resource availabil-
ity. Restriction of food tends to promote food-seeking responses,
especially to those with low food security (Crandall & Temple,
2018; Dhurandhar, 2016).

The types and cost of foods that are available during times of
lowered food accessibility are important to consider. Individuals
with marginal or low food security are more likely to maximize
their calories per dollar by purchasing foods that are less expensive
but calorically high; often these foods are processed and higher in
fat and sugar content (e.g., Champagne et al., 2007; Darmon &
Drewnowski, 2008; Drewnowski & Specter, 2004). Experimental
studies show that chronic consumption of high-fat and high-sugar
diets leads to a “blunting” of dopamine-related reward processes
that are associated with increases in body mass (Boomhower et al.,
2013; Johnson & Kenny, 2010; Pritchett & Hajnal, 2011; Robertson
& Rasmussen, 2017; Wang et al., 2001). Therefore, individuals
with food security may be especially at risk for obesity due to diet-
related neural alterations that affect self-control.

Changes in self-control can be assessed via delay discounting
(DD). Delay discounting, a facet of impulsivity, is the devaluing
of an outcome with delay to its receipt (Ainslie, 1975; Caswell et
al., 2015). To measure DD in humans, participants make a series
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of choices between a relatively small monetary reward (e.g., $10)
available immediately versus a larger delayed monetary reward
(e.g., $100 in 1 day; Rachlin, 1995; Rachlin et al., 1991). Preferen-
ces for the smaller, sooner reward over the larger, delayed reward
indicate impulsivity; the converse indicates self-control. Discount-
ing values are often determined by plotting indifference points
(i.e. value at which the smaller sooner and larger, delayed outcome
are equally preferred) against delay. The resulting pattern can be
quantified using a hyperbolic decay function (Mazur, 1987); in
which the free parameter, k, describes the rate of decay. Impulsive
behavior, or higher k values, means that the value of the delayed
outcome plunges more steeply at shorter delays; lower k values
indicates a flatter slope and insensitivity to delay or greater self-
control.
While a large literature quantifies the role of delay-based out-

comes in the area of substance abuse (e.g., Bickel & Marsch,
2001; Madden et al., 1999; Petry, 2001); its relevance to obe-
sity and other eating patterns, and especially the use of food-
related outcomes, is relatively novel. Several studies have
reported that individuals with obesity show steeper discounting
for food-related (Hendrickson & Rasmussen, 2013; Hendrick-
son et al., 2015; Rasmussen et al., 2010) and monetary out-
comes (e.g., Fields et al., 2011; Jarmolowicz et al., 2014;
Weller et al., 2008; see also Amlung et al., 2016) than individu-
als with healthy-weight status based on a BMI below 25. More-
over, a longitudinal study showed that four-year-old children
who demonstrated steeper discounting were more likely 30
years later to become obese (Schlam et al., 2013). This trend in
the literature, then, suggests that discounting future reward is
likely a behavioral process involved in obesity.
Few, if any, published studies have explored DD as a mecha-

nism of obesity in individuals who vary in their levels of food se-
curity. Because FI is correlated with obesity (Martin & Ferris,
2007; Pan et al., 2012; Townsend et al., 2001) and poorer diet
quality (Robaina & Martin, 2013); which can alter reward proc-
esses that increase caloric intake and obesity risk (e.g., Johnson &
Kenny, 2010; Pritchett & Hajnal, 2011; Wang et al., 2001), prefer-
ence for immediate outcomes may be increased.
In addition, because of the uncertainty of food, individuals

with FI may be more likely to select food that is certain (available
right now), no matter what the nutritional content or long-term
consequences may be, because there may not be food later. This
situation may also be exacerbated by the arrival of a paycheck or
a large infusion of food benefits at the beginning of a month
rather than spaced throughout the month (or perhaps when food
runs out). Studies using probability discounting (PD), in which
choices between smaller, more certain, and larger, less certain
outcomes are arranged, show that individuals with obesity are
more risk averse (less risky) when it comes to food-related out-
comes compared to individuals with healthy-weight (Hendrickson
& Rasmussen, 2013; Rasmussen et al., 2010). This is not surpris-
ing, given that probability (sensitivity to uncertain events) and
DD (sensitivity to delayed events), though separate processes,
have been shown to be related to one another (e.g., Green &
Myerson, 2013; Richards et al., 1999). While no literature to date
is published on the relation between risk-related food decisions
and FI, recent literature shows that risky sexual decision-making
is associated with FI (Tsai et al., 2011; Weiser et al., 2011).
Therefore, shifts in impulsive and risky choice may be found in

populations with FI. Understanding the extent to which impulsive
and risky choice differs across food security statuses may reveal
etiological pathways toward obesity among this population. Fur-
ther, prior research examining obesity treatments has found that
impulsivity can moderate treatment outcomes, which suggests
that decision-making processes are potentially relevant treatment
targets (Manasse et al., 2017).

