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Summary

Objective

Obesity is related to a bias towards smaller immediate over larger delayed rewards. This
bias is typically examined by studying single commodity discounting. However, weight
loss often involves choices among multiple commodities. To our knowledge, no research
has examined delay discounting of delayed weight loss compared with other
commodities.

Methods

We examined single commodity discounting of money and cross commodity discounting
of money and weight loss in a sample of 84 adults with obesity or overweight statuses
interested in weight loss. The exchange rate between money and weight loss was calcu-
lated, and participants completed two delay discounting tasks: money now versus
money later and money now versus weight loss later.

Results

Participants discounted weight loss more than money (p< 0.001). When participants
were divided into those who preferred weight loss (n = 61) versus money (n = 23), those
who preferred money over weight loss discounted weight loss even more than individ-
uals that preferred weight loss (p = 0.003).

Conclusions

Greater discounting of weight loss for those who preferred money suggest that idiosyn-
cratic preferences are related to multiple commodity discounting, and greater
discounting of weight loss across all participants provide insight on important challenges
for weight control.
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Temporal discounting and utility for
weight loss and money

Weight loss involves making a series of health behaviour
changes that result in negative energy balance by reduc-
ing energy intake and/or increasing energy expenditure
(1). The rate of weight loss depends on how much health
behaviour change is initiated, with greater changes
resulting in greater weight loss (2). Although weight loss
is a common goal for many individuals with overweight/
obese statuses, many fail to respond to evidence-based
treatment (3). The benefits of weight loss are often de-
layed, and noticeable weight loss is typically achieved
gradually. Thus, to facilitate weight loss, a person must

be able to curb the impulsive choices that impede
achieving a negative energy balance. For this reason, re-
search on delay discounting or the tendency to choose
smaller immediate rewards (eating very palatable foods
and watching a favorite show rather than exercising) over
larger delayed rewards (weight loss, improved health and
improved body image) is relevant for weight control (4–8).

Previous obesity research has primarily employed sin-
gle commodity discounting of monetary (7,9,10), weight
loss (10) or food rewards (11). However, many daily
choices a person must make to lose weight involve fore-
going the preferred immediate reward for the delayed re-
ward of weight loss. Investigating temporal choices and
relative values of different choices in individuals with
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overweight/obese statuses is critical in understanding
the obesogenic mechanisms of decision-making that
could contribute to the challenges of weight control
treatments.

Unfortunately, to our knowledge, no research has
examined single versus cross commodity discounting
of delayed weight loss compared with other commodi-
ties. In this study, we compared delay discounting for
a single commodity, money, which is the most common
approach to study delay discounting, to cross commod-
ity choice of money now versus weight loss later.
Exchange rates (12,13) and preference of reward (money
vs. weight loss) were established to examine the relation-
ship between utility and discounting rates. This study
provides insight on temporal discounting in individuals
with overweight/obesity.

Methods

Participants and procedures

Participants included 84 individuals with overweight and
obese statuses (body mass index [BMI] [kgm2] ≥25),
who were at least 18 years of age and interested in weight
loss. Participants were recruited through Amazon Me-
chanical Turk (AMT), a crowdsourcing internet market-
place where small tasks are posted as human
intelligence tasks (HITs) for workers to complete in ex-
change for monetary compensation. Participants were
compensated $1.50. If the participant indicated they un-
derstood instructions and completed 100% of the survey
items, they were eligible for data analyses and earned a
$2.00 bonus.

The HIT was advertised to AMT users whom previous
requesters had accepted 95% of their previous HITs, cur-
rently residing in the United States and were interested in
weight loss. Subjects were informed they could partici-
pate in multiple study phases, the amount of time each
phase would take and the compensation for completing
each phase. Implied consent was obtained when partici-
pants indicated they understood the description and con-
tinued onto the survey. One-hundred and ten participants
were interested in participating in the current study, and
of those, 84 had overweight/obese statuses and were in-
terested in losing weight. We restricted the sample to
overweight/obese interested in losing weight to facilitate
generalization to samples who would be participating in
weight loss interventions.

