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Objective: Patients with a diagnosis of
schizophrenia display cognitive impairments and abnormal sensitivity to stress.
However, little is known about the relationship between these two endophenotypes.
Method: Neuropsychological tests were
administered to 42 patients with schizophrenia or other psychosis to assess cognitive functioning, and the experience
sampling method (a structured diary technique assessing current context and mood
in daily life) was used to assess 1) appraised subjective stress related to daily
events and activities and 2) emotional reaction to these daily life stressors.
Results: Multilevel random regression
analyses showed that in some instances,
cognitive functioning did not alter emo-

tional reaction to stress. In other instances,
an inverse relationship was found, indicating that a better performance on neuropsychological tests was related to greater
emotional reaction to stress.
Conclusions: The results indicate that
emotional reaction to stress in the daily
lives of patients with schizophrenia may
not be a consequence of cognitive impairments and that the two mechanisms may
act through different pathways. Such pathways may be related to the extremes of
clinical outcome that have been observed
in schizophrenia: an episodic, reactive,
good outcome and a more chronic form
characterized by high levels of negative
symptoms and cognitive impairments.
(Am J Psychiatry 2002; 159:443–449)

T

he focus in schizophrenia research has been extended from overt symptoms to more subtle impairments
that might constitute the underlying vulnerability for the
disorder. There has been a long-standing interest in cognitive impairments as the possible substrate of schizophrenia vulnerability (1–4). Schizophrenia has been called a
neurocognitive disorder (5), the true phenotype of which
may be “an impairment in the smooth coordination of
mental processes” or “cognitive dysmetria” (6, 7). Neuropsychological impairments are not merely neutral indicators of an underlying vulnerability but appear to contribute causally to course and outcome. For example,
cognitive impairments are associated with prognostically
unfavorable negative symptoms (8, 9), and several studies
have provided evidence that cognitive impairments independently predict functional outcome (10, 11).
The precise mechanisms by which the statistical association between cognitive impairment and functional
outcome is mediated remain unknown. It is attractive to
speculate, however, that part of the association between
neuropsychological vulnerability and functional outcome
can be interpreted in terms of another dominant paradigm in schizophrenia research: the stress vulnerability
model. It has been reported that patients suffering from
schizophrenia are sensitive to life events (12, 13), daily
hassles (14, 15), and critical environments (16, 17), and patients report more subjective stress than comparison subjects when confronted with the same objective situation
Am J Psychiatry 159:3, March 2002

(17). The most parsimonious explanation linking findings
on neuropsychological impairment and sensitivity to
stress is to conceive of schizophrenia as the clinical manifestation of an impairment in higher brain functions that
are necessary for the successful adaptation to the stresses
of adult life. Thus, abnormal sensitivity to stress would lie
on the causal pathway between cognitive impairments and
the psychosis outcome. If this were true, one would expect
the level of neuropsychological impairments to affect reactivity to daily life stress in patients with schizophrenia. Alternatively, however, neuropsychological impairments and
sensitivity to stress may constitute independent or even
mutually exclusive mechanisms associated with different
clinical manifestations, along the lines first proposed by
Robins and Guze (18). Thus, sensitivity to stress may be associated with a more episodic type of illness and a predominance of positive symptoms, whereas neuropsychological
impairments may be associated with a more chronic illness involving high levels of negative symptoms.
In the present study, we used the experience sampling
method to investigate the possible association between
cognitive impairments and sensitivity to emotional stress
in patients with schizophrenia.

Method
Subjects
The initial study group consisted of 50 subjects with psychosis.
The selection criterion was a lifetime occurrence of psychotic
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symptoms, according to the Research Diagnostic Criteria, in clear
consciousness for at least 2 weeks. The inclusion criteria were
1) age 18 to 55 years, 2) sufficient command of the Dutch language, and 3) normal findings from a physical examination. The
exclusion criteria were 1) endocrine, cardiovascular, or brain disease, 2) use of alcohol in excess of five standard units per day,
3) weekly use of illicit drugs, 4) history of head injury with loss of
consciousness, and 5) need of inpatient care, intensive case management home care, or case management crisis intervention.
Written informed consent conforming to the guidelines of the local ethics committee was obtained from all subjects. The patients
were recruited through the inpatient and outpatient mental
health facilities in Maastricht, the Netherlands, and through patient associations in the southern part of the Netherlands.
All subjects were extensively screened before entering the
study. Structured interviews were conducted by a research assistant and a research psychologist (I.M.-G.). The Brief Psychiatric
Rating Scale (19) (kappa=0.77) and the Positive and Negative Syndrome Scale (20) (kappa=0.70) were used to map psychiatric
symptoms. Data from interviews and clinical records were used
to complete the Operational Criteria Checklist for Psychotic Illness, which was fed to the OPCRIT computer program, yielding
DSM-III-R diagnoses (21).

