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A B S T R A C T   

Background: 22q11.2 deletion syndrome (22q11DS) is a neurogenetic condition associated to a high risk for 
psychiatric disorders, including psychosis. Individuals with 22q11DS are thought to experience increased levels 
of chronic stress, which could lead to alterations in hypothalamic-pituitary-adrenocortical (HPA)-axis func-
tioning. In the current study, we investigated for the first time diurnal salivary cortisol profiles in adolescents and 
young adults with 22q11DS as well as their link with stress exposure, coping strategies and psychopathology, 
including psychotic symptoms. 
Methods: Salivary cortisol was collected from adolescents and young adults with 22q11DS (n = 30, age = 19.7) 
and matched healthy controls (HC; n = 36, age = 18.5) six times a day for two days. Exposure to stressful life 
events, including peer victimization, coping strategies and general psychopathology were assessed with ques-
tionnaires. Psychotic symptoms and psychiatric comorbidities were evaluated with clinical interviews. 
Results: We observed similar daily levels and diurnal profiles of salivary cortisol in adolescents and young adults 
with 22q11DS compared to HCs. However, participants with 22q11DS reported less frequent exposure to stress 
than HCs. In 22q11DS, we observed a significant association between the use of non-adaptive coping strategies 
and the severity of psychotics symptoms. Cortisol level was not associated to severity of psychotic symptoms, but 
elevated cortisol awakening response (CAR) was found in participants with 22q11DS with higher levels of 
general psychopathology. 
Conclusions: Our results do not support earlier propositions of altered HPA-axis functioning in 22q11DS but 
highlight the need to further investigate diurnal cortisol as an indicator of HPA-axis functioning and its link with 
(earlier) stress exposure and psychopathology in this population. Interventions should target the development of 
adaptive coping skills in preventing psychosis in 22q11DS.   

1. Introduction 

Chromosome 22q11.2 deletion syndrome (22q11DS) is a neuro-
genetic condition resulting from a 1.5–3 megabase deletion on the long 
arm of chromosome 22. 22q11DS is associated with physical, social and 
cognitive impairments as well as high rates of psychiatric disorders. In 
particular, the syndrome is seen as a strong risk factor for developing 

psychosis; the prevalence of schizophrenia spectrum disorder (SSD) in 
22q11DS is estimated to be up to 41% [1]. Moreover, similar clinical 
paths leading to transition to psychosis have been found in 22q11DS and 
other clinical high-risk (CHR) populations, which confirms that 
22q11DS is a valuable human model for studying early risk factors for 
psychosis [2]. 

Individuals with 22q11DS often face a broad range of stressful 

* Corresponding author. Clinical Psychology Unit for Intellectual and Developmental Disabilities Faculty of Psychology and Educational Sciences University of 
Geneva 40, Boulevard du Pont-d’Arve, 1205, Geneva, Switzerland. 

E-mail address: Laura.Ilen@unige.ch (L. Ilen).  

Contents lists available at ScienceDirect 

Comprehensive Psychoneuroendocrinology 

journal homepage: www.sciencedirect.com/journal/comprehensive-psychoneuroendocrinology 

https://doi.org/10.1016/j.cpnec.2021.100103 
Received 28 October 2021; Accepted 10 December 2021   

mailto:Laura.Ilen@unige.ch
www.sciencedirect.com/science/journal/26664976
https://www.sciencedirect.com/journal/comprehensive-psychoneuroendocrinology
https://doi.org/10.1016/j.cpnec.2021.100103
https://doi.org/10.1016/j.cpnec.2021.100103
https://doi.org/10.1016/j.cpnec.2021.100103
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cpnec.2021.100103&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Comprehensive Psychoneuroendocrinology 9 (2022) 100103

2

experiences from childhood, including medical, cognitive and social 
problems, and are therefore thought to experience increased rates of 
chronic stress [3]. In the literature, (early-life) exposure to stress has 
constantly been associated to an increased risk for psychopathology, 
including psychosis, especially in vulnerable individuals [4,5]. In 
22q11DS, the presence of negative life events, combined with an 
endogenous heightened vulnerability to stress and poorer coping skills, 
has been suggested to contribute to the increased risk for schizophrenia 
[3]. A mediating factor between stress and later psychopathology could 
be a dysregulation of the hypothalamic-pituitary-adrenocortical 
(HPA)-axis, a key biological stress response system in the human body 
[6]. In response to stressors, HPA-axis releases the glucocorticoid hor-
mone cortisol, which typically shows a strong diurnal rhythm: the values 
peak within 30–45 min after waking (the cortisol awakening response, 
CAR) and decline throughout the day [7]. Chronic stress can shape the 
physiological stress response and lead to dysregulation of the HPA-axis 
[8]. Flatter cortisol diurnal rhythms have been related to poorer mental 
and physical health [9] and have been reported in various stress-related 
disorders, including depression and post-traumatic stress disorder 
(PTSD) [10,11]. Similarly, reduced CAR is reported in populations 
experiencing continuous stress, like fatigue or burnout, whereas 
enhanced CAR is associated with general life stress [12]. A dysfunction 
of the HPA-axis, as a result of chronic stress, has also been proposed to 
have a role in the development of schizophrenia [13]. Patients with 
psychosis present elevated cortisol levels [14] and attenuated CAR [15]. 
Elevated cortisol has also been reported in CHR populations (other than 
22q11DS) but findings are less consistent [14], which could potentially 
be explained by the clinical evolution of CHR individuals. Indeed, a 
longitudinal study [16] reported elevated cortisol levels in CHR youth 
whose symptoms had reached a psychotic level within two years, 
compared to healthy controls (HCs) and CHR youth whose symptoms 
had remitted. 

