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A mismatch between early and recent life stress predicts better response 
inhibition, but not cognitive inhibition

Grant S. Shields and Colton L. Hunter

Department of Psychological Science, University of Arkansas, Fayetteville, Ar, USA

ABSTRACT
a growing body of work has found that a mismatch between early and recent life stress, more than 
a cumulative influence of stress, contributes to detrimental stress-related health outcomes. to date, 
however, no work has examined how such a mismatch might relate to stress-related cognitive 
outcomes. We addressed this gap in the current study by assessing participants’ (N = 154, Mage = 
18.7, 104 female) early and recent life stress using the same inventory, and subsequently assessing 
their inhibitory control in a hybrid stop-signal/flanker task. Surprisingly, we found that a greater 
degree of stressor mismatch was associated with better response inhibition (i.e. smaller stop-signal 
reaction time) across a number of analytic approaches. Cognitive inhibition (i.e. the flanker 
interference effect) was not associated with stressor mismatch. these results thus show that a 
greater degree of mismatch between early and recent life stress is related to response inhibition in 
the same way as acute stress affects response inhibition, suggesting that response inhibition may 
be an important cognitive process for navigating both acute stress and general environmental 
conditions that do not match the conditions in which expected stress occurrence was established.

more stress produces worse outcomes, or at least that’s how 
the story goes. Recent work, however, has suggested that dis-
tinct patterns of stress exposure might relate to distinct 
health outcomes (nederhof & Schmidt, 2012). to date, no 
work has examined how distinct patterns of time-dependent 
stressor exposure might relate to cognitive functioning. this 
study helps to address that gap.

although the predominant theory of stress and health—
allostatic load, or cumulative exposure effects (mcEwen, 
1998)—has best explained most findings related to stress 
and health, it has recently been challenged. in particular, var-
ious theories of stress, including the adaptive calibration 
hypothesis and the mismatch hypothesis (del Giudice et  al., 
2011; nederhof & Schmidt, 2012), have noted that a mis-
match between the frequency and/or severity of early life 
and recent stress exposure is important to some stress-related 
outcomes. the mismatch hypothesis proposes that individu-
als are adaptively programmed to best survive in the envi-
ronment present during sensitive developmental periods in 
childhood, and that individuals experience dysfunction when 
their current environment does not match the environment 
to which they adapted in early life (nederhof & Schmidt, 
2012). this hypothesis thus carries with it the interesting 
implication that individuals with greater early adversity 
should be less impacted by high stress in adulthood than 

individuals with little early adversity. a fair amount of evi-
dence supports this hypothesis with respect to health out-
comes (e.g. Santarelli et  al., 2014). For example, a mismatch 
between the frequency of early and recent life stress is asso-
ciated with greater rates of depression and substance use 
(mcmullin et  al., 2021; Santarelli et  al., 2014). these findings 
suggest that patterns of stressor exposure, more than overall 
stressor exposure, might be important in some stress-related 
outcomes, such as cognitive function.

to date, no work has examined how a mismatch between 
early and recent life stress might relate to cognitive processes. 
prior work has suggested that the differential effects of acute 
stress on inhibitory control processes (i.e. response inhibition 
and cognitive inhibition) may be the strongest effect of stress 
on executive functions (e.g. Shields et  al., 2016), making 
inhibitory control an ideal first step to examine in relation to 
stress mismatch.

Current research

the current study addressed the above gap by examining 
associations between early and recent life stress in relation to 
inhibitory control. participants (N = 154 with usable data) first 
completed a modified form of the Childhood trauma 
Questionnaire, which assessed both recent (i.e. over the last 
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year) and early (i.e. before 13 years of age) exposure to each 
stressor. next, participants completed a hybrid stop-signal/
flanker task, which permitted assessment of both response 
inhibition and cognitive inhibition.

We expected to find that early and recent life stress would 
be associated with poorer response inhibition and/or cogni-
tive inhibition. in addition, and consistent with the mismatch 
hypothesis, we expected to find that a mismatch between 
early and recent life stress would be particularly strongly 
associated with poorer inhibitory control.

Method

Participants

We recruited 154 participants (Mage = 18.7, SDage = 0.9, 
rangeage : [18, 24]; 67.5% female) with usable data according 
to our a priori exclusion criteria (see inhibitory Control sec-
tion) for this study. participants were undergraduate students 
enrolled in a general introductory or other psychology course 
that offered extra credit for participation. this sample size 
represented all participants we were able to recruit for this 
study over a two-semester period within the context of data 
collection for other projects; we did not conduct a power 
analysis prior to collecting data, nor did we have a specific 
sample size goal for this study, given that no prior work had 
examined stress mismatch in relation to inhibitory control. 
this sample size achieved 80% power to detect small-moderate 
correlations (r = .20). When identifying their ‘primary’ race or 
ethnicity, 79.2% of participants identified as White, 11.7% as 
Hispanic or Latino/a/e, 3.9% as Black or african american, 
3.9% as asian or asian american, and 1.3% as native Hawaiian 
or pacific islander.

