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Abstract

Impulsivity refers to the valuation of future rewards relative to immediate ones. From an evolutionary
perspective, we should expect impulsivity to be sensitive to the current state of the organism (for
example, hunger), and also its long-term developmental history. There is evidence that both current
hunger and childhood socioeconomic deprivation are individually associated with impulsivity, but it is
not known how these combine. For example, acute hunger might over-ride social gradients in baseline
impulsivity, or alternatively, individuals who have experienced greater deprivation might respond
more strongly to acute hunger. We aimed to investigate whether hunger and childhood
socioeconomic deprivation act additively or interactively in three studies utilising delay discounting
tasks. Childhood socioeconomic deprivation was measured using childhood postcode and a self-report
measure. In two studies hunger was experimentally manipulated, and in the third we simply measured
natural variation. We employed a standard hypothetical delay discounting task in two studies, and a
behavioural task with experienced delays in the third. Although the individual studies varied in which
predictors were statistically significant, when we meta-analysed them, a clear pattern emerged.
Hunger predicted greater impulsivity; childhood socioeconomic deprivation predicted greater
impulsivity; and these two effects were additive rather than interactive.

Keywords: Impulsivity, Hunger, Developmental history, Childhood socioeconomic deprivation, Delay
discounting

1. Introduction

Impulsivity is a complex concept encompassing multiple behavioural components.
High levels of impulsivity have been implicated in a range of negative health related
behaviours, including, but not limited to, sexual risk-taking (Donohew et al., 2000), smoking
and heavy drinking (Grano et al., 2004), and drug abuse (de Wit, 2009). For this reason it is
important to understand factors which may underlie the emergence of impulsive behaviours.

Delay discounting is one component of impulsivity that we focus on in this paper. Delay
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discounting involves the systematic devaluation of an outcome as the delay to its delivery
increases; more impulsive individuals devalue at a higher rate. Measurement of delay
discounting involves repeated choices between smaller but more immediately available
rewards (smaller-sooner rewards - SSRs) and larger but more delayed rewards (larger-later

rewards - LLRs).

The valuation of SSRs and LLRs by an individual can be expected to be a product of
both the current state of said individual, and their developmental history, because both of
these factors will affect their capacity to endure unrewarded delay. Evidence to date suggests
that this is indeed the case, as illustrated in a recent paper investigating levels of impulsivity
in European starlings. Bateson and colleagues (2015) found that developmental history, in
this case a biomarker based on telomere attrition through early life, and current state (body
condition, which in these birds is a measure of energetic reserves), both significantly
predicted impulsivity measured using a food-based delay discounting task. Birds that
experienced a more adverse developmental history, and birds with lower current energetic

reserves, were more impulsive on the task. The two influences were additive.

The literature investigating human behaviour also supports the idea that both current
state and developmental history are associated with impulsivity. When considering long term
developmental history for example, childhood abuse (Brodksy et al., 2001), childhood family
unpredictability (Hill et al., 2008), and early-life environmental risk and uncertainty (Chisholm,
1999) have all been found to be associated with increased impulsivity measured in adulthood.
When considering current state, the variable that has most reliably been found to affect
impulsivity is hunger: individuals who are hungrier are also more impulsive (Logue, 1997;

Wang & Dvorak, 2010; Loeber et al.,, 2013). This links directly to the starling finding on
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energetic reserves. Interestingly, the human literature provides evidence for hunger affecting
both impulsivity of responses specifically related to food stimuli (Loeber et al., 2013; Kirk and

Logue, 1997), and for non-food stimuli such as money (Wang and Dvorak, 2010).

Given the above findings, the aim of the current study was to investigate the ways in
which developmental history and current state combine in order to predict impulsivity in
humans. We employed hunger as our measure of current state and childhood socioeconomic
deprivation as our measure of developmental history. Childhood socioeconomic deprivation
was operationalized primarily in the form of neighbourhood deprivation assessed from
childhood postcodes, for which data exists publicly in the UK. This provides a broad and simple
summary measure of likely childhood experience of deprivation, incorporating information
concerning family income, employment, education, health-care access, crime, barriers to
housing, and living environment. This measure has previously been found to be significantly
associated with levels of impulsivity measured in adults, albeit using a different type of

impulsivity task to the delay discounting we focus on here (Paal, Carpenter, & Nettle, 2015).