There is a paucity of studies on the topic of stress in 22q11DS. In 
adolescents and young adults, [17] recently showed an association be-
tween more frequent exposure to stress during the previous year and 
higher levels of subthreshold psychotic symptoms, which was mediated 
by dysfunctional coping strategies (e.g. rumination and dramatization). 
Moreover, they showed indirect evidence of altered HPA-axis func-
tioning in 22q11DS, as they reported - together with [18] - a reduction of 
pituitary volume (PV) in 22q11DS that emerged during late ado-
lescence/young adulthood. The PV reductions were associated with 
psychopathology in general but were not a specific marker of psychosis. 
The authors speculated that PV reductions could be caused by the 
chronic elevation of cortisol concentrations in adolescence leading to 
progressive exhaustion of HPA-axis in adulthood, as previously reported 
in various psychiatric disorders such as PTSD [19]. This argument is in 
line with seemingly contradictory findings regarding cortisol levels in 
children and adults with 22q11DS. Indeed, two studies ([20,21]) re-
ported higher cortisol levels in children with 22q11DS, measured at a 
single time point either at 11am or in the afternoon, whereas [22] re-
ported lower mean cortisol and attenuated cortisol response to daily 
stress in adults with 22q11DS compared to HCs. However, to date there 
are no studies investigating diurnal cortisol rhythms in 22q11DS in 
adolescence and young adulthood, even though this period is known to 
be particularly vulnerable for experiencing stress [23] and for the onset 
of psychopathology [24]. Moreover, despite the high prevalence of 
psychiatric disorders and chronic stress in 22q11DS [1,3], the role of 
cortisol in the pathway to psychosis or more general psychopathology 
has not yet been investigated in this population. 

In the current study, we investigated for the first time diurnal sali-
vary cortisol profiles and their link with exposure to stressful events 
(including peer victimization, which is relevant to study in 22q11DS as 
youth with special needs are in increased risk for bullying [25]), coping 
strategies and psychotic symptoms in adolescents and young adults with 
22q11DS. Given the earlier findings of increased cortisol levels in chil-
dren with 22q11DS [20,21] and in CHR youth [16], we hypothesized 

that participants with 22q11DS would show higher mean levels and 
altered diurnal profiles of cortisol compared to HCs. Furthermore, we 
hypothesized that more frequent exposure to stressful life events 
(including peer victimization) would be linked with higher mean 
cortisol levels, and expected this association to be mediated by the use of 
dysfunctional coping strategies. Also, considering the role of elevated 
cortisol levels and stress exposure in the development of psychosis [14, 
17], we hypothesized that participants with higher mean cortisol levels 
and participants with more frequent exposure to stress would show more 
severe symptoms of psychosis (positive and negative symptoms). We 
also expected that the relationship between stress exposure and psy-
chotic symptoms would be mediated by mean cortisol level. Finally, we 
expected to find an association between altered cortisol and higher 
general psychopathology in participants with 22q11DS. 

2. Methods 

2.1. Participants 

Thirty-three participants with a confirmed diagnosis of 22q11.2 
deletion syndrome aged 12–28 years participated in the current study. 
Data were collected since August 2018 through the Swiss 22q11DS 
longitudinal cohort. 37 HCs aged 12–24 years were recruited within the 
siblings of the participants with 22q11DS and through the Geneva local 
community. The characteristics of participants are shown in Table 1. 
The groups were matched for age, sex and body mass index (BMI). Two 
participants with 22q11DS and three HCs reported smoking regularly. 
Of note, part of our sample (i.e., n = 12 22q11DS and n = 6 HCs) 
overlapped with that of [17]. However, as participants were evaluated 
through longitudinal cohort, the participants included in the previous 
study of [17] were assessed at an earlier time point. 

All participants had to have sufficient verbal and intellectual skills, 
and a parent or caretaker willing to participate in the study. Exclusion 
criteria for control group were 1) premature birth, 2) first-degree rela-
tive with developmental trouble, 3) neurological disorder, 4) history of 
psychical disorder requiring treatment, or 5) history of learning or 
language disorder requiring treatment. All participants and caretakers 
gave their written consent and participants received a financial 
compensation of 100CHF for participating in a large study including also 
additional measures. The study was approved by the Swiss Ethics 
Committee on research involving humans (CCER) of Geneva. 

2.2. Materials 

2.2.1. Questionnaires 
Participants completed the Coddington Life Events Scales question-

naire (CLES) [26] that assesses previous important life events and their 
impact. Participants were asked to report if specific life events had 
happened to them in four different time frames (0–3, 4–6, 7–9, 10–12 
months). Each event has a value in Life Change Units (LCUs) depending 
on the characteristics of the event (type, frequency, and time since 
occurrence). A total score of experienced stress in the past 12 months 
was calculated representing the weighted sum of the LCU scores. 

Participants also completed the Multidimensional Peer Victimization 
Scale–Revised (MPVS-R) [27] that assesses the frequency of experienced 
peer victimization in the past year on a 3-point Likert scale (never, once, 
more than once). 

To assess coping strategies, participants completed the Cognitive 
Emotion Regulation Questionnaire (CERQ) [28] that assesses the use of 
adaptive (acceptance, positive refocusing, refocus on planning, positive 
reappraisal, putting into perspective) and non-adaptive (self-blame, 
rumination, catastrophizing, and blaming others) strategies to regulate 
emotions in response to negative events. Furthermore, participants 
completed The Adolescent Coping Orientation for Problem Behaviors 
(A-COPE) [29]. Two scores, transformational coping and avoidance 
coping, were computed [29]. 
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General psychopathology was assessed through parent-reported 
questionnaires with the Child Behavioral Checklist (CBCL) for children 
and adolescents and with the Adult Behavioral Checklist (ABCL) for 
adults aged 18 years or older [30]. The age-normalized T-scores of total 
psychopathology as well as of the externalizing and internalizing sub-
scales were used. 

