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A B S T R A C T

Introduction: The involvement of extreme sensory processing patterns, impulsivity, alexithymia, and hope-
lessness was hypothesized to contribute to the complex pathophysiology of major depression and bipolar
disorder. However, the nature of the relation between these variables has not been thoroughly investigated.
Aims: This study aimed to explore the association between extreme sensory processing patterns, impulsivity,
alexithymia, depression, and hopelessness.
Methods: We recruited 281 euthymic participants (mean age=47.4 ± 12.1) of which 62.3% with unipolar major
depression and 37.7% with bipolar disorder. All participants completed the Adolescent/Adult Sensory Profile
(AASP), Toronto Alexithymia Scale (TAS-20), second version of the Beck Depression Inventory (BDI-II), Barratt
Impulsivity Scale (BIS), and Beck Hopelessness Scale (BHS).
Results: Lower registration of sensory input showed a significant correlation with depression, impulsivity,
attentional/motor impulsivity, and alexithymia. It was significantly more frequent among participants with
elevated hopelessness, and accounted for 22% of the variance in depression severity, 15% in greater impulsivity,
36% in alexithymia, and 3% in hopelessness. Elevated sensory seeking correlated with enhanced motor
impulsivity and decreased non-planning impulsivity. Higher sensory sensitivity and sensory avoiding correlated
with depression, impulsivity, and alexithymia.
Limitations: The study was limited by the relatively small sample size and cross-sectional nature of the study.
Furthermore, only self-report measures that may be potentially biased by social desirability were used.
Conclusion: Extreme sensory processing patterns, impulsivity, alexithymia, depression, and hopelessness may
show a characteristic pattern in patients with major affective disorders. The careful assessment of sensory
profiles may help in developing targeted interventions and improve functional/adaptive strategies.

1. Introduction

Major affective disorders are worldwide associated with long-term
disability, psychosocial impairment, and poor intervention outcomes
including suicidal behavior (Pompili et al., 2011, 2012). The involve-
ment of deficits in emotional processes and sensory processing has
been hypothesized in the pathophysiology of major affective disorders
(Van Rheenen and Rossell, 2013; Leitman et al., 2010). Sensory
processing refers to the ability to register and modulate sensory
information and organize this sensory input to respond to situational

demands (Humphry, 2002; Miller et al., 2007). Extreme sensory
processing patterns include hyper- or hyposensitivity to non-aversive
stimuli (Miller et al., 2007).

Existing studies on sensory processing disorders (SPD) generally
refer to individuals with hypersensitivity suggesting that they often
perceive daily sensory events as noxious (Bundy et al., 2002), or
express exaggerated behavioral reactions of "fight or flight" to harmless
sensory input (Hanft et al., 2000; Engel-Yeger & Dunn, 2011a,
2011b). SPD are supposed to have a genetic basis (Dunn, 1997,
2001) as well as developmental origin as they are frequently reported
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among children with developmental disabilities such as Attention-
Deficit/Hyperactivity Disorder (ADHD), learning disabilities and clum-
siness (Talay-Ongan and Wood, 2000). SPD are likely to become more
apparent in transferring stages (Miller et al., 2007, 2012) and, although
they are mostly reported in children, they may persist into adulthood
with related social and emotional difficulties (Kinnealey et al., 2011).

In the present study we refer to the model of sensory processing
which was suggested by Dunn (1997). This model describes the
relationship between the person's neurological thresholds and beha-
vioral self-regulation strategy (Brown et al., 2002, Dunn, 1997).
Individuals with hypersensitivity have lower neurological threshold
while those with hyposensitivity have higher neurological threshold.
However, individuals who utilize a passive behavioral strategy allow
stimuli to occur in accordance with their threshold, whereas individuals
who use an active behavioral strategy counteract their threshold and
control the amount/type of sensory input they receive (Dunn, 1997 and
2001). Dunn's model yielded four patterns of sensory processing. The
first two refer to hyposensitivity: (1) individuals with low registration
who fail to detect sensation and do not actively seek for sensory input
that are usually depicted as inattentive, withdrawn, and unmotivated;
(2) individuals who are sensory seekers and enjoy rich sensory
environments/activities. Sensation seekers may show impulsivity,
appear as disinhibited, lack future planning, and engage in risk-taking
behaviors. The other two patterns refer to a low neurological threshold
(hypersensitivity): (3) individuals who are sensory sensitive and feel
discomfort with regular sensations but they do not actively limit their
exposure to the uncomfortable stimuli; (4) individuals who are sensa-
tion avoiders and are usually described as introspective or reclusive
since they actively limit exposure to sensory information. When
sensory processing does not interfere with daily life activities, it is
considered as a part of our unique characteristics, as a trait (Dunn,
2001). However, when sensory processing patterns are extreme and
interfere with function and participation in daily life, they may be
considered as sensory processing disorders (SPD) (Miller et al., 2007;
Dunn, 2001) (see Fig. 1).

