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Although the criminal justice system is designed around the idea that individuals are
invariant in their responses to punishment, research indicates that individuals exhibit a
tremendous amount of variability in their punishment sensitivity. This raises the question
of why; what are the individual- and situation-level variables that impact a person’s
sensitivity to punishment? In the current research, we synthesize theory and research
on inflammation, learning, and evolutionary biology to examine the relationship between
inflammatory activity and sensitivity to punishment. These theories combine to predict
that inflammatory activity – which is metabolically costly and reflects a context in
which the net payoff associated with future oriented behaviors is diminished – will
decrease sensitivity to punishment, but not rewards. Consistent with this hypothesis,
Study 1 found that in U.S. states with a higher infectious disease burden (a proxy
for average levels of inflammatory activity) exhibit harsher sentencing in their criminal
justice systems. Studies 2 and 3 experimentally manipulated variables known to
impact bodily inflammatory activity and measured subsequent punishment and reward
sensitivity using a probabilistic selection task. Results revealed that (a) increasing
inflammation (i.e., completing the study in a dirty vs. clean room) diminished punishment
sensitivity (Study 2), whereby (b) administering a non-steroidal anti-inflammatory drug,
suppressing inflammatory activity, enhanced it. No such changes were found for reward
sensitivity. Together, these results provide evidence of a link between the activities of the
immune system and punishment sensitivity, which may have implications for criminal
justice outcomes.

Keywords: punishment sensitivity, inflammation, cytokines, reward sensitivity, risk sensitive foraging,
criminal justice

INTRODUCTION

Learning about the consequences of one’s actions and using this knowledge to maximize rewards
and avoid threats is critical to survival and reproduction (Bouton, 2007; Balleine, 2011; Jean-
Richard-Dit-Bressel et al., 2018). This fundamental process, often referred to as instrumental (or
operant) conditioning, involves increasing or decreasing the frequency of behaviors that have been
previously reinforced (i.e., that are followed by reward) or punished (i.e., that are followed by
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an adverse outcome), respectively (Thorndike, 1898; Skinner,
1963; Staddon and Cerutti, 2003; Bouton, 2007).

Although fundamental to survival and reproduction,
individuals vary in their responses to rewards and punishments
(e.g., Farmer, 2005; Kim et al., 2015; Jean-Richard-Dit-Bressel
et al., 2018). These differences can have a meaningful impact
on one’s likelihood of experiencing a variety of negative health
and behavior problems (Potts et al., 2006; Kim et al., 2015;
Harms et al., 2018). For example, research finds that people
low in punishment sensitivity are more prone to substance
abuse issues and problematic gambling than those higher in
punishment sensitivity (e.g., Jean-Richard-Dit-Bressel et al.,
2018; Smith and Laiks, 2018; Sistad et al., 2019). Others find that
punishment sensitivity is altered in a number of psychological
disorders (e.g., schizophrenia, attention deficit hyperactivity
disorder; Farmer, 2005; Jappe et al., 2011). Understanding
the factors that contribute to differences in punishment
sensitivity therefore delineates an important area for research
into human psychological functioning in both clinical and
non-clinical populations.

Here, we use insights from psychoneuroimmunology (Maier
and Watkins, 1998; Banks, 2005; Dantzer and Kelley, 2007;
Lasselin et al., 2017; Draper et al., 2018) and risk-sensitive
foraging theory (RSFT; Real and Caraco, 1986; Lima and
Dill, 1990; Houston, 1991; McNamara and Houston, 1992)
to examine the role that signaling by the immune system
plays in modulating one’s sensitivity to punishment. Combining
these insights yields the hypothesis that bodily inflammatory
activity will cause strategic resource allocation shifts that decrease
sensitivity to punishment, but not rewards (Muehlenbein et al.,
2010; Lacourt et al., 2018; Wang et al., 2019). Specifically,
we predict that inflammation will predict reduced punishment
sensitivity because an inflammatory event reflects an internal,
physiological context in which (a) the expected net payoff of
future-oriented behaviors lower than what it is in its absence
(due to the relatively diminished probability of survival; see, e.g.,
Gassen et al., 2019a,b; Gassen and Hill, 2019), and (b) one’s
ability to suppress dominant responses is compromised due to
the immunometabolic constraints that occur in the context of
inflammation (see e.g., Lacourt et al., 2018; Treadway et al., 2019).

We tested our predictions in a series of three studies using
a variety of methods and measures. First, we examined the
relationship between environmental conditions that promote
inflammatory activity (i.e., high vs. low environmental pathogen
prevalence) and the tendency to use harsher punishments for
criminal offenders. Because punishment severity typically varies
as an inverse function of sensitivity (with greater insensitivity
requiring harsher punishments to decreased the frequency of a
behavior; see, e.g., Jean-Richard-Dit-Bressel et al., 2018; Marchant
et al., 2018), we predicted that pathogen prevalence would
predict the use of harsher punishments. Next, we conducted
two experiments in which we experimentally manipulated factors
known to increase (Study 2) or suppress (Study 3) inflammatory
activity and measured subsequent sensitivity to punishment and
rewards. We predicted that contexts that elicit an increase in
inflammation would diminish punishment sensitivity, and that
those that reduce inflammatory activity (i.e., aspirin) would

enhance it. We predicted that no such changes would be found
for sensitivity to rewards.

The ability to modify one’s behavior in response to rewards
and punishment is critical to survival and is found in
organisms as simple as mollusks (e.g., Nargeot and Simmers,
2011) and as complex as humans (for review see Shanks,
1993). Instrumental (or operant) conditioning refers to the
process by which individuals learn contingencies between
their behavior and positive or negative experiences and
then use this information to maximize rewards and avoid
punishment in the future (Thorndike, 1898; Skinner, 1963;
Staddon and Cerutti, 2003; Bouton, 2007; Balleine, 2011;
Jean-Richard-Dit-Bressel et al., 2018).

Despite being critical for survival and reproduction,
individuals differ considerably in their sensitivity to rewards
and punishment (Farmer, 2005; Kim et al., 2015; Jean-Richard-
Dit-Bressel et al., 2018). For example, several studies have
identified certain personality traits that are related to individual
differences in reward and punishment sensitivity. Increased
reward sensitivity is related to higher trait sensation-seeking
(Scott-Parker et al., 2013) and lower agreeableness and
conscientiousness (Mitchell et al., 2007). Others find that
punishment sensitivity is lower in individuals who report high
(compared to low) levels of impulsivity (Potts et al., 2006).

More recently, researchers have begun to explore the
neurobiological underpinnings of sensitivity to punishment and
reward. This research has revealed that individual differences
in reward and punishment sensitivity are reflected in neural
responses to appetitive and aversive stimuli. For example, one
study found that individuals high in trait reward sensitivity
(compared to those lower in reward sensitivity) exhibited
increased activity in the right ventral striatum in response to
monetary rewards, while individuals high in trait punishment
sensitivity (compared to those lower in punishment sensitivity)
exhibited increased activity in the right lateral orbitofrontal
cortex in response to monetary punishment (Kim et al., 2015).
These patterns suggest that reward and punishment sensitivity
are regulated by distinct brain regions. Others find that lower
punishment sensitivity is associated with reduced activity in the
anterior insular and anterior cingulate cortices (Dong et al., 2011;
Santesso et al., 2011; Palminteri et al., 2012), which is consistent
with the view that brain areas involved in emotional processing
and self-regulation play important roles in modulating responses
to aversive stimuli.

Recent research suggests that the activities of the immune
system may also play a role in regulating reward and punishment
sensitivity. Although it was long believed that the immune
system’s contribution to behavior was limited to its impact
on the biological events involved in fighting infection and
promoting recovery (Janeway and Medzhitov, 2002; Matzinger,
2002; Iwasaki and Medzhitov, 2010), it is now well-appreciated
that the immune system also influences the activities of
the nervous system (for review see Benveniste, 1992; Banks,
2005; Erta et al., 2012). For example, in the context of an
acute inflammatory response, cytokines – which are signaling
molecules released by the immune system – induce a state of
sickness behavior, characterized by social disinterest, fatigue, and
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reduced grooming. This behavioral constellation functions to
conserve energetic resources for the metabolically costly immune
response and promote recovery (Aubert, 1999; Dantzer and
Kelley, 2007; Medzhitov et al., 2012; Lopes, 2014). In addition
to playing an important role in shaping behaviors that occurs
in the context of sickness, cytokines are also understood to be
instrumental in the processes that regulate mood (Maier and
Watkins, 1998), executive functioning (e.g., Dozmorov et al.,
2018; Gassen et al., 2019a,b), sleep (Opp, 2005), sensation (Miller
et al., 2009), and many other processes in healthy people (Kipnis,
2018; Gassen and Hill, 2019).

