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Objective: To test in a laboratory setting the hypothesis that the most problematic daily outcomes should be particular to individuals
displaying higher cortisol reactivity and deficits in executive functioning as assessed in a task-switching paradigm. Methods:
Thirty-eight volunteers completed a comprehensive assessment protocol. Individual differences in cortisol reactivity were quan-
tified in an initial laboratory session involving a social stress speech task. Subsequently, individual differences in task-switching
costs in a cognitive paradigm were assessed in a second session. Participants then reported on four problematic outcomes—error
reactivity; worry; core aspects of negative emotionality; and aggression behavior frequency—for 15 consecutive days. Results:
Levels of cortisol reactivity did not predict task-switching costs. Instead, and as hypothesized, individual differences in cortisol
reactivity and task-switching costs interacted to predict the problematic daily outcomes. The highest levels of such problematic
outcomes were particular to high cortisol reactors also exhibiting greater task-switching costs. Conclusions: The findings support
the dual vulnerability model proposed and are discussed from temperamental, health risk, and daily outcome perspectives. These
findings indicate that cortisol is a risk factor, particularly when combined with deficiencies in task-switching. Key words: cortisol
reactivity, executive function, task switching, daily outcomes.

MLM � multilevel modeling; RT � reaction time.

INTRODUCTION

Our investigation borrows from what seems to be a par-
ticularly generative view of psychopathology among

children and adolescents. Even very young infants differ in
their stress reactivity (1). Stress-reactive infants and children,
in turn, are unfortunately prone to many adverse outcomes
later in life (2), including those of a health-related nature (3).
However, the childhood temperament literature (4,5) suggested
that such problematic outcomes may be particular to stress-
reactive individuals who are not able to regulate their reactivity
due to poor executive skills—termed “low effortful control” in
this literature. Support for variants of this interactive risk model
has recently been found in studies of internalizing and external-
izing problems (6), biases to attend to threatening information
(7,8), and extensions of the model have also proven effective in
predicting alcohol and cannabis use (9,10).

In this literature, stress reactivity is typically assessed in
terms of self- or parent-report, rather than in physiological
terms, and effortful control is typically assessed similarly.
Such reports are subjective, and there are concerns as to
whether such subjective reports best tap the mechanisms of
interest to psychosomatic researchers (11) or treatment pro-
viders (12,13). Pertinent to our investigation, self-reports of
stress reactivity often fail to converge with biological assess-
ments of stress reactivity (14). In addition, self-reported per-
sonality variables are notoriously insensitive to therapeutic
change (15). Accordingly, a main goal of the present research
was to objectively measure stress reactivity and poor execu-
tive skills among the same individuals and then to determine

whether individuals displaying such dual vulnerabilities—i.e.,
high stress reactivity plus poor executive skills—might be
most prone to a diverse array of problems in everyday living.

Stress reactivity can be assessed objectively in terms of
changes in salivary cortisol levels after a stressor, most often
in the context of variations of the Trier Social Stress Test (16).
Stress reactivity of this type is thought be a major potential
explanatory mechanism in understanding disease risks of mul-
tiple types (17). This literature has tended to focus on factors
that exacerbate (social-evaluative conditions) (18) or mitigate
(social support) (19) stressor reactivity in the laboratory, but it
is also apparent that individuals differ dramatically in terms of
such physiological stress reactions when eliciting conditions
are held constant (20). In the latter connection, higher levels of
cortisol reactivity have been linked to multiple problematic
outcomes, such as self-reported stress (21), lower resilience
(22), insecure attachment styles (23), depression (24), and
overeating when stressed (25). Many of these findings fit with
McEwen’s (26) suggestion that unnecessary cortisol reactivity
is a major biological risk factor for poor physical and mental
health.

Self-regulatory deficits can be assessed objectively in terms
of poor performance on cognitive tasks requiring executive
functioning (27). Such tasks typically have two condi-
tions—an easy condition in which automatic habits of mind
are sufficient and a difficult condition in which such automatic
habits of mind must be overridden (28). Executive processing
deficits are then defined in terms of especially slow reaction
times (RTs) exhibited in such difficult (relative to easy) task
conditions (29). Extensive sources of data have shown that RT
costs in such tasks are especially high among frontal-lobe
damaged individuals (30) and are pronounced among old-aged
individuals, whose brains encounter significant frontal-lobe
shrinkage (31). Of more importance, poor performance in
such tasks, even among younger individuals, has been shown
to predict attention-deficit/hyperactivity disorder-like symp-
toms (32), behavioral problems (33), and tendencies toward
aggressive behavior (34). In the present investigation, poor
executive function is assessed in terms of task-switching costs,
following the recommendations of prominent cognitive re-
searchers (35).
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In accordance with dual-vulnerability considerations, we
hypothesized that high levels of cortisol reactivity to a labo-
ratory stress task in combination with pronounced task-
switching costs would be particularly problematic. Cortisol
reactivity and task-switching costs were assessed in different
sessions to guard against order-of-measurement effects (36).
Following such independent assessments, we assessed prob-
lematic outcomes in a daily experience-sampling protocol,
procedures thought to capture “life as it is lived” (37) at the
same time minimizing retrospective biases (38). Multiple
problematic, although decidedly “proximal,” health-rele-
vant daily outcomes were assessed— error reactivity,
worry, negative emotionality, and aggression. Respec-
tively, these outcomes can be viewed in terms of cognition
(error reactivity and worry), emotion (negatively emotion-
ality), and behavior (aggression), thereby representing a
broad conceptual range. The outcomes are likely to overlap,
and convergence across them should be viewed in terms of
what is shared among them—problems in daily living—
rather than what is unique to each outcome measure.

