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Psychobiology of feeding behaviour

George Konstantakopoulos

Abstract

Adequate nutrition is essential for survival and therefore is ensured by a complex brain system regulating the levels of var-
ious nutrients in the blood and in the body stores. This system includes two distinct mechanisms of control on food intake,
i.e. the homeostatic and the hedonic control. Over the last two decades our knowledge of neural circuits and molecules
involved in these mechanisms has improved substantially, in large part due to the findings of research in experimental ani-
mals and functional neuroimaging in humans. These findings also provide insight into the mechanisms underlying obesity
and abnormal feeding behaviour in neuropsychiatric disorders. The hypothalamic network that regulates food intake and
energy balance consists of interconnected neurons located in the arcuate (infundibular in humans) nucleus, ventromedial
nucleus, paraventricular nucleus, dorsomedial nucleus, and lateral hypothalamic area. Central regulation is mediated by
a- and B- melanocyte-stimulating hormone, neuropeptide Y, Agouti-related protein, y-aminobutyric acid, brain-derived
neurotrophic factor, and melanin-concentrating hormone. Peripheral signals that stimulate (orexigenic) or inhibit (anorexi-
genic) food intake are received by neurons in the medial zones of the hypothalamus, including signals from circulating nu-
trients (glucose, fatty acids), hormones (insulin, leptin, ghrelin), and gastrointestinal peptides (cholecystokinin and peptide
YY3-36). The pleasure of palatable food is associated with activation of the brain reward system, including the ventral teg-
mental area, dopaminergic system, nucleus accumbens, ventral pallidum, and amygdala. Dopamine release in the nucleus
accumbens mediates the motivational aspects of food intake, especially the drive to eat food that is hedonically desirable
(“wanting”). Orexin, cocaine- and amphetamine- regulated transcript, and galanin play significant role in hedonic regula-
tion of feeding. The hedonic reaction per se to the pleasure of food reward (“liking”) is regulated by endogenous opioids and
endocannabinoids. There are homeostatic — hedonic control interactions via functional connections of nucleus accumbens
with the prefrontal cortex, amygdala, and lateral hypothalamus, as well as between hypothalamic, cortical, and mesolimbic
circuits. There is also a “top-down” control of human feeding behavior: interactions between cognitive and emotional pro-
cesses could lead to different responses to food cues and changes in food intake.

Keywords: nutrition, homeostatic control, hedonic eating, hypothalamus, reward system.

Corresponding Author: George Konstantakopoulos, MD, PhD, Section of Cognitive Neuropsychiatry, Institute of Psychiatry, Psychology and Neuroscience, King’s College London, UK & 1st Department of
Psychiatry, University of Athens, Greece, e-mail: gekonst@otenet.gr; george konstantakopoulos@kcl.ac.uk
Received: February 2, 2018, Accepted: March 5,2018
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INTRODUCTION

Feeding provides the energy that is essential for survival and
therefore is subject to intense regulation by human brain. Ade-
quate nutrition is ensured by a complex brain system regulating
the levels of various nutrients in the blood and in the body stores.
The hypothalamus is the centre of the network of control on food
intake and metabolism in response to peripheral signals that re-
flect the feeding state and energy reserve, i.e. homeostatic control.

Hunger is associated with discomfort providing a strong
drive for feeding and satiety is accompanied with satisfac-
tion preventing further consumption of food. However, the
rewarding nature of food goes beyond the feelings of hun-
ger and satiety. Modern humans often eat in the complete
absence of hunger and nowadays obesity is a serious public
health problem. Hedonic eating, i.e. eating based on pleas-
ure rather than energy needs, is controlled by complex neural
mechanisms associated with reward. The insular cortex, orb-
itofrontal cortex, nucleus accumbens, amygdala, and ventral
tegmental area have a key role in control of feeding behav-
iour in response to the hedonic aspects of food.

Over the last two decades our knowledge of neural circuits
and molecules involved in homeostatic and hedonic control
of food intake, has improved substantially, in large part due
to the findings of research in experimental animals and func-
tional neuroimaging in humans. These findings also provide
insight into the mechanisms underlying obesity and abnor-
mal feeding behaviour in neuropsychiatric disorders. Only the
main aspects of the current knowledge on mechanisms con-
trolling feeding behaviour can be emphasized here.

HOMEOSTATIC CONTROL OF FOOD INTAKE

The hypothalamic network that regulates food intake and
energy balance consists of interconnected neurons located in
the arcuate (infundibular in humans) nucleus (ARC), ventro-
medial nucleus (VMH), paraventricular nucleus (PVN), dorso-
medial nucleus (DMH), and lateral hypothalamic area (LHA).

ISSN 2585-2795

Psychobiology of feeding behaviour

Peripheral signals that stimulate (orexigenic) or inhibit (ano-
rexigenic) food intake are received by neurons in the medial
zones of the hypothalamus, including signals from circulat-
ing nutrients (glucose, fatty acids), hormones (insulin, leptin,
ghrelin), and gastrointestinal peptides (cholecystokinin and
peptide YY, )
neurons receive circadian influences and interact with neu-

[1]. The dorsomedial and lateral hypothalamic

ral circuits for thermoregulation and arousal [2]. The integra-
tion between orexigenic and anorexigenic signals proceeds
via complex interactions between the hypothalamic nuclei
mediated by a variety of neurotransmitters [3]. The hypotha-
lamic network exerts control on food intake and peripheral
metabolism acting via projections to sympathetic and par-
asympathetic nuclei (nucleus of the solitary tract, area pos-
trema, dorsal motor nucleus of the vagus, and locus coerule-
us) on the endocrine glands and the gastrointestinal system
[4]. Cognitive and emotional aspects of food intake relay on
reciprocal connections of hypothalamus with cortical and
mesolimbic circuits, and hippocampus [5].

In the following we present the main peripheral and central
signals and hypothalamic pathways related to feeding behav-
iour, which are also briefly displayed in Table 1.

Table 1: Main signals and mechanisms for homeostatic
control of food intake

Signal Source Target Effect Mechanisms of
(receptors) action
Peripheral (hormones)
Insulin Pancreas | Hypothalamus L Food intake | Activation of
(Insulin Receptors, POMC neurons
IR) in ARC
Activation of

BDNF neurons in
VMH
Inhibition of LHA

neurons

Dialogues in Clinical Neuroscience & Mental Health, 2018, Volume 1, Issue 2, p 9-15 [10]
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Cholecystokinin | Gut Hypothalamus via || Food intake | Stimulation of
Peptide YV, vagus nerve vagus nerve
(CCK-1,Y2) — signals via
NTS and PBN
projections to
POMC neurons
in ARC
Leptin Adipose Hypothalamus L Foodintake | Activation of
tissue (Leptin Receptors, | T Metabolism | POMC neurons
0B-R) in ARC
Activation of
BDNF neurons in
VMH
Inhibition of LHA
neurons
Ghrelin Stomach | Hypothalamus T Food intake | Activation of
(GHR1) Neuropeptide Y,
Agouti-related
peptide, and
GABA neurons
in ARC
Central
a-and B-MSH ARC Hypothalamus L Food intake | Agonists of MC4R
(MC4R) in PYN and VMH
Agouti-related ARC Hypothalamus T Food intake | Inverse agonist
peptide (MC4R) 4 Metabolism | of MC4R in PN
NeuropeptideY | ARC Hypothalamus T Food intake | Direct activation
(Y1,Y2,Y5) 1 Metabolism | of PUN
Inhibition of
POMC neurons
in ARC
BDNF VMH Hypothalamus 4 Food intake | Agonist of TrkB
(Tropomyosin and MC4R in PN
receptor kinase B, and VMH
TrkB)
Melanin- LHA Hypothalamus, T Food intake | Agonist of MCH
concentrating VTA 1 Metabolism | receptorsin
hormone (MCH1 and MCH2) hypothalamus

and VTA

Dialogues in Clinical Neuroscience & Mental Health, 2018, Volume 1, Issue 2, p 9-15

Orexin/hypocretin | LHA Hypothalamus T Food intake | Agonist of OX1
(0X1and 0X2) and 0X2 in PVN
(short-term reg-
ulation of energy
balance)
Endocannabinoids | LHA Hypothalamus T Food intake | Inhibition of
(cannabinoid-1 |} Metabolism | anorexigenic
receptors, (B1) signals via (B1

Abbreviations: ARC, arcuate (infundibular in humans) nucle-
us; BDNF, brain-derived neurotrophic factor; GABA, y-amin-
obutyric acid; LHA, lateral hypothalamic area; MC4R, Melano-
cortin 4 receptor; MSH, melanocyte-stimulating hormone;
NTS, nucleus of the solitary tract; PBN, parabrachial nucleus;
POMC, pro-opiomelanocortin; PVN, paraventricular nucleus;
VMH, ventromedial nucleus; VTA, ventral tegmental area.

Central regulation of feeding and energy balance

The ARC is a key regulator of food intake and energy bal-
ance containing a group of neurons that synthesizes a- and
- melanocyte-stimulating hormone (MSH), neuropeptides de-
rived from pro-opiomelanocortin (POMC), and another group
of neurons synthesizing neuropeptide Y (NPY), Agouti-related
protein (AgRP), and y-aminobutyric acid (GABA). A- and (3- MSH
decrease food intake and increase energy expenditure acting
on melanocortin 4 receptors (MC4R) in the PVN and VMH [6].
By contrast, NPY viaY1,Y2,Y5 receptors and AgRP acting as an
inverse agonist of MC4R in the PVN increase food intake and
reduce energy expenditure [3]. Moreover, the same group
of neurons can inhibit POMC neurons in the ARC via GABA
and NPY projections [7]. Thus, the ARC mediates both orexi-
genic and anorexigenic signals from periphery and regulates
feeding and energy metabolism integrating these mutually
opposing influences.

Neurons in the VMH that synthesize brain-derived neurotroph-
ic factor (BDNF) receive signals from POMC neurons of the ARC
and they also respond to glucose and leptin reducing food in-
take and increasing energy metabolism [8]. Groups of neurons
in the PVN receiving signals from the ARC synthesize hormones

[11]
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with anorexigenic effects — corticotrophin releasing hormone
(CRH), thyrotrophin releasing hormone (TRH), and oxytocin [7].

The LHA has also a key role in regulation of feeding and metab-
olism, integrating signals from the periphery (i.e., glucose, lep-
tin, ghrelin) and interacting with other hypothalamic areas and
the mesolimbic system [4] [9] [10]. A group of neurons in the
LHA synthesizing orexin (or hypocretin) plays a significant role
in the short-term regulation of energy balance. Orexin neurons
are inhibited by glucose and stimulated during fasting and they
promote food intake acting on specific receptors (OX1 and OX2)
in the PVN [11] up of LHA neurons synthesizes melanin-concen-
trating hormone (MCH) and they act on specific receptors (MCH1
and MCH2) increasing food intake and decreasing energy me-
tabolism [12]. The function of LHA on food intake is related to
sleep-wake cycle: the MCH neurons are active during slow-wave
sleep while the orexin neurons are activated in wakefulness [7].

Peripheral factors regulating food intake and metabolism

Gut peptides (cholecystokinin, peptide YY) are released after
a meal and suppress food intake and meal size activating via
vagal afferents the nucleus of the solitary tract, which signals
fullness to the hypothalamus and other brain regions, initiating
satiety and resulting in meal termination [13], [9]. Another gut
peptide under investigation with similar effects on food intake
and a significant role in the control of glucose and energy ho-
meostasis is glucagon-like peptide-1 [14]. On the other hand,
ghrelin is the hormone that is released from the stomach dur-
ing fasting and provokes hunger and meal initiation. Ghrelin,
acting on the growth hormone secretagogue receptor (GHSR)
in the ARC, stimulates NPY, AgRP and GABA neurons [15]. Lep-
tin is a hormone synthesized in the adipose tissue that circu-
lates at levels proportional to the amount of fat. Leptin, acting
on specific receptors in the ARG, stimulates POMC neurons and
inhibits the release of NPY and AgRP, thus contributing in long-
term weight and glucose homeostasis [16], [14]. It also produc-
es anorexigenic effect stimulating BDNF neurons in VMH while
inhibiting LHA neurons [16]. Insulin, the hormone released by
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beta-cells in pancreas and regulating glucose homeostasis, has
also anorexigenic effects possibly through similar mechanisms
of action as those of leptin [17], [14].

HEDONIC CONTROL OF FEEDING BEHAVIOUR

Many aspects of human behaviour, like seeking for pleasant
food, cooking, or obesity, indicate that feeding is not con-
trolled solely by homeostatic mechanisms but is also influ-
enced by the rewarding nature of food.

Gustatory regulation of feeding

Food reward is associated with palatability qualities, particu-
larly taste and smell. Animals consume sweet and salty food
beyond their homeostatic needs and avoid sour or bitter food
even if they are hungry. In human brain, taste information
passes via the nucleus of the solitary tract and parabrachial
nucleus to the thalamus, the lateral frontal cerebral cortex,
the central nucleus of amygdala, and several hypothalamic
areas, including LHA. Although gustatory thalamus is critical
for hedonic aspects of taste, other subcortical areas also me-
diate the motivational qualities of palatable food cues [2].

Reward system for feeding

The pleasure of palatable food is associated with activation of
many areas of the brain reward system, including the ventral
tegmental area (VTA) dopaminergic system, nucleus accum-
bens (NAc), ventral pallidum, and amygdala [10], [18]. Dopa-
mine release in the NAc mediates the motivational aspects of
food intake, especially the drive to eat food that is hedonically
desirable (“wanting”) [19]. As yet, the mechanisms by which
food stimulates dopamine release are not well understood. It
has been found that food can stimulate dopamine signalling
independent of the processing of taste information [20].

Release of orexin during feeding directly stimulates dopa-
mine neurons in the VTA increasing dopamine release in the
NAc [21]. Other hypothalamic neuropeptides may also play a
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role in hedonic regulation of feeding influencing dopamine
release. The cocaine- and amphetamine- regulated transcript
(CART) which is found in several hypothalamic areas decreas-
es food intake possibly inhibiting dopaminergic neurons in
VTA. However, the anorexigenic effect of CART is associated
with its multiple actions in hedonic and homeostatic regulat-
ing systems, which are not clear yet [22]. By contrast, galanin
stimulates food intake, in particular the intake of fat, possibly
acting on specific receptors in the PVN. However, it still re-
mains unknown which of the multiple central and peripheral
effects of galanin might be related with this effect [23].

The hedonic reaction per se to the pleasure of food reward
(“liking”) is regulated by endogenous opioids and endocannab-
inoids acting via p-type opioid receptors and CB1 receptors
respectively, within the shell of the NAc and possibly within
the ventral pallidum [10]. Although ‘liking’ and ‘wanting’ are
needed together for complete food reward, are mediated by
interacting but partially independent neural substrates.

Interactions of homeostatic and hedonic regulatory
mechanisms

The stability of body weight over adult life in spite of the avail-
ability of highly palatable and energy dense food, as well as the
discrepancies from normal eating, e.g. overweight, obesity and
eating disorders, indicate an interface between the metabolic
and hedonic drives of eating. Therefore, the possible neural cir-
cuits and mechanisms that underlie interactions between ho-
meostatic and hedonic regulation of feeding have been a focus
of research during the last two decades.

The NAc plays a key role in the integration of homeostatic, he-
donic, and cognitive aspects of food intake via its connections
with the prefrontal cortex, amygdala, and lateral hypothalamus
[10], [24]. There are also multiple functional connections be-
tween hypothalamic, cortical, and mesolimbic circuits mediated
by POMC, orexin and MCH that may play a role in homeostatic
- hedonic control interactions [18]. Hormones involved in ho-
meostatic regulation of feeding, such as leptin, insulin, and ghre-
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lin, also exert effects on motivation to obtain food through their
influence on mesolimbic dopamine signalling, especially on the
dopaminergic neurons in the VTA [25]. Leptin decreases the
firing rate of the VTA dopaminergic neurons. Insulin increases
dopamine release and the firing rate of dopaminergic neurons
but reduces dopamine levels in the VTA probably by upregula-
tion of the dopamine active transporter (DAT). Ghrelin enhances
signalling from the VTA to the NAc increasing the activation of
dopamine D, and D, receptors and dopamine levels.

Like ghrelin, other factors involved in meal-to-meal regu-
lation of feeding may also affect food reward in a way that
even highly palatable food may be unpleasant after satia-
tion. There is evidence that the rewarding effects of food are
potently modulated by indicators of satiety, such as peptide
YY, ., that was found to elicit a switch of activation from the
hypothalamus to the orbitofrontal cortex and diminished or-
bitofrontal activation in response to the rewarding aspects of
food [26]. The main pathways related to hedonic control of

feeding behaviour are briefly displayed in Table 2.

Table 2: Main signals and mechanisms for hedonic control of

eating behaviour
Signal Source | Target (receptors) | Effect Mechanisms
of action
Peripheral (hormones)
Leptin Adipose | VTA LFoodintake | Inhibition of
tissue (Leptin Receptors, | T Metabolism | dopaminergic
0B-R) neurons in VTA
Insulin Pancreas | VTA L Foodintake | Reduction of
(Insulin Receptors, dopamine
IR) levelsin VTA
probably by
upregulation
of DAT
Central
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Ghrelin ARC VTA
(GHR1)

TFoodintake | Activation of
dopaminergic
neurons in VTA
Increase of
the activation
of dopamine
D1and D2
receptors and
dopamine
levels in NAc
Activation of

Orexin/hypocretin | LHA VTA T Food intake

(0X1and 0X2) dopaminergic
neurons in VTA
Endocannabinoids | Local Nucleus accumbens | T Foodintake | Enhancement
(cannabinoid-1 1 Metabolism | of dopamine
receptors, (B1) effecton
nucleus
accumbens
Endogenous Local Nucleus accumbens | T Food intake | Increase of
opioids (u-opioid receptors) dopamine
release in
nucleus
accumbens
CART ARG, LHA | Hypothalamus, LFoodintake | Unknown
Mesolimbic system
Galanin ARC Hypothalamus, T Foodintake | Unknown

especially PVN
(GALR)

Abbreviations: ARC, arcuate (infundibular in humans) nucleus; CART, co-
caine- and amphetamine- regulated transcript; DAT, dopamine active trans-
porter; LHA, lateral hypothalamic area; NAc, nucleus accumbens; PVN, para-
ventricular nucleus; VTA, ventral tegmental area.

COGNITIVE AND EMOTIONAL CONTROL OF
FEEDING BEHAVIOUR

Homeostatic and hedonic mechanisms controlling feed-
ing behaviour described above only partially operate out-
side awareness. However, there is also a “top-down” control
of human feeding behavior: interactions between cognitive
and emotional processes could lead to different responses
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to food cues and changes in food intake [27]. Thus, humans
can voluntary inhibit their drive to eat or develop involuntary
changes in their appetite and body weight related to emo-
tional states.

Cognitive control of feeding behaviour involves integration
of peripheral signals related to energy status of the body,
food-related signals in the form of sensory and environmen-
tal cues, and memory of past feeding experiences [7]. The in-
sular, orbitofrontal, and anterior cingulate cortical areas have
a key role in the processing of interoceptive and food-related
information and participate in motivational aspects of feed-
ing behaviour [28], [29], [2].