If both current hunger and childhood socioeconomic deprivation are related to adult
impulsivity, they might combine in several different ways (figure 1). Their effects might simply
be additive (figure 1a), as seen in Bateson and colleagues’ (2015) starling findings.
Alternatively, we might find an interaction between the two predictors. For example, it could
be the case that in the absence of hunger we find a deprivation gradient in impulsivity, but
hunger over-rides other individual differences, making all individuals highly impulsive
regardless of developmental history (figure 1b.). The opposite of this would be finding that
there was no deprivation gradient in impulsivity when individuals were satiated, but that

hunger reinstates this gradient, for example because childhood deprivation has sensitized
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individuals to adult cues of hunger (figure 1c). Our search for interactive influences is
motivated by previous research. For example, Nettle and Bateson (2017) found that the
negative health effects of low adult socioeconomic position were more marked if individuals
had experienced childhood deprivation; and Griskevicius et al. (2011) found that a current

cue of environmental adversity had different effects on the impulsivity of people who had

experienced different levels of childhood deprivation (though see Pepper et al. 2017).
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Figure 1 Hypothesised combined effects of hunger and childhood socioeconomic deprivation on impulsivity. a. Individuals
with greater experience of deprivation are more impulsive; hunger increases impulsivity by a constant amount regardless
of deprivation, and hence the two influences are additive. b. In satiated individuals, those with greater experience of
deprivation show greater levels of impulsivity; hunger makes all individuals highly impulsive, removing the deprivation
gradient. c. There is no difference between individuals based on their experiences of deprivation when satiated; individuals
with greater experience of deprivation respond more strongly to cues of hunger, producing a deprivation gradient only
when hungry. Further interactions other than those shown in b. and c. are also possible.

1.1 Overview of the studies

In order to investigate whether hunger and childhood socioeconomic deprivation have
additive or interactive effects on impulsivity, we conducted three studies incorporating delay
discounting tasks. Two of these were laboratory studies in which hunger was experimentally

manipulated by having participants attend sessions in the morning after having eaten, or
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having abstained, from breakfast. The third was a survey study which simply measured

variation in current hunger.

The first lab study (study 1) investigated a delay discounting task called the
experiential discounting task, or EDT (Reynolds and Schiffbauer, 2004). This computer-based
task is distinctive in that participants actually receive the rewards they choose, and have to
wait to receive these rewards as well, unlike in hypothetical discounting tasks which are often
employed in the human literature. Because the delays are really experienced, this task can be
considered to be analogous to the behavioural delay discounting task employed by Bateson
and colleagues (2015) when investigating impulsivity in starlings. To our knowledge the EDT
has yet to be employed to investigate hunger or childhood socioeconomic deprivation,
though there are findings exploring EDT performance and other current states. Both sleep
deprivation (Reynolds & Schiffbauer, 2004) and alcohol consumption (Reynolds et al., 2006)
were found to increase impulsivity in the EDT, with the latter having no effect on performance
when measured using a standard hypothetical delay discounting task. This suggests that the
EDT may be more sensitive to some current state changes than standard hypothetical
measures. In order to investigate this, the second lab study (study 2) had a similar design to
study 1, but used a more conventional hypothetical discounting task. The third study
consisted of a survey in which hunger was measured but not manipulated, again incorporating
a hypothetical discounting task. The aim of this study was to recruit a larger sample, with a
broader range of childhood socioeconomic deprivation, something that was somewhat

restricted in studies 1 and 2.

It should be noted that the studies were conducted in the order 1, 3, 2, but for ease

of interpretation have been presented here in the order 1, 2, and 3. Although the studies have
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differences of design, they all measure impulsivity (delay discounting), childhood
socioeconomic deprivation, and current hunger. Thus, the evidence from the three can be
combined to give greater inferential precision about our overarching question than from each
study alone. As well as the analyses of each individual dataset, we therefore also present

meta-analyses of the comparable measures from the three studies.

2. Study 1

2.1 Introduction

In study 1, we manipulated hunger by assigning volunteers to either breakfast as normal, or
to abstain from breakfast, on the day of the testing session. The participants were drawn from
a university participant pool, and we relied on finding sufficient variation in childhood
socioeconomic deprivation in this pool, as we have done before (Padl, Carpenter, & Nettle,

2015). Impulsivity was assessed using the EDT.

2.2 Methods

2.2.1 Ethical approval

All studies received ethical approval from Newcastle University Faculty of Medical Sciences
Ethics Committee (application No: 1281/14850 & 01224/9886). All participants gave informed

consent to participate.

2.2.2 Participants

Ninety-five participants were recruited via a university participant pool (mostly non
students, age range 18-77, consisting of 68 women and 27 men). Hunger was manipulated in
the study by having participants attend the experimental session either after having eaten

their breakfast as normal (breakfast condition), or after skipping breakfast (no breakfast
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condition). All sessions were held in the morning, and were scheduled within 1-3 hours of
participants’ usual waking time. Participants were assigned to the breakfast or no breakfast
conditions on an alternate sign up basis (no breakfast: n=48, Mean age=32.6, SD=16.4, 18-67,;

breakfast: n=47, Mean age=33.6, SD=17.1, 18-77).

2.2.3 Materials

All of the following measures were presented on a computer using Inquisit
(Millisecond, Seattle, WA; www.millisecond.com) software. In order to check our
manipulation, self-reported hunger was measured using a 7 point Likert scale (1 = ‘very full’,
7 =‘very hungry’), and participants reported approximately how many hours it had been since
they had last eaten. In addition to age and sex, participants were asked to provide their
childhood postcode (specifically from age 5) — this was later used to establish scores of
childhood socioeconomic deprivation using the English Indices of Multiple Deprivation (IMD).
These scores are calculated by the UK government for small geographic areas based on
income, employment, education, health, crime, barriers to housing and services, and finally,
living environment. A higher IMD score indicates greater neighbourhood socioeconomic
deprivation. Wales, England, Scotland, and Northern Ireland have their own IMD scores, and
while these measure similar information, they are not directly comparable, and so for the
purposes of this study we included IMD scores only from England. Participants growing up in
the other parts of the UK, or elsewhere, have missing values for IMD.

