Eur Child Adolesc Psychiatry (2017) 26:511-519
DOI 10.1007/s00787-016-0933-3

@ CrossMark

REVIEW

Stress hormones and posttraumatic stress symptoms
following paediatric critical illness: an exploratory study

Lorraine C. Als' - Maria D. Picouto? - Kieran J. O’Donnell® - Simon Nadel* -
Mehrengise Cooper” - Christine M. Pierce’ - Tami Kramer! - Vivette A. S. Glover® -

M. Elena Garralda!

Received: 16 July 2016 / Accepted: 7 December 2016 / Published online: 19 December 2016
© The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract In this exploratory case—control study, we inves-
tigated basal cortisol regulation in 5-16-year-old chil-
dren, 3—-6 months following PICU (paediatric intensive
care) admission. This was nested within a study of child
psychological and cognitive function; 47 children were
assessed alongside 56 healthy controls. Saliva samples
were collected three times per day (immediately after wak-
ing, waking 430 min, and waking 412 h) over two con-
secutive weekdays. In addition, data on posttraumatic
stress symptoms were ascertained from 33 PICU admitted
children using the Impact of Events Scale-8 (IES-8). Pri-
mary analysis revealed no significant differences in basal
cortisol concentrations between PICU discharged children
and healthy controls (p > 0.05). Secondary analysis in the
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PICU group identified a significant positive association
between posttraumatic stress symptoms and evening (wak-
ing 412 h) cortisol concentrations (p = 0.004). However,
when subject to multivariate analysis, evening cortisol
was a modest independent predictor of IES-8 scores, rela-
tive to the presence of septic illness and poor pre-morbid
health. We conclude that paediatric critical illness does not
appear to result in marked perturbations to basal cortisol at
3-6 month following discharge. There was evidence of a
link between evening cortisol and symptoms of PTSD, but
this was not a robust effect and requires further elucidation.
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Psychological sequelae - Post-traumatic stress disorder

Introduction

Although improvements in medical care have led to
reduced mortality rates following paediatric critical illness,
psychosocial sequelae have been demonstrated [1]. We
have reported post-traumatic stress symptoms being pre-
sent in over a third of children following PICU admission,
as well as an elevated risk for psychiatric disorder [2].
Little is known of the mechanisms underlying these
after-effects, but they are likely to reflect a complex inter-
action of biological and psychosocial factors. Whilst PICU
admission represents a major stress for families [3], criti-
cal illness also leads to a cascade of physiological changes.
In particular, the activation of the hypothalamic—pituitary—
adrenal (HPA) axis brings about changes necessary for an
adequate stress response. High cortisol levels have been
reported during critical illness in both adults and children,
although there is considerable individual variation [4-6].
In children with septic shock and meningococcal disease,
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both high and low cortisol levels have been associated with
increased illness severity and poor physical outcomes [6—
9]. Inadequate cortisol levels in the face of severe physi-
ological stress and associations between cortisol and illness
severity have also been reported in other critical illnesses
[9, 10].

Amongst child survivors of critical illness, cortisol con-
centrations tend to normalise within 48 h of admission, but
the usual circadian rhythms are not immediately restored
[6]. High cortisol levels can persist on hospital discharge
from intensive care [4].

Activation of the HPA axis is necessary for everyday
functioning, but excessive acute stimulation, such as that
experienced during critical illness may play a role in
the development of subsequent psychological problems.
HPA axis dysregulation has been connected with adverse
childhood experiences involving maltreatment and with
a number of paediatric psychological problems includ-
ing anxiety and post-traumatic stress disorder (PTSD)
[11-16]. In children with traumatic injuries, positive
associations have been found between elevated levels of
cortisol on admission and PTSD symptoms 6 weeks and
6 months later [17, 18]. It is, therefore, possible that the
psychological sequelae of paediatric critical illness are
linked to ongoing anomalies in the regulation of the HPA
axis.

A commonly used method for assessing HPA axis activ-
ity is the measurement of diurnal basal salivary cortisol
levels. In the general child population these are highest on
waking and are followed by brief early morning reactivity,
the so-called cortisol awakening response (CAR), thought
to be under genetic influence [11, 19]. Cortisol levels then
decrease during the day and are at their lowest in the even-
ing, when they are thought to be related to environmental
influences [11, 19, 20].

Whether critical illness affects the subsequent regula-
tion of the HPA axis and whether this is associated with the
development of psychological after-effects has not previ-
ously been studied in a child population.