Given the important role that signaling by the immune
system can play in modulating decision-making and behavior,
researchers have begun to explore the possibility that
the immunometabolic shifts that occur in the context of
inflammatory activity may have an impact on choice behaviors
that require effortful control (for a review see Lacourt et al.,
2018; Treadway et al., 2019). Decreased investment in behaviors
requiring effort is hypothesized to occur in the context of
inflammation because proinflammatory cytokines induce
immunometabolic shifts – including increased overall metabolic
rate and a reprogramming of immune cells to rely on swifter,
yet less efficient energy production pathways (e.g., glycolysis) –
that constrain energetic resources (Muehlenbein et al., 2010;
O’Neill et al., 2016; Lacourt et al., 2018; Treadway et al., 2019;
Wang et al., 2019). As a result, individuals experiencing an
inflammatory response are less able (and willing) to exert effort
in pursuit of potential rewards. Further, given that inflammation
reflects an internal bodily context in which the probability of
survival is relatively diminished, the expected net return on
investment in future-oriented pursuits, such as learning, is lower
than what it is in the absence of an inflammatory event (Gassen
et al., 2019a,b; Gassen and Hill, 2019). Given the importance of
taking advantage of immediately available, or low-effort resource
opportunities during a metabolically costly immune response,
sensitivity to immediate or low-cost rewards is expected to
remain intact in the context of inflammation (for a review see
Treadway et al., 2019).

Consistent with these ideas, one recent study in mice found
that injection with lipopolysaccharide (LPS) – an endotoxin that
elicits an increase in inflammation – reduced animals’ willingness
to work for grain (low value reward), but not chocolate pellets
(high reward value) (compared to control group injected with
saline; Vichaya et al., 2014). In other words, although the mice’s
tendency to exert effort for low-value rewards decreased in the
context of inflammation, reward sensitivity, per se, appeared
to be unchanged. Research using humans as participants also
supports the hypothesis that increases in inflammation diminish
one’s willingness to expend effort to obtain rewards, but have
less of an impact on reward sensitivity (e.g., Lasselin et al.,
2017; Draper et al., 2018; Boyle et al., 2019; for exception see
Eisenberger et al., 2010). For instance, one study found that
participants administered LPS (compared to the control group
administered saline) were less willing to expend effort to obtain
high-effort rewards (i.e., rewards that required a greater percent
maximal voluntary contraction in a handheld dynamometer to
obtain). However, reward sensitivity – or the preference for

higher value rewards – was unaffected by LPS administration
(Draper et al., 2018). Together, this research suggests that
increases in inflammation tend to reduce individuals’ willingness
to expend effort in pursuit of rewards, while reward sensitivity,
per se, is preserved in this context (for an exception, see
Harrison et al., 2016).

Does inflammatory activity lead to comparable effort-
minimizing shifts in punishment sensitivity? The existing
results are mixed. For example, research in rodents finds
that experimental inflammatory challenges reliably impair both
passive and active avoidance behavior (e.g., to avoid a foot
shock), as well as contextual fear conditioning (Pugh et al., 1998;
Patil et al., 2003; Sparkman et al., 2005; Kohman et al., 2007).
Additional studies have demonstrated that infected animals
tend to exhibit dampened antipredator responses compared to
non-infected animals (e.g., mice: Kavaliers and Colwell, 1995;
birds: Adelman et al., 2017; frogs: Preston et al., 2014; Rae and
Murray, 2019). Together these findings support the prediction
that sensitivity to aversive stimuli unrelated to the immediate
threat of illness should decrease in the context of inflammation,
when energetic resources are constrained and the shadow of the
future shortens.

Nonetheless, direct experimental research on humans
suggests that punishment sensitivity may be heightened in
the context of inflammation. For example, in one study,
researchers examined the impact of typhoid vaccine-induced
inflammation on performance on a probabilistic selection task
(PST; Harrison et al., 2016). The results of this study revealed
that heightened inflammation was associated with enhanced
punishment sensitivity 2.5–3.5 h post-manipulation. These
results are consistent with research finding that large increases
in inflammation induce hyperalgesia and depressed mood 2–3 h
after the eliciting event (e.g., Harrison et al., 2009; Wegner et al.,
2014). Others find no impact of states known to be linked with
elevated inflammatory activity, such as depression (e.g., Kunisato
et al., 2012) and acute stress (e.g., Berghorst et al., 2013), on
punishment sensitivity.

In the current set of studies, we sought to add to this body
of research by examining the relationship between immune
activation and punishment-related decision-making (a) at a
population level by examining the role that infectious disease
burden plays in predicting crime rates and criminal justice
outcomes across the United States (Study 1), and (b) at the
individual-level, using experimental manipulations designed to
increase (Study 2) and suppress (Study 3) inflammatory activity
on large, highly powered samples. To test the relationship
between inflammatory activity and punishment sensitivity in the
two laboratory studies (Studies 2–3), we used the well-validated
probabilistic selection task (PST). The PST has been used for
almost two decades to study how individuals learn from positive
and negative feedback (Frank et al., 2004). Studies utilizing
the PST to investigate instrumental learning have revealed that
deficits in learning from positive or negative experiences underlie
a number of different neurological disorders, such as depression
(Kunisato et al., 2012), schizophrenia (Waltz et al., 2007), and
Parkinson’s disease (Frank et al., 2004). For example, research
using this task finds that reward-sensitive learning is impaired
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in depressed and schizophrenic participants, while punishment-
based learning is unaffected by these conditions (Waltz et al.,
2007; Kunisato et al., 2012). Others find that Parkinson’s patients
off medication are better at learning from punishments than
rewards, but this bias is reversed for patients taking medication
targeting dopaminergic signaling, likely due to the effects that
these drugs have on dopamine-basal ganglia interactions (Frank
et al., 2004). We predicted that environmental factors that
increase inflammation would predict decreases in sensitivity
to punishment (Study 2), while pharmacological manipulations
designed to decrease inflammation would predict increases in
sensitivity to punishment (Study 3), as measured via the PST,
while in both cases, reward sensitivity would remain unaffected
(Lasselin et al., 2017; Draper et al., 2018; Boyle et al., 2019; for
exception see Harrison et al., 2016). All data analyzed in the
current research can be found on the Open Science Framework
(DOI: 10.17605/OSF.IO/29H7V).

STUDY 1: STATE-LEVEL PATHOGEN
PREVALENCE AND PUNITIVE JUSTICE

In Study 1, we sought to examine the hypothesized relationship
between inflammatory activity and punishment sensitivity using
data available from the U. S. Justice System. We predicted that
environmental factors that increase immune activation – such as
higher infectious disease burden (e.g., Zhu et al., 1999; Gattone
et al., 2001; Nazmi et al., 2010; Thompson et al., 2014; Ferrucci
and Fabbri, 2018) – would be associated with the use of harsher
punishments for misconduct. Specifically, we predicted that U.S.
states with a higher infectious disease burden would engage
in harsher, more punitive sentencing than states with lower
infectious disease burden to counter the reduced punishment
sensitivity that is predicted to occur in the context of immune
activation. This prediction is consistent with research finding
that harsher punishments are required to modify the behavior
of individuals with lower punishment sensitivity (compared
to those with higher punishment sensitivity; Jean-Richard-Dit-
Bressel et al., 2018; Marchant et al., 2018).

Materials and Methods
To test our prediction that higher infectious disease burden
would yield harsher, more punitive sentencing, we accessed
public data bearing on each U.S. state’s (a) infectious disease
burden, (b) crime rate, and (c) incarceration rates and relative
sentencing harshness. We describe these measures below,
and additional information about each variable is displayed
in Table 1.