Participants completed the computer-based Experiential Discounting Task (EDT).
Participants are presented with repeated choices between monetary SSRs and LLRs. The script
used for this task was obtained from the |Inquisit test library
(http://www.millisecond.com/download/library/), and was based on the EDT task described

by Reynolds and Schiffbauer (2004). Participants are initially presented with instructions for
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the task. For each trial of the game participants are presented with two light bulbs on the
screen, underneath which there are two different amounts of money. One amount is always
30p (the LLR) and the other is less than 30p (the SSR). The LLR is delayed by either 0, 7, 14 or
28 seconds depending on the round. The SSR is received immediately. Participants click a
green start button to begin the trial, at which point the lightbulbs light up and the participant
has to select one. Reward delivery for the LLR is probabilistic (probability of delivery 0.3). If
participants receive the money from the bulb they have selected then a bank symbol lights
up and they then click this to end the trial. Their cumulative winnings are displayed at the
bottom of the screen. An adjusting-amount procedure is used to ascertain stable indifference
points (IP) for each participant - every time the LLR is chosen the value of the SSR increases,
and every time the SSR is chosen the SSR value decreases. The IP is the point at which the SSR
and LLR are of equal subjective value. Therefore a smaller IP shows greater impulsivity. If
participants choose the same lightbulb 4 times in a row they are forced to choose the other
lightbulb in the next trial. Each round consists of a minimum of 16 trials. If after 16 trials the
IP can be established (If the participant chose the same number of SSR and LLRs across the
last 6 trials) then the round ends. If the IP cannot be established the trials continue, with the
programme checking after each new trial if an IP can be established. Each round has a set
duration (20 x the delay length of that round). The round will end either when this has been
reached or an IP has been found. If the round ends before the maximum duration then the
additional time is added to an inter-round interval. For these reasons the number of trials
which each participant completes varies for each round. As the script had been written for an
American audience we changed dollars to pounds at a ratio of 1:1. Each participant completed
5 rounds of the game, with each round containing multiple trials of SSR/LLR choices; 1 practice

round, followed by 4 rounds with varying delays to reward delivery (0 second, 7 seconds, 14
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seconds, 28 seconds), presented in ascending order. After the practice round participants are
presented with a shortened version of the instructions before they begin the task.

2.2.4 Procedure

Participants were allocated to a condition on an alternate sign up basis, and given
instructions regarding breakfast in advance of the sessions via email. In the breakfast
condition participants were told: ‘We would like you to come to the session having eaten
breakfast — please do not skip breakfast before the study, and try to eat within 1-1.5 hours
before the study. You will be asked when you last ate.” In the no breakfast condition they
were told: ‘We would like you to come to the session having not eaten breakfast, having not
eaten anything since the evening before. You will be asked what time you last ate. Drinking
water/tea/coffee is fine, but please avoid any high sugar energy drinks such as
smoothies/protein shakes/fizzy drinks/fruit juice/milk.” Sessions lasted between 45-60
minutes. Participants completed demographic information and self-reported hunger,
provided their childhood postcode, and then completed the EDT. Participants received their
winnings from this game in cash (between £6 and £15). Finally, participants completed the

same self-report hunger measure again before being debriefed.

2.2.5 Data Analysis

The dependent variable was impulsivity, measured via indifference points in the EDT.
Each participant has 4 indifference points for the 4 different delay lengths in the EDT. The
main predictor variables were childhood socioeconomic deprivation (IMD score) and
experimental condition. We were unable to get IMD scores for 28 participants for a variety of
reasons. Some participants did not provide a valid postcode, some postcodes provided were

not from England, and for some postcodes an IMD score was not available (this can happen
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with very old postcodes). In some instances participants had provided a street name, and if
this could be identified then the postcode for that street was substituted. In instances where
a street had multiple postcodes an average IMD score was calculated. Participants without an
IMD score were excluded from any analyses that incorporated this measure (this was done

across all three studies).

There were a few cases for individual participants where the EDT was unable to
establish an IP. In delay A (0 seconds) 9 participants did not establish an IP, but they had all
plateaued at an SSR of 0.2399999999999999911 and so we gave them all a value of 0.25
which we believe to be a conservative estimate of their actual IP (0.25 is 0.1 higher than the
highest observed IP). Two participants did not establish an IP for delay B (7 seconds) and these
were left missing. Finally, 3 participants failed to establish an IP in delay D (28 seconds). These
participants were mostly only selecting the SSR, resulting in the SSR value plateauing at
0.0600000000000000047. We gave all of these participants an IP of 0.05, which we believe to

be a conservative estimate of their true valuation.