Materials

Stress exposure
Early and recent life stress were assessed using a modified ver-
sion of the Childhood trauma Questionnaire-Short Form. the 
CtQ-SF is valid and reliable (Bernstein et  al., 2003; Slavich & 
Shields, 2018); for example, greater childhood adversity as 
quantified by the CtQ-SF predicts the occurrence of 
doctor-diagnosed autoimmune disorders (Slavich & Shields, 
2018). the CtQ-SF contains 28 questions, 25 of which retro-
spectively assess frequencies of specific forms of stress expo-
sure, and three of which are validity questions that quantify a 
lack of consideration in responses (e.g. “i had the perfect fam-
ily” should not receive a maximum frequency response). the 
CtQ-SF was modified to retrospectively assess the occurrence 
of each stressor in both childhood and adulthood. in particular, 
each CtQ-SF item contained two sets of response options 
directly below it. the first of these asked participants how fre-
quently true a given statement was “as a child (<13 years old),” 
and the second asked participants how frequently true a given 
statement was “over the last year.” additionally, questions relat-
ing to parental and family support in childhood (e.g. “people in 
my family said hurtful or insulting things to me”) were reframed 

appropriately for adulthood (e.g. “people i cared about said 
hurtful or insulting things to me”). participants indicated how 
often given statements were true using a Likert scale ranging 
from 1 (Never true) to 5 (Very often true). internal consistency 
was very good for early life stress (α = .85) and excellent for 
recent life stress (α = .92). Stress mismatch was calculated by 
taking the absolute difference of each question between the 
early and recent timeframes, then summing those absolute 
differences.

Inhibitory control
a modified hybrid stop-signal/flanker task was used to assess 
inhibitory control (see Supplemental material).

Response inhibition is indexable in this task via stop-signal 
reaction time (SSRt), calculated using the recommended inte-
gration method (Verbruggen et  al., 2013). SSRt represents the 
time required for a participant to inhibit an activated 
response; lower values thus indicate better response inhibition.

Cognitive inhibition is indexable in this task via flanker inter-
ference, calculated using correct trials only as mean(Rtincongruent) 
– mean(Rtcongruent). Larger interference effects indicate worse 
cognitive inhibition.

A priori exclusion criteria for this task were making five or 
more responses under 150 ms (indicating intentional prema-
ture responding), having ten or more failures to respond on 
“go” trials (indicating waiting, violating SSRt model assump-
tions), less than 80% target accuracy on “go” trials, and less 
than 35% or greater than 65% accuracy on stop-signal trials 
(indicating responses violating SSRt model assumptions).

Procedure

participants came to the lab for one-hour timeslots and were 
each seated in individual cubicles. participants then provided 
informed consent, completed a demographics questionnaire, 
and completed the modified CtQ-SF among three filler ques-
tionnaires before finally completing the inhibitory control task. 
participants were then thanked, debriefed, and dismissed. this 
protocol was approved by the university of arkansas iRB.

Results

descriptive statistics and correlations between raw stressor 
variables and inhibition measures are presented in table 1. 
Early and recent stress were log transformed to correct for 
skew (i.e. skewness > 1; both skewness statistics were > 1.67) 
for Gaussian models. no other variable analyzed in Gaussian 

Table 1. Descriptive statistics for and correlations between raw stress and  
inhibition variables.

Correlation matrix

Variable M SD 1. 2. 3. 4.

1. early life stress 35.3 13.1
2. recent life stress 34.0 8.1 .34***
3. Stress mismatch 10.3 12.1 .86*** .47***
4. Stop-signal reaction time 325.7 44.9 −.17* −.17* −.21**
5. Flanker interference effect 83.1 35.3 .00 .01 .03 .08

***p < .001, **p < .01, *p < .05
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models required transformation (|skewness| < 0.59). using 
nontransformed variables only strengthened what follows.

in a moderated regression analysis, we found that early 
and recent life stress significantly interacted to predict 
response inhibition (i.e. stop-signal reaction time), β = .174, p 
= .032, but not cognitive inhibition (i.e. flanker interference), 
β = .046, p = .581. Excluding two mismatch outliers (response 
inhibition: p = .020; cognitive inhibition: p = .645) or the par-
ticipants who failed validity checks in the stress assessment 
(response inhibition: p = .035; cognitive inhibition: p = .337) 
only strengthened this interaction.1 Simple slopes analyses, 
described below, showed that a mismatch in either direction 
(i.e. high-early-but-low-recent stress or low-early-but-high-re-
cent stress) was associated with better response inhibition.

