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ABSTRACT

Our study aimed to explore whether stress-related hormones (hypothalamic-pituitary-adrenal
[HPA] axis hormones and prolactin) are associated with poorer cognitive functioning in
adolescents with attention deficit and hyperactivity disorder (ADHD) and to test the potential
moderating effect of childhood maltreatment. Seventy-six adolescents with ADHD were
studied. The ADHD rating scale (ADHD-RS) and Childhood Trauma Questionnaire (CTQ) were
administered. Seven cognitive tasks from the Cambridge Neuropsychological Test Automated
Battery (CANTAB) were administered, and two cognitive factors (attention and memory as well
as executive functioning) were identified by confirmatory factor analysis. Stress-related
hormone levels were assessed at the clinic (plasma prolactin and cortisol levels and salivary
cortisol levels) before cognitive testing and at home for two consecutive days (cortisol
awakening response [CAR] and diurnal cortisol slope). Multiple linear regression analyses were
used to explore the association between hormone levels and ADHD severity or cognitive
functioning while adjusting for sex and childhood maltreatment. Regarding hormonal
measurements obtained at the clinic, female sex moderated the relationship between salivary
cortisol levels and executive functioning, whereas childhood maltreatment moderated the
relationship between salivary cortisol levels and inattention symptoms of patients with ADHD.
Prolactin levels were not associated with cognitive functioning or the severity of ADHD.
Regarding HPA axis measurements performed at home, lower cortisol levels at awakening
were associated with poorer executive functioning. Neither CAR nor the cortisol diurnal slope
were associated with cognitive functioning or ADHD severity. Our study suggests that HPA axis
hormone levels are associated with the severity of cognitive and inattention symptoms of
patients with ADHD and that childhood maltreatment and sex exert distinct moderating effects

depending on the symptom type.






1. INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a prevalent neurodevelopmental
disorder (prevalence of 7.2% during childhood and adolescence) (Thomas et al., 2015) with a
strong genetic component (Ribasés et al., 2008) that causes functional impairment that might
persist into adulthood (Lugo-Candelas et al., 2020). People with ADHD show age-inappropriate
inattention, impulsivity and hyperactivity symptoms that have a negative impact on emotional,
social, behavioural, academic and cognitive areas (APA, 2013). Cognitive alterations are
nuclear in ADHD and include the impairment of sustained attention, executive functioning,
working memory and self-regulation (Barkley, 1997), which are mediated by late development of

the fronto-striato-parietal and fronto-cerebellar networks (Rubia et al., 2018).

Stress in early life, such as a history of childhood maltreatment, has been associated
with ADHD (Ouyang et al., 2008). Childhood maltreatment, which includes both abuse and
neglect, is often associated with neuropsychological deficits that are typically related to ADHD
symptoms, such as difficulties in regulating attention, (Rubia et al., 2018) emotion dysregulation,
disorganization, hyperactivity, sleeping difficulties, and agitated play (Leppert et al., 2020; Tsai

et al., 2020).

Childhood adversity has been linked to neuroendocrine and immune alterations during
sensitive periods of development (McEwen, 1998; Tsai et al., 2020; Zwicker et al., 2020). Later,
negative health outcomes reflect the physiological, behavioural and cognitive consequences of
the adaptation of the brain and body to stressful and traumatic events mediated, at least in part,
by epigenetic mechanisms (Bucci et al., 2016; Fox et al., 2010). Early life stress is a risk factor
for the development and maintenance of psychiatric disorders due to persistent dysregulation

within the hypothalamic-pituitary-adrenal (HPA) axis (Juruena et al., 2021).

Cortisol, the main glucocorticoid in humans, mostly circulates in a form that is bound to
cortico-steroid-binding globulin (CBG) and albumin (Perogamvros et al., 2010). Plasma cortisol
concentrations reflect total cortisol whereas salivary cortisol is considered a surrogate for the
free serum cortisol concentrations, which are the unbound, biologically active fraction of cortisol.
Free cortisol accounts for less than 5% of the total serum cortisol concentrations under basal

conditions. Cortisol secretion follows a circadian rhythm throughout the day, with higher cortisol



levels in the morning than in the evening. The physiological response to awakening includes an
increase in cortisol concentrations, also known as the cortisol awakening response (CAR). The
CAR is considered a specific, discrete and distinct component of the cortisol circadian cycle,
with characteristics unrelated to those of cortisol secretion throughout the rest of the day (Clow
et al., 2010). A hypo-functionality of HPA axis following early life adversity has been reported,
with blunted CAR (Leneman et al., 2018) and a more flattened diurnal cortisol slope (Kumsta et
al., 2017) in survivors of childhood maltreatment. Previous studies also suggest that childhood
maltreatment and pituitary gland volumes interact in the prediction of the CAR, with an
association between larger pituitary gland volumes and lower in the context of high childhood

maltreatment but not in presence of low maltreatment (Kaess et al., 2018).

Some studies suggest that children with ADHD, compared with typically developing
children, show lower diurnal salivary basal cortisol levels (Scassellati et al., 2012), a blunted
cortisol awakening response (CAR) (Angeli et al., 2018), a more flattened diurnal cortisol slope
with lower awakening and higher evening cortisol concentrations (Imeraj et al., 2012) and a
blunted salivary cortisol response to stressful tasks (Blomqvist et al., 2007; King et al., 1998).
However, other studies have not observed significant differences in the CAR (Freitag et al.,
2009) or the cortisol response to stress (Snoek et al., 2004) between ADHD and healthy
controls. These discrepancies might be explained by confounding factors, such as ADHD
subtype or comorbidity with anxiety or conduct disorders. In this regard, some studies have
reported more significant HPA axis abnormalities in patients with the hyperactive-impulsive
subtype of ADHD than in patients with the inattention type of ADHD or healthy controls,
including lower diurnal plasma cortisol (Ma et al., 2011) and a blunted CAR (Blomgqyvist et al.,
2007). However, other studies have not found differences in the CAR or the diurnal variation of

cortisol levels between patients with different ADHD subtypes (Angeli et al., 2018).

No previous studies have explored whether HPA axis abnormalities are associated with
cognitive alterations in children or adolescents with ADHD. There is however, one recent study
that explored the association between hair cortisol concentration and cognitive functioning in
preschool children at risk of developing ADHD (Mann et al., 2021). A significant association was
found between hypercortisolism and memory and attention deficits in boys but not girls, which

underscores the need to consider potential sex differences. The study of the interplay between



HPA axis measures and cognition is an interesting hypothesis to test, as chronic stress and
HPA axis hormone production are thought to contribute to the cognitive impairment observed in
other psychiatric populations, including patients with psychotic disorders and major depression
(Labad, 2019, Bruce S. McEwen, 1998). Among all the different cognitive domains, memory
(verbal, visual and working memory) and executive functions are more commonly related to
HPA axis hormone levels, with baseline hypercortisolaemia being associated with poorer
memory performance (Wolkowitz et al., 2009). Previous studies also suggest that a blunted
CAR is associated with poorer cognitive functioning in people with first-episode psychosis
(Cullen et al., 2014). In addition to cortisol, prolactin, another hormone whose levels increase in
response to stress (Armario et al., 1996; Lennartsson and Jonsdottir, 2011), and that is also
increased in people with first-episode psychosis (Labad, 2019), could play a role in cognitive
processes. Higher baseline prolactin concentrations have been related to poorer cognitive
functioning in processing speed and executive functioning in both psychiatric and nonpsychiatric

populations (Tost et al., 2020).

