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Food insecurity, defned as unpredictable access to food that may not meet a person’s nutritional needs, is paradoxically associated
with higher BMI (kg/m2) and obesity. Research has shown delay discounting, a behavioral economic measure of the preference for
immediate rather than delayed rewards, is related to higher BMI, and moderates the relationship between income and food
insecurity. Based on this research, we used regression models to test whether delay discounting, consideration of future con-
sequences, and perceived stress were atemporal mediators of the food insecurity-BMI relation in 313 mothers, controlling for
demographic variables. A secondary aim was to replicate the fnding that delay discounting moderates the relationship between
low income and high food insecurity. Results showed that low income was associated with higher food insecurity, and higher food
insecurity was associated with higher BMI. Delay discounting was the only variable that was indirectly related to both paths of the
food-insecurity-BMI relation. Delay discounting accounted for 22.2% of the variance in the low-income-food insecurity-obesity
relation, and the total model accounted for 38.0% of the variance. Te relation between low income and food insecurity was
moderated by delay discounting.Tese data suggest that delay discounting is a potential mediator of the relationship between food
insecurity and high BMI, which suggests reducing discounting in the future could be a novel target to reduce food insecurity and
help people with food insecurity to reduce their excess body weight. Trial Registration. Tis trial is registered with NCT02873715.

1. Introduction

Food insecurity due to lack of regular access to food that
meets their nutritional needs [1, 2] afects many low-
income families [3]. Data from the Panel Study of In-
come Dynamics suggest that the percentage of families with
children who experience food insecurity has increased
from 8.8% in 1990–2003 to 10.9% in 2015–2019. Data from
this study suggest that the experience of food insecurity
may change over time, as only 33.1% of low-income
families report high food security at both time points,
suggesting there are protective factors that reduce the

likelihood that a low-income family consistently experi-
ences food insecurity [3].

Tere is a strong relation between food insecurity and
elevated body mass index (BMI� kg/m2) and obesity (BMI
≥30), which has led to the food insecurity-obesity paradox
[4, 5]. Given that people with food insecurity experience
unpredictable access to food, may lack access to healthy food
in their environment, and may miss meals and go hungry
[4, 6, 7], it is not expected that they would have excess body
weight and obesity. Tis unexpected relation is the basis for
the food-insecurity obesity paradox. Te relation between
food insecurity and excess body weight is stronger for
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women than men [4, 8]. Many children in low-income
families also experience food insecurity [3], and the study
of mothers may be particularly interesting as they may be
more sensitive to the efects of food insecurity on body
weight [4, 8], and they may model behaviors related to
weight gain that can infuence eating behaviors of their
children [9].

Shah and colleagues [10] theorize that resource scarcity that
is characteristic of food insecurity creates a mindset in which
individuals allocate attention to behaviors that reinforce poverty
(e.g., borrowing money) while neglecting others (e.g., failing to
enroll in assistance programs). Economic scarcity can lead to
a person focusing on immediate needs, including putting food
on the table that night or for the week, rather than considering
longer-term goals such as saving to pay of debts, purchasing
a home, or saving for children’s college [11–13]. Low income is
related to higher discounting of the future [14, 15], and a narrow
temporal window focuses on immediate demands and im-
mediate gratifcation as an adaptive response to pressing needs
and tending to trade-ofs that must be considered in meeting
those needs [16, 17]. Delay discounting (DD), which measures
a person’s temporal orientation towards either small, but im-
mediate rewards, or large, delayed rewards [18, 19], is associated
with income [14, 15], obesity [20–22], and food insecurity
[11–13, 23]. Given that DD is associated with low income
[14, 15], high food insecurity [11–13, 23], obesity [20–22], and
increases during scarcity conditions [11–15, 23, 24], DD may
provide insight into the relation between low income and food
insecurity as well as the food insecurity-obesity paradox [4, 5].
Tis suggests that having a wide temporal window and not
discounting the futuremay be a protective factor for peoplewith
low income not experiencing food insecurity [11].

While DD assesses a person’s style of decision-making
that tends to focus on smaller, immediate rewards versus
larger, later rewards, there are other approaches to studying
how people make decisions that focus on the balance be-
tween immediate and long-term needs. Tis is the basis for
prospective thinking or a person’s temporal orientation
towards the future rather than the present. A widely used
measure of temporal orientation is the Consideration of
Future Consequences Scale (CFCS) [25–27], which assesses
how much people consider future consequences of their
behavior when making a decision about present behavior. It
is relevant to consider whether another measure of a per-
son’s temporal orientation could help explain the re-
lationship between food insecurity and BMI.

People with low income and food insecurity often expe-
rience stress [5, 23, 28]. Stress is associated with obesity [23, 29],
and it can increase food reward [30] and can lead to emotional
eating to regulate negative afect [31], both of which can lead to
positive energy balance, weight gain, and obesity. Stress also
impacts cognitive function, including reducing working
memory capacity [32], increasing attentional bias for food [33],
and increasing DD [23], which can shift decision-making
towards immediate gratifcation and characteristics of people
who experience food insecurity [11–13, 23].

Te primary goal of this study is to assess whether DD,
CFCS, and stress can help understand the relationship be-
tween food insecurity and higher BMI in mothers. A

secondary goal is replicating the moderating efect of DD on
the low-income-high food insecurity relationship that we
observed in a previous study in which DD and fnancial
planning moderated the relationship between low income
and food insecurity [11]. In that study, people with low
income who engaged in some fnancial planning and did not
discount the future showed levels of food insecurity
equivalent to people with higher income levels. People with
low income who engaged in fnancial planning with a nar-
row temporal window, as defned by high levels of DD,
experienced high levels of food insecurity, equivalent to not
engaging in fnancial planning. Tese data suggest that not
discounting the future for people with low income was an
important style of decision-making that is associated with
lower food insecurity.