A combination of linear models (using base package in R) and linear mixed models
(using the nlme package in R; Pinheiro, Bates, DebRoy, Sarkar & R Core Team, 2018) were
fitted to see if childhood socioeconomic deprivation and experimental condition predicted
impulsivity. All models used in the analyses (and the analyses for the subsequent studies)
satisfied the assumptions of normally distributed residuals and homogenous variance of
residuals within the fitted values of the models. Raw data and R scripts for the analysis are

freely available via the Zenodo repository at: https://doi.org/10.5281/zenod0.1283130

2.3 Results

2.3.1 Manipulation check

10
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The no breakfast group had a significantly higher mean hunger score than the
breakfast group at both the start, t(92) = -11.53, p <.001 (no breakfast M = 5.04 SD = 1.27,
Breakfast M = 2.40 SD = 0.92), and end of the study, t(93) =-9.72, p <.001 (no Breakfast M =

5.31SD =1.37, Breakfast M = 2.67 SD = 1.29).

2.3.2 Models predicting impulsivity

As it has previously been suggested that hunger and measures of socioeconomic
status may be associated (Nettle, 2017) we initially ran a model to see if hunger was predicted
by childhood IMD, whilst controlling for time since participants had last eaten, finding that
time since a person had eaten did predict hunger but childhood IMD did not (Appendix, Table

Al, Model 1).

For the main analysis, the outcome variable was indifference point. We fitted a linear
mixed model with delay length, condition, IMD and their interactions as fixed predictors, and
participant as a random effect (see table 1). As impulsivity measured via delay discounting is
defined as the systematic devaluation of an outcome as the delay to its delivery increases,
impulsivity is captured by the rate with which indifference point reduces as the delay
increases. Therefore, significant interactions between condition and delay length, or IMD and
delay length, would provide evidence that condition and IMD respectively were related to
impulsivity. Any non-additive influence of condition and IMD on impulsivity would manifest
as a three-way interaction between condition, IMD, and delay length. We found no evidence
for such a three-way interaction (see Table 1). We did, however, find a main effect of delay
length, and a marginally non-significant interaction between condition and delay length (see

Table 1 and Figure 3). As Figure 3 shows, no breakfast participants had slightly lower
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indifference points than breakfast participants when the delay was long, but not when there
was no delay.
Table 1 Parameter estimates for predictors of indifference point in Study 1.
Outcome variable Random Predictors B(%SE) p
effects
Indifference point Participant ID Condition(breakfast) .001(.02) .94
Delay Length -.01(.003) <.001*
IMD -.001(.001) .13
Condition * Delay Length -.01(.01) .059
Condition * IMD <.001(<.001) .62
Delay Length * IMD <-.001(<.001) .51

Condition * Delay Length * IMD <.001(<.001) .18

* p <0.05

In order to investigate the near-significant interaction between condition and delay
length further, we fitted a linear model using only the indifference points from the longest
delay length (delay D, 28 seconds), and our two predictors of interest, IMD and condition. This
model yielded a significant interaction between condition and IMD, as well as significant main
effects of condition and IMD (see Table 2 and Figure 4). Figure 4 suggests that at low levels of
deprivation, breakfasted individuals are less impulsive (they have a higher indifference point)
than no breakfast individuals. However, as childhood socioeconomic deprivation increases,

the difference in impulsivity between the two groups becomes less clear.

12
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280 Table 2 Parameter estimates for predictors of indifference points in delay D (28 seconds).
Outcome variable  Predictors B(£SE) p
Indifference point Condition(breakfast) -.05(.02) .02%*
(28s delay only) IMD -.001(<.001) .0498*
Condition * IMD .002(<.01) .03*

281 *p<0.05
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Figure 3 Scatterplot of the indifference point recorded at the longest delay (28 seconds) against IMD score for the two

experimental groups. Fit lines represent simple regressions and shaded areas represent 95% confidence intervals.

2.4 Discussion

Our breakfast manipulation appears to have been successful in bringing about a

substantial difference in hunger between the two groups. The findings from study 1 provided

some support for the literature, albeit marginally non-significant in the main analysis involving

all the delays: the participants in the no breakfast condition had lower indifference points as

the delay became long, suggesting greater impulsivity. When considering the longest delay

alone we found significant main effects of condition and of IMD. These were in the predicted

14



293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

directions: no breakfast condition, and greater deprivation, both had negative parameter
estimates. Thus, greater hunger or greater deprivation were associated with lower
indifference points and hence greater impulsivity. The model considering the longest delay
alone also provided some evidence of an interaction between IMD and hunger condition in
predicting impulsivity, though this was not seen (in the form of a three-way interaction) in the
larger model involving all delays. It seems that at low levels of childhood socioeconomic
deprivation, the hunger manipulation affected indifference points in the way that we would
expect, but that as deprivation increased our experimental manipulation appears to have less
of an effect on indifference points. In terms of our initial models, this is closest to that
illustrated in figure 1b. However, this interpretation should be taken with caution, and
readers should note that we recruited only a small number of participants who had high levels

of childhood socioeconomic deprivation, as seen in figure 4.