Infectious Disease Burden
To measure each state’s infectious disease burden, we utilized
previously published data (Fincher and Thornhill, 2012) obtained
from the Center for Disease Control’s (CDC) annual Morbidity
and Mortality Weekly Report’s “Summary of Notifiable Diseases,
United States” (1993–2007)1. To compute a total parasite stress

1www.cdc.gov

score for each year, the researchers adjusted the number of
infectious disease cases to account for each state’s population
size, and computed a standardized z-score of each state’s
infectious disease rate across the 15-year span. A list of
all diseases included in the index can be found in the
electronic supplemental material for the original article (Fincher
and Thornhill, 2012; ES 3). This index has been used in
several studies as a measure of state-level infectious disease
rate (e.g., Eppig et al., 2011; Thornhill and Fincher, 2011;
Harrington and Gelfand, 2014).

Crime Rate
To determine each state’s crime rate, we downloaded arrest
records in each state from the Federal Bureau of Investigation’s
(FBI) Uniform Crime Reporting (UCR) public data2. We used
the data from the year 2016 as this was the most recent
year available for the data representing our target dependent
measure (see Incarceration Rates and Punitive Justice below).
Arrest records were classified as follows: violent crime (murder
and non-negligent manslaughter, rape, robbery, and aggravated
assault; per FBI classification in data set), property crime
(burglary, larceny-theft, motor vehicle theft, arson; per FBI
classification in data set), and all other crime (other assaults,
forgery and counterfeiting, fraud, embezzlement, stolen property,
vandalism, weapons, prostitution and commercialized vice, sex
offenses other than rape/prostitution, drug, gambling, offenses
against family, driving under the influence, liquor law violations,
drunkenness, disorderly conduct, vagrancy, all other non-traffic
offenses, suspicion, and curfew and loitering). We computed
population-adjusted crime rates by dividing the number of arrests
in each category by the state’s total population. Note that in these
data, multiple arrests from the same individual are counted as
multiple data points. Thus, repeat offenders could introduce bias
into this metric.

Incarceration Rates and Punitive Justice
We accessed data bearing on each state’s rates of persons
supervised by adult correctional systems from the Bureau of
Justice Statistics’ (BJS) “Correctional Populations in the United
States, 2016” report (NCJ 251211; Kaeble and Cowhig, 2016).
These data include a breakdown of both the state’s rate per
100,000 people in the total population currently undergoing
community supervision programs (i.e., probation or parole),
as well as rate per 100,000 people in the total population
currently incarcerated.

As an additional measure of a state correctional system’s
tendency toward punitive measures, we also accessed data from
The Pew Charitable Trusts, who computed a “punishment rate”
for each state. This nuanced metric adjusts the size of the prison
population in each state accounting for a severity-weighted crime
rate in that state [a scale that weighs each crime (drug offenses
not included) by the average imprisonment term served for that
offense]. Higher values represent more severe punishments for
the same crime. Data used in the current analysis are from 2013,
the latest available for this metric. More information about how

2https://www.fbi.gov/services/cjis/ucr
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TABLE 1 | Summary of variables and source of data for Study 1.

Measure Source Description

Infectious disease
burden

Fincher and Thornhill, 2012 Population-adjusted infectious illnesses for each state from 1993 to 2007
(z-score)

Crime rate FBI uniform crime reporting data Population-adjusted crime rates (by category) for 2016 in each state

Incarceration and
community corrections

Bureau of Justice Statistics (NCJ 251211) Population-adjusted rates of individuals incarcerated or undergoing
community supervision for 2016 in each state

Punishment rate The Pew Charitable Trusts Proprietary metric for assessing crime type-adjusted punishment severity for
2013 in each state

Income U.S. Census Bureau (2018) American Community Survey Median household income in each state (2013–2017)

Education level Percent of state who did not complete high school (2013–2017)

Age Percent of state aged 18–39 (2013–2017)

Income inequality Gini coefficient for each state (2013–2017)

Sex Percent of state that was male (2013–2017)

FBI, Federal Bureau of Investigation; NCJ, National Criminal Justice.

the metric is computed can be found in a brief published by The
Pew Charitable Trusts (2016).

Covariates
Because a number of other state-level variables likely also
contribute to crime and incarceration rates, we also collected
information on each state’s median household income, education
level (i.e., percent who did not complete high school), percent of
population aged 18–39, income inequality (i.e., Gini coefficient),
and the percentage of the state’s population who were male.
These data were averages from the years 2013 to 2017 and were
taken from the American Community Survey conducted by the
U.S. Census Bureau.

Data Analysis Plan
With the exception of the violent crime rate, all variables
approximated a normal distribution. Violent crime rate was
slightly positively skewed, and as such we estimated a regression
model using robust maximum likelihood (MLR) estimation in
MPlus statistical software (Version 8, Muthén and Muthén,
2012), a method that is robust to non-normal data distributions
and heteroscedasticity (Kline, 2016; Maydeu-Olivares, 2017). As
an additional measure of parameter reliability, we generated
95% credibility intervals (CIs; interpreted in the same fashion as
confidence intervals) for each effect using Bayesian estimation
with non-informed priors in Mplus. Bayesian estimation
provides a number of advantages over frequentist methods,
namely that it does not assume normal parameter distribution
(Muthén, 2010). We considered parameters significant only if
they had a p < 0.05 and the CI for the effect did not contain 0.

First, as an exploratory analysis, we tested whether infectious
disease burden predicted total crime, violent crime, and/or
property crime rates using a multivariate regression analysis.
Crime rates were converted to z-scores to fix model convergence
issues. Although we did not have clear predictions about
relationships between these different types of crime variables,
we included this analysis as it may be of interest to readers.
Next, as our first measure of states’ tendency toward harsh,
punitive sentencing, we tested whether infectious disease burden
predicted (a) rate of persons in community supervision and

(b) rate of persons incarcerated, while controlling for the state’s
rates of violent, property, and other crime. We predicted that
greater infectious disease burden would predict higher rates of
incarceration (i.e., harsher, more punitive sentencing) and lower
rates of community supervision (i.e., less harsh sentencing).
Finally, we tested in a separate model whether infectious
disease burden predicted each state’s punishment rate (The Pew
Charitable Trusts, 2016), a metric that already accounts for crime
frequency and severity (see section “Materials and Methods” for
more details). We tested each model a second time controlling for
covariates (see section “Materials and Methods” and Table 1 for
covariates). For analyses with one predictor, we report effect sizes
as R2. For analyses with multiple predictors, we report Cohen’s
f 2, a measure of local effect size (Selya et al., 2012).

Results and Discussion
Infectious Disease Burden and Crime Rates
See Figure 1 for a summary of Study 1 results. Results revealed
that higher infectious disease burden predicted higher rates of
violent crime, β = 0.31, SE = 0.16, t = 2.00, p = 0.045, 95%
CI = [0.05, 0.49], R2 = 0.10, but not property crime, β = 0.14,
SE = 0.16, t = 0.93, p = 0.35, 95% CI = [-0.19, 0.40], R2 = 0.02,
or other crime, β = −0.10, SE = 0.12, t = −0.78, p = 0.44, 95%
CI = [−0.35, 0.21], R2 = 0.01. When adjusting for covariates (see
section “Materials and Methods” for full list), greater infectious
disease burden significantly predicted higher rates of both violent
crime (p = 0.035, f 2 = 0.11), as well as property crime (p = 0.02,
f 2 = 0.08), but not other crime (p = 0.23, f 2 = 0.03).

Infectious Disease Burden and Incarceration Rates
Results revealed that, adjusting for each state’s rate of violent,
property, and other crime, greater infectious disease burden
significantly predicted higher rates of incarceration, β = 0.65,
SE = 0.08, t = 7.72, p < 0.001, 95% CI = [0.40, 0.75], f 2 = 0.72,
but not rates of community supervision, β = 0.17, SE = 0.14,
t = 1.25, p = 0.21, 95% CI = [−0.27, 0.48], f 2 = 0.03. Controlling
for covariates did not change the pattern or significance of the
effects of infectious disease burden on either incarceration rates
(p < 0.001; f 2 = 0.36), or community supervision rates (p = 0.47;
f 2 = 0.01), but did lower the effect sizes.
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FIGURE 1 | Summary of models testing effects of infectious disease burden on population-adjusted rates of crime, incarceration, community supervision, and Pew
metric of punishment severity. Effect of infectious disease burden on criminal justice outcomes shown controlling for crime rates. Dotted lines denote non-significant
paths; solid lines denote significant paths. *p < 0.05, **p < 0.01, ***p < 0.001.