In this exploratory study, we compared diurnal vari-
ation in basal salivary cortisol in children 3-6 months
following discharge from intensive care and in healthy
controls, a point in time when most children would be
clinically recovered but psychological sequelae already
become apparent and could be linked to residual anoma-
lies in cortisol circadian levels. We also examined asso-
ciations of cortisol with PTSD symptoms in the PICU
admitted children. We hypothesised altered diurnal pat-
terns of cortisol in the PICU group in comparison to con-
trols. Furthermore, we postulated that regulatory anoma-
lies would be linked to psychological sequelae in the
PICU group.
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Methods
Participants

The study was nested within a cohort study of psychologi-
cal and cognitive sequelae in children aged 5-16 years old
admitted to intensive care with meningo-encephalitis, sep-
sis, and other critical illnesses [2, 21].

Patient enrolment

Patients included in the nested study were admitted to the
PICUs at St Mary’s Hospital and Great Ormond Street
Hospital, London UK, May 2008 to March 2010 and fol-
lowed up 3-6 months after discharge. Since the main study
aimed to ascertain whether PICU admission, especially for
infectious illness, was likely to impact psychological and
cognitive sequelae, we excluded children with a medical
history suggesting prior psychiatric, neurological, or devel-
opmental disorders and where a psychiatric problem (e.g.,
deliberate self-harm) or neurological injury (e.g., traumatic
brain injury) was the cause of the admission.

Community-based controls

Healthy controls with no previous history of PICU admis-
sion were recruited from the family and/or friends of
patients admitted to PICU as well as local mainstream
schools.

Procedure
Collection of cortisol

The measurement of salivary cortisol levels has proved
an acceptable, non-invasive, reliable and valid biological
marker of HPA activity, both in general populations [22]
and during critical illness [23, 24]. Study parents were
given a sample collection pack at the 3- to 6-month fol-
low-up appointment containing standardised instructions,
six sampling devices called ‘“salivettes” (Sarstedt Inc.,
Rommelsdorf, Germany), a record sheet and a stamped
addressed envelope.

To ensure compliance to the sampling protocol, par-
ents collected the samples, three per day (immediately
after waking, waking +30 min, and waking +12 h), over
two consecutive weekdays. Instructions indicated that it
was important for the child not to eat, drink, or clean their
teeth in the 30 min preceding sample collection. The par-
ent was instructed to place or hold (if the child was under
11 years old) the salivette in the child’s mouth for 2 min or
until soggy. The specimen was then placed inside a plastic
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tube, kept in their home fridge until all of the samples had
been collected and posted back to the main research site.
Research has shown that unfrozen samples remain stable
at room temperature for 5-7 days [25]. Upon receipt, the
saliva specimens were stored in a —20 °C freezer and trans-
ferred to the lab for assay in insulated cold packs in order
to keep the thaw cycle to a minimum [26].

On the day of assay, samples were thawed for 30 min
and centrifuged for 15 min at 1200g. Salivary cortisol was
measured using a commercially available enzyme immuno-
assay (Salimetrics, UK). This competitive binding assay is
based on the principle that cortisol in saliva competes with
cortisol linked to horseradish peroxide for antibody bind-
ing sites. The amount of colour change observed at 450 nm
is inversely proportional to the concentration of endog-
enous cortisol present in each saliva sample. The inter- and
intra-assay coefficients of variance were 7.9 and 8.9%,
respectively.

Samples that were insufficient for the laboratory analy-
sis or were outliers (e.g., above the detectable limits of the
salivary assays or >4 SD above the mean) were excluded
from the analyses. Participants with three viable samples
(one for each time point) were included in the analysis.

Questionnaires
Socio-demographics and pre-morbid characteristics

A standardised questionnaire gathered information on
socio-demographic variables and pre-morbid characteris-
tics such as medical health history (i.e., chronic medical
conditions and health problems in the six months prior to
PICU admission) and/or emotional or behavioural prob-
lems in the child.

Clinical indices

Clinical PICU data were obtained from medical records,
including length of stay in PICU and hospital, illness
severity (Paediatric Illness Mortality score or PIM2 [27]),
admission and illness type.

Posttraumatic stress symptoms

Child post-traumatic stress symptoms were measured with
the eight-item Impact of Events Scale [28] a self-report
questionnaire validated for use in children over 8 years.
This assesses the presence of symptoms of PTSD, includ-
ing intrusive re-experiencing of the trauma and avoidance
of trauma-related stimuli. The questionnaire asked spe-
cifically about the frequency of PTSD symptoms experi-
enced in relation to the PICU admission and occurring in
the previous seven days. Items are rated on a 4-point scale

(total scores 024, a score >17 indicating caseness/risk for
PTSD) [29]. As the PICU group were all exposed to the
stress of critical illness and PICU admission, we analysed
post-traumatic stress responses in children 8 years and over
in this group only.

