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Abstract

Children reared in institutional environments present emotional and cogni-
tive affectations, as well as changes in the anatomy and functioning of cer-
tain cerebral areas, such as the prefrontal cortex. However, knowledge of
the long run effect of these affectations remains scarce. Therefore, this
study was designed to correlate the cortical electroencephalographic (EEG)
and psychopathological parameters. Resting EEG from 10 institutionalized
(TA) and 10 never-institutionalized adolescents (NIA) was obtained and this
was parametrically correlated with the intensity of symptoms of depression,
post-traumatic stress disorder (PTSD) and anxiety. Results showed that the
IA group showed higher indices of depression, anxiety and PTSD, accompa-
nied by low relative power (RP) in the fast bands, high activity in the slow
bands in frontal areas, and higher alpha2 RP in temporal areas. In addition,
IA showed higher EEG-correlations among frontal areas but lower
EEG-correlations among prefrontal, parietal and temporal areas in the gam-
ma band. We also found correlations between the EEG parameters and psy-
chopathological scores. These EEG findings can contribute to improve our
understanding of how stress experienced early in life may impact the devel-
opment of the cortex, and how this, in turn, may predispose individuals to
develop psychiatric conditions.
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1. Introduction

Institutionalization is defined as the confinement of an infant in any large con-
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gregate care facility where round-the-clock professional supervision supplants
the role of family-like caregivers [1]. In this model of child-rearing, children and
adolescents remain in a space of a closed or restricted character (ie., no contact
with family or community) [1]. One common characteristic of institutionaliza-
tion is the general deprivation in various areas that children may suffer [2], since
the quantity and quality of stimulation provided barely meet the minimum
standards required to achieve basic development [3]. Indeed, some reports show
that the level of stimulation is insufficient for the optimal development of vari-
ous emotional and cognitive functions [4] [5]. Worse yet, this deprivation can
aggravate the consequences of the stress that these children may have suffered in
their birth families.

Recently, some authors have reported that institutionalized children are more
prone to developing certain psychiatric conditions in the future, including
symptoms of attention-deficit/hyperactivity disorder [6], depression [7], and an-
xiety [8]. Indeed, some earlier studies postulated the existence of a syndrome in
this population that mimics diagnoses of autism [9]. This predisposition has
been related to the presence of alterations in the development of certain cortical
areas and their interconnectivity. The prefrontal, parietal and temporal cortices,
for example, have all shown developmental alterations [6] [10] [11]. Also, the
connectivity among prefrontal and posterior cortical areas was shown to be al-
tered in post-institutionalized Rumanian children (through the uncinate fasci-
culus and the superior longitudinal fascicule) [12] [13].

It is well-known that adequate cerebral functioning depends on the coordi-
nated work of several brain structures [14]; hence, it is important to examine the
functional coupling or decoupling among them. One way to measure cerebral
functionality is by recording electroencephalographic activity (EEG), a technique
that offers researchers several advantages, since it is non-invasive and easi-
ly-applied in institutionalized environments because it does not require a labor-
atory setting [15]. Relative power (RP) is an index of the proportion of power in
a specific frequency band at a given electrode site, while Correlation (r) analyses
of EEG signals make it possible to determine the degree of coupling—or func-
tional synchronization—between two cerebral areas.

In relation to the effects of institutionalization on EEG, McLaughlin ef a/. [7]
recorded the EEG activity of 6 - 30-month-old children raised in institutions and
compared it to that of an age- and sex-matched control sample of community
participants. They found that, compared to the participants raised with their bi-
ological families, the institutionalized children had a lower RP in the alpha band
and a higher RP in the theta band in the frontal, temporal and occipital regions;
results that suggest a delay in cortical maturation. Although the children raised
in institutions presented more pronounced symptoms of anxiety and depression,
RP was not related to those psychopathologies. Similar results from the alpha
and theta bands were found previously in a study conducted with a similar sam-

ple under similar conditions, though that work also found a lower RP in the beta
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band in occipital regions of institutionalized children [11]. Using a similar pro-
tocol, Marshall et al. assessed two groups of children aged 42 months, one insti-
tutionalized, the other living in foster homes. They found that placement in fos-
ter care at an earlier age (ie., before 24 months) was associated with increased
alpha power, decreased frontal-central and frontal-temporal EEG coherences in
the alpha band, and reduced frontal-central EEG coherences in beta [11]. These
data suggest that foster care was associated with neurophysiological changes in
the central nervous system in previously-institutionalized children, and that the
extent of these changes was partly dependent on the age of placement in foster
care.