Infectious Disease Burden and Punishment Rate (The
Pew Charitable Trusts)
Results revealed that, adjusting for each state’s rate of violent,
property, and other crime, greater infectious disease burden
significantly predicted a higher punishment rate, β = 0.48,
SE = 0.14, t = 3.545, p < 0.001, 95% CI = [0.14, 0.63],
f 2 = 0.25. Controlling for covariates did not change the pattern
or significance of this effect (p < 0.001; f 2 = 0.18), but did slightly
lower the effect size.

The results of Study 1 suggest that, controlling for crime
rate, states with a greater infectious disease burden tend
to employ harsher, more punitive criminal justice measures.
However, infectious disease burden does not predict rates
of community supervision. These results provide key initial
support for the hypothesis that environmental factors that
elicit heightened immune activity may promote the use of
particularly harsh punishments. While we propose that reliance
on harsh punishments may represent a response to the reduced
punishment sensitivity that occurs in this context, we cannot
directly test this prediction with the current data. We discuss this
topic further in the general discussion.

STUDY 2: SITUATIONAL ANTECEDENTS
TO INFLAMMATION AND SENSITIVITY
TO REWARD AND PUNISHMENT

Study 1 found that the criminal justice systems of U.S. states
with a higher infectious disease burden tended to utilize harsher
punishments than states with a lower infectious disease burden.
To investigate if these harsher punishments may be a reaction

to decreased punishment sensitivity exhibited by those with
heightened inflammation, in Study 2, we manipulated cues
of pathogens in one’s immediate environment and measured
participants’ (a) inflammation and (b) reward and punishment
sensitivity. We predicted that sensitivity to punishment would
vary as a function of inflammatory activity, with contexts eliciting
heightened inflammation leading to a decrease in punishment
sensitivity. Specifically, we predicted that participants completing
the study in a dirty room (compared to those completing the
study in a clean room) would have (a) higher levels of IL-1β, a key
proinflammatory cytokine and (b) lower punishment sensitivity
than those completing the study in a clean room. However, we
predicted that there would be no differences between the two
groups in reward sensitivity.

Materials and Methods
Participants
A total of 138 participants (75 women, Mage = 19.00 years,
SDage = 1.15, age range: 17–24 years) completed the study in
exchange for partial course credit. Participants were instructed
not to eat or drink anything for at least 2 h prior to their
session; smokers were told not to smoke the for at least 5 h
prior to their session. Only participants who reported being
free of chronic physical and psychological conditions were
recruited for the study.

Design and Procedure
This study was approved as ethical by Texas Christian
University’s Institutional Review Board (DRB 1709-11). Sessions
were conducted in small groups (2–6 participants). All sessions
took place in the afternoon (between 1:00 and 3:00 p.m.).
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Participants in each group first entered a clean laboratory and
provided informed consent. Participants were told that they
would be participating in a study about how bodily states
influence perceptions of social and non-social stimuli. To support
the ruse, participants were asked a variety of questions about
their current bodily state (e.g., “How stressed do you feel at
this moment?”). Participants next provided a baseline 5 mL
saliva sample via passive drool into scintillation vials (Wheaton
Industries, Millville, NJ, United States). Participants were then
escorted to either (a) a separate computer lab that was designed
to be dirty (n = 64), or (b) the same computer lab when it was
clean (n = 74). Similar experimental designs have been used in
previous research to increase the salience of infectious disease risk
(e.g., Tybur et al., 2011; Reynolds et al., 2014). Given the nature of
the manipulation, we randomized condition assignment between
sessions, rather than participants. If participants asked about the
dirtiness of the room, the research assistant explained that a taste-
tasting study was conducted in the room earlier in the day and
there was not enough time to clean up afterward. Participants
were told that, because of time constraints, they were not allowed
to clean up their individual computer stations.

Once in the experimental room, participants completed
several computerized cognitive tasks, as well as the target
dependent measure. Next, 30 min after entering the experimental
room, participants provided an additional 5 mL saliva sample
(Time 2), and then completed a series of measures collected
for the purpose of a separate project. Finally, participants were
thanked, debriefed, and awarded credit.

Dirty room condition
We prepared the testing room 30 min before each session. First,
an unpleasant smell was produced by microwaving one cup of
frozen broccoli florets for 5 min in a small amount of water about
10 min prior to each session. The keyboard and mouse at each
computer were replaced with identical models that we covered
in rubber cement, popcorn pieces, and a single strand of human
hair. At each individual computer terminal, we also left food
wrappers and water bottles (with a small amount of water left
and food pieces floating therein). The two trash receptacles in the
room were filled to the point of overflowing with discarded water
bottles and food wrappers. Finally, the research assistant running
each session wore a lab coat that was stained and wrinkled.

Clean room manipulation
In addition to making sure no visual or olfactory cues from
the dirty room were present in the clean experimental room,
we also took additional steps to increase perceptions of the
room’s cleanliness. First, we removed all trash receptacles in the
room. Next, we wiped down each keyboard and mouse with
Lysol wipes (the original keyboards in the room were used,
not the alternatives used in the dirty room condition), and
placed a large bottle of hand sanitizer near the sign-in sheet.
Finally, the research assistant running each session wore a clean,
pressed lab coat.

Manipulation check
We used the following three items as a manipulation check
of perceptions of room cleanliness: “The environment in this

room: is pleasing to the eye; appears clean and sanitary; is
organized and tidy.” All items were answered on the following
scale: 1: not at all; 4: somewhat; 7: completely.

Levels of interleukin-1 beta
As a measure of participants’ acute immune activation, we
collected their saliva just prior to (Time 1), and 30 min
after (Time 2), entering the experimental room. Saliva was
immediately frozen at −80◦C after being collected. Saliva samples
were later thawed, centrifuged, and assayed for levels of IL-1β,
a proinflammatory cytokine, in duplicate using commercially
available enzyme-linked immunosorbent assay (ELISA) kits
(Salimetrics, Carlsbad, CA, United States) per manufacturer
instructions. The intra-assay coefficient of variation (CV) was
(2.45%); the inter-assay CV was (6.27%). We chose IL-1β as our
analyte of interest both because of its role as the “quintessential
proinflammatory cytokine” (Dinarello, 1984, 1991, 1997), as well
as because it is one of the only proinflammatory cytokines for
which well-validated, saliva-based ELISAs currently exist.

Probabilistic selection task
Participants completed the PST, a well-validated measure of
reward and punishment sensitivity (Frank et al., 2004; Waltz
et al., 2007; Whitmer et al., 2012), presented on Inquisit
Experimental Software (version 4; Chantilly, VA). This task
consists of both a learning phase and a test phase. For the learning
phase, participants were presented with three stimulus pairs
(hiragana symbols): AB, CD, EF. The position of each symbol
on the right or left side of the screen was randomized between
presentation; the hiragana symbol associated with each reward
probability was randomized across participants. Participants
were instructed to choose the “winning” symbol in each pair.
Participants pressed the “A” key to select the symbol on the left,
and the “L” key to select the symbol on the right. When the
winning symbol was selected, the word “Correct!” was displayed
in green font, accompanied by a sound of coins being deposited. If
the losing symbol was selected, the word, “Wrong!” was displayed
in red font, accompanied by a buzz. Feedback was displayed for
1,000 ms. Each symbol was associated with a different reward
probability: A (80%) vs. B (20%), C (70%) vs. D (30%), and
E (60%) vs. F (40%). The learning phase consisted of 30 trials
(10 per symbol pair). Criteria for learning were selecting A at
least 65% of the time, selecting C at least 60% of the time,
and selecting E at least 50% of the time (with more difficult
discrimination requiring less difficult criterion; Frank et al., 2004;
Waltz et al., 2007; Whitmer et al., 2012). If participants did not
meet these criteria, the learning phase was repeated until these
criteria were met.

The tendency to choose A over B could be driven by the
tendency to prefer A (due to positive feedback) or the tendency
to avoid B (due to negative feedback). To parse these potential
pathways, during the test phase, novel pairs of stimuli were
presented in random order for AC, AD, AE, AF, BC, BD, BE, and
BF across 160 trials (20 per symbol pair) with no feedback. We
quantified reward sensitivity as a mean composite of the percent
of times participants correctly chose A in the novel pairs (i.e.,
correctly chose the symbol rewarded at a higher probability).
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Punishment sensitivity was defined by the percent of times the
participant correctly avoided choosing B in the novel pairs (i.e.,
correctly avoided the symbol punished at a higher probability).

