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The neural diathesis–stress model of schizophrenia propo-
ses that stress, through its effects on cortisol production,
acts upon a preexisting vulnerability to trigger and/or
worsen the symptoms of schizophrenia. In line with its focus
on the neurobiology of stress response in schizophrenia, this
model treats stressors as a homogeneous category. Recent
research has shown that, in healthy individuals, cortisol is
most strongly produced in response to stressors that result
from perceived uncontrollable threats to important goals
and/or social-evaluative threats. We hypothesize that it
is specifically these stressors that trigger and/or worsen
the symptoms of schizophrenia in those with a preexisting
vulnerability. This hypothesis may provide a way of making
sense of contradictory findings on the relations between
stress and schizophrenia. We propose some empirical tests
of this hypothesis and explore implications for the treat-
ment and management of the disorder.

Key words: cortisol/psychosis/stressors/vulnerability

The diathesis–stress model of schizophrenia1 has become
established as a framework for explaining how environ-
mental factors interact with preexisting vulnerability in
the etiology and course of the disorder.2 In their version
of the model, Walker and Diforio3 propose specific neu-
robiological mechanisms through which environmental
stress may be harmful to those with a genetic predispo-
sition to schizophrenia and may actually trigger the initial
illness episode.4 The neural diathesis–stress model of
Walker and Diforio holds that the constitutional diath-
esis for schizophrenia is an abnormality in dopamine
(DA) neurotransmission. The expression of this diathesis
depends on neuroendocrine pathways through which
stress exposure, specifically cortisol release mediated
by the hypothalamic-pituitary-adrenal (HPA) axis, in-
fluences DA transmission. Stress-related increases in

cortisol levels exacerbate the abnormality in DA neuro-
transmission that underlies vulnerability to schizophre-
nia, resulting in the onset of the illness.

The review of Walker and Diforio3 of the role of cor-
tisol in schizophrenia begins by noting that the majority
of studies have found higher baseline levels of cortisol in
schizophrenia patients compared with healthy controls.
In addition, cortisol levels in patients have been reported
to be related to ratings of symptom severity.5 To counter
the possible objection that high cortisol levels are a con-
sequence of the stress of experiencing psychotic symp-
toms rather than a cause of them, Walker and Diforio
cite findings6 that cortisol levels are significantly higher
immediately before psychotic episodes than in periods
of recovery. This supports the notion that elevated cor-
tisol levels precipitate symptom exacerbation rather than
being a consequence of it.

Walker and Diforio go on to review findings that drugs
that raise cortisol levels worsen the symptoms of schizo-
phrenia, that neuroleptics significantly blunt HPA activ-
ity and decrease cortisol levels, and that cortisol levels
are higher in those with schizotypal personality disorder
than normal controls. Their claim for an involvement of
cortisol in the biology of schizophrenic symptoms is bol-
stered by evidence suggesting that schizophrenia patients
have damage to the hippocampus,7 which plays a pivotal
role in the HPA-axis.8 However, raised cortisol levels are
found in other disorders, such as depression and Cushing’s
disease, and are hence not specific to schizophrenia.9 If
HPA-axis abnormalities are present in all these disor-
ders, they must be mediated by different neural mecha-
nisms. Walker and Diforio3 propose that the HPA-axis
plays its role in schizophrenia through having knockon
effects on other neural systems, specifically the DA neu-
rotransmission system.

Having established a causal role for cortisol in schizo-
phrenia, Walker and Diforio cite a number of studies that
have found cortisol release to be heightened in response
to stressful experiences.10,11 This allows them to conclude
that the mechanism through which psychosocial stress
has its effects in schizophrenia is through its cortisol-
releasing consequences. Walker et al12 offer two roles
for psychosocial stressors in schizophrenia. They pro-
pose firstly that, through the action of the HPA-axis,
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psychosocial stress may play a role in ‘‘triggering the ini-
tial expression of clinical symptoms’’p475 and secondly
that symptoms of schizophrenia may be worsened by
psychosocial stress.