METHODS
Participants
Forty-two (n � 20 females) North Dakota State University undergradu-

ates completed a laboratory stress task and provided usable cortisol samples
at both baseline and post-stressor time points. All 42 of these individuals
provided usable data during the cognitive assessment portion of the study, but
four of them were deleted for completing �55% of the daily surveys in the
experience-sampling protocol. Analyses are, therefore, based on the 38 par-
ticipants for whom complete data sets were available.

General Procedures
Participants initially completed a laboratory stressor assessment under the

guidance of Dr. Hilmert (December 2006–April 2007). They received course
credit for this portion of the study. Several weeks after the conclusion of the
initial assessment, participants were recruited to Dr. Robinson’s laboratory to
complete a cognitive assessment, during which time deficits in task-switching
abilities were measured (April 2007). After this second assessment, partici-
pants were asked to complete a 15-day Internet-based experience-sampling
protocol (April 2007–May 2007). They received monetary compensation ($30
for full compliance) for these second and third portions of the study.

The study protocol was approved by our Institutional Review Board.

Individual Differences in Cortisol Reactivity
Laboratory Stressor Task
Participants initially volunteered for a study described as involving physio-

logical responses to challenge. To control for diurnal variation in cortisol levels,
all sessions were conducted between 1 PM and 5 PM. After arriving at the
laboratory, informed consent was obtained. Subsequently, participants were fitted
with electrodes for electrocardiogram assessment and a blood pressure cuff. Such
measurements were not of interest to the present report and will be reported at a
later time. After electrode placement, a 10-minute resting baseline ensued, during
which time the participants were encouraged to relax.

After the 10-minute baseline, participants were informed that they would
be asked to give a 5-minute speech on the topic of euthanasia to an under-
graduate audience member (39). They were given 5 minutes to prepare their
speech immediately before giving it. Participants were told to stand up while
giving the speech and to be as convincing as possible in supporting a
particular position (pro or con) on euthanasia.

To enhance the social-evaluative nature of this stressor task, several
advocated procedures were used (16). An audience member was present
during the speech. The audience member was described as a fellow under-

graduate volunteer, but was actually a research confederate. This confederate
was seated directly in front of the participant and was instructed to make
extensive notes during the speech while expressing disapproving facial ex-
pressions and/or evaluative comments approximately every 30 seconds. In
addition, the experimenter stood behind the participant’s left shoulder during
the speech. Finally, a prominent video camera was pointed at the participant
during the speech, and it was stated that the speech would be evaluated by
communication experts and professors at a later time.

Subsequent to the speech, participants were again told to relax. The video
camera was pointed at the ceiling, the research confederate left the room, the
participant was seated again, and a series of relatively mundane tasks were
administered. The laboratory stressor was, thus, a discrete occurrence relative
to the less stressful tasks occurring before and after it.

Cortisol Measurement
A Salivette (Sarstedt, Numbrecht, Germany) collection device was used

for each of two salivary cortisol measurements. For each, participants chewed
on the Salivette cotton dental roll for 3 minutes before replacing the dental roll
back in the collection device. Samples were placed in a freezer (�20°C)
immediately after the relevant participant-specific laboratory session. Salivary
samples were sent to Salimetrics, LLC (State College, Pennsylvania). Cortisol
levels were assayed from 25-�L samples, using the HS-cortisol High Sensi-
tivity Salivary Cortisol Immunoassay Kit (Salimetrics, LLC, State College,
Pennsylvania). Assays were performed in duplicate, and analyses were done
using the average of these assay results (�g/dL).

The baseline measure assessed cortisol levels 10 minutes into the protocol,
after a resting period. Studies (18) have shown that salivary cortisol levels
associated with acute stress peak 21 minutes to 40 minutes after the onset of
the stressor. Accordingly, a post-stressor cortisol measure was obtained 35
minutes after the speech task began. Baseline and post-stressor assessments of
cortisol were not significantly correlated, although there was some degree of
overlapping variance, r � .17, p � .30. To remove the modest overlapping
variance observed, residual reactivity scores for post-stressor cortisol levels
were computed such that they were necessarily uncorrelated with baseline
levels of cortisol. Irrespective of individual differences, there was an increase
in cortisol levels from baseline to post stressor, but one that was not signif-
icant, F � 1. In addition, such changes did not vary by sex, F � 1.