Covariates
We measured a number of additional variables that may
impact participants’ inflammatory responses, sensitivity to
reward/punishment, or both. These included sex, age, body mass
index (BMI), whether or not the participant regularly took anti-
inflammatory medications (e.g., ibuprofen or aspirin), adult and
childhood socioeconomic status (SES; Griskevicius et al., 2011),
and the number of hours the participant slept the night before
the session. We also administered the Positive and Negative
Affect Schedule (Watson et al., 1988) to participants at the
end of the study.

Data Analysis Plan
First, we examined the data for normality and violations of
common statistical assumptions. IL-1β levels were positively
skewed, and the IL-1β data between groups (dirty vs. clean
room) violated homogeneity of variances assumptions (Box’s
test: p < 0.001; Levene’s test: p = 0.04 for Time 2 levels; see
Table 2 for descriptive statistics). All other data were normally
distributed. To account for the non-normal IL-1β data, we
estimated our model with MLR estimation, which is robust
to skewed variable distribution (Kline, 2016; Maydeu-Olivares,
2017), as well as Bayes estimation. We also examined whether
demographic characteristics significantly differed between the
two experimental groups. To test whether room condition
predicted post-manipulation levels of salivary IL-1β controlling
for Time 1 levels, we regressed Time 2 levels of IL-1β on both
Time 1 levels, as well as room condition.

The PST data did not violate any statistical assumptions.
However, to remain consistent in our conservative statistical
analysis and reporting, we again estimated the remaining
models both with MLR estimation, as well as Bayesian
estimation in MPlus. We tested two separate models to
examine relationships between room condition, inflammation,
and performance on the PST task. First, we used multivariate
regression and simultaneously regressed both participants’
reward sensitivity (i.e., preference for A in novel pairings) as well
as punishment sensitivity (i.e., avoidance of B in novel pairings)
on room condition.

TABLE 2 | Characteristics of the sample for Study 2.

M (SD)

Variable Clean room (n = 74) Dirty room (n = 64)

Sex M = 21; F = 53 M = 42; F = 22

Age 19.04 (1.07) 18.95 (1.24)

BMI (kg/m2) 22.43 (2.93) 23.43 (3.32)

Adult SES (1–7) 5.18 (1.47) 5.07 (1.40)

Childhood SES (1–7) 5.34 (1.36) 5.53 (1.35)

Hrs Sleep 6.82 (1.59) 7.04 (1.52)

BMI, body mass index; SES, socioeconomic status. Hours of sleep reported as the
length of time participants slept the night before the session.

As a follow-up analysis, we tested whether any effect of
room condition on PST performance was mediated through
levels of salivary IL-1β at Time 2. We considered this analysis
exploratory for several reasons. First, our primary objective was
to test whether contexts that elicit increases in inflammation
also lead to reductions in punishment sensitivity. However, at
this point, we do not have a clear prediction about which
cytokine(s) or other inflammatory protein(s) mediate this effect.
Therefore, any relationship found between room condition and
reward or punishment sensitivity may be mediated by a host
of other candidate immunological proteins (i.e., other than
IL-1β, e.g., interleukin-6, tumor necrosis factor-alpha; Simen
et al., 2006; Treadway et al., 2017). Second, although previous
research suggests that changes in levels of salivary cytokines
reliably capture experimental immune activation (e.g., stress;
Walsh et al., 2016; Newton et al., 2017; La Fratta et al., 2018),
it is uncertain whether cytokines in saliva themselves directly
influence central nervous system activity. In other words, changes
in salivary cytokines serve as a valid proxy of inflammatory
activity in response to an experimental manipulation, but may
not themselves directly predict downstream psychological and
behavioral processes. The latter are likely mediated through
other pathways (e.g., cytokines in blood crossing the blood-
brain barrier or stimulating vagal afferents; Konsman et al.,
2002; Banks, 2005; Johnston and Webster, 2009). Lastly, to allow
participants to interact with the room prior to measuring Time
2 IL-1β levels, post-manipulation saliva was collected just after,
not before, participants completed the dependent measure. We
examined the mediating role of levels of IL-1β by regressing Time
2 IL-1β levels on Time 1 levels and room condition, and then
also regressing reward and punishment sensitivity on both room
condition and Time 2 IL-1β levels.

We also tested each model a second time controlling for
covariates (see section “Materials and Methods” for full list of
covariates). For analyses comparing two discrete groups (i.e.,
dirty vs. clean room) without additional predictors, we report
effect sizes as Cohen’s d. As with the previous study, we report
effect sizes for analyses with multiple predictors as Cohen’s f 2.

Results and Discussion
Demographic Comparison and Manipulation Check
We conducted a multivariate analysis of variance (MANOVA)
to examine whether groups differed on any of the continuous
demographic variables. Results revealed that the groups did
not significantly differ in age (p = 0.66), BMI (p = 0.07),
adult SES (p = 0.68), childhood SES (p = 0.47), or hours of
sleep (p = 0.41). We conducted a X2 test to examine whether
the two groups differed by sex. Results revealed that sex did
differ by condition, X2(1, N = 138) = 19.19, p < 0.001.
Specifically, there were a greater proportion of men in the
dirty room condition (men = 42; women = 22) than the clean
room condition (men = 21; women = 53). Given that the
two conditions differed in the number of men and women
included in each group, we tested for interactions between
condition and sex.

We conducted an independent samples t-test to compare
participants’ ratings of room cleanliness between the two
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experimental room conditions (dirty vs. clean). Results revealed
that participants in the dirty room found the room significantly
less clean than participants in the clean room [Mdirty = 3.94,
SDdirty = 1.57; Mclean = 4.76, SDclean = 1.10, t(138) = -3.64,
p ≤ 0.001, d = 0.62]. Next, we conducted a multivariate
analysis of variance (MANOVA) to test whether positive or
negative affect differed by experimental condition (measured
by PANAS scores). Results revealed that neither positive affect
[Mdirty = 2.23, SDdirty = 0.84; Mclean = 2.44, SDclean = 0.81, F(1,
137) = 2.23, p = 0.14, d = 0.25], nor negative affect [Mdirty = 1.61,
SDdirty = 0.55; Mclean = 1.63, SDclean = 0.56, F(1, 137) = 0.05,
p = 0.83, d = 0.04] differed by room condition.

Impact of Room Condition on Levels of IL-1β

Both Time 1 IL-1β levels, β = 0.83, SE = 0.07, t = 11.84,
p < 0.001, 95% CI = [0.77, 0.86], and room condition, β = −0.10,
SE = 0.05, t = −2.03, p = 0.04, 95% CI = [−0.20, −0.03],
f 2 = 0.04, significantly predicted Time 2 IL-1β levels. Specifically,
participants with higher levels of IL-1β at Time 1 also had higher
levels at Time 2. Further, participants in the dirty room had
significantly higher levels of IL-1β at Time 2 than participants
in the clean room. The pattern and significance of these results
did not change when we controlled for covariates (main effect
of T1 IL-1β levels: p ≤ 0.001; main effect of room condition:
p = 0.036, f 2 = 0.04). There was also no significant interaction
between room condition and sex in predicting T2 levels of
IL-1β (p = 0.64).

Impact of Room Condition on Reward and
Punishment Sensitivity
The number of learning blocks required to reach each criterion
did not differ significantly between experimental conditions
(p = 0.62). Results revealed that there were no significant
differences between groups in reward sensitivity, β = −0.08,
SE = 0.08, t = −0.90, p = 0.37, 95% CI = [−0.24, 0.08],
d = 0.14. However, punishment sensitivity was significantly
lower in participants who completed the task in the dirty room
compared to those in the clean room, β = 0.25, SE = 0.08,
t = 3.17, p = 0.002, 95% CI = [0.05, 0.40], d = 0.52. See Figure 2
for a graph of these results. The pattern and significance of
these results did not change when we controlled for covariates
(reward sensitivity: p = 0.90, f 2 = 0.001; punishment sensitivity:
p = 0.007, f 2 = 0.05). Further, we did not find evidence that IL-
1β levels mediated relationships between room condition and
either reward sensitivity (indirect effect: p = 0.92) or punishment
sensitivity (indirect effect: p = 0.77). Sex did not interact with
room condition to predict either reward sensitivity (p = 0.65) or
punishment sensitivity (p = 0.26).