Finally, parents completed a medical questionnaire that covers 
general information (such as height and weight) and medical history of 
participant as well as the use of current medication. 

2.2.2. Clinical assessment 
Participants with 22q11DS were assessed with The Structured 

Interview for Psychosis-Risk Syndromes (SIPS) [31] that covers four 
main dimensions of psychotic symptoms: positive, negative, disorga-
nized, and general symptoms. The mean score (0–6) of five items 
measuring positive psychotic symptoms (delusional ideas, suspicious-
ness, grandiosity, hallucinations, and disorganized communication) as 
well as negative symptoms (social anhedonia, avolition, expression of 
emotion, experience of emotions and self, ideational richness, occupa-
tional functioning) were calculated. 

A structured clinical interview (Diagnostic Interview for Children 
and Adolescents – Revised (DICA-IV); Schedule for Affective Disorders 
and Schizophrenia for School-Age Children – Present and Lifetime 
version (K-SADS-PL); Structured Clinical Interview for Axis I DSM-IV 
(SCID-I)) was conducted with the participants with 22q11DS by a 
trained child psychiatrist (SE). We used the number of psychiatric 
diagnosis as an indicator of psychiatric comorbidity [18]. 

2.2.3. Cognitive assessment 
Intellectual functioning was assessed with Weschler Intelligence 

Scale for Children for participants below 17 years and with the Weschler 
Adult Intelligence Scale for the participants aged 17 years or older. 

2.2.4. Cortisol procedure 
All participants collected saliva samples at home using the Sali-

metrics 2.0 mL passive-drool collection tubes. Participants and their 
parents received clear verbal and written instructions for collecting and 
storing the samples. To collect the samples, participants were instructed 
to place a cotton under their tongue for 90 s without touching it with 
their hands. The cotton was then placed in a tube that was put in the 
freezer. Samples were collected six times a day during two days: 
immediately after awakening, 30 min after awakening, 60 min after 
awakening and 120 min after awakening, in the afternoon at 4 p.m. and 
in the evening at 8 p.m. Participants were instructed to collect the 
samples preferably on two consecutive days during which they were 
spending most of the day at home, and to wake up before 10 a.m. on 
sampling days. They were also told not to eat or drink anything except 
water in the hour before sampling. Participants were instructed to 
indicate the exact time of collection of each sample and write down any 
problems they encountered during sampling. Participants stored the 
samples in their freezer until bringing them to lab. In the lab, saliva 
samples were stored at − 20 ◦C until processed. Samples were then 
centrifuged at 3000 rpm for 15mn at 4 ◦C and salivary cortisol levels 
were quantified with the Salimetrics Salivary Cortisol Enzyme Immu-
noassay Kit (Salimetrics) according to the manufacturer’s instructions. 
The analytical sensitivity for the cortisol assay is 0.007 μg/dL with 
standard curve ranging from 0.012 to 3.00 μg/dL. Average intra- and 

Table 1 
Demographic characteristics, the variables of interest and the comparisons be-
tween groups.   

Healthy 
controls (n 
= 36) 

22q11DS 
(n = 30) 

Test 
statistic 

P-value 

Age in years, mean (S. 
D.) 

18.54 
(±3.23) 

19.74 
(±5.57) 

U = 513 0.73 

Sex (n M/F) 18/18 16/14 X2(1) =
0.07 

0.79 

IQ, mean (S.D.) 111.24 
(±11.63) 

73.27 
(±12.40) 

U =
1009 

<0.001** 

Body mass index, mean 
(S.D.) 

20.78 
(±2.66) 

23.49 
(±5.30) 

U = 406 0.17 

Time of 1st sample in 
hours, mean (S.D.) 

8:35 (±0:55) 8:49 
(±0:42) 

T = 1.16 0.25 

Diagnosis, n (%) 
ADHD  14 (47%)   
Anxiety disorder  13 (43%)   
Mood disorder  5 (17%)   
Psychotic disorder  1 (3%)   
PTSD  1 (3%)   
Gambling disorder  1 (3%)   
Obsessive-compulsive 
disorder  

1 (3%)   

Oppositional defiant 
disorder  

1 (3%)   

Medication, n (%) 
Psychostimulants 0 (0%) 10 (33%)   
Antidepressants 0 (0%) 10 (33%)   

Neuroleptics 0 (0%) 8 (27%)   
Anxiolytics 1 (2%) 2 (6%)   
Omega-3 0 (0%) 6 (20%)   
Other medicationa 3 (8%) 6 (20%)   

1st cortisol sample 
(nmol/L) 

10.38 
(±5.37) 

9.77 
(±3.16) 

T =
− 0.13 

0.89 

Cortisol awakening 
response (nmol/L) 

4.08 (±4.74) 3.70 
(±5.38) 

T =
− 0.52 

0.61 

Daily average cortisol 
(nmol/L) 

7.99 (±2.62) 7.80 
(±2.30) 

T = 0.24 0.81 

Diurnal slope (ß value) − 0.011 
(±0.006) 

− 0.01 
(±0.005) 

T = 0.88 0.38 

Stress exposureb, mean 
(S.D.) 

168.11 
(±125.37) 

107.43 
(±149.70) 

U = 745 0.008* 

Peer victimizationc, 
mean (S.D.) 