Thus, the main aim of our study was to test whether stress-related hormones (HPA axis
hormones or prolactin) are associated with poorer cognitive functioning in adolescents with
ADHD and to characterize the potential moderating effects of sex or childhood maltreatment.
There are sex differences in the HPA axis of adolescents (girls showing a more variable diurnal
rhythm, higher CAR and a stronger cortisol response to stress; Hollanders et al., 2017) and

prolactin (higher concentrations in women; Lennartsson and Jonsdottir, 2011). Childhood

maltreatment is another factor that influences HPA axis activity of adolescents, with flatter daily
slopes in adolescents with a history of major childhood adversities (Kessler et al., 2021). For
these reasons it is important to adjust all analyses for sex and childhood trauma and to control

the potential moderating effect of these two variables.

Our main hypothesis was that higher prolactin and cortisol concentrations obtained at
the clinic the same day of the cognitive assessment would be associated with poorer cognitive
functioning. We also wanted to conduct exploratory analyses regarding other HPA axis
measures collected at home (CAR, diurnal cortisol slope) and cognitive functions. Furthermore,
additional exploratory analyses included the relationship between stress-related hormone levels

and the severity of ADHD symptoms.



2. MATERIAL AND METHODS

2.1. Ethics Statement

All the procedures were conducted in accordance with the Declaration of Helsinki.
Ethical approval was obtained from the Committee for Ethical Clinical Investigation of the
Hospital Parc Tauli de Sabadell. After the study was completely described to the subjects,
written informed consent was obtained from all the participants and their guardians. All potential
participants who declined to participate or otherwise did not participate were not disadvantaged

in any way by their decision.

2.2 Participants

We studied 76 (54 boys and 22 girls) 14-17-year-old outpatients with an ADHD
diagnosis who attended the Children and Adolescents Mental Health Centre of Sabadell
(Corporacié Sanitaria Parc Tauli de Sabadell, Spain). All the patients met the criteria for a
ADHD diagnosis according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-
5). The exclusion criteria were intellectual disability, other neurodevelopmental disorders (e.g.,
autism spectrum disorders, foetal alcohol syndrome), currently undergoing antipsychotic
treatment (during the last 2 months), neurological disease (e.g., epilepsy, vascular disease or
space-occupying lesions), growth retardation (3rd percentile), endocrine disorders (e.g.,
hypothyroidism, polycystic ovary syndrome, prolactinoma or Cushing syndrome), or currently

undergoing glucocorticoid or contraceptive treatments.

2.3. Characteristics of Participants

Sociodemographic and clinical variables related to ADHD (age of onset, level of
education, pharmacological treatment, comorbidity and substance use) were assessed by
semistructured interviews. Tobacco, cannabis and alcohol consumption were recorded as

cigarettes/day, joints/day and standard units/day, respectively. For female participants, the date



of the last menstruation was also recorded. For those patients receiving stimulant treatment,
stimulant doses were recoded as methylphenidate equivalents (mg/day) as suggested by Matt
Swenson (stimulant equivalence table available at

https://www.uacap.org/uploads/3/2/5/0/3250432/stimulant_equivalency.pdf).

To assess intellectual disabilities, we estimated intellectual capacity with two subtests of
the Weschler Intelligence Scale for Children (WISC-V), which is the gold standard for the
assessment of intelligence quotient (IQ) (Kaufman et al., 2016). The vocabulary and cube

subtests are the most commonly used for this purpose.

ADHD severity was assessed with the Attention Deficit Hyperactivity Disorder-Rating
Scale (ADHD-RS). The Spanish version was recently validated for use with children and
adolescents (Vallejo-Valdivielso et al., 2019). This scale is a self-report scale for parents and
includes 18 items related to ADHD diagnosis criteria that are scored with a Likert-type scale
from 0 to 3 points (never/almost never, sometimes, quite often, and almost always). A total
score is obtained by adding of all the subscores. This score also provides information about two
subscales: inattention (IA) and hyperactivity-impulsivity (HI) (Zhang et al., 2005). The ADHD-RS
was rated by the primary caregiver, usually the parent who came to the appointment visit with

the adolescent.

Exposure to childhood maltreatment was assessed using the Childhood Trauma
Questionnaire (CTQ) (Bernstein et al., 2003), which is a self-report instrument covering 28 items
rated on a five-point Likert scale (1 = “never” to 5 = “very often”). The CTQ consists of five
dimensions (emotional, physical and sexual abuse, and emotional and physical neglect) with
subscores that range from 5 (no history of abuse or neglect) to 25 (history of extreme abuse or
neglect). This assessment provides a total score of childhood maltreatment by adding all five
subscores. Exposure to childhood maltreatment was determined when at least one CTQ
subscale was rated on or above the slight to moderate cut-off score (emotional abuse 29;
physical abuse =8; sexual abuse 26; emotional neglect 210; and physical neglect 28) (Bernstein

& Fink, 1998).

All the psychometric tests were administered the same day as the cognitive

assessment.



24, Cognitive Assessment

The Cambridge Neuropsychological Testing Automated Battery (CANTAB) (Fray and
Robbins, 1996) was used to assess cognitive abilities. This battery includes a range of tasks
and has normative data available for adolescents. The CANTAB is one of the most widely used
computerized assessment batteries, as it has several advantages over standardized clinical
neuropsychological tests (Fried et al., 2019; Luciana, 2003). All the subjects were administered
the following 7 CANTAB cognitive tasks (Table S1): Reaction Time (RTI), Multitasking Test
(MTT), Rapid Visual Information Processing (RVP), Stop Signal Task (SST), Spatial Working

Memory (SWM), Verbal Recognition Memory (VRM), and One Touch Stockings (OTS).

All the neuropsychological assessments were performed in the morning, starting

between 8:30 h and 10:30 h. The estimated duration of the cognitive testing was 1 h.

2.5. Hormone Measurements

A fasting blood sample was obtained on the same morning as the cognitive assessment
between 8:00 h and 8:30 h under resting conditions to determine the unstimulated plasma
prolactin and total cortisol levels. Participants were told to avoid strenuous activities (sports or
physical exercise) or breast stimulation in the 12 h prior to blood sampling. Plasma prolactin and
cortisol concentrations were measured by means of electrochemiluminescence immunoassays
(Roche Diagnostics GmbH, Manheim, Germany). The sensitivities of the assays were 0.047
ng/ml for prolactin and 0.54 ng/ml for cortisol. The intra-assay and inter-assay coefficients of

variation (CV) were below 6%.

Saliva was collected from all the participants with Salivette® tubes (Sarstedt AG & Co.,
Nimbrecht, Germany). One saliva sample was obtained the same day as the cognitive
assessment (before conducting the tasks). The participants were instructed to collect eight
saliva samples at home over two consecutive regular days, avoiding stressful situations and
intense physical activity. Eating, drinking, smoking, or brushing teeth were not allowed 15 min

prior to the collection of each sample. The patients were asked to collect samples during the

10



following sampling times: awakening (T1), 30’ postawakening (T2), 60’ postawakening (T3), and
at 10 p.m. (T4). Although objective monitoring of sampling times or awakening time was not
conducted, the primary caregiver was told to supervise the salivary collection. All participants
were recommended to collect these samples on a regular day and allowing the collection of T1-
T3 samples before starting high school activities. Therefore, awakening time was suggested to

be set at least one hour before starting high school activities.