Study 2 found that participants who completed the study in
a dirty room experienced a greater increase in salivary levels
of IL-1β and were less sensitive to punishment (as measured
by the PST) than those in a clean room. The current results
suggest that contexts that elicit an increase in inflammatory
activity may reduce the extent to which individuals alter their
preferences in response to negative feedback. Although we
did not find that levels of post-manipulation salivary IL-1β,
specifically, mediated the relationship between room condition
and performance on the PST, these results demonstrate that

shifts in punishment sensitivity co-occur with heightened
inflammatory activity.

STUDY 3: SITUATIONAL SUPPRESSION
OF INFLAMMATION AND SENSITIVITY
TO REWARD AND PUNISHMENT

Study 3 was designed to build on the results of Study 2 by further
examining the role of immune activation – and inflammatory
activity in particular – in regulating punishment sensitivity.
While the results of Study 2 demonstrated that contexts that elicit
an inflammatory response lead to a reduction in punishment
sensitivity, we sought to test whether utilizing a manipulation
designed to decrease inflammatory activity may have the opposite
effect on this outcome. Specifically, we examined the effect of
administering aspirin, an NSAID, (vs. a placebo) (Abramson
et al., 1985; Weissmann, 1991; Yin et al., 1998; Morris et al.,
2009; Elblbesy et al., 2012; Ortiz-Muñoz et al., 2014; Liu et al.,
2017) – on reward and punishment sensitivity as measured by
the PST. We predicted that participants who were administered
aspirin would exhibit greater sensitivity to punishment than
participants administered a placebo. However, consistent with
what was observed in Study 2, we predicted that there would be
no differences between the two groups in reward sensitivity.

Materials and Methods
Participants
A total of 179 participants (109 women, Mage = 19.95 years,
SDage = 2.37, age range: 18–42 years) completed the study
in exchange for partial course credit. Only participants who
reported being free of chronic physical and psychological
conditions were recruited for the study. All participants indicated
that they could safely take the experimental and placebo
medications at the time of signing up for the study and again
at the time of consent. Participants were instructed to come into
the lab fasting and abstain from taking recreational drugs (e.g.,
alcohol) and taking any prescription or over-the-counter anti-
inflammatory medications for at least 48 h prior to participating.
Due to a technical issue, eight participants were not able to
complete the target dependent measure. Therefore, the final
sample included 171 participants (109 women). In addition,
24 participants reported that they had taken either recreational
drugs or administered an anti-inflammatory medication within
48 h prior to their session. We report results both with these latter
participants included and excluded. See Table 4 for characteristics
of the sample.

Materials and Procedure
This study was approved as ethical by Texas Christian
University’s Institutional Review Board (DRB 1711-01).
Participants arrived to the laboratory in the morning (between
8:00 and 9:30 a.m.). Participants provided informed consent
and were seated at individually partitioned computer terminals.
After providing consent, participants were randomly assigned to
receive either only a placebo [n = 82; Vitamin B-6 (pyridoxine
hydrochloride); 50 mg given as two 25 mg pills], or the same
dose of a placebo (50 mg of Vitamin B-6; given as a single pill)
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FIGURE 2 | Between-subjects effects of room condition (clean room vs. dirty room) on (A) reward and (B) punishment sensitivity as measured by the probabilistic
selection task in Study 2. Errors bars represent standard error of the mean.

plus a 325 mg dose of aspirin (n = 89). In both conditions, the
medications were presented as two white, unmarked tablets.

After taking their assigned medications, participants filled
out demographic questionnaires (including the same covariate
measures used in Study 2) and watched a short, neutral filler
video until 30 min had passed. This intermission was consistent
with pharmacokinetic research into the length of time necessary
for plasma levels of aspirin to peak following oral administration
(Benedek et al., 1995). As in Study 2, participants then completed
the same target PST task, followed by a number of additional
cognitive tasks. At the conclusion of the session, participants were
thanked, debriefed, and awarded credit.

Data Analysis Plan
First, we examined the data for normality. Although the
data did not violate normality or any statistical assumptions,
to remain consistent, we again employed the conservative
statistical approach used in the previous studies. Models were
estimated in MPlus both with MLR and Bayesian estimation
with non-informed priors (to produce CIs). We also examined
whether demographic characteristics significantly differed
between the two experimental groups. Participants’ reward
sensitivity and punishment sensitivity were simultaneously
regressed on condition (placebo vs. aspirin). The primary
model was tested again controlling for potential covariates (see
section “Materials and Methods” for full list of covariates).
As in the previous studies, we report effect sizes as Cohen’s d
for comparisons between discrete groups without additional
predictors (i.e., aspirin group vs. placebo group) and report effect
sizes as Cohen’s f 2 for analyses with multiple predictors. We also
estimated the primary model a second time with participants who

reported not complying with study requirements (i.e., abstaining
from recreational drugs or anti-inflammatory medications for
the 48 h prior to their session) excluded.

Results and Discussion
Demographic Comparison
We conducted a MANOVA to examine whether groups differed
on any of the continuous demographic variables. Results revealed
that groups did not significantly differ by age (p = 0.75), BMI
(p = 0.21), adult SES (p = 0.70), childhood SES (p = 0.15), or hours
of sleep (p = 0.15). We conducted a X2-test to examine whether
the two groups differed by sex. Results revealed that that the
groups did not significantly differ by sex (p = 0.15). Nonetheless,
as in the first study, we examined sex differences in the impact of
experimental condition on reward and punishment sensitivity.

Impact of Aspirin on Reward and Punishment
Sensitivity
The number of learning blocks required to reach each criterion
did not differ significantly between experimental conditions
(p = 0.66). There were no significant differences between groups
in reward sensitivity, β = −0.07, SE = 0.08, t = −0.90, p = 0.37,
95% CI = [−0.08, 0.05], d = 0.14. However, participants in
the aspirin group exhibited significantly higher punishment
sensitivity compared to participants in the placebo group,
β = 0.18, SE = 0.08, t = 2.32, p = 0.02, 95% CI = [0.03, 0.33],
d = 0.35. See Figure 3 for a graph of these results. The pattern and
significance of the effect of condition on punishment sensitivity
did not change when we excluded participants who did not
comply with study requirements (see section “Participants” in
“Materials and Methods;” reward sensitivity: p = 0.33, d = 0.15;
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punishment sensitivity: p = 0.025, d = 0.39), nor did they change
when we controlled for covariates (see section “Materials and
Methods” for full list; reward sensitivity: p = 0.57, f 2 = 0.002;
punishment sensitivity: p = 0.045, f 2 = 0.03). Condition did not
significantly interact with sex to predict either reward sensitivity
(p = 0.45) or punishment sensitivity (p = 0.54).

The results of Study 3 provide additional evidence for a
role of immunological involvement in regulating punishment
sensitivity. Specifically, participants in the aspirin condition were
more sensitive to negative feedback, choosing B less often than
those administered a placebo. These results suggest that, just as
contexts that elicit immune activation may reduce punishment
sensitivity (i.e., completing the study in a dirty room; Study
2), experimentally administering a manipulation designed to
suppress inflammation may enhance it.

GENERAL DISCUSSION

In the current research, we investigated the role that the activities
of the immune system play in regulating punishment sensitivity.
Based on insights from research in psychoneuroimmunology
(Maier and Watkins, 1998; Banks, 2005; Dantzer and Kelley,
2007; Lasselin et al., 2017; Draper et al., 2018), and RSFT
(Real and Caraco, 1986; Lima and Dill, 1990; Houston, 1991;
McNamara and Houston, 1992), we predicted that punishment
sensitivity would decrease in contexts where inflammation is
elevated and increase when inflammatory activity is diminished.
This pattern was hypothesized to occur because in the context
of heightened inflammation (a) an individual’s probability of
survival is lower, lowering the payoffs one can expect from
investing in future-oriented behaviors (e.g., Gassen et al.,
2019a,b; Gassen and Hill, 2019), and (b) the immunometabolic
constraints that occur in this context decrease one’s ability
to inhibit dominant responses (see e.g., Lacourt et al., 2018;
Treadway et al., 2019).

Preliminary support for this hypothesis was found across
three studies. Study 1 revealed that an environmental factor
that promotes inflammatory activity (i.e., high infectious disease
burden; e.g., Zhu et al., 1999; Gattone et al., 2001; Nazmi et al.,
2010; Thompson et al., 2014; Ferrucci and Fabbri, 2018) was
associated with the use of harsher punishments for criminal
offenses. Although there may be numerous contributors that
play a role in the association between these variables, it is
consistent with the hypothesis that inflammation should predict
reduced sensitivity to punishment, as harsher punishments
are required to modify the behavior of individuals with
lower punishment sensitivity (compared to those with higher
punishment sensitivity; Jean-Richard-Dit-Bressel et al., 2018;
Marchant et al., 2018). In addition to providing initial support
for the hypothesis that the activities of the immune system will
predict meaningful differences in punishment sensitivity, these
results suggest that this relationship could have implications for
criminal justice outcomes.