These EEG findings reported for institutionalized children could be associated
with psychopathological problems in later stages of life. Some psychiatric ill-
nesses, like autism, are currently attributed, theoretically, to a lack of connectiv-
ity between the prefrontal cortex and different cortical and subcortical areas [16]
[17] and with the presence of higher theta and lower alpha RP [18] [19]. How-
ever, the aforementioned studies have been conducted with institutionalized
preschoolers or school-age children, so as far as we know no work has yet eva-
luated EEG changes in institutionalized adolescents or explored their possible
association with the mood alterations that these populations often manifest.

Considering that mood modulation depends on the integrity of the prefrontal
cortex and its functional interaction with other, associated cortical areas, and
that institutionalization has been associated with emotional alterations in child-
ren, the aim of the present study was to correlate prefrontal, parietal and tem-
poral EEG activity with psychopathological symptoms in institutionalized ado-

lescents compared to community-reared adolescents.

2. Method
2.1. Participants

Participants were 10 male adolescents housed in private or government-sponsored
orphanages (institutionalized adolescents, IA), who were compared to 10 nev-
er-institutionalized adolescents (NIA). All participants were right-handed, aged
13 - 16 years, with no current neurological or psychiatric treatment. They were
attending middle school or high school, had IQ = 70 as evaluated by the brief
form of the Wechsler Intelligent Scales [20] [21], and normal scores for attention
and concentration as measured by a Spanish-language battery called NEUROPSI
A-M [22]. Inclusion criteria for the study were: 1) that the IA participants had
lived over 75% of their lives in the institution; and, 2) subjects in the NIA group
had lived their entire lives in family with their parents. Regarding the history of
the IA participants, access to each one’s records in the government institutions
responsible for the protection of minors was obtained. Documents in the institu-
tions where they were living were also reviewed. This allowed us to determine
that none had suffered sexual abuse, but that prior to entering the institution,
50% had been victims of physical violence, 40% had suffered physical neglect,
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and 10% had experienced psychological violence. Also, two of them were taking
antidepressant medication (sertraline or fluoxetine) at the time of the evaluation.

With regard to exclusions, 4 institutionalized teenagers were not included in
the final analysis due to excessive artefacts in the EEG recordings. IA partici-
pants were recruited from 4 different institutions located in 3 states in Mexico by
direct invitation from their respective Principal. All institutions were registered
under the Mexican Official Norms for Assistance Services for Children
(Nom-167-SSA1-1997), which ensured that the adolescents’ housing, clothing
and food needs and health services would be fully-covered while they partici-
pated in the project. Once permission was obtained from parents or caregivers,
an appointment for applying the psychometric tests was scheduled. Control
group was recruited from a secondary school of one of the same states and was
invited through an informational meeting with their parents. Each adolescent
from control group live in a nuclear family and did not present any sign of mal-
treatment. Individuals of both groups were matched according to age and IQ
scores. The study took along one year to be completed approximately.

The study was conducted in two sessions. During the first meeting, the atten-
tion, concentration, IQ, Depression, Anxiety and PTSD tests were applied. All
EEG recording was performed in the second session at baseline with eyes open.

All procedures involved in this experiment were approved by the Ethics
Committee of the Institution in accordance with the ethical standards estab-
lished in the 1964 Helsinki Declaration. All participants gave their informed
consent prior to inclusion. The demographic characteristics of the sample are

summarized in Table 1.

2.2. Procedure

EEG recordings were taken at eight derivations of the International 10 - 20 Sys-
tem. Electrodes were placed in prefrontal, frontopolar (Fpl, Fp2) and dorsola-
teral (F3, F4) areas, and in temporal (T3, T4) and parietal (P3, P4) regions.
EEG-recording lasted for 3 min with subjects at rest with eyes open. All deriva-
tions were referred to linked earlobes with the ground electrode placed on the
forehead. Electrooculograms were recorded to detect eye-movement artefacts

using a monopolar montage with electrodes placed at the outercanthi of both

Table 1. Demographic characteristics of the participants. This table represents features of
the institutionalized (IA) and never-institutionalized (NIA) adolescents that were used to
match both groups. IQ: Intelligent quotient (mean * standard error: M + SE).