This study consisted of two sessions. In the first ses-
sion, demographics, the exchange rate between money
and weight loss, and utility were assessed. To determine
the exchange rate between commodities, participants

were asked to give the amount of weight (in pounds) they
wanted to reasonably lose in the next 6months and iden-
tify the maximum monetary value that amount of weight
loss was worth to them (‘What is the maximum amount
of money you would pay to lose ____?’). Exchange rate
was calculated from the mean of the amount of money
one pound of weight loss was worth across all partici-
pants. This calculation served as the exchange rate used
in the money versus weight loss delay discounting task in
session two. Utility was assessed by asking participants if
they preferred their desired weight loss or the monetary
value that was equated to their desired weight loss
(‘Would you prefer to lose ___ pounds or receive ____
dollars?’). For example, if a participant wanted to lose
10 lb and equated 10 lb of weight loss equal to $20, then
participants would be asked, ‘Would you prefer to lose
10 lb or receive $20?’ The dichotomous choice between
the two commodities allowed for categorization by pref-
erence, as their choice would indicate a stronger prefer-
ence towards either weight loss or money. In session
two, participants completed two hypothetical delay
discounting measures; single money-money (M-M) and
cross commodity money-weight loss (M-W), and a
temporal orientation measure, the Consideration of
Future Consequences Scale (14). All procedures were
conducted in accordance with guidelines for the ethical
conduct of human research outlined by the National Insti-
tutes of Health and with the approval of the University at
Buffalo Social and Behavioral Sciences Institutional
Review Board.

Measures

Demographics

Race/ethnicity, income and educational level were ob-
tained using a standardized questionnaire adapted from
MacArthur’s network for studies on socio-economic sta-
tus and health (15). BMI was calculated from self-reported
height and weight.

Money and weight loss exchange equivalence

Weight loss was transformed into a subjective monetary
value through a utility function modelled after a delay
discounting procedure used in cocaine-dependent indi-
viduals (16). Participants were first asked how much
weight did they want to lose in the next 6months and then
were asked what was the maximum amount of money
they would pay for that amount of weight loss. Lastly,
participants were asked which they would prefer: the
weight loss they stated that they wanted to lose in the
next six months or the maximum amount of money they
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stated they were willing to pay for that weight loss. This
question was to determine which commodity was
preferred.

Delay discounting task

The 27-item monetary choice questionnaire (M-M) was
used to measure delay discounting of monetary rewards
(17). A monetary and weight choices questionnaire
(M-W) modelled after the monetary choice questionnaire
(17) and weight loss choice questionnaire (10) was used
to measure cross commodity discounting of immediate
monetary and delayed weight loss rewards. In both tasks,
participants are presented with a set of choices between
smaller immediate rewards and larger delayed rewards.
An estimate of the participant’s discounting rate can be
made from the pattern of choices, with those who dis-
count the value of the delayed rewards more steeply said
to be more impulsive (17).

Time perspective

The Consideration of Future Consequences Scale
assessed the extent to which individuals consider the po-
tential future outcomes of their current behaviour and the
extent to which they are influenced by the imagined out-
comes (14). Time perspective is associated with risky be-
haviours and health behaviours (18,19).

Analytical plan

Analyses of variance (ANOVA) and chi-squared test were
conducted to determine differences in participant charac-
teristics between those who preferred money or weight
loss at the exchange rate for maximal weight loss.
Discounting parameters, k (20) were calculated for M-M
(kM-M) and M-W (kM-W). The raw k values were non-
normally distributed, with skewness z-scores for the
money preference group (kM-M= 4.10, p< 0.01 and
kM-W=0.32) and weight loss preference group
(kM-M= 6.41, p<0.01 and kM-W=3.25, p<0.01) signifi-
cantly skewed. After natural log transformation (17), log
k M-M (lnkM-M) and M-W (lnkM-W) distributions were nor-
malized (p> 0.05) for both the money preference group
(lnkM-M =0.79 and lnkM-W=1.53) and weight loss prefer-
ence group (lnkM-M= 1.70 and lnkM-W 1.87). Similarly, the
money and weight loss preference groups’ kM-M kurtosis
values were 13.87 and 5.96 (p’s< 0.01) and kM-W kurtosis
values were 1.76 and 0.94 (p’s<0.01) but were normal-
ized (p>0.05) by the log transformation (kM-M= 0.71 and
0.55; kM-W=0.35 and 0.54), respectively. The analytic fo-
cus used the transformed data, but the between group
differences for the non-transformed k values are also

presented. The effect of preference for money versus
weight loss on single versus cross commodity
discounting was analyzed by examining discounting for
M-M or M-W in a mixed ANOVA with preference as the be-
tween variable and M-M or M-W discounting as the within
variable. Pearson product-moment correlations were
used to investigate the relationship between the two
discounting measures. Data analyses were completed
using SYSTAT version 11 (21).