Studies 2 and 3 found continued support for the hypothesized
relationship between inflammatory activity and punishment
sensitivity. Study 2 revealed that exposure to an environment that

elicited increased inflammatory activity (measured via salivary
IL-1β) led to diminished punishment sensitivity. The results of
Study 3 found further support for this hypothesis, demonstrating
that administering a manipulation designed to experimentally
reduce inflammatory activity (via aspirin administration) led to
an increase in punishment sensitivity. No difference in reward
sensitivity was observed across these two studies. Taken together,
these results suggest that the activities of the immune system –
and inflammation in particular – play a role in regulating
punishment sensitivity. Further, these results provide preliminary
evidence that the relationship between punitive measures and
infectious disease burden found in Study 1 may be driven
by elevated inflammation leading to (a) decreased punishment
sensitivity and (b) harsher punishments to compensate for
reduced sensitivity to punishment.

Together, the results of the current research add to a growing
body of work demonstrating an important role for the immune
system in regulating processes involved in learning (see e.g.,
Depino et al., 2004; Huang and Sheng, 2010; Sartori et al.,
2012). Further, the current work contributes to the body of
research examining inflammatory activity and processes related
to punishment sensitivity (see e.g., Pugh et al., 1998; Patil
et al., 2003; Sparkman et al., 2005; Kohman et al., 2007;
Harrison et al., 2016). The latter is particularly important given
the inconsistent results found across previous studies using
different methods. For example, some studies have found no
association between states known to be associated with increased
inflammatory activity and punishment sensitivity (Kunisato et al.,
2012; Berghorst et al., 2013). Others have found that heightened
inflammatory activity increases punishment sensitivity (Harrison
et al., 2016), with participants exhibiting more punishment
sensitivity on a monetary task after an inflammatory response had
been elicited via typhoid vaccination. One potential explanation
for the inconsistencies between this previous work and the
results of the current studies is that they reflect differences in
the magnitude of the inflammatory response elicited by our
manipulation (i.e., Study 2; dirty room) and theirs (i.e., typhoid
vaccine). The typhoid vaccination used in Harrison et al. (2016)
research resulted in an average 250% increase in plasma levels
of interleukin-6, a proinflammatory cytokine. Our much subtler
contextual manipulation of inflammation, on the other hand,
only revealed an average 191% increase (with a rather large
standard deviation) in IL-1β levels in saliva. As such, one
possibility is that inflammation exerts a dose-dependent effect on
punishment sensitivity, where small increases in inflammation
may impair punishment sensitivity (as found in the current
work), and larger increases in inflammation may enhance it (as
found in Harrison et al., 2016). Moreover, differences in the
timing of the punishment sensitivity task between our study
and Harrison et al. (2016) may also help explain the disparate
findings. Participants in the current research completed the
PST shortly after entering the dirty room. In contrast, the
behavioral task in Harrison et al. (2016) study was administered
2.5–3.5 h after vaccination. Thus, this could indicate that the
effects of proinflammatory cytokines on reward and punishment
sensitivity are time-dependent. Future research should examine
these possibilities.
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FIGURE 3 | Between-subjects effects of condition (placebo vs. aspirin) on (A) reward and (B) punishment sensitivity as measured by the probabilistic selection task
in Study 3. Errors bars represent standard error of the mean.

Much of the previous research studying the impact of
inflammation on punishment sensitivity has been conducted
using non-human animals. Consistent with the findings reported
here, this animal research suggests that inflammatory challenges
often reduce performance on tasks related to punishment
sensitivity, such as avoiding aversive stimuli (e.g., foot shocks
or predators) and contextual fear conditioning (Pugh et al.,
1998; Patil et al., 2003; Sparkman et al., 2005; Kohman et al.,
2007; Adelman et al., 2017). Moreover, during acute infection,
which is associated with heightened inflammatory activity,
house finches exhibit reduced behavioral avoidance of predators
(Adelman et al., 2017).

Inherent in the current work are several limitations. For
example, although Study 1 found that states with a greater
infectious disease burden exhibited harsher punishments, it is
possible that this association reflects processes other than reduced
punishment sensitivity in the context of heightened inflammatory
activity. For example, in addition to offenders, judges in high
pathogen areas are also exposed to greater infectious disease risk
than those in less pathogen dense areas. Thus, high infectious
disease burden may influence psychological characteristics of
judges (e.g., impulsivity) that render them more oriented toward
harsher sentencing. Exploring these and other possibilities will be
an important direction for future research.

The experimental studies also have important limitations.
While Study 2 provided evidence that our manipulation of room
cleanliness resulted in heightened inflammation and decreased
punishment sensitivity, results did not provide evidence that
levels of IL-1β mediated the relationship between room condition
and punishment sensitivity. This could be due to a variety of
factors. First, we only measured one proinflammatory cytokine,

IL-1β. Given that a host of different proinflammatory proteins
coordinates the inflammation response, it is possible that the
relationship between room condition and punishment sensitivity
is driven by a proinflammatory protein that we did not measure.
Second, saliva samples were collected 30 min after exposure
to room condition. It is possible that participants’ levels of
inflammation were declining at this time and may not have been
representative of their inflammatory levels during the task. As
such, this detracts from our ability to make causal inferences
about the role that inflammation plays in calibrating punishment
sensitivity. However, it bears noting that past research examining
the influence of experimental manipulations that elicit an
inflammatory response on behavior often do not test or report
whether inflammation serves as a mediator (e.g., Eisenberger
et al., 2010; Inagaki et al., 2012; Harrison et al., 2016). It is
important that future studies report these mediation analyses
to provide evidence for or against claims of causal relationships
between inflammation and behavioral outcomes.

Another potential limitation of Study 2 was our measurement
of IL-1β in participants’ saliva samples, as opposed to peripheral
blood samples (e.g., plasma or serum). Research into the strength
of correlations between salivary and plasma/serum levels of
cytokines across different contexts has yielded mixed results (e.g.,
Cruz-Almeida et al., 2017; La Fratta et al., 2018; Lee et al.,
2018), and overall, there is a paucity of research on the topic.
However, our primary objective for measuring levels of IL-1β was
to provide a manipulation check on the prediction that exposure
to the dirty room (compared to the clean room) would lead to
a rise in inflammation. Recent research suggests that salivary
measures of inflammation are well-suited for this purpose (e.g.,
Walsh et al., 2016; Newton et al., 2017; La Fratta et al., 2018;
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Gassen et al., 2019a). The results of Study 2 should also be
interpreted with caution given that there were unequal numbers
of men and women between the two conditions. While sex was
controlled for in the analyses and did not significantly interact
with experimental condition to predict any outcome, this is still
an important limitation to consider.

One unexpected difference in punishment sensitivity emerged
between the control conditions in Studies 2 and 3. Specifically,
punishment sensitivity was higher in the clean room condition of
Study 2 than in the control condition of Study 3. While we cannot
say for certain what accounted for these differences, there was
heterogeneity in the methods and sample characteristics between
the two studies that may have contributed to them. First, the
testing rooms used for the control conditions in each study were
not equivalent. Specifically, to increase perceptions of cleanliness
in the clean room condition of Study 2, a number of steps were
taken to increase the room’s cleanliness, including removing trash
receptacles, wiping down all of the computers and keyboards with
disinfectant wipes, and placing a large bottle of hand sanitizer
near the sign-in sheet. Given that these extra steps were not
taken in the second experiment (for which room cleanliness was
not part of the manipulation), the room used for the control
condition in Study 2 was even cleaner than that used for the
control condition in Study 3. Accordingly, it is possible that
differences in punishment sensitivity between the two control
conditions (with higher sensitivity found in Study 2) can be
attributed to greater cleanliness in the control condition for Study
2 compared to Study 3.

