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Early-life stress is associated with a preponderance of habitual
responding in a novel instrumental avoidance learning paradigm

Alexander L. Gordon, Tara K. Patterson, Barbara J. Knowlton
University of California, Los Angeles, Department of Psychology

Abstract

There is substantial evidence linking early-life stress (ELS) to negative health outcomes in
adulthood, including addiction. However, the neurocognitive and behavioral mechanisms through
which ELS increases these risks remain unclear. To address this gap in knowledge, we developed a
novel instrumental learning paradigm to explore the effects of ELS on the balance of habitual
versus goal-directed learning. Habits efficiently reproduce repetitive behaviors but are inflexible
when reward contingencies related to those behaviors change. Persisting in performing a response
after its outcome has been devalued is the hallmark of habitual behavior in instrumental learning.
Participants with a history of higher ELS were significantly more likely to make habitual
responses in this instrumental avoidance learning paradigm than individuals with a history of
lower ELS. Logistic regression analysis showed that ELS is significantly related to habitual
responding over and above the effects of retrospective socioeconomic status, trait and state
anxiety, depression and recent levels of stress. Analysis of the differential impacts of the type of
ELS suggested that these effects are largely driven by experiences of physical neglect.
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1 Introduction

There is substantial evidence linking stress to poor physical and psychological health. Of
particular interest is the role of stress during development. Stress during or immediately
prior to sensitive periods of development during which there is accelerated neuroplasticity
may embed the biological responses to stress into the cytoarchitecture of the brain in a way
that is particularly resistant to change (Knudsen, 2004; for reviews see: Andersen, 2019; and
Gee & Casey, 2015). Indeed, numerous studies demonstrate strong associations between
early-life stress (ELS; e.g., loss events, child abuse or neglect) and negative health outcomes
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in adulthood; including increased risk of addiction (Anda et al., 2002), obesity (Williamson
et al., 2002), diabetes (Kaufman et al., 2007), chronic obstructive pulmonary disease (Anda
et al., 2008), heart disease (Dong et al., 2004), liver disease (Dong et al., 2003), sexually
transmitted infection (Hillis, et al., 2000) and, ultimately, early mortality (Felitti, et al.,
1998). A recent meta-analysis links higher ELS with a 6-fold risk of problematic drinking
and a 10-fold risk of problematic drug use (Hughes et al., 2017). However, the
neurocognitive and behavioral mechanisms through which ELS makes one at risk for these
conditions is unclear.

Many of the health outcomes that are associated with stress are linked to the repeated
performance of maladaptive behaviors (e.g., disordered eating or substance use). These
behaviors persist in the face of the awareness that they are detrimental. Repeated behaviors
that are insensitive to outcome contingencies are the features that define habits as opposed to
goal-directed actions which adapt to changes in outcomes (Dickinson, 1985). Habits are an
efficient way to perform routine actions without having to think about the consequences of
those actions. Habits develop slowly with repeated successes in consistent environments. But
habits can become maladaptive when they no longer align with an individual’s goals. We
posit that an increased reliance on stimulus-response habits among individuals with ELS
may explain some of these negative health effects. For example, many smokers continue to
smoke even after negative health outcomes associated with smoking have begun to develop
and in the face of the knowledge that smoking contributes to cancer, lung disease and
premature death. Persistence in a behavior after outcomes related to that behavior are no
longer valuable is the hallmark of habits. Accordingly, we believe that an over-reliance on
habit learning may be a behavioral mechanism mediating the relationship between ELS and
poor health outcomes during adulthood.

Typical experimental paradigms that assess habit within instrumental learning involve
manipulating outcomes though a devaluation procedure—the making of a previously
valuable outcome undesirable. A behavior is inferred to be habitual if it persists after
devaluation or goal-directed if the behavior is modified as a result of the new outcome.
Instrumental learning paradigms can either be appetitive or avoidant. In appetitive designs,
the behavior is motivated through the accumulation of rewards (e.g., food) before
devaluation (e.g., selective satiation, in which one food is consumed until it is no longer
pleasurable) after which a habit test is performed. Production of the behavior associated with
the no-longer-valuable food is indicative of a habit (see: Tricomi, et al., 2009). In avoidance
designs, a behavior is learned to be performed in order to avoid an aversive outcome (e.g.,
shocks). After devaluation (e.g., the removal of one set of electrodes) producing the behavior
associated with the devalued aversive outcome (e.g., shocks to the side where the electrodes
are no longer attached) indicates a habit (Gillan, et al, 2014).