IA (n=10) NIA (n=10) Comparisons

Demographic data Cohen’s d
M SE. M SE t p
Age 148 +1.033 14.1 +0.738 1.74  0.098 0.379
1Q 88.9 +14.07 850 +8.62 0.75 0.46 0.174

Months of institutionalization 153.9 *17.09 --- --- --- --
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eyes. The EEG signals were amplified digitally by a Neuroscan-Nu Amps digital
amplifier (Compumedics Neuroscan), with EEG filters set at 1 and 50 Hz. Im-
pedance for the EEG electrodes was kept below 10 kV using Neuroscan sintered
silver chloride electrodes (Compumedics Neuroscan). EEG signals were simul-
taneously recorded in a computer using the Scan 4.3 Software program (Com-
pumedics Neuroscan). The EEG epochs that were identified visually as being
contaminated by noise were removed manually with the CHECASEN computer
program [23]. All contaminated segments were eliminated. Later, the EEGs were
analysed by the EEG Bands computer program [24], which initially calculated
the Fast Fourier Transform to seven frequency bands: delta (1.5 - 3.5 Hz), theta
(3.5 - 7.5 Hz), alphal (7.5 - 10.5 Hz), alpha2 (10.5 - 13.5 Hz), betal (13.5 - 19.5
Hz), beta2 (19.5 - 30 Hz), and gamma (31 - 50 Hz). Fast Fourier transformed
and EEG relative power (RP) was obtained with 0.5 Hz resolution from 1 - 50 Hz
for each participant. The correlation spectrum (r) was then calculated based on
the autospectra and cross-spectrum of the signals to produce values between —1
and +1. Correlation spectra at 0 delay were obtained for each frequency band
using amplitude values by means of Pearson product-moment coefficients to
obtain intrahemispheric and interhemispheric correlations between derivations
in the right (Fp2, F4, T4, P4) and left (Fpl, F3, T3, P3) hemispheres. RP values
were transformed to logarithms, while correlation values were transformed to
Fisher’s z-scores to approximate them to a normal distribution before conduct-
ing the statistical procedure. Z-score calculations were based on individual

scores.

2.3. Measures

The Children’s Depression Inventory (CDI) Spanish version was applied [25].
This is a 27-item scale that describes feelings or thoughts in adolescents during
the previous two weeks related to depression or dysthymic disorder. The format
for responses is based on 1,2,3-scales according to the extent of depression re-
flected in their choice of one of the 3 response options offered for each item; e.g.,
one sample item presents these three options: “I'm seldom sad” 1), “I'm fre-
quently sad” 2), and “I'm always sad” 3). This scale assesses a total score based
on two sub-domains: dysphoria and low self-esteem. Significant clinical symp-
tomatology based on the total scale and the two subscales is considered when
scores are 65 or higher.

The Children’s Post-Traumatic Stress Scale-Spanish version (CPSS) [26] was
used to determine the presence of Post-Traumatic Stress Disorder (PTSD). This
scale is based on the diagnostic criteria of the DSM-IV-TR and consists of 17
questions that are answered on a 1 - 4 Likert scale, depending on the frequency
of symptoms. According to the DSM-IV-TR, the presence of PTSD is considered
when at least 1 symptom of re-experimentation, 2 symptoms of arousal, and 3
symptoms of avoidance occurred during the previous month. PTSD is judged to

be present with the appearance of 3 symptoms on the Likert scale. Subjects are
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instructed to indicate if they have had any thoughts in the previous two weeks
regarding any stressful event from their past. Likert-type responses go from
“Never” to “9 times or more”. To consider whether a participant had clinical-
ly-significant symptoms of PTSD, she/he had to meet the above criteria and
score above 24 points.

The Spence Children’s Anxiety Scale-Spanish version (SCAS) [27] [28] was
used to assess the severity of anxiety symptoms in relation to anxiety disorder as
measured by the DSM-IV. This scale assesses a total score based on 6
sub-domains of anxiety, namely: generalized anxiety, panic/agoraphobia, social
phobia, separation anxiety, obsessive-compulsive disorder, and fear of physical
injury. The scale presents 44 statements such as, “I fear darkness” or “I'm afraid
if ’'m away from my parents”, to which subjects are asked to respond on a scale
that runs from “Never” to “Always”. Significant clinical symptomatology is con-

sidered for scores of 65 and above.