Dunn (1997) suggests that there are well established relationships
of sensory processing patterns with stable, trait-like or personality
variants. Ben-Avi et al. (2012) found that individuals with SPD
frequently express lower self-esteem, more social discomfort, more
distress and less ego strength. Specifically, “sensory sensitivity”,
“sensory avoidance”, and “low registration” traits correlated with

elevated anxiety, somatization, distress characteristics, interpersonal
difficulties, lack of ego strength, thought distortions and poignancy.
The term ‘sensory affective disorder’ has been already used by some
researchers several decades ago to refer to sensory defensiveness in
children (Wilbarger and Wilbarger, 1991). Extreme sensory processing
patterns have been also proposed as a stable dimension which are able
to characterize individuals with major affective disorders (Engel-Yeger
et al., 2016a, 2016b; Serafini et al., 2016). Indeed, subjects with
extreme sensory processing patterns frequently presented impairments
in modulating emotional/behavioral responses. Fear, anxiety or dis-
comfort may accompany everyday situations that involve sensory
stimuli and may disrupt daily routines (Parham and Mailloux, 2001)
significantly impairing the daily life functioning and restricting parti-
cipation in various life situations (Engel-Yeger et al., 2013a, 2013b;
Engel-Yeger and Ziv-On, 2011; Engel-Yeger, 2008).

According to behavioral and neurophysiological studies, SPD have
been associated with emotional and arousal processes (Ben-Avi et al.,
2012). Hyposensitivity has been predominantly associated with de-
pression and lower levels of arousal whereas hypersensitivity has been
linked with anxiety and higher levels of attention and arousal
(Kinnealey and Fuiek, 1999; Pfeiffer et al., 2005). Moreover, based
on our recent study (Engel-Yeger et al., 2016a, 2016b) the hyposensi-
tive extreme pattern of lower registration was found to be related with
enhanced depressed mood whereas the hyposensitive extreme pattern
of sensory seeking resulted as a resilient factor. Sensation seeking
seems to be also correlated with elevated hyperthymia, which was
previously reported as a protective factor against depression and
suicidality (Rihmer et al., 2010). Interestingly, hypersensitivity has
been associated with abnormal gating together with "over-inclusion" of
not relevant stimuli in the focus of attention (Kisley et al., 2001) with
subsequent difficulties of habituation (Miller et al., 2012).

Similarly to SPD, impulsivity may be considered as a quite stable
behavioral trait in clinical populations although there are few studies
investigating the nature of this construct and its association with SPD
in patients with major affective disorders. Impulsivity may frequently
occur in multiple psychiatric disorders, substance abuse, and suicidal
behavior (Moeller et al., 2001). According to various proposed person-
ality models (Lijffijt et al., 2012; Dickman, 2000; Eysenck, 1993;
Humphreys and Revelle, 1984), it seems to be related to early sensory
processing (Swann et al., 2013). Importantly, subjects with lower
impulsivity may have a lower sensitivity to warning signals and are
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Fig. 1. This is the model referring to sensory processing which was suggested by Dunn (1997). It describes the relation between the individual's neurological thresholds and behavioral
self-regulation strategy. Dunn's model mentioned four patterns of sensory processing with the first two referring to hyposensitivity (low registration and sensation seeking) and the other
two patterns referring to hypersensitivity (sensory sensitivity and sensation avoidance).
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less tolerant to the attenuation of simple behavioral performance
(Dickman, 2000; Revelle et al., 1980). Automatic sensory processing
investigated using sensory gating may be significantly correlated with
behavioral assessments in populations of patients with major affective
disorders (Soshi et al., 2015). Disruption of pre-attentional processes
may interfere with filtering of inappropriate stimuli and may lead to
overstimulation or insufficient modulation of behavioral responses
(Freedman et al., 1987). The sensory disturbance may be described
as the inability to filter out environmental stimuli with a subsequent
impaired ability to focus on attention. In addition, SPD and impulsivity
may be associated with other stable factors potentially altering emo-
tional functioning such as alexithymia. Alexithymia is a multifaceted
construct including difficulties in identifying feelings and distinguish-
ing between feelings and bodily sensations of emotional arousal, and
difficulties in describing feelings to others (Taylor et al., 1997).
Alexithymic traits may be conceptualized along a continuum as
important deficits in emotional processing (Heaton et al., 2012;
Lumley et al., 2007), they may be significantly related to mood states
(De Gucht et al., 2004; Parker et al., 2005; Vermeulen et al., 2007), and
associated with higher rates of anxiety/depression (Bankier et al.,
2001; Berthoz et al., 2002; Honkalampi et al., 2000).