3. Study 2

3.1 Introduction

Previous findings have reported effects of current state on impulsivity measured using
the EDT, but not when measured using a hypothetical choice task (Reynolds et al., 2006).
However, hypothetical choice tasks, where the participant states a preference between a
specified SSR and a specified LLR, but does not in fact have to endure the delay, are much
more widely used. Study 2 aimed to replicate study 1 using an identical procedure, with the
substitution of a hypothetical monetary delay discounting choice task (HMDT), with the aim
of comparing findings across the two studies. A difference between the EDT and HDMT is that
the HDMT provides just one variable per participant (the number of LLRs chosen), rather than

the four indifference points per participant produced by the EDT.
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3.2 Methods
3.2.1 Participants

Ninety-three Psychology Undergraduate students (14 men and 79 women) took part
in exchange for required course credits (no breakfast: n=46, Mean age=19.36, SD=11.18;

breakfast: n=47, Mean age=19.57, SD=1.28).

3.2.2 Materials

In place of the EDT of study 1, participants completed a pen and paper HMDT which
contained 20 questions asking participants to choose between a variable small amount of
money which they could receive immediately (SSR) and a larger amount of £100 which they
could receive in a year’s time (LLR). The values chosen for the choices reflected the range of
discount rates that we have used in previous studies (Pepper & Nettle, 2013) and are available

via the Zenodo repository https://doi.org/10.5281/zenodo.1283130 .

3.2.3 Procedure

Hunger was experimentally manipulated using the same method as described in study
1. Participants were assigned to conditions on an alternate sign up basis and attended a lab
session lasting approximately 30 minutes. They completed basic demographic measures, as
well as a Likert current hunger scale, and amount of time since they had last eaten, as
described in the previous study. Participants then completed the HMDT. At the end of the

study they completed a final Likert rating of current hunger before being debriefed.

3.2.4 Data Analysis

The dependent variable was the number of LLRs chosen. Hence, a higher number
indicates greater impulsivity. As in study 1, the main predictor variables were childhood

socioeconomic deprivation (IMD score) and experimental condition — breakfast or no
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breakfast. We were unable to obtain IMD scores for 18 participants, for reasons discussed in

study 1. Data were analysed using linear models from the base package in R.

3.3 Results
3.3.1 Manipulation check

Independent samples t-tests indicated that the no breakfast group had a significantly
higher mean hunger score than the breakfast group at both the start, t(89) = -10.28, p <.001
(no breakfast M = 4.84 SD =1.03, breakfast M = 2.52 SD = 1.13), and end of the study, t(88) =

-12.47, p <.001 (no breakfast M = 5.29 SD =1 .05, breakfast M = 2.60 SD = 0.99).

3.3.2 Models predicting impulsivity

As in study 1 we first ran a model to see if current hunger was predicted by childhood
socioeconomic deprivation, finding that it was not, though it was significantly predicted by
the amount of time it had been since a participant had last eaten (Appendix, Table A1, Model
2). We then fitted a linear model with an outcome variable of number of LLRs chosen and two
predictor variables, IMD and condition. There were no significant main effects or interactions

(Model 1, Table 3).

Table 3 Parameter estimates for models predicting impulsivity (number of larger later rewards selected on the hypothetical
monetary decision task) from condition, childhood socioeconomic deprivation (IMD), and their interaction.

Outcome Predictors B(xSE) p
variable

Number of Condition(breakfast) 2.02(2.17) .36
larger later IMD .06(.05) .28
rewards chosen  Condition * IMD -.21(.14) 14

3.4 Discussion

Study 2, considered individually, failed to find any clear support for an association
between either childhood socioeconomic deprivation or hunger condition and impulsivity,
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as measured using the HMDT. As the sample size and hence power was similar to study 1,
this may suggest that the experiential EDT task of study 1 is a more sensitive measure of
impulsivity than the HMDT of study 2. This could be because the delays actually have to be
endured in the EDT, or because the delays are much shorter: it is possible that current state
and developmental differences in impulsivity are most evident when measuring the
discount rate over very short intervals. We return to this issue in the meta-analysis where

we formally compare the results of the three studies.

4. Study 3

4.1 Introduction

Study 3 was conducted with the main aim of recruiting a broader sample of
participants in the hope of increasing the number of individuals with higher childhood
socioeconomic deprivation scores, which we were lacking in the first two studies. This would
provide greater power to replicate the interaction between hunger and socioeconomic
deprivation that was suggested by the analysis of the longest delay from study 1. In order to
do this we decided to recruit participants from public spaces (shopping centres) in the hopes
that by removing the effort and cost required to attend a lab session, and by going outside
the university, we would recruit a broader, as well as larger, sample. To make the study as
quick and easy as possible for participants we used the HDMT, as in study 2. As this was not
a laboratory-based study we employed a survey design wherein rather than manipulating
hunger and time since eating, we measured the naturally-occurring variation in them (data

collection took place across 7 days between the hours of 10am and 5pm).