There is now evidence from preclinical studies that emotion-
al factors influence both hedonic and homeostatic aspects of
food intake, altering the activation of many mediators such
as ghrelin, orexin and leptin. For example, chronic stress may
influence feeding and body weight independent of palatabil-
ity of food or energy status of the individual [19]. This is more
obvious in human behaviour, since changes in appetite and
body weight are frequent symptoms and one of the core di-
agnostic features of major depressive disorder. Furthermore,
the association rate between mood disorders and obesity
is about 25% [30]. Influences of mood on hedonic and ho-
meostatic control of feeding may partially mediated by the
effects of serotoninergic system, e.g. action of serotonin on
POMC neurons in ARC via 5HT, receptors [31]. Aside from
depression, serotonin dysfunctions are also implicated in the
pathophysiology of eating disorders, i.e. anorexia nervosa
and bulimia nervosa [32].
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Abstract

Ocular side effects are possible to occur as side effect of psychotropic drug treatment. Antidepressants and typical an-
tipsychotics have been associated with increased intraocular pressure, glaucoma, lenticular pigmentation, visual distur-
bances and cataract, whereas the risk of atypical antipsychotics and mood stabilizers remains unclear. The aim of our
study was to review the case-control studies assessing the risk for cataract of three major classes of psychotropic medica-
tion: antidepressants, antipsychotics and mood stabilizers. Four studies assessed the risk of antidepressant drugs. A high-
er risk for cataract diagnosis or surgery was observed in three studies, especially on long-term use of antidepressants.
One study could not identify a higher risk of antidepressant use in general, yet a higher risk was observed in patients
younger than 65 years. Different types of antidepressant seem to carry different risks, with proposed harmful effects of
dual mechanism and intermediate SERT affinity. Three studies suggested that the association of atypical antipsychot-
ics and high potency typical antipsychotics with cataract is unlikely, or even that atypical antipsychotic drugs might
be protective against cataract. However, there is inconsistency between the sparse preclinical and clinical evidence of
their protective and harmful effects. Only one study suggested a possible association of mood stabilizers with cataract,
despite the discrepant results on individual drugs. Concluding, these case-control studies cannot establish a harmful or
protective causal relationship between psychotropic medication and development of cataract. Further research is need-
ed in order to provide proper recommendations.
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Introduction
Cataract is a common cause of visual impairment with signifi-

cant health consequences. Several risk factors may be associat-
ed with cataract, such as increased age, female gender, smok-
ing, unhealthy lifestyle, diabetes mellitus, hypertension and
other physical comorbidities, as well as ophthalmic comorbid-
ities, family history of cataract and increased exposure to ultra-
violet radiation. Certain drugs seem to predispose to cataract,
such as systemic steroids, beta adrenergic antagonists, statins,
cholinesterase inhibitors and possibly some psychotropics [1].
Antipsychotic and antidepressant medication targets mainly
neurotransmitter receptors and transporters, which along with
other mechanisms could play important roles in ocular physiol-
ogy and cataract development [2]. Ophthalmic events, such as
increased intraocular pressure, glaucoma, cataract and visual
disturbances have been associated with antidepressants [3].
Typical antipsychotics, especially phenothiazines, have been
associated with lenticular pigmentation and cataract, whereas
the risk of atypical antipsychotics and mood stabilizers is ques-
tioned [4, 5. As a result, psychotropic medication, i.e. antipsy-
chotics, antidepressants and mood stabilizers, might be modi-
fiable factor for cataract development. Herein, the most recent
case-control studies of the risk of psychotropic medication for
cataract development are reviewed and discussed.

Search strategy
A literature search was conducted on PubMed (21/12/2017) us-
ing the keyword cataract combined with antidepressants (antide-

pressant, citalopram, escitalopram, fluoxetine, fluvoxamine, par-
oxetine, sertraline, desvenlafaxine, duloxetine, levomilnacipran,
milnacirpan, venlafaxine, amitriptyline, amoxapine, desipramine,
dosulepin, doxepin, clomipramine, imipramine, maprotriline, nor-
triptyline, protriptyline, tianeptine, trimipramine, isocarboxazid,
metralindole, moclobemide, phenelzine, pirlindole, selegiline,
toloxatone, tranylcypromine, mianserin, mirtazapine, vilazodone,
vortioxetine, agomelatine, buspirone, bupropion, reboxetine,
nefazodone, trazodone), antipsychotics (antipsychotic, haloper-
idol, olanzapine, clozapine, ziprasidone, aripiprazole, asenapine,
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cariprazine, brexpiprazole, iloperidone, sertindole, risperidone,
quetiapine, zotepine. lurasidone , chlorpromazine, perphenzine,
amisulpride, sulpiride, butyrophene, phenothiazine, pimozide,
fluphenazine, perazine, promethazine, prochlorperazine, triflu-
operazine, clopenthixol, thiothixene, zuclopenthixol, loxapine,
perospirone, blonanserin) and mood stabilizers (mood stabilizer,
lithium, valproic, valproate, lamotrigine, carbamazepine, oxcar-
bamazepine). The search resulted in 176 hits. We included studies
published in English with a case-control design, specified to assess
the risk of psychotropic medication and using as cases patients
with first cataract diagnosis and/or surgery. Four studies were
identified, one of them a conference abstract [6] and three addi-
tional were added from external sources.

Antidepressant drugs

The first large case-control study, which assessed the associ-
ation of antidepressants and cataract, included residents 65+
years with previously coronary revascularization in Canada
[7]. The study included 18784 cases (73+/-8.1 years, 59.3%
males) with first cataract diagnosis and 187840 age-matched
controls. The association of cataract with antidepressant use
was adjusted to gender, blood pressure and concomitant
drugs. Current use of SSRI within 30 days from cataract diag-
nosis was associated with cataract (adjusted rate ratio: 1.15;
95% Cl: 1.08-1.23). Regarding individual drugs, an association
was observed with current use of fluvoxamine (adjusted rate
ratio: 1.39; 95% Cl: 1.07-1.8) and venlafaxine (adjusted rate ra-
tio: 1.33; 95% Cl: 1.14-1.5), but not current use of citalopram,
fluoxetine, paroxetine and sertraline. Past use of antidepres-
sants in general was not associated with cataract, but an as-
sociation of past use of sertraline was observed (adjusted rate
ratio: 1.19; 95% Cl: 1.01-1.41). A secondary analysis assessed
the risk for cataract surgery, and an association of current use
of fluvoxamine and venlafaxine, as well as paroxetine (ad-
justed rate ratio: 1.23; 95% Cl: 1.05-1.45) was observed. SSRI
treatment needed 656 and 690 days on average from time of
onset in order to associate with diagnosis and surgery of cat-
aract, respectively.
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Another case-control study with residents 50+ years of the
Rochester Epidemiology Project (Minnesota, USA) found an as-
sociation of antidepressant use and first-eye cataract surgery
[8]. The study included 6024 cases, i.e. patients with first-eye
cataract surgery and equal number of controls. There was no
difference between cases (79+/-9 years, 40% males) and con-
trols in terms of age and gender. Continuous prescription of
SSRI for 1 or more year was associated with cataract surgery
(crude odds ratio: 1.36, 95% CI: 1.23-1.51). The association re-
mained even after adjusting for gender, diabetes and use of
oral glucocorticosteroids. Regarding individual SSRI, citalo-
pram (crude odds ratio: 1.53; 95% Cl: 1.33-1.77) and sertraline
(crude odds ratio: 1.27; 95% Cl: 1.06-1.52) were associated with
cataract-surgery, in contrast to paroxetine, fluoxetine, escitalo-
pram and fluvoxamine. Prescription of SNRI for 1 or more year
was also associated with cataract-surgery (crude odds ratio:
1.37; 95% Cl: 1.11-17), with venlafaxine (crude odds ratio: 1.32;
95% Cl: 1.05-1.67) and duloxetine (crude odds ratio: 1.82; 95%
Cl: 1.08-3.07). This association remained after adjusted for dia-
betes and corticosteroid use, but only in women.

A case-control study on the database of the National Health
Insurance of Taiwan has also detected an association of antide-
pressant use and first cataract diagnosis [9]. The study included
7651 patients with schizophrenia or mood disorders and first
cataract diagnosis and 6637 patients without cataract as con-
trols. Age and gender was similar between cases (55.7 +/- 10.5
years, 35.8% males) and controls. The risk was adjusted to oph-
thalmic and other physical comorbidities, healthcare utilization,
as well as use of antipsychotics or systemic steroids. An associ-
ation with cataract diagnosis was observed for continuous use
of SSRI (adjusted odds ratio: 1.26; 95% Cl: 1.12-1.41), SNRI (ad-
justed odds ratio: 1.21; 95% Cl: 1.02-1.43) and other antidepres-
sants (adjusted odds ratio: 1.18, 95% Cl: 1.18-1.34), i.e. bupropi-
on, mirtazapine, trazodone and moclobemide. This association
could be mediated by antidepressants with intermediate SERT
affinity, i.e. dissociation constant 1-10 nM, (adjusted odds ratio:
1.68; 95% Cl: 1.10-2.56) or use of multiple drugs with different
SERT affinities (adjusted odds ratio: 1.31; 95% Cl: 1.21-1.42). Re-
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garding individual drugs, continuous use of venlafaxine (adjust-
ed odds ratio: 1.44; 95% Cl: 1.19-1.74), fluoxetine (adjusted odds
ratio: 1.21; 95% Cl: 1.01-1.46) and fluvoxamine (adjusted odds
ratio: 147; 95% Cl: 1.01-2.12) were associated with cataract, but
not duloxetine, milnacirpan, paroxetine, citalopram, sertraline
or their combination with other antidepressants. An association
with cataract was also observed for past use, i.e. >30 days from
cataract diagnosis, of SSRI, TCA (adjusted odds ratio: 1.26; 95%
Cl: 1.16-1.36) and other antidepressants. The cumulative dosage
of antidepressants required for cataract diagnosis seems to vary.
Low cumulative dosage of paroxetine, citalopram, escitalopram
and sertraline, as well as high cumulative dosage of venlafaxine,
sertraline and fluvoxamine might be associated with cataract.

However, a recent case-control study on the UK-based Clini-
cal Practice Research Datalink is inconsistent to previous stud-
ies [6]. The 206931 cases were patients 40+ years with first
time cataract diagnosis and equal number of age and gender
matched controls were included. Long term continuous pre-
scription of SSRI was not associated with cataract diagnosis
(adjusted odds ratio: 0.99; 95% Cl: 0.94-1.03) in general, but it
was associated in younger patients aged from 40 to 64 years
(adjusted odds ratio: 1.24; 95% Cl: 1.15-1.34). The risk was ad-
justed to body mass index, glucocorticosteroid use, hyperten-
sion, diabetes and smoking.

The recent case-control studies have examined the associa-
tion of antidepressants with cataract diagnosis or surgery. The
studies have adjusted the risk for several confounding factors,
such as ophthalmic comorbidities, components of metabolic
syndrome and concomitant cataractogenic drug use. Howev-
er, only one study adjusted for body mass index and smoking
[6], and it was unable to detect an association in general. In ac-
cordance to the recent studies, the Beaver Dam Study assessed
the incidence of drug-associated cataract within 5 years of
follow-up, and amitriptyline was associated with an odds ratio
of 2.03 (95% Cl 1.09-1.39) [10]. In addition preclinical evidence
suggested possible roles of serotonin, catecholamines and
their receptors on the development of cataract [7].
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Case-control studies cannot confirm a causal relationship,
as well as several confounding factors could be encrypted,
such as family history of cataract. Populations at risk could
be younger patients on long term continuous use of antide-
pressants. In addition, differences among individual antide-
pressants could emerge and intermediate SERT affinity, along
with NET inhibition could be possible mediators. Longitudinal
prospective studies should further establish the association
between antidepressant and cataract, but ocular examination
of antidepressant users, especially younger patients with co-
morbidities, could be justified.

Antipsychotic drugs

The first case-control study assessed the risk of antipsychot-
ics for cataract surgery using the British Columbia Ministry
of Health Database [11]. The study included 162501 cases of
cataract surgery and 650004 controls. The age and gender of
cases (74.4 +/-11.8 years, 41.6% males) were similar to con-
trols. The risk was adjusted to age, gender, concomitant SSRI,
antidiabetics and steroids, as well as history of uveitis, vitrec-
tomy and hypertension. Prescription of atypical antipsychot-
ics within 90 days of cataract surgery was protective (adjusted
rate ratio: 0.84; 95% Cl: 0.8-0.89). In addition, current use of
typical antipsychotics was also protective (adjusted rate ratio:
0.84; 95% Cl: 0.74-0.96), though haloperidol has suggested
to be the most common prescribed antipsychotic. A dose-re-
sponse of protection was observed, with higher number of
prescriptions (more than 7 within the previous year) were as-
sociated with lower rate ratio (adjusted rate ratio: 0.7; 95% Cl:
0.65-0.75), in comparison to smaller number of prescriptions
(adjusted rate ratio: 0.85; 95% Cl: 0.79-0.91).

Two studies on the National Health Insurance of Taiwan ex-
amined the role of antipsychotics on cataract development.
The first one included 2222 patients with schizophrenia and
cataract diagnosis were defined as cases and 2144 patients
with schizophrenia without cataract diagnosis as controls
[12]. There was no difference in age and gender between cas-

ISSN 2585-2795

Psychotropic medication and cataract:
a review of case-control studies

es (53.1+/- 11.3 years, 39% males) and controls. The risk was
adjusted to ophthalmic and other physical comorbidities, an-
tidepressant or steroid use, as well as utilization of the health-
care system. An association with cataract was not observed
for continuous use of atypical (adjusted odds ratio: 1.1; 95%
Cl: 0.94-1.3) and typical antipsychotics (adjusted odds ratio:
1.08; 95% Cl: 0.91-1.29), when compared to past use of an-
tipsychotics, i.e. > 90 days before of the cataract diagnosis.
Regarding individual atypical antipsychotics, none was asso-
ciated with cataract. In contrast to the previous case-control
study [11], a protective association, i.e. the higher boundary
of odds ratio < 1, was not observed.

However, a protective association was observed in the sec-
ond study using patients with bipolar disorder [2]. The cases
were 1684 patients with bipolar disorder and cataract diagno-
sis (55.3+/-10.3 year, 36% females) and 1608 matched controls
with bipolar disorder and without a cataract diagnosis. Simi-
lar to the previous study, the risk was adjusted to ophthalmic
and other physical comorbidities, utilization of the health
system, as well as use of steroids, antidepressants and mood
stabilizers. Continuous or past use of atypical antipsychotics
seem to be protective (adjusted odds ratio: 0.71; 95% Cl: 0.59-
0.85), whereas an association with typical antipsychotics was
not observed (adjusted odds ratio: 0.97; 95% Cl: 0.71-1.34). In
addition, continuous or past use of individual atypical antip-
sychotic was not associated with cataract.

Several lines of evidence suggest the risk of typical antipsychot-
ics, especially phenothiazines, for cataract, but the risk of atypical
antipsychotics is still under question [13]. Earlier studies suggest
that patients with schizophrenia have a lower risk for cataract in
general, but a higher prevalence of anterior subcapsular cataract
[14]. Phenothiazines seem to induce lenticular pigmentation
and the associated anterior subcapsular cataract [13]. Case re-
ports suggest that chlorpromazine-induced lenticular opacities
could cause visual impairment, which could be reversed after
switching to risperidone [15]. Regarding the newer antipsychot-
ics, high doses of quetiapine has been accused for cataract in
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preclinical research, so that biannual ocular examination has
been suggested. Though, clinical evidence was not able to repli-
cate these results in humans. A recent 2-year randomized open
label study suggested that quetiapine was not cataractogenic in
comparison to risperidone [16]. However, bilateral cataract has
been reported in a 27-year old male with bipolar disorder on
treatment with risperidone and lithium [17].

The above case-control studies suggest a possible protective
mechanism of atypical antipsychotics against cataract devel-
opment. It is suggested that antagonism of serotonin recep-
tors, as well as anti-oxidative and anti-inflammatory properties
could play important roles [2]. Individual typical antipsychotics
were not tested. However, haloperidol could be the most fre-
quently prescribed typical antipsychotic, underestimating the
risk [11]. Important confounding factors such as smoking, fam-
ily history of cataract, obesity was also not included in these
studied. The possible protective association should also be rep-
licated in other ethnicities and prospective studies.

Mood stabilizers

A secondary analysis of the case-control study on the Na-
tional Health Insurance Research Database of Taiwan [9], has
studied the association between mood stabilizers and cataract
diagnosis in patients with schizophrenia or mood disorders [5].
The study included 7651 patients with schizophrenia or mood
disorders and first cataract diagnosis and 6637 patients with-
out cataract as controls. The risk was adjusted to comorbidities,
concomitant cataractogenic drugs and healthcare utilization.
Use of mood stabilizers for more than 2 years was associated
with cataract (adjusted odds ratio: 1.14; 95% Cl: 1.01-1.29), and
the risk remained only for doses higher than the half of the dai-
ly defined dose (adjusted odds ratio: 1.28; 95% Cl: 1.08-1.53).
Regarding individual drugs, long-term use of lithium alone
(adjusted odds ratio: 1.39; 95% Cl: 1.01-1.92) or combined with
other mood stabilizers (adjusted odds ratio: 1.44; 95% Cl: 1.13-
1.85), as well as valproic acid combined with other mood sta-
bilizers (adjusted odds ratio: 1.26; 95% Cl: 1.02-1.57), but not
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alone, was associated with cataract. Association was not ob-
served with long term use of carbamazepine, lamotrigine and
their combinations with other mood stabilizers. However, their
sample size was small and probably not sufficient.

The role of mood stabilizers on the risk of cataract is studied
to a lesser degree than antidepressants and antipsychotics.
Carbamazepine, lamotrigine and valproic acid are also used
as anticonvulsants. A study has suggested that patients with
epilepsy on carbamazepine (odds ratio: 1.4, 95% Cl: 1.05-1.8)
may have been in higher risk for cataract surgery, in contrast
to barbiturates and valproic acid [18]. In addition, a case re-
port of carbamazepine-induced bilateral cataract in a 14-year
old boy have been reported [19]. The cataractogenic proper-
ties of mood stabilizers could lie on inhibiting anti-oxidant
mechanisms or inducing other ocular side effects [5].

Conclusion

Psychotropic medication could alter ocular physiology contrib-
uting to cataract development. Use of antidepressant drugs seem
to predispose to cataract, especially long-term use and probably in
younger patients. However, there is discrepancy regarding the risk
of individual drugs, but dual mechanism and intermediate SERT
affinity has been suggested as possible risk factors. Furthermore,
mood stabilizers could also associate with cataract, despite the in-
consistent results on individual drugs. On the other hand, atypical
antipsychotics and high potency typical antipsychotics seem not
to associate with cataract. Atypical antipsychotic drugs might also
be protective against cataract, despite sparse preclinical and clini-
cal evidence of their harmful effects. Phenothiazines and low-po-
tency typical antipsychotics could induce lenticular opacities and
cataract. A harmful or protective causal relationship between psy-
chotropic medication and development of cataract cannot be es-
tablished by case-control studies, and further research is needed.
However, ocular examinations should be suggested to patients on
psychotropic medication, especially on antidepressant or mood
stabilizers, as well as with comorbidities and concomitant use of
cataractogenic drugs.
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Abstract

In humans, as in other species, nonindependent mate choice takes place when females are influenced in their mate choice
by the choices of other females. Previous studies have used almost exclusively experimental methods, with the most robust
finding being that women tend to be more attracted to men who are paired with attractive women. Results, however, have
often been conflicting, and the degree to which experimental methods are capturing real-life social processes has not been
validated. In this study a self-report questionnaire was administered to a sample of young Greek men and women who were
in monogamous romantic relationships. Participants also provided facial photographs of themselves that were rated for at-
tractiveness. Men in these relationships tended to report more perceived opposite-sex interest than their partners, though
this difference was not as clear or strong as expected. Furthermore the degree to which men - and women - reported oppo-
site-sex interest was not related to the attractiveness of their partners. We discuss what might account for these unexpected
results and suggest ways for improving the current methodology.
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Introduction

Non independent mate choice refers to female mate choice
that is adaptively influenced by the choices of other females
[1]. Observing females (focal females) that take into consid-
eration the mate choices of other females (model females)
can, under certain circumstances, make a better than random
choice of mate while paying very little or none of the mate
choice costs [2]. The costs of mate choice can be extensive,
ranging from the expenditure of time and energy to the risks
of predation and harassment by males that get rejected along
the way [3-6]. Added to this, certain females that are not very
competent in their mate choice abilities should be adaptively
inclined to take into consideration the choices of more com-
petent females [7]. It has been consistently found that while
younger and more inexperienced females are influenced in
their choices by the choices of older females, the latter are not
influenced by the choices of the former [8-10].

Mate choice copying is the most straightforward and widely
studied type of nonindependent mate choice, having been
demonstrated in a variety of promiscuous and polygamous
species of fish, birds, insects and mammals (reviewed in Va-
kirtzis [11]). Copying takes place when a male is most likely
to be selected by focal females after having been selected
by a model female and is more likely to be rejected by focal
females after having been rejected by a model female [1see
also 12-13]. In other words a male’s prior success with one
or more females will breed more success with females who
are privy to these interactions and a male’s failure with breed
more failure. This process is expected, given the appropriate
mating system, to lead to large male mating skews [14].