Different corticostriatal loops subserve the memory systems supporting goal-directed actions
and stimulus response habits in instrumental learning (Yin & Knowlton, 2006). The
associative network: the circuit formed by the caudate; associative pallidum; mediodorsal
and ventral thalamus; and prefrontal and parietal association cortices governs goal-directed
actions. As behavior becomes habitual, there is a shift from the associative corticostriatal
loop to the sensorimotor network, which is the circuit formed by the putamen, motor
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pallidum, ventral thalamus and sensorimotor cortices. In rodent studies, lesions or
inactivation of the dorsolateral striatum—the rodent homolog of the putamen—impaired the
development of habits, resulting in a more goal-directed mode of behavioral control (Yin,
Knowlton, & Balleine, 2004; Yin, Knowlton, & Balleine, 2006). Whereas, lesions or
inactivation of the dorsomedial striatum—the rodent homolog of the caudate—have the
opposite effect and result in a switch from goal-directed actions to habits (Yin et. al., 2005).

1.1 Stress and Instrumental learning

Multiple studies have demonstrated a link between stress and a shift in memory systems
towards habits at the expense of goal-directed behavior. Experimentally induced stress
before or after training in an instrumental task rendered participants’ behavior on a
subsequent habit test insensitive to the change in the value of the food outcomes (Schwabe
and Wolf, 2009 & 2010). In another study employing a spatial learning task, acute stress
resulted in a shift towards stimulus-response strategies at the expense of spatial learning
strategies (Schwabe et al, 2007; see: Wirz, Bogdanov, & Schwabe, 2018 for a review on the
effects of stress on habitual behavior).

Chronic stress is similarly associated with an increased propensity for habits. Rats subjected
to chronic stress became insensitive to changes in outcome value and resistant to changes in
action-outcome contingency suggesting that stress biases behavioral strategies toward habit.
The stressed rats displayed atrophy of medial prefrontal cortex and the associative striatum
and hypertrophy of the sensorimotor striatum. (Dias-Ferreira et al, 2009)

Chronic stress in humans is associated with changes to both the caudate and putamen and a
corresponding shift from goal-directed to habitual learning and behavior. In a study of
Brazilian medical students, those studying for a major exam displayed greater habitual
behavior during an appetitive task, with fMRI scans showing a shift in activation favoring
the sensorimotor circuit over the associative circuit. Structural scans revealed atrophy of the
medial prefrontal cortex and caudate and hypertrophy of the putamen versus controls—
medical students not preparing for the exam. Follow-up scans taken after the students
recovered from the exam showed the effects of chronic stress were transient (Soares et al,
2012). These morphological responses to stress have been partially replicated with MRIs of
patients with occupational exhaustion syndrome—a stress disorder—which show enlarged
amygdala volumes, and reduced caudate volumes compared to controls (Savic, Perski &
Osika, 2018). These morphological differences were no longer present after a regimen of
stress-reducing cognitive behavioral therapy on follow-up scans performed 1-to-2 years
later.

Patterson, Craske & Knowlton (2019) developed an avoidance learning paradigm in which
participants learned to make the correct key press in response to warning stimuli in order to
avoid hearing screams in either their left or right ear. After a learning phase, participants
were given a devaluation instruction informing them that one warning stimulus would be
safe going forward requiring no response and its paired earphone was removed. Making one
or more previously correct responses to the devalued stimulus during the habit test—
performed in extinction—was defined as a habitual response. Participants also provided self-
reported ratings of ELS, depression, trait and state anxiety and recent stress. In two studies
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examining the effects of training duration and distraction on habits, ELS was significantly
associated with an increase in habitual responses. Prenatal exposure to stress is also linked to
less flexible learning strategies (Sutherland, McDonald, & Savage, 2000; Schwabe, Bohbot,
& Wolf, 2012).