After centrifugation of the Salivette tubes at 3000 rpm for 5 min, the saliva was aliquoted
and frozen at —20 °C until assay. Salivary cortisol levels were determined by a double-antibody
radioimmunoassay (RIA). The cortisol RIA used Cortisol 1125 (Cortisol-3-O-CMO-Histamine),
with specific activity of 10 uCi, as the tracer (MP Biomedicals, Eschwege, Hessen, Germany);
synthetic cortisol (Sigma, Barcelona, Spain) as the standard and an antibody raised in rabbits
against Cortisol-3-O-Carboxymethyloxime-BSA (K7348; MP Biomedicals, Eschwege, Hessen,
Germany). The complex was precipitated with a goat antibody against rabbit IgG (Sigma,
Barcelona, Spain). Dilution of samples showed good parallelism with the standard curve, and
the recovery of spiked samples was approximately 100%. All the samples to be statistically
compared were run in the same assay to avoid inter-assay variability. The intra-assay
coefficient of variation was 7.9% on average. The sensitivity of saliva cortisol was 0.08 ng/ml
when 20-ul samples were used. The results showed a high correlation (r=0.95; n=40) with those
obtained with the salivary cortisol enzyme immunoassay kit, namely, the Expanded Range High

Sensitivity Kit (ref 1-3002-5, Salimetrics, UK).

2.6. Statistical Analysis

2.6.1. Confirmatory factor analysis of CANTAB cognitive tasks

As the 7 CANTAB tasks include more than one variable for several domains, we used a
confirmatory factor analysis (CFA) to reduce the number of variables to 2 latent factors
(attention and memory as well as executive functioning) using a procedure similar to previous
studies in the literature (Haring et al., 2015). This analysis was conducted with R using the
lavaan package. The results of the CFA are shown in Figure 1. All the independent variables

included in the model are described in Table S1. The statistical parameters of the CFA were

11



x2= 237.7 (degrees of freedom= 204, p= 0.053), comparative fit index (CFI) of 0.949, and root
mean square error approximation (RMSEA)= 0.046 (90% confidence interval: 0.000 to 0.070,
p= 0.580). In brief, the CFA shows a good fitting, as CFl is >0.90 and RMSEA is <0.050. The
factor scores for the two latent variables (named attention and memory as well as executive
functioning) were extracted with the function “predict”. These latent factors reflect poorer

cognitive performance (higher scores indicate poorer cognition).

2.6.2. Transformation of variables and calculation of HPA axis hormone levels

Cortisol concentrations were transformed to approximate a normal distribution as
suggested by recent expert consensus guidelines (Stalder et al., 2016). A power transformation
X =(X0.26 - 1)/0.26 was used. We log-transformed the prolactin levels (In) to reduce

skewness.

For the cortisol concentrations that were measured over two consecutive days (T1 to
T4), we calculated the mean value for each time point using both sampling days. The CAR was
calculated using the area under the curve with respect to increase derived from the trapezoid
formula (Pruessner et al., 2003). The diurnal saliva cortisol rhythm was calculated as the slope

between the cortisol concentrations at awakening (T1) and at 10 p.m. (T4).

2.6.3. Univariate and multivariate analyses

SPSS version 24.0 software (IBM Corporation, Armonk, NY, USA) was used to carry

out the statistical analyses.

Chi-square tests and T-tests were used to compare categorical and continuous data,
respectively, between groups based on childhood maltreatment. A p value <0.05 (two-tailed)

was considered to indicate significant differences.

We also aimed to explore whether there were differences in HPA axis measures
between menstrual cycle phases (follicular vs luteal phase) in female participants. Although the

time of ovulation was not determined with hormonal or temperature methods in our study, we

12



used a similar method for inferring menstrual cycle phases as in previous studies (Labad et al.
2018). We calculated the difference (in days) between the dates from the last menstrual period
and the HPA axis assessment and separated all female participants into two groups: 1) early
menstrual phase (0—7 days after menstruation) and 2) late menstrual phase (> 14 days after
menstruation). These groups indirectly reflect both follicular (early menstrual phase) and luteal

(late menstrual phase) stages.

Multiple linear regression analyses were used to explore the association between
stress-related measurements and either cognitive tasks or ADHD severity. We first conducted
independent multiple linear regression analysis (separate analyses for cognitive factors and
ADHD-RS score as the dependent variable) in all the participants (n= 76). We considered two
types of analyses based on stress-related measurements: 1) measurements performed at the
clinic (morning prolactin and salivary cortisol levels) the same day as the cognitive assessment
and 2) salivary HPA axis hormone measurements performed at home over two consecutive
days (CAR and cortisol diurnal slope). As the total cortisol and salivary cortisol levels collected
at the clinic were highly correlated (see Results section 3.1), we decided to include only the
salivary cortisol level (but not the plasma cortisol level) in the multiple linear regression analysis
to avoid problems of multicollinearity and because the salivary cortisol level reflects the free

cortisol level better than the plasma total cortisol level (Blair et al., 2017).

All the multiple linear regression analyses were adjusted for female sex, ADHD-RS total
score and CTQ total score (these variables were included in the equation with the enter
method). We tested for potential interactions between sex and stress-related hormones (one
interaction for each HPA axis hormone level or prolactin level) and between CTQ and stress-
related hormone level (one interaction for each HPA axis hormone level or prolactin level). All

the significant interactions were included in the final equation with a stepwise method.

Regarding correction for multiple comparisons, we have included several exploratory
analyses and did not adjust for multiple comparisons in these analyses (Bender and Lange,
2001). However, as the main hypothesis to be tested (relationship between stress-related
hormones at the clinic and cognitive functioning) had two different outcomes that were analysed

with two separate multiple linear regression equations, we have adjusted these analyses with a
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Bonferroni correction (0.05/2= 0.025). P values < 0.025 for these analyses were considered to

be significant.

3. RESULTS

3.1. Univariate analysis

Sociodemographic, clinical and hormone data are described in Table 1. Adolescents
exposed to childhood maltreatment showed significantly higher scores in terms of inattention
(ADHD-RS inattention subscale). Regarding exposure to childhood maltreatment, there were no
differences in age, gender, age at ADHD diagnosis, substance use, estimated 1Q, comorbidities,
severity of ADHD, pharmacological treatment (including stimulant equivalent doses) or hormone
levels between exposed and nonexposed groups. Childhood maltreatment was not associated
with significant differences in the performance of cognitive tasks. In the patients receiving
stimulants, the treatment dose was not associated with hormonal concentrations, severity of

ADHD or cognitive performance (data not shown).

The plasma prolactin level was correlated with the plasma cortisol level (r= 0.469, df=
75, p<0.001) and the salivary cortisol level measured at the clinic (r= 0.463, df= 75, p<0.001).
The plasma cortisol level was highly correlated with the salivary cortisol levels obtained at the
same time at the clinic (r= 0.858, df= 75, p<0.001). The correlation between the salivary cortisol
level during two consecutive days was moderate for all measurement timepoints: cortisol at
awakening (r= 0.484, df= 74, p<0.001), cortisol 30’ post-awakening (r= 0.404, df= 0.74,
p<0.001), 60’ post-awakening (r= 0.559, df= 74, p<0.001) and evening cortisol at 10 p.m. (r=

0.461, df= 71, p<0.001).