2. Methods

2.1. Subjects and Design. Tis study was approved by the
University at Bufalo Institutional Review Board and was
conducted online in November 2018. Te study was a sec-
ondary analysis of data collected for a cross-sectional study
of parents recruited from ResearchMatch.org, a crowd-
sourcing platform. Te parent study was designed to study
the relationship between stress and parenting. No publi-
cations were generated from the analysis of these relations. A
recruitment message was sent to randomly selected in-
dividuals who met our study target (e.g., adults 18–55). E-
mail addresses of those interested in participating were
exported from ResearchMatch.org, and potential partici-
pants were sent an e-mail with the link to a Qualtrics
questionnaire. An IRB-approved consent was presented to
the participant upon opening the link, and consent was
obtained by the participant indicating (e.g., clicking) “I agree
to the terms described above.” 569 people consented and
were eligible to participate (e.g., an adult 18–55 with at least
one child between 2 and 15), and of those, 369 participants
provided full, complete, and valid responses to all of the
study questionnaires, including the DD task [34], and 313 of
those were mothers, the focus of this analysis.

2.2. Measures. Participants completed the MacArthur net-
work socio-demographic questionnaire (e.g., age, gender,
marital status, employment status, education, income, race, and
perceived social status) [35] as well as the short form, 6-item
food insecurity questionnaire [36] that asks questions re-
garding experience of food insecurity in the last 12months.
Cutofs for low food security and very low food security are 2
and 5, respectively. Parents self-reported their height and
weight, which was used to calculate body mass index
(BMI� kg/m2). Overweight and obesity are defned as BMI
≥25 and BMI >30, respectively [35]. Previous research has
validated the use of height and weight self-reports for obser-
vational studies [37]. Income was converted to percent over
poverty based on household size using 2018 poverty data [38].

Participants completed an adjusting amount DD task
[39]. During this task, participants chose between receiving
a larger amount of money at a future time point (1 day,
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7 days, 30 days, 182 days, and 365 days) and a smaller
amount of money now (e.g., “Would you rather have $50
now or $100 in one week?). Te amount of money ofered
“now” adjusted based on participant’s prior response.
Delayed time choices were presented in a random order.
Depending on the participant’s response, the immediately
available amount was adjusted up (if delayed choice selected)
or down (if immediate choice selected). Each time delay
included fve trials with the amount adjusting half that of the
previous adjustment [39]. Patterns of responding were
checked to see if systematic responding was observed using
two rules: (1) if the subsequent indiference point was 20%
less than the preceding indiference point of the larger, later
reward and (2) if the last indiference point was not less than
the frst indiference point by at least a magnitude equal to
10% of the larger, later reward [34].

For each participant, indiference points, or the amount
of money ofered now that was just as appealing to them as
$100 at a future time point, were calculated for each delay.
Te ordinal area under the curve (AUCord) was used as the
measure of DD. AUCord ranges from 0 (maximum dis-
counting of the delayed reward) to 1 (no discounting);
higher values of AUCord indicate lower levels of discounting.
AUCord was calculated using the ordinal values for each of
the fve delays. Tis measure was chosen over the traditional
AUC measure because it does not overweight the contri-
bution of distal delays [40].

In addition, in a sensitivity analysis, we calculated dis-
count rates using a hyperbolic discounting model [41],

V �
A

1 + kD
, (1)

whereV is the discounted value,A is the reward amount,D is
the delay, and k is a free parameter that indexes the rate of
discounting. Higher values of k indicate more rapid de-
valuation of the delayed reward and greater impulsivity.

Te CFCS is a 12-item scale that measures how much
a person considers the long-term consequences of their
current behavior [25–27]. Research has shown signifcant
relations between DD and CFCS [42]. Te consideration of
future consequences is related to obesity [43, 44], such that
the more you consider the future, the lower your BMI, but
we could not identify any research on consideration of future
consequences and food insecurity. CFCS asks howmuch one
considers immediate (e.g., “I only act to satisfy immediate
concerns, fguring the future will take care of itself”) and
distal (e.g., I am willing to sacrifce my immediate happiness
or well-being in order to achieve future outcomes”) out-
comes [27]. In the present study, immediate items
[4–6, 9–12] were reverse scored and averaged with the future
items [1–3, 7, 8] for a total possible score between 1 and 5.
Sample scores on the CFCS ranged from 2 to 5 (M= 3.8,
SD= 0.61). Both the bi- and unidimensional scales are
psychometrically valid and reliable [26], with a Cronbach’s
alpha of 0.82 [25]. Recent research has found the CFCS
future factor to be redundant [26] and that the unidimen-
sional model is more parsimonious than two discrete
factors [25].

Te Perceived Stress Scale (PSS) is a 10-item survey
with questions that indicate how stressed an individual
perceives themselves to be and how well equipped they
are to deal with that stress (e.g., “In the last month, how
often have you felt nervous and “stressed”?”, “In the last
month, how often have you felt that you were unable to
control the important things in your life?”) [45]. Answers
range from “0” (never) to “4” (very often), positively
stated items (e.g., 4, 5, 7, 8) are reverse-scored, and re-
sponses are summed. In the present study, PSS scores
ranged from 0.00 to 38.00 (M � 16.23, SD � 7.41). Te PSS
has good test-retest reliability and criterion validity for
measuring psychological stress, with Cronbach’s alpha
greater than 0.70 [46].