2.4. Analysis

As mentioned above, the final analysis included 10 institutionalized and 10 nev-
er-institutionalized adolescents. A t-test for psychopathological scores between
groups was performed. In the EEG analyses, a t-test for the RP values of each
electrode recorded in each frequency band was carried out. The same analysis
was used in the correlation tests for each pair of interhemispheric (Fpl-Fp2;
F3-F4) and intrahemispheric derivations (Fp1-F3, Fp2-F4, F3-T3, F4-T4, F3-P3,
F4-P4). Also, in order to determine the relation between EEG characteristics and
psychopathological symptoms in each group, Pearson correlation analyses be-
tween EEG parameters and participants’ CPSS, SCAS and CDI scores were per-

formed for the entire sample.

3. Results
3.1. Psychopathological Scores

Participants’ scores on the CDI for the sub-domain dysphoria and the total score
and sub-domain scores for re-experimentation and arousal on the CPSS were
significantly higher in IA than NIA, though no significant between-group dif-
ferences appeared on the SCAS. Table 2 shows the means, standard deviations
and number of participants in each group that obtained clinically-significant
scores on the different scales and sub-domains. That table also presents the t and

p values, as well as the size effect of the statistical comparisons.

3.2. Electroencephalographic Data

The IA group showed higher RP in the theta (t = 2.05, p = 0.05, Cohen’s d =
0.435) and alphal (t = 2.98, p = 0.008, Cohen’s d = 0.568) bands at the right
frontopolar (Fp2) derivations than NIA. Also, IA presented lower RP in the fast-
er bands: bilaterally in betal in the frontopolar (Fpl t = —2.095, p = 0.05, Co-
hen’s d = 0.442; Fp2 t = -2.099, p = 0.05, Cohen’s d = 0.443) and dorsolateral
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Table 2. Behavioural scores. Mean and standard error for the institutionalized (IA) and
never-institutionalized (NTA) groups of adolescents obtained from the CDI: Child De-
pression Index; CPSS: Children’s Post-Traumatic Stress Scale; and SCAS: Spence Child-
ren’s Anxiety Scale. The number of participants that presented clinically-significant
scores is specified. Clinically Significant Scores IA/NIA (CSS IA/NIA).

IA (n=10) NIA (n=10) Comparisons Cohen’s d
Psychopathological scales CSS TA/NIA
M SE M SE t P

CDI
Total 48.3 £2.34 4211 #2.24 1.826 0.085 0.394 0/0
Dysphoria 52.6 1.63 42.44 +1.99 3.979 0.001* 0.683 0/0
Low self-esteem 45.7 3.01 44.44 *2.75 0.306 0.763 0.071 0/0
CPSS
Total 183 +524 5 +1.8 2.402 0.035*  0.492 3/0
Re-experimentation 6.2 *1.67 1.5 =#0.528 2.665 0.022*  0.531 4/0
Arousal 4.8 =*1.54 4.87 *0.517 2.449 0.037*  0.498 5/0
Avoidance 6.8 *23 1.8 *0.8 2.054 0.064 0.435 5/0
SCAS
Total 59.2 +2.021 51.2 +4.09 1.754 0.097 0.381 3/1
Obsessive compulsive disorder 62.2 +2.107 56 *13.52 4.28 0.210 0.71 3/3
Social phobia 57 +235 50 +4.28 1.499 0.151 0.331 2/2
Panic/agoraphobia 55.4 #3.53 553 +4.33 0.018 0.986  0.004 2/4
Separation anxiety 582 #3.35 59.2 +2.55 -0.24 0.815  0.056 4/4
Physical injury 50.2 3.1 53 +2.81 -0.67 0.512 0.155 2/1
Generalized anxiety 57 #2.18 545 +3.13 0.656 0.520  0.152 171

frontal areas (F3 t = -2.19, p = 0.041, Cohen’s d = 0.46; F4 t = —2.08, p = 0.042,
Cohen’s d = 0.458), as well as in alpha2 in the left dorsolateral frontal (F3) area (t
= —-2.51, p = 0.021, Cohen’s d = 0.5). IA also had lower RP in the alpha2 band at
both temporal lobes (T3 t = —3.001, p = 0.007, Cohen’s d = 0.577; T4 t = -2.17, p
= 0.043, Cohen’s d = 0.455) (Figure 1).