Regarding menstrual cycle phases, 12 adolescents were at the follicular phase, 7 at the
luteal phase, and 3 had missing data on the date of the last menstruation or irregular menstrual
cycles that did not allow classification of the menstrual cycle phase. We found no differences in
any HPA axis measure or prolactin concentrations between those who were in the early

menstrual phase and those in the late menstrual phase.

3.2. Multiple linear regression analysis

3.2.1 Stress-related measurements performed at the clinic

14



The plasma prolactin concentrations were not associated with any cognitive domain or
with ADHD severity (Table 2). The salivary cortisol levels measured on the day of cognitive
assessment were related to ADHD-RS inattention scores with a moderating effect by childhood
maltreatment: in adolescents exposed to more childhood maltreatment (higher CTQ scores),
higher cortisol concentrations were associated with greater inattention symptoms of patients
with ADHD, whereas in patients with exposure to lower childhood maltreatment, the opposite
pattern was observed. This interaction is also described in Figure 2. A sex-by-salivary cortisol
concentration interaction was observed in relation to executive functioning. In girls, higher
salivary cortisol concentrations measured in the clinic were associated with a poorer
performance in executive functions, whereas an opposite pattern was observed in boys (Table

2; Figure 3).

3.2.2 Stress-related hormone measurements performed at home

When analysing measurements performed at home over consecutive days, after
adjustment for female sex, ADHD-RS total score, and CTQ total score, only the salivary cortisol
levels at awakening were negatively associated with poorer cognitive performance in terms of
attention and memory (Table 3). This means that adolescents with lower cortisol levels at
awakening show poorer attention and memory performance. Neither the CAR nor the cortisol
diurnal slope was associated with cognitive performance or ADHD symptoms. No significant

interactions between CTQ or sex and any of the HPA axis hormone levels were observed.

4, DISCUSSION

In our study, which included a sample of 76 adolescents with ADHD, we explored
whether the levels of stress-related biomarkers measured either at the clinic or at home were
associated with the clinical expression of ADHD. Regarding hormonal measurements performed
at the clinic, female sex moderated the relationship between the salivary cortisol level and

executive functioning (poorer functioning in girls with higher cortisol concentrations), whereas

15



childhood maltreatment moderated the relationship between the salivary cortisol level and
inattention symptoms of patients with ADHD (in adolescents with childhood maltreatment,
higher cortisol was associated with more inattention symptoms). Prolactin levels were not
associated with cognitive functioning or the severity of ADHD. Regarding HPA axis hormone
levels measured at home, lower cortisol levels at awakening were associated with poorer
executive functioning. Neither the CAR nor the cortisol diurnal slope was associated with

cognitive functioning or the severity of ADHD.

Our results regarding higher inattention scores in ADHD participants exposed to
childhood maltreatment are consistent with previous literature suggesting that early life stress is
associated with the inattentive presentation of ADHD (Kennedy et al., 2016; Lugo-Candelas et
al., 2020). Lugo-Candelas et al. (2020) also report that children between 5 and 15 years with an
inattentive subtype of ADHD are at an increased risk for adverse childhood experiences over

time.

Childhood maltreatment has an enduring impact on HPA axis function throughout
development, with lower morning cortisol levels and a flattening of the diurnal cycle (Gonzalez
et al., 2013; Rami-Gonzalez et al., 2001). Although no significant differences in HPA axis
hormone levels between adolescents with or without childhood maltreatment were observed in
our study, we did observe a moderating effect of childhood maltreatment on the association
between salivary cortisol levels measured in the clinic and ADHD symptoms. Longitudinal
studies have reported lower morning cortisol levels in ADHD adolescents with persistently high
levels of hyperactivity/inattention symptoms since childhood (Ji et al., 2021). A recent meta-
analysis also indicates that morning cortisol levels are lower in ADHD youths when compared to
tipically developing youth (Chang et al., 2021). Although childhood trauma is thought to cause a
hypoactivation of the HPA axis (Leneman et al., 2018; Kumsta et al., 2017), our study suggests
that in terms of the severity of inattention symptoms, a different pattern is observed on the
history of early life stress (higher morning cortisol levels in adolescents with more severe
inattention symptoms and a history of childhood trauma; lower morning cortisol levels in
adolescents with more severe inattention symptoms without a history of childhood trauma).
Although this association seems unexpected, a previous study also found a similar interaction

between childhood trauma and ADHD symptoms in relation to morning cortisol (Isaksson et al.,
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2013). They found a positive correlation in ADHD children between childhood adversity and the
morning increase after awakening (Isaksson et al., 2013). However our findings are difficult to
compare to previous literature as most studies exploring HPA axis hormone levels and
symptoms of patients with ADHD have not considered stress in early life as a covariable

(Blomgvist et al., 2007; Kaneko et al., 1993; Ma et al., 2011).

Previous studies reported lower cortisol concentrations measure in the clinic (Ma et al.,
2011) and at 30’ postawakening (Blomgqvist et al., 2007) or an altered diurnal rhythm (Kaneko et
al., 1993) in ADHD patients with symptoms of hyperactivity compared to those with symptoms of
inattention. However, other studies did not observe significant differences in cortisol levels
between patients with different ADHD subtypes (Angeli et al., 2018; Pesonen et al., 2011).
Since childhood maltreatment only affected inattention scores in our sample, a lack of an effect
on cortisol levels was not unexpected. Future studies need to control for stress in early life when

exploring the role of the HPA in ADHD symptoms.

With respect to HPA axis measurements performed at home, we failed to identify
significant associations between the CAR or the cortisol diurnal slope and either cognitive
function or ADHD symptoms. Although some studies have reported a blunted CAR in ADHD
patients compared to healthy controls (Angeli et al., 2018; Freitag et al., 2009; Okabe et al.,
2017), no previous studies have explored whether the CAR is associated with cognitive
functioning in ADHD patients. Interestingly, we found a negative association between cortisol
levels at awakening and attention and memory problems (lower cortisol levels at awakening
were associated with attention and memory impairment), which was not observed for salivary
cortisol levels measured at the clinic. It is possible that salivary cortisol levels measured in the
clinic are influenced by a certain degree of expectancy stress, and this fact can mask the

relationship observed with awakening cortisol levels measured at home.

The sex-specific pattern in the association between salivary cortisol levels measured at
the clinic and poorer executive functions is consistent with previous studies reporting the same
sex-specific pattern in young undergraduate students (McCormick et al., 2007). In the latter
study that assessed executive functioning with the Wisconsin Card Sorting Test (WCST),

perseverative errors were associated with higher salivary cortisol levels in women and fewer
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errors in men. In a recent study conducted in children at risk of developing ADHD, a sew by hair
cortisol concentration interaction was found on working memory (Mann et al., 2021). In that
study, higher hair cortisol concentration was associated with better working performance in boys
but not in girls. A similar pattern was observed in our sample in executive functioning tasks,
which also included one spatial working memory task. Higher salivary cortisol was associated
with better executive functioning in boys in our study, whereas girls with higher salivary cortisol

concentrations had a poorer cognitive performance.