2.3. Analytic Plan. Preliminary analyses used zero-order
correlations to explore relations among variables. To un-
derstand the income-food insecurity relation, analysis of
variance (ANOVA) was used to explore the efect of income
expressed as a three-category classifcation of low income
(N � 53; <200% of poverty), middle income (N � 117;
200–399% over poverty), and higher income (N � 153;
>400% over poverty) using 2018 standards for poverty [38]
and to explore the interaction between income and DD on
food insecurity. Te main analytic approach was to use
atemporal mediation for cross-sectional data to understand
whether DD, CFCS, or perceived stress could be pathways
between food insecurity and BMI, controlling for age, years
of education, and percent above poverty. Atemporal me-
diation uses the analytic approach developed to identify
mediators of change, but these methods can be used in
cross-sectional research to identify relations among vari-
ables and to get a signal and potential true mediators that
can be tested in future prospective research [47]. Te
working model that was tested is shown in Figure 1, with
DD, CFCS, and stress tested for their indirect infuence on
food insecurity and BMI. Te indirect efects and conf-
dence intervals of DD or CFCS mediating the efect of food
insecurity on BMI were frst estimated in a separate analysis
using Hayes process macro 4.0 [48] which constructed
estimates from 10,000 bootstrap resamples. Te indirect
efects are presented in three ways. First, the indirect efect
is signifcant if the bootstrapped 95% confdence interval
does not contain zero. Second, the magnitude of the in-
direct efect refects the estimated change in the dependent
variable through the efects of the mediator variable per
unit change of the predictor variable [49]. Tird, the
proportion of the total efect explained by the indirect efect
will be quantifed by the efect ratio (indirect efect divided
by the total efect) [50, 51]. In addition, we assessed the
distribution of food insecurity ratings and the percentage of
food insecurity and high food insecurity as a function of
low, middle, or high-income groups. Tis was accom-
plished using ANOVA for the food insecurity ratings and
chi-square for the percentages. We also present the in-
tercorrelations among the variables. Data were analyzed
using SYSTAT11 [52], SAS 9.4 [53], and the Hayes process
macro 4.0 [48].
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3. Results

Mothers had an average food security score of 1.02 (2.00)
(mean± SD), with 21% reporting food insecurity and 12.9%
reporting high food insecurity. Tese numbers are greater
than the 11.8% of the U.S. population reporting low food
security and 4.3% of the U.S. population reporting very low
food security in 2018 [54]. Te percent of families receiving
government assistance was 14.8%, almost all who received
Supplemental Nutrition Assistance Program (SNAP) benefts
(43/46), which is similar to the 11.3% of families in the
United States who receive SNAP benefts [55]. Te average
mother had a BMI of 28.0 (7.2), with 57.8% overweight or
obese (BMI ≥25) and 27.4% obese (BMI ≥30), compared to
population averages in 2018 of 73.1% overweight or obese and
42.5% obese [56]. Te average mother was married (77.3%),
32.7 (7.1) years of age, with 1.9 (0.9) children (see Table 1).

Te relations among variables (Table 2) showed food in-
security was related (p<0.05) to income (r� −0.38), education
(r� −0.39), DD (−0.30), CFCS (−0.17), stress (0.34), and BMI
(0.21). BMI was related to income (−0.15), education (−0.13),
DD (−0.30), CFCS (−0.29), and stress (−0.12). DD was related
to income (0.28), education (0.26), CFCS (−0.29), and stress
(−0.14). Te relation between income level and food insecurity
ratings (Figure 2(a)), percent with food insecurity (Figure 2(b)),

or percent with high food insecurity (Figure 2(c)) showed
people with lower income had signifcantly greater food in-
security scores (F (2,310)� 68.98, p<0.001), and a greater
percentage of people with food insecurity (X2 (2)� 99.58,
p<0.001) or high food insecurity (X2 (4)� 101.20, p< 0.001).
DD moderated the efect of percent over poverty on food in-
security (F (2,305)� 4.89, p � 0.008) with signifcantly highest
food insecurity for those in low income, high DD group.

Te indirect efects of food insecurity on BMI through DD,
CFCS, and perceived stress are shown in Table 3 and Figure 1.
Te only variable that was related to both food insecurity
(p< 0.01) and BMI (p< 0.001) was DD. When parallel paths
were included, CFCS was related to BMI, and stress was related
to food insecurity (p’s≤ 0.001), but CFCS was not related to
food insecurity (p � 0.09), and stress was not related to BMI
(p � 0.75). Te estimated indirect efect of DD on the relation
between food insecurity and BMI was 0.133; 95% CI 0.206 to
0.287, the indirect efect of CFCS was 0.075, 95% CI −0.026 to
0.054, and the indirect efect of stress was 0.019, 95% CI −0.106
to 0.067. Te efect ratios for the parallel efects of DD, CFCS,
and stress were 22.2%, 12.5%, and 3.2% of the total observed
efect of food insecurity-BMI relation on BMI, respectively (see
Table 3), which accounted for 38.0 percent of the variance in
the food insecurity. Te pattern of results did not difer in
a sensitivity analysis using log k as the DD measure. Te

M1

M2

M3

Delay
Discounting

(AUCord)

*p < 0.05, **p < 0.01, ***p < 0.001

c' (direct effect) = 0.372

BMI
(Body Mass

Index)

b3 = 0.018

b2 = -2.382***

b1 = -9.686**

a2 = -0.315

a3 = 1.056***

a1 = -0.140**

CFC
Consideration

of Future
Consequences

PSS
Perceived

Stress Scale

Food
Insecurityx y

Indirect effect (food insecurity (x) effect on BMI (y) via Delay Discounting (mediator M1) = 0.0133
% of total effect due to M1 = 22.2%; CFC (M2) and PSS (M3) did not mediate x effect on y.

Figure 1: Display of the parallel infuences of delay discounting, consideration of future consequences, and perceived stress on the food
insecurity-BMI relation.
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indirect efect of DD on the relation between food insecurity
and BMI was 0.100, 95% CI 0.014 to 0.215, the indirect efect of
CFCSwas 0.077, 95%CI −0.027 to 0.197, and the indirect efect
of stress was 0.023, 95% CI −0.101 to 0.166. Efect ratios for the
parallel efects of DD, CFCS, and stress were 16.7%, 12.8%, and
3.8% of the total observed efect of food insecurity-BMI relation
on BMI, respectively.