The idea that women are influenced in their romantic choices
by the choices of other women goes back at least to the 1970s
[15], and recent years have seen a resurgence of experimental
interest in this topic. Studies have shown mixed results: while
some studies found that men in relationships were perceived as
more attractive by the women raters [16-17], other studies failed
to find this [18-20].Unlike most promiscuous and polygamous
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species where a copying process has been found, contempo-
rary western societies do not exhibit a substantial male mating
skew, and most men tend to have one monogamous partner at
any given time [21-23]. In the absence of substantial male mat-
ing skew the absence or presence of a partner does not provide
much information to other women. A more promising variable
for research into human nonindependent mate choice appears
to be the attractiveness of a man’s partner [20, 24]. In particular
the mate value of women is more heavily dependent on physical
appearance than the mate value of men [25-26], meaning that,
due to assortative mating in terms of mate value, the visual in-
spection of a man’s mate will likely yield a more precise estimate
of his mate value than a simple visual inspection of the male
alone [27]. We should, in other words, expect women to be espe-
cially sensitive to how attractive the female partner of a man is:
women should be more attracted to men with attractive mates
and less attracted to men with unattractive mates [27]. Experi-
mental studies in humans tend to confirm this, with women rat-
ing men who are paired to attractive partners as more attractive
compared to men who are paired to unattractive partners [20,
28-30]. From an evolutionary perspective there should be not
gender symmetry with regards to this effect, i.e. it would be ex-
pected that men should not be influenced by the attractiveness
of a potential mate’s partner [27], and this is what many studies
have found [17, 24, 28, 29, 31, 32].

How well, if at all, results obtained in the lab generalise to re-
al-life situations is difficult to know given the lack of non-exper-
imental studies in the field [32]. To date only two studies have
used questionnaire methodology to capture men and women's
perceptions of how their own attractiveness varies as a function
of being in a relationship. Using a two-item questionnaire Platek
et al. [33] found that both male and female undergraduates ret-
rospectively reported an increase in dating opportunities upon
entering a new dating relationship. Vakirtzis and Roberts [32]
administered a more detailed questionnaire of perceived op-
posite-sex attractiveness to a large sample of men and women
(N=381) who were either single or in a relationship. Additionally,
the subset of respondents who were in a relationship rated their
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own and their partner’s attractiveness and reported how their
self-perceived attractiveness to the opposite sex had changed
before and after the relationship. Men who were in a relationship
agreed more strongly with items like <n general, I feel that | have
become more attractive to other women (men) since started dating
my girlfriend (boyfriend)> compared to women who were in a rela-
tionship. Furthermore, the higher the reported attractiveness of
their partner, the more males tended to agree with these items,
while there was no corresponding relationship between the re-
ported attractiveness of their partner and the degree to which
women agreed with these items. In the same study, males who
were single agreed more strongly with items like dn general, I feel
that | have become less attractive to women (men) since | became
single> compared to women. Although the study by Vakirtzis and
Roberts [32] was very suggestive of the reality of human nonin-
dependent mate choice outside the laboratory, it had two weak-
nesses. Firstly, participants rated their own and their partner’s
attractiveness, a process which certainly introduced substantial
error variance. Secondly, a more powerful methodology would
have been to capture the responses of men and women from
the same couples, allowing for a «within-couples> comparison.

In the present study we expand on Vakirtzis and Roberts’ [32]
earlier research by replicating their questionnaire methodology
but with a design that overcomes the aforementioned weak-
nesses. In particular we recruited a sample of undergraduate
Greek couples who were in a stable romantic relationship and
administered to both members of each couple a modified ver-
sion of the questionnaire used in the 2012 study. In addition,
participating couples were also asked to provide photographs
of themselves that were subsequently rated for attractiveness by
an independent panel, thus providing far more accurate meas-
ures of attractiveness. We predicted that a) men in a romantic
relationship would report more perceived opposite-sex interest
than their female partners and that b) that this reported oppo-
site-sex interest would be moderated by the attractiveness of
their romantic partner for male but not female participants. We
also predicted that c) a number of contextual factors that allow
for nonindependent mate choice to take place, like the degree to
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which the couples frequented public places together and shared
the same social networks, would similarly moderate the degree
to which men reported increased opposite-sex interest.

Methods

Participants
Two hundred and thirty two romantically involved hetero-

sexual couples (mean age 25.1 and 22.5 years for men and
women, respectively) were recruited for this study from the
undergraduate students at the Department of Social Work
of the TEIl of Crete. No outliers were excluded after using
anomaly detection technique. Participants were provided
an information sheet and were invited to participate in the
study on the condition that a) they were in a monogamous
romantic relationship of at least three months’ duration and
b) that their partner would also be willing to participate. It
was not a requirement for participation that the partner also
be a student.

Students were briefed on the purpose and requirements of
the study and the voluntary nature of participation by the pro-
fessor (A. K.) who was one of the researchers. Anonymity and
confidentiality were guaranteed. Students who consented
were given the study questionnaire and were asked to com-
plete it onsite. They were then given another questionnaire
for their partner, placed inside an envelope. The question-
naires were identical for males and females, with the obvious
changes to sex-specific terms like <my girlfriend/my boyfriend>
etc, as necessary. Each questionnaire was numbered uniquely
for each couple, to allow us to match the male to the female
responses, as well as to match both the questionnaires to the
photographs of the couple. Students were instructed to invite
their partner to complete the questionnaire, place it back in
the envelope and seal it for privacy. An online URL was pro-
vided to the participants who would like more information
about the study. The sealed envelope with the partner’s ques-
tionnaire was then handed back to the professor at the fol-
lowing week’s class or as soon as possible thereafter.
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As part of the study students were asked to send a) one facial
photo of themselves and one of their partner or b) one photo
with both partners’ faces, though it was stated that the former
option was preferable. Participants were advised that the photos
were to be evaluated for attractiveness by a group of raters and
were instructed to email them to an email address specifically
created for the purpose of the study. The students were remind-
ed to indicate their unique identifying code when emailing the
photos, so that the researchers could match the anonymous
guestionnaires with the photos. The final response rate - i.e.
submission of the partner’s questionnaire and the photographs,
where one partner had already consented - was over 90%.

Measures

The questionnaire, entitled <Interpersonal relationship ques-
tionnaire for couples> was based on Vakirtzis and Roberts [32]
earlier study and consisted of the following parts:

a) Personal details including age, height, weight, and wheth-
er the participant was a student or not

b) Self-rated attractiveness and attractiveness of partner on
a scale from 1-10

¢) Factual information regarding the relationship. This in-
cluded the duration of the relationship and how frequent-
ly (<almost neven to «almost dailys) the couple visited the
following places for socializing: clubs/bars, restaurants,
cafes, cinemas, house parties. Participants were also asked
<to what degree do you and your partner share the same so-
cial networks, e.g. friends, acquaintances, colleagues etc?.

d) Subjects expressed their agreement or disagreement (on
a 5-point scale) with the following four items [32], refer-
ring to how they believed they were viewed by opposite
sex individuals in the context of their relationship.

1. Women (men) seem to look at me more when I’'m with my girl-
friend (boyfriend) than when I’'m alone.

2.In general, | feel that | have become less attractive to other
men (women) since | started dating my boyfriend (girlfriend).
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3. Some women (men) who previously showed little interest in
me seem to flirt more with me since | started dating my girl-
friend (boyfriend).

4. In general, women (men) flirt more with me since | started dat-
ing my girlfriend (boyfriend).

Item 2 was reverse coded and the four items were summed
to produce one composite measure of opposite-sex interest
which was used as the dependent variable in the analysis.

e) The Rosenberg self-esteem scale [34] and the Social Infor-
mation Processing subscale of the Tromso Social Intelligence
Scale, were both translated in Greek [35]. These were admin-
istered to rule out spurious correlations with perceived oppo-
site-sex interest due to participant variability in self-esteem or
social intelligence [32].

Ten (10) pairs of questionnaires were identified which were
largely incomplete and/or had other problems (like identical
or nonsensical answers). Their exclusion reduced the final
sample to 222 (mean age 25.1 and 22.5 years for men and
women, respectively). A small number of these remaining
222 questionnaires had some missing items, which explains
the slight sample size variability in different analyses. 91.7%
of female respondents and 48.1% of males were students.

Results

Questionnaires
Table 1 shows the gender differences for the four items that
served as dependent variables.

Table 1.: Comparison of Responses by Men and Women in
romantically involved couples.

ltems Male Female

M SE M SE t(df)

1.Women (men) lookat | 3.05 | 0.06 2.58 0.06 | 5.79(220)™
me more when | am with
my girlfriend (boyfriend)
than when I'm alone
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2.In general, | feel that 2.31 | 0.05 2.17 0.06
| have become less at-
tractive to other women
(men) since | started
dating my girlfriend
(boyfriend)

3. Some women (men) 2.69 | 0.07 2.55 0.07
who previously showed
very little interest in me
seem to flirt more with
me since | started dating
my girlfriend (boyfriend)

4, In general, women 2.64 | 0.06 2.52 0.07
(men) flirt more with me
since | started dating my
girlfriend (boyfriend)

Composite: 142 (reverse | 12.1 | 0.17 1.5 0.17
scored)+3+4

Note. M= Mean; SE = Standard Error; ‘p< 0.05, “p< 0.01, *'p< 0.001

2.04(220)°

1.55(220)

1.4(219)

2.5Q19)

Items 1, 3 and 4 were in the expected direction, though the
difference was only significant for item 1. Item 2 was reverse
coded, so the fact that males reported higher values than
females was unexpected. Overall the composite measure of
opposite sex interest showed a significant difference in the
expected direction, with men reporting more overall oppo-
site-sex interest than women. We examined if the sex differ-
ence in the composite measure of reported opposite sex in-
terest (henceforth ‘dependent variable’) could be attributed
to differences in male and female participants’ self-esteem
and social intelligence. We regressed the sex difference in
the dependent variable against female self-esteem, female
social intelligence, male self-esteem and male social intelli-
gence. The only significant predictor was female self-esteem
(B =K.22, p = 0.003). While the overall model was significant
(F(4,190) = 3.234, p = .014), it only accounted for 4.4% of the
adjusted variance. To ensure that the sex difference was not
spurious we conducted a repeated-measures analysis of co-
variance on the dependent variable, with female self-esteem
as the covariate. Using Wilks' criterion there was a significant
efffect on dependent variable after controlling for the effect
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of gender, A = 0.96, F(2,206) = 9.58, p = .002, n? = 0.04. The
covariate females’ self esteem was significantly related to the
dependent variable A = 0.96, F(1,206) = 7.93, p = .005, n? =
0.04. Men had significantly higher levels in the dependent
variable (M =12.06, SD = 2.57) in comparison with their wom-
en counterparts (M =11.46, SD = 2.66).

The significant sex differences found earlier for items 1 and 2
remained, whereas the sex difference for the composite state-
ment was very close to significance.

The next part of the analysis examined how the composite
measure of reported opposite-sex interest (henceforth «de-
pendent variable>) varied as a function of several variables that
were expected to influence the strength of nonindependent
mate choice and the opportunities for nonindependent mate
choice to take place [32]. These were a) the duration of the
relationship b) the degree to which the couple’s social circles
overlapped and c) the extent to which the couple frequented
public places like clubs or bars, eateries, house parties etc.

There was very high agreement in the duration of the relation-
ship provided separately by male and female participants in
months (r=.98), and an average of the two values was correlated
with the dependent variable for both women (r = -.06, p = .402)
and men (r=-.17, p = .013). Surprisingly, men who had been in
relationships for a longer time tended to report diminished oppo-
site sex interest, which was the opposite of what we had expected.

The extent to which a couple’s social circle overlapped was
captured by the one-item question <to what degree do you
and your partner share the same social circle, e.g. friends, ac-
quaintances colleagues etc?. Answers were given on a 4-point
ordinal scale ranging from «completely or almost completely
different social circle> to «<completely or almost completely com-
mon social circle>. Agreement amongst the male and female of
each couple was very high (rho=.77,p=.001), and an average
of the two responses was used, but this did not correlate with
the dependent variable for either the male or female partici-
pants (both NS).
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Lastly, the frequency with which the couple frequented
public places, such as clubs/bars, eateries, cafes, cinemas and
house parties was examined on a 7-point ordinal scale that
ranged from «lmost never> to @lmost dailys. Within-couple
non-parametric correlations were very high and significant
for every category of public place (all p <.001), and an aver-
age of the male and female response was taken for each cat-
egory. For male participants only the frequency with which
the couple frequented bars or clubs correlated with the de-
pendent variable (rho =.18, p = .009), whereas for women the
dependent variable correlated with frequency of attending
bars/clubs (rho =.15, p =.033), as well as cinemas (rho =.17, p
=.016). All of these significant correlations were in the expect-
ed direction, with increasing frequencies of outings resulting
in higher reported opposite sex interest.

Photographs, self-rated attractiveness
and physical characteristics of participants

A number of pictures provided by participants were not of
sufficient quality to be evaluable for attractiveness (e.g. over-
lapped faces, out of focus, dark or too small photos). Pho-
tographs of acceptable quality where the man and woman
were pictured together were digitally cropped, resulting in
the creation of two new images, one for each partner alone.
Photographs where the man and woman were pictured alone
were also cropped where necessary, most often to resize the
image to suitable size or to crop unnecessary background/
landscape information. In the end 128 acceptable photo-

graphs of men (M__ = 25.3) were rated by five female judges,

undergraduate stugdents from a different university than the
one the sample came from (Mage= 24.8 years), and 126 accept-
able photographs of women (Mage: 22.5) were rated by six
male undergraduate students, also from a different university
(Mage= 22.5). Inter-rater reliability was high both for the fe-
male (alpha =.79) and male raters (alpha =.78). The ratings for
every image were subsequently averaged to produce a single

rating. Interestingly, for women the judges’ ratings were cor-
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related with self-ratings of attractiveness (r = 0.19, p = .036)
but not with the attractiveness ratings given by the women'’s
partners (r = 0.04, p = .682). The same pattern held for the
male images, where the judges’ ratings correlated significant-
ly with men’s self-rated attractiveness (r = 0.21, p =.019) but
not with the ratings given by the men’s partners (r=0.001, p
=.991). Self-rated attractiveness was approximately normally
distributed for both males and females, and the means did
not differ by sex (7.2 for both).

Unexpectedly, the composite measure of self-reported op-
posite sex interest (i.e. the dependent variable) did not cor-
relate with the attractiveness of one’s partner as rated by the
judges. This held true both for female (r = 0.01, p = .925) and
male participants (r = 0.06, p = .521). For both sexes there
were also no correlations between the dependent variable
and the attractiveness of one’s partner as reported by both
the participants and their partners (all correlations NS). Sur-
prisingly, self-rated attractiveness measure correlated with
the dependent variable, both for female (r = 0.20, p = .003)
and male participants (r=0.22, p =.001).

Furthermore, we examined if the dependent variable corre-
lated with more objective variables of physical attractiveness
like self-reported height, weight and BMI. The opposite-sex
interest reported by both men and women did not correlate
with their partner’s height, weight or BMI (all correlations NS).

After conducting a principal component analysis on items
of dependent variable we found that the first item account-
ed for 50% of the variance. We therefore decided to use it as
an index instead of the composite index in a structural equa-
tion model where we examined the hypothesis that social
opportunities would mediate the relationship of male attrac-
tiveness and self-rated attractiveness by female. Our choice
was also supported through the elbow method in scree plot,
where the second factor had eigenvalue lower than 1.

We created a latent variable for the frequency of the cou-
ple’s joint attendance of public places (bars, cinemas, cafes
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and restaurants). The relationship between women's self-rat-
ed attractiveness and males’ perception that “women look at
me more when | am with my girlfriend” was mediated by the
frequency of joint attendance of these public places. As Fig-
ure 1 shows, the standardized regression coefficient between
women'’s self-rated attractiveness and males’ perception that
“women look at me more when | am with my girlfriend” was
statistically significant. We tested the significance of this indi-
rect effect using bootstrapping procedures. Standardized in-
direct effects were computed for each of 2,000 bootstrapped
samples, and the 95% confidence interval was computed by
determining the indirect effects at the 2.5th and 97.5th per-
centiles. The bootstrapped standardized direct effect was .10,
p =.252, and the standardized indirect effect was .05, p =.027
validating a full mediation effect of the joint attendance of
public places.

A S ¢
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hars cirsmas cakini
[+

Capmwrice plicos 3
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Figure 1. Structural equation model of the mediation of joint
attendance of public places in the relationship between
self-rated female attractiveness and self-reported increased

levels of attractiveness by their male partner.

Note. * p<.05; ** p<.01; *** p<,001. Values are standardized regres-
sion weights. Fit indices for the model: CMIN=19.04, DF=8, p=.015;
CMIN/DF=2.38; CFI=.88; RMSEA=.078 (LO=.03, HI=.13); SRMR=.05.
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Discussion

This is the first study that investigated human noninde-
pendent mate choice in real-life couples. In line with the re-
sults of a previous study on which the present one builds [34],
we found that men who were in romantic relationships tend-
ed to report more opposite sex interest than their girlfriends,
though this relationship was not as strong or as unanimous
across all the questionnaire items as expected. We also found
that the relationship between women'’s self-rated attractive-
ness and their partners’ reported opposite-sex interest was
mediated by the couples’ joint attendance of public places
like bars and clubs. Outside of these findings, most of the ex-
pected relationships failed to appear. Most importantly, the
attractiveness of men’s romantic partners, as rated by an in-
dependent set of raters, was not in any way correlated with
the men’s self-reported attention from the opposite sex. Set-
ting aside the lack of statistical significance, it was very sur-
prising that the actual correlation itself was practically zero.
This unexpected finding contradicts the core finding of prior
research in this area [e.g. 20, 28-30] and is very difficult to in-
terpret. In addition, elements of couples’ social life that were
expected to be of relevance to nonindependent mate choice,
like the degree to which couples shared a common social cir-
cle or frequented public places turned out to be marginally
significant.

To date studies in this field have overwhelmingly used ex-
perimental methods, with only two prior studies using ques-
tionnaire studies [32-33]. The strengths of the current research
are a) the aforementioned use of real-life couples that allows
for within-couples comparisons, b) the collection of an exten-
sive series of information relating to the couples’social life, c)
the collection of photographs that allows, for the first time,
a more objective evaluation of participants’ attractiveness, d)
the collection of physical data like height, weight and BMl and
e) the cross-cultural element, as the majority of the relevant
studies have been confined to English-speaking samples.
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The most obvious improvement for future studies relates to
the photographs collected; rather than participants providing
photographs themselves, researchers would be well advised
to take high quality, standardised photographs themselves.
While logistically more demanding, we suspect that this step
will dramatically improve the quality of the results obtained,
and relationships that remained obscured in the present
study will stand out in sharp relief. Another obvious improve-
ment would involve the development of a more extensive
and sophisticated self-report scale for capturing opposite sex
interest as a function of one’s romantic relationship status;
whereas Vakirtzis and Roberts [34] showed promising results
using the scale, the results presented here were disappoint-
ing. An overview of the results obtained here strongly sug-
gest that, unlike the first study [34], the questionnaire was not
quite capturing what it was meant to, at least when it comes
to this Greek sample of undergraduate students.
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Abstract

Objective: The Alzheimer Disease 8 (AD8) is a simple and short informant-based tool that could assist in the screening of
early stages of dementia. This study aimed to explore preliminary psychometric properties of the Greek version of the
AD8 (CY-AD8) and its utility in cognitive screening in a large cohort of community dwellers over the age of 60.

Methods: Evaluation was made on 182 informant reports of community dwellers without a diagnosis of a neurological
condition or dementia. The CY-AD8 scores were correlated with Mini Mental State Examination (MMSE) scores.

Results: Internal consistency of the CY-AD8 was acceptable (Cronbach a =0.827). The CY-AD8 correlated moderately with
the MMSE (Pearson’s r = -.524 p < .001). Median split resulted in two groups based on the CY-AD8 scores. An independ-
ent samples t-test was conducted to examine whether there was a significant difference between group 1 (AD8=0-1)
and group 2 (AD8=2+) in relation to their performance in MMSE. The test revealed a statistically significant difference
between group 1 and group 2 in MMSE (t= 5.53, df =176, p <.001). Those with more symptoms on the CY-AD8 were sig-
nificantly older than those with fewer symptoms.

Conclusions: The CY-ADS8 is a useful screening tool for early detection of individuals who may be at risk for dementia, but
still further investigation is needed to explore the psychometric properties of this tool.

Corresponding Author: Fofi Constantinidou, Ph.D., CCC-S, CBIS, ASHA and ACRM Fellow, Professor of Language Disorders and Clinical Neuropsychology, Director, Center for Applied Neuroscience, Board of
Governors, American Congress of Rehabilitation Medicine, Kallipoleos 75, University of Cyprus, Nicosia 1678, Cyprus
e-mail: fofic@ucy.ac.cy

Received: February 21, 2018, Accepted: March 15,2018

Dialogues in Clinical Neuroscience & Mental Health, 2018, Volume 1, Issue 2, p 31-35 |31]



Dialogues in Clinical Neuroscience & Mental Health

DOI 10.26386/obrela.v1i2.45

Fofi Constantinidou and Fotini Demetriou

Introduction
Dementia is a global public health burden that causes ma-

jor disability. The number of persons with dementia (PwD) is
expected to increase from 35.6 million in 2010 to 66 million in
2030 and 115 million in 2050 [1]. Early detection of dementia
is challenging as research findings show that more than half
of elderly patients who meet the criteria of dementia remain
undiagnosed [2, 3].