An examination13 of the research literature in this area
since the review of Walker and Diforio3 supports their
conclusion that an HPA-axis dysfunction exists in
patients with schizophrenia. Basal cortisol levels have
been found to be higher than controls in individuals
with schizotypal personality disorder14 and schizophre-
nia,15 as well as being positively related to the positive,
but not negative, symptoms of schizophrenia.16 Other
studies have found no elevation of basal cortisol levels
in schizophrenia17 or in those at ultrahigh risk of psycho-
sis.18 One way to explain such contradictory findings is
through the confounding effects of antipsychotic medica-
tion. Drug-naive, first-episode patients have been found
to have higher basal cortisol levels than controls,19

whereas studies with medicated patients, using shorter
sampling times and lower frequencies,19 have failed to
find such a difference.20 In terms of HPA-axis reactivity,
evidence for reduced hippocampal and pituitary volumes
in patients,21,22 which is probably ‘‘a consequence of re-
peated episodes of HPA-axis hyperactivity,’’13(p309) is
consistent with evidence of a blunted cortisol response
to stressors in medicated patients,23–25 which one would
expect after HPA-axis hyperactivation due to repeated or
chronic exposure to stress.26,27

The model of Walker and Diforio aims to explain how
particular neurobiological consequences of stress interact
with a biological diathesis to shape the expression of psy-
chiatric symptoms. It is not concerned specifically to ex-
plore the psychological conditions under which such
a stress response might arise. One obstacle, therefore,
to applying this model in explaining psychosocial influ-
ences on the genesis and maintenance of schizophrenic
symptoms is the assumption that psychosocial stressors,
a notoriously subjective concept,28 form a homogeneous
category with similar physiological effects. For example,
Walker and Diforio3(p669) claim that ‘‘cortisol release is
linked with acute exposure to stressors across the life
span,’’ without exploring how such stressors might differ
in their ability to alter cortisol levels.

Acknowledgment that only certain types of stressor
trigger increased levels of cortisol was a driving force be-
hind a recent meta-analysis by Dickerson and Kemeny29

on the effects of different types of stressor on cortisol ac-
tivation. This built on work30 highlighting that while
some studies have found psychological stressors to acti-
vate a cortisol response,31 others have not.32 Dickerson
and Kemeny suggest that this variability exists because
stressors differ in their effectiveness in triggering cortisol
changes. They propose a multidimensional conceptua-
lization of stress, suggesting that cortisol is primarily
released in response to particular types of stressor. Spe-
cifically, they propose that uncontrollable threats to the

goal of maintaining the ‘‘social self’’ will trigger reliable
substantial cortisol changes. This proposal is predicated
on the existence of a ‘‘social self-preservation system,’’
which operates through the HPA-axis. Whereas the
HPA-axis is known to be activated when physical threats
are identified in the environment, enabling one to protect
oneself from physical danger, Dickerson and Kemeny
suggest that it may also be activated when threats to
one’s social esteem and status are detected.

Their meta-analysis was based on the effect size of
cortisol reaction to stressor tasks as reported in 208 stud-
ies (the effect size being a measure of the difference be-
tween pre- and post-stressor cortisol levels). Stressor
tasks included cognitive tasks (eg, Stroop tests),
public-speaking/verbal interaction tasks, negative emo-
tion induction procedures, noise exposure tasks, and
public-speaking/cognitive task combinations (delivering
a speech and completing a cognitive task consecutively).
These studies were rated by the authors on Likert-like
scales for social-evaluative threat and uncontrollability.
A study was said to exhibit uncontrollable conditions
if it had elements that informed participants that they
were failing or could not avoid negative consequences.
Examples of uncontrollable conditions included impossi-
ble tasks and the presence of loud noise without the pos-
sibility of a behavioral response. A social-evaluative
threat was defined as occurring when an aspect of the
self (eg, valued trait or ability) was or could have been neg-
atively judged by others. For example, tasks were coded
as involving social-evaluative threats if there was the
presence of an evaluative audience during the task, if
there was the presence of a negative self-comparison
(eg, being outperformed by a confederate), or if there
was permanent recording of the performance.