4.2 Methods

4.2.1 Participants
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An opportunity sample of 330 participants (Mean age: 35.84, SD: 13.71, range 16-79)
were recruited from two large UK shopping centres. Participants were entered into a prize

draw for taking part, for which there was one prize of £100 in shopping vouchers.

4.2.2 Materials

Participants completed a pen and paper survey. Current hunger was measured using
the 7 point Likert scale as before, and participants also recorded approximately how many
hours it had been since they had last eaten. Childhood (age 5) postcode was collected in order
to obtain IMD score, and participants additionally completed a self-report Material Needs
Scale (Conger et al., 1994), thinking back to when they were 5 years old. This included 7 Likert
guestions related to whether they felt that their family had enough money for specific items
(food, clothing, bills etc.). We included this additional measure as an insurance policy in case
we had a large number of participants without a childhood postcode from England (or an
English postcode that we were unable to obtain an IMD score for). Finally, Participants
completed the same HMDT used in study 2, consisting of 20 choices between SSRs and LLRs,

which contained a fixed delay to reward of 1 year.

4.2.3 Data analysis

The dependent variable was again number of LLRs chosen on the HMDT (more LLRs
being less impulsive). As in the previous two studies, the main predictor variables were
childhood socioeconomic deprivation and hunger. In this study there were two variables for
each of these measures; hence we present all four possible models in parallel. Linear models

were run using the base package in R.

Self-reported hunger (Hunger), and hours since eating (Hours) were moderately
positively correlated with one another, r(328) = .49, p <.001. IMD and the material needs
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score were weakly positively correlated, r(250) = .23, p<.001. Every participant completed the
material needs scale, but we were unable to establish IMD scores for 78 participants. Power
is therefore greater for analyses using the material needs scale, though this may be measuring

something rather different from IMD score.

4.3 Results
4.3.1 Models predicting impulsivity

As in the previous two studies we initially investigated whether there was any
relationship between current hunger, time since eating, and childhood socioeconomic
deprivation. Two separate models were run, one including IMD and the other including
material needs, both of which found that only time since eating significantly predicted current

hunger (Appendix, Table A1, models 3 & 4).

Four linear models were run using the outcome variable number of LLRs (table 5). The
two measures of childhood socioeconomic deprivation, IMD and material needs score,
significantly predicted impulsivity in each model in which they appeared, and in the predicted
direction: people from more deprived childhood backgrounds chose fewer LLRs. Self-reported
hunger did not significantly predict number of LLRs chosen in either model in which it
appeared, although the parameter estimates were in the predicted (negative) direction.
Hours since eating significantly predicted LLRs chosen when coupled with IMD; and was
marginally non-significant when coupled with material needs scores. The direction in both
cases was as predicted (more hours since eating predicts fewer LLRs chosen). There was no
evidence of interactions between the hunger variable and the childhood deprivation variable

in any of the four models.
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Table 4 Parameter estimates for models investigating predictors of number of larger later rewards chosen in the HMDT.

429 Significant predictors are shown in bold.
Model Outcome Predictors B(%SE) p
1 Number of larger later Hunger -.39(.34) .25
rewards
IMD -.08(.04) .047*
Hunger * IMD .01(.01) .56
2 Number of larger later Hunger -.51(.37) 17
rewards
Material Needs -.18(.07) .02*
Hunger * Material .03(.02) .26
Needs
3 Number of larger later Hours -.33(.18) .07
rewards
IMD -.08(.03) .01*
Hours * IMD .01(.01) A1
4 Number of larger later Hours -.45(.20) .03*
rewards
Material Needs -.17(.06) .004*
Hours * Material .02(.01) .10
Needs
430 *p<0.05.
431
432 4.4 Discussion
433 Study 3 provided consistent evidence that childhood socioeconomic deprivation was
434  associated with more impulsive decision making, whether this was measured by postcode
435 IMD or by responses on the material needs scale. There was some evidence that hunger was
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also associated with impulsivity, though this was only found with hours since eating, and not
with self-reported hunger score, and then was marginally non-significant in one of the two
models run. However, it should be noted that parameter estimates for hunger and hours since
eating were always in the predicted direction, with increases in time and hunger predicting
more impulsive responses. Study 3 provided no evidence of an interactive effect of hunger

and early life adversity on impulsivity.

5. Meta-analysis of studies 1,2 & 3

In order to establish whether the data from our studies combined supported
interactive or additive effects of hunger and childhood socioeconomic deprivation on
impulsivity, we meta-analysed the findings from studies 1, 2, and 3. We only used continuous
variables which were available from all three of the studies (these were scaled). The outcome
variable used was always impulsivity (either indifference point from the EDT which was taken
from the longest delay, or number of LLRs from the HMDTs — all these variables are aligned
in the same direction, with a higher indifference point and a greater number of LLRs both
indicating a lower level of impulsivity). The predictor variable used for childhood
socioeconomic deprivation was IMD score, which was available across the three studies. For
hunger we used both the measure of self-reported hunger, and the number of hours since
people had last eaten as our predictor variables, since these were both also available across

the three studies.