4. Discussion

We found that people who discounted the future more had
lower income, greater food insecurity, and higher BMI, con-
sistent with previous research [20, 21].Te atemporalmediation
model showed that DD was a potential mediator of the food

insecurity and BMI relation when considered in parallel with
a more general measure of prospective thinking and with
perceived stress. Delay discounting has been reliably related to
food insecurity [11–13, 23] and to obesity [20–22]. Having low
income may shape people to allocate resources to solve im-
mediate problems, such as paying rent, utilities, and getting food
on the table. Saving and thinking about the future are luxuries
that many low-income people do not experience. Paying at-
tention to immediate needs and not focusing on an uncertain
future are adaptive responses to economic scarcity [16, 17].
Disregarding immediate needs could be catastrophic for
someone in a lower income bracket. In this regard, discounting
the future should be considered a learned, adaptive response to
their current environmental context, and not an inappropriate

Table 1: Participant characteristics.

Variables Mean± SD or N (%)
Food insecurity score 1.05± 2.03

Low food security 65/313 (21%)
Very low food security 40/313 (12.9%)

BMI 28.00± 7.16
Overweight (BMI ≥25) 181/313 (57.8%)
% Obese (BMI ≥30) 89/310 (28.4%)

Income 111,057± 77434
Percent over poverty adjusted for household size 459.3± 320.4
Low income (<200% of poverty line) 53 (16.9%)
Middle income (200–399% of poverty) 107 (34.2%)
High income (greater than 400% of poverty) 153 (48.9%)

Percent on government assistance 46/313 (14.7%)
Education (years) 16.32± 2.48
Age 32.54± 7.14
Race
American Indian 0 (0.0%)
Asian 2 (0.01%)
Black 9 (2.9%)
Native Hawaiian/PI 0 (0.0%)
White 289 (92.3%)
Multiracial 5 (0.16%)
Refused 8 (0.26)%

Marital status
Single 18 (5.8%)
Married 242 (77.3%)
Living as married 19 (6.0%)
Divorced 32 (10.2%)
Widowed 2 (0.01%)

Number of children 1.93± 0.89
House size 3.87± 1.04
Perceived Stress Scale 16.37± 7.29
Delay discounting (ordinal area under the curve) 0.84± 0.14

Table 2: Relations among variables.

Variables 1 2 3 4 5 6 7
1 Food insecurity —
2 Age −0.11 —
3 Income −0. 8 0.2 —
4 Education −0. 9 0.14 0. 7 —
5 Stress 0. 4 −0.11 −0.19 −0.20 —
6 Delay discounting −0. 0 0.02 0.28 0.26 −0.14 —
7 Consideration future consequences −0.17 −0.04 0.20 0.12 −0.20 0. 0
8 BMI 0.21 0.06 −0.15 −0.1 0.12 −0. 0 −0.29
All bold values are signifcant (p< 0.05).
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response for people with low income. In fact, research suggests
that food insecurity is related to cognitive fexibility [57].

Te narrow temporal window observed for people with
food insecurity may be due in part to the unpredictable
nature of access to food and meals. Basic preclinical research
in diferent animal species has shown that animals that are
provided unpredictable access to food gain more weight and
fnd food to be more reinforcing than animals that are
provided the same amount of food, but with predictable
access [58, 59]. Unpredictable and irregular access to food is
reliably related to food insecurity [4, 7, 59], and people with
lower income may have more variability in access to food
and the types of food consumed, and a strong desire to
consume that food when it is available, shaping people to
seek the immediate gratifcation associated with eating food
when hungry [4, 7, 59]. Also, low income is related to
a stronger reinforcing value of food [60], and unpredictable
access to food makes food more reinforcing [58, 59]. Re-
inforcer pathology theory [61–63] integrates high food re-
inforcement and a short temporal window associated with
immediate gratifcation that may help explain some of the
psychological processes behind the food insecurity-obesity
paradox.

Te current study suggests that DD, a behavioral task
designed to measure the relative strengths of immediate
versus delay rewards, is more strongly related to the food-
insecurity BMI relation than a more general measure of
prospective thinking. We think this may be the case for two
reasons. First, CFCS is a self-report measure of how people
report they think about the future, as opposed to a direct
behavioral measurement of this construct, and while these
constructs are related, the correlation is modest. Second, the
CFCS focuses on how someone might act to improve their
future, but it does not compare the value of immediate
versus future decisions, which is central to DD. It may be
quite diferent to think about what you would do in the
future if you have access to a very powerful, immediate
reinforcer. Tird, CFCS focuses on decision-making in
regard to general future consequences, while the DD task
involves monetary decision-making.

While stress is known to be associated with food in-
security [5, 23, 28], stress was not shown to be indirectly
associated with the relation between food insecurity and
BMI. Tis may be due to several reasons. Te analytic model
we used compared the parallel infuence of DD, CFCS, and
stress as indirect infuence on food insecurity and BMI. DD
may have a stronger indirect infuence when stress is high. It
is also possible that the infuence of food insecurity on BMI
is mediated by a pathway that includes stress-modifying DD
which then modifes BMI, as research has shown that stress
modifes decision-making [23, 32, 33]. A moderated me-
diator model could test if the mediating efect of discounting
on BMI depends on how much stress someone is experi-
encing. For these reasons, we think future studies should
continue to measure stress in addition to DD as part of more
complex and prospective models to understand the re-
lationship between food insecurity and BMI.

Tese data suggest that DD may be a novel target to
reduce obesity in those with food insecurity. DD is asso-
ciated with a short temporal window, and the desire for
immediate gratifcation, rather than taking into account
possibilities associated with inhibiting the immediate desires
for food [18, 19]. Interventions to modify DD, such as
episodic future thinking [64] or fnancial planning [65], aim
to teach people to use prospective thinking to consider how
immediate behaviors infuence long-term, rather than im-
mediate, goals. While eating a favorite food nowmay be very
satisfying, it will not move you towards the goal of losing
weight or improving your health.

