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Abstract
Objective—Childhood adverse experiences are known to engender persistent changes in stress-
related systems and brain structures involved in mood, cognition, and behavior in animal models.
Uncertainty remains about the causal effect of early stressful experiences on physiological
response to stress in human beings, as the impact of these experiences has rarely been investigated
while controlling for both genetic and shared environmental influences.
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Method—We tested whether bullying victimization, a repeated adverse experience in childhood,
influences cortisol responses to a psychosocial stress test (PST) using a discordant monozygotic
(MZ) twin design. Thirty pairs (43.3% males) of 12-year-old MZ twins discordant for bullying
victimization were identified in the Environmental Risk (E-Risk) Longitudinal Twin Study, a
nationally representative 1994–1995 cohort of families with twins.

Results—Bullied and nonbullied MZ twins showed distinct patterns of cortisol secretion after
the PST. Specifically, bullied twins exhibited a blunted cortisol response compared with their
nonbullied MZ co-twins, who showed the expected increase. This difference in cortisol response
to stress could not be attributed to children's genetic makeup, their familial environments, pre-
existing and concomitant individual factors, or the perception of stress and emotional response to
the PST.

Conclusion—Results from this natural experiment provide support for a causal effect of adverse
childhood experiences on the neuroendocrine response to stress.
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Severe abuse and neglect experienced early in life are associated with poor physical and
mental health.1 Harmful effects of other forms of stress experienced in childhood, such as
bullying victimization, are also increasingly recognized, but their consequences for health
are less studied. Bullying is present when children or adolescents are exposed to repeated
harassment and humiliation from peers between whom there is an imbalance of power
whereby it is difficult for the victims to defend themselves. Evidence indicates that
emotional problems in bullied children were not merely due to the victims’ genetic
background or pre-existing characteristics,2 supporting an environmentally mediated effect
of bullying victimization on emotional problems. Considering that approximately 13% of
children are victims of bullying worldwide,3 and that its adverse impacts are not entirely
explained by genetic factors, identifying the mechanisms by which bullying victimization
gets “under the skin” is pressing.4 This is the focus of the present study.

It has been hypothesized that early-life stress may alter physical and mental health through
hypothalamic–pituitary–adrenocortical (HPA) axis activity.5,6 The HPA axis underlies both
adaptive and maladaptive responses to stress. Adaptive responses are characterized by a
relatively rapid increase in cortisol, the end-product of the HPA axis, followed by a
progressive decline. Conversely, persistently increased or blunted cortisol secretion may
signal maladaptive responses to stress and are hypothesized to increase vulnerability to
stress-related diseases.7 Whether bullying victimization, a repeated stress commonly
experienced during childhood, is associated with disrupted cortisol secretion remains
unclear.8-10

Early-life stress, such as maternal depression and maltreatment, has been associated with
disrupted HPA axis activity, showing both high and low cortisol secretion in childhood.5,11

A study reported that 12- to 16-year-old females with a history of maltreatment showed
blunted cortisol responses to the Trier Social Stress Test (TSST) in comparison to typical
increases exhibited by controls matched for age and neighborhood.12 Studies examining the
association between early-life stress and cortisol activity, however, often rely on
retrospective reports of childhood adversity, which may include bias and substantial
measurement error. In addition, because most studies are cross-sectional, it is difficult to test
the cumulative cost of repeated adverse experiences. Finally, time delay between early-life
stress and cortisol measurements leaves the possibility that intermediate events obscure the
presumed effects of early-life stress on HPA axis activity.
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Animal models have demonstrated that early-life stress causes persistent changes in HPA
axis activity that can not be explained by genetic factors.11,13,14 In human studies, the effect
of early-life stress on the HPA axis, controlling for both genetic and shared environmental
influences, has rarely been investigated.15 Disrupted cortisol secretion in bullied children
could be explained by inherited factors affecting both cortisol activity and exposure to
adversity because cortisol reactivity and bullying victimization are partly heritable.16-19 In
the absence of experimental designs involving random assignment of participants to
different early stress conditions, uncertainty remains about the causal effect of early-life
stress on cortisol secretion in human beings.