Alexithymia has been associated with an heterogeneous range of
sensory modulation related to either hypo- or hypersensitivity. While
some studies reported that alexithymic subjects have lower awareness
and registration of internal bodily signals as well as reduced multi-
sensory integration (Ernst et al., 2014; Grynberg and Pollatos, 2015),
other studies found, hypersensitivity to sensory input such as lower
tolerance of pain and heat and over-responsivity to visceral stimulation
in alexithymic subjects (Kano et al., 2007; Katz et al., 2009; Nyklicek
and Vingerhoets, 2000). Thus, patients with major affective disorders
and alexithymic traits may present several emotion processing deficits.

A recent study (Alpaslan, 2015) suggested that the presence of
alexithymia is a significant predictor of suicide probability in a large
sample (N=381) of females with disordered eating attitudes. According to
cognitive assumptions, suicidal behavior has been conceptualized as an
exit of hopelessness and despair (Minkoff et al., 1973). Hopelessness
indicates a pessimistic cognitive structure for the future and has been
identified as a robust and independent predictor of suicidal behavior
(Pompili et al., 2011, 2012). Unfortunately, there are no studies in the
current literature investigating the complex relationship between extreme
sensory processing patterns/SPD and hopelessness neither studies on the
interaction between SPD, impulsivity, alexithymia, and state affect during
emotion processing have been conducted yet.

Given this background, the present study aimed to: (1) examine
whether significant correlations exist between extreme sensory proces-
sing patterns, depression, impulsivity, alexithymia, and hopelessness;
(2) based on the correlations between the mentioned variables, explore
whether extreme sensory processing patterns might predict depression,
alexithymia, impulsivity, and hopelessness; (3) explore the relative
contribution of extreme sensory processing patterns, depression,
alexithymia, and impulsivity in predicting hopelessness.

First, we hypothesized multiple correlations between extreme
sensory processing patterns, depression, impulsivity, and alexithymia.
Furthermore, we supposed that SPD expressed in specific extreme
sensory processing patterns as mentioned in the Dunn's model may be
more common among subjects with higher hopelessness and that,
conversely to other sensory profiles, sensory seeking may exert a
protective pattern against depression. Moreover, we hypothesized that
extreme sensory processing patterns (being not state-related but quite
independent of acute mood states across the lifespan) may differen-
tially predict impulsivity, alexithymia, and hopelessness. Finally, we
presume, as generally sustained by existing evidence, that depression
may significantly contribute to the prediction of hopelessness in the
analyzed sample.

2. Methods

2.1. Participants and procedure

The sample consisted of 281 currently euthymic affective disorder
patients of which 175 diagnosed with unipolar and 106 with bipolar
disorder with an age ranging from 18 to 65 years (mean=47.4 ± 12.1).
Participants were distributed as follows when admitted: 63.1% of
subjects were diagnosed with unipolar major depressive disorder
(MDD), 16.2% with bipolar disorder type I (BD-I), and 20.7% type II
(BD-II). They were all consecutive outpatients receiving only main-
tenance treatment that have been followed by our university outpatient
service for at least 12 months. Specifically, their psychoactive medica-
tion regimens and their psychopathological conditions were stable for
at least 6 months.

All participants were admitted to the Department of Neuroscience
(DINOGMI), University of Genoa, outpatient service, between July
2014 and April 2016. The inclusion criterion was a diagnosis of MDD,
BD-I, and BD-II as specified. Exclusion criteria were any condition
affecting the ability to fill out the assessment including delirium,
dementia or any severe neurological diseases including mental retarda-
tion, and denial of the informed consent. Diagnostic criteria were based
on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV,
TR) (American Psychiatric Association, 2001). Psychiatric histories
were carefully collected by clinical psychiatrists and psychologists (GS
and GC) and later verified using the Mini International
Neuropsychiatric Interview (MINI) (Sheehan et al., 1998). All patients
accepted voluntarily to participate in the study and gave their informed
consent. The study design was approved by the local Ethical Review
Board. Participants' socio-demographic information have been sum-
marized in Table 1.

Table 1
Participants' socio-demographic information (N=281).

N Percent

Gender Male 102 36.7
Female 179 63.3

Level of education Elementary schools 12 4.3
Junior high schools 87 31.0
Secondary schools 140 49.8
Academy 37 13.2
Missing cases 5 2.2

Marital Status Single 96 34.2
Married 135 48.0
Divorced 41 14.6
Widowed 8 2.8
Missing cases 1 .4

Living with Alone 44 15.7
Family 223 79.4
Friend 13 4.7
Missing cases 1 .4

Employment Employed 168 59.8
Unemployed 72 25.6
Retired 26 9.3
Students 13 4.6
Missing cases 2 1.1

Socio-economic status Below average 108 38.4
Average 145 51.6
Above average 26 9.3
Missing cases 2 1.1