IA participants presented a higher interhemispheric correlation in the alphal
and alpha2 bands between frontopolar regions (Fpl-Fp2) than NIA (Figure 2).
The t and p values of the comparisons are presented in Table 3.

IA also had a significantly-lower correlation in the left hemisphere between
the dorsolateral and parietal (F3-P3), and dorsolateral and temporal areas
(F3-T3), specifically in the gamma band (Figure 2). The t and p values of the
comparisons are presented in Table 3.

In terms of intrahemispheric correlation, the IA group showed a higher cor-
relation between the frontopolar and dorsolateral prefrontal areas in the delta,
theta and alphal bands in the left (Fpl-F3) and right hemispheres (Fp2-F4),
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though in this case only in the alpha 1 band. Similarly, there was a higher EEG
correlation between the left frontopolar and parietal derivations (Fp1-P3) in the

delta and betal bands in the IA group compared to NIA.

3.3. Correlation between EEG Parameters
and Psychopathological Scores

A negative correlation between the SCAS total scores and RP in T3 (r = —0.606,

Relative Power

2 EIA
Fpl Fp o NIA
0 - = 0
-0.5 -0.5 A
-1 -1
L 15 - -15 4
> .
L i i m " A
3 2 S 2
-25 - -2.5
-3 A -3 +
-35 - -3.5 4 *
4 + 4 +
F3 F4
0 - - 0
0.5 - -0.5 -
1 4 -1
15 - -1.5
; =
.g’ -2 - o 2 -
- -l
2.5 - -2.5
-3 3
35 - -3.5 *
* *
-4 -4
T3 T4
0 0 -
-0.5 - -05 -
-1 - 1 4
-1.5 -1.5 -
= =
<) -2 - -2
3 3
25 3 25
-3 4 -3 -
-3.5 - -3.5 -
*
-4 - * -4 -
Delta Theta Alphal Alpha2 Betal Beta2 Gamma Delta Theta Alphal Alpha2 Betal Beta2 Gamma

Figure 1. Relative power converted to logarithms (mean + 1 standard error) for the institutionalized (IA) and nev-
er-institutionalized adolescents (NIA), from the derivations at which there were significant between-group differ-
ences. *p < 0.05; * = 0.05.
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EEG Inter and Intrahemispheric Correlations
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Figure 2. EEG correlations converted to Z (mean * 1 standard error) for the institutionalized (IA) and nev-
er-institutionalized adolescents (NIA), from the derivations at which there were significant between-group differ-
ences. *p < 0.05.

p = 0.005) and T4 (r = —0.462, p = 0.040) areas and SCAS OCD scores and al-
pha2 RP in T3 (r = —0.658, p = 0.002) and T4 (r = —0.547, p = 0.013) areas was
found. The OCD SCAS also presented a negative correlation with the right dor-
solateral frontal (F4) RP in alpha2 (r = —0.500, p = 0.025). In addition, a negative
correlation was found between total CPSS (r = —0.446, p = 0.049), re-experiencing
CPSS (r = —0.496, p = 0.026), and dysphoria CDI scores (r = —0.494, p = 0.032)
with the right frontopolar prefrontal RP (Fp2) in betal. Moreover, CDI total
scores had a negative correlation with T3 alpha2 band (r = —0.533, p = 0.019).

As Table 4 shows, re-experiencing, avoidance and arousal CPSS scores

showed a positive correlation with the inter-frontopolar-prefrontal EEG correlation
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Table 3. EEG correlations. Significant EEG correlation differences between an institutionalized (IA) and a never-institutionalized
(NIA) group of adolescents. IA > NIA means that the EEG correlations were higher in IA than in NIA. IA < NIA means the oppo-
site.