Individual Differences in Task-Switching Costs
Task
In task-switching paradigms, the interest is in the extent to which pro-

cessing speed is slowed by requiring a switch (versus repeat) of a prior
processing rule on the previous trial (29). There are two typical procedures
used to examine such task-switching costs: one involves predictable trial-to-
trial switches and the other involves unpredictable trial-to-trial switches.
Altmann (40) reviewed relevant sources of data and suggested that unpredictable
switches are more likely to tap the executive functions of interest. Accordingly,
we used a paradigm of the latter type in the present investigation.

We modeled our cognitive task after that of Meiran, Chorev, and Sapir
(41). Participants were asked to categorize simple numeric stimuli (1, 2, 3, 4,
6, 7, 8, and 9) according to one of two processing rules. Such stimuli were
presented in one of two clearly outlined boxes. Participants were asked to
categorize stimuli as odd (f key) versus even (j key) if presented in the higher
of the two boxes, but to categorize stimuli as �5 (f key) versus �5 (j key) if
presented in the lower of the two boxes.

Stimuli were randomly selected and randomly assigned to one of the two
boxes. Thus, there was no predictability concerning the trial-specific stimulus,
which box it would be presented in, and the stimulus-processing rules would
produce orthogonal responses (e.g., if the digit “2” was presented, an f key
response would be required if it was presented within the higher box, but a j
key response would be required if it was presented within the lower box).
When stimuli are presented in randomized locations, spatial attention pro-
cesses contribute to performance, although such effects are typically as small
as 15 milliseconds (42). Nevertheless, to reduce such spatial scanning con-
tributions to performance, we presented a prominent arrow before each trial
stimulus at least 300 milliseconds preceding it. Thus, the presented arrow
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would guide spatial attention in a manner that reduces such spatial contribu-
tions to performance. Therefore, task-switching costs of the type assessed can
be primarily understood in terms of difficulties in overriding a prior task-set
in favor of the current task-set (41).

To preclude possible speed-accuracy tradeoffs (43), a substantial 1200-
millisecond error message was presented after inaccurate responses. Such
procedures should produce a high accuracy rate and, therefore, render RTs the
more sensitive measure. The task administered 160 consecutive trials.

Quantification
We heavily penalized errors and, thus, accuracy rates in the task should be

very high. This proved to be the case, mean � 96.43%. In quantifying RT,
several routine procedures were used (44). We deleted inaccurate responses,
log-transformed millisecond RT values to reduce positive skew, and then
replaced log latencies that were especially fast (�2.5 standard deviation [SD]
below the mean) or slow (�2.5 SD above the mean) with such 2.5 SD cutoff
scores. By such procedures, all accurate responses contributed to the compu-
tation of task-switching costs, but in a manner that reduced the undue impact
of especially fast or slow responses (44).

Such transformed log-latency means were then quantified as a function of
whether the same versus a switched response-mapping rule was required
across consecutive trials (41). As is typically observed, there was a large
normative switching cost, such that responses were quite a bit faster if the
previous response mapping was repeated (mean � 751 ms) relative to
switched (mean � 853 ms), F(1,37) � 162, p � .01. Of interest, though, was
whether individual differences in task-switching costs would predict daily
functioning. To examine this question, we computed a task-switching cost for
each participant by subtracting the individual’s log latency mean within the
repeated condition from the individual’s log latency mean within the switched
condition. Higher scores, thus, reflect higher task-switching costs.

We also sought to estimate the reliability of individual differences in
task-switching costs. To do this, one task-switching cost estimate was com-
puted for odd target trials, and another was computed for even target trials.
These two independent estimates were correlated at r � .73, p � .01,
indicating a high degree of reliability.

Daily Outcome Measures
Procedures
The hypothesis of our dual-vulnerability model was that the most prob-

lematic outcomes should be observed among individuals a) who are high in
cortisol reactivity and b) who exhibit large task-switching costs. To examine
predictions from this model, we designed an experience-sampling protocol.
For each of 15 consecutive days, individuals were asked to report on four
outcomes reflective of problematic reactivity and functioning.

E-mails were sent each morning to remind study participants to complete
the relevant survey later in the day. They did so each evening (after 8 PM) by
logging into a secure Web site and completing the relevant daily survey.
Surveys were removed at 9 AM the next day to minimize retrospective biases.
We deleted the data of four participants who completed �55% of the daily
reports. Among the remaining group of participants, compliance with the
protocol was excellent, as the average participant completed 13.2 of the 15
surveys (mean � 88%; minimum number � 9 of 15).

Daily Outcomes
Broadbent et al. (45) suggested that stress reactivity renders individuals

more prone to errors in everyday life. In addition, a brain region—the anterior
cingulate cortex—that exhibits reactivity to errors has been implicated in
disorders characterized by anxiety and worry (46). Accordingly, we first
sought to assess the extent to which individuals noticed and reacted to errors
on a daily basis. This daily error reactivity measure consisted of two items (“I
noticed little errors I was making today” and “I was annoyed by mistakes
today”) responded to along a 1 (strongly disagree) to 5 (strongly agree) scale
(mean � 2.68). The reliability of the scale, assessed across the 502 daily
reports, was reasonably high (� � 0.70).