Randomly assigning children to adverse environments is unethical in human beings for
obvious reasons, hence limiting causal inferences relating to early-life stress. Alternatively,
rigorous control for confounders could be achieved by contrasting genetically identical
individuals drawn from the same family environment but who are exposed to distinct
naturally occurring experiences. The discordant monozygotic (MZ) twin design offers this
possibility. Differences in cortisol activity within MZ (genetically identical) twins who grow
up in the same family but who are exposed to different experiences such as bullying
victimization would not be attributable to the children's genetic makeup or their familial
environments.15,20

The objective of this study was to examine the impact of bullying victimization on cortisol
reactivity. More specifically, we examined whether cortisol response to a psychosocial stress
test (PST) differed between bullied and nonbullied children controlling for the confounding
effect of genetic and familial environmental factors using a discordant MZ twin design.
Based on previous findings suggesting that early-life stress is associated with abnormal
cortisol secretion, we hypothesized that bullied twins would have impaired cortisol
responses to the PST whereas their nonbullied MZ co-twins will show an increase in cortisol
secretion after exposure to this experimental stress task. We also explored the association
between cortisol response and a continuously distributed index of bullying in bullied twins
to investigate whether children exposed to more frequent, chronic, and severe bullying
experiences showed greater cortisol disruption during the PST.

METHOD
Sample

Participants were recruited from the E-Risk Longitudinal Twin Study, which tracks the
development of a nationally representative birth cohort of 2,232 British children.21 The
sample was drawn from a larger birth register of twins born in England and Wales in 1994–
1995. The E-Risk sample was constructed in 1999–2000, when 1,116 families with same-
gender 5-year-old twins (93% of those eligible) participated in home-visit assessments.
Follow-up home visits were conducted when the children were aged 7 (98% participation),
10 years (96% participation), and 12 years (96% participation). Twins’ zygosity was
determined with a standardized zygosity questionnaire that has been shown to have 95%
accuracy.22 Ambiguous cases were zygosity typed using DNA. Ethical approval was granted
by the Joint South London and Maudsley and the Institute of Psychiatry NHS Ethics
Committee (UK). Parents gave informed consent and children gave assent to participate in
the study.

Based on prior investigations conducted by our research group, 27% of the variance in
bullying victimization was due to unique environments or random experiences.19 These
factors may explain why genetically identical individuals were differently exposed to
bullying experiences. For example, British twins are routinely separated into different
classrooms in secondary schools, which may randomly place them at distinct risk for
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bullying victimization. From the total E-Risk sample, we identified twin pairs eligible to
participate in this study of cortisol if they met the following five criteria: 1) they were MZ
twins; 2) one twin was bullied at least occasionally; 3) bullying was reported by both
mothers and children at age 12; 4) bullying incidents involved harm, either psychological or
physical; and 5) co-twins never experienced bullying victimization (as measured
prospectively when they were 7, 10, and 12 years). This study sample comprised 30 12-year-
old MZ twin pairs (mean [SD] = 12.53 [0.52]) discordant on bullying victimization and with
valid cortisol data (43.3% males). Hence, this substudy sample included one twin who had
been the victim of bullying (n = 30 children) while their co-twin had not (n = 30). Most
twins were Caucasian (93.7%) and one in four families came from a low socioeconomic
background (26.7%). These children had an IQ within the normal range when they were 5
years (from 76 to 135; mean [SD] = 104.26 [13.65]). Furthermore, the bullied and
nonbullied MZ twins were similar on a series of pre-existing, child-specific family
environments and concomitant individual factors such as birth weight, IQ, and maltreatment
experiences (Table 1; also Supplement 1, available online, for detailed description of
measures). E-Risk discordant MZ twins did not differ from concordant bullied MZ twins on
SES, IQ, or birth complications.