20.83 
(±1.28) 

21.78 
(±3.52) 

U =
452.5 

0.6 

Adaptive copingd, mean 
(S.D.) 

63.47 
(±14.76) 

57.93 
(±13.18) 

U =
683.5 

0.064 

Non-adaptive copinge, 
mean (S.D.) 

34.14 
(±9.02) 

35.17 
(±10.51) 

U = 505 0.65 

Transformational 
copingf, mean (S.D.) 

89.97 
(±16.88) 

87.59 
(±12.13) 

U =
527.5 

0.56 

Avoidance copingg, 
mean (S.D.) 

57.89 
(±11.42) 

59.33 
(±11.05) 

U = 458 0.7 

SIPS positive 
symptoms, mean (S. 
D.)  

0.82 
(±0.96)   

SIPS negative 
symptoms, mean (S. 
D.)  

2.34 
(±0.88)   

Total 
psychopathologyh, 
mean (S.D.) 

45.66 
(±9.99) 

62.23 
(±6.63) 

U =
82.5 

<0.001** 

Externalizing 
psychopathologyi, 
mean (S.D.) 

46.43 
(±9.95) 

54.97 
(±8.78) 

U = 271 0.001* 

Internalizing 
psychopathologyi, 
mean (S.D.) 

49.03 (±9.7) 66.10 
(±7.04) 

U = 72 <0.001** 

*p < .05. 
**p < .001. 
nmol/L = nanomoles per litre. 
β value = Beta value, calculated using nmol/L values. 

a Other medication: medication that is not included in the above-mentioned 
categories, excluding glucocorticoids. 

b Stress exposure: total score of CLES (past 12 months). 
c Peer victimization: total score of MPVS-R. 

d Adaptive coping: score of adaptive coping subscale of CERQ. 
e Non-adaptive coping: score non-adaptive coping subscale of CERQ. 
f Transformational coping: score of transformational coping subscale of A- 

COPE. 
g Avoidance coping: score of avoidance coping subscale of A-COPE. 
h Total psychopathology: T-score of ABCL/CBCL total score. 
i Externalizing/Internalizing psychopathology: T-score of ABCL/CBCL 

subscale. 
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inter-assay coefficients of variation were 6.8% and 5.3% respectively. 
Twenty-six participants took the cortisol samples on weekend days, 

11 on weekdays, and 9 participants took the samples both on a weekday 
and a weekend day. Twenty-four participants did not report a date for 
either one or both sampling days. Most of the samples for which the 
dates were reported were taken on two consecutive days (n = 42). The 
groups were matched for the time they took the first sample (Table 1). 

It should be noted that for the assessment of cortisol data and more 
specifically the CAR, we could not conform to all the consensus guide-
lines [32]. First of all, even though a self-reported diary system was used 
to verify the awakening time of participants, objective methods, such as 
actigraphy, were not available in the current study. Secondly, due to 
missing information, we were not able to control for all the recom-
mended trait-like factors (e.g., oral contraceptive use) or covariates 
related to the sampling day (e.g., sleep duration or quality and prior day 
experiences) (see Stalder et al. [32]). 

2.3. Data exclusion and handling of missing data 

Two participants with 22q11DS and one HC subject were excluded 
from the analyses due to unsuccessful or insufficient sampling. One 
participant with 22q11DS was excluded because he reported taking 
glucocorticoid medication at the time of sampling, which is known to 
strongly influence functioning of the HPA-axis [33]. The analyses were 
therefore conducted with 66 valid participants. Moreover, eight cortisol 
samples were missing due to missing sampling or because there was not 
enough saliva, and seventeen samples were excluded because of poor 
adherence with sampling protocol. We also excluded 49 samples that 
participants took outside of specified windows of acceptable times (see 
Table 2) (adapted from Ref. [34] and one sample for which sampling 
time was not indicated. Furthermore, since even a 15-min delay after 
awakening in collecting morning saliva has a significant effect on 
cortisol value [32], we excluded two cortisol samples that were reported 
to be taken more than 10 min after waking up. Finally, the samples from 
one sampling day were excluded from three participants who had woken 
up after 10 a.m. at that day. 

A data imputation strategy was applied to deal with missing data in 
order to be able to examine the diurnal variation of cortisol of all the 
valid participants. In case of a missing cortisol value for a certain time 
point in one of the days, the value of the same time point of the 
remaining day was used to replace the missing value (n = 48). This was 
done since there were no differences in cortisol values between the two 
sampling days (See Section 2.4.). If a participant had missing cortisol 
values at a certain time point in both days (n = 18), the missing values 
were replaced by using a stochastic regression data imputation [35] to 
allow for introducing a random error term. First, raw cortisol values 
were log10 transformed to correct skewness. The data was examined for 
potential outliers (>3SD) but no outliers were detected. Age, sex and 
diagnosis as well as all available log10 transformed cortisol values and 
times of measurement were then included into the model as predictive 
values and missing values were predicted using Rstudio [36] mice 
package [37] with number of multiple imputations set as 5. The imputed 
data-set was re-evaluated for outliers and no outliers were detected. 

2.4. Treatment of cortisol data 

Cortisol data was treated in three ways to examine different out-
comes of HPA activity (adapted from Ref. [38]. First, the cortisol 
awakening response (CAR) was computed by subtracting the cortisol 
value at waking from the cortisol value 30 min post-waking. Then, we 
computed the daily average cortisol value by summing all the six cortisol 
values and calculating the mean for each participant for each day. 
Finally, we computed the diurnal slope by doing a simple linear 
regression line that predicted the log10-transformed cortisol values from 
time since awakening. We excluded the cortisol 30 min post-waking to 
avoid the effect of CAR, in line with previous studies (e.g. Cohen et al. 
[34]). If a participant had not respected sampling time at certain time 
points, these missing values for sampling time were imputed as 
described above (Section 2.3). The imputation was done to have an es-
timate of diurnal cortisol slope for all participants. 