Borkovec and Sharpless (47) reviewed several sources of data in support
of the idea that worry is stress reactive but is also likely to be facilitated to the

extent that cognitive control is weak (48). For example, higher levels of worry
can be linked to the construct of rumination—i.e., difficulties in “moving on”
after a problematic occurrence (49). Accordingly, we next sought to assess the
extent to which individuals exhibited higher levels of daily worry (“I worried
about a lot of things today” and “My worries interfered with other activities
today”; 1 � strongly disagree; 5 strongly agree). This daily measure, too,
exhibited reasonable levels of reliability (� � 0.71).

Individual differences in negative emotionality are marked by stress-
reactivity (3) and tendencies to be self-conscious and, in turn, criticize the self
(50). There are also some sources of data (51,52) to suggest that such relations
are particularly true of individuals exhibiting poor executive functioning.
Accordingly, the daily survey next sought to assess several core attributes of
negative emotionality (“criticized myself,” “felt overwhelmed,” and “worried
about something”). A frequency scale (0 � not a single time; 3 � more than
two times) was used. The � for this daily outcome scale was 0.71.

Wilkowski and Robinson (53) reviewed results consistent with the idea
that the highest levels of aggression (e.g., arguing) seem to reflect both higher
levels of emotional reactivity and lower levels of executive functioning.
Although relevant experience-sampling data have not been reported, it is
possible that cortisol reactivity may interact with task-switching costs to
predict such behaviors. Accordingly, we sought to assess aggressive behav-
iors of this type in the daily survey (“argued with someone,” “criticized
someone,” and “insulted someone”), again in relation to a 0 (not a single time)
to 3 (more than two times) response scale (� � 0.72).

Summary
We sought to understand the daily life correlates of cortisol reactivity and

task-switching costs. We hypothesized that both higher levels of cortisol
reactivity and higher task-switching costs would predict problematic daily
outcomes, but particularly so in an interactive manner. Four problematic daily
outcomes were selected on the basis of theoretical considerations, previous
studies, and their presumed sensitivity to emotional reactivity processes—
error reactivity, worry, daily negative emotionality, and aggressive behaviors.
Convergence across these daily problematic outcomes would be particularly
compelling.

RESULTS
Correlations Among Measures

The cortisol reactivity measure did not predict task-switching
costs, r � �.13, p � .40. These two individual difference
predictors, thus, assess different vulnerability factors. The daily
outcomes all converged on individual differences in purported
dysfunction, as all correlations were significantly positive, with
correlations ranging from r � .55 (error and aggression) to r �
.82 (error and worry), all p � .01. This was not unexpected, but
the outcomes were conceptually distinct; we, therefore, report
findings concerning each outcome separately.

Multilevel Modeling Results

On the outcome side, daily reports were nested, meaning that
they were particular to a given individual. Such data are best
analyzed by multilevel modeling (MLM) procedures (54). Anal-
ysis procedures of this type handle, in an unbiased manner,
different rates of compliance (55), partition between—versus
within—sources of variance appropriately (56), and are rec-
ommended in examining interactive hypotheses of the present
type (55). MLM procedures were, therefore, used to analyze
daily outcome patterns, specifically so in relation to Singer’s
(57) SAS PROC MIXED procedural recommendations.

Level 2 (individual difference) predictors of the daily out-
comes were cortisol reactivity and task-switching costs. These
were Z scored before analyses (54). Then, we performed four
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MLM analyses, one for each of the daily outcomes. Results
from these analyses are reported in Table 1. An important
result that emerged was that higher levels of cortisol reactivity
predicted higher levels of error reactivity, worry, daily nega-
tive emotionality, and aggressive behaviors with the other
variables controlled. Such results encourage future studies
seeking to link laboratory-assessed levels of cortisol reactivity
to daily outcomes of a problematic type. In addition, higher
task-switching costs significantly predicted higher levels of
aggressive behavior, a result that comports with executive
processing views of aggression (34,53).

Of more importance, there was robust evidence for an

interactive relationship between the individual difference pre-
dictors. Specifically, as shown in Table 1, cortisol reactivity
and task-switching costs interacted significantly to predict
error reactivity, worry, daily negative emotionality, and daily
aggressive behaviors. Such interactions remained significant
when controlling for participant sex, all p � .05. To better
understand the nature of the interactions, we estimated means
for each outcome as a function of low (�1 SD) versus high
(�1 SD) levels of cortisol reactivity in combination with low
(�1 SD) versus high (�1 SD) levels of task-switching costs
(58). These estimated means are displayed in Figure 1.