As a secondary aim, we replicated the fnding that in-
come is related to food insecurity and that DDmoderates the
relation between low income and high food insecurity [11].
Participants with low income who did not discount the
future had lower levels of food insecurity in comparison to
low-income participants who did discount the future. Given
that food insecurity is more common in people with low
income, and low income is related to DD, future research
should study a more complex model that relates income,
food insecurity, DD, and BMI. Prospective research is
needed to test how these variables are related.

HighMiddleLow
0.0

0.5

1.0

1.5

2.5

2.0

3.5

3.0
Fo

od
 In

se
cu

rit
y

Food Insecurity Ratings

HighMiddleLow

Fo
od

 In
se

cu
rit

y

% Food Insecure
100

80

60

40

20

0
HighMiddle

(a) (b) (c)
Low

Fo
od

 In
se

cu
rit

y

% High Food Insecure
100

80

60

40

20

0

Income Levels Based on Percent Poverty Index

Figure 2: Food insecurity ratings (Mean± SEM) (a), percent of participants with food insecurity (≥2; (b)), and percent of people with high
food insecurity (≥5; (c)) in relation to income expressed as percent over poverty index adjusted for household size.

6 Journal of Obesity



Ta
bl

e
3:
M
od

el
st
he

in
di
re
ct
ef
ec
ta

nd
ef
ec
tr
at
io
so

fd
el
ay

di
sc
ou

nt
in
g
an
d
fo
od

ch
oi
ce

on
th
e
re
la
tio

n
be
tw
ee
n
fo
od

in
se
cu
ri
ty

an
d
BM

I,
co
nt
ro
lli
ng

fo
r
ed
uc
at
io
n,

ag
e,
st
re
ss
,i
nc
om

e,
ho

us
e
siz

e,
an
d
ex
er
ci
se
.

V
ar
ia
bl
es

D
ir
ec
te

fe
ct

of
fo
od

in
se
cu
ri
ty

on
BM

I

Ef
ec
to

ff
oo

d
in
se
cu
ri
ty

on
BM

I
(t
ot
al

ef
ec
t)

Ef
ec
to

ff
oo

d
in
se
cu
ri
ty

on
va
ri
ab
le

(p
at
h
A
)

Ef
ec
to

fv
ar
ia
bl
e

on
BM

I
(p
at
h
B)

Fo
od

in
se
cu
ri
ty

on
BM

I
th
ro
ug
h
va
ri
ab
le

(in
di
re
ct

ef
ec
t)

95
%

C
I

Ef
ec
t
ra
tio

Lo
w
er

U
pp

er

Pa
ra
lle
li
nd

ir
ec
t
ef
ec
ts

D
el
ay

di
sc
ou

nt
in
g

0.
37
2

0.
60
0

−0
.0
1 
∗∗

−9
.6
86
∗∗
∗

0.
13
3

0.
02
1

0.
28
7

0.
22
2

C
FC

S
0.
37
2

0.
60
0

−
0.
03
2

−2
. 
82
∗∗
∗

0.
07
5

−
0.
02
6

0.
19
6

0.
12
5

St
re
ss

0.
37
2

0.
60
0

1.
05

6∗
∗∗

0.
01
8

0.
01
9

−
0.
10
6

0.
15
6

0.
03
2

To
ta
l

0.
37
2

0.
60
0

—
—

0.
22
8

0.
01
0

0.
48
6

0.
38
0

C
FC

S�
co
ns
id
er
at
io
n
of

fu
tu
re

co
ns
eq
ue
nc
es

sc
al
e;
sig

ni
fc
an
t
pa
th
s
A

an
d
B
ar
e
bo

ld
ed

an
d
no

te
d
by
∗∗

p
<
0.
01
,a
nd
∗∗
∗
p
<
0.
00
1.

Journal of Obesity 7



4.1. Limitations. Despite the fact that the study used a large
sample and replicates previous studies showing that DD is
related to both food insecurity and obesity, and DD may help
explain the food insecurity-obesity paradox, there are limita-
tions to the study. First, the study only included women, as
food insecurity has a greater impact on obesity in women than
men [4, 8], but research is needed on large samples ofmen with
food insecurity. Te sample was relatively high income, and
predominantly white, but the percentage of families with food
insecurity was representative of the percentage of families in the
United States who experience food insecurity. However, given
that rates of food insecurity are greater in African American
than white women [66], and the reason for this relationship is
poorly understood [66], it is possible that a diferent pattern of
results would be observed if a larger percentage of African
American mothers was studied.

While the atemporal mediational model suggested an in-
fuence of DD on the relation between food insecurity and BMI,
the study was cross-sectional. We believe that cross-sectional
studies can provide ideas for future prospective analyses of
mediators, but prospective research testing whether DD me-
diates the relation between food insecurity and weight gain is
needed. One hypothesis for a prospective study might be that
low income is associated with food insecurity only when people
have a narrow temporal window for decision-making and
discount the future, and that discounting of the future also
mediates the relation between food insecurity and weight gain.
Since research has shown that low income is associated with
greater food reinforcement, unpredictable access to food can
increase the reinforcing value of food, including food re-
inforcement plus DD using reinforcer pathology theory in
future research may provide greater explanatory power than
DD alone. Another potential limitation is that only discounting
of money was measured, and discounting of food may be
a more sensitive measure for people with food insecurity, as
shown by Rodriguez and colleagues [12]. However, there may
be a challenge in interpreting discounting for food when
studying people with obesity who know they should consume
less food. Asking them whether they want a small amount of
food now or a larger amount later is difcult to interpret, as
a person with obesity may know they should eat less now rather
than more later, and respond as if they were seeking immediate
gratifcation, rather than just eating less. Finally, BMI was based
on self-reported height and weight, and while self-report has
been shown to be a valid measure of BMI in a large sample of
U.S. adults [37], people do tend to overreport their height and
underreport their weight, and stronger food-insecurity obesity
relations may have been observed if height and weight were
measured objectively. BMI also has limitations in measuring
excess body fat [67], which may be particularly relevant for
people with food insecurity who demonstrate substrate oxi-
dation patterns consistent with relative carbohydrate oxidation
and storage of fat [68].