The possible within-subject differences at each time point were 
examined in each group with repeated measures ANOVA. Indicating a 
typical rhythm over the day, cortisol showed a significant main effect of 
time in the 22q11DS group (F (5, 40) = 31.61, p < .001, η2 = 0.80), and 
in HCs (F (5, 65) = 83.28, p < .001, η2 = 0.87). Nevertheless, there were 
no significant effects of day in either group (F (1, 8) = 0.21, p = .66, η2 =
0.026), (F (1, 13) = 0.48, p = .50, η2 = 0.036). Similarly, there were no 
significant effect of day × time interaction in the 22q11DS group (F (5, 
40) = 0.87, p = .51, η2 = 0.098) nor in HCs (F (5, 65) = 0.41, p = .84, η2 
= 0.03). Furthermore, repeated measures ANOVA did not show any 
differences between days in CAR for participants with 22q11DS (F (1, 
20) = 0.94, p = .34, η2 = 0.045) or for HCs (F (1, 32) = 1.41, p = .24, η2 
= 0.042). Similarly, diurnal slope did not differ between the two days in 
either group (F (1, 10) = 0.15, p = .71, η2 = 0.014) (F (1, 13) = 0.15, p =
.70, η2 = 0.012). Since there were no differences between the sampling 
days, cortisol values from the two days were averaged for the analyses. 

2.5. Statistical analyses 

The analyses were conducted with IBM SPSS Statistics 26. Between- 
group differences in cortisol measures (CAR, daily average cortisol and 
diurnal slope) were examined with an independent samples t-test. A 
mixed ANOVA was used to examine group differences in cortisol at each 
sampling point. For the other variables of interest, group comparisons 
were done using a Mann-Whitney U test or a chi-square test. Further-
more, in the group of participants with 22q11DS, we conducted a 
Spearman’s rank correlation to examine associations between the vari-
ables of interest, after controlling for the effects of IQ and age. 

The current study has been co-registered during the data collection 
(10.17605/OSF.IO/ZYGTA). However, we made two changes for the 
current study with respect to co-registration. Firstly, due to lot of 
missing cortisol data, we applied a data imputation strategy (See Section 
2.3). Secondly, we conducted additional, not co-registered analyses 
about the associations between cortisol and general psychopathology in 
the 22q11DS group (See Section 3.5), thus our hypothesis about the link 
between cortisol and general psychopathology was not co-registered. 
The data set is publicly available through the YARETA data preserva-
tion system (https://doi.org/10.26037/yareta:y2dbjsabrvd3fmgpt 
ygjcsdgc4). 

3. Results 

3.1. Group differences in demographic variables 

Group comparisons of demographic variables are shown in Table 1. 
Groups did not differ in terms of most demographic measures. In line 
with earlier findings of a lowered IQ in individuals with 22q11DS [39], 
IQ was significantly lower in the 22q11DS group compared to HCs. 

Table 2 
Windows of acceptable times for cortisol samples.  

Targeted Time Window of Acceptable Times 

Wake up + 30 min Wake up + 25 - + 50 min 
Wake up + 60 min Wake up + 55 - + 80 min 
Wake up + 120 min Wake up + 115 - + 140 min 
16 p.m. 15p.m.–17 p.m. 
20 p.m. 19 p.m.–21 p.m.  
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3.2. Group differences in cortisol profiles 

Independent t-test did not reveal significant differences in CAR be-
tween participants with 22q11DS and HCs (Table 1). Similarly, daily 
average cortisol or diurnal slope did not vary between the groups. 

Diurnal cortisol profiles for participants with 22q11DS and for HCs 
are shown in Fig. 1. Mixed ANOVA showed a significant main effect of 
time (F (3.37, 239.2) = 208.66, p < .001, η2 = 0.77) indicating typical 
variation in cortisol during the day. However, there was no significant 
main effect of group (F (1, 64) = 0.06, p = .81, η2 = 0.001) or time ×
group interaction (F (3.74, 239.2) = 0.82, p = .5, η2 = 0.013), which 
indicated similar diurnal profiles of cortisol in both groups. Due to the 
data violating assumptions of sphericity, ANOVA test statistics were 
estimated using Greenhouse-Geisser method. 

3.3. Effects of age and sex on cortisol 

As age is known to have an effect on cortisol levels [40], we exam-
ined correlations between cortisol measures and age with Spearman 
rank correlation. Neither daily average cortisol (rs (36) = 0.09, p = .59) 
(rs (30) = 0.311, p = .095), CAR (rs (36) = − 0.101, p = .56) (rs (30) =
0.085, p = .65) or diurnal slope (rs (36) = − 0.25, p = .14) (rs (30) =
− 0.352, p = .056), correlated with age in HCs or in the 22q11DS group. 

Sex differences in cortisol measures were examined in both groups 
with an independent samples t-test. In the control group, female par-
ticipants showed significantly higher daily average cortisol levels (t (34) 
= − 2.54, p = .016) and steeper diurnal slopes (smaller β-values; t (34) =
2.47, p = .019) than males. On the contrary, no sex difference was 
observed in the 22q11DS group either in daily average cortisol (t (28) =
− 0.26, p = .80) or in diurnal slope (t (28) = 0.86, p = .40). CAR did not 
show any sex differences in HCs (t (34) = 0.19, p = .85) or in the 
22q11DS group (t (28) = − 0.92, p = .37). 