Two linear models were run for each study, the first investigating whether impulsivity
was predicted by self-reported hunger score and IMD, including the interaction effect, and
the second investigating whether impulsivity was predicted by hours since food and IMD,

again including the interaction effect. Parameter estimates from the individual models were
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combined and subjected to meta-analysis using R package ‘metafor’ (Viechtbauer, 2010). We
chose a random-effects model to obtain the meta-analytic parameter estimates, since there
is variation in the designs of the studies, and they cannot therefore be considered exact

replications of the same measurement.

As can be seen from figure 8 the combined data provide evidence for significant
effects of hunger (figure 8a) and time since eating (figure 8b) on impulsivity, with greater
hunger associated with greater impulsivity. There is also evidence for a significant overall
association between IMD and impulsivity (greater IMD, greater impulsivity; figure 8 c, d).
However, there is no overall evidence for any interaction between hunger/hours and IMD
(figure 8e, f). Furthermore, 1> and Cochrane’s Q values indicate that findings relating to
hunger, time since eating, and IMD are homogenous across the three studies (figure 8).
Despite the marginally non-significant Cochrane’s Q values, the high 1> values for the
interaction models suggest that the interaction effects have a high level of heterogeneity

across the three studies (figure 8).
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(a) Main effect of hours on Impulsivity

(b) Main effect of self-reported hunger on Impulsivity

Study1 S -0.08[-0.31, 0.16] Study1 -0.08[-0.34, 0.18]
Study2 ————— -0.17 [-0.40, 0.07] Study2 _— -0.30 [-0.54, -0.06]
Study3 A -0.13 [-0.25, -0.00] Study3 —— -0.08 [-0.20, 0.04]
RE Model ———— -0.13[-0.22, -0.03] RE Model —— -0.13[-0.26, -0.00]
I I T 1 [ I 1 1
06 03 03 0.6 06 03 03 06
12=000%, Q2)=.29p=.87 12 = 0.00%, Q(2) = 2.69 p = .26
(c) Main effect of IMD (in hours models) (d) Main effect of IMD (in hunger models)
Study1 —_— -0.08(-0.32, 0.15] Study1 -0.06[-0.32, 0.20]
Study2 -0.06[-0.38, 0.27] Study2 -0.10[-0.38, 0.18]
Study3 —— -0.17 [-0.29, -0.05) Study3 —a— 0,17 [-0.29, -0.05]
RE Model —— -0.14 [-0.24, -0.04] RE Model ——— -0.14 [-0.25, -0.04]
r T T 1 I T T 1
-06 03 0 03 0.6 06 -0.3 0 03 06
12=0.00%, Q(2)=.70p =.70 12=0.00%, Q(2)= 66 p=.72
(e) Interaction between hours since food and childhood IMD (f) Interaction between hunger and IMD
Study1 —_— 0.27[0.05, 0.49] Study1 0.25[-0.06, 0.56]
Study2 -0.18 [-0.50, 0.14] Study2 _— -0.22[-0.47, 0.03]
Study3 ——— 0.06 [-0.08, 0.19] Study3 — 0.03[-0.08, 0.15)
RE Model e — 0.07 [-0.15, 0.29] RE Model —— 0.01[-0.22, 0.24]
I T T 1 I T | 1
06 03 0 03 06 06 03 0 03 0.6
Parameter estimate Parameter estimate
12 = 67.86%, Q(2) = 5.50 p = .06 12 = 69.10%, Q(2) = 5.60 p = .06
474
475 Figure 4 Forest plots from meta-analyses across the three studies. All models have impulsivity as the outcome variable.
476 Central estimates of effect size and 95% confidence intervals are shown. A negative parameter estimate (to the left of the 0
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line) indicates that the predictor was associated with greater impulsivity. Models show the main effects of self-reported
hunger (a), time since eating in hours (b), the main effects of IMD in models with self-reported hunger (c), the main effects
of IMD in models with time since eating in hours (d), the interaction between self-reported hunger and IMD (e), and between
time since eating in hours and IMD (f).

6. General Discussion

We have reported three separate studies aiming to establish whether current state (hunger) and
developmental history (childhood socioeconomic deprivation) have interactive or additive effects on

adult levels of impulsivity, measured via delay discounting tasks.