Health care professionals oftentimes implement global cog-
nitive screening tests such as the Mini Mental State Exam-
ination (MMSE) [4] and the Montreal Cognitive Assessment
(MOCA) [5] to discriminate between normal cognitive decline
and pathological performance. These tools are time-efficient
since they can be completed within 10 minutes or less, and
capture an array of cognitive abilities [6, 7, 8]. Despite criti-
cism regarding lack of sensitivity to detect subtle cognitive
changes [9], cognitive screening tests are used by multiple
disciplines including neurology, psychiatry, psychology,
speech language pathology, and nursing; they serve as a
common point of reference and facilitate collaboration and
communication among professionals.

One limitation of global cognitive screening measures relates
to their static nature. These tests were developed to measure
performance at the time of testing and cannot be used to accu-
rately capture cognitive change across time. Furthermore, de-
spite the high prevalence and burden resulting from dementia,
most health care systems have not established a standard of
care for screening and periodic monitoring. Subsequently, in-
formation obtained from common cognitive screening tools
reflects performance at the time of testing, without a historical
context of the person’s prior abilities or changes in cognitive
or functional performance across time. Therefore, cognitive
screening procedures should include contextual and historical
information in addition to cognitive screening tests in order to
make accurate clinical decisions.

Clinicians worldwide are encouraged to consider the WHO-
ICF framework (World Health Organization [WHO], 2001)
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when selecting assessment methodologies. According to the
ICF model, assessment should incorporate the individual’s
functioningandthe context[8]. Structured questionnairesand
informant reports that capture how the individual functions
within the daily context can supplement neuropsychological
test performance and improve the ecological validity of the
assessment process [10].

The Alzheimer Disease 8 (AD8) is a simple, sensitive and
short informant-based tool that could assist in the screening
of early stages of dementia [11]. The initial goal of the authors
was to develop a sensitive and specific cognitive screening
tool that is valid, easy to administer, and minimally time-con-
suming as formal neuropsychological assessments are
time-consuming, costly, and not readily available in all clini-
cal situations [11]. Galvin et al [11] proposed that combining
the ADS8 interview with brief psychometric tests boosts its
ability to discern a cognitive impairment in people who do
not meet formal clinical criteria for dementia, and the com-
bined procedure is still short enough to be administered in
everyday clinical practice. The AD8 includes eight questions
asking the informant to assess change (Yes vs No) in memo-
ry, problem-solving abilities, orientation and daily activities.
The number of Yes answers is summarized to obtain the AD8
score. It was developed using a longitudinal research sample
as authors intended to test how well informants of “realworld”
patients would rate the cognitive and functional abilities of
patients compared to the Clinical Dementia Rating (CDR). An-
other goal was to investigate the ability of the AD8 to detect
nonamnestic forms of dementia using informants from var-
ied social and demographic backgrounds. AD8 can be used
in primary care practice during the annual wellness visit and
research [12]. Moreover it has been validated for use in emer-
gency departments and other settings [13].

The AD-8 was developed in English and has been
validated in multiple languages, including Spanish, French,
Portuguese, Norwegian, Chinese, Korean, Indonesian and
Tagalog (Filipino) [12]. The AD-8 validation in both English
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and Korean, showed strong internal consistency (Cronbach’s
= 0.84-0.88), interrater reliability (0.82-0.89) and concurrent
validity with the Clinical Dementia Rating scale and other
neuropsychological tests [11, 13]. In another study, AD8
was used for the assessment of African-American older
adults and reported good sensitivity and specificity by dis-
criminating cognitively normal older adults from those with
very mild dementia [15].

The present study was part of the first nation-wide longitu-
dinal project, the Neurocognitive Study on Aging (NEURO-
AGE, https://clinicaltrials.gov/ct2/show/NCT01481246) which
investigates several aspects of aging, including neurocog-
nitive and linguistic performance, psychosocial factors, bio-
logical markers, and quality of life in a large cohort of more
than 800 older Greek-Cypriot adults. The aim of the present
study was to provide preliminary data on the psychometric
properties of the Greek-Cypriot version of the AD8 (CY-AD8)
in a large cohort of community dwellers over the age of 60
who were living independently and did not have a diagnosis
of dementia or MCI.

Method

Participants

Participants were recruited from the community and from
social organizations for the elderly from all around Cyprus
and were native Greek speakers (mainland Greek or Cypri-
ot/Greek dialect). All participants resided independently at
home at the time of participation. Informant reports were
obtained for 182 study participants over the age of 60 (range
= 60-99; mean = 71.24; SD = 7.34) who met the study inclu-
sion/exclusion criteria as following: 1) native Greek speakers
from Cyprus; 2) males and females over the age of 60; 3) good
general health with no previous history of neurological pa-
thology such as head trauma, epilepsy, stroke or neurodegen-
erative disorder; 4) No diagnosis of dementia or MCl and 5)
absence of history of severe psychiatric or emotional disorder
requiring hospitalization.
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Measures

As part of the NEUROAGE project, participants were admin-
istered a battery of established neurocognitive and language
tests, sensitive to cognitive decline [16, 17, 18, 10]. In the pres-
ent study we analyzed data from the following screening tools:

General Cognitive Screening: Mini Mental State Examination
(MMSE) [19]. We have used the validated Greek version of the
test by Fountoukakis et al., 2000 [4]. A cut-off of 20 was used
in the present analysis.

Depression Screening: Geriatric Depression Scale (GDS-15)
[20]. A cut-off score of 6 is recommended in the literature and
was incorporated in the present study.

Alzheimer Disease 8: The Alzheimer Disease 8 (AD8) [11]. For
the purposes of the present project, the tool was translat-
ed and adapted from English into Greek. A blind backwards
translation was conducted and the final version of the tool,
the CY-AD8 was implemented in the study. The CY-ADS8 in-
structs the informant to indicate whether there has been a
change in the last years in 8 different domains due to cog-
nitive difficulties, e.g. remembering appointments, managing
finances, manipulating common objects, critical thinking and
judgment, etc. Each positive response indicating a change
was worth 1 point for a maximum total of 8 points.

Procedures

Study participants were tested at their social club, the Center
for Applied Neuroscience at the University of Cyprus or at their
home. Participants provided contact information and permis-
sion to contact the informant which was typically the spouse,
the siblings, or an adult child. The AD-8 was administered either
in person or over the phone at a convenient time for the in-
formant. Time of administration was approximately 3 minutes.

Data and Analyses

The total number of points for the CY-AD8 was calculated for
each participant. Internal consistency for the CY-AD8 was eval-
uated by calculating Cronbach’s alpha. Independent samples
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t-test was used to investigate the presence of differences be-
tween those with high vs low scores on the CY-AD8 instrument.
Additionally Pearson’s correlation analyses were conducted to
examine relationships between AD8 and MMSE measures.

Results

Informant reports on the CY-AD8 ranged from 0-8. The me-
dian score was 2. The internal consistency of the CY-AD8 was
acceptable (Cronbach’s a =0.827). The CY-AD8 total score
correlated moderately and significantly with the MMSE (Pear-
son'sr=-.524p <.001).

Median split resulted in two groups based on the CY-AD8
symptom scores. An independent samples t-test was con-
ducted to examine whether there was a significant difference
between group 1 (CY-AD8 = 0-1) and group 2 (CY-AD8 = 2+)
in relation to their performance on the MMSE. A statistically
significant difference was revealed between the two groups
t(176) = 5.53, p <.0001). Individuals in group 1 scored signif-
icantly higher (M=27.58, SD = 1.78) than individuals in group
2 (M= 25.71, SD= 2.59). The difference was about 2 points and
greater than 1 standard deviation. Furthermore, individuals
with more CY-AD8 symptoms were significantly older than
those with almost no symptoms, t(176) = 5.04, p = .0001 by
about 5 years (mean = 73.73, and SD = 7.85 mean = 68.52, SD
= 5.62 respectively).

Conclusions

The CY-ADS is a brief informant-based measure that can be
implemented by health care professionals to obtain some
preliminary information regarding functional abilities in ac-
tivities of daily living. Informant reports of changes in two
or more questions would warrant further neurocognitive as-
sessment in order to determine the etiology and extend of
the cognitive change. Our findings are in line with previous
studies that support the classification of a score higher than 2
as a cutoff score and suggest that the use of the AD8 in con-
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junction with a brief cognitive assessment could improve di-
agnostic accuracy [9].

Symptom reporting on the CY-AD8 was related to MMSE per-
formance. Although the relationship is significant, it is a moder-
ate relationship suggesting that the two measures can be used
concurrently and that they are complimentary of each other.
Specifically, individuals with high CY-AD8 symptom:s still per-
formed as a group within the normative range of the MMSE.
However, their performance was in the lower end of normal.
Brief cognitive tests such as the MMSE may help differentiate
cognitively normal older adults from those with moderate
dementia but MMSE and other brief tests lack the sensitivity
and specificity to detect very mild impairment [7, 11, 21, 22 ].
Additionally, performance-based measures such as MMSE may
not be able to detect or quantify change from previous levels
of function, particularly in very high-functioning individuals.
Therefore, information obtained by the CY-AD8 could provide
information regarding subtle but significant changes in func-
tioning that would be of clinical significance.

The present findings indicate that the Greek version (CY-
ADB8) has adequate internal consistency. Therefore, the CY-AD8
could be a useful screening tool for early detection of individu-
als who may be at risk for dementia and could be used to gain
a preliminary understanding of an individual’s cognitive status.
Still further investigation is needed to explore the psychomet-
ric properties of this tool in Greek. Future research should also
incorporate self-report data to determine congruency of the
scores between the two versions (self and informant versions)
in Greek. The current study used data from healthy older adults
with varied educational and social-demographic backgrounds.
Although some participants had low scores on the MMSE,
none of them had a formal diagnosis of MCl or dementia. Fu-
ture studies should incorporate adults diagnosed with MCl and
early stage dementia in order to validate the CY-ADS.
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Abstract

Hypothyroidism, more commonly subclinical, appears a common abnormality, while the hypothalamic-pituitary-thyroid
(HPT) axis abnormalities are quite common among patients with bipolar disorder. On the other hand, lithium has been
used successfully in treating bipolar disorders, but lithium influence on the thyroid gland is one of the key side effects
in the long-term therapy. Lithium administration leads to a decrease of production and release of thyroid hormones,
which results in increased levels of thyroid stimulating factor (TSH), and excessive TSH response to stimulation with
TRH. Inhibition of thyroid hormone release, a process mediated by cyclic adenosine monophosphate, appears to be
the critical mechanism in the development of lithium-induced hypothyroidism. Lithium also inhibits thyroidal iodine
uptake and iodotyrosine coupling, alters thyroglobulin structure, and interferes with the deiodination of T4 to T3, by
inhibiting type-Il deiodinase in the brain. Lithium may also demonstrate an immunostimulant effect, either by inducing,
or by exacerbating a preexisting autoimmune disease. Additionally, lithium alters cellular responsiveness to thyroxine,
and influences thyroid hormone receptor gene expression. Deficits in any one or more of these mechanisms may result
in reduced bioavailability of thyroid hormones at cerebral target regions despite normal peripheral serum levels of thy-
roid hormones. Rethinking lithium mechanisms of action, and especially lithium induced hypothyroidism, may help to
enhance our understanding of the thyroid-bipolar disorder connection. In the course of lithium therapy, excessive TSH
response to TRH occurs in at least 50% of bipolar patients. This “disordered” thyroid-hypothalamic-pituitary axis seems
to be temporary in most patients, which suggests that the axis is adjusting to the new «state» during therapy. Moreover,
rapid cycling bipolar disorder is associated with a latent hypofunction of the HPT system, which becomes manifest even
with short-term lithium challenge. Lithium-treatment exaggeration of TSH responses to TRH, indicate that lithium push
forward these patients in a temporary “more hypo-thyroid” status” It is possible that the lithium induced ‘central hypothy-
roidism’may enhance the HPT axis activation, resulting to the thyroid system re-activation, and to the thyroid hormones’
availability and effect re-adaptation. This compensatory process may results to the correction of a possible peripheral
resistance to thyroid hormones, as well as to the correction of an isolated CNS hypothyroidism. We may hypothesize that
these compensatory mechanisms, which operate to prevent the development of hypothyroidism or goiter, represent a
therapeutic process of lithium therapy in bipolar disorder, acting through a thyroid system resetting.

Key words: thyroid hormones, hypothyroidism, thyroid, lithium, bipolar disorder.
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The thyroid hormones

Thyroid hormones are made from the amino acid tyrosine.
T3 is the “active” version of the hormone. About one fifth of
the hormone produced by thyroid gland comes out as T3.
Cells in the brain, liver and some other organs take T4 from
the bloodstream and convert it to T3 by removing one of the
iodine atoms. The activity of specific thyroid hormone trans-
porters, like monocarboxylate transporter, and the carrier
transthyretin, is involved in determining intracellular concen-
trations of thyroid hormones via mediating their cellular influx
and efflux [1]. Deiodinases control regional effectivity of T3 in
concert with other mechanisms [2], that is, the local distribu-
tion of the different nuclear thyroid hormone receptors TRa
and TRB. As part of the nuclear superfamily of ligand-modu-
lated transcription factors, thyroid hormones bind to nuclear
receptors [3], where they control, and usually increase, gene
expression influencing a broad array of metabolic processes
[4]. Genes that are regulated by thyroid hormones are known
to encode for proteins essential for important brain function
such as myelin and neurotrophines. Non-genomic actions
after binding to cytoplasmic thyroid hormone receptors in-
clude rapid activation of the phosphatidylinositol-3-protein
kinase pathway and thereby achievement of vasodilatory and
neuroprotective effects [5]. Thyroid hormone in general, reg-
ulates nuclear transcription of genes responsible for protein
synthesis, increases cellular metabolism and growth rates, fa-
cilitates mental processes, increases endocrine gland activity,
stimulates carbohydrate and fat metabolism, increases fatty
acids, and also increases heart rate, respiration and muscle ac-
tion. In parallel, thyroid hormones decreases body weight, as
well as cholesterol, phospholipids, and triglycerides [4].

Thyroid hormones and affective disorders

Thyroid hormone receptors are widely distributed in the brain
with high concentrations in the cerebral cortex, hippocampus
and the amygdala, the latter being limbic structures that are
implicated in the pathogenesis of mood disorders [6]. The reg-
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ulation of thyroid hormone homeostasis in the brain underlies
a complex interaction of different mechanisms, some of which
overlap with mechanisms involved in affect regulation. A lack of
thyroid hormones can lower the threshold for depression, while
an excess can contribute to a state of tense dysphoria. Thyroid
function in some persons also appears to influence the course of
affective disorders. Adequate mobilization of thyroid hormones
favors recovery from depression; excess mobilization increases
the risk of mania in vulnerable individuals [7]. Although other
mechanisms may be involved, evidence suggests that the mod-
ulation by thyroid hormones of the B-adrenergic receptor re-
sponse to catecholamines may contribute to these effects. Nor-
epinephrine stimulates such receptors and thyroid hormones
increase their ability to receive stimulation. The plausibility of
such interactions between catecholamines and thyroid hor-
mones occurring in the CNS is strengthened by their common
origin in the amino acid tyrosine and by their synergism in many
metabolic processes [8]. Interactions of the thyroid and neuro-
transmitter systems, primarily norepinephrine and serotonin,
which are generally believed to have a major role in the regula-
tion of mood and behavior, contributes also to the mechanism
of action in the developing and mature brain. In particular, there
is robust evidence from animal research that thyroid hormones
have a modulatory effect leading to an increase in serotonergic
neurotransmission. Thyroid hormones also interact with other
neurotransmitter systems involved in mood regulation, includ-
ing dopamine postreceptor and signal-transducing processes,
as well as gene regulatory mechanisms [9, 10].

Overt psychiatric disorder occurs in no more than 10% of
the thyroid disordered patients [11]. The most common psy-
chiatric symptoms related to hypothyroidism are depression
and cognitive dysfunction [12], with possible underlying
mechanism the dysregulation of CNS catecholamine recep-
tor sensitivity or the disruption of circadian rhythms [13]. On
the other hand, hyperthyroidism or thyrotoxicosis is usually
associated with symptoms such as anxiety, depression, mood
lability, and insomnia. Overt hyperthyroidism prevalence is
no greater than 2% in bipolar patients [14], while much of this
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has been attributed to lithium [15], which can induce thyro-
toxicosis by autoimmune mechanisms or thyroiditis [16]. In
addition, mixed affective states have been associated with re-
duced thyroid functioning [7] and a higher rate of positive an-
ti-thyroid antibody titres, than other unipolar or bipolar sub-
groups, apparently unrelated to lithium treatment, although
not all studies confirm this association [17].

The hypothesis that interactions between thyroid and neuro-
transmitter systems may have a causal role in the pathophysi-
ology of mood disorders was originally proposed by Whybrow
and Prange (1981) [8]. They suggested that the antidepressant
properties of T3 could be explained by its augmentation of post-
synaptic beta-adrenergic activity. Hypothyroidism was, thus, be-
lieved to cause depression by producing a functional decrease in
noradrenergic transmission. The role of several neurotransmitter
systems including norepinephrine (NE), serotonin (5-HT), dopa-
mine (DA), and gamma aminobutyric acid (GABA) in the patho-
genesis of mood disorders is now well established [18, 19, 20].
Interactions between thyroid hormones and these neurotrans-
mitter systems may not only account for the psychiatric symp-
toms accompanying thyroid disease, but also for the hypotha-
lamic-pituitary-thyroid (HPT) dysfunction in mood disorders, and
the therapeutic actions of thyroid hormones in mood disorders
[21]. The interactions between thyroid and neurotransmitter sys-
tems are often complex and reciprocal. NE stimulates both TRH
and TSH release, while 5-HT, DA, and GABA inhibit their release
[22, 23]. Evidence about the effect of thyroid hormones on neu-
rotransmitters is mostly derived from animal studies. Such evi-
dence principally consists of altered responsiveness of NE, 5-HT,
DA, and GABA systems in the adult/mature brain, resulting from
experimentally induced hypothyroid or hyperthyroid states [24].

The hypothalamic-pituitary-thyroid axis in
affective disorders

The features of thyroid dysfunction in affective disorders have
been indicated for many years. The activity of the thyroid gland
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and hypothalamic-pituitary-thyroid (HPT) axis seems to be im-
portant for the pathophysiology, clinical course and treatment
of bipolar disorder. The most common abnormalities include
features of subclinical or clinical hypothyroidism, with associat-
ed lower levels of thyroxine [25], and elevated levels of thyro-
tropin (thyreotropic stimulating hormone-TSH) [26].

The TSH is the most widely used test for detecting HPT
dysfunction response to an intravenous dose of TSH. The re-
sponse is usually exaggerated in hypothyroidism and blunt-
ed in hyperthyroidism. A blunted TSH response occurs in
25-30% of patients with unipolar major depression, in the
form of decreased pituitary TSH secretion [27], and is far
more common among patients with bipolar disorder, includ-
ing those with mania, bipolar depression, and rapid cycling
disorder [28, 29]. Moreover, the severity of mood symptoms
and milder fluctuations in these symptoms has been found
to correlate with blunted TSH responses to TRH [30]. Howev-
er, many patients with bipolar disorder show an exaggerated
response of TSH to TRH [31], along with elevated basal levels
of TSH, especially in patients with rapid cycling, and this find-
ing is consistent with the high prevalence of subclinical hypo-
thyroidism often found in this condition [32]. All categories
of HPT axis dysfunctions have been reported in rapid cycling
bipolar patients, like overt hypothyroidism [33], elevated TSH
levels [34], exaggerated TSH responses to TRH [35], elevated
antibody titres [36], and antidepressant-induced rapid cy-
cling [37], although a number of studies have been unable to
document this association [38, 39]. Methodological problems
such as retrospective designs, lack of controls, predominance
of female subjects, and varying definitions of hypothyroidism
have all hindered any consistent conclusions from these data
[40]. Hypothyroidism in the course of bipolar disorder is a risk
factor for the development of rapid cycling bipolar disorder
and a relative thyroid hormone deficiency in bipolar disor-
der patients predisposes to rapid cycling course. Moreover,
in many cases, thyroid abnormalities reveal shortly after the
start of lithium treatment [41].
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Lithium in affective disorders

Lithium is the lightest alkali metal and a monovalent cation.
Lithium shares some properties with sodium, potassium, and
calcium. Substitution or competition with other cations may
contribute to its effects and many other factors may influence
lithium levels. Lithium displaces magnesium ions and inhibits
at least 10 cellular targets, all of which are components of in-
tracellular signalling pathways. Lithium reduces 5-HT, receptor
function in mouse [42] and in humans [43], and this may be
linked to lithium's antidepressant action. This action seem to be
mediated by the prefrontal cortex [44], which is believed to be
the target of lithium in the treatment of bipolar disorder [45]. In
general, lithium affects cell function via its inhibitory action on
adenosine triphosphatase (ATPase) activity, cyclic adenosine
monophosphate (cAMP), and intracellular enzymes. The inhib-
itory effect of lithium on inositol phospholipid metabolism af-
fects signal transduction and may account for part of the action
of the cation in manic depression. Lithium also alters the in vit-
ro response of cultured cells to thyrotropin-releasing hormone
(TRH) and can stimulate DNA synthesis. Based in the indica-
tions that both mania and bipolar depression are characterized
by elevations of intracellular sodium concentrations, Huang et
al (2007) [46] suggested that lithium can normalize abnormally
elevated intracellular sodium levels and this may be an impor-
tant mechanism of lithium action. Reduction of sodium influx
is a proposed shared mechanism of action of effective mood
stabilizers, but direct documentation of this effect for lithium
has never been demonstrated [47].