1.2 Types of ELS

While there is evidence that ELS is associated with higher rates of habitual responding, it is
unknown whether this effect is due to specific types of ELS (Patterson et al., 2019). There is
a growing body of evidence suggesting different types of childhood maltreatment have
differential impacts on later outcomes. Disrupted caregiving may be more closely linked to
impaired regulation of the stress response and recovery from stress (Cole et al., 2012);
whereas physical trauma appears to be linked to exaggerated activation of stress response
systems to acute stress (Kuhlman et al., 2015); and an unpredictable environment seems to
result in more frequent activation of physiological stress systems and elevated diurnal
cortisol and circulating inflammation (Laurent et al., 2014; for a review see: Kuhlman et al.,
2018). In the Minnesota Longitudinal Study of Risk and Adaptation, which tracked first-
born children of mothers below the poverty line from the third trimester prior to birth,
physical and cognitive neglect, but not physical and sexual abuse was associated with
negative health outcomes in middle adulthood (Johnson et al., 2017). Physical neglect, but
not other forms of childhood maltreatment, is associated with cortisol and macrophage
migration inhibitory factor (MIF; a cytokine known to be involved in HPA axis regulation)
values at baseline assessment in a high-risk population of youths (ages 14 to 19) from
disadvantaged backgrounds (low income; 78% exposed to alcohol, tobacco or drugs
prenatally; Bick et al., 2015). Neglect predicts higher childhood BMI among socially
disadvantaged children (Knutson, et al., 2010). A recent meta-analysis of studies of
individuals with eating disorders reveals elevated prevalence of childhood emotional neglect
(53.3%, 7 studies, N = 963) and physical neglect (45.4%, 6 studies, N = 665; Pignatelli, et
al., 2017). Taken together, these studies suggest that physical neglect may be most predictive
of negative health outcomes in adulthood compared to other types of ELS. Minimally, there
is sufficient evidence to suspect that different types of stress impact development differently.

1.3 Covariates that may be associated with Habits

1.3.1 Depression—Depression is associated with enhanced aversive Pavlovian-to-
instrumental transfer (Nord, et al., 2018); however, the extent to which depression may alter
the ratio of goal-directed to habitual strategies during instrumental learning is unknown. The
high rate of co-morbidity between depression and substance use disorder suggests that there
may be a neural or cognitive mechanism in common between these disorders. As many as
one third of people with depression reported a co-substance abuse disorder at some point
(Regier, et al., 1990) and individuals who abuse alcohol have 3 to 4 times the prevalence of
depression than individuals who do not (Kessler, et al., 1997). One potential cognitive
mechanism that could explain this relationship is a preponderance of habit behavior.

1.3.2 Anxiety—Attentional control theory posits that anxiety impairs goal-directed, top-
down cognition and facilitates stimulus driven bottom-up processing (Eysenck et al, 2007).
Evidence for anxiety contributing to enhanced habitual behavior in instrumental learning
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comes from shock-avoidance instrumental learning studies of people with obsessive-
compulsive disorder (OCD; Gillan et al, 2014; and Gillan et al, 2015). After controlling for
negative affect, checking symptoms—an OCD symptom—uwere associated with bias toward
habits in non-clinical college students (Snorrason et al., 2016). The scream avoidance
instrumental learning paradigm provides conflicting evidence for a link between anxiety and
increased habits; in which only one of two experiments found state anxiety to be associated
with increased habits (Patterson et al., 2019).

1.3.3 Socio-economic status (SES)—Poverty during childhood is associated with
decreased gray matter volume in areas associated with executive function (frontal and
temporal cortexes; Lawson et al, 2013; Hanson et al, 2013) and the hippocampus (Yu et al.,
2007) as well as diminished multi-modal cognitive functioning (Rosen et al., 2018) and
academic achievement (Hair et al, 2015). Low SES is associated with impaired selective
attention during a dichotic listening paradigm in which participants have to attend one of
two simultaneously playing audio stimuli (Stevens, Lauinger, & Neville, 2009; Stevens et al,
2015). However, the effects of poverty on neurocognitive development are likely confounded
by a higher prevalence of ELS among impoverished individuals and the protective effects of
the resources available to people with high SES. In a study of 145 10-year-old children who
had been tracked longitudinally since preschool, quality of parenting and exposure to ELS
partially mediated the relationship between SES and hippocampal volume (Luby, Belden &
Botteron, 2013).

1.3 Hypotheses

Based on the association between physical neglect early in life and health outcomes and the
mediating effect of SES on neurocognitive effects of stress, we had the following a priori
hypotheses:

. ELS, generally, will be associated with increased habits and these effects will be
greatest when ELS included physical neglect.

. There will be interactions between SES and trait anxiety and SES and current
stress such that the habit-increasing effects of trait anxiety and current stress are
mitigated by high SES.