Range Mean SDa

Illness duration in years 0.2–60 9.7 12.3
Age at first psychiatric treatment 8–65 40 13.7
Age of illness onset 8–65 39.3 13.2

a SD=Standard deviation.
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3. Measurements

3.1. The Adolescent/Adult Sensory Profile (AASP)

The AASP (Brown and Dunn, 2002) is a self-report psychometric
tool with 60 items, including questions pertaining to each of the
sensory systems. The items are sorted equally into four traits reflecting
Dunn's model: Low Registration (e.g., "I miss the street, building or
room signs when trying to go somewhere new"), Sensation Seeking
(e.g., "I like to go to places that have bright lights and that are
colourful"), Sensory Sensitivity (e.g., "I am uncomfortable wearing
certain fabrics…") and Sensation Avoiding (e.g., "I avoid elevators and/
or escalators because I dislike the movement"). The four traits
described on the AASP categories were derived statistically by factor
analysis and the results were consistent with the a priori hypothesis of
the quadrant model (Dunn, 1997).

Participants indicate the frequency of their behavioral responses to
sensory experiences in daily life on a five-point Likert scale. Norms
exist for various age groups (11–17; 18–64; 65 and above). Good
psychometric properties have been demonstrated for this questionnaire
(Pohl et al., 2003).

In the present study, the five ranges for each sensory processing
pattern, as presented in the AASP manual, were merged as follows:
"Less than most people" represents approximately 16% of the popula-
tion (one standard deviation (SD) below the mean); (2) "Similar to
most people" represents the normal range found among approximately
68% of the population (between −1 SD and +1 SD); (3) "More than
most people" represents approximately 16% of the population (or more
than 1 SD above the mean). The AASP is currently under validation in
Italian language.

3.2. The Toronto Alexithymia Scale (TAS-20)

The TAS-20 (Bagby et al., 1994a, 1994b) is a frequently used self-
report measure of alexithymia including 20 items. This instrument
consists of three subscales: difficulty identifying feelings (7 items);
difficulty describing feelings (5 items); and externally oriented-thinking
(8 items). Cut-off scores have been clearly established (Bagby et al.,
1994a): ≤50=no alexithymia, 51–60=borderline alexithymia, and
≥61=alexithymia. The Italian reliability, construct, and criterion valid-
ity of scores on the TAS-20 have been documented in several adult
samples (Bressi et al., 1996; Caretti et al., 2011).

3.3. The second version of the Beck Depression Inventory (BDI-II)

The BDI-II (Beck et al., 1990, 1974) is a self-report questionnaire
including 21 items which was commonly used to assess the severity of
depressive symptoms in the two weeks prior to the questionnaire
completion. The questionnaire score is the sum of these items and
ranges from 0 to 63. Higher scores reflect higher severity of symptoms.
Mean values have been obtained through the Italian validation study of
Sica and Ghisi conducted in 2007 on a population of 723 under-
graduate students (343 males with a mean age of 21.7 years; SD=1.6;
range 19–31 years, and 380 females with a mean age of 20.98 years;
SD=2.66; range 18–36 years) of which 72 depressed individuals (74%
females with a mean age of 21.1 years; SD=2.1) were compared with 72
subjects who were randomly selected from the initial sample of 723
college students (Sica and Ghisi, 2007). The mean BDI-II score was
8.23, consistent with minimal depression (Beck et al., 1990, 1974).

3.4. Barratt Impulsiveness Scale (BIS)

Impulsivity traits have been assessed using the Barratt
Impulsiveness Scale (BIS-11) (Stanford et al., 2009). The BIS-11 is a
self-report instrument including 30 items, and is mainly scored with a
four-point Likert scale. The BIS-11 evaluates three impulsivity con-

structs: attentional impulsivity, lack of concentration or cognitive
perseverance (AI: 8–32 scores), motor impulsivity or tendency to act
without consideration (MI: 11–44 scores), and non-planning impul-
sivity or lack of planning for the future (NPI: 10–40 scores) (Patton
et al., 1995).

3.5. Beck Hopelessness Scale (BHS)

The BHS is a 20-item self-report psychometric instrument for
assessing negative attitudes about the future (Beck and Steer, 1989;
Beck et al., 1974). This scale specifically addressed feelings about the
future, loss of motivation and expectations. Research supports a
significant association between BHS scores, depression, suicidal intent,
and current suicidal ideation. We considered the BHS cutoff score of 9
or higher to define individuals at suicide risk (Beck et al., 1990).