We conducted simple slopes analyses sequentially, first hold-
ing recent life stress constant at various fixed points (e.g. low, 
high), then holding early life stress constant at various fixed 
points. When holding recent life stress constant at different 
points, higher early life stress was only associated with lower 
stop-signal reaction time (i.e. better response inhibition) when 
recent life stress was low: high (mean + 1SD) recent life stress, 
βearly-life-stress-to-SSRt = .076, p = .545; mean recent life stress, 
βearly-life-stress-to-SSRt = −.110, p = .217; low (mean − 1SD) recent life 
stress, βearly-life-stress-to-SSRt = −.297, p = .016. Similarly, when holding 
early life stress constant at different points, higher recent life 
stress was only associated with lower stop-signal reaction time 
(i.e. better response inhibition) when early life stress was low or 
average: high (mean + 1SD) early life stress, βrecent-life-stress-to-SSRt = 
.008, p = .946; mean early life stress, βrecent-life-stress-to-SSRt = −.179, p 
= .050; low (mean − 1SD) early life stress, βrecent-life-stress-to-SSRt = 
−.366, p = .009.

an inverted-u relation also showed that a stress mismatch 
in either direction was associated with better response inhibi-
tion (see Supplemental material).

Stressor-specific mismatch analyses

the above analyses operate on interactions between sum 
scores for early life and recent life stress (i.e. at the level of 

summary scores). However, as described in materials, the 
novel stress assessment permits quantification of mismatch at 
the level of individual stressors, which allows participants to 
simultaneously quantify discrepancies in the frequency of 
each stressor between timepoints (i.e. early life and recently), 
providing a more sensitive estimate of mismatch in each 
stressor. in what follows, we analyze this mismatch score, 
which cannot be examined as an interaction (i.e. it is the sum 
of absolute difference between each stressor).

Because stress mismatch, as a count variable (i.e. stress fre-
quency absolute differences), could be examined in relation 
to indices of inhibitory control using generalized linear mod-
els, zero-inflated models, or hurdle models with either a 
poisson or negative binomial distribution, we examined each 
of these models and present the results of these analyses in 
tables 2 and 3.

With respect to response inhibition (i.e. stop-signal reac-
tion time) in relation to stress mismatch, we found that the 
best-fitting model was a negative binomial generalized linear 
model (ΔBiCs > 4.9). importantly, though, the results of every 
model converged on the same significant result obtained in 
the best-fitting model: Better response inhibition (i.e. lower 
stop-signal reaction time) was associated with a greater 
degree of stress mismatch B = −0.01, p < .001, R2

pseudo = .046 
(see Figure 1(a)). that is, a greater degree of mismatch 
between early and recent life stress was associated with bet-
ter response inhibition.2 Estimated marginal means indicated 
that participants who showed better response inhibition 
than mean performance by one SD had nearly double the 
mismatch (1.91-fold higher) between early and recent life 
stress (mismatch M = 13.61, SE = 1.61) than the mismatch had 
by participants who showed worse response inhibition than 
the mean by one SD (mismatch M = 7.11, SE = 0.87), z = 3.79, 
p < .001.

With respect to our measure of cognitive inhibition (i.e. 
flanker interference effects) in relation to stressor mismatch, 
we found that the best-fitting model was a negative binomial 
generalized linear model (ΔBiCs > 4.9), with no association 
between flanker interference and stress mismatch, p = .610. 

Table 2. Models examining relations between response inhibition and early/recent life stress mismatch.

Model Distribution
SSrt a predictor 
of mismatch 0s?