Statistical analysis

Analyses were carried out using the IBM SPSS Statis-
tics for Windows, Version 21.0 (IBM Corp., Armonk, NY,
USA). Analyses were two-tailed and significance was set
at p < 0.05. Due to the small sample size, analysis split by
admission type was not feasible. Thus, data are presented
for the PICU group as a whole.

The participant characteristics were analysed with
nonparametric methods (Mann—Whitney U test for con-
tinuous and Chi-square test for categorical data). Data are
expressed as median (interquartile range [IQR]) and fre-
quency (percent). Bivariate correlations (Spearman’s Rho)
were used to assess the possible effects on the cortisol data
of possible confounders such as prior chronic illness, use of
steroid medication whilst in PICU or taking medications at
the time of the cortisol data collection.

Cortisol concentrations were assessed for normality
using histograms and Kolmogorov—Smirnov tests. Distribu-
tions were skewed and thus log transformation was applied.
Cortisol concentrations from sampling days 1 and 2 were
significantly correlated (p < 0.05), and we therefore used
the averaged value of samples for each time-point. Data are
expressed as mean (95% CI). We also calculated the corti-
sol awaking response (CAR), defined as the rise in cortisol
within the first 30 min after waking [30] and as a percent-
age increase over waking levels.

Daytime profiles of cortisol secretion can be analysed
by modelling the cortisol variables on a repeated meas-
ures multivariate analysis of variance (ANCOVA) or by
more indirect variables such as area under the curve (AUC)
[19]. For this exploratory study we chose the ANCOVA as
being more directly related to the reported data, and as tak-
ing into account both within- and between subject effects.
Primary analyses involved group comparisons of basal
cortisol concentrations across the three time-points using a
mixed ANCOVA, with group (PICU vs. healthy controls)
as the between-subjects factor, and time (waking, waking
+30 min, waking +12 h) as the within-subjects factor. A
one-way ANCOVA of the CAR was also conducted. Gen-
der and age were specified as covariates. The role of gen-
der and age (or adolescence, more specifically) has previ-
ously been identified as potential confounding variables
in relation to basal cortisol secretion across the day [31,
32]. When Mauchly’s test of sphericity was significant, the
Greenhouse-Geisser correction was applied to the degrees
of freedom.
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Table 1 Recruitment into the study

PICU cohort Healthy controls

Invited to take part in study 175 Convenience sample
Study participants 88 93
Invited to provide saliva samples 69 83
Consented to participate 67 78
Provided saliva specimens 53 66
Valid salivary data 47 56

Secondary analyses were used to explore potential
risk factors that could contribute to PTSD symptomatol-
ogy, with particular interest in basal cortisol concentra-
tions. All variables were first evaluated by univariate lin-
ear regression to identify those that were associated with
posttraumatic stress symptom scores. The following vari-
ables were assessed: (1) vulnerability factors (age, gen-
der, ethnicity, socioeconomic status, family composition
(whether intact or not), and pre-existing health problems),
(2) critical illness factors (length of stay in PICU, length
of stay in hospital, illness severity, type of admission, ill-
ness type), and (3) basal cortisol concentrations (waking,
waking +30 min, waking +12 h, and CAR). Any variables
with a p value less than 0.1 on the univariate analysis were
entered into a multivariate regression analysis. Hierarchi-
cal (blockwise entry) was used, with vulnerability factors
entered in the first block, critical illness factors entered in
the second block, and basal cortisol concentrations in the
third block. In order to test the assumption of normality
of standardised residuals, histograms and the Kolmogo-
rov—Smirnov test were used. All residuals were deemed
normally distributed.

Results

Due to the delayed start of the nested study, not all par-
ticipants taking part in the main study were approached
to take part in the sub-study. Table 1 outlines participation
rates. There were 67 insufficient and 17 outlying cortisol
samples, and as a result 16 participants were excluded (six
PICU patients and ten controls).