Simple Slopes Results

The graphs shown in Figure 1 support our dual-vulnerabil-
ity model in that cortisol reactivity appeared problematic
particularly among individuals with high task-switching costs.
Simple slopes analyses (58) sought to support this interpreta-
tion of the results. When task-switching costs were high (�1
SD), cortisol reactivity predicted greater error reactivity (t �
2.64, p � .05, b � 0.78), greater levels of worry (t � 2.58, p �
.05, b � 0.77), higher levels of daily negative emotionality
(t � 3.32, p � .01, b � 0.72), and more frequent aggressive
behaviors (t � 2.54, p � .05, b � 0.62). Such results indicate
that cortisol reactivity is problematic among individuals ex-
hibiting poor executive functioning.

On the other hand, a very different picture emerged in a
second set of simple slopes analyses. When task-switching

Figure 1. Interactions of cortisol reactivity and task-switching costs in the prediction of error reactivity (top left panel), worry (top right panel), negative
emotionality (bottom left panel), and aggressive behavior (bottom right panel).

TABLE 1. Multilevel Results

Cortisol
Reactivity

Switching
Costs

Interaction

t b t b t b

Daily error
reactivity

2.37* 0.33 1.17 0.14 2.28* 0.45

Daily worry 2.43* 0.34 1.17 0.14 2.16* 0.43
Daily negative

emotionality
2.64* 0.27 1.33 0.12 3.11* 0.46

Daily aggressive
behaviors

2.44* 0.28 2.12* 0.21 2.09* 0.34

* p�.05.
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costs were low (�1 SD), cortisol reactivity did not predict
error reactivity (t � 0.74, p � .45, b � 0.13), worry (t � 0.55,
p � .55, b � �0.10), daily negative emotionality (t � �1.48,
p � .10, b � 0.19), or more frequently exhibited aggressive
behaviors (t � �0.47, p � .60, b � �0.07). The results, thus,
support the idea that the combination of high cortisol reactiv-
ity and high task-switching costs is particularly problematic to
daily functioning.

DISCUSSION
Cortisol reactivity and task-switching costs are best as-

sessed under controlled laboratory conditions. Variations in
such conditions have resulted in an impressive understanding
of psychological and methodological factors that influence the
magnitude of cortisol reactivity to stressors (18), as well as the
magnitude of task-switching costs (35). At the same time,
broader theorizing has suggested that individual differences in
cortisol reactivity (17), on the one hand, and cognitive inflex-
ibility (28), on the other hand, should be of value in under-
standing individual differences in dysfunction outside of the
laboratory.

We sought to capitalize on such potential insights by a)
assessing cortisol reactivity to a laboratory stress task; b)
assessing difficulties in task-switching in a subsequent labo-
ratory session; and c) using a daily experience-sampling pro-
tocol to bridge the lab-to-life interface (59), all among the
same individuals. The results were informative: The most
problematic daily outcomes occurred to the extent that the
individual was higher in cortisol reactivity and lower in ex-
ecutive functioning (i.e., higher in task-switching costs). Such
results are consistent with interactive models of temperament
(4,5,60) and our dual-vulnerability predictions. They are dis-
cussed in relation to additional questions, implications, and
future directions.

The frontal cortex is rich in receptors for cortisol and this
has led to a search for relationships between cortisol release
and tasks sensitive to frontal or executive functioning (61).
Oei and colleagues (62) found that high levels of cortisol
impaired working memory performance in a high-load condi-
tion, but not in a low-load condition. McCormick and col-
leagues (63) found that higher levels of cortisol led to more
errors in the Wisconsin Card Sorting Test of executive func-
tioning among women, but fewer such errors among men.
Other findings could be cited, some linking cortisol reactivity
to better—rather than worse—executive cognitive perfor-
mance (64). It is difficult to make sense of this literature, other
than to suggest that relationships between cortisol reactivity
and executive functions are complex, subtle, and as yet not
well understood (65). Given the complications of this litera-
ture, it was not surprising that there was no correlation be-
tween cortisol reactivity and task-switching costs in the pres-
ent investigation.

Higher levels of cortisol reactivity are generally viewed as
pathogenic and our findings, in part, support this idea. In an
MLM model, we found that individuals exhibiting greater
cortisol reactivity to our laboratory stressor task were more

concerned with errors, more worried, higher in negative emo-
tionality, and more aggressive in their everyday lives. Such
results support the idea that individual differences in cortisol
reactivity can be viewed in terms of threat appraisals (66) or
stress-reactivity processes (16,17). In future studies of the present
type, however, it would be useful to assess threat appraisals (67)
and stress-reactivity processes (68) more directly than we did in
the present experience-sampling protocol.

Importantly so, however, problematic daily outcomes were
specific to cortisol reactive individuals exhibiting greater def-
icits in task-switching. This dual-vulnerability model should
be extended to other outcomes that have been implicated in
the cortisol reactivity literature, such as insecure attachment
styles (23), depression (24), and overeating when stressed
(25). If our model and its assumptions are more generally
correct, these outcomes too should be particular to individuals
who are cortisol-reactive and undercontrolled in executive
processing terms.