In contrast to our a priori hypothesis, we did not find an association between prolactin
concentrations and poorer cognitive performance in processing speed. No previous studies
have explored whether prolactin concentrations are associated with cognitive functioning in
patients with ADHD. Previous studies reporting associations between prolactin levels and
impaired cognition in populations with psychiatric disorders have been conducted in patients
with psychotic disorders (Montalvo et al., 2014; Tost et al., 2020). Although hyperprolactinemia
has been described in drug-naive patients with first-episode psychosis (Gonzalez-Blanco et al.,
2016), the precise mechanisms involved are unclear. It could be that increased prolactin
concentrations reflect the stressful situation of suffering a psychotic outbreak, as the prolactin
level increases with psychosocial stress (Armario et al., 1996; Lennartsson and Jonsdottir,
2011). Alternatively, hyperprolactinemia might be secondary to altered dopamine regulation in
the tuberoinfundibular pathway (Labad, 2019). Our negative results might indicate that the
potential role of prolactin in cognitive processes is less important in ADHD patients than in
psychotic patients. It is also important to emphasize that in other psychiatric populations (e.g.,
early psychosis) and nonpsychiatric populations (e.g., prolactinoma) with positive associations
between prolactin levels and cognitive impairment, the prolactin concentration is higher than

that in our sample (Montalvo et al., 2014; Tost et al., 2020).

Some limitations of our study need to be mentioned. The relatively small sample size
could have made it difficult to detect mild effects or interactions due to a lack of statistical
power. For this reason, some exploratory analyses (e.g. comparison of HPA axis hormones by
menstrual cicle in girls) are unpowered. The cross-sectional design does not allow us to infer
causality. Childhood trauma was assessed with a self-reported instrument, which can result in

recall bias. However, the CTQ is a validated psychometric instrument with good internal
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consistency and criterion-related validity in clinical and community samples (Majer et al., 2010).
Regarding salivary measurements performed at home, objective monitoring of the sample times
or awakening was not conducted, although all the parents were informed about the need for
supervising the collection of samples at the scheduled time. A control group of healthy
adolescents was not included; thus, our results are restricted to patients with an ADHD

diagnosis.

It is important to mention that we used the “low to moderate” cut-off points of the CTQ
for defining childhood trauma as a dichotomy variable. Therefore, the prevalence of childhood
trauma in our sample was higher (44.2%) than if we chose the “moderate to severe” cut-off
points (with these cut-offs the prevalence of childhood trauma in our sample would be 14.3%).
We decided to use the lower cut-off because we aimed to explore whether the presence of
childhood trauma (even at lesser degrees) could moderate the relationship between stress-
related measures and cognitive outcomes. Choosing a more severe cut-off would have also
reduced the statistical power of the analyses due to a much smaller subgroup of adolescents

with severe childhood trauma.

Nevertheless, our study has some strengths, such as assessing different HPA axis
hormone levels (in both plasma and saliva at the clinic and measurements performed at home,
including the assessment of the CAR and the diurnal cortisol slope over two consecutive days)
and the administration of a full cognitive battery. We also controlled all the analyses for the

potential moderating effects of childhood maltreatment and sex.

In conclusion, our study suggests that HPA axis hormone levels are associated with the
severity of cognitive and inattention symptoms of patients with ADHD and that childhood
maltreatment and sex exert distinct moderating effects depending upon symptom type
(childhood maltreatment for inattention, sex for executive functioning). Prolactin levels are not

associated with cognitive performance or the severity of ADHD.

19



REFERENCES

Angeli, E., Korpa, T., Johnson, E.O., Apostolakou, F., Papassotiriou, I., Chrousos, G.P.,
Pervanidou, P., 2018. Salivary cortisol and alpha-amylase diurnal profiles and stress reactivity
in children with Attention Deficit Hyperactivity Disorder. Psychoneuroendocrinology 90, 174—

181. https://doi.org/10.1016/j.psyneuen.2018.02.026

APA, 2013. American Psychiatric Association, 2013. Diagnostic and statistical manual of mental
disorders (5th ed.), American Journal of Psychiatry.

https://doi.org/10.1176/appi.books.9780890425596.744053

Armario, A., Marti, O., Molina, T., De Pablo, J., Valdes, M., 1996. Acute stress markers in
humans: Response of plasma glucose, cortisol and prolactin to two examinations differing in the
anxiety they provoke. Psychoneuroendocrinology 21, 17—-24. https://doi.org/10.1016/0306-

4530(95)00048-8

Barkley, R. a, 1997. Behavioral inhibition , sustained attention , and executive functions :
constructing a unifying theory of ADHD. Behav. Psychol. 121, 65-94.

https://doi.org/10.1037/0033-2909.121.1.65

Bender, R., Lange, S., 2001. Adjusting for multiple testing — When and how? J. Clin.

Epidemiol. 54, 343-349. http://dx.doi.org/10.1016/S0895-4356(00)00314-0.

Bernstein, D. P., Fink, L., 1998. Childhood Trauma Questionnaire: A retrospective self-report

manual. San Antonio, TX: The Psychological Corporation

Bernstein, D.P., Stein, J.A., Newcomb, M.D., Walker, E., Pogge, D., Ahluvalia, T., Stokes, J.,
Handelsman, L., Medrano, M., Desmond, D., Zule, W., 2003. Development and validation of a
brief screening version of the Childhood Trauma Questionnaire. Child Abuse Negl. 27, 169—

190. https://doi.org/10.1016/S0145-2134(02)00541-0

20



Blair, J., Adaway, J., Keevil, B., Ross, R., 2017. Salivary cortisol and cortisone in the clinical
setting. Curr. Opin. Endocrinol. Diabetes Obes.

https://doi.org/10.1097/MED.0000000000000328

Blomgqvist, M., Holmberg, K., Lindblad, F., Fernell, E., Ek, U., Dahlléf, G., 2007. Salivary cortisol
levels and dental anxiety in children with attention deficit hyperactivity disorder. Eur. J. Oral Sci.

115, 1-6. https://doi.org/10.1111/j.1600-0722.2007.00423.x

Bucci, M., Marques, S.S., Oh, D., Harris, N.B., 2016. Toxic Stress in Children and Adolescents.

Adv. Pediatr. 63, 403—28. https://doi.org/10.1016/j.yapd.2016.04.002

Clow, A., Hucklebridge, F., Stalder, T., Evans, P., Thorn, L., 2010. The cortisol awakening
response: More than a measure of HPA axis function. Neurosci. Biobehav. Rev. 35, 97-103.

https://doi.org/10.1016/j.neubiorev.2009.12.011

Chang, J.P., Su, K.P., Mondelli, V., Pariante, C.M., 2021. Cortisol and inflammatory biomarker

levels in youths with attention deficit hyperactivity disorder (ADHD): evidence from a systematic

review with meta-analysis. Transl. Psychiatry 11, 430. doi: 10.1038/s41398-021-01550-0. PMID:

34413283; PMCID: PMC8377148.

Chuang-Stein, C., Stryszak, P., Dmitrienko, A., Offen, W., 2007. Challenge of multiple coprimary

endpoints: a new approach. Stat. Med. 15, 26:1181-1192. doi: 10.1002/sim.2604.

PMID: 16927251.