Baseline characteristics are detailed in Table 2. Chil-
dren in the PICU and healthy control groups were simi-
lar on most variables. However, the presence of a chronic
medical condition was more common in the PICU group
(p < 0.01). The median age on admission in the PICU
group was 10 years (IQR 6-14); children spent a median
of 3 days (1-5) on PICU and 11 days (6-21) in hospi-
tal; the mean Paediatric Illness Mortality (PIM2) score
was 0.06 (0.04-0.15); 11 (23.4%) were admitted with
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meningo-encephalitis, 17 (36.2%) with sepsis and 19
(40.4%) with another critical illness.

Basal cortisol profile waking

Table 3 outlines the raw mean basal cortisol concentrations
in the two groups, adjusted for gender and age. Effect sizes
differences were 0.13 for waking cortisol and CAR, 0.23
for waking +30 min and 0.36 for waking +12 h cortisol.
The difference in CAR percentage increase over waking
levels was 7% (31% in PICU patients; 38% in controls).
The log transformations achieved acceptable normalisation
values for waking and waking +30 min cortisol for both
groups and for CAR in the PICU group, but normalisation
was imperfectly achieved for waking 124 hours cortisol in
the PICU group (kurtosis 7.3, skewness 2.24), and for CAR
(kurtosis 10.00, skewness —2.27) and waking +12 h corti-
sol skewness (1.60) in the control group.

The 2 (group) x 3 (time) mixed ANCOVA on the log
transformed data indicated there was no main effect of
group on basal cortisol concentrations after controlling for
the effects of gender and age (F(1, 99) = 2.63, p = 0.108),
nor any group X time interaction F(1, 87, 184.71) = 0.83,
p = 0.431. Furthermore, the one-way ANCOVA revealed
there was no main effect of group on CAR after controlling
for the effects of gender and age, F(1, 99) = 0.56, p = 0.456.

To explore the influence of other possible confounders
on these results, we carried out bivariate correlations in the
PICU admitted group between raw cortisol values and a
history of chronic illness or critical care admissions, use of
steroid medication during the critical admission and taking
medication at the time of the cortisol collection (for sickle
cell disease, diabetes, asthma; antibiotics) but none of these
were statistically significant (at p’s <0.05).

Predictors of PTSD symptoms

In the PICU group, 33 of the 47 (70%) children were old
enough to complete the IES-8 and had paired cortisol data
for each time point. The mean (BCa 95% CI) IES-8 score
was 13.12 (9.45, 17.09). The proportion scoring at risk for
PTSD was 12/33 (36.4%).

The variables associated with posttraumatic stress symp-
toms in the univariate and multivariate analyses are shown
in Table 4. Additional descriptive data for the significant
univariate predictors of PTSD symptoms in the PICU group
split by PTSD risk are provided in online resource 1. The
univariate analysis in Table 4 revealed that the vulnerabil-
ity factors, ethnicity (other) and past health problems, were
associated with posttraumatic stress symptoms (p = 0.07
and p = 0.04, respectively). Of the critical illness variables,
sepsis was significantly associated (p = 0.03) and, of the
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Table 2 Baseline
characteristics of paediatric

PICU cohort (n = 47) Healthy controls (n = 56)

intensive care unit group and

Age (years)

healthy control group Gender
Male
Female

Socio-economic status®
Level
Level I
Level 111
Not assigned
Ethnicity
White
Other
Complications during pregnancy®
Neonatal special care®
Family composition®
Intact home
Chronic medical condition®*
Past general health?
Intermediate/poor

Prior emotional/behavioural difficulties?

10.00 (7.00, 14.00) 11.00 (8.25, 13.00)

31 (66%) 26 (46%)
16 (34%) 30 (54%)
18 (46%) 28 (56%)
10 (26%) 13 (26%)
11 (28%) 9 (18%)
2 (5%) 3(6%)
26 (55%) 27 (48%)
21 (45%) 29 (52%)
12 (27%) 14 (25%)
6 (13%) 3 (5%)
30 (67%) 45 (82%)
21 (45%) 9 (17%)
8 (18%) 5 (9%)
4 (9%) 7 (13%)

Data are median (inter-quartile range) or frequency (percent)

The “not assigned” category included parents that were unemployed, students, or retired

# Data available for n = 39 PICU and n = 50 healthy controls. The primary earner was asked to provide

their occupation

® Data available for n = 45 PICU and n = 55 healthy controls
¢ Data available for n = 54 healthy controls
4 Data available for n = 44 PICU and n = 55 healthy controls

*p <0.01

Table 3 Aggregate basal salivary cortisol concentrations (nmol/l) for
paediatric intensive care unit group and healthy control group