The current study, then, is the first part of a two-part study that
examines the extent to which DD and PD differ between women
who are food secure versus FI. Further, the study also examines
the extent to which discounting would function as a mechanism
between FI and obesity status. Specifically, the researchers
hypothesized women with FI would show significantly higher DD
and PD for food and money and higher rates of obesity compared
to food secure women. In addition, the researchers were interested
in determining the extent to which DD and PD for food and money
functioned as possible mechanisms between FI and obesity status.
The researchers hypothesized that DD and PD for food and money
would significantly mediate the relation between FI and obesity.

Method and Materials

Participants

Sample size was determined by an a priori power analysis with
an effect size of .15 using G*Power®; a sample of 92 resulted in
an a = .05 and power = .95. Ninety-four participants were
recruited from local food pantries, fliers placed throughout the
community, and social media ads in southeast Idaho. Interested
participants completed a brief prescreening interview in person or
over the phone to determine eligibility. A participant was eligible
if she identified as a woman, was 18 or older, and was proficient in
English. In addition, participants self-reporting diagnoses of eating
disorders, hemophilia, pregnancy, and HIV status within the last
year were excluded from the study. Participants meeting the eligi-
bility criteria were scheduled for a 1–1.5-hour session. Participants
were asked to abstain from eating or drinking two hours prior to
their participation time.

Materials and Survey Instruments

Food Choice Questionnaire (FCQ)

The FCQ (a = .92; Hendrickson et al., 2015) is a 27-item mea-
sure of DD for hypothetical food outcomes across small (8–13
bites), medium (25–35 bites), and large (40–50 bites) magnitudes.
A 5/8 in. white cube is placed in front of the participant, and she is
asked to imagine it is a bite of her favorite food. Within each mag-
nitude, individuals are instructed to make choices between two hy-
pothetical food outcomes in which one of the food outcomes is
available immediately (e.g., 4 bites now) and the other is available
after a delay (e.g., 8 bites in 1 hr). The range of delays for the
choices is 1/2 to 24 hr. Impulsivity values are calculated for each
of the three magnitudes. See Hendrickson et al. (2015) for scoring
of DD values.

Money Choice Questionnaire (MCQ)

The MCQ (a = .92; Kirby & Marakovi�c, 1996; Kirby et al.,
1999) is a 27-item of DD for hypothetical monetary outcomes

DELAY DISCOUNTING AND FOOD INSECURITY 243

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.



across small ($25–$35), medium ($50–$60), and large ($75–$85)
magnitudes. Like the FCQ, individuals are presented with choices
between a smaller, immediately available amount of money (e.g.,
$54 now) and a larger, delay amount of money (e.g., $77 in 117
days), though the money values and delay range differ (1–360
days). See Kirby and Marakovic (1996) for scoring of DD values.

Probability Choice Questionnaires for Money and Food

The Probabilistic Money Choice Questionnaire (PMCQ; a =
.94; Madden et al., 2009) is a 30-item measure of PD (risk aver-
sion) for hypothetical monetary outcomes that estimates discount-
ing rates across small ($20 vs. $80), medium ($40 vs. $100), and
large ($40 vs. $60) magnitudes. An individual makes choices
between smaller, certain amounts of money (e.g., $40 for sure) ver-
sus larger, less certain amounts of money (e.g., A 6-in-11 chance
[55%] of receiving $60). See Madden et al. (2009) for scoring. The
Probabilistic Food Choice Questionnaire (PFCQ; a = .93; Rodri-
guez et al., 2018) is a 39-item measure of PD for hypothetical food
outcomes that was adapted from the FCQ and PMCQ. The mea-
sure estimates food discounting across small (8–14 bites), medium
(26–36 bites), and large (40–50 bites) magnitudes. For each magni-
tude, individuals select between smaller, certain amounts of food
(e.g., 15 bites for sure) versus larger, less certain amounts (e.g.,
75% chance of receiving 30 bites). See Rodriguez et al. (2018) for
scoring.