Results

Eighty-four participants were included in the analyses.
Participants were 36.72 ± 13.26 (mean±SD) years
of age, 70% female, 35.98± 9.43 BMI (kgm�2), had
14.45 ± 2.00 years of education, with $56,963.86±
39,512.72 household income. The exchange rate be-
tween money and weight loss was calculated as the
mean monetary value per pound of weight loss across
all participants and was rounded to $13 per pound. At
their ideal weight loss, 61 individuals preferred weight
loss and 23 individuals preferred the amount of money
equivalent to that weight loss. There were no significant
differences in participant characteristics between the
two preferences as shown in Table 1.

A significant main effect of type of discounting for log k
values was observed, with all participants showing
steeper discounting for delayed weight loss
(lnkM-W=�3.55± 1.85, mean±SD) than money
(lnkM-M=�4.39± 1.85; p<0.001). A significant interaction
between preference for money or weight loss on single
(M-M) versus cross commodity discounting (M-W) was
observed (p=0.003). As shown in Figure 1, there were
no differences in M-M discounting for those who pre-
ferred money (lnkM-M=�4.85± 2.00; p=0.17) versus
weight loss (lnkM-M=�4.22± 1.79). However, weight loss
was more steeply discounted in M-W for those who pre-
ferred money (lnkM-W=�2.77± 1.35) than those who pre-
ferred weight loss (lnkM-W=�3.85± 1.94; p=0.017). The
relationship between M-M and M-W discounting was
r=0.19, p=0.09. The relationship was higher for those
who valued weight loss (r=0.30, p=0.019), than for those
who valued money (r=0.03, p=0.90).

Analyses using raw k values also showed a main ef-
fect of type of discounting, with steeper discounting in
M-W (kM-W=0.10± 0.09) versus M-M (kM-M= 0.04± 0.06,
p< 0.001). There was also a significant interaction of
preference for weight loss or money with type of
discounting task (p=0.006). There were no differences
in discounting of money for those who preferred money
(kM-M =0.03 ± .05; p=0.29) versus weight loss
(kM-M =0.05 ±0.06) but significantly greater discounting
of weight loss for those who preferred money
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(kM-W=0.13± 0.09) versus those who preferred weight
loss (kM-W=0.08±0.09; p=0.02).

Discussion

Our research showed the unexpected finding that individ-
uals with overweight/obesity, whom were interested in
weight loss, discounted weight loss more steeply than
money. These results suggest that individuals with
overweight/obese statuses who desire to lose weight
generally have more difficulty foregoing immediate plea-
sures when faced with decisions related to weight con-
trol. This would make weight loss more challenging
because the product of weight loss requires one to make
many immediate sacrifices in favor of future benefits.
Moreover, similarity found in M-M and M-W discounting
parameters for those who preferred weight loss but not
found for those who preferred money signifies utility of

rewards contributes to decision-making, consistent with
previous literature (22). Targeting these obesogenic
mechanisms in treatment could improve weight loss or
even weight loss maintenance.

To our knowledge, no other study has demonstrated
individuals with overweight/obese statuses discount
weight loss more steeply than money. Lim and Bruce
(10) examined weight loss rewards and showed no differ-
ences in single commodity discounting of money or
weight loss. However, single commodity delay
discounting studies have some limitations. Previous stud-
ies examining the discounting of money across other do-
mains have shown a mixed pattern of results
demonstrating a relationship between the two different
commodities but showing differences in discounting rates
between the two commodities. These differences could
be contributed to sensitivity, the type of commodity and
its temporal location, and the inequality in value between
different commodities. Previous studies suggest that
specific commodities or magnitudes of those commodi-
ties may be more sensitive in detecting certain behav-
ioural changes than others (23), specific commodities
and its availability (immediate or delayed) influences
decision-making (16) and the biases towards certain
commodities alters choices (24). Thus, examining mone-
tary discounting may not capture decision-making in
other domains or best represent individual’s discounting.
Therefore, the immediate money versus delayed weight
loss may be more representative and more sensitive in
capturing changes in obesogenic behavioural decision-
making. Perhaps this M-W questionnaire, when used in
weight-control treatments, could measure changes in
discount rates in conjunction with long-term weight loss.