Caveats and Final Considerations

The sample size was fairly small, but the research protocol
was extensive. In addition, the daily outcome measures were
assessed repeatedly, and doing so presumably increases their
reliability and sensitivity to individual differences (69). In any
case, the results were significant and robust. Thus, the inter-
actions observed here can be considered fairly pronounced in
effect size (� for the interactions ranged from 0.38 to 0.55)
and consequential for this reason.

Individuals exhibit heterogeneous changes in cortisol levels
in response to laboratory stress tasks (24), even under condi-
tions in which there is no normative (mean) increase in sali-
vary cortisol among the sample as a whole (20). This was the
case in the present investigation and, accordingly, some of our
sample actually exhibited cortisol decreases after the labora-
tory stressor. Why some individuals display decreases in cor-
tisol release following laboratory stressors remains a relatively
unexplored phenomenon, but a recent study (70) found that
such decreases were associated positively with experienced
fear during the baseline (pre-stressor) period. Such findings,
although interesting, cannot account for the present findings as
higher levels of cortisol reactivity predicted daily outcomes
consistent with both fear (e.g., negative emotionality) and
anger (behavioral aggression). Thus, our findings are more
consistent with the idea that higher levels of cortisol reactivity
reflect a general, rather than emotion-specific, propensity to-
ward outcomes of a negative emotional type (65).

REFERENCES
1. Izard CE. Emotions as motivations: an evolutionary-developmental per-

spective. Nebr Symp Motiv 1978;26:163–200.
2. Caspi A, Roberts BW, Shiner RL. Personality development: stability and

change. Annu Rev Psychol 2005;56:453–84.
3. Lahey B. Public health significance of neuroticism. Am Psychol 2009;

64:241–56.
4. Eisenberg N, Fabes RA, Guthrie IK, Reiser M. Dispositional emotionality

and regulation: their role in predicting quality of social functioning. J Pers
Soc Psychol 2000;78:136–57.

5. Kochanska G, Knaack A. Effortful control as a personality characteristic

M. D. ROBINSON et al.

254 Psychosomatic Medicine 73:250–256 (2011)



of young children: antecedents, correlates, and consequences. J Pers
2003;71:1087–112.

6. Oldehinkel AJ, Hartman CA, Ferdinand RF, Verhulst FC, Ormel J.
Effortful control as a modifier of the association between negative emo-
tionality and adolescents’ mental health problems. Dev Psychopathol
2007;19:523–39.

7. Helzer EG, Connor-Smith JK, Reed MA. Traits, states, and attentional
gates: temperament and threat relevance as predictors of attentional bias
to social threat. Anxiety Stress Coping 2009;22:57–76.

8. Lonigan CJ, Vasey MW. Negative affectively, effortful control, and
attention to threat-relevant stimuli. J Abnorm Child Psychol 2009;37:
387–99.

9. Creemers HE, Dijkstra JK, Vollebergh WAM, Ormel J, Verhulst FC,
Huizink AC. Predicting life-time and regular cannabis use during
adolescents; the roles of temperament and peer substance use: the
TRAILS study. Addiction 2010;105:699–708.

10. Willem L, Bijttebier P, Claes L. Reactive and self-regulatory tempera-
ment dimensions in relation to alcohol use in adolescence. Addict Behav
2010;35:1029–35.

11. Ormel J, Rosmalen J, Farmer A. Neuroticism: a non-informative marker
of vulnerability to psychopathology. Soc Psychiatry Psychiatr Epidemiol
2004;39:906–12.

12. Barsky AJ. The validity of bodily symptoms in medical outpatients. In:
Stone AA, Turkkan JS, Bachrach CA, Jobe JB, Kurtzman HS, Cain VS,
editors. The Science of Self-Report: Implications for Research and Prac-
tice. Mahwah, NJ: Lawrence Erlbaum Associates; 2000.

13. Rand CS. “I took the medicine like you told me, doctor”: self-report of
adherence with medical regimens. In: Stone AA, Turkkan JS, Bachrach
CA, Jobe JB, Kurtzman HS, Cain VS, editors. The Science of Self-
Report: Implications for Research and Practice. Mahwah, NJ: Lawrence
Erlbaum Associates; 2000.

14. Pennebaker JW. Psychological factors influencing the reporting of phys-
iological symptoms. In: Stone AA, Turkkan JS, Bachrach CA, Jobe JB,
Kurtzman HS, Cain VS, editors. The Science of Self-Report: Implications
for Research and Practice. Mahwah, NJ: Lawrence Erlbaum Associates;
2000.

15. Widiger TA, Verheul R, van den Brink W. Personality and psychopa-
thology. In: Pervin LA, John OP editors. Handbook of Personality:
Theory and Research. 2nd ed. New York: Guilford Press; 1999.

16. Kirschbaum C, Pirke K-M, Hellhammer DH. The ‘Trier Social Stress
Test’: a tool for investigating psychobiological stress responses in a
laboratory setting. Neuropsychobiology 1993;28:76–81.

17. Kirschbaum C, Hellhammer, DH. Salivary cortisol in psychoneuroendo-
crine research: recent developments and applications. Psychoneuroendo-
crinology 1994;19:313–33.