Multiple interactions and overlapping systems are involved
in regulating mood and the chronic administration of thera-
peutic doses of lithium affects the function of second messen-
ger generating systems [48]. The initial studies of molecular
targets for lithium action were based on the assumption that
this simple cation can interfere with transporting systems for
sodium and potassium in the plasma membranes of neurons
and alter the propagation of electrical signals, while some
studies indicated that the lithium inhibition of the counter-
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transport mechanism may be significant clinically and rel-
evant to the lithium therapeutic action [49]. Alterations in
neurotransmitter systems, such as noradrenaline, dopamine,
glutamate, and serotonin have been noted in patient brains,
as well as in animal models. These are closely connected with
changes in corresponding signalling systems in membranes,
the activities of the enzymes involved and the production of
second messengers. In fact, lithium has been found to alter
the brain cAMP level, cAMP-mediated processes in the CNS,
and fluoride stimulated adenylyl cyclase activity [50]. In addi-
tion, the allosteric modulation of some proteins including G
proteins has been suggested as the mechanism of the long-
term prophylactic efficacy of lithium [48].

The theory that lithium ions might exert their therapeuti-
cally relevant effect at the site of the inositol-lipid signalling
pathway has been widely discussed. The hypothesis has been
postulated that the stimulated turnover of phosphatidylin-
ositol-4,5-bisphosphate (PIP,) reflects the increased recep-
tor activation in pathogenic neurons. Berridge et al (1989)
[51], suggested the “inositol depletion hypothesis’, based
on a presumption that in parts of the brain where receptors
are overstimulated and PIP, hydrolysis thus occurs, lithium
inhibits the dephosphorylation of inositol-1-phosphatase.
Lithium has been shown to decrease the level of neuronal
inositol through the inhibition of inositol monophosphatase
(IMPase), which converts myo-inositol monophosphates to
myo-inositol, to reconstitute the membrane phospholipids,
PIP, pool. Eventually, the latter generates the Ca**-mobilizing
second messenger D-myo-Inositol-1,4,5-trisphosphate (InsP.)
and diacylglycerol (DAG). The lithium-induced inositol deple-
tion, and the consequent disturbance of the Ca?* signaling
operation, showed to affect the behavior of neurons in cul-
ture, impairing neurotransmission and altering growth cone
and the cytoskeleton [51, 52].

Mood stabilizers lithium and valproic acid, used for treating
bipolar disorder, cause cellular inositol depletion, which has
been proposed as a therapeutic mechanism of action of both
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drugs. As glycogen synthase kinase-3a (GSK-3a) inhibition
has been proposed as a likely therapeutic mechanism of ac-
tion, the finding that inhibition of inositol synthesis results in
the inactivation of GSK-3a suggests a unifying hypothesis for
mechanism of mood-stabilizing drugs. Inositol is an essential
metabolite that serves as a precursor for inositol lipids and in-
ositol phosphates. Ye & Greenberg (2015) [53] reported that in-
hibition of the rate-limiting enzyme of inositol synthesis leads
to the inactivation of GSK-3a by increasing inhibitory phospho-
rylation of this kinase. These findings have implications for the
therapeutic mechanisms of mood stabilizers and suggest that
inositol synthesis and GSK 3a activity are intrinsically related.
Lithium also affects some enzymes involved in energy me-
tabolism, such as hexokinase, pyruvate kinase, cholinesterase,
tryptophan hydroxylase, and glycogen synthetase [54]. Plenge
(1985) [55] proposed the theory that lithium inhibits enzymes
which have essential cofactor cations, such as Na+, K+, Ca2+,
Mg2+, and Zn2+ by displacement of these cations from the
enzyme. Lithium moves into the site vacated by the Mg2+
and the resulting enzyme-phosphate-lithium complex is very
stable and in this conformation it cannot hydrolyse a further
substrate molecule. Lithium competes for a magnesium bind-
ing site in inositol polyphosphate 1-phosphatase, glycogen
synthase kinase-3, fructose 1,6-bisphosphatase, bisphosphate
nucleotidase, and phosphoglucomutase [56].

Lithium and thyroid axis

Lithium treatment seems to contribute to the development of
hypothyroidism among patients with rapid cycling [4]. Low or
normal T4 levels and elevated TSH levels are reported among
5 to 35% (average of about 25%) patients on lithium [57]. The
investigators hypothesized that rapid cycling bipolar disorder is
associated with a latent hypofunction of the HPT system, which
becomes manifest even with short-term lithium challenge. A
latent hypofunction of the thyroid axis in rapid cycling bipolar
disorder may also explain why high doses of T4 added to the es-
tablished treatment with lithium and other psychotropic drugs

ISSN 2585-2795

Is there a connection between lithium induce
hypothyroidism and lithium efficacy in bipolar disorder?

can reverse the rapid cycling pattern [11]. Gyulai et al. (2003) [4]
found that patients with rapid cycling did not differ from con-
trols on any of thyroid function tests prior to treatment with lith-
ium, but after 4 weeks of lithium-treatment, exaggerated TSH
responses to TRH were significantly more common among such
patients. The authors proposed that rapid cycling is associated
with a latent hypofunction of the HPT system, which becomes
manifest with lithium treatment. Given lithium’s antithyroid ac-
tions, it is not surprising that an exaggerated TSH response to
TRH stimulation is extremely common and has been reported in
50-100% of lithium-treated patients [58]. In addition, evidence
of overt or subclinical hypothyroidism, including raised antibody
titres, has often been found among patients with bipolar disor-
der, prior to treatment with lithium [59]. In summary, it appears
that at least in a subgroup of patients with bipolar disorder, treat-
ment with lithium, rather than inducing hypothyroidism, actual-
ly exacerbates a preexisting (overt) HPT dysfunction [15].

Lithium and thyroid antibodies

Disturbances of the immune system may be important for
the pathogenesis of bipolar disorder. This was reflected as an
increased incidence of thyroid antibodies (anti-TPO) in pa-
tients with bipolar disorder, compared with the control pop-
ulation [59]. Studies are similarly inconsistent as to whether
thyroid antibodies are elevated in bipolar disorder, unrelat-
ed to lithium-treatment; reported rates range from 0 to 43%
among patients with bipolar disorder not on lithium. Some
controlled comparisons have reported a higher prevalence of
thyroid antibodies in bipolar disorder, especially in depressed
and mixed states [60], and rapid cycling bipolar patients [36].
Kupka et al (2002) [59] found thyroperoxidase antibodies in
64 of 226 (28%) outpatients with bipolar disorder, a rate high-
er than general population subjects and patients with other
psychiatric disorders, while the presence of anti-thyroid anti-
bodies among patients with bipolar disorder was associated
with thyroid failure, but not with age, gender, mood state,
rapid cycling, or lithium exposure.
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However, other controlled studies have not been able to
find a higher prevalence of raised antibody tires in bipolar
disorder, unrelated to lithium treatment, and the authors sug-
gested that autoimmune thyroiditis, with elevated levels of
antibodies as a marker, should be considered as an endophe-
notype for bipolar disorder and should be associated with a
genetic susceptibility to the development of the disease [60,
61, 62]. Significantly higher titers of anti-TPO has been found
in daughters of parents with bipolar disorder, compared to
control girls of high school age and young adults. Thus, the
offspring of patients suffering from bipolar disorder was more
susceptible to the development of thyroid autoimmunity, re-
gardless of their susceptibility to the development of mental
disorders [47,63]. Finally, several studies of patients on lithium
have found an elevated rate of anti-thyroid antibodies, rang-
ing from about 8 to 49% in such patients; these rates were
significantly higher than those among control patients or the
general population [64]. However, an almost equal number of
studies have failed to find an association between elevated
antibody titres and exposure to lithium [65].

Despite some evidence suggesting that the increase in titers
of thyroid antibodies could be stimulated by lithium, and that
there may be a risk factor for the development of hypothyroid-
ism during treatment with lithium, there is no particular reason
for monitoring these antibodies during therapy with lithium.
Many patients with positive anti-TPO antibodies remain in eu-
thyroid state, on the other hand, the absence of these antibod-
ies does not preclude the development of hypothyroidism or
hyperthyroidism during treatment with lithium [47].

The lithium anti-thyroid effect

The influence of lithium on the thyroid gland is one of the most
important side-effect of long-term therapy with this drug. The an-
ti-thyroid effects of lithium carbonate are well documented [58,
66] and include goitre, hypothyroidism, hyperthyroidism and au-
toimmune thyroiditis. In a meta-analysis of the potential toxicity
of long-term use of lithium, it has been found that lithium caus-
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es a five-fold increased risk of hypothyroidism [67]. Goiter, due to
increased thyrotropin (TSH) after inhibition of thyroid hormone
release, occurs at various reported incidence rates and is smooth
and nontender. Cross-sectional studies of lithium-induced goi-
tre reveal a prevalence of 0 to 60% [58]. Prevalence estimates are
much higher (30-59%) when more sensitive ultrasonographic
scans are used to detect increases in thyroid volumes [15]. As al-
ready mentioned, lithium therapy is associated with exaggerated
response of both TSH and prolactin to TRH in 50%-100% of pa-
tients, although basal levels are not usually high. It is probable that
the hypothalamic pituitary axis adjusts to a new setting in patients
receiving lithium [58]. Subclinical and clinical hypothyroidism due
to lithium is associated with circulating anti-thyroid peroxidase
(TPO) antibodies but may occur in their absence. lodine exposure,
dietary goitrogens, and immunogenetic background may all con-
tribute to the occurrence of goiter and hypothyroidism during
long-term lithium therapy [64].

Rates of overt hypothyroidism vary from 0 to 47% (average of
about 10%) among patients on long-term treatment with lith-
ium [15, 68]. Differences in study design, definitions of hypo-
thyroidism, age, gender, and geographical origin of patients,
are often responsible for such wide variations in rates. Nev-
ertheless, both the incidence and prevalence of overt hypo-
thyroidism is significantly higher among patients on lithium,
compared to general population figures [15]. The average
duration of lithium therapy before the diagnosis of hypothy-
roidism is around 18 months, though there are a few reports
of hypothyroidism occurring within the first few months of
lithium-treatment [68, 69]. Female gender, middle age (>50
years), preexisting autoimmunity, and family history of thy-
roid diseases are established risk factors for lithium-induced
hypothyroidism [70]. An even larger number of patients ap-
pear to develop subclinical hypothyroidism. Low or normal T4
levels and elevated TSH levels are reported among 5 to 35%
(average of about 25%) patients on lithium [57], while exag-
gerated TSH responses are found among 50%, or more, of
such patients. Hyperthyroidism in the course of lithium ther-
apy is rare, but occurs more often than in the general popu-
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lation. Treatment of patients with hyperthyroidism associated
with lithium is dependent on the mechanism of its develop-
ment. Usually, treatment with antithyroid drugs such as car-
bimazol alone or in combination with corticosteroids brings
the best results. Toxic nodular goiter may require surgical in-
tervention, particularly if there are symptoms of constriction
in the neck [71].

Hypothyroidism and clinically and/or ultrasonographically
detected goiter are the most prevalent thyroid abnormalities
among patients on long term lithium therapy, while lithium
induced hyperthyroidism is very infrequent. Lithium affects
normal thyroid functioning through multiple mechanisms.
Lithium is concentrated by the thyroid and inhibits thyroi-
dal iodine uptake, inhibits iodotyrosine coupling, alters thy-
roglobulin structure, and inhibits thyroid hormone secretion.
The mechanism of goiter formation has been explained by
the inhibition by lithium of the synthesis and release of thy-
roid hormones, resulting in an increase of TSH level, leading
to enlargement of the gland. At the cellular level, it decreases
thyroid hormone synthesis and release. It also decreases pe-
ripheral deiodination of tetraiodothyronine (T4) or thyroxine
by decreasing the activity of type | 5’ de-iodinase enzyme.
Other proposed mechanisms of the proliferation of thyrocytes
in patients treated with lithium is an activation of tyrosine ki-
nase by lithium ion, and lithium effects on intracellular signa-
ling connected with adenylate cyclase and Wnt/ beta-catenin
[72]. In addition, lithium increases the propensity to thyroid
autoimmunity in susceptible individuals due to its effect of
augmenting the activity of B lymphocytes and reducing the
ratio of circulating suppressor to cytotoxic T cells [73]. Lithi-
um affects cell function via its inhibitory action on adenosine
triphosphatase (ATPase) activity, cyclic adenosine monophos-
phate (cCAMP), and intracellular enzymes. The inhibitory effect
of lithium on inositol phospholipid metabolism affects signal
transduction and may account for part of the action of the
cation in manic depression. Lithium also alters the in vitro
response of cultured cells to thyrotropin-releasing hormone
(TRH) and can stimulate DNA synthesis [72].
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Thyroid hormone replacement therapy

For many years, thyroid hormones have been used for aug-
mentation of antidepressants in treatment-resistant depres-
sion both in the course of unipolar and bipolar iliness. Debate
continues as to whether to use T3, T4, or T3/T4 combination
for mood purposes. Results of studies in which triiodothyro-
nine (T3) was added in a dose of 25-50ug/d have showed a
significant efficacy of such procedure. Noteworthy is also the
effective use of mega-doses of thyroxine (T4), up to 400 ug/d,
in refractory depression and in rapid cycling bipolar illness
[74]. Among patients with bipolar disorder, supraphysiolog-
ical doses of T4 have been used to supplement prophylactic
efficacy of mood stabilizing treatments and to augment an-
tidepressant treatment in patients with treatment-refractory
bipolar depression [75]. The mechanisms underlying success-
ful treatment with adjunctive T4 are as yet unclear. Earlier, it
was suggested that adjunctive T4 counteracts the effects of
subclinical hypothyroidism on neuronal adaptation [74].

However, contrary to this notion, most patients who responded
had normal thyroid functions. This has led to several alternative
hypotheses, such as correction of peripheral resistance to thyroid
hormones, correction of isolated CNS hypothyroidism, and posi-
tive modulation of cathecholaminergic systems by T4, being re-
sponsible for this beneficial effect (Bauer et al, 1998, 2005). Bauer
et al (2005) [76] found that treatment with supraphysiologic doses
of L-T4 decreased relative activity in the subgenual cingulate cor-
tex, thalamus, amygdala, hippocampus, dorsal and ventral stria-
tum, and the cerebellar vermis. The decrease in relative activity in
the latter brain regions was significantly correlated with reduction
in depression scores. In a recent research, Bauer et al (2016) [77]
assessed with PET cerebral glucose metabolism in depressive pa-
tients with bipolar disorder, before and after 6 weeks of treatment
with levothyroxine (L-T4), and they found activation in the bilateral
thalamus, amygdala, hippocampus, dorsal striatum and ventral
striatum, and midline cerebellar vermis and subgenual cingulate
cortex. The findings provided evidence that administration of sup-
raphysiologic thyroid hormone improves depressive symptoms in
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patients with bipolar disorder by modulating function in compo-
nents of the anterior limbic network.

In depression, higher baseline concentration of thyroxine
(T4) is associated with better effect of antidepressant drugs,
and higher concentrations of T3 predisposed to a greater
likelihood of recurrence of depression during initial few years
of lithium treatment [47]. On the other hand, lower levels of
free T4 were associated with a greater number of affective ep-
isodes and higher severity of depression during the first year
of treatment with lithium. Patients treated with lithium who
required intervention during an episode of depression had
significantly higher level of TSH, compared to patients treated
with lithium, who did not require intervention during depres-
sive episode [47, 69, 78]. Current practice guidelines do not
specify criteria for managing thyroid replacement therapy in
patients with lithium-induced hypothyroidism. Usually the
form that is used as a mood stabilizer is T4. By contrast, T3 is
usually used as an“add-on” to antidepressants, because some
research has shown it can boost the antidepressant’s effects.
In the presence of elevated TSH levels without clinical signs of
hypothyroidism, some authorities advise monitoring serum
TSH levels every 3 months without intervening with adjunc-
tive thyroxine, unless TSH levels rise above 10 mU/L. Others
advocate thyroid supplementation whenever TSH levels rise
above normal, particularly in the presence of affective symp-
toms. T4 is generally preferred to T3 because the former tends
to produce steadier hormone levels. Typically, thyroxine (T4)
is begun at .025 mg, and increased by .025 mg every 3 to 6
weeks until TSH levels have normalized. In the presence of
rapid cycling or persistent affective symptoms, thyroxine is in-
creased until the serum T4 level is in the upper quartile of the
normal reference range. Lithium-induced thyroid dysfunc-
tion has occasionally been shown to remain normalized after
stopping T4 following 1-2 years of thyroid supplementation.
Long-term or indefinite adjunctive treatment with thyroxine
carries arrhythmogenic potential, as well as an increased risk
for bone demineralization , requiring medical monitoring of
patients at risk [79].

ISSN 2585-2795

Is there a connection between lithium induce
hypothyroidism and lithium efficacy in bipolar disorder?

Summarizing, patients with lithium-induced goiter should be
treated in a similar manner to other patients who developed
goiter. Because levothyroxine may protect against the develop-
ment of the goiter, and as previously mentioned, it may improve
the effectiveness of treatment, it is reasonable to give it to patients
with significant enlargement of the thyroid gland, especially if it is
associated with symptoms of neck constriction. Bauer et al (2007)
[79] argue that levothyroxine should be considered, if thyroid size
exceeds the norm. Other authors recommend goiter treatment
in order to prevent the development of nodules and autono-
mous regions, while some other authors suggest levothyroxine
prophylaxis in all patients treated with lithium, if they come from
iodine-deficient areas [80, 81]. The indications for supplementa-
tion of levothyroxine include: overt hypothyroidism, a significant
enlargement of the gland, clear evidence suggesting subclinical
hypothyroidism, rapid cycling bipolar disorder and poor efficacy
of lithium [70]. It is recommended to start supplementation with
low doses of levothyroxine (25-75 mg/d) if TSH>10mu/l, but it can
be also performed with lower TSH values. During administration
of levothyroxine, lithium therapy should not be interrupted and
the dose of lithium changed unless serum concentration of lith-
ium is beyond the therapeutic range [57]. During levothyroxine
replacement therapy, the dose should be adjusted allowing not to
suppress totally the secretion of TSH, and fT3 and fT4 levels (espe-
cially fT3) should be maintained within normal limits. Levothyrox-
ine therapy is not effective in patients with goiter of long duration,
where fibrotic changes have developed. If such treatment does
not reduce the size of goiter, or symptoms of constriction are over-
whelming, a surgery should be performed [47].

Can we hypothesize that the lithium induced
hypothyroidism represents a therapeutic
process of lithium therapy in bipolar disorder?

Approximately 10% of bipolar patients, with no evidence of
thyroid dysfunction before lithium therapy, had elevated TSH
basic values, while in the course of lithium therapy, excessive
TSH response to TRH occurs in at least 50% of bipolar patients.
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The disordered thyroid-hypothalamic-pituitary axis seems to be
temporary in most patients, which suggests that the axis is ad-
justing to the new «state» during therapy [47]. In addition, lith-
ium effect on the concentration of antithyroid antibodies leads
to a faster autoimmunization of thyroid that can cause goiter
and hypothyroidism, but hyperthyroidism is also possible. Base-
line thyroid function tests should be measured prior to starting
lithium therapy to ensure that undetected hypothyroidism is
not contributing to mood symptoms. Pertinent thyroid function
tests include TSH and free T4 levels, as well as antiperoxidase and
antithyroglobulin in the presence of an elevated TSH. Subse-
guent monitoring of thyroid function tests is usually conducted
3 months after starting lithium and every 6-12 months thereaf-
ter. Lithium-induced hypothyroidism is usually reversible upon
cessation of lithium, and the development of hypothyroidism is
not a contraindication to continuing lithium, although, some ex-
perts advocate thyroid augmentation therapy [47].