Studies 1 and 2, were both experimental studies in which hunger (current state) was manipulated,
and study 3 was a survey in which current hunger was simply measured. Studies 1 and 2 yielded
seemingly contradictory findings, with tentative evidence of an interactive effect shown in study 1 (for
the longest delay) but evidence of no effect of either hunger or childhood deprivation seen in study 2.
While these studies followed a similar procedure they differed in the discounting measure employed,
which may account for this discrepancy. Study 1 utilised an experiential task (EDT) in which
participants actually had to endure delays and also received the rewards, unlike in the hypothetical
task used in study 2. Previous research investigating other current states has also found this
discrepancy between delay discounting measured hypothetically and experientially (Reynolds et al.,
2006), suggesting that hypothetical measures are perhaps not as sensitive to state induced changes
in discounting. In the meta-analysis we subsequently performed, the standardized parameter
estimates for hunger and childhood deprivation were similar for studies 1 and 2. However, their
precision was greater in study 1 (explaining the significant effects in that study). Thus, it may be that
the experiential measure is subject to less random variability and is thus more powerful for capturing
associations of other variables with impulsivity. It should also be noted that these two tasks also differ
in the delay lengths used, with the EDT delays ranging from 7-28 seconds, and the hypothetical task
having a fixed delay of 1 year; this large difference in range of delays may also contribute to the
seemingly inconsistent results seen. We did find an effect of both current state and developmental
history (though no interaction between the two) in study 3 which utilised the same hypothetical

measure as study 1 but had a much larger sample size.
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All three studies were moderately sized and so meta-analyses were conducted in order to increase
statistical power, with the aim of resolving the variation in findings seen across the studies individually.
The analyses conducted yielded evidence for the additive model shown in figure 1 (a), and analogous
to the findings reported by Bateson and colleagues (2015). Both hunger and childhood socioeconomic
deprivation predicted delay discounting: hungrier people and those who were more deprived showed
increased discounting of delayed rewards. However, there was no conclusive evidence for an
interactive effect of these two variables on delay discounting when combining the three studies. It
should be noted that while levels of heterogeneity across the three studies were extremely low for
the main effects of hunger and childhood socioeconomic deprivation, these were higher for the
interaction models which indicates that the pooled estimates shown are not reliable. Models E and F
in figure 8 had acceptable Cochrane’s Q values, though this test has been found to be poor at detecting
heterogeneity when only a small number of studies are employed (Higgins et al., 2003). I? has been
found to be a more robust measure of heterogeneity in these instances and indeed was found to be
high in both of the interaction models, but zero for the main effects. The heterogeneity for the
interaction effect may be driven by the differences between the experiential and hypothetical tasks,

with tentative evidence of an interaction only being found in the former.

Though the evidence from the meta-analysis strongly suggests support for the additive model the
authors would urge caution in completely ruling out the possibility of an interactive effect existing
between hunger and childhood socioeconomic deprivation. The EDT has not been as widely used in
the literature as traditional hypothetical measures, and indeed, our paper is the first to investigate
delay discounting using this task and manipulating the current state of hunger. Furthermore, study 1
was moderately sized, and also failed to recruit a large number of individuals with a high level of
childhood socioeconomic deprivation, something which is necessary in order to identify and clearly
interpret an interaction if one exists. We recommend that further investigation is needed into the

differences in response seen in these two types of tasks.
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Finally, it has previously been hypothesised that individuals of lower socioeconomic status may
simply be hungrier than other individuals, which may underlie differences seen in impulsivity (Nettle,
2017). We tested for this across all three of our studies finding no evidence of an association between
current hunger and childhood socioeconomic statues when controlling for the amount of time since

people had last eaten.

To conclude, we found evidence across three studies for an additive effect of hunger and
childhood socioeconomic deprivation on adult levels of delay discounting, taken here as a measure of
impulsivity. It is important to understand factors which may be underpinning delay discounting, which
along with other measures of impulsivity has been linked to a number of behaviours that are
detrimental to the individual, and costly for society at large. The question of whether immediate state
variables (such as hunger) and longer-term developmental influences (such as childhood
socioeconomic deprivation) combine additively or interactively is an important one for individual
differences research. It relates to the general issue of how life-course experiences accumulate to
influence psychological processes. It also has implications for social intervention programmes. For
example, our additive findings suggest that the effects of pre-school breakfast programmes or
improved school meals should be similar for children of all social backgrounds (at least, if levels of
hunger are similar). Evidence of strong interactions, such as those illustrated in figures 1b and 1c,
would have suggested that such programmes might have very different levels of benefit, even at the

same level of hunger, for different social groups within the population.
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Appendix

Table A.1 Parameter estimates for models investigating whether hunger was predicted by childhood socioeconomic
deprivation whilst controlling for the effects of time since a participant had last eaten, across studies 1, 2, and 3. Time since
a participant had last eaten was the only variable which significantly predicted current hunger score across the three studies
(highlighted in bold).

Study Model Outcome variable Predictor variables B(SE) p
1 1 Self-reported hunger Time since eating .21(.04) <.001
IMD score .02(.02) .38
Time since eating * IMD -.001(.002) .54
2 2 Self-reported hunger Time since eating .17(.04) <.001
IMD score -.01(.01) .65
Time since eating * IMD .001(.002) .76
3 3 Self-reported hunger Time since eating .22(.05) <.001
IMD score -.002(.001) .84
Time since eating * IMD .002(.002) .26
3 4 Self-reported hunger Time since eating .25(.06) <.001
Material Needs score (MN) -.005(.02) 77
Time since eating * MN .001(.004) .82

31