U.S. Household Food Security Survey Module (HFSSM)

The U.S. Household Food Security Survey Module (HFSSM;
Bickel et al., 2000; USDA, 2012) is an 18-item survey used to
assess the food security of a household with or without children
within the past 12 months. For the purpose of the present study,
the researchers altered the timeline of the measure to the past 3
months to capture the individual’s most recent and/or current ex-
perience with food security concerns. The HFSSM consists of
questions designed to assess an individual’s circumstances regard-
ing consistent access to a food supply that meets basic nutritional
needs and concerns about the household food budget’s ability to
maintain an adequate supply. Each affirmative response to items is
summed across the measure to obtain a single score of a house-
hold’s food security status. Higher values indicate households
with less food security (i.e. more FI). Scores below 3 indicate a
food secure household and scores 3 and above indicate FI with
higher scores indicating greater severity.

Substance Use

Given the extensive literature examining alcohol, substance use,
and discounting, the Alcohol Use Disorders Identification Test
(AUDIT-C; a = .71; Bush et al., 1998) and the Drug Abuse
Screening Test (DAST-10; a = .74; Skinner, 1982) were adminis-
tered. Higher scores, on both self-report measures, indicate an
increased likelihood for problematic or consequential behaviors. A
score of 3 or more on the AUDIT-C is an indication of potential
alcohol abuse, regardless of sex. For the DAST-10 a score of 0
indicates no problem, 1–2 a low level, 3–5 a moderate level, 6–8 a
substantial level, and 9–10 a severe level of addiction. Further, indi-
viduals who endorsed smoking or use of a nicotine vaporize were
administered the Fagerstrom Test for Nicotine Dependence (FTND;

a = .99; Heatherton et al., 1991) and an adaptive version of the
FTND with questions focused on vaping habits, respectively.

Subjective Hunger Questionnaire (SHQ)

The SHQ is a self-report measure of time since last food consump-
tion and subjective hunger consistent of 3 independent items. Partici-
pants report time since their last full meal and snack and rate their
current hunger level on a scale of 0 to 100. The SHQ is used to con-
trol for potential food intake before the session. Previous research
shows a positive association between food DD and subjective hunger
(Hendrickson & Rasmussen, 2017; Rodriguez et al., 2018).

Intellectual Functioning

The Slosson Intelligence Test—Revised for children and adults
(SIT-R3; Slosson et al., 2005) is a brief measure of intellectual
functioning that estimates overall general verbal cognitive ability
with a mean standard score of 100 (SD = 15; average scores
85–115). Research has suggested a negative association between
DD and intellectual functioning (Shamosh & Gray, 2007).

Demographic Information

Participants provided demographic information, such as age,
ethnicity, income, date since last paycheck, and marital status.

Biometric Information

Researchers collected participants’ heights using a two-meter
portable ruler. Weight and percent body fat (PBF), and body mass
index (BMI) were gathered and calculated using the Tanita C-
300® scale and Tanita Health WareTM software. PBF was calcu-
lated via the scale through bioelectric impedance. BMI was calcu-
lated by dividing weight in kgs by height in meters squared (kg/
m2) and was classified in the following categories: underweight
(,18.5), normal weight (18.5–24.9), overweight (25.0–29.9), and
obese ($30.0; Centers for Disease Control and Prevention, 2020).
Blood glucose samples were collected using an Accu-Chek® Com-
pact Plus glucometer. If a participant’s BMI fell below 25 kg/m2,
blood glucose levels were expected to fall at or below 110mg/d; if
BMI was $ 25 kg/m2, blood glucose levels were expected to be at
or below 140mg/dL. These blood glucose values were based upon
prior discounting studies who based their cut-off criteria on guide-
lines set by the American College of Endocrinology (Hendrickson
et al., 2015).

Block Food Frequency Screener (BFFS)

The BFFS (Block et al., 2000) was developed using data from
the National Health and Nutrition Examination Survey and is a
27-item self-report measured used to assess an individual’s intake
of dietary fats, in addition to fruit and vegetable consumption. Par-
ticipants report their monthly to daily consumption of specific
foods within the last 30 days. Responses to items are summed to
create two scores associated with qualitative descriptors of dietary
fat and fruit and vegetable consumption. For dietary fats, scores
are classified as follows: very low in fat (0–7), moderate fat
(8–14), high fat (15–22), and very high fat (23þ). Vegetable and
fruit consumption scores are classified as follows: less than 3 serv-
ings per day (0–10), less than 4 servings per day (11–12), less than
5 servings per day (13–15), and 5 or more servings per day (16þ).
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Perceived Stress Survey (PSS)

The PSS (a = .90; Cohen et al., 1983) is a 10-item scale that
assesses an individual’s appraisal of their life events as stressful.
Respondents answer questions regarding their feelings of stress
and ability to cope with different life stressors over the past month.
Participant responses are summed; higher scores indicate higher
amounts of stress than normal.