Time PICU group (n =47)  Healthy controls
(n=56)
Immediately after 7.00 (5.94-8.05) 7.32 (6.36-8.29)
waking
Waking 430 min 9.00 (7.53-10.48) 10.39 (9.04-11.74)
Waking +12 h 1.32 (0.88-1.75) 1.87 (1.48-2.27)
CAR 2.01 (0.57-3.45) 3.07 (1.75-4.39)

Means (95% CI) are raw values and have been adjusted based on the
effect of the covariates gender and age

CAR cortisol awakening response

cortisol variables, evening cortisol concentration (wak-
ing +12 h) (p = 0.004). When included in the multivariate
analysis, only past health problems and sepsis were shown
to be significant independent predictors of posttraumatic
stress symptoms (p < 0.04), with the final model account-
ing for 46% of the variance in scores (p = 0.001).

Discussion

The results of this exploratory study of basal cortisol regu-
lation in 5- to 16-year-old survivors of critical illness show
comparable diurnal cortisol values to matched healthy
controls’ at 3—6 month follow-up. In the older study group
(over 8 years), the study documents associations between
higher evening cortisol levels and PTSD symptoms, but
from multivariate analysis the predictive power of evening
cortisol for PTSD symptoms was modest and modulated by
septic illness and pre-morbid health problems. The study is,
however, exploratory and requires confirmation and repli-
cation in other samples.

Cortisol levels in PICU survivors and in controls
Admission to paediatric intensive care was not linked to
significant perturbations to the HPA axis as measured

by diurnal salivary cortisol concentrations at follow-
up. Whilst previous research has shown alterations of
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Table 4 Prgdictors of Univariate Multivariate Analysis Model R> Model P
posttraumatic stress symptoms Analysis
in paediatric intensive care
patients (n = 33) R P B 95% CI B B P
Impact of Events Scale Total score
Model 1 0.21 0.03
Constant —-047 —12.37,11.42
Ethnicity® 0.11 0.07 6.33 —1.39,14.05 0.28 0.10
Past health problems® ~ 0.13  0.04 9.00 —0.33,18.33 0.32 0.06
Model 2 0.40 0.002
Constant —8.55 —20.34,3.25
Ethnicity® 3.80 —3.23,10.82 0.17 0.28
Past health problemsb 12.97 4.32,21.63 0.47 0.005
Sepsis 0.14 0.03 10.99 3.71,18.28 047 0.004
Model 3 0.46 0.001
Constant —66.98 —139.88,5.91
Ethnicity® 3.84 —2.99,10.67 0.17 0.26
Past health problems® 10.61 1.71,19.52  0.38 0.02
Sepsis 8.36 0.56,16.15 0.36 0.04
Cortisol (Waking 024 0.004 6134 —14.22,136.89 0.26 0.11
+12h)

B unstandardized coefficient, 8 (beta) standardised coefficient

? White versus all other categories: a positive regression coefficient means worse outcome for those of a

non-white ethnicity

® Good health versus intermediate/poor health in the six months prior to PICU admission: a positive
regression coefficient means worse outcome for those with past health problems

circadian cortisol rhythms during critical care admissions
[6, 33] our study points to normalised rhythms 3—6 months
later, with concentrations following established diur-
nal profiles of cortisol and UK child population stand-
ards [22, 34, 35] and possibly reflecting the acute nature
of the stress, the intact biological stress reactivity which
had favoured survival from critical illness [6, 8] and the
resumption of normal daily activities. The fact that our
study found no statistically significant differences between
the PICU and healthy control groups could potentially be
due to two reasons: lack of power in the study caused by
an insufficient sample size, or a truly small non-clinically
significant difference in outcome between groups. A pre-
vious study comparing people with PTSD and controls
reported a difference between the groups in percentage
CAR change over cortisol waking levels of 70% (100 vs
30%) [37]. This contrasts with the current study, where
this difference was only 7% (38-31%). In addition, the
differences in cortisol values expressed as standardised
effects sizes were small. This suggests that the differences
between groups were not clinically significant and that
although this was an exploratory study without an a priori
sample size calculation, the lack of statistical significance
would appear to be primarily due to small differences in
outcome between groups.
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Cortisol levels and post-traumatic stress symptoms

From univariate analysis, there were significant positive
correlations between evening (12 h after waking) cortisol
concentrations and PTSD symptoms. These results may be
aligned with findings of high pre-bedtime cortisol levels
and PTSD symptoms in children following recent psycho-
social traumas [12] supporting the notion that comparable
biological mechanisms may be involved following psy-
chological and acute physical stressors, and that anomalies
in children’s ability to regulate cortisol levels in response
to everyday events may possibly contribute to their stress
symptoms. High evening cortisol levels may indicate over-
drive or overactivity of the biological stress response which
becomes manifest with exposure to daily stresses and
events over the course of the day, possibly contributing to
the development of PTSD. We cannot, however, exclude
the possibility that PTSD symptoms themselves bring
about an added psychological stress to children’s everyday
lives and drive the increase in evening cortisol levels. It is
moreover also possible that cortisol dysregulation and a
predisposition to develop PTSD symptoms are already pre-
sent in some children prior to the critical illness.