The mechanisms by which lithium can cause hypothyroid-
ism are complex. As already analyzed, inhibition of thyroid
hormone release, a process mediated by cyclic adenosine
monophosphate, appears to be the critical mechanism in the
development of lithium-induced hypothyroidism. Also, lithi-
um is concentrated by the thyroid gland and inhibits thyroi-
dal iodine uptake. It also inhibits iodotyrosine coupling, alters
thyroglobulin structure, and interferes with the deiodination
of T4 to T3 by inhibiting type-Il deiodinase in the brain [58].
Lithium may also demonstrate an immunostimulant effect,
either by inducing, or by exacerbating a preexisting autoim-
mune disease. Additionally, lithium alters cellular responsive-
ness to thyroxine, and influences thyroid hormone receptor
gene expression [82]. Deficits in any one, or several, of these
mechanisms may result in reduced bioavailability of thyroid
hormones at cerebral target regions despite normal periph-
eral serum levels of thyroid hormones. This condition has
been conceptualized as ‘central hypothyroidism’ [47]. Com-
pensation for this putative ‘central hypothyroidism’ might
be one reason why a proportion of euthyroid depressed pa-
tients benefit from administration of supraphysiologic doses
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of L-T4. Mice suffering from central hypothyroidism caused
by a mutation of the TRa7 gene [83], showed reduced neu-
ronal density, resulting in reduced cortical thickness in the
hippocampal CAT1 region [84]. Behaviorally, these mice show
increases in surrogate animal markers for depression and anx-
iety, as well as an increased startle response. Both the behav-
ioral and neural density measures normalized with thyroid
hormone administration [85]. Compensatory mechanisms
may operate to prevent the development of hypothyroidism
or goitre in the majority of patients with lithium-induced im-
pairments in thyroxine secretion. However, when additional
risk factors such as iodine deficiency, preexisting autoimmun-
ity, or genetic vulnerability are present, such compensatory
mechanisms fail and hypothyroidism eventually ensues [15].

At the moment, the fine details of the pharmacological and
toxicological mechanisms of the effects of lithium remain poor-
ly understood [50, 86, 87]. Various studies suggest that some
harmful effects of lithium could be related to oxidative stress
[47, 88], whereas at therapeutic concentration lithium was
found to confer protection against toxic stimuliinducing oxida-
tive stress and apoptosis [89, 90, 90, 91]. Even in trace amounts,
as occurs in drinking water, lithium has been inversely related
to suicidal mortality, aggression and homicidal violence [92, 93,
94]. It has been found also that chronic administration of lithi-
um significantly changes the expression of a number of genes
in rat brains [95, 96]. Lithium responders seem to have some
genes different from healthy controls and patients with bipolar
disorder who respond well to lithium prophylaxis may consti-
tute a biologically distinct subgroup [97, 98, 99].

Rethinking lithium mechanisms of action, and especially
lithium positive and side-effects in thyroid gland, may help
to enhance our understanding of the thyroid-bipolar disorder
connection and to identify those patients with bipolar disor-
ders who are most likely to benefit from therapeutic manip-
ulations of the HPT axis. As mentioned above, the disordered
thyroid-hypothalamic-pituitary axis seems to be temporary
in most patients, which suggests that the axis is adjusting to
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the new «state» during therapy [47]. Also, the TSH response is
usually exaggerated in hypothyroidism and blunted in hyper-
thyroidism. A blunted TSH response occurs in 25-30% of pa-
tients with unipolar major depression, [27], but many patients
with bipolar disorder show an exaggerated response of TSH
to TRH, along with elevated basal levels of TSH, especially in
patients with rapid cycling, a finding consistent with the high
prevalence of subclinical hypothyroidism often found in this
condition [32]. Hypothyroidism in the course of bipolar disor-
der is a risk factor for the development of rapid cycling bipolar
disorder and a relative thyroid hormone deficiency in bipolar
disorder patients predisposes to rapid cycling course, while in
many cases, thyroid abnormalities reveal shortly after the start
of lithium treatment [41]. Rapid cycling bipolar disorder is as-
sociated with a latent hypofunction of the HPT system, which
becomes manifest even with short-term lithium challenge.
Lithium-treatment exaggerates TSH responses to TRH, which
indicate that lithium seems like to push forward these patients
in a temporary “more hypo-thyroid” status”. It is possible that
this lithium induced ‘central hypothyroidism; by the reduced
bioavailability of thyroid hormones at cerebral target regions,
may provoke a secondary activation of the HPT axis, in order
the thyroid system to be re-activated and re-arranged.

Finally, T4 added to the established treatment with lithium
and other psychotropic drugs can reverse the rapid cycling
pattern [11]. Possibly T4 counteracts the effects of subclinical
hypothyroidism on neuronal adaptation [74], through the cor-
rection of peripheral resistance to thyroid hormones and the
correction of isolated CNS hypothyroidism [76]. The dose of T4
should be adjusted allowing not to suppress totally the secre-
tion of TSH, and fT3 and fT4 levels, while lithium-induced thy-
roid dysfunction has been shown to remain normalized after
stopping T4 following 1-2 years of thyroid supplementation.
It may occur a hypothalamic pituitary axis “adjustment to a
new setting” in patients receiving lithium [58, 100]. It is possi-
ble also that lithium effect is synergistic with that of T4, which
has been also used as a mood stabilizer. In this frame, lithium
induced “hypothyroidism” may help to rearrange and normal-
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ize thyroid hormone secretion. It is possible that the lithium
induced ‘central hypothyroidism” may enhance the HPT axis
activation, resulting to the thyroid system re-activation, and
to the thyroid hormones’ availability and effect re-adaptation.
This compensatory process may results to the correction of a
possible peripheral resistance to thyroid hormones, as well as
to the correction of an isolated CNS hypothyroidism. We can
hypothesize that these compensatory mechanisms, which op-
erate to prevent the development of hypothyroidism or goiter,
represents a therapeutic process of lithium therapy in bipolar
disorder, acting through an adaptive thyroid system resetting.
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Abstract:

Mobbing is a new phenomenon that has emerged within the workplace and is increasingly spreading. It seems to af-
fect the employee both psychologically (aggression, reduced resistance to stress, irritability, nervousness) and physically
(fatigue, weakness, chronic fatigue syndrome and pains in different parts of the body), while serious bullying can even
result in depression and suicide cases. There is a question mark if depression is the cause of mobbing or it is the effect,
because individuals who experiencing a mental disorder, or have a greater vulnerability to stressful events are more likely
to be bullied.
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Introduction

Over the last decades, a new phenomenon has emerged
within the workplace which is increasingly spreading. This
is the psychological violence practiced either by superiors to
subordinates or by one colleague to another in order to mar-
ginalize and remove the individual from the workplace via
aggressive behaviors such as intimidation, threats, gestures,
removing privileges and in general actions designed to com-
plicate as much as possible the life of the individual in the
workplace [1, 2, 3]. Regarding the reasons of this phenomenon
in recent years emerges a need for a holistic approach which
means that if bullying is a multifactorial phenomenon it needs
a model that takes into account the individual characteristics
of workers, the working conditions and the social environment
[4,5]. In Greece, rates of bullying do not appear to differ from
other European countries [6]. According to Manouki (2009) [7]
one in 10 Greeks report bullying workplace conditions, while
5% report incidents of physical violence.

According to Leymann (1990) [8] harassment escalates into
four stages. The first stage is the beginning of the conflict charac-
terized by verbal attacks or clashes with the victim, which in the
second stage become more pronounced. At the second stage,
the reputation of the victim is challenged with various slander-
ous comments, isolated from other colleagues, criticized, and
threatened leading to the inability of the individual to conduct
his/her work in a constructive manner due to lack of opportu-
nities, or being required to engage in work tasks that are below
his/her potential. During this stage, the effects on the individual
start to appear, in the form of psychosomatic symptoms or re-
duced performance and absences from work. At the third stage,
the superior taking into consideration both the comments and
rumors about the person and the change in the behavior of the
victim, either begins to worry about the victim's professional ca-
reer, or most probably prefers to pick the side of the perpetrator
or not to pay attention to the victim’s words.

In some cases, because of the defensive behavior of the af-
fected individual, the superior may believe that there is some
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other underlying problem such as a personality disorder [8].
In the final stage, the victim becomes isolated from colleagues
and superiors, finally leading him/her to leave the workplace.
However, leaving the workplace may not resolve the problem,
as the consequences of harassment still exist, and may result
in the individual having difficulties in securing a new position.
The individual may also be fearful that the same incidents will
occur again, leading to emotional changes and a dislike for
work [1,5]. The phenomenon of harassment may take various
forms of discrimination based on the origin of psychological
violence and depending on the number of people involved.
This may be viewed as a division between vertical and hori-
zontal harassment. Vertical harassment is expressed by per-
sons of the higher rank of the hierarchy towards a person of
a lower rank. In the vertical harassment there are two other
cases: the rising harassment, where harassment exists from
lower rank employees to a senior employee and the case of
«bossing», where the role of the aggressor is the administra-
tion of the Agency or a head [5]. The last one is the most dif-
ficult form of harassment, because it’s difficult for a colleague
of the victim to defend the victim against the boss [1]. The
second form of harassment refers to horizontal harassment
involving employees of the same rank. These forms of work
harassment range from simple comments behind the per-
son’s back to serious accusations and gradual isolation. Ac-
cording to Leymann (1990) [8] harassment aims to affect the
reputation of the victim, decrease the ability of the individual
to perform his/her tasks and interfere with communication
with colleagues and in a social context. Koonin and Green
(2007) [9] describe the following forms of harassment:

« Discomfort of the person while talking or working

«Verbal forms of sexual harassment

« Intense and offensive eye contact

« Unresponsive to calls and the individual messages

+Yells and insults

« Comments about the person behind his/her back

« «Punishment of silence» (silent treatment) (gradual

isolation of the individual).
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Consequences of workplace bullying: Mobbing seems to
affect the employee both psychologically and physically,
while serious bullying can even result in suicide cases. A sur-
vey by Leymann (1996) [10] argues that victims of bullying
are at increased risk of suicide because of constant anxiety,
while a more recent survey reinforces that view, adding that
the risk of suicide and suicidal ideation occurs mainly due to
depression of the victims. In 1976, Brodsky [11] as reported
by Einarsen (2000) [4], following a survey among American
employees suggested three categories of the consequenc-
es of bullying: In the first category, symptoms were mostly
physical, such as fatigue, weakness, chronic fatigue syndrome
and pains in different parts of the body. In the second cat-
egory, workers who accepted mobbing had symptoms of
depression, low self-esteem and low confidence. In the third
category, victims avoided social contact, and demonstrated
nervousness, irritability, memory problems and victimiza-
tion. Generally, the most common symptoms that mobbing
can lead to are depression, aggression, reduced resistance to
stress and, in some cases, various forms of mania [1,9].

Moreover, feelings of guilt, inferiority, helplessness and frus-
tration, as well as the lack of attention and concentration are
often expressed. In severe cases of harassment there is the
possibility of post-traumatic stress disorder (PTSD), a disorder
that occurs after exposure of the individual to a traumatic
event. Beyond the psychological impact, mobbing, due to
the intense stress experienced by the individual, may lead to
«functional disorders». Examples of such disorders include
migraine headaches, difficulties in sleeping, myalgias and
musculoskeletal problems [1], while other problems that can
occur are gastrointestinal disorders, chest pains and tachy-
cardia [9]. These symptoms may be identified in an individ-
ual who is constantly under pressure and stress, and who is
unable to feel security and draw satisfaction from his work-
ing environment. If mobbing continues, the intensity of the
symptoms may take such a form that it is necessary for the
person to seek psychological or medical support [1].
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Certainly, the intensity of these symptoms depends on the
characteristics of the individual and how he/she has learned to
react to difficult and stressful situations, thus, for some people
the symptoms may be less severe [4,12] suggest separate stag-
es of mobbing according to the impact on the individual. In the
first stage the victim remains in the workplace or manages to
escape harassment before it escalates. In the second stage the
victim is unable to withstand the pressure and may suddenly
leave the workplace. At this stage temporary mental or phys-
ical difficulties and a struggle to get back to work may be ex-
perienced. In the third and final stage, where the experience of
harassment has escalated, the person can no longer work and
has serious difficulties for a long period of time.

Depression and suicidality as consequences of
workplace bullying

According to Namie and Namie (2000) [13] the effects of
workplace bullying not only alters the self esteem and confi-
dence of the victim, but also causes anxiety, depression, head-
aches, insomnia and low concentration. Mobbing is encoun-
tered as a source of stress which activates symptoms such as
anxiety and depression, which can lead to major depression
and suicidal ideation. «Suicidal ideation» refers to thoughts
related to a possible suicidal behavior, ranging from vague
thoughts of death sometime in the future to an attempted
suicide plan [14]. The plan can be comprehensive and include
the place, time and manner of suicide. The suicidal ideation
may be chronic and persistent, especially when there is se-
vere psychopathology or may be transient, the onset of it be-
ing associated with unpleasant life events [15]. Suicidal ide-
ation can sometimes result in suicide or attempted suicide.

According to the World Health Organization (WHO) a suicide
attempt is defined as the «act without fatal outcome, in which
the person presents an unusual behavior without the interven-
tion of others, which causes self-harm or is characterized by tak-
ing medication at a much greater than the therapeutic dose, in
order to achieve changes that the individual wants through the
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actual or expected physical effects» (Platt et al., 1992, as cited to
Malogiannis, 2008) [14]. Suicide attempts differ according to
the existence of a plan and the intention of death. The exist-
ence of the plan may be pre-planned or impulsive, while the
intention of death indicator is the method used and the de-
gree of injury caused by the attempt [15]. Usually the path to
suicide begins with occasional suicidal ideation, which then
becomes repetitive and may comprise specific patterns of su-
icidal behavior. The suicidal behavior is characterized by one
or repeated attempts of suicide whose severity is evaluated
by the method of the attempt and the severity of the induced
injuries [14] that follows.

As mentioned above, workplace harassment seems to affect
the employee psychologically and physically, while serious
bullying can even result in suicide cases. In a survey by Ein-
arsen, Raknes and Matthiesen (1994) [16] it was revealed that
40% of mobbing victims had suicidal thoughts, whilst Ley-
mann (1996) [10] argues that bullying victims are at increased
risk of suicide due to constant anxiety. A more recent survey
reinforces that view, adding that the risk of suicide and sui-
cidal ideation occurs mainly due to depression of the victims.
Muller (2000) [17] reports that in France several documented
cases of suicide were related to bullying, whilst Roland (2002)
[18] refers to a study conducted in Sweden and Italy, which
showed that harassment experiences in the workplace have
sometimes been interwoven with suicidal thoughts. A sur-
vey by Soares (2002) [19] found that 45.5% of persons that
experienced harassment were severely depressed and were
in need of medical assistance, while 37% of those who had
experienced mobbing in the past were depressed.

Indeed, 40% of these workers expressed suicidal thoughts.
The findings of this research are similar to the findings of Dav-
endort et al (1999) [12], wherein it was identified that once
the employee has left the workplace they may exhibit psycho-
logical consequences. Niedhammer et al (2006) [20] integrate
mobbing with the important factors of depressive symptoms
in men and women. Pompili et al (2008) [21] reported that
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bullying increases the suicide risk in both men and women,
adding that it is not necessary to have a previous psychiatric
history, while Ortega et al [22] identify a positive relationship
between mobbing and health problems including depressive
symptoms. Two epidemiological studies are identified regard-
ing the event of major depressive episodes and their connec-
tion to working intimidation. According to Kivimaki et al (2003)
[23] harassment was identified as a trigger for depression
events in Finnish hospital workers, while a study by Rugulies et
al. (2012) [24] also revealed an associated between the onset of
major depressive episodes and workplace bullying.

Depression: Effect or cause?

Sometimes, depressive symptoms and suicidal ideation are
part of the effects of mobbing. Indeed, research by Kivimaki et
al (2003) [23], shows that psychiatric problems may emerge as
a consequence of bullying in people without previous psychi-
atric history and stressed the potential existence of neuroticism
resulting in increased sensitivity in dealing with various events.
On the other hand, Kivimaki et al (2003) [23] raise the question
as to whether the characteristics of individuals experiencing a
mental disorder, or who have a greater vulnerability to stressful
events are more likely to be bullied. Thus suffering from a psy-
chiatric illness that limits a person’s functionality, may render
them more likely as bullying targets, however, sometimes the
suspicion may be the result of a disorder leading the sufferer to
perceive the behavior of others as hostile.

Within this perspective, depression is likely to be a prognos-
tic factor for workplace bullying. This view reinforces and sup-
ports the findings by Lewis (2006) [25] in that stress, depres-
sion or posttraumatic stress disorder rather than the effects
of work bullying may be representative of the causes, due to
the existence of stigma towards mental illness. In terms of
post-traumatic stress disorder, the views of Lewis contradict
those of Leymann, who argues that the psychological con-
sequences of mobbing can not only lead to post-traumatic
stress disorder, but are absolutely comparable with symp-
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toms of posttraumatic disorder that people suffer after war or
confinement in jail.

In addition, research with the Minnesota Multiphasic Person-
ality Inventory (MMPI-2) showed that victims presented high-
er scores on scales related to «neurotic triad», the hypochon-
driasis, depression and hysteria. The victims had higher levels
of anxiety, neuroticism and were less extrovert and cheerful
than other workers. However, the findings of the same survey
show that in some cases the victims were more emotionally
unstable and less contentedly before the harassment. Emo-
tional instability may be associated with such stress and may
lead to lack of self-confidence and reduced social skills, thus
the individual is more vulnerable to such phenomena. Re-
search by Gonzalez-de-Rivera and Rodriguez-Abuin (2006)
[26] revealed that although bullying can contribute to the
development of severe psychopathology, especially with re-
gard to anxiety and depression, a question arises as to wheth-
er this finding is conclusive, as high grades on paranoia and
hostility may indicate an existing tendency of individuals to
react in an excessive manner to environmental stimuli. Apart
from this, the high sensitivity of the psychometric tool on the
increase of the paranoia scale may have the effect of exagger-
ated emotions that do not correspond entirely to reality.

Also, victims are likely to be occupied so much with what is
happening to them that they find it difficult to function effec-
tively. An interesting study of Tracy et al (2006) [27] showed
how victims of bullying used metaphors to describe what
they experienced. According to the findings they saw thisas a
threatening and dangerous game where the perpetrator sets
all rules or a war. Others saw it as an uncontrolled nightmare
where things happen, that subsequently the perpetrator re-
fuses. For example, things disappear from the victim’s room or
the victim is a scapegoat and accept the anger and the insults
of the victimizer. Indeed, the phenomenon starts so slowly
that it is difficult to realize.

Concerning how they saw themselves in terms of bullying,
they responded that they felt like slaves, animals or prisoners.
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These answers suggest a sense of deadlock and a disconnec-
tion not only from their work, but from life also. This makes
them feel lonely and empty. Others said they saw themselves
as children from an abusive family. They had feelings of de-
pression, sadness and anger. It is impressive to research how
the metaphorical word used to describe unbearable feelings,
and that their responses indicate the duration, intensity and
consequences that covers everyday life.

It appears from the literature that depression and, in many
cases, suicide is one of the main consequences of workplace
bullying. A recent survey by Galletta et al (2014) [28] confirms
that mobbing is a source of intense anxiety that can lead a per-
son to a psychopathological suffering. Moreover, remaining in
a hostile environment may be conducive to the development
of psychopathology and the occurrence of depression [26]. It's
easy to be assumed that the effects and especially the depres-
sive symptomatology are strengthened by the reaction of the
colleagues. In workplaces suffering from bullying phenomena,
colleagues tend to move away from the victim and their reac-
tions are similar to those that would have been if the victim had
died. Besides, several times the victim feels like dead or wishes
to die, feeling invisible and abandoned.

The high psychological demands, decreased sense of control
at work, reduced social support and the imbalance between
effort and reward seem to set the ground for the emergence
of depressive symptoms. The labor force and intimidation as
seen above can have dire health consequences on the work-
er. Because of workplace harassment the victim beyond the
efford to avoid giving rights to negative reviews as abusers
refuse aggressive behavior on their part, it is essential to look
for evidence of what is happening so as to prove that what
he/she claims is not the product of his/her imagination. The
next stage is to identify someone in the workplace who can
confirm what is happening. This step has a double meaning
in order the victim to maintain his self-esteem and not to be
implicated and thus a supportive framework would help, es-
pecially if the person is someone who could intervene and
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change the situation, for example the Director or the Head of
Human Resources.