Procedure

All materials and procedures were approved by the Idaho State
University Institutional Review Board. Participants that met inclu-
sion criteria completed the study in an office-size room at a local
university or in an office-size outdoor tent set up by the researchers
outside of a local food pantry. After informed consent, the research
assistant conducted an additional brief interview to confirm eligi-
bility status and obtain basic demographic information (e.g., date
of birth, race, and ethnicity). The participant then completed the
SHQ and blood glucose measures. If the participant reported eating
food or drinking any liquid less than two hours prior to her partici-
pation or was above specified cutoffs for blood glucose, she was
rescheduled. Following the blood glucose sample, the research as-
sistant administered the SIT-R3, then the HFSSM. Next, the partic-
ipant completed the four discounting measures in a randomized
order on a laptop. Then, she completed the DAST-10, AUDIT-C,
FTND, and adapted FTND for vaping, and additional demographic
information was obtained (e.g., marital status, income, etc.).
Finally, biometric information was obtained. Each participant who
completed the study received $15 cash for compensation.

Data Analysis

The data were analyzed using IBM SPSS Statistics Version 26.
Two participants discontinued participation and were dropped
from analyses, bringing the final sample size to 92.

Consistent Responding

Studies using choice questionnaires report patterns of respond-
ing that are consistent; that is, those that show only one switch
between the smaller outcome to the larger delayed or uncertain
outcome (inconsistent would mean more than one switch; see
Kirby & Marakovi�c, 1996). This sample demonstrated relatively
consistent responding across the three magnitudes of the choice
questionnaires ranging from 77%-87% on the FCQ, 97%-99% on
the PFCQ, 97%-98% on the MCQ, and 96%-100% on the PMCQ,
which was consistent with previous studies (Hendrickson et al.,
2015; Rodriguez et al., 2018). All 92 participants were included in
the analyses.

Transformations

Due to skewness of the distributions (a common finding in the
discounting literature), several variables were transformed to
achieve normality. Discounting values for each magnitude of the
FCQ were transformed using square root transformation due to
moderate skewness; log 10 transformations were used for the
PFCQ, MCQ, and PMCQ magnitudes due to substantial skewness.
Similarly, BMI, blood glucose, time since last meal, time since
last snack, DAST-10 total scores, and AUDIT-C total scores also

demonstrated significant skew and were log 10 transformed. All
variables showed improved normality following their respective
transformations. In addition, due to an unequal number of partici-
pants within each income category, the income variable was
dichotomized with individuals who reported ,$20,000 in one
group (coded as 0) and individuals who reported $20,000 or
greater in annual income in another group (coded as 1). This value
was determined by using the poverty line guideline for a 3-person
household in the state of Idaho ($21,330; U.S. Department of
Health and Human Services, 2019). Similarly, the measures for
cigarette and nicotine vaporizing use were dichotomized between
individuals who reported use or nonuse within the past year.

Covariates

Research indicates that alcohol, nicotine, and illicit substance
use, in addition to intellectual functioning, and obesity status can
influence monetary discounting (e.g., Madden et al., 1999; Petry,
2001; Shamosh & Gray, 2007; Weller et al., 2008). Further, dis-
counting research examining food outcomes has indicated that dif-
fering levels of obesity and subjective hunger can influence
individuals’ responding (Hendrickson & Rasmussen, 2013, 2017;
Rasmussen et al., 2010). Pearson’s r correlations were conducted to
examine the extent to which the three different magnitudes of the
FCQ, MCQ, PFCQ, and PMCQ were significantly associated with
DAST-10, AUDIT-C, cigarette use, nicotine vape use, SIT-R3,
time since last meal, time since last snack, subjective hunger, BMI,
and PBF. Variables were included in the discounting analyses if
they showed significant correlations across all three magnitudes.

Main Analyses

T-tests and chi-square analyses were conducted to determine if
groups differed on demographic variables. Two-way repeated
measures ANOVAs or ANCOVAs were run to examine main
effects of food security (between-subjects) and discounting reward
magnitude (within-subjects) and their interaction on discounting.
Greenhouse-Geisser corrected tests were used when tests of sphe-
ricity were significant.

Mediation analyses using Hayes’ PROCESS v3.4 macro (Model
4; Hayes, 2018) were conducted to determine the extent to which
the relation between food security status and obesity were medi-
ated by delay and PD for food and money (see Figure 1). For each
discounting task, six simple and two parallel mediator models
were conducted that allowed for each magnitude to be examined
separately and simultaneously with percent body fat or body mass
index as the criterion variable. Food security status was dummy
coded as 0 = food secure and 1 = food insecure.