2 Materials and Methods

2.1 Participants

Participants were undergraduate students recruited from the University of California, Los
Angeles (UCLA), psychology subject pool and received credit toward partial completion of
course requirements. A total of 150 participants were recruited. 17 participants were
excluded for failure to exceed chance level performance during the final two rounds of the of
the learning phase of the study. Chance level performance was considered to fall below the
upper limit of the 95% confidence interval around a binomial inverse cumulative distribution
function with 40 independent trials each with a 50% probability of success (a raw score of
25 correct responses). An additional 11 participants were excluded for providing incomplete
questionnaire data, yielding a sample size of 122 (101 women, 21 men), ranging in age from
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18-35 (M= 20.62, SD= 2.46). Study procedures were approved by the Institutional Review
Board of the University of California, Los Angeles, and all participants provided written
record of informed consent.

Instrumental avoidance learning task

An instrumental avoidance learning task consisting of a learning phase, outcome devaluation
instruction and an extinction phase was used (see Figure 1).

Prior to beginning the learning phase, participants were instructed: “The purpose of this
research is to investigate how people learn to make responses to avoid unpleasant outcomes.
During this experiment, you will start each round with two banks of 10,000 points, your task
is to avoid losing as many points as possible. At the beginning of each trial, you will see a
fractal image. Two of the fractal images you will see are warning stimuli, meaning that
points will probably be deducted from one of your banks of points if you fail to press the
correct key to avoid the loss of points. A third fractal image you will see is the safe stimulus,
which indicates that no points will be lost during that trial. Now, you will see a
demonstration of the three types of trials in the experiment. Press any key to continue.”
Following the instructions, a demonstration of each trial type; left warning, right warning
and safe was shown. The images used as warning and safe stimuli were counterbalanced
across participants. After the demonstrations, the learning phase began.

The learning phase consisted of 7 blocks of 30 trials, 10 each for a warning stimulus
indicating that the participant should press the right arrow key within 0.5 s or lose points
from the right bank of points; a different warning stimulus indicating that the participant
should press the left arrow key within 0.5 s or lose points from the left bank of points; and a
safe stimulus that was never paired with the loss of points. Order of stimuli was randomized.
Failure to make the correct response within 0.5 s to a warning stimulus resulted in the loss of
750 points from its paired bank followed by alternating red, yellow, red, then yellow screens
each displayed for 0.1 s with the text “Incorrect” or “Too Slow” displayed in the center as
appropriate. Each block started with an instruction to participants: “Round X will begin
next. Please keep your fingers on the right and left arrow keys. When you are ready, press
any key to being.) At the end of each block of 30 trials, a screen was displayed showing the
participant’s total score for the block, and their “percentile rank.” Percentile ranks were
given arbitrary values based on the participant’s performance rather than a comparison with
the other participants (for specific values, see supplemental Table 1).

The devalued side was counterbalanced across participants. The outcome devaluation
instruction to participants with the left side devalued was: “Congratulations, you have
unlocked a bonus round! During the Bonus Round, Points in the Left Bank are now safe.
You will be evaluated based on the accuracy of the responses you make with the Right
Arrow Key. It is not necessary to make responses with the Left Arrow Key and you will no
longer lose any points from the Left bank. Your only task is to avoid losing points from the
right bank. Please keep your fingers on the Left and Right Arrow Keys. When you are ready;,
press any key to begin.” Subsequently, the points on the left side were shown superimposed
over the image of a safe to indicate they were now safe.

Neurobiol Learn Mem. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gordon et al.

Page 7

The habit test consisted of 30 trials——10 for each stimulus—performed in extinction, where
incorrect responses were no longer penalized, but participants were not informed of this.
Scores were shown on the screen throughout the trials but did not change regardless of the
participant’s actual performance. Making one or more formerly correct responses to the
devalued stimulus with its paired arrow key is indicative of habit learning.

2.3 Questionnaires

Participants were assessed for exposure to stress during their first 16 years of life using the
Childhood Trauma Questionnaire Short Form (CTQ-SF; Bernstein et al., 2003), which is a
25-item questionnaire consisting of 5-item sub-scales for physical abuse (PA), physical
neglect (PN), emotional abuse (EA), emotional neglect (EN) and sexual abuse (SA) with
each question scored from 1 (never) to 5 (very often). Total Scores range from 25 (minimal
experience of these stressors) to a maximum of 125 (frequent experience of all of these
stressors).

Trait anxiety and state anxiety were assessed with the State-Trait Anxiety Inventory for
Adults™ (STAI; Spielberger, 1989). The STAI is a 40-item questionnaire that attempts to
differentiate between the temporary condition of state anxiety and the more general and
long-standing quality of trait anxiety.