SSrt a predictor 
of mismatch 

count? Model BIC

Mismatch 0s ~
SSrt

p

Mismatch 
count ~ SSrt

p
GLM Poisson – Yes 2079.6 – <.001
Zero-inflated Poisson Yes Yes 1886.8 .265 <.001
Zero-inflated Poisson No Yes 1883.0 – <.001
Zero-inflated Poisson Yes No 1963.1 .255 –
Hurdle Poisson Yes Yes 1886.8 .255 <.001
Hurdle Poisson No Yes 1883.0 – <.001
Hurdle Poisson Yes No 1963.1 .255 –
GLM Negative Binomial – Yes 1043.0 – <.001
Zero-inflated Negative Binomial Yes Yes 1053.0 .966 .001
Zero-inflated Negative Binomial No Yes 1048.0 – .001
Zero-inflated Negative Binomial Yes No 1059.4 –
Hurdle Negative Binomial Yes Yes 1053.0 .255 .001
Hurdle Negative Binomial No Yes 1049.2 – .001
Hurdle Negative Binomial Yes No 1058.1 .255 –

Note. GLM = generalized linear model; SSrt = stop-signal reaction time; BIC = Bayesian information criterion (lower indicates better fit). A blank cell indicates that 
the model was not fully estimable, and a dash indicates that the coefficient is not estimated because of model structure (e.g. a Poisson GLM does not fit a 
predictor of zeros separate from the Poisson distribution). the best-fitting model is highlighted in bold. All estimates were such that better response inhibition 
was associated with a greater degree of mismatch. In every model, better response inhibition was significantly associated with a greater degree of mismatch 
between early and recent stress exposure.
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importantly, the results of every model converged on the 
same result as obtained in the best-fitting model: Cognitive 
inhibition (i.e. flanker interference) was not associated with 
stressor mismatch, ps > .110 (table 3).

Discussion

in this study, we examined the associations between different 
forms of stressor exposure at different points in life and their 
associations with inhibitory control processes. Contrary to 
predictions, we found that, in bivariate associations, greater 
early and recent life stress were each associated with better 
response inhibition. However, both of these associations were 
qualified by an interaction between the two of them: 
Consistent with the mismatch hypothesis, we found that a 
mismatch between early and recent life stress was uniquely 
associated with response inhibition, such that only when 
there was a degree of mismatch between early and recent 
life stress was stress associated with better response inhibi-
tion. in contrast, there were no associations between stress 

and cognitive inhibition, either mismatch or cumulative. these 
results suggest that a mismatch between recent and early 
stressor exposure relates to response inhibition in a similar 
way to the causal effect of acute stress on response inhibi-
tion, but no similar pattern is evident in cognitive inhibition.

our finding that a greater degree of mismatch between 
early and recent life stress exposure was associated with bet-
ter response inhibition was unexpected, as it is inconsistent 
with some (e.g. möschl et  al., 2022; Shields et  al., 2019; 
Weckesser et  al., 2021), though not all (e.g. Gao et  al., 2022; 
see also Grillon et  al., 2017) prior work on chronic stress and 
response inhibition. importantly, though, this association is 
consistent with work on acute stress. in particular, acute stress 
improves response inhibition (Chang et  al., 2020; dierolf et  al., 
2018; Shields et  al., 2016), and this finding has been inter-
preted to reflect a reallocation of cognitive resources that 
enhances control over actions ideal for fighting or fleeing 
from the current stressor (Shields et  al., 2016). individuals with 
mismatched early and recent life stress may show improved 
response inhibition in general because such a mismatch may 

Table 3. Models examining relations between cognitive inhibition and early/recent life stress mismatch.

Model Distribution
FIe a predictor of 

mismatch 0s?
FIe a predictor of 
mismatch count? Model BIC

Mismatch 0s ~
FIe
p

Mismatch count ~
FIe
p

GLM Poisson – Yes 2182.0 – .112
Zero-inflated Poisson Yes Yes 1968.1 .577 .332
Zero-inflated Poisson No Yes 1963.4 – .332
Zero-inflated Poisson Yes No 1964.0 .577 –
Hurdle Poisson Yes Yes 1968.1 .577 .332
Hurdle Poisson No Yes 1963.4 – .332
Hurdle Poisson Yes No 1964.0 .577 –
GLM Negative Binomial – Yes 1054.1 – .610
Zero-inflated Negative Binomial Yes Yes 1064.2 .915 .633
Zero-inflated Negative Binomial No Yes 1059.1 – .625
Zero-inflated Negative Binomial Yes No 1059.4 .983 –
Hurdle Negative Binomial Yes Yes 1064.0 .577 .746
Hurdle Negative Binomial No Yes 1059.3 – .746
Hurdle Negative Binomial Yes No 1059.1 .577 –

Note. GLM = generalized linear model; FIe = flanker interference effect; BIC = Bayesian information criterion (lower indicates better fit). A dash indicates that the 
coefficient is not estimated because of model structure (e.g. a Poisson GLM does not fit a predictor of zeros separate from the Poisson distribution). the 
best-fitting model is highlighted in bold. In every model, cognitive inhibition was unassociated with mismatch between early and recent life stress, either in the 
likelihood of mismatch occurring at all, or in the degree of mismatch if it did occur.