Results

Participant Characteristics

Demographics of the current study sample are displayed in
Table 1. Out of 92 women, 35 (38%) women were FI, whereas the
remaining 57 women were food secure. Approximately 40% of
participants in the FI Group and 8% of the food-secure Group
completed data collection at local food pantries. Participant loca-
tion did not statistically affect the results.
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A number of food-security differences were found. Women who
were food secure demonstrated higher estimated intellectual func-
tioning scores compared to women with FI (t(90) = 2.83, p = .006,
d = .6). More women with FI reported annual incomes less than
$20,000 (x 2(1) = 7.65, p = .006) compared to women with food se-
curity. Women with FI endorsed marriage at lower rates those with
food security (x 2(1) = 4.15, p , .04). They also ate fewer servings
of fruits and vegetables and had higher rates of stress.

When comparing health-related variables, women with FI
showed higher BMI (t(90) = �2.15, p = .03, d = .5) and percent
body fat (t(90) = �2.22, p = .03, d = .5) compared to women with
food security. Blood glucose was significantly higher in women
with FI compared to women with food security (t(42.44) = �2.26,
p = .04, d = .5). In addition, blood glucose was negatively associ-
ated with time since last snack (r = �.21, p = .04) and subjective
hunger (r = �.28, p = .006), but was not associated with time

Figure 1
Diagram of Mediation Analyses

Note. The simple mediation analysis (left) is run with only one magnitude from each of the four discounting tasks pre-
dicting either to PBF or BMI. The parallel mediation analysis (right) would include all magnitudes of the specific choice
predicting to PBF or BMI.

Table 1
Demographic Characteristics

Characteristic

Total
(n = 92)

FI
(n = 35)

Food secure
(n = 57)

pMean (SE) Mean (SE) Mean (SE)

Age (years) 40.5 (1.5) 43.7 (2.6) 38.5 (1.9) .10
Slosson Intell Test 96.9 (1.5) 91.8 (2.1) 100.0 (1.8) .006*
% Whitea 78% 71% 83% .05
% Income ,$20,000 45% 63% 33% .006*
% marrieda 41% 29% 49% .04*
Time since last paycheck (weeks ago) 2.4 (0.2) 2.7 (0.3) 2.3 (0.2) .27
Weight (kg) 81.0 (2.2) 84.6 (3.3) 78.8 (2.9) .20
BMI (kg/m2) 29.8 (0.8) 31.8 (1.3) 28.6 (1.0) .03*
% body fat 37.7 (1.0) 40.4 (1.3) 36.0 (1.3) .03*
Waist circumference (cm) 98.6 (2.2) 103.4 (3.1) 95.6 (3.0) .09
Subjective hunger (0–100) 36.3 (2.8) 35.2 (4.9) 36.9 (3.3) .76
Hours since last meal 9.5 (0.6) 10.5 (1.0) 8.9 (0.8) .23
Hours since last snack 6.8 (0.5) 7.7 (0.9) 6.3 (0.6) .22
Blood glucose (mg/dL) 102.2 (3.5) 113.4 (8.5) 95.3 (1.8) .04*
Alcohol Use Disorders Identification Test—C (AUDIT-C) 1.9 (0.2) 2.03 (0.4) 1.8 (0.3) .63
Drug Abuse Screening Test-10 (DAST-10) 1.3 (0.2) 1.3 (0.3) 1.4 (0.2) .83
Endorsed cigarette use 24% 31% 19% .19
Endorsed nicotine vape use 7% 7% 5% .53
BFFS–fruits and vegetables 13.3 (0.7) 11.3 (1.1) 14.6 (1.0) .03*
BFFS–dietary fat 22.4 (0.8) 21.8 (1.5) 22.7 (1.0) .61
Perceived stress survey 17.3 (0.8) 20.1 (1.1) 15.5 (0.9) .003*

Note. FI = food insecurity.
a Largest group by percentage.
* p , .05.
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since last meal. Women with FI reported consuming fewer fruits
and vegetables (t(90) = �2.22, p = .03, d = .5) and higher stress (t
(90) = �3.06, p = .003, d = .7) than women with food security.