Retrospective subjective SES was assessed with a modified MacArthur Scale of Subjective
Social Status (Adler et al., 2000). The MacArthur Scale of Subjective Social Status is a self-
anchoring scale in which participants place themselves on a drawing of a ladder where the
top step represents those in U.S. society who are best off in terms of income, education, and
occupation and the bottom represents those who are worst off. The modifications to this
scale consisted of asking the participant to score their immediate family instead of
themselves individually and to do so retrospectively.

Perceived stress was assessed with the Perceived Stress Scale (PSS; Cohen & Williamson,
1988), which is a 10-item inventory designed to measure the degree to which respondents
have felt their lives to be unpredictable, uncontrollable, and overloaded over the past month.

The Beck Depression Inventory-11 (BDI; Beck et al., 1996), excluding the suicidality
question, was used to assess symptoms of depression during the two weeks prior to testing.

2.4 Procedure

After providing informed consent, participants completed the experiment in private testing
rooms on Apple iMac® computers under normal lighting conditions. The experiment was
coded in MATLAB (Mathworks, 2018), using the Psychophysics Toolbox extensions
(Brainard, 1997; Pelli, 1997; Kleiner et al, 2007). After completing the experiment
participants responded to questionnaires on the computers.

2.5 Data analysis

All data were analyzed using IBM SPSS Statistics (Version 26) and MATLAB (Mathworks,
2019B). Participants were sorted into higher and lower early-life stress groups through a
median split of CTQ-SF scores. Making one or more formerly correct responses to the
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devalued stimulus during the post-devaluation habit test with its paired arrow key is
indicative of habit learning and was coded as one on a binarized outcome variable; making
zero such responses was coded as zero. This is consistent with Patterson, Craske &
Knowlton (2019); and was done to minimize the influence of participants who may have
misunderstood or disregarded the devaluation instruction (and, accordingly, consistently
responded to the devalued stimuli in a non-habitual manner) on the statistical analysis.
Multivariate binary logistic regression was used to simultaneously assess the effects of CTQ-
SF on habitual responding with covariates for trait anxiety, state anxiety, PSS, BDI, SES,
and interactions between SES and PSS, BDI, trait anxiety and state anxiety. A separate
multivariate binary logistic regression was used to simultaneously assess the effects of the
different types of early-life stress (PA, PN, EA, EN, and SA) on habitual responding with
covariates for trait anxiety, state anxiety, PSS, BDI, SES, and interactions between SES and
PSS, BDI, trait anxiety and state anxiety. Dichotomous variables were dummy coded and
continuous variables were mean-centered to reduce multicollinearity. A significance level of
0.05 was used for all statistical tests.

3 Results

Prevalence of ELS by type of stress and degree in the sample are reported in Table 1. Scores
for ELS and covariates for lower and higher ELS participants are in Table 2. The mean
CTQ-SF score was 36.1 and the median CTQ-SF score was 32. The lower ELS group had a
mean CTQ-SF score of 27.8 (SD = 2.3) and the higher ELS group had a mean CTQ-SF
score of 44.7 (SD = 12.5). The lower ELS group differed significantly from the higher ELS
group on measures of depression, {97.411) = 5.584, p < .001; trait anxiety, {120) = 6.284, p
<.001; state anxiety, {120) = 4.559, p<.001; current stress, 108.917) = 2.047, p=.043;
and SES #120) = 3.302, p=.001.

Fifty three percent of higher ELS individuals (above the median CTQ value) performed one
or more habit responses during the habit tests whereas only 30 percent of lower ELS
individuals did (see Figure 2). A chi-square test of independence was performed to examine
the relation between ELS and habits. The relation between these variables was significant
with a medium effect size, ;(2 (1, N=122) = 6.452, p=.011, ¢ = Cramer’s V= .23.
Individuals with higher ELS were more likely to make habit responses during the habit test
than were individuals with lower ELS.

We tested for the effects of ELS on habit responses during the habit test by conducting a
binary logistic regression analysis on responding (with the formerly correct response key) to
the devalued warning stimulus during the post-devaluation habit test. Participants’ responses
were binned into zero responses to the devalued stimulus (no habit) or one or more
responses to the devalued stimulus (habit). Pressing the key associated with the other
warning stimulus during the presentation of the devalued warning stimulus was treated as a
non-habit response. This analysis tested the effects of ELS by using CTQ-SF as a continuous
predictor variable while statistically controlling for the effects of trait anxiety, state anxiety,
PSS, BDI, SES, and interactions between SES and PSS, BDI, trait anxiety and state anxiety.
The results of this analysis are in Table 3. Consistent with our hypothesis that ELS will be
associated with greater habitual behavior, CTQ-SF was found to be a significantly positive
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predictor of habit responding, 8= 0.054, p= 0.034, and €8 = 1.056. For every one-point
increase in CTQ-SF score, the expected odds of performing a habit response are increased
by 5.6% over and above the effects of the other variables in the model. Figure 3 shows the
probability of making a habit response for levels of ELS holding all other variables constant
at their means.