18. Dickerson S, Kemeny M. Acute stressors and cortisol responses: a
theoretical integration and synthesis of laboratory research. Psychol Bull
2004;130:355–91.

19. Heinrichs M, Baumgartner T, Kirschbaum C, Ehlert U. Social support
and oxytocin interact to suppress cortisol and subjective responses to
psychosocial stress. Biol Psychiatry 2003;54:1389–98.

20. Roy MP. Patterns of cortisol reactivity to laboratory stress. Horm Behav
2004;46:618–27.

21. Pruessner, JC, Hellhammer DH, Kirschbaum C. Burnout, perceived
stress, and cortisol responses to awakening. Psychosom Med 1999;61:
197–204.

22. Mikolajczak M, Roy E, Luminet O, De Timary P. Resilience and hypo-
thalamic-pituitary-adrenal axis reactivity under acute stress in young
men. Stress 2008;11:477–82.

23. Powers SI, Pietromonaco PR, Gunlicks M, Sayer A. Dating couples’
attachment styles and patterns of cortisol reactivity and recovery in
response to a relationship conflict. J Pers Soc Psychol 2006;90:613–28.

24. Susman EJ, Dorn LD, Inoff-Germain G, Nottelmann ED, Chrousos GP.
Cortisol reactivity, distress behavior, and behavioral and psychological
problems in young adolescents: a longitudinal perspective. J Res Adolesc
1997;7:81–105.

25. Newman E, O’Connor D, Conner M. Daily hassles and eating behaviour:
the role of cortisol reactivity status. Psychoneuroendocrinology 2007;32:
125–32.

26. McEwen BS. Seminars in medicine of the Beth Israel Deaconess Medical
Center: protective and damaging effects of stress mediators. N Engl
J Med 1998;338:171–9.

27. Robinson MD, Schmeichel B, Inzlicht, M. A cognitive control perspec-

tive of self-control strength and its depletion. Soc Personal Psychol
Compass 2010;4:189–200.

28. Miller E, Cohen J. An integrative theory of prefrontal cortex function.
Annu Rev Neurosci 2001;24:167–202.

29. Miyake A, Friedman N, Emerson M, Witzki A, Howerter A. The unity
and diversity of executive functions and their contributions to complex
‘frontal lobe’ tasks: a latent variable analysis. Cogn Psychol 2000;41:
49–100.

30. Rabbitt PMA, Lowe C, Shilling V. Frontal tests and models for cognitive
ageing. Eur J Cogn Psychol 2001;13:5–28.

31. Phillips LH, Henry JD. Adult aging and executive functioning. In: An-
derson V, Jacobs R, Anderson PJ, editors. Executive Functions and the
Frontal Lobes: A Lifespan Perspective. Philadelphia: Taylor & Francis;
2008.

32. Friedman NP, Haberstick BC, Willcutt EG, Miyake A, Young SE, Corley
RP, Hewitt JK. Greater attention problems during childhood predict
poorer executive functioning in late adolescence. Psychol Sci 2007;18:
893–900.

33. Nigg, JT. On inhibition/disinhibition in developmental psychopathology:
views from cognitive and personality psychology and a working inhibi-
tion taxonomy. Psychol Bull 2000;126:220–46.

34. Morgan A, Lilienfeld S. A meta-analytic review of the relation between
antisocial behavior and neuropsychological measures of executive func-
tion. Clin Psychol Rev 2000;20:113–56.

35. Altmann E, Gray W. An integrated model of cognitive control in task
switching. Psychol Rev 2008;115:602–39.

36. Robinson MD, Neighbors C. Catching the mind in action: Implicit
methods in personality research and assessment. In: Eid M, Diener E,
editors. Handbook of Multimethod Measurement in Psychology. Wash-
ington, DC: American Psychological Association; 2006.

37. Bolger N, Davis A, Rafaeli E. Diary methods: capturing life as it is lived.
Annu Rev Psychol 2003;54:579–616.

38. Tennen H, Affleck G, Armeli S, Carney M. A daily process approach to
coping: linking theory, research, and practice. Am Psychol 2000;55:
626–36.

39. Glynn L, Christenfeld N, Gerin W. Gender, social support, and cardio-
vascular responses to stress. Psychosom Med 1999;61:234–42.

40. Altmann E. Comparing switch costs: alternating runs and explicit cuing.
J Exp Psychol Learn Mem Cogn 2007;33:475–83.

41. Meiran N, Chorev Z, Sapir A. Component processes in task switching.
Cogn Psychol 2000;41:211–53.

42. Pashler H. The Psychology of Attention. Cambridge, MA: The MIT
Press; 1998.

43. Sanders A. Elements of Human Performance: Reaction Processes and
Attention in Human Skill. Mahwah, NJ: Lawrence Erlbaum Associates;
1998.

44. Robinson MD. Lives lived in milliseconds: using cognitive methods in
personality research. In: Robins R, Fraley R, Krueger R, editors. Hand-
book of Research Methods in Personality Psychology. New York: Guil-
ford Press; 2007.