Cullen, A.E., Zunszain, P.A., Dickson, H., Roberts, R.E., Fisher, H.L., Pariante, C.M., Laurens,
K.R., 2014. Cortisol awakening response and diurnal cortisol among children at elevated risk for
schizophrenia: Relationship to psychosocial stress and cognition. Psychoneuroendocrinology

46, 1-13. https://doi.org/10.1016/j.psyneuen.2014.03.010

Fox, S.E., Levitt, P., Nelson, C.A., 2010. How the timing and quality of early experiences
influence the development of brain architecture. Child Dev. 81, 28-40.

https://doi.org/10.1111/j.1467-8624.2009.01380.x

21



Fray, P.J., Robbins, T.W., 1996. CANTAB battery: Proposed utility in neurotoxicology, in:
Neurotoxicology and Teratology. Elsevier Inc., pp. 499-504. https://doi.org/10.1016/0892-

0362(96)00027-X

Freitag, C.M., Hanig, S., Palmason, H., Meyer, J., Wist, S., Seitz, C., 2009. Cortisol awakening
response in healthy children and children with ADHD: Impact of comorbid disorders and
psychosocial risk factors. Psychoneuroendocrinology 34, 1019-1028.

https://doi.org/10.1016/j.psyneuen.2009.01.018

Fried, R., DiSalvo, M., Kelberman, C., Biederman, J., 2019. Can the CANTAB identify adults
with attention-deficit/hyperactivity disorder? A controlled study. Appl. Neuropsychol. 0, 1-10.

https://doi.org/10.1080/23279095.2019.1633328

Gonzalez-Blanco, L., Greenhalgh, A.M.D., Garcia-Rizo, C., Fernandez-Egea, E., Miller, B.J.,
Kirkpatrick, B., 2016. Prolactin concentrations in antipsychotic-naive patients with schizophrenia
and related disorders: A meta-analysis. Schizophr. Res. 174, 156—-160.

https://doi.org/10.1016/j.schres.2016.03.018

Gonzalez, A., 2013. The impact of childhood maltreatment on biological systems: Implications
for clinical interventions. Paediatr. Child Health (Oxford). 18, 415—418.

https://doi.org/10.1093/pch/18.8.415

Haring, L., Méttus, R., Koch, K., Trei, M., Maron, E., 2015. Factorial validity, measurement
equivalence and cognitive performance of the Cambridge Neuropsychological Test Automated
Battery (CANTAB) between patients with first-episode psychosis and healthy volunteers.

Psychol. Med. 45, 1919-1929. https://doi.org/10.1017/S0033291714003018

Hollanders, J.J., van der Voorn, B., Rotteveel, J., Finken, M.J.J. Is HPA axis reactivity in
childhood gender-specific? A systematic review. Biol. Sex. Differ. 2017 Jul 11;8(1):23. doi:

10.1186/s13293-017-0144-8.

Hostinar, C.E., Stellern, S.A., Schaefer, C., Carlson, S.M., Gunnar, M.R., 2012. Associations
between early life adversity and executive function in children adopted internationally from
orphanages. Proc. Natl. Acad. Sci. 109, 17208-17212.

https://doi.org/10.1073/pnas.1121246109

22



Imeraj, L., Antrop, |., Roeyers, H., Swanson, J., Deschepper, E., Bal, S., Deboutte, D., 2012.
Time-of-day effects in arousal: Disrupted diurnal cortisol profiles in children with ADHD. J. Child

Psychol. Psychiatry Allied Discip. 53, 782—-789. https://doi.org/10.1111/j.1469-7610.

Ji, D., Flouri, E., Papachristou, E., Francesconi, M., 2021. Childhood Trajectories of
Hyperactivity/Inattention Symptoms and Diurnal Cortisol in Middle Adolescence: Results from a

UK Birth Cohort. J Atten Disord. Online ahead of print. doi: 10.1177/10870547211036755

Juruena, M.F., Bourne, M., Young, A.H., Cleare, A.J. Hypothalamic-Pituitary-Adrenal axis
dysfunction by early life stress. Neurosci. Lett. 2021 Aug 10;759:136037. doi:

10.1016/j.neulet.2021.136037. Epub 2021 Jun 8. PMID: 34116195.2012.02526.x

Kaess, M., Whittle, S., O'Brien-Simpson, L., Allen, N.B., Simmons, J.G., 2018. Childhood
maltreatment, pituitary volume and adolescent hypothalamic-pituitary-adrenal axis — Evidence
for a maltreatment-related attenuation. Psychoneuroendocrinology 98, 39-45. doi:

10.1016/j.psyneuen.2018.08.004. Epub 2018 Aug 2. PMID: 30098511

Kaneko, M., Hoshino, Y., Hashimoto, S., Okano, T., Kumashiro, H., 1993. Hypothalamic-
pituitary-adrenal axis function in children with attention-deficit hyperactivity disorder. J. Autism

Dev. Disord. 23, 59-65. https://doi.org/10.1007/BF01066418

Kaufman, A.S., Raiford, S.E., Coalson, D.L., 2016. Intelligent testing with the WISC-V.

Kennedy, M., Kreppner, J., Knights, N., Kumsta, R., Maughan, B., Golm, D., Rutter, M., Schlotz,
W., Sonuga-Barke, E.J.S., 2016. Early severe institutional deprivation is associated with a
persistent variant of adult attention-deficit/hyperactivity disorder: clinical presentation,

developmental continuities and life circumstances in the English and Romanian Adoptees study.

J. Child Psychol. Psychiatry Allied Discip. 57, 1113-1125. https://doi.org/10.1111/jcpp.12576

Kessler, C.L., Vrshek-Schallhorn, S., Mineka, S., Zinbarg, R.E., Craske, M., Adam, E.K.
Experiences of adversity in childhood and adolescence and cortisol in late adolescence. Dev.

Psychopathol. 2021 Nov 8:1-16. doi: 10.1017/S0954579421001152.

King, J.A., Barkley, R.A., Barrett, S., 1998. Attention-deficit hyperactivity disorder and the stress

response. Biol. Psychiatry 44, 72—74. https://doi.org/10.1016/S0006-3223(97)00507-6

23



Labad, J., Soria, V., Salvat-Pujol, N., Segalas, C., Real, E., Urretavizcaya, M., de Arriba-Arnau,
A., Ferrer, A., Crespo, J.M., Jiménez-Murcia, S., Soriano-Mas, C., Alonso, P., Menchén, J.M.
Hypothalamic-pituitary-adrenal axis activity in the comorbidity between obsessive-compulsive
disorder and major depression. Psychoneuroendocrinology. 2018 Jul;93:20-28. doi:

10.1016/j.psyneuen.2018.04.008.

Labad, J., 2019. The role of cortisol and prolactin in the pathogenesis and clinical expression of
psychotic disorders. Psychoneuroendocrinology.

https://doi.org/10.1016/j.psyneuen.2018.11.028

Lennartsson, A.K., Jonsdottir, I.H., 2011. Prolactin in response to acute psychosocial stress in
healthy men and women. Psychoneuroendocrinology 36, 1530—1539.

https://doi.org/10.1016/j.psyneuen.2011.04.007

Leneman, K.B., Donzella, B., Desjardins, C.D., Miller, B.S., Gunnar, M.R., 2018. The slope of
cortisol from awakening to 30 min post-wake in post-institutionalized children and early

adolescents. Psychoneuroendocrinology 96, 93-99. doi: 10.1016/j.psyneuen.2018.06.011

Leppert, B., Millard, L.A.C., Riglin, L., Davey Smith, G., Thapar, A., Tilling, K., Walton, E.,
Stergiakouli, E., 2020. A cross-disorder PRS-pheWAS of 5 major psychiatric disorders in UK

Biobank. PLOS Genet. 16, e1008185. https://doi.org/10.1371/journal.pgen.1008185

Luciana, M., 2003. Practitioner review: Computerized assessment of neuropsychological
function in children: Clinical and research applications of the Cambridge Neuropsychological
Testing Automated Battery (CANTAB). J. Child Psychol. Psychiatry Allied Discip. 44, 649—663.