Outside the workplace the person can possibly seek support
from family and friends and sometimes from a mental health
specialist. Apart from what the person can do for his/her self,
treatment and prevention of the phenomenon from the part
of the Organization is important, the main issue being to inte-
grate policy on bullying to organizations and employers to en-
sure the prevention of bullying, assess the risk of such incidents
and take appropriate action. Certainly, to do this it's important
for the boss/employer not to turn their leadership to a tyranny
and to be willing to listen their employees, even if this means
limiting their “ego”current limiting in some time [9].

In Greece, surveys and literature with regard to occupa-
tional violence and intimidation are limited. But this is not
because the phenomenon doesn't exist. Instead, the image
of our country is not much different from that of other coun-
tries [29]. Bullying exists in Greek organisations, especially
nowadays where the elasticity of labor increases, the working
schedules are reduced and generally there is no security and
stability in the workplace, thus more than ever the conditions
that may manifest harassment are in existence.

As mentioned above, the reduction of wages, and depri-
vation of money for further education also represent forms
of indirect bullying. Employers are called to select the right
worker through numerous candidates, while workers are
called several times to settle on any remuneration and work-
ing conditions in order to ensure a living. Certainly, this is
not always easy and feasible as exemplified by the case of
France-Telecom where compulsory movements of thousands
of workers to other areas and to other jobs, the retraining of
workers, the introduction of a customer-oriented logic, the
management by stress resulted to 60 suicides from 2008 to
2011 [29]. Further research regarding the phenomenon of
bullying is needed to investigate the causes, but mainly to
find ways to address and raise awareness among both em-
ployees and employers.
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The intriguing role of the Gut Microbiome in the etiology and
pathogenesis of Neuropsychiatric Disorders

Iraklis Lefas

Abstract

Humans live in a symbiotic, evolutionarily endorsed, relationship with the plethora of microbes residing within them,
but not until very recently we came to understand that our microbes are more than simply bystanders co-existing with
us. They have established a communication, an inter-kingdom connection, with the host’s cells, which is responsible for
many physiological aspects concerning human health. The gut microbiome, by its very definition, represents the collec-
tive genome material of all microbes inhabiting our intestines, and holds tremendous capacities, for it is able to affect the
host in terms of health and disease. It’s intriguing the fact that the gut microbes are engaged not only in local events, but
may influence remote tissues and organs as well. Via the gut-brain axis, a multichannel system of pathways connecting
the two organs, microbes can affect mood, behavior and cognition and become implicated in the pathogenesis of many
neuropsychological disorders. They are able to impact brain function in a variety of ways, however, their true potential
lies in their ability to regulate the neural development, a delicate process whose defects can lead to long-term mental
health outcomes later in life. In this article, we will review the contribution of the gut microbes in the process of neu-
rodevelopment and attempt to shed light on the etiology of many neuropsychological disorders from the perspective
of gut dysbiotic states. Unraveling the mystery behind the true meaning of symbiosis with microbes may provide novel
therapeutic strategies against neuro-psychological disorders.
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Introduction

For millions of years the human body was inhabited by a group
of little creatures, which afterwards were named microbes. Once
we learned of their existence we started to observe and study
them. We found them living and thriving in every possible en-
vironment, even within us. We related them with diseases and
started fighting them to extinction. In time, we discovered a con-
nection, a prosperous symbiotic relationship between some of
them and us. We came to understand that the human being isn't
a solely organism, but a living ecosystem with a ratio of indige-
nous cells to microbes 1:1 to 1:10 "2 We have yet to unravel the
precise nature of this symbiotic relationship, for this is a topic of
research that is still in its infancy.

The Gut Microbiome (Gut microbiota, formerly called gut flora),
a vast ecosystem of bacteria, archaea, protozoa, parasites, fungi
and viruses thrives within our intestines’. It carries an important
role on the homeostatic regulation of the human body, on im-
mune maturation and metabolic function '3. The vast variety of
its activities, the interaction and communication between the
microbes and the human body cells, and the apparent impor-
tance of the microbiome on human health and development
have led to its description as "a forgotten organ”'“.

The last years, its role has been implicated in the pathogenesis of
various diseases, gastrointestinal and systemic '**57_ In this article,
we will study its peculiar part on development and function of the
CNS, focusing on the data which correlates the microbiome with
the pathogenesis of neuropsychological disorders. It's unfamiliar
the fact that many forms of neuro-immune and neuro-psychiatric
diseases are now being related with gut dysbiotic states (disrup-
tion of a balanced composition of the gut microbiome), the mi-
crobes’ detrimental activities and gut-derived metabolites.

How microbes talk to the brain: The Gut-Brain Axis

The Gut-Brain axis is a concept of connection between the two
major systems, the gut and the brain. It consists of a range of mul-
tichannel pathways that integrate and transmit the brain signals
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to the intestines and vice versa & The brain, as the prime neural
organ, controls the gastrointestinal functions (e.g. motility, muscu-
lar tension, visceral sensitivity, local immune cell activity, hormonal
production, nutrient absortion) and therefore shapes the luminal
microenvironment affecting bacterial establishment and growth.
Although it was believed for many years that the communication
between the gut and the brain was one way (top-down, from
brain to intestines), nowadays this axis is found to be bidirectional
!, mediating the fundamental functions of these two peculiar sys-
tems 2'°. There have been described several paths that convey the
intestinal signals centrally. Each and every of these paths comprise
what we described before as “the Gut-Brain axis”

Neural Avenue

Vagus nerve, the widest distributing nerve in the body, consist-
ing of afferent and efferent neurons, is a vital part of the MGB
axis. It collects all the information from intestinal events and cre-
ates signals to be transmitted through four consecutive neurons
cephalically "', Afferent projections are spread into higher brain
centers such as brainstem nuclei, the thalamus, the basal ganglia
and the cortex """ In this way, gut microbiota can induce chang-
es on brain function across the vagus nerve. Compatible with
this notion are the experiments done in vagotomized mice, in
which probiotic treatment didn't manage to change behavioral
traits, although it has been previously reported to be effective
1213 Moreover, the sickness behavior followed by pharmaceuti-
cal induced colitis in mice was substantially attenuated following
vagotomy ™. Spinal sympathetic neurons are also conducting
information from the gut to the brain through the spinal cord
19, A well documented route is the activation of GPR41 (a recep-
tor found in sympathetic ganglia) by microbial products, which
transmits the luminal signals centrally.

Neuroendocrine Route

Enteroendocrine cells (EECs), specialized cells of the gastro-
intestinal tract, secrete neurotransmitters and other signal-
ing peptides (i.e. serotonin, CCK, GLP-1, PYY) in response to
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changes on luminal contents, acting as transducers for the en-
docrine-CNS route '*'7. Receptors of these peptides are found
locally, on the afferent endings of the vagus nerve, but also
centrally, where they are involved in behavioral responses .
Bacteria may produce metabolites that act as paracrine signals
that influence host’s cells behavior and function. C1pB protein,
for example, produced by commensal microbes, can stimulate
the release of PYY and GLP-1 from the EECs ™.

Microbial fermentation products may act as signaling mol-
ecules with great significance on gut-brain interaction. Short
Chain Fatty Acids (SCFAs), the most studied metabolic prod-
ucts, originate from fibers and undigested carbohydrates 6. It
has been shown to act as modulators on intestinal hormone
production and as immune regulators, with many luminal and
systemic interactions . They can cross the BBB, regulate micro-
glia homoeostasis ® and have been implicated in brain devel-
opment and pathogenesis of autism 8. Locally, SCFAs regulate
the production of gut peptides from enteroendocrine cells &,
and the synthesis of gut-derived serotonin from enterochro-
maffin cells, activating afferent nerve endings to signal to the
CNS 82, Experiments done in animal with neurodegenerative
disorders have shown a profound increase in cognitive func-
tion related to the production of SCFAs?,

Immune Pathways

The enterocytes, the immune cells and the neurons express
in their surface PRRs (Pattern Recognition Receptors) which
interact with bacteria molecules or products '?. TLRs, a class
of PRRs, are an integral part of the local innate immune sys-
tem. Activation of these receptors triggers a pro-inflammatory
cytokine release (lI-1, 1I-6) which spreads locally and systemi-
cally via the bloodstream, reaching the brain, to activate the
Hypothalamic—Pituitary—Adrenal (HPA) axis 6. Cytokines may
also signal to the brain indirectly, via the vagus nerve 24, Local
immune activation and cytokine production against microbial
antigens or products leads to a stress response that stimulates
the HPA axis which, in turn, induces hormonal changes in the
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blood '. An immune-endocrine activation affect cognition and
behavior, mimicking the effects of bacterial infection *?. LPS
production, for instance, by certain types of bacteria is respon-
sible for activation of the immune-endocrine-nervous system
and the HPA axis. On the other hand, gut colonization with
helpful bacteria can reduce an exaggerated HPA response %.

Microbial Products (Neurotransmitters, Neuromodulators)

Microorganisms’ metabolism can also result in neurophysio-
logical changes with the production of chemical substances
that act locally or systemically °. Microbiota-derived metabo-
lites are critical intermediaries for microbiota-gut-CNS signa-
ling. Neuropeptides are multilateral molecules and serve as
messengers in many systems (endocrine, nervous, immune)
% The gut microbiota can produce and emit an array of neu-
rotransmitters, such as GABA, catecholamines, histamine,
norepinephrine, 5-HT, butyric acid and dopamine %, These
molecules are engaged in paracrine communication with the
nerves, immune cells and enteroendocrine cells (influencing
the hormone production of the former) and also endocrine
signaling, reaching distant tissues such as the brain, and fur-
ther impacting on central centers®®.The physiology of the
MGB axis allows a bidirectional communication between the
brain and the gut so that both gastrointestinal and psycho-
pathological entities could be both origin and consequence
of one another. Both of the systems are mutually affected and
depending on the other. This hypothesis is verified indirectly
from the observation of the high co-morbidity between psy-
chiatric and gastrointestinal diseases. Many patients suffering
from gastrointestinal disorders experience mood and behav-
ioral changes, whilst a lot of patients with psychiatric diseases
suffer from gastrointestinal symptoms 3°3'. Due to this entan-
gled relationship, the gut-brain axis forms a mean for the gut
microbiota to speak indirectly to the brain. In dysbiotic states,
where the composition or metabolic function of the indige-
nous bacteria is shifted against the benefit of the host, psychi-
atric and neurodevelopmental illnesses may occur 83233,
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How the Microbes Influence the Brain Development

Neural development commences early in embryonic life
and extends from the prenatal period to post adolescence 3*,
with the brain remodeling continuing into the third decade of
life . It involves the contribution of genetic and a long list of
environmental factors 3. The process of neurodevelopment is
dynamic and spans for years which makes it vulnerable to ex-
ternal perturbations and thus susceptible for alteration®. This
crucial period of neurodevelopment progresses concurrently
with the establishment and growth of the gut microbiome, a
vital process which guides the maturation and training of the
immune system 3¢, the development of the neuroendocrine
system & and the regulation of many physiological functions,
regional or distal. Studies suggest that there is a crucial link
between gut microbiome and CNS maturation under phys-
iological state 8. Disturbance of the gut microbiome ear-
ly in life has the potential to disrupt the delicate process of
neurodevelopment and can contribute to long-term mental
health outcomes later in life 8343637,

Neuronal development may be modulated by the partic-
ipation of the neuro-endocrino-immunological system 3
with main representative the circulating levels of hormones
and cytokines. In a review of GB Rogers et al8, it is mentioned
that a pro-inflammatory maternal state may contribute to ab-
errant fetal development. During pregnancy, increased lev-
els of circulating cytokines are known to negatively impact
fetal neural development affecting the gene expression of
fetal brain cells *. This kind of disturbance may come from
the disruption of the immuno-regulatory role of the mater-
nal gut microbiome 2. Maternal gut dysbiosis can generate an
inflammatory environment that also influences blood brain
barrier (BBB) formation and function which in turn exposes
the microenvironment of microglia and neurons to the blood
stream components®. Embryos of GF mice develop a deregu-
lated BBB with reduced expression of tight junction proteins,
which is shown to be significantly compromised 8%.

The activation of the maternal hypothalamic-pituitary-ad-
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renal axis may change the normal neurodevelopmetal trajec-
tories and it is linked with fetal neurological defects. As GB
Rogers et al.8 reviewed, any stress factor can activate the HPA
axis and contribute to a broad spectrum of neurodevelop-
mental abnormalities 8%°. How the maternal HPA hyperacti-
vation impacts the fetal development remains poorly under-
stood, but it is believed that the maternal blood cortisol can
traverse the placenta and influence the gene expression of
the brain cells 84'. The effects of prenatal stress on offspring
can be mimicked to a limited degree by giving pregnant ani-
mals a synthetic glucocorticoid hormone 8.

Bacteria composition is associated with neuronal connectiv-
ity development and thus the quality of neuronal circuitries
during pre- and postnatal life. In the review of Rogers et al .8 is
cited that the process of neurodevelopment in utero depends
on serotonin which controls the neuronal cell mitosis, differ-
entiation and synaptogenesis. Proper neuronal morphogen-
esis requires quantities of 5-HT an embryo can't afford, and
thus depends more on maternal plasma serotonin than its
own*2, The maternal microbiome can regulate the 5-HT bio-
synthesis by enterochromaffin cells in the gut and therefore
affect fetal neurodevelopment by influencing the level of cir-
culating serotonin®,

Gut microbiota, in the postnatal period of life, mediate the
epigenetic regulation of brain molecules involved in the neu-
ral development, such as neurotrophic factors (BDNF being
the most studied of them) #, This is a result of microbiota -
host chemical communication via the gut-brain or HPA axis
where bacterial bioactive metabolites (SCFAs, neurotransmit-
ters) and signaling molecules (peptides, endotoxins) make
possible this interaction. Germ free (GF) mice (sterile ani-
mals which are born and raised within germ free isolators) are
a helpful tool for investigating the gut-brain correlation. Stud-
ies have shown that the absence of gut microbiota from birth
has an impact on neural development and behavior 8634, GF
mice are described with an excessive HPA response when ex-
posed to mild stress, with elevated plasma ACTH and cortisol
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hormone compared to normal mice 8%, They also have neu-
roanatomical changes in brain areas such as amygdala and
hippocampus #*, with reduced levels of BDNF, NMDA receptor
and c-fos in the hippocampus and cortex %, The expression
of BDNF, the 2A subtype of NMDA and 5-HT1a receptors in
the cortex and hippocampus are microbiota regulated?*.
GF mice are presented with altered gene expression of mye-
lin structural proteins in the prefrontal cortex, a brain region
which has been implicated in cognitive behavior, personality
expression and social behavior®. Specifically, it has been no-
ticed, an increase in myelin production leading to hypermy-
elination of the prefrontal cortex, a process which is expected
to occur later in life. These neuroanatomical changes could
be correlated with the pathogenesis of emotional disorders®.

Commensal microbes are required for programming and
displaying normal social behavior, and are essential for the
development of memory, repetitive behaviors and pain sig-
naling from the body *°*'. A dysbiotic state, with abnormal
microbiota composition early in life, can result in abnormal
mental development and behavior disorders which are not
corrected when later microbial exposure occurs. There seems
to be a maturation time window, on which exposure to mi-
croorganisms is necessary for proper CNS development, but
after that, the changes in the newly formed brain remain per-
manent 22, The association between the gut micobiota and
neurodevelopment is strong. The precise nature of this rela-
tionship has yet to be unraveled mostly due to the difficulties
of determining the multiple and unclear pathways that com-
bine these systems together.

Manipulating host’s brain function and behavior: An
introduction to the neuropsychological disorders

Many studies experimented on GF mice or conventional-
ly raised mice have shed light to the pathophysiological role
of the gut microbiome in human brain neuropsychological
diseases. GF mice receiving gut microbiome transplant from
patients with depression exhibit more depression-like behav-
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iors, in comparison with the control group of mice which were
colonized with microbes from healthy donors®. In another
experiment, the transplantation of gut microbes from a high
anxiety mouse to a germ free one with low anxiety led to in-
creased anxiety behavior in the recipient. The same experiment
done in reverse showed matching results **. Some behavioral
features seem to be transmissible via the gut microbes, and
thus, the idea of brain manipulation by the gut flora appears to
confirm itself. The pathways of communication remain unclear
to a certain extent. The gut-brain axis plays a significant role
in mediating the intestinal events and the neurochemical al-
teration centrally. There have been described several paths in-
volved in this axis (for reference see chapter 2: "How microbes
talk to the brain: The Gut-Brain Axis”).Since the indigenous gut
bacteria have a strong communication with the brain via the
MGB axis %1%, a disruption of the physiology of gut bacteria
could be linked to the pathophysiology of psychopathologies.
Any stress factor that influences the microenvironment of the
gut microbes could also affect indirectly the cerebral develop-
ment and function &%,

Depressive syndrome

It is right to presume that the gut microbiome is one of the
many links between early environmental stress factors and
the risk of developing depression later in life 5. A disturbance
of the immuno-regulatory role of the gut microbiome has
been proposed to influence the developmental cues of the
brain. An immune-endocrine activation could affect the pro-
cess of neuronal configuration and function®** via changes at
the level of genetic expression of genes associated with brain
development %, It is now known, with the assistance of ani-
mal studies, that limbic system’s neurogenesis can be mod-
ified by indigenous gut microbiota3**¢. A chronic gastroin-
testinal inflammation, for example, is associated with altered
hippocampal neurogenesis ¥, with swifts in the expression of
neurotrophic factors, such a BDNF.

Stool samples from patients with depression show alterations
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in the proportion of indigenous bacteria in contrast to healthy
individuals. Notably, there has been recorded increased con-
centration of Bacteroidetes, Actinobacteria and Proteobacteria
(LPS-expressing)®® and low numbers of Lactobacillus species®.
It's interesting the fact that increased levels of IgA and IgM
against the LPS of Gram-negative bacteria are found in de-
pressed patients®®; markers that indicate bacteria translocation
into the bloodstream. Patients with depression have increased
volatile fatty acids such as isovaleric acid found in their stool.
These molecules are microbe-derived and can travel with the
bloodstream up to the brain, crossing the BBB, and affecting
neurotransmitter release®'. Whether these mechanisms are in-
volved in the pathogenesis of the depressive syndrome, or are
consequences of the neuro-immunological disarrangement
resulted by the depression, remains unclear.

Gut microbes are required for normal brain function. Al-
tering the microenvironment of our gut microbes with the
supplementation of probiotics (helpful bacteria) can lead to
changes in the bidirectional communication between the gut
and the brain and thus influencing the mood, cognition and
brain function. Probiotic consumption has been linked with
anti-depressant effects on animal and human models. Bacte-
rial species such as Lactobacillus and Bifidobacterium can al-
leviate depressive symptoms in maternal separation models
of rats®%. Chronic treatment with Lactobacillus rhamnosus in
mice can reduce stress-induced corticosterone levels, anxie-
ty and depressive behaviors'?. These effects where attributed
to altered GABA expression in the cortex, amygdlala and hip-
pocampus. In a recent functional magnetic resonance imag-
ing (fMRI) study with healthy individuals, after a 4-week con-
sumption of probiotics (Bifidobacterium and Lactobacillus)
the subjects displayed reduced neural activity in brain regions
that process emotion and sensation in response to emotion-
al attention tasks . Clinical data of probiotic consumption
provides a novel, potentially useful, therapeutic strategy for
neuropsychiatric conditions. However, more clinical trials are
required to truly determine their extent of efficacy in treating
neuropsychological disorders.
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Anxiety and Stress

Exposure to biological stressors or environmental stimuli can
trigger stress and anxiety responses, which involve the activa-
tion of the HPA axis®. Gut microbe’s metabolism may be impli-
cated in the pathogenesis of mood and emotional disorders.
Mice inoculated with Campylobacter jejuni show a decrease in
exploratory phenotype (anxiety’s sign) and activated brain sec-
tions implicated in anxious behavior %. Pathogens, such as C. je-
juni %4>, Citrobacter rodentium® and Trichuris muris®’ can induce
anxiety-like behavior via immunological and metabolic mech-
anisms (reviewed in 9. In contrast, beneficial bacteria in the
form of probiotics have shown to ameliorate anxiety and reduce
stress. Lactobacillus and Bifidobacterium consumption has been
associated with anxiolytic effects, normalizing anxiety pheno-
types in animal models'>¢*6” GF mice behave differently in com-
parison with normal mice. They show increase motor activity,
impaired cognition and demonstrate an exaggerated HPA stress
response’®. These behavioral traits are associated with altered ex-
pression of genes® leading to higher levels of neurotransmitters,
decreased BDNF expression and reduced synaptic long-term po-
tentiation®. Colonization by Bifidobacterium species can atten-
uate the exaggerated HPA stress response, with only condition
the early life exposure for the inhibition to occur®.