5. Conclusions

Steeper discounting of the future is associated with greater
food insecurity and higher BMI, and DD adds to our

understanding of factors that infuence the relationship
between food insecurity and body weight.

Data Availability

Data can be made available after contacting the senior
author.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Acknowledgments

We acknowledge the work of Kelseanna Hollis-Hansen who
collected the data used in these analyses. Tis study was
funded as part of MINDD, funded by the National Institute
of Diabetes, Digestive and Kidney Disease (U01HL131552),
registered at clinicaltrials.gov (NCT02873715).

References

[1] S. A. Anderson, “Core indicators of nutritional state for
difcult-to-sample populations,” Te Journal of Nutrition,
vol. 120, pp. 1555–1598, 1990.

[2] G. S. Wunderlich and J. L. Norwood, Food Insecurity and
Hunger in the United States: An Assessment of the Measure/
Panel to Review U.S. Department of Agriculture’s Measure-
ment of Food Insecurity and Hunger, National Academies
Press, Washington, DC, USA, 2009.

[3] N. Insolera, “Chronic food insecurity in US families with
children,” JAMA Pediatrics, vol. 177, no. 4, pp. 434-435, 2023.

[4] D. Nettle, C. Andrews, and M. Bateson, “Food insecurity as
a driver of obesity in humans: the insurance hypothesis,”
Behavioral and Brain Sciences, vol. 40, p. 105, 2017.

[5] B. Franklin, A. Jones, D. Love, S. Puckett, J. Macklin, and
S. White-Means, “Exploring mediators of food insecurity and
obesity: a review of recent literature,” Journal of Community
Health, vol. 37, no. 1, pp. 253–264, 2012.

[6] S. J. Carlson, 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,”
Te Journal of Nutrition, vol. 129, no. 2, pp. 510S–6S, 1999.

[7] J. Shinwell, M. Bateson, D. Nettle, and G. V. Pepper, “Food
insecurity and patterns of dietary intake in a sample of UK
adults,” British Journal of Nutrition, vol. 128, no. 4,
pp. 770–777, 2021.

[8] M. S. Townsend, J. Peerson, B. Love, C. Achterberg, and
S. P. Murphy, “Food insecurity is positively related to over-
weight in women,” Te Journal of Nutrition, vol. 131, no. 6,
pp. 1738–1745, 2001.

[9] A. E. Vaughn, D. S. Ward, J. O. Fisher et al., “Fundamental
constructs in food parenting practices: a content map to guide
future research,” Nutrition Reviews, vol. 74, no. 2, pp. 98–117,
2016.

[10] A. K. Shah, S. Mullainathan, and E. Shafr, “Some conse-
quences of having too little,” Science, vol. 338, no. 6107,
pp. 682–685, 2012.

[11] L. H. Epstein, N. Jankowiak, H. Lin, R. Paluch,
M. N. Kofarnus, and W. K. Bickel, “No food for thought:
moderating efects of delay discounting and future time
perspective on the relation between income and food

8 Journal of Obesity

https://clinicaitrials.gov/ct2/show/NCT02873715


insecurity,” Te American Journal of Clinical Nutrition,
vol. 100, no. 3, pp. 884–890, 2014.

[12] L. R. Rodriguez, E. B. Rasmussen, D. Kyne-Rucker, M. Wong,
and K. S. Martin, “Delay discounting and obesity in food
insecure and food secure women,” Health Psychology, vol. 40,
no. 4, pp. 242–251, 2021.

[13] C. A. Myers, R. A. Beyl, C. K. Martin, S. T. Broyles, and
P. T. Katzmarzyk, “Psychological mechanisms associated with
food security status and BMI in adults: a mixed methods
study,” Public Health Nutrition, vol. 23, no. 14, pp. 2501–2511,
2020.

[14] J. Haushofer and E. Fehr, “On the psychology of poverty,”
Science, vol. 344, no. 6186, pp. 862–867, 2014.

[15] L. Green, J. Myerson, D. Lichtman, S. Rosen, and A. Fry,
“Temporal discounting in choice between delayed rewards:
the role of age and income,” Psychology and Aging, vol. 11,
no. 1, pp. 79–84, 1996.

[16] A. K. Shah, E. Shafr, and S. Mullainathan, “Scarcity frames
value,” Psychological Science, vol. 26, no. 4, pp. 402–412, 2015.

[17] A. Mani, S. Mullainathan, E. Shafr, and J. Zhao, “Scarcity and
cognitive function around payday: a conceptual and empirical
analysis,” Journal of the Association for Consumer Research,
vol. 5, no. 4, pp. 365–376, 2020.

[18] H. Rachlin and L. Green, “Commitment, choice and self-
control,” Journal of the Experimental Analysis of Behavior,
vol. 17, no. 1, pp. 15–22, 1972.

[19] W. K. Bickel, D. P. Jarmolowicz, E. T. Mueller,
M. N. Kofarnus, and K. M. Gatchalian, “Excessive dis-
counting of delayed reinforcers as a trans-disease process
contributing to addiction and other disease-related vulnera-
bilities: emerging evidence,” Pharmacology & Terapeutics,
vol. 134, no. 3, pp. 287–297, 2012.

[20] W. K. Bickel, R. Freitas-Lemos, D. C. Tomlinson et al.,
“Temporal discounting as a candidate behavioral marker of
obesity,” Neuroscience & Biobehavioral Reviews, vol. 129,
pp. 307–329, 2021.

[21] M. Amlung, T. Petker, J. Jackson, I. Balodis, and J. MacKillop,
“Steep discounting of delayed monetary and food rewards in
obesity: a meta-analysis,” Psychological Medicine, vol. 46,
no. 11, pp. 2423–2434, 2016.