Neuropsychological Assessments
The neuropsychological assessment was directed at the following cognitive domains: episodic memory, semantic fluency, attentional span, and speed of complex information processing.
The Auditory Verbal Learning Task (22, 23, pp. 438–445) was used
to evaluate learning and retrieval of information in episodic
memory. In five consecutive trials, a list of 15 words has to be
memorized and reproduced. The measure used was the total
number of words recalled over the five trials. The backward digit
span from the Wechsler Adult Intelligence Scale—Revised (24)
was used as a measure of attentional span (23, pp. 357–368). The
relevant variable was the number of sequences that the subject
could repeat correctly. As measures of speed of information processing, we used the Stroop Color-Word Test (25) and the Concept
Shifting Test (26), which is a modified version of the Trail Making
Test (27). For both tests, the measure used was the interference
score, which is the difference between performance on the complex task and performance on the simple task. For the Stroop
Color-Word Test, this means the time needed for the subject to
name the print color while ignoring the word minus the time
needed for reading the color names. For the Concept Shifting
Test, the interference score is the time needed for the subject to
switch between numbers and letters minus the number-only
condition. Word fluency was used to evaluate strategy-driven retrieval from semantic memory. The subjects had to generate as
many animal names as possible in 1 minute (23, pp. 546–548).

Experience Sampling Method
Emotional reaction to stressors in daily life was measured with
the experience sampling method, a within-day self-assessment
technique. Previous applications of the experience sampling
method in schizophrenia (28–31) have demonstrated the feasibility, validity, and reliability of the method in this population. Each
subject received a digital wristwatch and a set of self-assessment
forms collated in a booklet for each day. Ten times a day on 6 consecutive days, the watch emitted a signal (beep) at unpredictable
moments between 7:30 a.m. and 10:30 p.m. After every beep, the
subject recorded his or her thoughts, current context (activity,
persons present, location), appraisals of the current situation,
and mood. All self-assessments were rated on 7-point Likert
scales.
The procedure was explained to the subjects during an initial
briefing session, and a practice form was completed to confirm
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that the subjects were able to understand the 7-point Likert scale
format. The subjects were instructed to complete each report immediately after the beep, thus minimizing memory distortion,
and to record the time at which they completed the form. During
the actual sampling period, research staff called each subject
twice to assess whether he or she was complying with the instructions. On the basis of the times the subjects indicated they completed the reports, all reports completed more than 15 minutes
after the signal were excluded from the analysis. Previous research (28) has shown that reports completed after this interval
are less reliable and consequently less valid. Subjects with fewer
than 20 valid reports were excluded from the analyses.

Assessment of Emotional Reaction to Stress
Emotional reaction to stress has been conceptualized as mood
reactivity to daily events and minor disturbances in daily life (15).
Both the mood measures and the stress measures in this study
were derived from the experience sampling reports.
Assessment of mood. The mood states reported after each
beep were assessed with 10 mood-related adjectives rated on 7point Likert scales (1=not at all, 7=very). Factor analyses (principal component analysis with Harris-Kaiser rotation) on the raw
within-subject scores identified two factors with eigenvalues
greater than 1 that explained 41% of the total variance. Two factor-based scales with equal weights for each item were created.
The items down, guilty, insecure, lonely, and anxious formed the
negative affect scale (Cronbach’s alpha=0.79). The items happy,
cheerful, relaxed, and satisfied formed the positive affect scale
(Cronbach’s alpha=0.89). The item angry had low loadings on
both factors and was excluded to enhance differentiation between the two factors.
Assessment of stress. Stress was conceptualized as subjective
appraised stressfulness of distinctive events and minor disturbances that continually happen in the natural flow of daily life.
These were classified as event-related stress and activity-related
stress. To determine event-related stress, after each beep the subject was asked to report the most important event that had happened between the current and previous reports. This event was
subsequently rated on a 7-point bipolar Likert scale (–3=very unpleasant, 0=neutral, 3=very pleasant). The responses were recoded to allow high scores to reflect stress (–3=very pleasant, 0=
neutral, 3=very unpleasant).
To measure activity-related stress, after each beep the subject
judged the current activity on three self-report items scored on 7point Likert scales (1=not at all, 7=very). The three items were “I
am not skilled to do this activity,” “I would rather do something
else,” and “This activity requires effort,” and together they formed
the activity-related stress scale (Cronbach’s alpha=0.54).