Bullying Victimization
We prospectively assessed bullying victimization for all E-Risk participants during the
interviews conducted with mothers when children were 7, 10, and 12 years and with the
children themselves at age 12. Before asking questions related to bullying victimization, we
explained that “Someone is being bullied when another child: says mean and hurtful things,
makes fun or calls a person mean and hurtful names; completely ignores or excludes
someone from their group of friends; hits, kicks, or shoves a person, or locks them in a
room; tells lies or spreads rumors about them; and other hurtful things like these. We call it
bullying when these things happen often, and when it is difficult to make it stop. We do not
call it bullying when it is done in a friendly or playful way.” We asked mothers whether
each twin has been bullied by another child, responding “never” (0), “yes” (1), or
“frequently” (2). We further asked mothers who reported instances of bullying victimization
whether the twin suffered physical harm (e.g., bruise, cut, burn) or psychological distress
(e.g., bad dreams or school avoidance) as a consequence of bullying, responding “never”
(0), “yes” (1), or “frequently” (2). During private interviews, we asked children “Have you
been bullied by another person,” responding “never” (0), “sometimes” (1), or “a lot” (2). An
independent rater further reviewed all descriptions of the bullying events recorded by the
interviewers to confirm instances of current bullying by looking for evidence of repeated
harmful actions, between children, where there was a power imbalance between the bully
and the victim. A test–retest reliability of 0.87 was noted for 30 parents randomly selected
from the total E-Risk sample and who were interviewed 3 to 6 weeks apart. Our findings
indicate that both mothers and children are valid and reliable informants of bullying
victimization, and that they tended to agree with one another (60% of mothers agreed with
twins’ reports of bullying victimization; kappa coefficient = 0.29) (see Shakoor et al.23 for
an extended investigation of the psychometric proprieties of the measures).

We derived a cumulative index of frequent, chronic, and severe bullying victimization by
summing the scores to the three questions asked to mothers described above across age 7,
10, and 12 assessments. The victims of frequent bullying who experienced frequent
psychological and physical harm had a maximum score of 6 at each time point (7, 10, and 12
years). The scale could thus vary from 0 to 18, but ranged from 0 to 12 in this substudy
sample (mean [SD] = 2.72 [3.08]). The internal consistency of the scale was 0.70 (Cron-
bach's alpha).
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Psychosocial Stress Test
Each twin was individually interviewed by a research assistant with a psychology
background during a visit to a research laboratory. All twins arrived early in the afternoon
(mean [SD] = 1:41 [19 minutes]). One hour after arrival, twins took part in an adapted
version of the TSST for children, which includes a social stressor (speaking in front of
judges) and a cognitive stressor (mental arithmetic).24 A video camera was installed in a
room to record the cognitive and public-speaking tasks. The cognitive task was first
administered using the Children's Paced Auditory Serial Addition Task,25 a serial-addition
task used to assess sustained attention, rate of information processing, and working memory.
Children heard a random series of 61 numbers ranging from 1 to 9 and were instructed to
add the numbers in pairs such that each number was added to the previous number. The time
interval between each number was 2.4 and 2.0 seconds for the first and second series of
numbers. Before the task started, children were told to make as few mistakes as possible
because they were in competition against their co-twin and the winner would get a prize.
The interviewer did not offer support and avoided eye contact to enhance the stressful aspect
of the challenge. The public speaking task immediately followed. Children were told to
stand and were asked to recall their most unpleasant experience at school in front of an
unknown and inexpressive judge and the interviewer. Children had 2 minutes to prepare in
silence, standing in front of the camera, and were then asked to speak for 5 minutes. This
stress paradigm was selected because a combination of public speaking and cognitive tasks
has been shown to elicit reliable cortisol responses in laboratory settings.24,26

Cortisol Measurements
We collected five samples of saliva to measure the cortisol response to the PST. Saliva was
collected by asking children to use a straw to pass through 1 ml of saliva into the cryovials.
The first samples were collected 20 and 2 minutes before the PST. A third sample was
collected immediately at the end. A fourth and a fifth samples were collected 25 and 35
minutes after the start of the tasks. Twins were asked to refrain from doing any vigorous
exercise in the morning, to eat a light lunch before midday, avoiding dairy products and red
meat. Saliva samples were stored in a –20°C freezer.

After thawing, saliva samples were centrifuged at 3,500 revolutions per minute for 10
minutes, which resulted in a clear supernatant of low viscosity. Saliva cortisol
concentrations were determined using the “Inmmulite”– DPC's Immunoassay analyzer
(www.diagnostics.siemens.com). The assay had an analytical sensitivity of 0.2 nmol/L and
inter-/intra-assay precision of less than 10%. All samples from the same participant were
analyzed together. Cortisol measures were skewed and were normalized using a log10
transformation.

Individual Risk Factors and Covariates
A full description of the instruments and procedures used to assess the pre-existing, child-
specific family environments, concomitant, and stress-related individual factors is available
online (Supplement 1, available online).