3.6. Statistical analysis

All the analyses were performed using the Statistical Package for
Social Sciences (SPSS) for Windows 21.0. The correlations between all
dependent variables were examined by Pearson correlation test.
Cramer's V test examined whether significant difference exists in
AASP quadrants ranges distribution between participants with BHS
score of 9 or higher vs. those with BHS score lower than 9. Stepwise
regression test examined the ability of SPD expressed in specific
sensory processing patterns mentioned in Dunn's model to predict
depression, impulsivity, alexithymia, and hopelessness. Logistic regres-
sion examined the ability of these extreme sensory processing patterns
to predict BHS score of 9 or higher. P values ≤.05 were considered
statistically significant for the Cramer's V test and regression analysis.
However, we adjusted our analyses to correct for multiple testing and
accordingly set the level of significance for Pearson test on .05/
24=.002.

4. Results

4.1. Clinical profile of the recruited sample

Table 2 depicts the clinical profile of participants as measured by
the ranges, mean, and SD scores regarding depression, impulsivity,
alexithymia, and hopelessness. Mean and SD of depression as assessed
by BDI-II together with other measures are as follow: BDI-II (22.2 ±
12.7), TAS-20 total scores (60.7 ± 12.9), possible alexithymia (N=63,
22.4%), alexithymia (N=68, 24.2%), BIS total scores (63.8 ± 12.2), BIS
attentional (15.4 ± 3.6), BIS motor (21.5 ± 5.6), BIS non-planning
(26.8 ± 5.7), BHS total scores (10.3 ± 2.6), BHS≥9 (N=218, 77.6).

The sensory processing performance ranges of the sample are
reported in Table 3. When referring to low registration, 24.6% of the
participants were under norm, 42.3% were in the normal range, and
33.1% were found above the normal range. In regard to sensation
seeking, 74.4% of the participants were under norm, 21.7% were in the
normal range, and 3.9% were above the normal range. Concerning
sensory sensitivity, 16.7% of the participants were under norm, 49.8%
were in the normal range, and 33.5% were above the normal range.
When referring to sensory avoidance, 19.2% of the participants were
under norm, 48% were in the normal range, and 32.7% were above the
normal range.

4.2. Correlations between extreme sensory processing patterns,
depression, impulsivity, alexithymia, and hopelessness

In this analysis, BDI-II and TAS-20 total scores were used.
Concerning BIS, total scores as well as subscale scores were used.
The AASP analysis referred to the four sub-scales of the questionnaire
(Table 4).

Lower ability to register sensory input significantly and mod-
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erately correlated with elevated depression (r=.464, p≤.001), greater
impulsivity (r=.382, p≤.001), specifically with attentional (r=.430,
p≤.001), motor impulsivity (r=.415, p≤.001), while higher alexithymia
(r=.358, p≤.001), in particular with the abilities to describe and to
identify feelings (r=.446, p≤.0001).

4.3. Frequency of extreme sensory processing patterns in patients
with higher and lower hopelessness

Cramer's V test revealed that the prevalence of lower ability to
register sensory input was significantly higher among participants with
BHS≥9 (Cramer's V=.16, p=.03). No significant distribution was found
between the groups when referring to sensory seeking (Cramer's V=.04,
p=.77), sensory sensitivity (Cramer's V=.07, p=.49), or sensory avoid-
ance (Cramer's V=.51, p=.77).

4.4. Predicting depression, alexithymia, impulsivity and hopelessness
by extreme sensory processing patterns

As presented in Table 5, lower ability to register sensory input
accounted for 22% of the variance in depression. Sensory sensitivity
added 4% to this prediction while greater tendency to seek sensation
predicted lower depression.

Lower ability to register sensory input accounted for 15% of the
variance in greater impulsivity, 36% of the variance in alexithymia, and
3% of the variance in hopelessness.

4.5. Predicting hopelessness, depression, alexithymia, and
impulsivity by sensory processing abilities

Logistic regression revealed that extreme sensory processing pat-
terns did not significantly predict hopelessness while the total BDI
score was a significant predictor of hopelessness (BHS≥9) accounting
for 11% of the variance (Wald=10.17; p=.001).

5. Discussion

This is, to the best of our knowledge, the first study evaluating the
association between extreme sensory processing patterns/SPD, impul-
sivity, depression, alexithymia, and hopelessness. We identified a
characteristic pattern of association indicating the involvement of both
hypo- and hyper sensitivity that may shed light on the etiological role
and mechanisms of these variables in the emergence of affective
disorders.

Table 2
Ranges, mean and, SD scores of impulsivity, alexithymia, depression, and hopelessness
measures in the analyzed sample.