Covariates

Pearson’s r correlations revealed that expected covariates were
differentially associated with different magnitudes of discounting.
In addition, given that blood glucose and other demographic varia-
bles (e.g., marital status, fruit and vegetable consumption, per-
ceived stress, etc.) significantly differed between FI and food
secure participants, it was also analyzed as a potential covariate
(see Appendix A–D for tables in online supplemental materials).
For money DD, the MCQ showed significant negative associations
with intellectual functioning across the small (r = �.29, p = .005),
medium (r = �.27, p = .009), and large magnitudes (r = �.38, p ,
.001). Blood glucose was positively associated with the small (r =
.25, p = .02), medium (r = .29, p = .005), and large magnitudes of
the MCQ (r = .33, p = .001). The DAST-10 showed a significant
negative association with food PD (i.e., PFCQ) with the small (r =
�.31, p = .003), medium (r = �.28, p = .007), and large (r = �.33,
p = .001). The PFCQ showed a significant association with income
across all three magnitudes (small r = .31, p = .004; medium r =
.27, p = .008; large r = .25, p = .02).

Food Delay Discounting

Figure 2 shows mean food DD scores as a function of magni-
tude and FI status. A two-way repeated-measure ANOVA
revealed a main effect of food security status (F(1, 90) = 6.08,
p = .02, partial-h2 = .06), with FI participants displaying greater
levels of discounting. A significant main effect of magnitude
(F(1.16, 145.08) = 11.847, p , .001, partial-h2 = .12) was found.
There were no interactions. Posthoc pairwise comparisons
revealed that small magnitude was higher than medium (p =
.001) and large magnitudes (p , .001); medium and large magni-
tudes did not differ.
Mediation analyses revealed no significant indirect effect of

food DD on the association between FI status and PBF. However,

a consistent, significant, and positive direct effect between food se-
curity status and PBF was found when controlling for small (b =
4.59, SE = 2.01 95% CI [.61, 8.59]), medium (b = 4.60, SE = 2.02,
95% CI [.58, 8.62]), and large magnitudes of the FCQ (b = 4.42,
SE = 2.02, 95% CI [.41, 8.42]) separately or simultaneously (b =
4.60, SE = 2.05, 95% CI [.53, 8.67]). Further, significant associa-
tions were observed between FI status and the small (b = .09, SE =
.05, 95% CI [.001, .19]), medium (b = .11, SE = .05, 95% CI [.02,
.21]), and large magnitudes (b = .11, SE = .05, 95% CI [.01, .21])
of the FCQ. When PBF was replaced by BMI, results were similar.
Food DD did not significantly mediate the relation between FI sta-
tus and BMI; however, significant positive direct effects were
observed when controlling for the small (b = .05, SE = .02, 95%
CI [.006, .10]), medium (b = .05, SE = .02, 95% CI [.001, .09]),
and large magnitudes (b = .05, SE = .02, 95% CI [.001, .09]) of the
FCQ separately and simultaneously (b = .05, SE = .02, 95% CI
[.02, .10]).

Money Delay Discounting

Figure 3 shows estimated marginal means for monetary DD
across magnitude and differing levels of FI. While a two-way
repeated measures analysis initially revealed a significant main
effect of magnitude (F(2, 180) = 24.26, p , .001, partial-h2 =
.21), a main effect of FI status (F(1, 90) = 458.13, p , .001, par-
tial-h2 = .84) and no significant interaction, these effects disap-
peared when controlling for estimated intellectual functioning
(F(1, 88) = 6.52, p = .01, partial-h2 = .07) and blood glucose
(F(1, 88) = 2.52, p = .02, partial-h2 = .06), which were both sig-
nificantly related to monetary discounting.

When controlling for blood glucose and intellectual functioning,
money DD did not significantly mediate the relation between food
security status and PBF. In addition, the direct effect between food
security status and PBF was not different across small, medium, or
large magnitudes when included in the model separately or simul-
taneously. FI was not significantly associated with the MCQ
across any magnitude. Further, when controlling for food security
status and magnitudes of the MCQ, neither intellectual functioning
nor blood glucose were significantly associated with PBF. When
BMI replaced PBF the results were similar.

Food andMoney Probability Discounting

A two-way repeated measures ANCOVA (magnitude and FI
status) revealed that income (F(1, 88) = 5.81, p = .01, partial-h2 =
.06) and DAST scores (F(1, 88) = 8.11, p = .005, partial-h2 = .08)
were significantly associated with food PD. However, when con-
trolling for the effects of income and substance use, there were no
significant main effects or interactions of FI or magnitude on food
PD. In addition, food PD did not function as a significant mediator
between FI status and measures of obesity across magnitudes
entered separately or simultaneously when controlling for income
and DAST-10 total scores.