Statistical Analyses
The presence of distinct cortisol responses to the PST between bullied and nonbullied MZ
twins was tested using repeated-measures analyses of variance (ANOVAs). All five
measures of cortisol sampled before and after the PST constituted the within-subjects factor
(time), whereas the groups defining bullying victimization was included in the model as a
between-subjects factor (bullying). Distinct patterns of cortisol responses to the PST
between the bullied and nonbullied twins were tested through the interaction between the
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within- and between-subjects factors (time × bullying). Two cortisol confounders were also
included in the model (dairy consumption and histaminic medication). Greenhouse–Geisser
corrections for repeated measures were reported when data violated the sphericity
assumption. For a significant time × bullying interaction, we tested the distinct cortisol
responses separately for the bullied and nonbullied twins using repeated-measures
ANOVAs. We then tested whether the bullied and nonbullied MZ twins differed on a series
of individual risk factors and covariates using t-tests and χ2 analyses. We explored the
association between the bullied twins’ continuous index of bullying victimization and
cortisol secretion during the PST using Pearson correlation (cortisol secretion was indexed
using the standardized [Z] residuals of the area under the curve (AUC) calculated using the
five cortisol measures,27 controlling for dairy consumption and histaminic medication).

RESULTS
Repeated-measures ANOVA showed distinct patterns of cortisol secretion over time
between bullied and nonbullied MZ twins (time × bullying: F2.2,122.9 = 3.82, P = .02)
(Figure 1). More specifically, both groups had similar levels of cortisol prior to the PST
(F1,56 = 1.26, P = .27), but distinct patterns of secretion emerged subsequently as a function
of time (+15 minutes vs. later; Helmert time × bullying (within-subjects) contrast: F1,56 =
6.18, P = .02). We explored further this interaction using repeated measures ANOVAs
conducted for each group separately. While nonbullied twins showed the expected cortisol
increase after the PST (F2.0,55.0 = 5.09, P = .009), bullied twins did not exhibit this increase
(F2.3,61.7 = 1.24, P = .30). Analyses took into account the confounding effect of two
covariates shown to be associated with cortisol in this substudy sample: consumption of
dairy product before the visit (F2.2,123.6 = 4.78, P = .008), and histaminic medication (F1,57 =
8.47, P = .005). Gender did not affect cortisol levels (gender: F1,54 = 1.74, P = .19; time ×
gender: F2.2,119.7 = 1.24, P = .30) or interact with bullying victimization (gender × bullying:
F1,54 = 1.00, P = .32; time × gender × bullying: F2.2,119.7 = 0.47, P = .64).

Bullied and nonbullied MZ twins showed distinct cortisol responses to the PST. Yet, it is
possible that individual factors other than bullying victimization could explain this group
difference in stress reactivity. We considered four alternative explanations: 1) individual
factors pre-existing bullying victimization, 2) child-specific family environments, 3)
individual factors concomitant with bullying victimization, and 4) differences in PST-related
measures. First, bullied and nonbullied MZ twins did not differ on pre-existing individual
factors that could have affected their risk of being bullied; bullied and nonbullied twins had
comparable birth weight, IQ, internalizing and externalizing problems at 5 years, suggesting
that these characteristics cannot explain cortisol differences within the discordant MZ twin
pairs. Second, bullied and nonbul-lied twins experienced similar levels of maternal warmth
before bullying victimization (age 5 years), similar lifetime stressful life events, and, in
families where maltreatment occurred (n = 6 families, 20%), both twins were targeted.
Third, bullied and nonbullied twins were comparable according to their body mass index,
pubertal maturity, and bullying perpetration assessed at 12 years. Fourth, bullied and
nonbullied MZ twins reported comparable levels of stress during the PST and similar
increases in negative affect, indicating that different cortisol responses are not due to distinct
perceptions of the PST. These findings show that individual or uniquely experienced family
factors can not account for cortisol differences between the MZ twins.

These findings were further strengthened by an association between cortisol reactivity and a
continuous index of bullying in victimized twins. Twins exposed to more frequent, chronic,
and severe bullying experiences showed a trend toward lower cortisol secretion during the
PST (r = –0.35, P = .06) (Figure 2).
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DISCUSSION
This study provides evidence for a causal effect of early-life stress on cortisol reactivity in
human beings. Our psychosocial stress test elicited a cortisol response in nonbullied children
compared with a blunted response in bullied children. Cortisol differences between bullied
and nonbullied children were observed in a stringent discordant MZ twin design, in which
distinct cortisol responses to stress could not be attributable to either the children's genetic
makeup or their shared familial environments. Our findings thus offer additional support for
the hypothesized impact of early-life stress on cortisol activity in childhood.