[22] R. E. Weller, E. W. Cook, K. B. Avsar, and J. E. Cox, “Obese
women show greater delay discounting than healthy-weight
women,” Appetite, vol. 51, no. 3, pp. 563–569, 2008.

[23] A. K. Crandall, N. Madhudi, B. Osborne, A. Carter,
A. K. Williams, and J. L. Temple, “Te efect of food insecurity
and stress on delay discounting across families: a COVID-19
natural experiment,” BMC Public Health, vol. 22, no. 1,
p. 1576, 2022.

[24] J. S. Stein, W. H. Craft, R. A. Paluch et al., “Bleak present,
bright future: II. Combined efects of episodic future thinking
and scarcity on delay discounting in adults at risk for type 2
diabetes,” Journal of Behavioral Medicine, vol. 44, pp. 222–
230, 2021.

[25] D. Hevey, M. Pertl, K. Tomas, L. Maher, A. Craig, and S. Ni
Chuinneagain, “Consideration of future consequences scale:
confrmatory factor analysis,” Personality and Individual
Diferences, vol. 48, no. 5, pp. 654–657, 2010.

[26] M. T. McKay, J. L. Perry, A. Percy, and J. C. Cole, “Evidence
for the reliability and validity, and some support for the
practical utility of the two-factor Consideration of Future
Consequences Scale-14,” Personality and Individual Difer-
ences, vol. 98, pp. 133–136, 2016.

[27] A. Strathman, F. Gleicher, D. S. Boninger, and C. S. Edwards,
“Te consideration of future consequences - weighing

immediate and distant outcomes of behavior,” Journal of
Personality and Social Psychology, vol. 66, no. 4, pp. 742–752,
1994.

[28] J. A. Kosmas, J. E. Wildes, A. K. Graham, and S. M. O’Connor,
“Te role of stress in the association among food insecurity,
eating disorder pathology, and binge eating-related appetitive
traits,” Eating Behaviors, vol. 49, Article ID 101709, 2023.

[29] C. A. Myers, “Food insecurity and psychological distress:
a review of the recent literature,” Curr Nutr Rep, vol. 9, no. 2,
pp. 107–118, 2020.

[30] T. C. Adam and E. S. Epel, “Stress, eating and the reward
system,” Physiology & Behavior, vol. 91, no. 4, pp. 449–458,
2007.

[31] R. S. Chang, H. Cerit, T. Hye et al., “Stress-induced alterations
in HPA-axis reactivity and mesolimbic reward activation in
individuals with emotional eating,” Appetite, vol. 168, Article
ID 105707, 2022.

[32] G. S. Shields, M. M. Ramey, G. M. Slavich, and
A. P. Yonelinas, “Determining the mechanisms through
which recent life stress predicts working memory impair-
ments: precision or capacity?” Stress: Te International
Journal on the Biology of Stress, vol. 22, no. 2, pp. 280–285,
2019.

[33] G. Keinan, “Decision making under stress: scanning of al-
ternatives under controllable and uncontrollable threats,”
Journal of Personality and Social Psychology, vol. 52, no. 3,
pp. 639–644, 1987.

[34] M. W. Johnson and W. K. Bickel, “An algorithm for iden-
tifying nonsystematic delay-discounting data,” Experimental
and Clinical Psychopharmacology, vol. 16, no. 3, pp. 264–274,
2008.

[35] A. Singh-Manoux, N. E. Adler, and M. G. Marmot, “Sub-
jective social status: its determinants and its association with
measures of ill-health in theWhitehall II study,” Social Science
& Medicine, vol. 56, no. 6, pp. 1321–1333, 2003.

[36] S. J. Blumberg, K. Bialostosky, W. L. Hamilton, and
R. R. Briefel, “Te efectiveness of a short form of the
household food security scale,” American Journal of Public
Health, vol. 89, no. 8, pp. 1231–1234, 1999.

[37] J. M. Hodge, R. Shah, M. L. McCullough, S. M. Gapstur, and
A. V. Patel, “Validation of self-reported height and weight in
a large, nationwide cohort of U.S. adults,” PLoS One, vol. 15,
no. 4, Article ID 231229, 2020.

[38] U.S. Department of Health and Human Services, Te Poverty
Guidelines Updated Periodically in the Federal Register by the
U.S, Department of Health and Human Services under the
authority of 42 U.S.C. 9902(2), Washington, DC, USA, 2018.

[39] W. J. Du, L. Green, and J. Myerson, “Cross-cultural com-
parisons of discounting delayed and probabilistic rewards,”
Psychological Record, vol. 52, no. 4, pp. 479–492, 2002.

[40] A. M. Borges, J. Y. Kuang, H. Milhorn, and R. Yi, “An al-
ternative approach to calculating Area-Under-the-Curve
(AUC) in delay discounting research,” Journal of the Exper-
imental Analysis of Behavior, vol. 106, no. 2, pp. 145–155, 2016.

[41] J. E. Mazur, “An adjusting procedure for studying delayed
reinforcement. Edtion ed,” in Quantitative Analyses of Be-
havior: Te Efect of Delay and of Intervening Events on Re-
inforcement Value, M. L. Commons, J. E. Mazur, J. A. Nevin,
and H. Rachlin, Eds., Lawrence Erlbaum Associates, Inc,
Hillsdale, NJ, USA, pp. 55–73, 1987.

[42] J. R. Daugherty and G. L. Brase, “Taking time to be healthy:
predicting health behaviors with delay discounting and time
perspective,” Personality and Individual Diferences, vol. 48,
no. 2, pp. 202–207, 2010.

Journal of Obesity 9



[43] J. Adams and M. White, “Time perspective in socioeconomic
inequalities in smoking and body mass index,” Health Psy-
chology, vol. 28, no. 1, pp. 83–90, 2009.

[44] J. Adams and D. Nettle, “Time perspective, personality and
smoking, body mass, and physical activity: an empirical
study,” British Journal of Health Psychology, vol. 14, no. 1,
pp. 83–105, 2009.