EEGr IA > NIA t p Cohen’s d IA < NIA t p Cohen’s d
Fol-Fo2 Alpha-1 2.85 0.01 0.558
PP Alpha-2 229 0.03 0.475
F3-F4
Delta 3.91 0.001 0.677
Fpl-F3 Theta 3.26 0.004 0.61 ---
Alpha-1 4.17 0.0005 0.7
Fp2-F4 Alpha-1 2.24 0.037 0.468 ---
Delta 2.57 0.019 0.519
FP1-P3 ---
Betal 2.86 0.01 0.559
Fp2-P4
F3-P3 --- Gamma -2.3 0.033 0.478
F3-P4
F3-T3 --- Gamma -2.01 0.05 0.429
F4-T4

Table 4. EEG—behavioural Pearson correlations. Significant Pearson correlations between EEG correlations and the CDI, CPSS
and SCAS scores.

Fpl-Fp2 Fpl-Fp2 Fpl-F3 Fpl-F3 Fpl-F3 Fp2-F4 F3-T3
Behaviour/EEG r Alphal Alpha2 Delta Theta Alphal Alphal Gamma
r p r P r p r p r P r p r P
CPSS Re-experiencing 0.625 0.003 0.522  0.018
Avoidance 0.599 0.005 0.447 0.048 0.455 0.044
Arousal 0.540 0.014
SCAS
Panic agoraphobic 0.482  0.032
Separation anxiety 0.452  0.045
CDI Dysphoria 0.520 0.023 0.494 00.032 00.577 0.010 0.540 0.017

(Fp1-Fp2). Avoidance CPSS presented a positive correlation with the alpha2
inter-frontopolar (Fp1-Fp2) and left intra-frontal (Fpl-F3) EEG correlations,
while re-experiencing CPSS showed a positive correlation with the left in-
tra-frontal EEG correlation (Fp1-F3) in alphal. Panic agoraphobic and separa-
tion anxiety SCAS scores presented positive correlations with the left fron-
to-temporal EEG correlation in gamma. Finally, dysphoria CDI scores showed
a positive correlation with the EEG correlation in the pair of derivations
Fpl-F3 in the delta, theta and alphal bands, as well as at Fp2-F4 in alphal
(Table 4).
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4. Discussion

The results of this study indicate that adolescents who had been institutionalized
for over 75% of their lifetime presented an electrical organization of the brain
distinct from that of the subjects who had lived their entire lives in family set-
tings with their parents. Some of the EEG parameters assessed showed correla-
tions with anxiety, PTSD and dysphoric symptoms. In addition, the institutiona-
lized adolescents showed greater symptoms of PTSD and dysphoria, and more of

them presented clinically-significant symptoms of anxiety and PTSD.

4.1. Psychopathological Scores

The institutionalized adolescents had higher scores for dysphoria (CDI) and
PTSD than those in the NIA group. Also, more of them presented clinical-
ly-significant symptoms of anxiety and PTSD. Several authors have established a
relation between the time of institutionalization and the onset of mental disord-
ers [7] [29]. Thus, the higher scores for depression and PTSD in the IA group
could be the result of the lack of trustworthy, long-term social bonds and the
scarcity of alternatives for dealing with stressful situations; factors that could
induce the impairments in the socio-emotional interactions of such subjects that
have been reported as characteristic of institutional care [30]. These features
might emanate from the lack of social and personal interaction between a child
and her/his caretaker called “serve and return”, which sustains normal neurode-
velopment in children [31]. This finding concurs with studies, which mention
that neglect is even more strongly-related to depression outcomes than sexual
or physical abuse [32]. Although physical and emotional neglect partially con-
tribute to PTSD symptoms, there are other types of maltreatment that contri-
bute more to PTSD, such as emotional or sexual abuse [33]. Therefore, we can-
not rule out that the higher intensity of PTSD symptoms could be related to
stressful situations experienced by adolescents during, or before, their institu-

tionalization.