A two-way repeated measures ANOVA revealed no significant
main effects of magnitude or food security status or an interaction.
Similarly, mediation analyses revealed no significant indirect effect
of money PD on the association between food security status and
percent body fat and food security status was not significantly asso-
ciated with any magnitude of the PMCQ. However, consistent

Figure 2
Delay Discounting for Food
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significant, positive associations between food security status and
percent body were observed when controlling for the small (b =
4.31, SE = 1.97, 95% CI [.41, 8.22]), medium (b = 4.25, SE = 1.99,
95% CI [.30, 8.20]), and large magnitudes (b = 4.13, SE = 1.97,
95% CI [.23, 8.04]) of the PMCQ separately and when entered in
the Model simultaneously (b = 4.33, SE = 2.01, 95% CI [.34,
8.31]). When BMI replaced PBF in the model, no significant indi-
rect effect of money PD was observed between food security status
and BMI although a significant direct effect of food security status
on BMI was observed when controlling for small (b = .05, SE =
.02, 95% CI [.003, .09]) and large (b = .05, SE = .02, 95% CI
[.002, .09]) magnitudes in separate models and when all three mag-
nitudes of the PMCQ were entered simultaneously (b = .05, SE =
.02, 95% CI [.001, .09]).

Discussion

The present study was conducted to investigate the extent to
which DD and PD for food and money and obesity status differed
as a function of food security status in adult women as well as to
determine the extent to which these processes functioned as poten-
tial mechanisms for FI and obesity status. The hypotheses were (a)
FI women would show significantly higher discounting and rates
of obesity compared to food secure women, and (b) discounting
would function as a mediator between food security and obesity
status (i.e. PBF and BMI). The first hypothesis was supported; FI
predicted steeper DD across three magnitudes of food and money.
FI also predicted higher obesity rates. The role of discounting in
the relation between obesity and FI was not supported as a media-
ting variable, however.
Consistent with prior literature, women with FI showed signifi-

cantly higher BMI and PBF compared to food secure women
(Martin & Ferris, 2007; Townsend et al., 2001). In addition, FI
was also associated with lower income, lower estimated intellec-
tual functioning, greater likelihood of being single, fewer servings
of fruits and vegetables, and higher levels of stress. This too repli-
cates and extends what has been found in previous studies with FI
populations (e.g., Kubzansky et al., 2009; Motbainor et al., 2017;
Salinas et al., 2016; Wight et al., 2014). However, food-insecurity

related differences in discounting varied between type (delay vs.
probability) and commodity (food vs. money).

Women with FI had higher DD rates for food across three mag-
nitudes of food compared to food-secure women. There was also a
main effect of magnitude on food in which smaller bites showed
higher discounting when controlling for food security status; this
magnitude effect replicates previous research (Hendrickson et al.,
2015; Hendrickson & Rasmussen, 2017). There were also main
effects of food security status on monetary discounting, though
this effect disappeared when intellectual functioning and higher
blood glucose were statistically controlled.

The differences between food secure versus FI groups make it
difficult to determine the relations more precisely between food se-
curity status, blood glucose, intellectual functioning, and monetary
discounting. These results suggest that the presence of a possible
underlying metabolic disorder (e.g., diabetes; Epstein et al., 2020;
Lebeau et al., 2016) and/or differences in underlying executive
functioning or verbal comprehension (Shamosh & Gray, 2007)
ability may play an important role in discounting patterns and
account for a greater amount of variance in monetary DD than
food security status. In addition, the domain-specific effect
observed with food, and less so with money, DD may indicate that
certain individual factors are more relevant in preferences for spe-
cific commodities over others. Further research needs to be con-
ducted to better understand the relations among these variables.

Overall, the relation between food security status and higher
impulsivity extends the literature on temporal processes related to
FI and poverty. One interpretation of this literature is that being in
a FI state may shorten temporal windows, such that more immedi-
ate outcomes are preferred or valued than planning for the future
(i.e. survival mode). What may appear as an impulsive decision to
select food or money now rather than a better reward later may be
a rational choice to an individual with limited food and financial
resources, particularly when choices are few.

It was hypothesized that PD for food and money would be related
to food security status. These hypotheses were not supported in this
sample. Some studies have suggested that FI individuals demon-
strate riskier behavior than food secure individuals. For example, FI
individuals are more at risk for HIV, smoking, and illicit drug use
(Armour et al., 2008; Ivers et al., 2009; Strike et al., 2012). Because
our results suggest that riskiness for food- or money-related out-
comes does not differ as a function of food security status, it may
be the case that commodity-specific riskiness (i.e. sexual and drug-
related outcomes over money and food) may be relevant to FI.
Future research on domain-specific PD may be warranted.