3.4. Group differences in stress exposure and coping 

Participants with 22q11DS showed significantly less exposure to 
stressful life events in the past 12 months compared to HCs (Table 1). 
The frequency of peer victimization in the past 12 months was very low 
in both groups and therefore did not differ between the groups. On 
average, participants with 22q11DS reported using tendentially less 
adaptive coping strategies than HCs, measured by the CERQ, but the 
difference failed to reach a significant level. In examining different 
adaptive coping styles separately, participants with 22q11DS had 
generally lower scores than HCs, but the only significant difference was 
seen in the strategy of refocus on planning (U = 726.5, p = .016). On the 
contrary, the only adaptive strategy that participants with 22q11DS 

reported using more than HCs was positive refocusing (U = 388.5, p =
.05). The total use of non-adaptive coping strategies did not differ be-
tween the two groups. However, when examining different non-adaptive 
coping styles separately, significant differences were observed in stra-
tegies of self-blame (with 22q11DS participants reporting less self-blame 
than HCs; U = 729, p = .014) and catastrophizing (with 22q11DS par-
ticipants reporting more catastrophizing than HCs; U = 340, p = .009). 
Finally, the use of transformational or avoidance coping, measured by 
the A-COPE, did not differ between the groups (Table 1). 

3.5. Correlations 

To examine correlations between cortisol, stress exposure, coping 
and psychotic symptoms in the 22q11DS group, we conducted a 
Spearman rank correlation, controlling for the effects of age and IQ 
(Fig. 2). Contrary to our hypothesis, the frequency of exposure to stress 
or peer victimization did not correlate with daily average cortisol, CAR 
or diurnal slope. Furthermore, mean cortisol level was not associated to 
the severity of positive or negative psychotic symptoms. This was also 
the case for CAR and diurnal slope, as well as for the frequency of stress 
exposure. Moreover, the use of coping strategies was not associated to 
cortisol levels or to stress exposure. However, the more frequent use of 
non-adaptive coping strategies was significantly associated to severity of 
positive (rs (26) = 0.498, p = .007) and negative (rs (26) = 0.548, p =
.003) psychotic symptoms indicating that individuals with 22q11DS 
who reported using more non-adaptive coping strategies, showed more 
severe psychotic symptoms. Due to lack of correlations between stress, 
cortisol, coping and psychotic symptoms, we could not conduct medi-
ation analyses. 

Finally, due to low levels of psychotic symptoms presented by our 
sample as well as the fact that alterations in the HPA-axis functioning 
have been linked with various types of psychopathology [6], we con-
ducted additional analyses to examine associations between cortisol and 
more general psychopathology in the 22q11DS group, which were no 
co-registered. To examine correlations between different cortisol mea-
sures and psychopathology as well as psychiatric comorbidity, 

Fig. 1. Diurnal cortisol profiles for participants with 22q11DS (n = 30) and for 
healthy controls (n = 36). 

Fig. 2. Spearman correlations between cortisol measures and other variables of 
interest for participants with 22q11DS (n = 30), controlling for age and IQ. car 
= cortisol awakening response; dac = daily average cortisol; dcs = diurnal 
cortisol slope; stress = stress exposure (CLES); bully = peer victimization 
(MPVS-R); adapt = adaptive coping (CERQ); nonadapt = non-adaptive coping 
(CERQ); transf = transformational coping (A-COPE); avoid = avoidance coping 
(A-COPE); pos = positive psychotic symptoms (SIPS); neg = negative psychotic 
symptoms (SIPS). 
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Spearman rank correlation was used, controlling for the effects of age 
and IQ (Fig. 3). Total psychopathology had a significant correlation with 
CAR (rs (26) = 0.522, p = .004): the participants who showed higher 
general psychopathology showed elevated CAR. This was also the case 
for the externalizing (rs (26) = 0.555, p = .002) but not for the inter-
nalizing subscale (rs (26) = 0.06, p = .76). Daily average cortisol and 
diurnal cortisol slope did not correlate with general psychopathology 
(all p > .05). We also observed that participants who had more lifetime 
psychiatric diagnoses showed elevated CAR (rs (26) = 0.378, p = .047). 
Daily average cortisol or diurnal cortisol slope did not correlate with the 
number of psychiatric comorbidities. 

4. Discussion 

Our results indicate that adolescents and young adults with 22q11DS 
report significantly less frequent exposure to stressful life events than 
HCs. We also observed that the 22q11DS group used tendentially less 
adaptive coping strategies than HCs, and that more frequent use of non- 
adaptive coping was significantly associated to the severity of psychotic 
symptoms. However, stress exposure or coping were not associated to 
cortisol levels, and our results indicate, contrary to our hypotheses, that 
adolescents and young adults with 22q11DS show typical diurnal 
cortisol profiles. The severity of psychotic symptoms was not linked with 
cortisol levels, but elevated CAR was found in participants who showed 
higher levels of general psychopathology. 