Questionnaires Minimum Maximum Mean SD N %

BDI-II 0 55.00 22.2 12.7
Minimal depression 54 19.2
Mild depression 63 22.4
Moderate depression 83 29.6
Severe depression 81 28.8

TAS-20 total scores 7.00 100.00 60.6 12.9
No alexithymia 51 18.1
Possible alexithymia 63 22.4
Alexithymia 68 24.2
Missing cases 131 35.9

BIS total scores 14.00 97.00 63.8 12.2
Factor 1: attentional 5.00 25.00 15.4 3.6
Factor 2: motor 4.00 37.00 21.5 5.6
Factor 3: nonplanning 3.00 40.00 26.8 5.7

BHS total scores 0 17 10.3 2.6
0–3 6 2.1
4–8 48 17.1
≥9 218 77.6
Missing cases 9 3.2

Note: BDI-II=Beck Depression Inventory-second version; BHS=Beck Hopelessness
Scale; SD=Standard deviation; BIS=Barratt Impulsivity Scale; TAS-20=Toronto
Alexithymia Scale.

Table 3
Frequency of participants in each sensory processing performance range (N=281).

N % Sensory performance ranges according to the
AASP manual

Sensory performance ranges of study's
participants

Mean±SD

Low registration Under norm 69 24.6 15–23 15–23 18.5 ± 2.8
Norm 119 42.3 24–35 24–35 29.3 ± 3.3
Above norm 93 33.1 36–75 36–61 41.6 ± 5.7
Total group 15–70 31.1 ± 9.9

Seeking Under norm 209 74.4 15–42 15–42 29.5 ± 9.6
Norm 61 21.7 43–56 43–56
Above norm 11 3.9 57–75 58
Total group 15–63 36.4 ± 9.7

Sensory sensitivity Under norm 47 16.7 15–25 15–25 21.2 ± 3.9
Norm 140 49.8 26–41 26–41 33.5 ± 4.6
Above norm 94 33.5 42–75 42–65 49.5 ± 6
Total group 15–68 36.9 ± 11.3

Sensory avoidance Under norm 54 19.2 15–26 15–26 21.6 ± 4.2
Norm 135 48.0 27–41 27–41 33 ± 4.4
Above norm 92 32.7 42–75 42–62 48.7 ± 6.1
Total group 15–66 36 ± 11

Note: SD=standard deviation.

Table 4
Correlations between sensory processing patterns, depression severity, impulsivity,
alexithymia, and hopelessness.

Questionnaire/ Low
registration

Sensation
seeking

Sensory
sensitivity

Sensation
avoidingsensory profile

BDI-II .464*** NS .454*** .362***

TAS-20 .358*** NS .289*** .222***

BIS total scores .382*** NS .282*** .213
BIS attentional .430*** NS .422*** .275**

BIS motor .415*** .224 .272** .314***

BIS non-planning NS −.313*** NS NS
BHS hopelessness NS NS NS NS

** p≤.01.
*** p≤.001.
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5.1. Association and contribution of extreme sensory processing
patterns to depression

First, based on our findings, lower ability to register of sensory
input (hyposensitivity) significantly correlated with greater depression.
The relation between SPD and depression has been previously inves-
tigated in different populations (e.g., young subjects with Autism
Spectrum Disorder) but not specifically in affective disorders.
According to a recent study (Bitsika et al., 2016), a significant
correlation was found between sensory processing features and de-
pressive symptoms in a sample of 150 young males with autism
spectrum disorders, where, in line with our findings, the authors
reported that lower ability to register sensory information was the
most powerful predictor of depressive symptoms.

Similar results were previously reported by Pfeiffer et al. (2005)
who found that lower ability to register sensory input was significantly
associated with depressive symptoms in their sample of 50 children/
adolescents with autism spectrum disorders. In our opinion, a lower
ability to register strategy (which is usually characterized by the
impaired skill to detect stimuli that others may correctly and success-
fully perceive or detect) may contribute to the development of
depressive symptoms as we found in another of our recently published
studies in which difficulties in sensory registration significantly corre-
lated with elevated depression (Engel-Yeger et al., 2016a, 2016b).

In this study we also found a moderately strong correlation between
depression and higher sensory sensitivity and sensation avoiding. Both
hypo- and hypersensitivity may be related to depression as they may
exaggerate negative emotionality (Ben-Sasson et al., 2008). Sensory
sensitivity/avoidance profiles and lower ability to register sensory input
were also related to enhanced anxiety trait in healthy adults (Engel-
Yeger and Dunn, 2011a, 2011b). We suppose that these individuals
may exhibit either abnormally increased or reduced responses to
sensory stimuli based on different environmental contexts and indivi-
dual coping strategies. Coping strategies, resulting from the combina-
tion of personality/temperamental factors with previous experiences
and learned components, are able to determine the individual's
reaction towards complex environmental events and stressors.
Individuals with the extreme sensory seeking pattern may dysfunction-
ally emphasize responses to environmental stimuli based on their
enhanced level of reactivity to sensory input or alternatively fail to
respond to specific situational demands (e.g., low registrators) and this

may increase their likelihood to develop anxiety/depression due to
different psychological expectations and maladaptive coping strategies
aimed to balance the disequilibrium derived by the inability to
integrate information.