Because we hypothesized that different types of ELS would differentially impact habits, we
conducted a separate binary logistic regression analysis on habit responses to the devalued
stimulus during the habit test assessing the effects of the subscales of ELS (PN, PA, EN, EA
and SA) while statistically controlling for depression, perceived stress, trait anxiety, state
anxiety, gender, age, SES, and interactions between SES and depression, perceived stress,
trait anxiety and state anxiety. The results of this analysis are in Table 4. Consistent with our
hypothesis that PN will be the type of ELS most strongly associated with greater habitual
behavior, PN was found to be a significantly positive predictor of habit responding, B =
0.425, p=10.001, and €2 = 1.529. For every one-point increase in PN score, the expected
odds of performing a habit response are increased by 52.9% over and above the effects of
the other variables in the model. The interaction between current stress and SES was also
found to be significant, p= 0.034. Figure 4a shows the probability of making a habit
response for levels of PN, holding all other variables constant at their means. Figure 4b
shows the probability of making a habit response for levels of current stress at mean SES,
mean SES minus one standard deviation and mean SES plus one standard deviation while
holding all other variables in the model constant at their means.

If there is no response cost associated with performing the habitual behavior, then it seems
that subjects might continue pressing the key associated with the devalued outcome
regardless of the nature of the association learned. We hypothesize that individuals who stop
responding to the devalued stimulus will receive a performance boost for the non-devalued
side by keying into the non-devalued warning stimulus and ignoring the devalued warning
stimulus. This boost should be reflected in a lower rate of non-devalued trials ending as
timed-out during the habit test than the last practice block. We would not expect to see this
improvement for individuals who persist with the habit response. This forgone advantage
would represent a response cost associated with performing the habitual behavior. A two-
way repeated measures analysis of variance (ANOVA) revealed a significant interaction
between habitual performance and change in the rate of non-devalued trials ending in timed-
out, F(1, 1) =4.08, p=.046. A post hoc paired sample t-test indicated that the average
number of timed-out trials to the non-devalued stimulus was significantly lower during the
habit test (M = 0.49 SD = .81) than the final learning block (M = .96, SD = 1.2) for
individuals who did not make a habit response during the habit test; t(70) = 3.07, p=.003.
Figure 5 shows the mean rate of timed-out trials to the non-devalued warning stimulus
during the final learning block and the habit test for individuals who did and did not perform
a habit response. Thus, a cost is indeed incurred by habitual responding, and those subjects
who were able to reduce monitoring of the devalued stimulus performed better on the non-
devalued response.
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4 Discussion

We observed evidence of enhanced avoidance habits in adults with a self-reported history of
ELS during a novel instrumental avoidance learning paradigm. As hypothesized, analysis of
the different types of ELS suggests that these effects are largely due to a history of physical
neglect during development. These results have implications for understanding how ELS
increases the risk of addiction during adulthood. Furthermore, we provide evidence
suggesting that the relationship between ELS and enhanced habit acquisition during
instrumental learning reported in Patterson, Craske & Knowlton (2019) generalizes across
avoidance procedures using different types of negative stimuli.

The deleterious consequences of neglect during childhood have received less attention than
those of physical or sexual abuse (National Scientific Council on the Developing Child,
2012). The absence of responsive care is processed as a serious threat to well-being, and
may reflect a home situation that is unsanitary with uncertain access to food. This type of
environment likely induces chronic activation of the stress response during development
(Schreier et al., 2020). The present results are consistent with literature showing an
association between habitual responding and chronic stress, and suggest that chronic stress
effects in childhood persist into adulthood. It can be argued that under stressful situations,
reliance on habits is adaptive in that it results in reliable, rapid responding that frees up
cognitive resources for other tasks (Wirz et al., 2018). However, an overreliance on habit can
lead to reduced behavioral flexibility and predisposition to addiction and other pathological
behaviors.