The researchers also hypothesized that delay and PD processes
would mediate the association observed between FI and obesity.
While food security indeed predicted obesity status, no indirect
effects of delay or PD for food or money were observed. This was
unexpected given the literature indicating a robust relation between
discounting and obesity status (e.g., Jarmolowicz et al., 2014; Ras-
mussen et al., 2010; Weller et al., 2008) and other studies indicat-
ing the mediating role of self-regulation abilities between
childhood experiences and obesity (Evans et al., 2012). It may be
that discounting acts as a moderator as opposed to a mediator. For
example, an individual with higher rates of discounting alone may
not necessarily develop obesity, but when placed into a context of
FI, may engage in behaviors that lead to its ultimate development.
More research is needed to understand this complex relation.

Figure 3
Delay Discounting for Money
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Though obesity was related to FI in this study, it was not associ-
ated with food or money DD or PD in this sample. A number of
studies have shown that obesity status (BMI and PBF) predicts
steeper discounting for money (e.g., Jarmolowicz et al., 2014;
Weller et al., 2008; see meta-analysis by Amlung et al., 2016) and
food (Rasmussen et al., 2010; Hendrickson & Rasmussen, 2013,
2017; Hendrickson et al., 2015). Therefore, the lack of obesity
effect in the present study was unexpected. One difference in the
present study that may account for this anomaly is the sample. A
substantial proportion of the variance in discounting came from
FI, which may pull from the variance of a potential obesity effect,
as obesity and FI were related. This is unlikely however, as con-
trolling for FI still did not result in an obesity effect in the data.
Future research should examine other factors might affect obesity
and impulsivity in FI samples.
Income, which is independent from, but related to FI, is also rele-

vant. Indeed, in the present study, significantly more FI women
reported incomes less than $20,000 per year than food secure
women. Further, income showed a significant association with obe-
sity when controlling for other factors such as FI. Although FI sta-
tus and income are highly related, FI can still occur among higher
incomes. Therefore, the present results extend this literature by
more carefully parsing the variance of income and other demo-
graphic variables in terms of their relative associations with obesity.
There were some limitations to this study. The direction of cau-

sality between FI and impulsivity is not clear. While FI indeed may
be a state that causes impulsivity, alternatively, trait impulsivity
may be the cause of FI. Walter Mischel’s work (e.g., Mischel et al.,
1988; Mischel et al., 1989; Shoda et al., 1990; Schlam et al., 2013)
shows that the inability to delay gratification in young children pre-
dicts challenges later in life such as poorer academic performance,
difficulties with social and cognitive skills, challenges with self-reg-
ulation, and a higher likelihood of health problems such as obesity.
Additional research suggests that challenges with self-regulatory
abilities are associated with poverty (Evans et al., 2012; Griskevi-
cius et al., 2013; Sturge-Apple et al., 2016) and mediate the relation
between socioeconomic risk factors and obesity (Evans et al.,
2012). Environmental stressors coupled with difficulties with self-
regulation may lead to barriers in terms of sustaining successful
employment options, which places one at risk for FI.
Another notable limitation to the current study is demographic

characteristics of the sample. The majority of women (78%) who
were enrolled in the Study were of Euro American background.
This is a concern when comparing this sample to national aver-
ages, in which 73% of females are White (U.S. Census Bureau,
2015). However, the local diversity in which recruitment was con-
ducted suggests that 87.2% of the area is White (U.S. Census Bu-
reau, 2015), so recruiting efforts may be considered satisfactory at
sampling the region’s diversity. It is important to note, however,
that FI women who are of nonwhite ethnicity are especially likely
to have higher rates of obesity and also FI (Ogden et al., 2017), so
effortful recruitment from diverse areas is especially important for
studies on FI.
In summary, the current study suggests that food impulsivity

differs between food secure and FI women. Because this effect
was observed with food as opposed to money, it may be the case
that FI is associated with a more domain-specific effect (see Hen-
drickson & Rasmussen, 2013, 2017 for example, as opposed to a
general trait-like impulsivity pattern (see, e.g., Odum, 2011).

Individuals or agencies that assist food-insecure populations may
want to consider this behavioral process when they are designing
support for their clients. Designing programs that minimize delays
in obtaining outcomes may enhance better decision-making. For
example, designers of food pantries can enhance client choice by
allowing clients to have immediate control over the food selected
or allow clients to shop more frequently. In addition, providing
food benefits through the Supplemental Nutritional Assistance
Program (i.e. “food stamps”) twice per month rather than once per
month may help with food discounting choices. This population
may also benefit from learning strategies and programs that induce
longer time horizons, such as mindfulness (e.g., Hendrickson &
Rasmussen, 2013, 2017).
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