Our findings are consistent with experiments showing that early-life stress alters HPA axis
activity in rodents and nonhuman primates11,14,28 and with theories about human beings.5

Moreover, lower cortisol response to a psychological challenge in bullied children is
consistent with accumulating evidence suggesting that lower HPA axis activity is not
restricted to persons with post-traumatic stress disorder, but is also detected in healthy adults
who experience chronic stress29,30 and who report childhood adverse experiences.12 Our
study's discordant MZ twin design further suggests that the effect of bullying victimization
is environmentally mediated. Moreover, the strength of our association was comparable to
those observed in relation to other adverse childhood experiences31,32 and to depression,33

suggesting that the distinct cortisol profiles shown in our study could have biological
relevance to psychopathology.

The effect of early-life stress on cortisol secretion not only was shown through group
differences between bullied and nonbullied children, but a trend was observed for a dose–
response relationship between a continuous index of bullying victimization and cortisol
secretion. More frequent, chronic, and severe bullying victimization experiences measured
repeatedly in childhood showed lower cortisol secretion during the PST in bullied children.
This matches findings in rodent studies showing that the magnitude of prior exposure to
chronic stress reduced the HPA axis response to acute stressors.34,35 Characterization of
stress experiences using repeated prospective measures appears to be valuable for
investigating the impact of cumulative stress on HPA axis functioning.

The mechanisms by which early-life stress leads to lower cortisol responses to psychosocial
stress are not fully understood, but likely to arise from structural and circuitry changes in the
corticolimbic brain regions and the HPA axis.36 First, Heim et al. outlined several molecular
pathways leading to lower cortisol secretion, including reduced biosynthesis of cortisol or
increased negative feed-back sensitivity of the HPA axis.30 For example, lower cortisol
levels in the context of normal adrenocorticotropic hormone responses to the
dexamethasone/corticotrophin-releasing hormone test is consistent with an increased
negative feed-back sensitivity of the HPA axis shown in adults who experienced parental
desertion and low parental care.37 Second, intertwined with these molecular pathways,
rodent models have also demonstrated that low maternal care can modify the HPA axis
response to stress through epigenetic programming of the GR gene promoter expression in
the hippocampus.38 Third, early-life stress could affect stress-related systems through
psychological factors associated with cortisol secretion such as defensive coping strategies39

or consolidation of aversive memories.40 Prospective studies designed to control for genetic
and familial influences are needed to document the molecular and psychological
mechanisms linking early-life stress to lower cortisol reactivity.

Research emerging from animal models and studies conducted with human beings has yet to
clarify whether low cortisol response to psychosocial stress is adaptive or detrimental for
children. On the one hand, exposure to mildly stressful events that are not overwhelming but
are stressful enough to elicit a cortisol response may induce stress resistance.41,42 For
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example, monkeys exposed to mild early stress paradigms exhibited lower HPA axis
reactivity to stress than controls.43 Independent of maternal care, this difference was
associated with species-specific signs of positive adjustment (enhanced inhibitory control,
emotion regulation, and exploration). Furthermore, down-regulation of the HPA axis may
protect the developing brain from the harmful effects of prolonged cortisol elevations and
facilitate adaptation to anticipated environmental challenges.44 On the other hand, enhanced
resistance to stress may come with long-term costs. Alterations in primary stress mediators
(e.g., cortisol, catecholamines) promote adaptation to changing environments. However,
persistent low cortisol secretion may increase future risk of poor physical and psychological
health.7 Low cortisol levels have been associated to reduced attention, impaired working
memory, and reduced responsiveness to reinforcement and punishment.45 Children secreting
low levels of cortisol may thus be least apt to benefit from resources present in their
environment, engage optimally in complex social interactions or achieve adequately at
school compared with higher secretors.31,44 Moreover, because cortisol moderates the
amplitude and length of proinflammatory responses, persistent low cortisol levels may result
in sustained overactivity of the immune system and increased risk of autoimmune
disorders.46 This idea is consistent with increased inflammation levels noted in individuals
who have experienced childhood maltreatment.47,48