Positive and Negative Syndrome Scale
At the end of the period of experience sampling, all subjects
were assessed with the Positive and Negative Syndrome Scale
(20). This scale includes seven items assessing positive symptoms
and seven items assessing negative symptoms, scored on a 7point scale (1=not present, 7=extremely). The seven items for positive symptoms constitute the positive symptom scale, and the
seven items for negative symptoms constitute the negative symptom scale.

Statistics
To estimate the effect of cognitive impairments on emotional
reaction to daily life stress, a multilevel linear regression model
(32) was used. Multilevel or hierarchical linear modeling techniques are a variant of the more often used unilevel linear analyses and are ideally suited for the analysis of data from experience
sampling, which consist of multiple observations in one person
Am J Psychiatry 159:3, March 2002

MYIN-GERMEYS, KRABBENDAM, JOLLES, ET AL.
(i.e., at two levels, beep level and subject level) (33). The beta (β)
values are the fixed regression coefficients of the predictors in the
multilevel model and can be interpreted in a manner identical to
that for the estimate in the unilevel linear regression analyses.
The data were analyzed with the SAS PROC MIXED module (SAS
Technical Report P-229, 1992).
Multilevel linear regression analyses were conducted with negative affect and positive affect as the dependent variables. The
scores on the neuropsychological tests, the ratings on the two
stress measures, and their interactions (stress by neuropsychological score) were the independent variables, leading to the following model: mood=β0 + β1 stress + β2 neuropsychological score
+ β3 (stress × neuropsychological score) + residual. Analyses were
conducted separately for each measure of stress combined with
each neuropsychological measure. Expression of the neuropsychological test results was made directionally similar for these
analyses, in that higher scores indicated poorer performance. The
interaction term was of most interest in the present study as the
main question concerned whether neuropsychological functioning modifies emotional reaction to daily life stress. Therefore,
stratified analyses were conducted whenever there was evidence
of significant interaction effects. To this end, the subjects were divided into three groups according to their tertile group level of
functioning on each neuropsychological test: the worst-performance group (the approximately 33% of the subjects with the
lowest scores on the test), the intermediate-performance group
(the 33% of the subjects whose scores on the test fell into the middle tertile), and the best-performance group (the 33% of the subjects with the highest scores on the test). For each of the neuropsychological tests, emotional reaction to daily life stress was
analyzed in the three groups separately according to the following
model: mood=β0 + β1 stress + residual.
Finally, the positive and negative symptom scales were included in the multilevel model assessing the relation between
stress and neurocognitive functioning, as possible confounders
of the associations between stress and neurocognitive functioning, on the one hand, and mood, on the other.

TABLE 1. Demographic and Clinical Characteristics of 42
Patients With Schizophrenia or Other Psychosis in a Study
of Sensitivity to Stress

Results

When the scores on the positive and negative symptom
scales from the Positive and Negative Syndrome Scale
were entered into the multivariate analyses, the pattern of
interactions between the stress measures and the neuropsychological assessments did not differ. There was no
significant main effect of the negative symptom score on
mood, while negative affect slightly increased with increase in the positive symptom score (B=0.05, p<0.05) and
positive affect slightly decreased (B=–0.07, p<0.05).

Subjects and Descriptive Statistics
Of the 50 subjects who entered the study, two patients
did not return the diary booklets and six subjects completed fewer than 20 valid reports and were therefore excluded from the analysis. The final study group thus consisted of 42 subjects. They completed an average of 45
valid reports (SD=10).
Sociodemographic and clinical characteristics of the
patients are summarized in Table 1, and the mean scores
on the independent and dependent variables are shown in
Table 2.