The meta-analysis of Dickerson and Kemeny found
that cortisol responses to stressor tasks associated with
social-evaluative threats had an effect size of d = 0.67,
compared with an effect size of d = 0.21 for tasks without
a social-evaluative component. In addition, uncontrolla-
bility was found to be a significant predictor of cortisol
response, associated with an effect size of d = 0.52, as
compared with controllable tasks (d = 0.16). However,
to elicit the cortisol change, uncontrollability had to oc-
cur in the context of a motivated performance task, de-
fined as ‘‘active performance situations that require or
demand immediate overt or cognitive responses,’’p361

eg, performing mental arithmetic. These tasks are hence
goal-directed and have the potential for evaluation
along a self-relevant domain. The authors conclude
that ‘‘being in a situation in which an important goal
is threatened, where the desired outcome is not con-
tingent on the organism’s behavior, appears to trigger
cortisol activation.’’p378

The largest effect sizes (differences between pre-
and post-stressor cortisol levels) described by Dickerson
and Kemeny (d = 0.92) arose for situations where
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social-evaluative threats co-occurred with uncontrollable
outcomes, such as in uncontrollable, motivated task per-
formances in a social-evaluative context (eg, public
speaking and mental arithmetic with time constraints,
all performed before an evaluative audience). In contrast,
when participants performed motivated tasks without an
uncontrollable, social-evaluative context, significant corti-
sol activation did not occur. Noting that social-evaluative
situations are not limited to performance contexts and
can also involve negative interpersonal evaluations,
Dickerson and Kemeny cite the finding of Stroud
et al33 that significant cortisol activation may be gener-
ated through participants being ignored and ostracized.
They also suggest that relationships that are critical,
rejecting, or harassing may create an uncontrollable eval-
uative context that might activate the HPA system and
hence affect cortisol release.

One limitation of the meta-analysis of Dickerson and
Kemeny is that it only utilizes studies involving first-time
exposure to laboratory stressors, raising the question
whether these results might generalize to real-life stress
conditions.30 While, to our knowledge, no naturalistic
studies have looked specifically at the effects of uncon-
trollable, social-evaluative situations on cortisol levels,
methodologies that have been devised to measure natu-
ralistically the effects of general stress on cortisol produc-
tion have found significant results.34 Furthermore, the
effects found in the laboratory are likely to be measured
conservatively because, as Dickerson and Kemeny note,
participants’ freedom to withdraw entails that laboratory
conditions are never completely uncontrollable. Ad-
ditionally, social-evaluative situations contrived in the
laboratory are likely to lead to less intense effects than
real-world social encounters, where social-evaluative
episodes might be expected to have greater and longer
term consequences. At present, extensions of such studies
to naturalistic environments remain to be conducted.

With these caveats in mind, the generalization of the
findings of Dickerson and Kemeny to real-life settings
and their integration with the neural diathesis–stress
model of Walker and Diforio lead to a number of testable
hypotheses. Specifically, we hypothesize that it is per-
ceiving situations to involve social-evaluative threats
combined with uncontrollable outcomes that trigger
schizophrenic symptoms (where a vulnerability exists)
or worsen existing symptoms. Furthermore (although
leading to weaker effects), perceiving situations to have
either of these elements, ie, to be social-evaluative or
to involve uncontrollable threats to important goals (in-
cluding the goal of maintaining the social self), will also
be able to either trigger schizophrenic symptoms (where
a vulnerability exists) or worsen existing symptoms. Con-
versely, stressors not of these types would be predicted
not to trigger or exacerbate the symptoms of schizophre-
nia. We now examine whether this hypothesis finds sup-
port from existing research findings.

Stress and Schizophrenia

The exclusive focus on healthy participants in the meta-
analysis of Dickerson and Kemeny means that it remains
to be determined whether patients with schizophrenia
also show their largest cortisol responses to stressors
that present uncontrollable, social-evaluative threats to
the self. To our knowledge, only 2 studies have been per-
formed, with similar results, into the cortisol response
of schizophrenia patients to psychosocial stressors23,24

and none into the specific effects of uncontrollable, social-
evaluative stressors. In one study,23 healthy controls and
schizophrenia patients were asked to give a 10-minute
talk in front of a mirrored wall, which participants
were told had a jury of 3 professionals behind. Salivary
cortisol was measured immediately after this task, and
heart rate was continually monitored. Heart rates of
both participant groups increased during the psychoso-
cial stressor, taken to indicate that the public-speaking
task was equally physiologically stressful to both partic-
ipant groups. In line with the findings of Dickerson and
Kemeny, healthy controls were found to have increased
levels of salivary cortisol after the public-speaking task.
Contrastingly, patients with schizophrenia showed a
smaller cortisol increase.