[45] S. Cohen, T. Kamarck, and R. Mermelstein, “A global measure
of perceived stress,” Journal of Health and Social Behavior,
vol. 24, no. 4, pp. 385–396, 1983.

[46] E. H. Lee, “Review of the psychometric evidence of the
perceived stress scale,” Asian Nursing Research, vol. 6, no. 4,
pp. 121–127, 2012.

[47] E. S. Winer, D. Cervone, J. Bryant, C. McKinney, R. T. Liu,
and M. R. Nadorf, “Distinguishing mediational models and
analyses in clinical psychology: atemporal associations do not
imply causation,” Journal of Clinical Psychology, vol. 72, no. 9,
pp. 947–955, 2016.

[48] A. F. Hayes, Introduction to Mediation, Moderation, and
Conditional Process Analysis: A Regression-Based Approach,
Guilford Press, New York, NY, USA, 2017.

[49] K. J. Preacher and A. F. Hayes, “SPSS and SAS procedures for
estimating indirect efects in simple mediation models,” Be-
havior Research Methods, Instruments, & Computers, vol. 36,
no. 4, pp. 717–731, 2004.

[50] H. Lin, K. A. Carr, K. D. Fletcher, and L. H. Epstein, “Food
reinforcement partially mediates the efect of socioeconomic
status on body mass index,” Obesity, vol. 21, no. 7,
pp. 1307–1312, 2013.

[51] M. Ezzati, S. Vander Hoorn, C. M. Lawes et al., “Rethinking
the “diseases of afuence” paradigm: global patterns of nu-
tritional risks in relation to economic development,” PLoS
Medicine, vol. 2, no. 5, p. 133, 2005.

[52] Systat Software, Systat 11.0, SYSTAT Software, Inc, Rich-
mond, CA, USA, 2004.

[53] SAS, Statistical Analysis System 9.4, SAS Institute Inc, Cary,
NC, USA, 2020.

[54] A. Coleman-Jensen, M. P. Rabbitt, C. A. Gregory, and
A. Singh,Household Food Security in the United States in 2018,
United States Department of Agriculture, Washington, DC,
USA, 2019.

[55] T. A. Loveless, Supplemental Nutrition Assistance Program
(SNAP) Receipt for Households: 2018, American Community
Survey Briefs: U.S Department of Commerce, U. S. Census
Bureau, Washington, DC, USA, 2020.

[56] C. D. Fryar, M. D. Carroll, and J. Aful, Prevalence of Over-
weight, Obesity, and Severe Obesity Among Adults Aged 20 and
over: United States, 1960–1962 through 2017–2018, National
Center for Health Statistics, Washington, DC, USA, 2018.

[57] W. C. Lin, C. Liu, P. Kosillo et al., “Transient food insecurity
during the juvenile-adolescent period afects adult weight,
cognitive fexibility, and dopamine neurobiology,” Current
Biology, vol. 32, no. 17, pp. 3690–3703.e5, 2022.

[58] K. P. Myers, M. Majewski, D. Schaefer, and A. Tierney,
“Chronic experience with unpredictable food availability
promotes food reward, overeating, and weight gain in a novel
animal model of food insecurity,”Appetite, vol. 176, Article ID
106120, 2022.

[59] M. Bateson, C. Andrews, J. Dunn et al., “Food insecurity
increases energetic efciency, not food consumption: an ex-
ploratory study in European starlings,” PeerJ, vol. 9, Article ID
11541, 2021.

[60] H. Lin, K. A. Carr, K. D. Fletcher, and L. H. Epstein, “So-
cioeconomic status, food reinforcement and obesity,” Annals
of Behavioral Medicine, vol. 43, p. S27, 2012.

[61] W. K. Bickel, L. Moody, A. J. Quisenberry, C. T. Ramey, and
C. E. Shefer, “A Competing Neurobehavioral Decision Sys-
tems model of SES-related health and behavioral disparities,”
Preventive Medicine, vol. 68, pp. 37–43, 2014.

[62] W. K. Bickel, S. E. Snider, A. J. Quisenberry, and J. S. Stein,
“Reinforcer Pathology: the behavioral economics of abuse
liability testing,” Clinical Pharmacology and Terapeutics (St.
Louis), vol. 101, no. 2, pp. 185–187, 2017.

[63] W. K. Bickel, A. N. Tegge, K. A. Carr, and L. H. Epstein,
“Reinforcer pathology’s alternative reinforcer hypothesis:
a preliminary examination,”Health Psychology, vol. 40, no. 12,
pp. 881–886, 2021.

[64] L. H. Epstein, R. A. Paluch, M. J. Biondolillo et al., “Efects of
6-month episodic future thinking training on delay dis-
counting, weight loss and HbA1c changes in individuals with
prediabetes,” Journal of Behavioral Medicine, vol. 45, no. 2,
pp. 227–239, 2022.

[65] A. C. Black and M. I. Rosen, “A money management-based
substance use treatment increases valuation of future re-
wards,” Addictive Behaviors, vol. 36, no. 1-2, pp. 125–128,
2011.

[66] E. Dennard, E. Kristjansson, N. Tchangalova, S. Totton,
D. Winham, and A. O’Connor, “Food insecurity among
African Americans in the United States: a scoping review,”
PLoS One, vol. 17, no. 9, Article ID 274434, 2022.

[67] D. O. Okorodudu, M. F. Jumean, V. M. Montori et al.,
“Diagnostic performance of body mass index to identify
obesity as defned by body adiposity: a systematic review and
meta-analysis,” International Journal of Obesity, vol. 34, no. 5,
pp. 791–799, 2010.

[68] J. M. Booker, D. C. Chang, E. J. Stinson et al., “Food insecurity
is associated with higher respiratory quotient and lower
glucagon-like peptide 1,” Obesity, vol. 30, pp. 1248–1256,
2022.

10 Journal of Obesity