Figure 1. Stressor mismatch in relation to inhibitory control outcomes.
Note. A greater mismatch between early and recent life stress was associated with better response inhibition (i.e. less stop-signal reaction time, which indicates the time needed to stop 
an ongoing response) (a). However, mismatch between early and recent life stress was unassociated with cognitive inhibition (i.e. flanker interference) (b). Note that these figures omit 
two outliers in stress mismatch for ease of visualization; analyses excluding those outliers did not differ from those in the main text and are presented in Supplemental Material.
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indicate a generally uncertain environment and thus that 
actions should be driven less by habit than in more stable 
and predictable environments. this mismatch, which itself 
could represent uncertainty and unpredictability (and thus 
contain characteristics of a stressor), then, may produce states 
similar to those induced by acute stress, which could explain 
the observed mismatch association with response inhibition.

although early adversity can be associated with better 
cognitive performance (Frankenhuis & de Weerth, 2013), to 
our knowledge, this study is the first to document an 
improvement in functioning from a stress mismatch. to spec-
ulate about mechanism, the mismatch hypothesis does not 
operate on the level of subjective states, such as hypervigi-
lance or anxiety, but on the level of stress system (mis-)cali-
bration. in line with this, Santarelli et  al. (2017) found that a 
mismatch between early and recent stress affected expression 
of both mineralocorticoid and glucocorticoid receptors in 
adulthood. importantly, antagonism of mineralocorticoid 
receptors abolishes the beneficial effects of acute stress on 
stop-signal reaction time (Schwabe et  al., 2013). it is thus 
possible that a mismatch between early and recent life stress 
improves stop-signal reaction time by altering the function-
ing of the mineralocorticoid receptor system. Future research 
could examine this possibility.

although this study has a number of strengths, including 
simultaneous assessment of multiple inhibitory control pro-
cesses, a multiverse analytic approach examining primary 
associations with multiple model types, and a novel stress 
assessment that permitted assessment of mismatch at the 
level of individual stressors, it also has limitations that should 
be noted. First, response and cognitive inhibition can influ-
ence each other when they are assessed within the same task 
(Verbruggen et  al., 2004), and it is possible that these results 
would have come out differently if the inhibition task used 
required only one type of inhibitory control. Second, although 
we achieved 80% power to detect a small-moderate correla-
tion of r = .20, we only achieved 34% power to detect a cor-
relation of r = .10, entailing that we would have likely failed 
to detect true associations between stress and cognitive inhi-
bition if they exist but are small in magnitude. third, our par-
ticipants’ mean age was approximately 19 years. Because of 
this, participants’ early stress (< 13 years) was relatively close 
in temporal proximity to their recent stress (preceding year). 
it is possible that an early-recent stress mismatch could 
exhibit different associations in older participants. Fourth, 
although we observed no moderations by sex, we may have 
observed such moderations if our sample had been larger. 
our data cannot address these possibilities, so we do not 
claim that the associations that we observed would not differ 
by age, sex, race, or other factors in other samples. Fifth, we 
did not assess physiological stress indices, which may have 
helped to elucidate mechanisms or provided other insights 
into the patterns that we observed. Finally, as this study col-
lected data from a college student sample, this study included 
a Western, Educated, industrialized, Rich, and democratic 
(WEiRd) sample, and future research should determine 
whether these results replicate in a non-WEiRd sample. 
nonetheless, participants’ race/ethnicity were similar to other 
studies using the university’s psychology participant pool 

(e.g. Shields et  al., 2024), and to the Fayetteville, arkansas 
data currently on census.gov.

Conclusion

although cumulative stress exposure is detrimental in many 
ways, recent work has highlighted the importance of a mis-
match between early and recent stress exposure in predicting 
specific outcomes. previously, however, no work had exam-
ined this mismatch in relation to cognitive function. in this 
study, we found that a greater degree of mismatch between 
early and recent stress exposure predicted better response 
inhibition, but this mismatch was not associated with cogni-
tive inhibition. these findings suggest that stressor mismatch 
may be associated with generally improved motor-related 
executive control, which may help to navigate generally 
unpredictable environments by reducing the extent to which 
habitual actions govern behavior.

Notes

 1. See Supplemental material for all of the following analyses with 
these two sets of exclusion criteria; all results were consistent with 
the following results.

 2. this association did not differ by sex, p = .070, and held when 
examining female participants alone, B = -.01, p < .001. Similarly, 
age did not moderate this association, p = .791.
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