4.2. EEG Activity and Psychopathological Scores

EEG activity in different areas in adolescents might reflect abnormal develop-
ment or lack of development. Regarding EEG Relative Power for example, the
negative correlation between Fp2 RP in the beta 1 band and CPSS (PTSD) and
CDI dysphoria could be related to cortical excitability, since similar beta fre-
quencies have been found in insomnia patients [34]. Hence, restlessness might
be a facilitator of this increase, given that high frequencies such as beta (or
gamma) waves reflect cortical activation [35] and so might also reflect beha-
vioural arousal [36] [37] [38]. We consider that this finding was driven by the
higher betal band found in the IA group at the Fpl, Fp2 and F4 electrodes, since
this finding proved to be significant when the IA group was analyzed indepen-
dently. On the other hand, regarding the F2 electrode, it has been reported that
EEG frequencies become faster with age [39]. While the RP of slow bands like
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theta and alphal decreases, the RP of beta increases with age in early adolescents
with normal development and no signs of depression and anxiety [40] [41]. Al-
so, there are reports of a higher presence of theta power in learning-disabled
children compared to normal children, and in institutionalized children com-
pared to never-institutionalized populations at the aforementioned derivations.
These findings have been related to a pattern of immaturity [11] [42]. Therefore,
it is possible that the increased theta RP observed in IA could be associated with
a pattern of immaturity, as has been reported by other authors.

These results, which are common to a variety of disorders, including ADHD
and autism, have also been described as signaling deviations in brain develop-
ment [11]. This was best expressed when Corning et al [43], demonstrated a
negative correlation between the theta and alpha bands and Wechsler subscales
like arithmetic, picture completion, picture arrangement, and object assembly,
and went on to explain that these bands indicate a pattern of maturation. Al-
though we did not find any parametric correlation among our Fpl and F4 betal
EEG correlation and psychopathological scores, we assume that the explanation
for these findings is related to this explanation of cortical excitability.

Other findings that might be related to abnormal development are from the
RP of the F3 area in relation to the alpha2 and betal bands. In this regard, a
lower proportion of alpha2 and betal bands in temporal and frontal areas has
been documented in resistant schizophrenic patients compared to non-resistant
patients and controls [44] as in our results. Those authors explain their findings
on EEG RP by suggesting a relation to various morphological and physiological
abnormalities. This would be in line with the explanation of our EEG relative
power findings based on the lack of different types of stimuli that could provoke,
as well, abnormal development of cortical areas with subsequent differences in
electrical features [10]. This relationship could be confirmed by our negative re-
lationship between F3 in the alpha2 band and psychopathological scores.

Additionally, we observed a negative association between T3 and T4 in the
alpha2 band and anxiety scores (SCAS Total score and SCAS CDI). This correla-
tion could be related to the limbic irritability described by Teicher [45] in child-
ren exposed to early stress. The emergence of temporal lobe or limbic sei-
zure-like activity—“limbic irritability”—could be a consequence (as has been
found in studies of early stress in animals) of the reduced density of both central
benzodiazepine receptors and high-affinity GABA-A receptors [46]. Again, we
consider that this finding was driven by the IA group since it was there that we
found the same T3 and T4 alpha?2 results.

Considering that we obtained a negative correlation between the alpha2 band
and anxiety scores in temporal areas, we conclude that the low RP of alpha2 re-
flects higher activity in temporal areas and so generates higher anxiety scores.
Conversely, the higher RP of alpha2 reveals lower activity in temporal areas,
which led to lower anxiety scores.

Regarding our EEG results, we found a positive relation between frontopolar
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EEG correlations and anxiety scores. First, there is a significant decrease in
frontopolar thickness between 8- and 20-year-olds [47]. Discussions of functio-
nality within frontopolar connectivity have reported that functional interhemis-
pheric coupling decreases with age, though it does not occur in other areas, such
as the parietal, temporal or occipital regions [48]. Functionally, a higher inter-
hemispheric hemodynamic coherence between frontopolar cortices in autistic
children with low social abilities during a rest condition has been found [49]. If
we consider reports that have established the importance of frontal-polar areas
in the state-dependent regulation of emotion [50], then perhaps basal func-
tional coupling is a mechanism that helps institutionalized adolescents cope
with stressful situations. Considering that institutional populations have been
described as having a quasi-autistic syndrome [9], perhaps this higher func-
tional coupling between frontopolar cortices is a common characteristic of au-
tistic and institutionalized populations, and is related to abnormal connection
pruning.