Our approach in calculating a monetary value that
equates to pounds of weight loss may have implications
towards using incentives to treat or maintain weight loss.
Voluminous literature demonstrates the power of

Figure 1 k values (±SEM) for participants who preferred money or
weight loss on single commodity money-money tasks or cross com-
modity money-weight loss tasks.

Table 1 Participant characteristics

Characteristic Choice of money versus weight loss p

Money (n = 23) Weight loss (n = 61)

Age (years)a 33.53 ± 14.82 37.88 ± 12.43 0.18
Female Sex (n%) 65.23% 70.49% 0.65
Body mass index (kgm�2)a 34.62 ± 9.34 36.37 ± 9.46 0.45
Non-minority, Non-Hispanic (n%) 73.91% 81.97% 0.42
Education (years)a 14.39 ± 2.02 14.49 ± 2.00 0.84
Household income ($)a 56956.52 ± 39449.02 55327.87 ± 39579.76 0.87
Consideration of Future Consequencesab 3.36 ± 0.59 3.56 ± 0.74 0.25
Dollar per pound ($)a 12.36 ± 20.95 13.08 ± 20.54 0.89

aPlus-minus values are means ± SD.
bRatings were made on a five-point scales; higher values indicate greater consideration of future consequence.
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incentives to increase patient compliance in healthcare
treatments (25,26) and reduce smoking behaviour
(27,28). Additionally, this approach has been applied to
obesity treatment (29,30). While weight loss is often
thought as its own reward, the fact that most people do
not maintain weight loss suggests that the reinforcing
value of weight loss is less than expected, and our data
show that money is a stronger reward than weight loss.
Thus, use of utility functions that may change throughout
the weight loss process may provide valuable insight into
how to administer incentives to improve both short-term
and long-term weight loss.

This study is not without limitations. First, our sample
was recruited from AMT, which may not reflect the gen-
eral populace. However, research has shown AMT to be
a viable research method (31) and suggests
crowdsourced samples may actually be more representa-
tive of the general population (32). Also, the use of self-
report is a conservative approach to establish
overweight/obese status because of people’s tendency
to underestimate their weight and overestimate their
height (33). Future directions are to implement the M-W
questionnaire in a controlled laboratory setting where
BMI can be objectively measured.

Perhaps the biggest challenge to the external validity of
the study is the use of money as the immediate reinforcer
in the cross commodity measures. Although money is a
conditioned generalized reinforcer and can be used to
obtain a wide variety of things people want, foregoing im-
mediate money is not directly related to weight loss. Gen-
erally, reinforcers that inhibit the delayed goal of weight
loss are the consumption of food or the engagement of
sedentary behaviours. Future efforts would be to incorpo-
rate immediate choices with reinforcers that counteract
weight loss (e.g. favorite palatable foods or engaging in
favorite sedentary behaviours) against the delayed choice
of weight loss.

Additionally, assessing the value of alternative immedi-
ate reinforcers when compared with delayed weight loss
may depict weight maintenance challenges. Individuals
with overweight/obese statuses interested in weight loss
may subjectively value its immediate reward counterparts
more (e.g. palatable foods or sedentary behaviours) than
the long term outcome of weight loss. This may be more
difficult for those who are strongly reinforced by initial
weight loss only to find a reduction in the reinforcing value
of weight loss over time. If weight loss is discounted
greater than other reinforcers, then weight maintenance
is even more challenging.

In summary, individuals with overweight/obesity who
report a desire to lose weight tend to discount weight loss
more steeply than money and the degree of discounting
weight loss depends on the utility of weight loss. The

implications drawn from our findings are that challenges
in weight loss are ubiquitous because of greater
discounting of weight loss than money, and idiosyncratic
preferences may impede focus on the long-term impor-
tance of weight loss, which also has implications for
weight maintenance. Furthermore, examining discounting
of weight loss rewards may also prove to be predictive of
weight loss success. Our findings can contribute to fur-
ther determine the best behavioural approaches for
weight control.
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