Several features of the Jansen et al23 study limit its value
as a test of the hypothesis under consideration. Firstly, the
stressor was not designed to be social-evaluative. In the
meta-analysis of Dickerson and Kemeny, elements of
an experiment that indicated a social-evaluative stressor
were that the threat involved: (a) permanent recording
of the performance, (b) presence of an evaluative audi-
ence during the task (at least one other person present
besides the experimenter), and (c) presence of a negative
social comparison, such as real or potential outperform-
ance by another. The only social-evaluative elements in
the study of Jansen and colleagues were permanent re-
cording (via videotape) and a suggested, although not ac-
tual, evaluative audience. Because no control task was
used, increased heart rates cannot be attributed to the
spurious evaluative audience. This experiment did not
meet any of the criteria of Dickerson and Kemeny for un-
controllability, and no subjective reports of the stressful-
ness of the task situation were elicited. Indeed, the
blunting of the cortisol response in schizophrenia patients
could be interpreted as reflecting a disorder-related cog-
nitive dysfunction, such as misinterpretation of the situ-
ation or the stress stimulus.35 A further issue is that the
patients had been receiving stable doses of neuroleptics
for at least 3 months, suggesting that the confounding
effects of medication on cortisol reactivity cannot be
ruled out. Indeed, although no comparison of patients’
and controls’ basal cortisol levels was made, graphical
representations of these data suggest no difference be-
tween the groups, in contrast to the pattern that would
be expected in unmedicated samples.19 The fact that
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none of the participants were first-episode patients sug-
gests a further potential confound resulting from previ-
ous HPA-axis hyperactivity (see above). We therefore
conclude that there is, as yet, no direct evidence that it
is specifically stressors perceived as presenting an uncon-
trollable and social-evaluative threat to the self that are
important for triggering a preexisting vulnerability to
schizophrenia. We return later to what a suitable exper-
imental test of our hypothesis would involve.

Indirect evidence for our hypothesis comes from stud-
ies that show uncontrollable and social-evaluative threats
to the self that are important in the etiology of schizo-
phrenia. For example, examinations of the effects of
‘‘intrusive life events’’ (events in which individuals expe-
rience others attempting to exert control over them) have
found them to be associated with the onset of psychotic
episodes.36 Unfortunately, much of the research on the
impact of life events on schizophrenia has not attempted
to separate out different dimensions along which events
can be stressful. For example, Hultman et al37 found that
relapsed patients experienced more stressful independent
life events (ie, events independent of the patient’s dis-
turbed behavior) 3 weeks before relapse than nonrelaps-
ing patients. They did not, however, distinguish between
life events in terms of their uncontrollability and social-
evaluative nature. Another difficulty with the existing
literature is the presence of apparently contradictory
findings on the relations between stress and schizophre-
nia. For example, Horan et al38 note that some studies
have found greater numbers of negative life events in
schizophrenia patients,39,40 consistent with the notion
that such individuals have stress-prone lifestyles. How-
ever, they also note that other studies have either failed
to replicate this41 or found the direction of effect to be
reversed.42 Similarly, Norman and Malla43 note that
some studies44 found evidence of antecedent stress asso-
ciated with onset, while other studies did not.40 We sug-
gest that at least some of these contradictory findings
result from the conceptualization of stress as a unitary
phenomenon. If stress is considered as a multidimensional
construct, with social-evaluative and uncontrollability
comprising 2 dimensions, then these contradictions
may turn out to result from previous studies’ failure to
distinguish among different varieties of stress.