https://doi.org/10.1111/1469-7610.00152

Lugo-Candelas, C., Corbeil, T., Wall, M., Posner, J., Bird, H., Canino, G., Fisher, P.W., Suglia,
S.F., Duarte, C.S., 2020. ADHD and risk for subsequent adverse childhood experiences:
understanding the cycle of adversity. J. Child Psychol. Psychiatry.

https://doi.org/10.1111/jcpp.13352

Ma, L., Chen, Y.H., Chen, H., Liu, Y.Y., Wang, Y.X., 2011. The function of hypothalamus-
pituitary-adrenal axis in children with ADHD. Brain Res. 1368, 159-162.

https://doi.org/10.1016/j.brainres.2010.10.045

24



Mann, C., Schlof3, S., Cosan, A., Becker, K., Skoluda, N., Nater, U.M., Pauli-Pott, U., 2021. Hair
cortisol concentration and neurocognitive functions in preschool children at risk of developing
attention deficit hyperactivity disorder. Psychoneuroendocrinology 131, 105322. doi:

10.1016/j.psyneuen.2021.105322.

McCormick, C.M., Lewis, E., Somley, B., Kahan, T.A., 2007. Individual differences in cortisol
levels and performance on a test of executive function in men and women. Physiol. Behav. 91,

87-94. https://doi.org/10.1016/j.physbeh.2007.01.020

McEwen, B S, 1998. Stress, adaptation, and disease. Allostasis and allostatic load. Ann. N. Y.

Acad. Sci. 840, 33—44. https://doi.org/10.1111/j.1749-6632.1998.tb09546.x

McEwen, Bruce S., 1998. Stress, adaptation, and disease. Allostasis and allostatic load. Ann.

N. Y. Acad. Sci. 840, 33—44. https://doi.org/10.1111/j.1749-6632.1998.tb09546.x

Montalvo, I., Gutiérrez-Zotes, A., Creus, M., Monseny, R., Ortega, L., Franch, J., Lawrie, S.M.,
Reynolds, R.M., Vilella, E., Labad, J., 2014. Increased prolactin levels are associated with
impaired processing speed in subjects with early psychosis. PLoS One 9.

https://doi.org/10.1371/journal.pone.0089428

Okabe, R., Okamura, H., Egami, C., Tada, Y., Anai, C., Mukasa, A., lemura, A., Nagamitsu, S.,
Furusho, J., Matsuishi, T., Yamashita, Y., 2017. Increased cortisol awakening response after
completing the summer treatment program in children with ADHD. Brain Dev. 39, 583-592.

https://doi.org/10.1016/j.braindev.2017.03.001

Ouyang, L., Fang, X., Mercy, J., Perou, R., Grosse, S.D., 2008. Attention-Deficit/Hyperactivity
Disorder Symptoms and Child Maltreatment: A Population-Based Study. J. Pediatr. 153, 851-

856. https://doi.org/10.1016/j.jpeds.2008.06.002

Perogamvros, I., Keevil, B.G., Ray, D.W., Trainer, P.J., 2010. Salivary cortisone is a potential
biomarker for serum free cortisol. J. Clin. Endocrinol. Metab. 95, 4951-4958.

https://doi.org/10.1210/jc.2010-1215

Pesonen, A.K., Kajantie, E., Jones, A., Pyhala, R., Lahti, J., Heinonen, K., Eriksson, J.G.,

Strandberg, T.E., Raikkénen, K., 2011. Symptoms of attention deficit hyperactivity disorder in

25



children are associated with cortisol responses to psychosocial stress but not with daily cortisol

levels. J. Psychiatr. Res. 45, 1471-1476. https://doi.org/10.1016/j.jpsychires.2011.07.002

Pruessner, J.C., Kirschbaum, C., Meinlschmid, G., Hellhammer, D.H., 2003. Two formulas for
computation of the area under the curve represent measures of total hormone concentration
versus time-dependent change. Psychoneuroendocrinology 28, 916—931.

https://doi.org/10.1016/S0306-4530(02)00108-7

Rami-Gonzalez, L., Bernardo, M., Boget, T., Salamero, M., Gil-Verona, J. a, Junque, C., 2001.
Subtypes of Memory Dysfunction Associated with ECT: Characteristics and Neurobiological

Bases. J. ECT 17, 129-35. https://doi.org/10.1097/00124509-200106000-00008

Ribasés, M., Hervas, A., Ramos-Quiroga, J.A., Bosch, R., Bielsa, A., Gastaminza, X.,
Fernandez-Anguiano, M., Nogueira, M., Gbmez-Barros, N., Valero, S., Gratacos, M., Estivill, X.,
Casas, M., Cormand, B., Bayés, M., 2008. Association Study of 10 Genes Encoding
Neurotrophic Factors and Their Receptors in Adult and Child Attention-Deficit/Hyperactivity

Disorder. Biol. Psychiatry 63, 935-945. https://doi.org/10.1016/j.biopsych.2007.11.004

Rubia, K., Nagarajan, S.S., Su, L., De Berardis, D., 2018. Cognitive Neuroscience of Attention
Deficit Hyperactivity Disorder (ADHD) and Its Clinical Translation This review focuses on the
cognitive neuroscience of Attention Deficit Hyperactivity.

https://doi.org/10.3389/fnhum.2018.00100

Scassellati, C., Bonvicini, C., Faraone, S. V., Gennarelli, M., 2012. Biomarkers and attention-
deficit/hyperactivity disorder: A systematic review and meta-analyses. J. Am. Acad. Child

Adolesc. Psychiatry. https://doi.org/10.1016/j.jaac.2012.08.015

Snoek, H., Van Goozen, S.H.M., Matthys, W., Buitelaar, J.K., Van Engeland, H., 2004. Stress
responsivity in children with externalizing behavior disorders. Dev. Psychopathol. 16, 389-406.

https://doi.org/10.1017/S0954579404044578

Stalder, T., Kirschbaum, C., Kudielka, B.M., Adam, E.K., Pruessner, J.C., Wust, S., Dockray, S.,
Smyth, N., Evans, P., Hellhammer, D.H., Miller, R., Wetherell, M.A., Lupien, S.J., Clow, A.,
2016. Assessment of the cortisol awakening response: Expert consensus guidelines.

Psychoneuroendocrinology. https://doi.org/10.1016/j.psyneuen.2015.10.010

26



Thomas, R., Sanders, S., Doust, J., Beller, E., Glasziou, P., 2015. Prevalence of attention-
deficit/hyperactivity disorder: a systematic review and meta-analysis. Pediatrics 135, €994-

1001. https://doi.org/10.1542/peds.2014-3482

Tost, M., Monreal, J.A., Armario, A., Barbero, J.D., Cobo, J., Garcia-Rizo, C., Bioque, M., Usall,
J., Huerta-Ramos, E., Soria, V., Labad, J., Pilar, A., Barbero, J.D., Bioque, M., Jesus, C., del
Cacho, N., Garcia-Rizo, C., Labad, J., Martin-Blanco, A., Monreal, J.A., Montalvo, |., Portella,
M., Real, E., Rubio, E., Soria, V., Usall, J., 2020. Targeting Hormones for Improving Cognition in
Major Mood Disorders and Schizophrenia: Thyroid Hormones and Prolactin. Clin. Drug Investig.