Predictors of Mood States
The multilevel random regression analyses showed a
significant main effect of the two stress measures (β1) and
neither a large nor a significant effect of neuropsychological functioning (β2) on mood (results not shown). Significant interaction effects (β3) (Table 3) were found with word
learning, the Concept Shifting Test interference score,
word fluency, and digit span, indicating that the scores on
these neuropsychological tests modified the moment-tomoment emotional reaction to daily life stress. No signifiAm J Psychiatry 159:3, March 2002

Characteristic
Age (years)
Gender
Male
Female
Marital status
Married or living together
Divorced
Never married
Work situation
Working
Unable to work
Doing protected work
Education
Elementary school
Secondary school
Higher education
Total BPRS score
Age at first psychotic episode (years)
OPCRIT DSM-III-R diagnosis (lifetime)
Schizophrenia
Schizoaffective disorder
Atypical psychosis

N

Mean
31.9

SD
7.7

Range
20–48

38.0
22.5

9.8
5.8

24–73
14–41

22
20
9
2
31
10
28
4
10
28
4

39
2
1

cant interaction effects were found with the Stroop ColorWord Test interference score.
Stratified analyses were conducted to further clarify the
associations between stress and mood in relation to neuropsychological test scores (Figure 1). Overall, the group
with the best performance on the neuropsychological
tests showed a stronger emotional reaction to stress, with
larger decreases in positive affect and larger increases in
negative affect than both the group with intermediate performance and the group with the worst performance.

Discussion
Neurocognition and Sensitivity to Stress
The present study showed that, in some instances, cognitive functioning did not alter the moment-to-moment
emotional reaction to stress. In other instances, an inverse
relationship was found, indicating that a better performance on the neuropsychological tests was related to
more sensitivity to daily life stress. The present results
therefore suggest that moment-to-moment sensitivity to
stress may not be a consequence of cognitive impairments
and that these mechanisms may act on different pathways
that may even be mutually exclusive to a degree. There is
evidence that both cognitive impairments and abnormal

445

SENSITIVITY TO STRESS IN SCHIZOPHRENIA
TABLE 2. Ratings and Correlations of Neuropsychological Performance, Stress, Mood, and Positive and Negative Symptoms for 42 Patients With Schizophrenia or Other Psychosisa
Score
Measure
Neuropsychological measures
1. Word learning (Auditory Verbal Learning Task)
2. Word fluency (number of animals named in 1 minute)
3. Stroop Color-Word Test, interference
4. Concept Shifting Test, interference
5. WAIS-R backward digit span
Stress measuresa–d
1. Event-related stress
2. Activity-related stress
Mood measuresa,b,e
1. Positive mood
2. Negative mood
Positive and Negative Syndrome Scale
1. Positive symptoms
2. Negative symptoms

Correlation (r)

Mean

SD

Range

Item 1

Item 2

Item 3

Item 4

Item 5

48.6
21.7
51.1
12.7
5.8

8.2
7.0
19.1
10.4
1.6

29 to 64
8 to 37
23 to 96
0.4 to 56.2
3 to 11

1.00
0.31***
0.18***
0.26***
0.29***

1.00
0.32***
0.06*
0.09***

1.00
0.41***
0.07**

1.00
0.31***

1.00

–1.2
2.5

0.9
0.7

–3 to 3
1 to 7

1.00
0.17***

1.00

4.4
1.7

1.0
0.7

1 to 7
1 to 7

1.00
–0.43***

1.00

11.3
11.3

4.8
6.0

7 to 25
7 to 34

1.00
–0.17***

1.00

a

By the experience sampling method, each patient made entries in a diary whenever signaled to do so by beeps from a digital wristwatch.
After each beep the subject reported the most important event that had happened between the current and previous reports; these events
were subsequently rated to measure event-related stress. The subject also rated the skill, enjoyment, and effort involved in his or her current
activity; the mean rating was used as a measure of activity-related stress. Ratings of mood-related adjectives were averaged to provide a measure of negative mood and a measure of positive mood.
b For each subject, the correlation between the two stress measures and the correlation between the two mood levels was calculated over all
reports (maximum, 60). Subsequently, each of these correlations was considered as an individual-level variable and corrected with a Fisher
z transformation. One-sample two-tailed t tests (alpha=0.05) were conducted to test whether the mean of these individual-level correlation
coefficients significantly deviated from zero.
c For event-related stress, skewness=0.86 and kurtosis=–0.15. For activity-related stress, skewness=0.88 and kurtosis=0.63.
d t=3.75, df=41, p<0.05.
e t=–8.14, df=41, p<0.05.
*p<0.05.
**p<0.01.
***p<0.001.
TABLE 3. Multilevel Model Estimates of the Effect of Neuropsychological Performance on the Association Between Mood
and Stress for 42 Patients With Schizophrenia or Other Psychosisa
Positive Moodb
Event-Related Stress
Neuropsychological Measure
Word learning (Auditory
Verbal Learning Test)
Stroop Color-Word Test,
interference
Concept Shifting Test,
interference
Word fluency
WAIS-R backward digit span