Studies that have directly addressed perceived uncon-
trollability have provided evidence that it is specifically
such situations that trigger the symptoms of schizophre-
nia in those with a constitutional vulnerability. For exam-
ple, Frenkel et al45 found that having an attributional
style with an external locus of control (the tendency to
attribute negative events to external, uncontrollable
causes) in adolescence confers an increased risk of schizo-
phrenia in later life. Other researchers have also im-
plicated perceptions of control in the development of
psychosis.46 For example, early trauma, which has
been shown to increase the risk of psychosis,47 has

been proposed to operate through the mediating mecha-
nism of perception of control.48 Studies such as that by
Mirowsky and Ross49 have shown that powerlessness
and the threat of victimization and exploitation can
lead to symptoms of schizophrenia, in this case paranoid
delusions. Furthermore, Mirowsky and Ross49 note the
observation of Fisher50 that the factors that produce
powerlessness ‘‘are varied but largely reduce to the actual
lack of power, such as being black or poor.’’p170 The pres-
ent hypothesis therefore receives indirect support from
evidence that certain long-standing environmental condi-
tions (such as poverty, immigrant status, and social mar-
ginalization) act as risk factors for schizophrenia.

Empirical Tests and Implications for Therapy

Our hypothesis about the specific psychological condi-
tions that interact with a preexisting diathesis to trigger
schizophrenic episodes lends itself to a range of possible
empirical tests. We begin by noting that judging situa-
tions as involving an uncontrollable, social-evaluative
threat to the self is a subjective process,51 which is likely
to be affected by the disorder itself. Specifically, a situa-
tion that a normal individual finds innocuous may very
possibly be interpreted as uncontrollable and/or social-
evaluative by an affected individual. Patients with delu-
sions of reference, eg, are particularly likely to perceive
such features in neutral events (eg, a glance from the mail-
man) or even positive events (being smiled at by the mail-
man). Attentional biases may further complicate this
picture.52,53 Thus, laboratory paradigms designed to in-
troduce uncontrollable or social-evaluative situations
may not have the intended effects on participants with
schizophrenia. One possible solution might be to ask
individuals to give subjective ratings of situations on
these dimensions. The methodological issues around
achieving such ratings would of course need careful
consideration.

Other potential confounds include the influences of age
and gender on HPA activation. While the effects of age
on HPA-axis reactivity are still unclear, response of the
HPA-axis to psychosocial stressors appears to differ be-
tween the sexes, with women between puberty and the
menopause usually showing lower HPA-axis reactivity
than men in the same age range.54 Such conclusions
may shed light on the documented greater prevalence
of schizophrenia in males than females.55 Furthermore,
recent failures to find a difference in HPA-axis activity
between the genders56 may be due to different types of
stressors having differential effects on male and female
stress responses. Although research has not yet deter-
mined whether male and females have different HPA-
axis activation in response to stressors that are specifi-
cally uncontrollable or social-evaluative, Stroud et al57

have found that women have a greater magnitude of cor-
tisol response than men in relation to social rejection,
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whereas men have greater cortisol responses in relation to
achievement-oriented tasks (such as verbal and math
tests).

The first potential test of our hypothesis would be to
examine cortisol changes in first-episode, drug-free
patients with schizophrenia, in response to both natural-
istic and laboratory stressors that they have subjectively
rated as presenting uncontrollable, social-evaluative
threats to the self, and which also meet all the criteria
of Dickerson and Kemeny for such a stressor. Our hy-
pothesis would predict that cortisol responses should
be elevated in patients in such situations. In contrast,
stressors not rated as presenting uncontrollable, social-
evaluative threats should not cause significant cortisol
responses. Although the ethical implications of such
investigations would need to be considered carefully,
any such stress-related cortisol increases should further
relate to the exacerbation of specific symptoms of schizo-
phrenia (eg, auditory verbal hallucinations, persecutory
delusions) in such situations.