From multivariate analysis evening cortisol levels failed
to independently and significantly predict PTSD symptoms
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over and above the presence of septic critical illness and
a history of prior health problems, although it still con-
tributed to a modest degree (p value of 0.11). Studies of
children with traumatic injuries [17, 18] have reported
positive associations between cortisol levels on admission
and PTSD symptoms at short-term follow-up. It is possi-
ble that—as is the case for children exposed to psychoso-
cial trauma [36]—the relation between cortisol and PTSD
symptoms weakens over time following critical illness.

We have previously found links between sepsis and
the subsequent development of PTSD symptoms [2] and
in our current analyses, sepsis weakened the association
between evening cortisol and PTSD symptoms. This could
be related to the complex and bidirectional cortisol changes
that take place during septic illness, whereby both high and
low cortisol levels have been associated with increased ill-
ness severity and poor physical outcomes [6-9] but also
possibly to the use of corticosteroid medication in the sep-
tic group, as there is some evidence of links between use
of corticosteroids for septic shock and critical illness and
PTSD symptoms [1, 38, 39].

Amongst child survivors of critical illness, cortisol con-
centrations tend to normalise within 48 h of admission, but
the usual circadian rhythms are not immediately restored
[6]. High cortisol levels can persist on hospital discharge
from intensive care [4]. Exploration of subsequent endo-
crinological and PTSD changes in relation to cortisol regu-
lation and treatment received during PICU admission for
septic and other critical illness and—given the reported
links between delusional-type memories and symptoms of
PTSD amongst critically ill children [40]—to the presence
of illness events such as delirium might be a fruitful area
for future enquiry. This could help clarify whether PTSD
symptoms and high evening cortisol levels at follow-up are
related to variations in the cortisol response during critical
illness.

Strengths and limitations

Our study has a number of strengths. To the best of our
knowledge, it is the first to test whether critical illness is
linked to subsequent HPA function. We obtained specimens
of cortisol over two test days, aggregating concentrations
from each time-point to increase reliability [41]. Moreover,
our protocol fidelity checks indicate that the compliance
achieved was acceptable. The sample size of the compari-
son between PICU survivors and controls was compara-
tively large and the study used a well-matched control
group. We did not examine the possibly confounding
effects on the cortisol findings of prior abuse and neglect
experiences, but the fact that non-intact families and a prior
history of emotional and behavioural difficulties were com-
paratively uncommon in either PICU or control groups,

together with the normative cortisol values demonstrated
suggests that this was not likely to be a significant con-
founder. We did not have data on pubertal status, but our
analyses are controlled for age and gender, which would
have minimised the confounding effects of puberty.

This study, however, is exploratory and subject to limi-
tations. First, we did not have measures of cortisol changes
whilst in PICU and the concurrent assessment of salivary
cortisol and psychological sequelae would prevent asser-
tions about cause and effect. Secondly, we did not include
a direct test of possibly more discriminating cortisol stress
reactivity. Thirdly, our measures of psychological outcome
are based on questionnaires and are indicative of psychi-
atric risk, not of actual psychopathology. Fourthly we
failed to achieve full data normalisation for the statistical
analysis. Finally the numbers in the analysis of associa-
tions between PTSD and cortisol were small and may have
led to the loss of statistical significance on multivariate
analysis.

Conclusion

Our results indicate that children with critical illness of
heterogeneous aetiologies may not as a group necessarily
develop subsequent alterations in basal cortisol diurnal pro-
files. In the older study group of children over eight years,
we did identify an association between evening cortisol
level and PTSD symptoms 3-6 months following PICU
discharge, but from multivariate analysis the strength of
this association was reduced and modulated by the pres-
ence of septic illness and of pre-morbid health problems.
Future work could usefully examine links between cortisol
function both during and after critical illness and subse-
quent PTSD in these children.
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