Further, in Study 2, before entering the experimental room,
participants provided their initial saliva sample in a separate
room. They were then transferred to the experimental room
before completing the remainder of the study. This differs
from the methodology utilized in Study 3, where the entire
study was completed in a single room. Although it is unclear
how these procedural differences may influence punishment
sensitivity, they are worthy of note in this context. A final
explanation for the differences in punishment sensitivity that
emerged between these conditions could lie in differences
between demographic characteristics of the samples. As is
displayed in Tables 2, 3, childhood and adult SES for the
sample in the clean room condition for Study 2 were higher
than for the control condition in Study 3 (d = 0.37–0.40). We
are not aware of extant research finding SES-based differences
in performance on the probabilistic selection task, specifically.
However, more generally, research finds that those from a lower
SES environment exhibit a higher risk for certain behavioral
problems (e.g., impulsivity: Griskevicius et al., 2011), for which
reduced punishment sensitivity has been identified as part of the
underlying psychological architecture (e.g., Potts et al., 2006).

An important limitation in the current work arises from
the lack of measurement of inflammatory markers in Studies
1 and 3. That is, while participants in Study 3 who ingested
aspirin – which reliably inhibits inflammatory activity (Yin et al.,
1998; Morris et al., 2009; Chen and Stark, 2017; Liu et al.,
2017) – exhibited increased punishment sensitivity compared
to those who received a placebo, we did not directly measure
inflammatory markers. Given that aspirin primarily operates by

TABLE 3 | Descriptive statistics for cytokine data in Study 2.

M (SD)

Variable Dirty room Clean room

Time 1 IL-1β 279.68 (452.71) 362.06 (560.34)

Time 2 IL-1β 601.93 (946.16) 492.46 (624.93)

Change in IL-1β (%) 191.11 (530.78) 115.85 (225.93)

IL-1β, interleukin-1 beta. Time 1 levels of IL-1β measured in saliva collected just
before entering the experimental room. Time 2 IL-1β levels assessed in saliva
collected just after participants finished the behavioral tasks. IL-1β shown here
untransformed as pg/mL.

TABLE 4 | Characteristics of the sample for Study 3.

M (SD)

Variable Placebo
condition (n = 82)

Aspirin condition
(n = 89)

Sex M = 25; F = 57 M = 37; F = 52

Age 20.12 (1.90) 19.93 (2.79)

BMI (kg/m2) 24.50 (5.29) 23.74 (3.70)

Adult SES (1–7) 4.62 (1.58) 4.52 (1.48)

Childhood SES (1–7) 4.75 (1.55) 5.00 (1.39)

Hrs Sleep 6.43 (1.33) 6.72 (1.42)

BMI, body mass index; SES, socioeconomic status. Hours of sleep reported as the
length of time participants slept the night before the session.

inhibiting inflammation and its physiological sequelae, aspirin
was chosen as an experimental manipulation of inflammation.
However, we did not directly measure inflammation in Study
3. As such, we cannot conclude that our results were driven
specifically by changes in inflammation; these findings should
be considered preliminary and interpreted with caution. Further,
given our use of archival data in Study 1, we do not have data
bearing on state-wide inflammation levels in the US. Although
past research finds that inflammatory levels are higher for
individuals with a higher pathogen burden (e.g., Nazmi et al.,
2010; Thompson et al., 2014), to our knowledge, no research has
examined whether infectious disease burden at the state level is
associated with aggregate levels of inflammation. Future research,
containing direct measures of inflammatory activity, is needed
to better understand the potential dose- and time-dependent
impacts of increased and suppressed inflammatory activity on
punishment sensitivity.

There are a number of variables other than inflammation that
likely influence punishment sensitivity that were not measured
in the current research. Although we did not find that positive
or negative affect differed by room condition (Study 2), changes
in general pathogen concern or disgust sensitivity may play
a role in regulating punishment or reward sensitivity in this
context. Future research would also benefit from measuring
additional physiological mediators, such testosterone or cortisol,
that previous research has shown to influence individuals’
sensitivity to positive and negative experiences (e.g., van Honk
et al., 2003, 2004; Berghorst et al., 2013).
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Lastly although our theoretical framework predicts that
decreased punishment sensitivity in the context of elevated
inflammation is driven by a reduced willingness to expend
effort to avoid potential threats (Mishra and Lalumière, 2010;
Muehlenbein et al., 2010; Filosa et al., 2016; Lacourt et al., 2018;
Wang et al., 2019), this proposed mediator was not measured in
the current research. Future research would benefit from testing
this explicitly. For example, in the PST, successful punishment
avoidance requires an individual to both identify the stimulus
more likely to be punished, and also inhibit the tendency to
perform a motor movement (i.e., key pressing) previously paired
with a reward (Potts et al., 2006; Inzlicht and Schmeichel, 2012;
Westbrook and Braver, 2015; Wypych et al., 2019). Successfully
responding to a probabilistic reward, on the other hand, may
be less effortful in that it does not involve a similar degree of
inhibition. This explanation, however, is only speculative and
additional research is needed to further explore the role of effort
in each punishment and reward sensitivity.

Despite its limitations, the results of the current research
suggest that the immune system may play a role in regulating
punishment sensitivity. Further, these results provide initial
support for the possibility that relationships between the
activities of the immune system and punishment sensitivity
have implications for criminal justice outcomes. This research
lays the groundwork for future studies to further examine how
inflammation influences reward and punishment sensitivity, and
as a result, the myriad behaviors related to these constructs.
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Wypych, M., Michałowski, J. M., Droździel, D., Borczykowska, M., Szczepanik, M.,
and Marchewka, A. (2019). Attenuated brain activity during error processing
and punishment anticipation in procrastination–a monetary Go/no-go fMRi
study. Sci. Rep. 9:11492. doi: 10.1038/s41598-019-48008-4

Yin, M. J., Yamamoto, Y., and Gaynor, R. B. (1998). The anti-inflammatory agents
aspirin and salicylate inhibit the activity of IκB kinase-β. Nature 396, 77–80.
doi: 10.1038/23948

Zhu, J., Quyyumi, A. A., Norman, J. E., Csako, G., and Epstein, S. E.
(1999). Cytomegalovirus in the pathogenesis of atherosclerosis: the role of
inflammation as reflected by elevated C-reactive protein levels. J. Am. Coll.
Cardiol. 34, 1738–1743.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Gassen, Mengelkoch, Bradshaw and Hill. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Psychology | www.frontiersin.org 17 June 2020 | Volume 11 | Article 1263

https://doi.org/10.1097/00001756-200310270-00023
https://doi.org/10.1097/00001756-200310270-00023
https://doi.org/10.1016/j.psyneuen.2003.08.007
https://doi.org/10.1038/npp.2014.141
https://doi.org/10.1037/ccp0000122
https://doi.org/10.1037/ccp0000122
https://doi.org/10.1016/j.biopsych.2006.09.042
https://doi.org/10.1126/science.aar3932
https://doi.org/10.1126/science.aar3932
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1016/j.bbi.2014.05.001
https://doi.org/10.3758/s13415-015-0334-y
https://doi.org/10.3758/s13415-015-0334-y
https://doi.org/10.1080/02699931.2012.682973
https://doi.org/10.1080/02699931.2012.682973
https://doi.org/10.1038/s41598-019-48008-4
https://doi.org/10.1038/23948
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Does the Punishment Fit the Crime (and Immune System)? A Potential Role for the Immune System in Regulating Punishment Sensitivity
	Introduction
	Study 1: State-Level Pathogen Prevalence and Punitive Justice
	Materials and Methods
	Infectious Disease Burden
	Crime Rate
	Incarceration Rates and Punitive Justice
	Covariates

	Data Analysis Plan
	Results and Discussion
	Infectious Disease Burden and Crime Rates
	Infectious Disease Burden and Incarceration Rates
	Infectious Disease Burden and Punishment Rate (The Pew Charitable Trusts)


	Study 2: Situational Antecedents to Inflammation and Sensitivity to Reward and Punishment
	Materials and Methods
	Participants
	Design and Procedure
	Dirty room condition
	Clean room manipulation
	Manipulation check
	Levels of interleukin-1 beta
	Probabilistic selection task
	Covariates


	Data Analysis Plan
	Results and Discussion
	Demographic Comparison and Manipulation Check
	Impact of Room Condition on Levels of IL-1
	Impact of Room Condition on Reward and Punishment Sensitivity


	Study 3: Situational Suppression of Inflammation and Sensitivity to Reward and Punishment
	Materials and Methods
	Participants
	Materials and Procedure

	Data Analysis Plan
	Results and Discussion
	Demographic Comparison
	Impact of Aspirin on Reward and Punishment Sensitivity


	General Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