Negative Moodb

Activity-Related Stress

B

SE

F (df=1,
1676)

0.007

0.002

16.81***

0.001

0.001

0.55

0.001

–0.001
0.003
–0.002

0.002
0.002
0.008

0.71
2.24
0.07

0.010
0.004
–0.003

B
0.014

Activity-Related Stress

SE

F (df=1,
1676)

B

SE

F (df=1,
1782)

0.002 32.41*** –0.002

0.001

4.35*

–0.010

0.002

28.26***

0.001

0.000

0.000

2.13

0.001

0.001

0.002 16.78*** 0.000
0.003
1.61
–0.004
0.012
0.05
–0.013

0.001
0.001
0.006

0.01
9.75**
4.70*

–0.008
0.001
–0.025

0.002
0.002
0.009

SE

F (df=1,
1782)

Event-Related Stress

0.87

B

0.58
16.48***
0.13
6.93**

a

By the experience sampling method, each patient made entries in a diary whenever signaled to do so by beeps from a digital wristwatch.
After each beep the subject reported the most important event that had happened between the current and previous reports; these events
were subsequently rated to measure event-related stress. The subject also rated the skill, enjoyment, and effort involved in his or her current
activity; the mean rating was used as a measure of activity-related stress. Ratings of mood-related adjectives were averaged to provide a measure of negative mood and a measure of positive mood.
b The numbers of beeps used in the regression analyses were 1,720 for the analyses with event-related stress and 1,826 for the analyses with
activity-related stress.
*p<0.05.
**p<0.01.
***p<0.0001.

sensitivity to stress are also present in the first-degree relatives of patients, albeit to a lesser degree (15, 34, 35). This,
in combination with the current findings, may indicate
that the two vulnerabilities are transmitted independently, and it is attractive to speculate that they represent
the underlying mechanism of the extensive clinical heterogeneity in schizophrenia that many have suggested can
be reduced to two main forms: an episodic, reactive, goodoutcome form and a more chronic form characterized by
high levels of negative symptoms and neurocognitive im-
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pairment (18, 36–39). More research is necessary to clarify
the association between these endophenotypes and
symptom levels.
The differences in the statistical associations of the different stress measures and neurocognitive tests with
mood (some associations did not reach significance while
others did) are in all likelihood related to the fact that a variety of different variables are used to map neuropsychological functioning, which are all correlated with each
other to a degree but also represent independent doAm J Psychiatry 159:3, March 2002
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Negative Mood

0.3

Word Learning
(Auditory Verbal Learning Task)

Concept Shifting
Test, Interference

Word
Fluency

WAIS-R Backward
Digit Span

0.2
0.1
0.0

Positive Mood

Estimated Effect on Mood (B)

FIGURE 1. Significant Interactions Between Neuropsychological Performance and Effects of Daily Events and Activities on
Positive Mood and Negative Mood in 42 Patients With Schizophrenia or Other Psychosisa

–0.1
–0.2
–0.3

Group with best performance on
neuropsychological test: Event

Activity

Group with intermediate performance on
neuropsychological test: Event
Activity
Group with worst performance on
neuropsychological test: Event

Activity

–0.4
a

By the experience sampling method, each patient made entries in a diary whenever signaled to do so by beeps from a digital wristwatch.
After each beep the subject reported the most important event that had happened between the current and previous reports; these events
were subsequently rated to measure event-related stress. The subject also rated the skill, enjoyment, and effort involved in his or her current
activity; the mean rating was used as a measure of activity-related stress. Ratings of mood-related adjectives were averaged to provide a measure of negative mood and a measure of positive mood.