We also found a positive correlation between functional connectivity among
prefrontal regions (Fpl, Fp2, F3 and F4) in the alpha bands and CPSS subscales
like re-experiencing, avoidance and arousal. Similar results emerged from the
CDI dysphoria subscale, where a positive correlation between functional con-
nectivity among prefrontal regions in the delta, theta and alpha bands was iden-
tified. It has been suggested that brain structures like the prefrontal cortex are
particularly vulnerable to stress, since they have a high density of glucocorticoid
receptors and experience significant postnatal development [45]. On the other
hand, there is evidence to suggest that decreased coupling among brain areas is
related to optimal organization of cortical networks, such that increases may in-
dicate immaturity and a lack of cortical specialization [51]. This argument might
be based on explanations which propose that short-distance connectivity is crit-
ical in generating functional specificity (information) [52].Upon analysing our
dysphoria-EEG correlation we realized that the main findings occurred in the
left prefrontal hemisphere with one positive correlation in the right hemisphere.
In this regard, it has been argued that the Behavioural Activation System (BAS
system) is related primarily to left hemisphere activation during approach moti-
vational situations, but to the right hemisphere under withdrawal motivation
[53]. We consider that the increased basal correlation among left frontal areas in
the slow bands (delta, theta and alphal) could indicate a less effective mechan-
ism and, therefore, the propensity to present dysphoria. Under these assump-
tions, this left activity could be related to a lack of motivation to handle anxious
situations under a more psychological context. On the other hand, we must ana-
lyze these results, as well, in light of the theory proposed by Higgins (1997),
which holds that there are two systems for attaining desired outcomes: one
called promotion, the other prevention. Promotion occurs when we “make
things happen” in order to obtain a relevant outcome; while prevention acts to

“avoid something bad from happening” in order to obtain the desired outcome.
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Perhaps our right interior prefrontal EEG correlation finding is related to a less
effective production of motivation to take measures “to prevent things from
happening”.

Regarding the positive correlation between SCAS and the F3-T3 gamma band
EEG-correlation, it is important to recall that those areas are critical for the con-
trol and regulation of social behavior [54]. In relation to our results, perhaps the
salience of the absence (in social separation) or presence (in panic agoraphobic)
of social influence manifested through the fronto-temporal correlation leads to
the anxiety scores we recorded. If we consider that long-distance connections
allow cortical areas to interact among themselves and so integrate different
sources of information into coherent behavioral and cognitive states [17], it
would be logical to think that fronto-temporal functional coupling does not
represent an efficient way of processing social information.

Turning to the functional connectivity between the prefrontal and posterior
cortices, our study found a lower gamma correlation in the left hemisphere be-
tween the prefronto-parietal and prefronto-temporal areas in IA. Similar find-
ings have been observed with highly-functional autistic participants using fMRI
techniques, which showed a lower correlation between prefrontal and parietal
areas compared to controls [55]. Similarly, Brzezicka proposed that the fron-
to-parietal network plays a fundamental role in integrating information into the
coherent mental representations required to resolve problems, and that the lack
of such integration could be associated with the presentation of negative moods
and depressive states [56]. Considering all these results, we could argue that our
findings might be related to an inefficient transit of information between ante-
rior and posterior areas.

Finally, we also found a higher EEG correlation between the anterior prefron-
tal and parietal areas in the left hemisphere in the delta and beta bands in IA.
This EEG correlation again shares some similarities with data from autistic pa-
tients reported by Duffy and Als [57], who observed higher coherence between
frontopolar and posterior parietal areas compared to controls. Those authors
consider that their findings reflect a mechanism in the brain that seeks to com-
pensate for abnormal brain network development. In our IA group, there was no
evidence of such a factor that drives abnormal brain development as in autistic
groups; however, it could be that an adverse environment drives the develop-
ment of uncommon brain connectivity.

Finally, it is important to mention that the sample for this project was small
due to several factors: the high number of institutionalized adolescents with low
IQ, the effects of long-term psychiatric treatment, the few adolescents that had
spent 75% of their lives in orphanages, the few institutions for adolescents (since
most house younger children), and the need to remove EEG recordings affected
by artefacts. These conditions made it necessary to recruit adolescents from 4
different institutions in 3 states in Mexico. Thus, the features of the study sample

itself limited our ability to recruit more participants.
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5. Conclusion

In conclusion, the IA adolescents presented more psychopathological symptoms
and a brain electrical organization distinct from the controls, which had lived
their entire lives with their parents. Their EEG parameters are similar to those of
young people with psychiatric disorders like autism, and showed correlations
with anxiety, depression and PTSD scores. We believe that these EEG findings
can contribute to improving our understanding of the impact that early stress
may have on the development of the cortex, and how this may predispose ado-

lescents to develop psychopathologies.
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