https://doi.org/10.1007/s40261-019-00854-w

Tsai, M.-C., Jhang, K.-J., Lee, C.-T., Lin, Y.-F., Strong, C., Lin, Y.-C., Hsieh, Y.-P,, Lin, C.-Y.,
2020. Effects of Childhood Adversity and Its Interaction with the MAOA, BDNF, and COMT
Polymorphisms on Subclinical Attention Deficit/Hyperactivity Symptoms in Generally Healthy

Youth. Children 7, 122. https://doi.org/10.3390/children7090122

Vallejo-Valdivielso, M., Soutullo, C.A., de Castro-Manglano, P., Marin-Méndez, J.J., Diez-
Sudrez, A., 2019. Validation of a Spanish-language version of the ADHD Rating Scale IV in a

Spanish sample. Neurol. (English Ed. 34, 563-572. https://doi.org/10.1016/j.nrleng.2017.05.007

Wolkowitz, O.M., Burke, H., Epel, E.S., Reus, V.I., 2009. Glucocorticoids. Mood, memory, and
mechanisms. Ann. N. Y. Acad. Sci. 1179, 19—40. https://doi.org/10.1111/j.1749-

6632.2009.04980.x

Zhang, S., Faries, D.E., Vowles, M., Michelson, D., 2005. ADHD Rating Scale IV: Psychometric
properties from a multinational study as a clinician-administered instrument. Int. J. Methods

Psychiatr. Res. 14, 186—201. https://doi.org/10.1002/mpr.7

Zwicker, A., MacKenzie, L.E., Drobinin, V., Bagher, A.M., Howes Vallis, E., Propper, L., Bagnell,
A., Abidi, S., Pavlova, B., Alda, M., Denovan-Wright, E.M., Uher, R., 2020. Neurodevelopmental
and genetic determinants of exposure to adversity among youth at risk for mental illness. J.

Child Psychol. Psychiatry 61, 536—-544. https://doi.org/10.1111/jcpp.13159

27



Figure 1. Confirmatory Factor Analysis of the CANTAB tests

Independent variables (1 to 16) are described in Table S1. Covariances between latent factors

are not shown.

Abbreviations: RTI= Reaction Time, RVP=Rapid Visual Information Processing, VRM= Verbal
Recognition Memory, MTT= Multitasking Test, SST= Stop Signal Task, SWM= Spatial Working

Memory, OTS= One Touch Stockings of Cambridge.

Both latent variables (attention/memory and executive functions) for cognitive tasks indicate

worse cognitive performance.
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Figure 2. Scatterplot graph showing the moderating effect of childhood maltreatment on
the relationship between salivary cortisol levels measured at the clinic and inattention

symptoms of patients with ADHD.

Abbreviations: ADHD= attention deficit hyperactivity disorder; ADHD-RS= attention deficit

hyperactivity disorder — rating scale.
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Figure 3. Scatterplot graph showing the moderating effect of sex on the relationship

between salivary cortisol levels measured at the clinic and executive functioning.

Abbreviations: CFA= Confirmatory factor analysis.

CFA scores reflect poorer cognitive functioning (positive values indicate lower cognitive

performance).

30



Table 1. Clinical and hormonal data of the sample by childhood maltreatment

No CM CM T-testor
(N=42) (N=34) Chi-square
Mean orN SDor% Mean orN SDor% P value
Age 15.7 1.1 15.9 0.8 0.829
Female gender 13 31.0% 9 26.5% 0.668
Substance use
Tobacco 2 4.8% 4 11.8% 0.399
Alcohol 4 9.5% 7 20.6% 0.204
Cannabis 1 2.4% 2 5.9% 0.584
Age of ADHD diagnosis 9.8 3.3 9.2 29 0.918
Treatments
ADHD stimulant 37 88.1% 27 79.4% 0.302
ADHD non stimulant 0 0% 2 5.9% 0.197
Othertreatments (no ADHD) 6 14.3% 1 2.9% 0.122
ADHD Rating Scale scores
ADHD Rating Scale — Inattention subscale 12.7 7.4 17.0 8.0 0.021
ADHD Rating Scale — Hyperactivity subscale 7.4 6.6 8.7 6.2 0.390
Cognitive scores (CFA factors)
Attention and memory 0.00 0.33 -0.01 0.26 0.883
Executive functioning 0.01 0.33 -0.02 0.20 0.554
Estimated intelligence quotient 100.4 12.3 99.0 8.9 0.567
Hormonal measures
Atthe clinic (morning, 8:30h)
Plasma prolactin (ng/ml) 18.6 13.5 15.6 6.9 0.347
Plasma total cortisol (ng/ml) 128.7 47.6 121.5 39.1 0.480
Salivary cortisol (ng/ml) 3.8 2.5 3.5 1.9 0.797
Athome
Cortisol at awakening (ng/ml) 2.7 1.3 1.5 1.8 0.604
CAR 8.5 231.6 66.6 238.7 0.288

Cortisol diurnal slope -0.63 0.39 -0.62 0.45 0.957




Abbreviations: ADHD= Attention deficit hyperactivity disorder; CFA= Confirmatory factor analysis; CAR= Cortisol awakening reponse; CM= Childhood
maltreatment.
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Table 2. Results of the multiple linear regression analyses exploring the relationship between hormones (at the clinic), childhood maltreatment and cognitive

and ADHD scores.

Attention/memory? Executive functioning® ~ ADHD-RS Inattention le\pEZat'a?c-tll:\{/ﬁy
B p B p B p § p

Prolactin 0.130 0.358 0.032 0.825 0.006 0.966 -0.181 0.205
Salivary cortisol -0.199 0.126 -0.201 0.186 -0.706 0.031 0.045 0.732
Female sex 0.042 0.740 -1.435 0.020 -0.123 0.315 0.106 0.410
ADHD-RS total score 0.204 0.087 0.072 0.540

CTQ total score -0.039 0.740 -0.048 0.686 -0.766 0.043 0.063 0.593
Isr:ria\;:rc;icégrzig/lveen female sex and 1.461 0023

Interaction between CTQ total score 1.310 0.009

and salivary cortisol

TBoth cognitive variables derived from a confirmatory factor analysis reflect poorer cognitive performance (higher scores indicate lower functioning).
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Table 3. Results of the multiple linear regression analyses exploring the association between home-collected hormonal measures, childhood maltreatment
and cognitive and ADHD symptoms.

Attention and memory" Executive functioning® ADHD-RS Inattention ADHD-RS Hiperactivity

B p B p B p B p
Cortisol at awakening -0.398 0.035 -0.205 0.287 -0.184 0.329 -0.097 0.614
CAR -0.080 0.616 0.094 0.569 0.041 0.799 -0.019 0.911
Cortisol diurnal slope -0.379 0.058 -0.365 0.076 -0.186 0.352 -0.174 0.395
Female sex 0.100 0.388 0.000 0.999 -0.082 0.484 0.058 0.628
ADHD-RS total score 0.156 0.182 0.040 0.741
CTQ total score -0.067 0.567 -0.106 0.378 0.192 0.103 0.068 0.573

Abbreviations: ADHD= Attention deficit hyperactivity disorder; f= Standardized regression coefficient; ADHD-RS= Attention deficit hyperactivity disorder —
rating scale; CAR= Cortisol awakening response; CTQ= Childhood trauma questionnaire.

TBoth cognitive variables derived from a confirmatory factor analysis reflect poorer cognitive performance (higher scores indicate lower functioning).
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Executive functioning (CFA factor score)
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