45. Broadbent D, Cooper P, FitzGerald P, Parkes K. The Cognitive Failures
Questionnaire (CFQ) and its correlates. Br J Clin Psychol 1982;21:1–16.

46. Gehring W, Knight RT. Prefrontal-cingulate interactions in action mon-
itoring. Nat Neurosci 2000;3:516–20.

47. Borkovec T, Sharpless B. Generalized anxiety disorder: Bringing cogni-
tive-behavioral therapy into the valued present. In: Hayes S, Follette V,
Linehan M, editors. Mindfulness and Acceptance: Expanding the Cog-
nitive-Behavioral Tradition. New York: Guilford Press; 2004.

48. Clark D. Intrusive Thoughts in Clinical Disorders: Theory, Research, and
Treatment. New York: Guilford Press; 2005.

49. Siegle G, Moore P, Thase M. Rumination: one construct, many features
in healthy individuals, depressed individuals, and individuals with lupus.
Cognit Ther Res 2004;28:645–68.

50. Watson D, Clark L. Negative affectivity: the disposition to experience
aversive emotional states. Psychol Bull 1984;96:465–90.

51. Robinson MD, Goetz M, Wilkowski B, Hoffman S. Driven to tears or to
joy: response dominance and trait-based predictions. Pers Soc Psychol
Bull 2006;32:629–40.

52. Robinson MD, Ode S, Wilkowski B, Amodio D. Neurotic contentment:
a self-regulation view of neuroticism-linked distress. Emotion 2007;7:
579–91.

53. Wilkowski B, Robinson MD. The cognitive basis of trait anger and
reactive aggression: an integrative analysis. Pers Soc Psychol Rev 2008;
12:3–21.

DUAL VULNERABILITY MODEL

255Psychosomatic Medicine 73:250–256 (2011)



54. Tabachnik B, Fidell L. Using Multivariate Statistics. 5th ed. Boston: MA
Allyn & Bacon/Person Education; 2007.

55. Nezlek J. An introduction to multilevel modeling for social and person-
ality psychology. Soc Personal Psychol Compass 2008;2:842–60.

56. Fleeson W. Studying personality processes: explaining change in be-
tween-persons longitudinal and within-person multilevel models. In:
Robins R, Fraley R, Krueger R, editors. Handbook of Research Methods
in Personality Psychology. New York: Guilford Press; 2007.

57. Singer J. Using SAS PROC MIXED to fit multilevel models, hierarchical
models, and individual growth models. J Educ Behav Stat 1998;23:
323–55.

58. Aiken L, West S. Multiple Regression: Testing and Interpreting Interac-
tions. Thousand Oaks, CA: Sage Publications; 1991.

59. Schwartz A, Gerin W, Davidson K, Pickering T, Brosschot J, Thayer J,
Christenfeld N, Linden W. Toward a causal model of cardiovascular
responses to stress and the development of cardiovascular disease. Psy-
chosom Med 2003;65:22–35.

60. Rothbart MK, Ahadi SA, Evans DE. Temperament and personality:
origins and outcomes. J Pers Soc Psychol 2000;78:122–35.

61. Lupien SJ, Lepage M. Stress, memory, and the hippocampus: can’t live
with it, can’t live without it. Behav Brain Res 2001;127:137–58.

62. Oei NYL, Everaerd WTAM, Elzinga BM, Van Well S, Bermond B.

Psychosocial stress impairs working memory at high loads: an association
with cortisol levels and memory retrieval. Stress 2006;9:133–41.

63. McCormick CM, Lewis E, Somley B, Kahan TA. Individual differences
in cortisol levels and performance on a test of executive function in men
and women. Physiol Behav 2007;91:87–94.

64. Blair C, Granger D, Razza RP. Cortisol reactivity is positively related to
executive function in preschool children attending Head Start. Child Dev
2005;76:554–67.

65. McEwen B, Lasley E. The End of Stress as We Know It. Washington,
DC: Joseph Henry Press; 2002.

66. Fox E, Cahill S, Zougkou K. Preconscious processing biases predict
emotional reactivity to stress. Biol Psychiatry 2010;67:371–77.

67. Robinson MD, Meier BP, Tamir M, Wilkowski BM, Ode S. Behavioral
facilitation: a cognitive model of individual differences in approach
motivation. Emotion 2009;9:70–82.

68. Compton RJ, Robinson MD, Ode S, Quandt LC, Fineman SL, Carp J.
Error-monitoring ability predicts daily stress regulation. Psychol Sci
2008;19:702–8.

69. Epstein S. Aggregation and beyond: some basic issues on the prediction
of behavior. J Pers 1983;51:360–92.

70. Moons WG, Eisenberger NI, Taylor SE. Anger and fear responses to
stress have different biological profiles. Brain Behav Immun 2010;24:
215–19.

M. D. ROBINSON et al.

256 Psychosomatic Medicine 73:250–256 (2011)