The present findings provide support for causality although further tests are needed. Our
study controlled for a wide range of confounders (including genetic and familial influences),
and we subsequently tested for twin differences on individual factors known to increase
bullying victimization or affect cortisol secretion. However, we were not able to control for
pre-existing twin differences in de novo mutations, epigenetic states, and differences in
latent unique environments. Nevertheless, our study design allowed us to control for
epigenetic variations that may have been inherited or due to shared familial influences, and
we tested for differences in a series of unique environments or individual characteristics that
could have increased the risk of being bullied or the emergence of cortisol disruptions.
Furthermore, we measured cortisol reactivity only once in our longitudinal study. Support
for temporal priority would have necessitated longitudinal measures of cortisol to rule out
the alternative explanation of pre-existing differences in HPA axis activity. However,
because we controlled for a wide range of confounders, we speculate that this alternative is
unlikely. Rigorous criteria were applied to ascertain clear discordance of bullying
victimization between MZ twins, limiting the number of eligible twin pairs, which could
jeopardize the generalizability of the results. However, in comparison to case-control design
studies, the selection of discordant MZ twin pairs from a population-based cohort implies
that our sample was not tainted by sampling bias associated with treatment referral. Finally,
our assessment of cortisol reactivity would have benefited from an additional post-test saliva
sample, which would also have allowed a better characterization of the distinct patterns of
cortisol reactivity in bullied and nonbullied twins. However, the trend for a dose–response
association between bullying victimization and cortisol secretion consolidated this finding.

In conclusion, our findings offer support for a causal effect of early-life stress on cortisol
reactivity in human beings. The evidence of an environmentally mediated influence of early-
life stress in general, and bullying victimization in particular, has implications for research
and intervention. The question of whether lower cortisol reactivity resulting from exposure
to early-life stress is adaptive or harmful should be studied using broader indices of general
functioning and well-being.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Cortisol response to the psychosocial stress test (± standard error of the mean (SEM)) in
bullied and nonbullied monozygotic twins (N = 60 children). Note: Adjusted means took
into account the effects of dairy products and histaminic medication. PST = psychosocial
stress test.
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FIGURE 2.
Cortisol secretion before and during the psychosocial stress test in bullied twins according to
a measure of frequency, chronicity, and severity of bullying victimization (n = 30 children).
Note: Standardized residuals were used to take into account the covariates. AUC = area
under the curve; Z = standardized.
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TABLE 1

Descriptive Statistics of Pre-existing, Child-Specific Family Environments, Concomitant Individual Factors,
and Psychosocial Stress Test–Related Measures

Measure Bullied MZ Twins (n = 30) Mean
(SD) or %

Nonbullied MZ Twins (n = 30)
Mean (SD) or %

t or χ2 (df) p

Pre-existing individual factors (age 5 y)

    Birth weight, g 2,230.99 (459.65) 2,354.11 (487.41) 0.97(54) .34

    IQ 102.54 (13.47) 105.92 (13.83) 0.95 (57) .35

    Externalizing problems 18.10 (12.51) 16.42 (10.66) –0.56 (58) .58

    Internalizing problems 9.97 (6.74) 8.74 (7.50) –0.67 (58) .51

Child-specific family environments

    Lifetime maltreatment (%) 20.0 20.0 <0.001 (1) >.999

    Maternal warmth (age 5 y) 3.41 (0.97) 3.41 (1.19) <0.001 (52) >.999

    Lifetime stressful life events 13.27 (4.51) 11.37 (4.98) –1.55 (58) .13

Concomitant individual factors (age 12 y)

    Body mass index 20.33 (3.58) 19.96 (3.61) –0.40 (58) .69

    Pubertal maturity 7.60 (3.79) 7.80 (4.06) 0.20 (58) .84

    Bullying perpetration (%) 23.3 36.7 1.27 (1) .26

PST-related measures (age 12 y)

    Perceived Stress 8.83 (4.68) 7.30 (4.83) –1.25 (58) .22

    Post-Pre Negative Affective Scale 2.29 (4.52) 1.74 (3.70) –0.52 (58) .60

Note: No differences were detected between the bullied and nonbullied monozygotic (MZ) co-twins. Maternal warmth information was missing for
three families (six twins). PST = psychosocial stress test.
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