Another implication of this experiment pertains to the role of SES. An abundance of
resources may mitigate the effects of perceived stress on neurocognitive variables. While
developmental research reliably finds robust negative effects of low SES on cognitive
functioning (Lawson, Hook & Farah, 2017), our results suggest that these studies may be
confounded by the effects of ELS and the increased risk for trauma among lower SES
individuals. In addition, our results suggest that in individuals with low SES backgrounds,
current stress becomes associated with habitual responding.

4.1 Limitations

While the results from this study have implications for understanding how ELS increases the
risk of addiction, it does not explicitly tie an increased prevalence of habits to poorer health
or riskier health behaviors. Future work should do so by assessing habits and health
behaviors and outcomes in a representative sample.

A major limitation of our sample is that we did not have a sufficient number of men to
adequately assess sex differences in the effect of ELS and other variables on habitual
behavior. Work in rodent models suggests that the development of habits in instrumental
learning is facilitated in females compared to males (Schoenberg et al., 2019), and that ELS
affects neurodevelopment differently in males and females (Kunzler et al., 2015). There is
extensive evidence of physiological sex differences in response to ELS (Heim & Nemeroff,
1999), and thus it is unclear if the present results would be obtained in men.
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It is also important to note that the UCLA psychology subject pool is not a representative
sample of the greater population of people, perhaps limiting the generalizability of findings
from this population. Our use of a sample of university students is likely to select for
resiliency among individuals most exposed to ELS, which suggests that this study may
understate the effects of ELS on a bias towards habits in instrumental avoidance learning
compared to a representative sample.

Finally, the limitation of retrospective surveys of early-life experiences and of early
autobiographical memories means we cannot know precisely when during development
people experienced ELS. This ambiguity prevents us from being able to test the theorized
role of sensitive periods of development. Longitudinal studies tracking people through
development into adulthood may provide a more granular assay of ELS and allow testing of
these sensitive periods.

4.2 Future Directions

Future work should attempt to determine if the increased prevalence of habits among
individuals exposed to ELS mediates the relationship between ELS and negative health
outcomes such as addiction or compulsive eating, or if these relationships are independent.
Additionally, an area of future work suggested by the present study would be to see if
individuals exposed to ELS display increased habitual responding in appetitive instrumental
learning paradigms or if this relationship is unique to avoidance learning.
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. A history of early-life stress was associated with an increased rate of making
habitual responses on an avoidance learning task.
. Experiencing physical neglect was the type of childhood adversity most
closely associated with habitual responding.
. A history of early-life stress was related to habitual responding even when
controlling for effects of socioeconomic status and state and trait anxiety.
. These results suggest a neurocognitive mechanism by which early-life stress

predisposes individuals to addictive behaviors in adulthood.
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Figure 1.

A: Task schematic: Participants performed 7 blocks of 30 trials in the learning phase then
received a devaluation instruction in which they were informed one side would subsequently
be safe—not requiring a response from its paired arrow key. After which participants
performed the habit test in extinction. Pressing the formerly correct arrow key in response to
the devalued stimulus is defined as a habit. Figure 1 B: Warning stimuli schematic:
Participants learned to make avoidance responses to warning stimuli. If the correct response
(blue) was made within .5s, no aversive outcome was delivered. Otherwise participants lost
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750 points from the paired score and received feedback informing them they were incorrect
or too slow (as appropriate) and red and yellow flashing screens. Figure 1 C shows a close-
up image of the left and right scores.
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= Habit
= No Habit

Figure 2.
Pie charts depicting the proportion of higher and lower ELS individuals who performed one

or more habit responses during the habit test. Individuals with higher ELS were more likely
to make habit responses during the habit test than were individuals with lower ELS.
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Figure 3.
shows the effects of ELS on the predicted probability of making one or more habit responses

during the habit test holding the other variables in the model constant at their means.
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A shows the effects of Physical Neglect on the predicted probability of making one or more
habit responses during the habit test holding the other variables in the model constant at their
means. Figure 4B shows the effects of current stress on the predicted probability of making
one or more habit responses during the habit test at mean SES, mean SES minus one
standard deviation and mean SES plus one standard deviation while holding all other
variables in the model constant at their means.
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@ Final Learning Block

& Habit Test

shows the mean rate of timed-out trials to the non-devalued warning stimulus during the
final learning block and the habit test for individuals who did and did not perform a habit
response. The difference is only significant for individuals who did not perform a habitual

response during the habit test.
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Prevalence of ELS in sample

Table 1:

CTQ-SF Total 25 26-35 36-45 46-55 56+
107% 524% 189% 9% 9%
Subscale Score 5 6-10 11-15 16-20 21-25
PA 648% 278% 74% 0% 0%
PN 484% 418% 98% 0% 0%
EA 27 % 509% 131% 65% 25%
EN 295% 435% 155% 99% 16%
SA 828% 115% 32% 25% 0%

Page 23

Percentage of participants reporting Early-Life Stress (ELS) broken down by type and degree of ELS. Scores on each item range from 1 (“never”)
to 5 (“Very Often”). CTQ-SF, Childhood Trauma Questionnaire — Short Form, PN, Physical Neglect, EA, Emotional Abuse, EN, Emotional
Neglect, PA, Physical Abuse, SA, Sexual Abuse (Bernstein et al., 2003).
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Characteristics of lower and higher ELS groups

Low ELS High ELS
CTQ-SF 27.8(23) 44.7(125)
Depression 6.6(7.3)  16.6 (11.8)
State Anxiety 35.4(6.1) 40.9 (7.2)
Trait Anxiety 37.9(9.7) 50.0 (11.5)
PSS 22.3(3.6) 23.9(4.8)
SES 42(17) 53(L9)
Age 208 (2.9) 20.4(L9)
PN 55(1.2) 8.1(2.8)
EA 59(11) 10.9(4.7)
EN 59(12) 11.9(4.7)
PA 53(0.9) 7.2(2.9)
SA 52(09) 6.6(34)

Table 2:

Page 24

Mean (SD) scores on questionnaire measures for participants grouped by reported level of ELS. CTQ-SF, Childhood Trauma Questionnaire — Short
Form, PN, Physical Neglect, EA, Emotional Abuse, EN, Emotional Neglect, PA, Physical Abuse, SA, Sexual Abuse (Bernstein et al., 2003);
Depression, Beck Depression Inventory-11 (Beck et al., 1996); State and Trait Anxiety, State-Trait Anxiety Inventory (Spielberger, 1983); PSS,

Perceived Stress Scale (Cohen et al., 1983); and SES, McArthur Scale of Subjective Social Status (Adler et al, 2000).
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Results of binary logistic regression analysis showing the effect of CTQ-SF score (CTQ) on responding to the
devalued stimulus.

Variable B S.E. Wald  Sig. Exp(B)
CTQ 0.054  0.026 4.490 0.034 1.056
Depression 0.042 0.037 1.242 0265 1.042
State Anxiety 0.064 0.053 1432 0231 1.066
Trait Anxiety -0.002 0.040 0.003 0.953 0.998
Current Stress -0.092 0.060 2304 0.129 0912
Subjective SES -0.194 0.131 2190 0.139 0.823
Age 0.045 0.088 0.258 0.611 1.046
Gender (Male vs Female)  0.276 0585 0.222 0.637 1.318
SES by Current Stress -0.081 0.045 3.292 0.070 0.922
SES by Trait Anxiety 0.001 0.023 0.001 0.973 1.001
SES by State Anxiety 0.007 0.032 0.040 0.841 1.007
SES by Depression 0.018 0.023 0.641 0423 1.018
Constant -0.649 0533 1481 0.224 0.523

Neurobiol Learn Mem. Author manuscript; available in PMC 2021 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gordon et al.

Table 4.

Page 26

Results of binary logistic regression analysis showing the effect of different types of reported early-life stress
on responding to the devalued stimulus.

Variable B S.E. Wald Sig. Exp(B)
Depression 0.058 0.041 2.045 0.153 1.060
State Anxiety 0.071 0.061 1.335 0.248 1.074
Trait Anxiety -0.006 0.045 0.017 0.896  0.994
Current Stress -0.043 0.066 0.423 0.515 0.958
SES -0.133 0.137 0.940 0.332 0.875
Age 0.017 0.105 0.027 0.870 1.017
Gender 0.417 0.647 0.416 0.519 1.518
SES by Current Stress -0.106 0.050 4.493 0.034 0.899
SES by Trait Anxiety 0.001 0.026 0.001 0.970 1.001
SES by State Anxiety 0.007 0.036 0.040 0.841 1.007
SES by Depression 0.025 0.024 1.035 0.309 1.025
Physical Neglect 0.425 0.131 10.527 0.001 1.529
Emotional Abuse -0.193 0.115 2.827 0.093 0.824
Emotional Neglect 0.080 0.081 0.964 0.326 1.083
Physical Abuse 0.156 0.131 1425 0.233 1.169
Sexual Abuse 0.071 0.126 0.318 0.573 1.073
Constant -0.801 0.586 1.865 0.172  0.449
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