The ability of lower registration of sensory input to explain 22% of
the variance in depression while greater tendency to sensation seeking
predicted lower depression indicates the complex involvement of
extreme sensory processing patterns in the development of depression
with multiple mechanisms and impacts. Low registration leads to the
failure of detecting environmental inputs and thus result in lower
emotional and behavioral reactivity to the environment (Dunn, 1997).
This may lead to passiveness, and absent motivation/decreased emo-
tional expression.

Conversely, sensory seeking is presumably a protective and resilient
extreme trait (Engel-Yeger et al., 2016a, 2016b). Masten (2007)
suggested that sensory seekers enjoyed both physical and social
interactions and were usually disposed to create a resilience-promoting
environment through the course of their life. Sensory seeking has been
positively associated with attachment security (Jerome and Liss, 2005)
and vitality (Kinnealey et al., 2011) and negatively correlated with
anhedonia (McCann et al., 1990), and anxiety (Engel-Yeger and Dunn,
2011b).

5.2. Association and contribution of extreme sensory processing
patterns to impulsiveness

Impulsivity was found to be associated with either hypo- and
hypersensitivity. Lower ability to register sensory input (hyposensitiv-
ity), and higher sensory sensitivity/sensation avoiding (hypersensitiv-
ity) correlated with greater attentional/motor impulsivity. Elevated
sensory seeking (hyposensitivity) was associated with lower non-
planning impulsivity as well.

Impulsivity has been related to different behavioral patterns
including lack of concentration, disinhibition, lack of future planning,
sensation seeking, and risk-taking behaviors (Evenden, 1999).
Recently, impulsivity was associated with early sensory inhibition in
neurophysiological processing of affecting sounds in a sample of
twenty-three healthy Japanese adults (Soshi et al., 2015) as well as
among individuals with Bipolar I disorder (Swann et al., 2013).
Although there is a lack of studies that directly investigated the nature

Table 5
Predicting depression, alexithymia, impulsivity, and hopelessness by sensory processing patterns.

Model 1 Model 2 Model 3

Variable B SE B β B SE B β B SE B β

BDI total scores
Low registration .62 .07 .47*** .38 .09 .29*** .41 .09 .31***

Sensitivity .31 .08 .26 .32 .08 .28***

Seeking −.19 .07 −.15**

R2 22 26 27
F1276 for change in R2 78.37*** 13.78*** 7.44**

BIS total scores
Low registration .51 .11 .38***

R2 15
F1123 for change in R2 21.06***

TAS-20 total scores
Low registration .48 .09 .36***

R2 36
F 1211 for change in R2 31.11***

BHS
Low registration .05 .02 .15**

R2 3
F 1269 for change in R2 8.16**

** p≤.01;
*** p≤.001.
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of the relationship between sensory processing patterns and the
component factors of impulsiveness, existing evidence highlighted the
high prevalence of SPD among individuals with ADHD, even in regard
to elevated impulsivity (Pfeiffer et al., 2005, 2014, 2015). The dis-
executive functions that characterize individuals with ADHD together
with SPD including greater sensory seeking, may explain their reduced
non-planning that was also found in the present study in regard to
MDD patients.

The ability of lower sensory registration to predict 15% of the
impulsivity variance supports existing personality models (Lijffijt et al.,
2012; Dickman, 2000; Eysenck, 1993; Humphreys and Revelle, 1984)
which postulated that individuals with lower impulsivity are tolerant to
the attenuation of simple behavioral performance (Dickman, 2000;
Revelle et al., 1980).

5.3. Contribution of extreme sensory processing patterns to
alexithymia

Lower registration of sensory input referring to hypo-sensitivity and
sensation avoiding referring to hypersensitivity significantly correlated
with higher alexithymia and, in particular, with difficulties to describe and
identify feelings. Alexithymia has been associated with increased emotional
difficulties, poorer emotion recognition, and self-reported sensory proces-
sing atypicalities as suggested by Milosavljevic et al. (in press) who
investigated a sample of 56 individuals with autism spectrum disorders.

However, not all studies confirmed these findings. Huber et al.
(2008) previously found that difficulties identifying feelings were
significantly and positively correlated with affective aspects of ongoing
pain, but not sensory aspects when examining sixty-eight women with
fibromyalgia who were evaluated for alexithymic traits. It has been
reported that subjects with alexithymic traits may exert hypersensitiv-
ity to sensory information, reduced tolerance of pain and heat, and
increased reactivity related to visceral stimulation (Katz et al., 2009;
Kano et al., 2007; Nyklicek and Vingerhoets, 2000). These individuals
also reported lower registration of arousal related to chemical stimuli
as well as reduced awareness of elevated heart rate (Lyvers et al., 2014;
Herbert et al., 2011). SPD expressed as specific extreme processing
patterns may be differently associated with difficulties to describe and
identify feelings. This is the case of our findings supporting the notion
that both lower responsiveness and registration of input and sensory
seeking correlated with difficulties to describe/identify feelings among
subjects with higher alexithymia presumably based on different
difficulties in sensory integration. The extreme pattern of concurrent
elevated and decreased response to sensory stimulation could suggest
the difficulty in managing the individual response to sensory input;
thus, subjects may exhibit in some occasions increased responses to
sensory events whereas they may fail to respond to other situational
demands, similarly to subjects with autism spectrum disorders
(Milosavljevic et al., in press).