4.1. Stress exposure, peer victimization and coping strategies 

Participants with 22q11DS reported less frequent exposure to 
stressful life events in the last 12 months compared to HCs. The finding is 
contradictory to what has been proposed about high levels of (chronic) 
stress in 22q11DS [3]. However, our results are in line with an earlier 
study using the same instrument [17] showing reduced stress exposure 
in 22q11DS compared to HCs. As the CLES scale assesses the frequency 
of important life events (like hospitalization or changing school) in the 
last 12 months, it may be the case that individuals with 22q11DS are 

actually more protected than HCs in their environment against this kind 
of major, external stressors. Alternatively, it is possible that participants 
with 22q11DS experienced more difficulties than HCs in responding 
retrospective questionnaires about stressful life events, given their 
cognitive difficulties [39]. Furthermore, on the contrary to our hy-
potheses, the frequency of stress exposure did not correlate with cortisol 
level or with the severity of psychotic symptoms. It is possible that the 
CLES scale, measuring only major and relatively non-frequent life 
events, does not capture well enough the subjective experience of stress 
of participants with 22q11DS in their daily lives. Indeed, experiences 
that are considered stressful for healthy individuals may not be the most 
essential source of stress for youth with a neurogenetic condition. In 
addition, it has been shown that not only the major life events, but also 
the minor stressors of daily life (daily hassles) are associated to psy-
chopathology, including psychotic symptoms (e.g. Tessner et al. [41]). 
In adults with 22q11DS, [42] recently showed evidence of higher levels 
of perceived daily-life stress compared to HCs, suggesting an increased 
prevalence of minor events that are subjectively assessed as stressful in 
this population. The findings indicate that other methodologies, such as 
the Ecological Momentary Assessment (EMA) technique, may be more 
sensitive than retrospective questionnaires with a predefined list 
stressful events to capture stress, including daily hassles, experienced by 
the individuals with 22q11DS in their daily lives. 

In line with the results obtained with CLES, participants with 
22q11DS reported very low levels of peer victimization in the last 12 
months using the MPVS-R questionnaire, and the frequency of peer 
victimization was not associated to cortisol levels. These results are 
encouraging since earlier studies have showed an increased risk of 
bullying victimization in youth with special needs [25]. Childhood 
bullying has also been associated to increased psychotic symptoms in 
early adolescence [43]. In the current study, bullying was not associated 
to the severity of psychotic symptoms, which is probably due to the low 
levels of peer victimization reported by our participants. However, as 
only the period of the last 12 months is considered, the MPVS-R ques-
tionnaire does not capture earlier peer-related problems and their 
possible impact. Indeed, our sample included many young adults for 
whom the question of peer victimization was not currently relevant but 
might have been earlier in life. Given the earlier proposition of an 
interaction between early traumatic events and genetic vulnerability to 
explain the risk of psychosis in CHR individuals [44], future studies 
should also examine the potential impact of early-life stress and trauma 
on their clinical outcomes. As individuals with 22q11DS are at increased 
risk for both bullying victimization [45] and psychotic disorders [1], 
identifying early stressful, traumatic events could be particularly 
important in this vulnerable population. 

Our results go to the same direction than previous findings reporting 
maladaptive coping in 22q11DS and in CHR individuals as well as an 
association between non-adaptive coping and the severity of psychotic 
symptoms in these populations [17,46]. Indeed, our results indicate that 
less efficient coping strategies can contribute to psychosis in 22q11DS, 
as earlier proposed by Beaton et al. [3]. Interventions should focus on 
developing adaptive coping strategies to prevent psychosis in this 
population. 

4.2. Diurnal cortisol 

Contrary to our hypotheses, adolescents and young adults with 
22q11DS showed similar diurnal cortisol levels than HCs. The results are 
contradictory of previous findings showing higher cortisol levels in 
children with 22q11DS compared to HCs [20,21]. However, in these 
studies, cortisol was measured at a single time point either at 11am or in 
the afternoon, whereas the current study examined cortisol levels 
throughout the day during two days. In addition, these earlier studies 
collected cortisol in laboratory settings. As acute stress alters cortisol 
levels [8] and 22q11DS is characterized by high levels of anxiety, 
including social anxiety [1] it is possible that the evaluative situation in 

Fig. 3. Spearman correlations between cortisol measures and psychopathology 
as well as psychiatric comorbidity for participants with 22q11DS (n = 30), 
controlling for age and IQ. car = cortisol awakening response; dac = daily 
average cortisol; dcs = diurnal cortisol slope; psytot = total psychopathology 
(ABCL/CBCL); psyext = externalizing psychopathology (ABCL/CBCL); psyint =
internalizing psychopathology (ABCL/CBCL); comorb = psychiatric comorbid-
ity (number of psychiatric diagnoses). 
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laboratory could have increased children’s stress levels leading to 
elevated cortisol values. In the current study, participants collected 
samples at home, which was likely a less stressful environment for them. 
However, potential differences in stress exposure during sampling days 
could have influenced cortisol levels in the current study. Indeed, [42] 
recently showed that adults with 22q11DS spent less time doing activ-
ities that require a substantial level of effort (e.g. work/school) and in 
the company of strangers in their daily lives than HCs. In the current 
study, information about activities or company of participants was not 
collected, but it is possible that participants with 22q11DS could have 
been less exposed to difficult situations and therefore experience less 
stress during the sampling days. Information about the subjective 
experience of stress during the cortisol sampling period should be 
collected in future studies. It is also possible that the context of the 
Covid-19 pandemic, during which a proportion of the participants was 
evaluated, had an impact on the stress and cortisol levels. Indeed, this 
prolonged period of isolation may have been a great cause of stress for 
certain participants, while for other participants (e.g., those with social 
anxiety), it may have been a relief to spend more time at home and less 
time with less familiar people. The effects of this period on clinical and 
biological manifestations in 22q11DS youth are currently unknown, 
even though individuals with special needs are seen to be particularly 
affected by the pandemic [47]. 