A further test of our hypothesis would be to investigate
the efficacy of specific coping strategies aimed at dealing
with social-evaluative threats with uncontrollable out-
comes. Existing stress-reduction programs shown to
have beneficial effects on symptoms58 have aimed at man-
aging stress conceptualized as a homogeneous category.
In the terms of the present hypothesis, cognitive behav-
ioral therapy aimed at allowing patients to gain control of
situations and to reduce the negative perceptions of
others in social-evaluative situations would be postulated
to be more effective at reducing symptoms than teaching
them how to cope with other life events or difficult envi-
ronmental conditions. Existing research on the effective-
ness of coping styles for managing stressors can help
make these recommendations more specific. Coping
strategies have been divided by Lazarus and Folman59

into 2 types, problem-focused strategies and emotion-
focused strategies. Problem-focused strategies involve
confronting and seeking solutions to the problem, while
emotion-focused strategies involve focusing not on the
event but on how the level of distress can be reduced.
Roth and Cohen60 have suggested that, in response to
stress created by uncontrollable situations, problem-
focused strategies are likely to have negative effects,
whereas emotion-focused strategies should be more
adaptive. A recent study61 has tested this prediction in
relation to an uncontrollable situation created by women’s
failed attempts at in vitro fertilization. Emotion-
focused strategies were associated with better adjustment,
possibly because some emotion-focused strategies
(escape-avoidance) have been found to reduce an individ-
ual’s cortisol response to a stressor24. Future studies might
investigate whether extensions of these types of coping
strategies to schizophrenia, particularly while adopting
present proposals for considering stress as multidimen-
sional, are similarly beneficial in reducing symptoms.

Another potential test of our hypothesis could be
implemented by the study of monozygotic twins discor-
dant for schizophrenia. Assuming an equivalent biolog-
ical diathesis in each case, we would hypothesize that the
triggering of the diathesis in the twin with schizophrenia
would result in part from a greater lifetime exposure to
perceived uncontrollable and social-evaluative situations
that would be reflected in higher subjective ratings on
these variables. Potential confounds in assessing such ex-
posure would include autobiographical memory deficits
associated with schizophrenia62 and the attentional defi-
cits and overvalued ideas discussed above. An alternative
approach would be to identify an at-risk population
such as young adults with at least 2 first- or second-degree
relatives with schizophrenia. We would hypothesize that
subjective ratings of exposure to events perceived as
social-evaluative or those involving uncontrollable threats
to important goals, and particularly ratings of exposure to
combinations of both, would prospectively predict the
probability of developing schizophrenia. However, the
temporally limited nature of cortisol reactivity means
that one would expect the high-risk group to show an el-
evated risk of onset for a limited period, rather than
a raised lifetime risk of schizophrenia.

Conclusion

It has been argued that the neural diathesis–stress model
of schizophrenia can usefully be expanded to account for
the heterogeneity of effects of psychological stressors. Ev-
idence has been presented that it is specifically the situa-
tions perceived as social-evaluative and those involving
uncontrollable threats to important goals that raise cor-
tisol levels in healthy individuals. We have hypothesized
that this pattern will be reflected in first-episode, drug-
free patients with schizophrenia and will be responsible
for both triggering and exacerbating the symptoms of
schizophrenia. However, as noted above, it is yet to be
demonstrated that such cortisol reactivity patterns are
similar between healthy individuals and schizophrenia
patients. If supported, such a hypothesis leads to clear
implications for treatment and management of schizo-
phrenia. In considering future research, it is clear that
more research is needed into the relation of stress to the
etiology and course of schizophrenia, and that a multidi-
mensional model of stress will be valuable in this effort.
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tween social support, social coping and life events in the
relapse of schizophrenic patients. Scand J Psychol. 1997;38:
3–13.

38. Horan WP, Ventura J, Nuechterlein KH, Subotnik KL,
Hwang SS, Mintz J. Stressful life events in recent-onset
schizophrenia: reduced frequencies and altered subjective
appraisals. Schizophr Res. 2005;75:363–374.

39. Bebbington P, Bowen J, Ramana R. Life events and psy-
chotic disorders. In: Miller TW, ed. Clinical Disorders and
Stressful Life Events. Madison, CT: International Universities
Press; 1997.