mains, with different sources of variability. Thus, some
neurocognitive tests were more sensitive to differences in
mood reactivity to certain stressful situations.
Alternative explanations for the reported results can be
postulated. Sensitivity to stress is measured by means of
self-report and, therefore, requires the capacity of introspection. First, neuropsychological deficits might impair
the capacity to reflect on one’s own inner mood states.
However, this seems unlikely given that no main effects on
mood were found for neuropsychological functioning. It
has also been reported that cognitive impairments are related to negative symptoms such as flat affect, which might
reduce emotional responsiveness (40). However, there is
evidence that flat affect is more a dysfunction in expression
of emotions than in experience of emotions (30, 41). Previous research with the experience sampling method (30)
showed that patients who were blunted affectively reported the same intensity and fluctuation in positive and
negative emotions as did patients without blunting. Second, a certain level of cognitive functioning might be necessary in order to experience the environment, for example
stress, and report it. This hypothesis, however, again
seems unlikely as subjective appraisals of stress were not
associated with the neuropsychological test results. In
comparisons of the cognitively best-performing group
with the two other groups (intermediate and worst performance), no differences were found in mean, standard deviation, variance, and range of the subjective appraisal of
both stress related to activities and stress related to events.
Of course, the subjective appraisals of stress may be related to qualitatively different objective situations. For example, the patients with the best cognitive performance
spent about 25% of their time in work-related activities,
Am J Psychiatry 159:3, March 2002

compared to only 6% in the two other groups. The latter,
on the other hand, spent more time doing nothing (12%
compared to 6% in the group with the best cognitive performance) and doing leisure activities (30% versus 22%).
For the present analyses, however, the differences in objective situation do not matter, as the subjective appraisals of stress were used as the primary independent variable. Even if it were argued that work-related stress is
different in nature from stress related to other activities, a
post hoc exclusion of all work moments showed that this
did not change the pattern of results. (In the reports made
for all beeps, the estimated effects [Β] of activity-related
stress were 0.16 [SE=0.02] for negative affect and –0.28
[SE=0.02] for positive affect. When work moments were
excluded, the estimated effects were 0.17 [SE=0.02] for
negative affect and –0.29 [SE=0.02] for positive affect.) Finally, the results could be explained by differences in coping. Lukoff and colleagues (17) put forward the hypothesis
that cognitive impairments play an intermediate role between environmental stress and genetic vulnerability,
possibly by impairing the coping skills of a patient. The
present results do not agree with that hypothesis, at least
not as far as coping with events in the flow of daily life is
concerned. Patients who are impaired neuropsychologically may display poorer cognitive coping strategies, but
poorer coping strategies per se may not lead to increased
emotional reaction and therefore greater sensitivity to
stress. The advantage of the experience sampling method
is that it confers ecological validity to measures of environmental stress.

Clinical Implications
Although our results are a long way from offering direct
therapeutical insights, there are, if sensitivity to stress

447

SENSITIVITY TO STRESS IN SCHIZOPHRENIA

truly is a distinct area of vulnerability, some potentially
important clinical implications, as the results suggest that
specific therapies may be more useful for specific patients.
For example, some patients may benefit more from cognitive remediation therapies, while others would be helped
more by focusing on coping techniques in dealing with the
stresses of daily life. In other words, it may be useful to tailor treatments according to the dominant underlying
mechanism of vulnerability.

Methodological Issues
The present results should be viewed in light of several
methodological issues. First, the results are based on subjective reports. Although subjective reports are considered
less reliable (e.g., do all subjects interpret or answer the
questions identically?), they can be valid, whereas the validity of objective approaches should not be taken for
granted (42). Second, sensitivity to stress has been defined
in terms of emotional reaction to subjective stress. The
cross-sectional analyses of the data, however, make it impossible to establish a causal relationship. Therefore, the
reverse might be true. A worse mood might influence the
subjective appraisal of the environment. Third, because of
the complexity of the experience sampling method, eight
patients were unable to comply adequately with the research protocol and were later excluded from the analysis.
The mean levels of activity- and event-related stress, negative and positive affect, positive and negative symptoms,
and neuropsychological test scores did not differ, however, between the excluded and included subjects, which
suggests that the included subjects were representative of
all patients who entered the study.
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