Furthermore, contrary to our expectations, the results indicate that 
adolescents and young adults with 22q11DS show a typical CAR and 
diurnal cortisol slope. Previously, mixed results have been found in 
other at-risk populations. However, our results are consistent with some 
earlier findings in these individuals [15,48] as well as the only study 
investigating diurnal cortisol slope in 22q11DS with an adult sample 
[22]. In their study, however, [22] reported altered cortisol reactivity to 
stress in 22q11DS. Changes in cortisol reactivity have also been found in 
at-risk individuals, such as siblings of patients with psychotic disorder 
[48]. Future studies could include a measure of cortisol reactivity to 
examine changes in cortisol in relation to acute stress in youth with 
22q11DS as well as its link with psychosis and more general psycho-
pathology, as increased stress reactivity has been associated to devel-
opment of psychopathology, especially psychotic disorders [49]. 

Our results do not support earlier propositions about altered HPA- 
axis functioning in 22q11DS [17,18,20–22]. However, the results 
could potentially be explained by the inter-individual variability of 
participants which may hide the fact that a subgroup of them could be 
characterized by atypical cortisol. Moreover, the possible differences 
(and possible abnormalities in 22q11DS) in pubertal development could 
have affected the current results. Indeed, we did not observe sex dif-
ferences in the 22q11DS group in cortisol measures, contrary to our 
findings in HCs as well as earlier findings in typically developing ado-
lescents [50]. As individuals with 22q11DS are known to present 
endocrine abnormalities [51] and delay in growth has also been re-
ported [52,53], these differences could potentially be explained by a 
delay of puberty in 22q11DS, even though this topic has received little 
attention in the field. Further research is essential to expand our 
knowledge about the functioning of HPA-axis as well as maturational 
processes influencing its development in 22q11DS. 

4.3. Associations between cortisol and psychopathology 

Contrary to our hypotheses, cortisol level was not associated to the 
severity of positive psychotic symptoms in participants with 22q11DS. 
This can be due to the fact that our sample presented relatively low 
levels of psychotic symptoms and that only a small portion of these 
participants will develop a psychotic disorder later on. Indeed, [16] 
have found elevated cortisol levels at baseline in CHR youth whose 
symptoms later reached a psychotic level, compared to CHR youth 
whose symptoms remitted. Future longitudinal studies are needed to 
better understand the role of cortisol in the development of psychosis in 
22q11DS. 

As stress exposure has been associated to psychopathology [5], it is 
possible that participants with 22q11DS with higher levels of psycho-
pathology present also higher levels of general life stress. This could 
explain the fact that participants with more general psychopathology 
showed an elevated CAR, since enhanced CAR has been associated to 
general life stress [12]. Moreover, the association between psychiatric 
comorbidity and elevated CAR in 22q11DS could be explained by the 
high prevalence of anxiety disorders in our sample, since higher CAR has 
been associated to chronic anxiety in adolescents as well as anxiety 
disorders in adulthood [54,55]. Finally, in a sample of older adults, [56] 
showed that higher CAR the next day was associated to greater prior-day 
feelings of sadness, loneliness and threat. It is possible that individuals 
with 22q11DS with higher levels of psychopathology and psychiatric 
comorbidity experience more frequent and intense negative affects in 
their daily-life, which could contribute to the observed CAR differences. 
However, this remains speculative since we did not collect information 
about the mood of participants during the sampling days. 

4.4. Strengths, limitations and future directions 

The current study is the first to investigate diurnal changes in sali-
vary cortisol in adolescents and young adults with 22q11DS. Some 
methodological limits should however be considered. Firstly, cortisol 
samples were collected in the participants’ naturalistic environment, 
which increases ecological validity, but can cause some challenges in 
interpreting the results. In particular, the CAR is particularly sensitive to 
sampling times, in the sense that even small delays after awakening can 
lead to imprecise measures of CAR [32]. In the present study, we did not 
use objective measures to verify sampling times and had to rely on 
participants’ reports. The fact that the standard deviations of the two 
first cortisol values in the morning were higher than the other values 
suggests that there were some variations in the sampling times for these 
two measures. Future studies would benefit from objective measures of 
sampling times to control for the adherence to saliva sampling. Sec-
ondly, diurnal cortisol and especially CAR are known to be affected by 
the quality and quantity of sleep [32], which was not investigated in the 
current study. Future studies should collect information about sleep 
during the sampling period, for example through the use of actigraphy. 

Given the large age range of the participants included in the current 
study, it is likely that they were in different stages of pubertal devel-
opment. Previous studies have shown an influence of the stage of pu-
berty on cortisol [40] but we were not able to specifically control for this 
variable. Note that age was used as a covariate in the analyses, which 
probably accounted for some of the variances related to pubertal 
development. Nevertheless, future studies should consider including a 
measure of pubertal development. Furthermore, information about the 
use of oral contraceptives was not specifically collected. However, as the 
participants or their parents were asked to report their current medi-
cation, we can assume that small part of female participants used oral 
contraceptives. The variety of medications used by the participants with 
22q11DS should also be considered in interpreting the results of cortisol 
measures. 

5. Conclusions 

The results of the current study indicate that adolescents and young 
adults with 22q11DS show typical salivary cortisol levels and diurnal 
cortisol profiles. However, they reported less frequent exposure to stress 
and used tendentially less adaptive coping skills than HCs. Moreover, in 
participants with 22q11DS, more frequent use of non-adaptive coping 
was linked with more severe psychotic symptoms, indicating the 
importance of interventions to focus on developing adaptive coping 
strategies to prevent psychosis in this population. Neither cortisol or 
stress exposure was associated to psychotic symptoms, probably due to 
low levels of symptoms presented by our sample, but elevated CAR was 
found in participants with 22q11DS who showed higher levels of general 
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psychopathology. Our results do not support earlier propositions of 
altered HPA-axis functioning in 22q11DS but they highlight the need of 
future research to investigate diurnal cortisol as an indicator of HPA-axis 
functioning and its link with stress exposure as well as its role in the 
development of psychopathology in this population. 
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