1176

S. R. Jones & C. Fernyhough

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/article-abstract/33/5/1171/1893291 by guest on 04 February 2019



40. Canton G, Fraccon IG. Life events and schizophrenia: a rep-
lication. Acta Psychiatr Scand. 1985;71:211–216.

41. Dohrenwend BP, Shrout PE, Link BG, Skodol AE, Stueve A.
Life events and other possible psychosocial risk factors for epi-
sodes of schizophrenia and major depression: a case-control
study. In: Mazure CM, ed. Does Stress Cause Psychiatric
Illness?. Washington, DC: American Psychiatric Press; 1998.

42. Gureje O, Adewunmi A. Life events and schizophrenia in
Nigerians: a controlled investigation. Br J Psychiatry. 1988;
153:367–375.

43. Norman RMG, Malla AK. Stressful life events and schizo-
phrenia 1: a review of the literature. Br J Psychiatry.
1993;162:161–166.

44. Lahniers CE, White K. Changes in environmental life events
and their relationship to psychiatric hospital admissions.
J Nerv Ment Dis. 1976;163:154–158.

45. Frenkel E, Kugelmass S, Nathan M, Ingraham LJ. Locus of
control and mental health in adolescence and adulthood.
Schizophr Bull. 1995;21:219–226.

46. Ventura J, Nuechterlein KH, Lukoff D, Hardesty JP. A pro-
spective study of stressful life events and schizophrenic re-
lapse. J Abnorm Psychol. 1989;98:407–411.

47. Read J, Agar K, Argyle N, Aderhold V. Sexual and physical
abuse during childhood and adulthood as predictors of hal-
lucinations, delusions and thought disorder. Psychol Psy-
chother. 2003;76:1–22.

48. Bak M, Krabbendam L, Janssen I, de Graaf R, Vollebergh
W, van Os J. Early trauma may increase the risk for psychotic
experiences by impacting on emotional response and percep-
tion of control. Acta Psychiatr Scand. 2005;112:360–366.

49. Mirowsky J, Ross CE. Paranoia and the structure of power-
lessness. Am Sociol Rev. 1983;48:228–239.

50. Fisher CS. The Urban Experience. New York: Harcourt
Brace; 1976.

51. Mason JW. A review of psychoendocrine research on the
pituitary-adrenal cortical system. Psychosom Med. 1968;30:
576–607.

52. Bentall RP, Kaney S. Content specific processing and perse-
cutory delusions: an investigation using the emotional Stroop
test. Br J Med Psychol. 1989;62:355–364.

53. Bentall RP, Kaney S, Bowen-Jones K. Persecutory delusions
and recall of threat-related, depression-related and neutral
words. Cognit Ther Res. 1995;19:331–343.

54. Kajantie E, Phillips DIW. The effects of sex and hormonal
status on the physiological response to acute psychosocial
stress. Psychoneuroendocrinology. 2006;31:151–178.

55. Iacono WG, Beiser M. Are males more likely than fe-
males to develop schizophrenia? Am J Psychiatry. 1992;149:
1070–1074.

56. Kudielka BM, Kirschbaum C. Sex differences in HPA axis
responses to stress: a review. Biol Psychol. 2005;69:113–132.

57. Stroud LR, Salovey P, Epel ES. Sex differences in stress
responses: social rejection versus achievement stress. Biol Psy-
chiatry. 2002;52:318–327.

58. Norman RMG, Malla AK, McLean RS, et al. An evaluation
of a stress management program for individuals with schizo-
phrenia. Schizophr Res. 2002;58:292–303.

59. Lazarus RS, Folman S. Stress, Appraisal, and Coping. New
York: Springer; 1984.

60. Roth S, Cohen LJ. Approach, avoidance, and coping with
stress. Am Psychol. 1986;41:813–819.

61. Terry DJ, Hynes GJ. Adjustment to a low-control situation:
reexamining the role of coping responses. J Pers Soc Psychol.
1998;74:1078–1092.

62. Elvevaq B, Kerbs KM, Malley JD, Seeley E, Goldberg TE.
Autobiographical memory in schizophrenia: an examination
of the distribution of memories. Neuropsychology. 2003;
17:402–409.

1177

Neural Diathesis–Stress Model

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/article-abstract/33/5/1171/1893291 by guest on 04 February 2019