Lower ability to register sensory input accounted for 36% of the
variance in alexithymia which is in line with the inability to recognize and
express emotions (a major feature of alexithymia) for which lower
registration of inner and outer sensory information might play an
etiological role. Lower registration was also found to play a role in
impaired emotional responses in a sample of individuals with Post-
Traumatic Stress symptoms (Engel-Yeger et al., 2015) in which lower
registration predicted reduced emotional responses and fears of intimacy.

However, additional studies are needed to further explore the
complex relation between extreme sensory processing patterns and
alexithymia.

5.4. Association and contribution of extreme sensory processing
patterns depression, impulsiveness, and alexithymia to hopelessness

We also investigated the relation between extreme sensory proces-
sing patterns depression, alexithymia, and impulsiveness with hope-

lessness which is a major indicator of suicidal behavior. Although no
significant correlation between extreme sensory processing patterns
and hopelessness was found, specific extreme sensory processing
patterns seem to be more common among subjects with BHS scores
of 9 or higher. In particular, we found a prevalence of lower registration
of sensory input among participants with BHS scores of 9 or higher.
Unfortunately, there are no studies in the current literature regarding
the eventual association between extreme sensory processing patterns
and hopelessness, but hopelessness is widely recognized as an im-
portant risk factor for suicide (Pompili et al., 2011, 2012). Low
registration may contribute to the failure of detection of outer stimuli,
lack of motivation and difficulties in expressing emotions which are
core factors contributing to higher hopelessness. According to multi-
variate models, only depression was found to account for 22% of the
variance in BHS score of 9 or higher supporting the well known
association between depression and hopelessness (see below).

Given our results on the contribution of extreme sensory processing
patterns to depression, and the prevalence of lower registration in
those with higher hopelessness, we speculate upon the importance to
carefully evaluate extreme sensory processing patterns in patients with
major affective disorders given the potential implications related to the
presence of hopelessness in clinical practice.

5.5. Main implications: strengths and caveats

Our results suggested the importance to refer to lower ability to register
sensory input as an important factor involved in determining depression.
These findings replicated those obtained by Engel-Yeger and Dunn
(2011a) who found, in a sample of healthy adults, that not only sensory
sensitivity/avoidance profiles but even lower ability to register was
significantly associated with increased anxiety. Indeed, in the present
study, lower ability to register was the best predictor of depression,
alexithymia, and impulsivity. As reported by Engel-Yeger and Dunn
(2011b), low registration was found to be related with enhanced depressed
mood and needs to be identified as a potentially negative “trait” marker in
the population of subjects with major affective disorders.

As we also presumed, depression may significantly contribute to the
prediction of hopelessness in the analyzed sample. This finding is
supported by existing evidence that have commonly recognized the link
between depression and hopelessness as well as the importance of
exploring hopelessness in patients with major affective disorders
(Hawton et al., 2013; Pompili et al., 2011, 2012).

The present study should be considered in the light of the following
limitations/shortcomings. First, the relatively small sample size of partici-
pants as well as the cross-sectional nature of this study do not allow the
generalization of the main findings. These results should be considered
preliminary given the exploratory nature of the analyses. Furthermore, our
sample comprises a specific population of outpatients with major affective
disorders and this may increase referral bias. In addition, we used only self-
report measures that may be potentially biased by social desirability.
Finally, we did not analyze the possible confounding effect of psychoactive
medications (e.g., antidepressants, mood-stabilizers, benzodiazepines)
which have been administered to our participants.

Despite the mentioned shortcomings, this is the first study explor-
ing the relation between extreme sensory processing patterns, depres-
sion, alexithymia, and hopelessness. In addition to the frequent
involvement of hypersensitivity, we suggested the role of hyposensitiv-
ity and its possible impact in patients with major affective disorders.
Interestingly, the lower ability to register sensory input predicted
elevated depression, greater impulsivity, higher alexithymia whereas
the presence of depression predicted higher hopelessness.

6. Conclusion

Individuals with major affective disorders may suffer from consistent
difficulties in processing sensory input which have been significantly
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linked with higher depression, impulsivity, alexithymia, and hopelessness.
Notably, these preliminary findings need to be further explored in order
to develop targeted treatment interventions and improve subjective
adaptive strategies together with functional behaviors.
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