Schizophrenia

Schizophrenia is a complex mental disorder characterized
by abnormal social behavior and failure to understand reali-
ty®8. Schizophrenia is oftenly coexisting with gastrointestinal
symptoms or disorders®’, however, whether this results from
a deregulated brain-to-gut communication or is microbio-
ta-derived remains unknown’®. Even so, the correlation be-
tween gut dysbiosis and the pathogenesis of schizophrenia is
well documented?367071.7273,

The causes of the disease include environmental and genet-
ic factors. The genetic risk of schizophrenia relies upon genes
that are involved in immune function’®”'. This condition corre-
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lates with the clinical observation of upregulated inflammatory
state in schizophrenia patients®. Bacteria translocation markers
have been found in the blood of schizophrenic patients in sig-
nificant higher levels than normal people’?, while high cytokine
levels are related with the exaggeration of symptoms”. A breach
in the intestinal epithelial barrier is thought to allow bacteria and
their products to enter the bloodstream and cause an immune
response®. Through molecular imitation, this response may trig-
ger an attack upon host tissues, a fundamental process of auto-
immune pathogenesis®*, Schizophrenia patients bear a higher
probability of autoimmune disorders, and have autoimmune
antibodies against brain regions such as as the hippocampus,
amygdala, and frontal cortex®”*. They are also found with a high-
er proportion of Th17 cells, a condition resembling an immune
response emerging from gut dysbiosis”.

Commensal microbiota is required for programming and dis-
playing normal social behavior, and is essential for the develop-
ment of memory and behavior*®*'. The expression of BDNF, the
2A subtype of NMDA and 5-HT1a receptors in the cortex and
hippocampus are microbiota regulated®#’. These factors have
a significant role in brain development and function. Impaired
BDNF expression leads to cognitive dysfunction, while NMDA
antagonists mimic schizophrenia symptoms®. A dysbiotic state
early in life, could affect the normal neurodevelopmental trajec-
tory and lead to the genesis of psychiatric disorders, therefore
the importance of a healthy gut microbiome becomes apparent.

Autism Spectrum Disorder (ASD)

Autism spectrum disorder (ASD) is the name for a group of
developmental disorders characterized by impaired social inter-
action and communication. ASD includes a wide range, “a spec-
trum,” of symptoms, skills, and levels of disability’. It is believed
that the gut microbiota contributes, at least in part, in the patho-
genesis of ASD. Children with ASD usually have a different gut
microbiota profile when compared to same age healthy control
group®. As mentioned in the chapter of brain development, a
dysbiotic state may result in activation of the HPA axis and con-
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tributes as a risk factor for a broad range of neurodevelopmental
abnormalities®*. Children with ADHD, for instance, display an
abnormal HPA response”. Colonization by strains of neuro-
toxin-producing bacteria, such as Clostridia, has been for long
hypothesized as an etiology agent, at least in a subgroup of pa-
tients’®”® (reviewed by Wang et al.’). A great number of Clostrid-
ium species, such as Clostridium tetani, have been found in fecal
samples of autistic children.’®88" Microbes’ metabolic products
may are also engaged in the pathogenesis of ASD'. Oral use of
vancomycin can attenuate the symptoms of the disorder, while
the interruption of the treatment leads to relapse of the autistic
behavior®#2, In the same concept, oral treatment with probiotics
(Bacteroides fragillis) ameliorates the defects of the disorder®. Mi-
crobiota composition and the pathogenesis of ASD are connect-
ed through the gut brain axis. Microbes are able to influence the
synaptogenesis process, the production of neurotransmitters
and the gene expression in many brain structures®**. The main
pathways employed by the gut microbiota are neural, endocrine
and immune, as were seen in the Gut-Brain Axis section.

Eating Disorders

Eating disorders for long have been accepted as mental
ilinesses since the primary etiology of them seems to outset
from psychopathological misrepresentation of body image
and self acceptance 8. They are defined by abnormal eat-
ing habits that negatively affect a person’s physical or men-
tal health #. The cause of these disorders is not clear yet. Both
biological and environmental factors appear to play a role. In
the last decade, there has been a growing body of literature
that suggests a biological background in the etiology and
progression of these conditions #8687,

Millions of years ago, we permitted bacteria to live inside
us and in turn they helped with digestion, protection from
pathogens and production of useful molecules. They grow in
accordance with the food we eat; nevertheless different bac-
teria have distinct nutritional demands. From an evolutionary
point of view, bacteria that evolved ways of communicating
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with the host and enforce a feeding behavior which cultivates
this kind of bacteria would impose a significant selective
pressure, and thus thrive on this microbial-controlled envi-
ronment 8%, A positive feedback loop emerges, as the host
selects a specific dietary habit which nourish this kind of bac-
teria “*. This idea of bacteria controlling their host’s appetite
is revolutionary. It's distrusting the fact that bacteria acquired
such a capacity. However, they have had both the time and
the formidable adaptive mechanism needed to fulfill this task.

Taking into account the extent of functions of the gut-brain
axis and the influence of the diet on brain function, it is logical
to assume the gut bacteria as an intermediate link between
eating disorders and extreme feeding patterns %, Acting on
the gut-brain axis, gut bacteria could affect brain function
and alter the appetite control, thus considering as part of the
genesis of eating disorders *#, As the illness develops, abnor-
mal eating habits can further affect the microbiota’s ecosys-
tem which potentially feeds back to the brain function, even-
tually creating a positive loop which maintains the disorder “.

Studies have not been yet conducted on humans, but an-
imal models help investigate the influence of gut microbes
on host behavior. In the review of Lam YY et al. 4, the authors
cite a few plausible mechanisms. The first includes the con-
trol of gut bacteria over the production of appetite-regulat-
ing hormones. In the gut reside enteroendocrine cells which
produce hormones or peptides (such as cholecystokinin) in
response to various stimuli and release them into the blood-
stream for systemic effect, diffuse them as local messengers,
or transmit them to the enteric nervous system to activate
nervous responses ¥, These cells express Toll-like Receptors
which are activated by binding with bacterial products (li-
popolysaccharides - LPS and flagellin) causing the modifica-
tion of secretion of hormones that regulate hunger and sa-
tiety #*°. LPS can also enter to the bloodstream and disrupt
the physiological permeability of the BBB °', to augment the
effect of circulating hormones and cytokines on central ap-
petite systems. Other direct effect of LPS is the induction of
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an anorexic response by activating central pathways °'. Last-
ly, in a recent experiment, prebiotic food supplementation
in healthy subjects led to an increase in production of gut
hormones (PYY and GLP-1) and promoted the impression of
satiety, lowering hunger rates ®2. Changing the microenviron-
ment of the gut and the microbiota composition seems to
contribute to alterations in appetite sensation.

Another pivotal mechanism practiced by gut bacteria to ma-
nipulate host'’s food intake is by producing peptides that mimic
the role of the host’s appetite-regulating hormones. These pep-
tides can regulate food intake with two major ways (mentioned
in %). The first, and direct one, is by imitating the effect of the gen-
uine appetite hormone on its receptor, while the second one is
far more complex. The peptides produced by the gut microbio-
ta may trigger an immune response towards themselves (since
they are bacterial products) with the antibodies also cross-react-
ing with the host’s appetite hormones since they are molecular
analogues with these bacteria derived peptides . The latter
has actually been confirmed, as Fetissov et al. # presented a sub-
group of patients with Anorexia Nervosa and Bulimia Nervosa
that had autoantibodies against the a-MSH (melanocyte stim-
ulating hormone). The circulating level of these autoantibodies
was found to be related to the psychological features of these
diseases *. Similar with the concept of interference with appetite
central regulation, bacteria may also manipulate the dopaminer-
gic rewarding system of the brain, affecting the pleasure and the
desire for a specific dietary regimen .

Conclusion

Living in a microbe-free world is an unimaginable concept.
Bacteria appeared on Earth long before the first human ever
emerged. We evolved together and form a symbiotic relation-
ship. They accompany us from our birth until the time of our de-
parture. The microbes affect us in the most significant way, but
only the last few years we became aware of such influence. The
fact that they are involved in the process of neurodevelopment,
on brain function and the pathogenesis of many systemic dis-
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eases gives them substantial authority upon us. We need to learn
how to optimize this relationship and comprehend the mecha-
nisms promoting health or disease. Novel therapeutic strategies
(probiotics, microbiota transplantation, genetic engineer of in-
digenous microbes) may appear in the near future and replace
partially effective existing treatments. The most difficult attempt
is to unravel the mysteries behind this state of symbiosis. Explor-
ing the secrets of the microworld of our microbes may finally
give an answer to a significant argument that puzzles humanity
for a long time: “are we really us?”
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Abstract

Driving is a multimodal task that requires the integrity of executive functions in order to process simultaneously multiple
environmental cues, to predict the development of traffic situations, as well as to take rapid, accurate and safe decisions.
Memory plays an important role, among others, on route planning and traffic signs recognition. In addition, visuospatial
skills are crucial for vehicle’s road positioning along with the estimation of distances between vehicles, while attention
is necessary for the accurate perception of on-road changes. The role of Neuropsychology is of critical importance for
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Impairment and Alzheimer’s Dementia. Regarding the driving competence of drivers with Mild Cognitive Impairment, in
the majority of cases they are considered capable of driving. Although Alzheimer’s Dementia has a well-recognized and -
described negative effect on driving performance, there is a subgroup of mild Alzheimer’s Dementia patients who retain
satisfactory driving skills. Neuropsychological assessment needs to be harmonized across different teams and countries,
in order to provide a common and reliable tool in the holistic approach of cognitive impaired drivers.
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Introduction

Driving is a very important function for the elderly, as it is
closely related to their autonomy, their self-esteem and the
overall quality of life, while loss of driving privileges may have
a detrimental effect on their psychological health. Nowadays,
more and more elderly are active drivers and tend to retain
their driving privileges for longer periods of time, as compared
to the past (Eurostat, 2014) [1].

The effect of normal aging on driving ability has been thor-
oughly investigated. General health problems, vision difficul-
ties and cognitive impairment are all age-related parameters
associated with a decline in driving ability. However, the per-
centage of older drivers at high risk for an accident remains un-
clear. This arises from a lack of a systematic and unanimously
accepted methodology to evaluate these people’s both cogni-
tive and physical deficits.

As far as cognitive status is concerned, driving is a multimodal
task that requires the integrity of executive functions in order
to process simultaneously multiple environmental cues, to
predict the development of traffic situations, as well as to take
rapid, accurate and safe decisions. Memory plays an important
role, among others, on route planning and traffic signs recogni-
tion. In addition, visuospatial skills are crucial for vehicle’s road
positioning along with the estimation of distances between ve-
hicles, while attention is necessary for the accurate perception
of on-road changes [2]. Under this perspective, neurodegener-
ative diseases which cause cognitive impairment may have a
detrimental effect on driving ability [3].

Aim

The objective of this article is to present and discuss the cur-
rent knowledge about the driving behaviour of patients with
Alzheimer’s Dementia (AD) and Mild Cognitive Impairment (MCI)
and consequently their ability to drive. In addition, we present
a personalized approach when taking decisions about the driv-
ing fitness of patients belonging in the above mentioned clini-
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cal groups, emphasizing on the neuropsychological aspects of
this evaluation. This personalized approach is, by definition, in-
ter-disciplinary, as it requires the collaboration of neurologists,
neuropsychologists and transportation engineers.

Methods

AD: Patients with Alzheimer’s dementia are 2.5 to 4.7 times
more likely to get involved in a car accident than other non-de-
mented elderly drivers of similar age. However, around 50% of
AD patients continue to drive for at least three years after their
initial diagnosis [4], while a cross-sectional study of a memory
clinic conducted in northern Italy reported that 87% of patients
with dementia were still active drivers [5]. The fact that patients
with AD are more vulnerable to driving errors is well-established
in the literature and has been confirmed by our findings, too.

More specifically, as on-road driving tests have shown, they
make significantly more incorrect turns, get lost more often
and commit at-fault safety errors.

Findings from our driving simulator experiment indicate that
patients with mild AD adopt a different driving pattern (lower
average speed, longer average headway), have a longer reac-
tion time and, most importantly, have a (statistically significant)
higher probability of an accident, in comparison to healthy in-
dividuals of the same aging group [6]. We have also shown that
distraction while driving (in terms of mobile phone use) has
a clear detrimental effect on both reaction time and accident
probability among individuals with AD [7].

Nonetheless, not all patients with AD are incapable of driving, es-
pecially in the milder stages of the disease. Indicative is the study
of Brown et al. (2005) [8], which observed that 76% of a group of
mild AD patients were able to pass an on-road driving test.

Concerning the correlation of neuropsychological tests with
the ability to drive, data are rather ambiguous. Previous re-
search indicates that performance on tests measuring visu-
ospatial and attentional abilities, executive functioning and
possibly memory is associated with the ability to drive safely
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in patients with dementia. However, other studies have failed
to reproduce these results, highlighting though the impor-
tance of self-assessment along with evaluation of driving fit-
ness by patients’informants.

MCI: The fact that MCI affects not only memory (amnestic
MCI- aMCl), but also other cognitive domains (including ex-
ecutive functions, attention, visuospatial skills and multiple
domains- mdMCl) is well-established in the literature. Howev-
er, the effect of MCl on driving fitness still lacks a consensus,
as evidence is relatively sparse and equivocal. Although MCI
patients are at risk for presenting increased driving difficulties
and tend to modify their driving habits (reducing their driving
frequency and avoiding driving under difficult weather con-
ditions), overall their performance on on-road or on simula-
tor driving tests is not consistently worse than that of healthy
individuals of the same age [9]. Our findings are consistent
with the above described evidence; furthermore we have de-
scribed the detrimental impact of distraction (mobile phone
use) on both reaction time and accident probability among
MCI patients [10]. Very recently, Hird et al. (2017) [11] have
clearly shown that patients with md MCl seem to perform
worse in many important driving parameters, compared to
healthy controls, highlighting the significance of differentiat-
ing between different subtypes of MCl when evaluating driv-
ing competence.

Regarding neuropsychological tests that can predict driving
ability in the clinical group of MCI, current research is sparse.
Measures of mental flexibility, inhibitory control and visual at-
tention, appear to be associated with driving performance in
patients with MCl, but these issues need further investigation
[12].Itis worth to note that depressive symptoms -even in the
absence of clinical depression- have a clear negative effect on
driving skills, among individuals with MCI [13]. Interestingly
enough, measures of insomnia and sleepiness (as expressed
through Athens Insomnia Scale and Epworth Sleeping Scale,
respectively) seem to have a negative impact on various pa-
rameters of driving behaviour [14].
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Conclusions

Aim of this article was to present the current knowledge
about driving behaviour of patients with MCl and AD and to
discuss the correlation of neuropsychological evaluation with
driving performance.

Although AD has a well-recognized and -described negative
effect on driving performance, there is a subgroup of mild AD
patients who retain satisfactory driving skills. Hence, a diag-
nosis of AD should not be considered by itself as an adequate
criterion for loss of driving privileges. Instead, what appears to
be the best option is the adoption of a personalized and holis-
tic approach based on the analytical evaluation of each driver
with AD. In this direction, neurological and neuropsychologi-
cal indexes could and should be combined with driving per-
formance indexes (evaluated during actual or simulated road
tests), in order to make well documented recommendations
regarding these patients’ fitness to drive.

Regarding the driving competence of drivers with MCl, in the
majority of cases they are considered capable of driving. However,
when a thorough and inter-disciplinary evaluation is performed,
even small changes are detected: More specifically, MCI patients
have the tendency of making more driving errors than their
healthy counterparts, are vulnerable to on-road distraction and it
seems that a portion of them (especially those with md MCI) has
considerably increased driving difficulties, which may influence
their ability to drive. Therefore, analytical and periodical re-eval-
uation of driving ability on this clinical group is suggested to be
formally implemented, in order to detect small changes in driving
behavior and make proper regulations on time. We should take
into consideration that neuropsychiatric symptoms such as irri-
tability, aggressiveness or depressive symptomatology and sleep
abnormalities as well, may be present in up to 50% of the MCl pa-
tients and those features may have a detrimental effect on driving
ability. Thus, their early recognition and treatment is of great sig-
nificance, as it can elongate the continuation of driving privileges.

When evaluating driving competence of patients with neu-
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rodegenerative diseases (namely MCl and AD), it is very im-
portant for the patients and their relatives to participate in
the decision process and the overall planning about the ces-
sation of driving. The utility of this policy is double: not only
keeps a balance between personal/public safety and self-de-
termination, but also adds the extra aspect of self-evaluation
on the holistic approach of driving competence.

To conclude with, the role of Neuropsychology is of critical
importance for evaluating driving ability in the elderly, espe-
cially in the case of drivers with cognitive disorders, such as
MCI and AD. However, despite necessary, neuropsychological
evaluation is not sufficient alone to dictate decisions related
to the critical question “continue to drive or not?”. According
to our view, restriction or total loss of driving privileges can
be decided only by an inter-disciplinary team that integrates
the specialties of neurology, neuropsychology and transpor-
tation engineering. Such a team is able to perform analytical
evaluation and assess the whole spectrum of the information
provided. Towards this direction, neuropsychological assess-
ment needs to be harmonized across different teams and
countries, in order to provide a common and reliable tool in
the holistic approach of cognitive impaired drivers [15]. We
must not forget that periodic re-evaluations of patients’ fit-
ness to drive are necessary, in terms of a follow-up of the tem-
poral progression of the underlying disease.

The schematic representation of the proposed approach is illus-
trated in Figure 1. (Adapted from Papageorgiou et. al, 2016) [2]

Combdned use of neurslogical meurapsychalaghcal

and driving measures
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ABSTRACT

In this review the role of neuropsychology in the management of neurosurgical pathologies is highlighted. The main
neurosurgical disorders that a neuropsychologist can work with are head injuries, brain tumors, epilepsy, movement dis-
orders, hemorrhagic strokes, and idiopathic normal pressure hydrocephalus (iNPH). Neuropsychology plays a significant
role during the two main phases of the neurosurgical management: (a) the pre-operative assessment, i.e. the diagnosis
of the impact of a lesion on cognitive functions and (b) the post-operative or post-traumatic one, which will evaluate the
cognitive result of the injury or of the surgical treatment. In the challenging field of neuro-oncological surgery, a third
phase is added, namely the intraoperative one, where the neuropsychologist monitors patient’s brain function during
electrostimulation in order to avoid damage to the eloquent areas. All the above stress the role of neuropsychology in
neurosurgery and designate the need for neuropsychologists to be incorporated in the neurosurgical teams.
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INTRODUCTION

Although the role of neuropsychology is well established
in the diagnosis of neurological diseases, the contribution of
neuropsychologists in the management of the neurosurgical
diseases has been only recently recognised. In this review we
focus on the main neurosurgical disorders that a neuropsy-
chologist can face in a daily clinical basis and its role in their
management. Traumatic Brain Injury (TBI) is not included in
our review, since the role of neuropsychology in its diagnosis
and cognitive rehabilitation is well established.

NEUROPSYCHOLOGY AND EPILEPSY

In patients with epilepsy, neuropsychological assessments
are most frequently used to aid diagnosis, evaluate the cogni-
tive side effects of antiepileptic medications and monitor the
cognitive decline associated with some epileptic disorders.

In conjunction with Magnetic Resonance Imaging (MRI) and
other presurgical investigations, neuropsychological scores
are also used to assess the suitability of patients for epilepsy
surgery and can be used to predict post-operative outcome,
both in terms of cognitive change and seizure control.

In 2015, the International League Against Epilepsy (ILAE) Di-
agnostic Commission Neuropsychology Task Force published
guidelines concerning the minimum standards in the neu-
ropsychological assessment of patients with epilepsy.

Pre- and post-operative neuropsychological evalua-
tion in epilepsy

Neuropsychological assessment plays an important role in
the evaluation of the candidates for temporal lobe surgery.
Bilateral hippocampal excision is associated with profound
anterograde amnesia. Unilateral resections are traditionally
associated with material-specific memory dysfunction.

Post-operative deficits are dependent upon both the func-
tional adequacy of the tissue removed and the functional
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reserve of the remaining structures. Some plasticity and the
development of compensatory strategies post-operatively
may also influence the nature and extent of post-operative
neuropsychological deficits. Pre-operative neuropsychological
scores, in conjunction with MRI and other clinical data, can be
utilized to predict post- operative neuropsychological change.

The Intracarotid Amobarbital Procedure (Wada Test)

Traditionally the Intracarotid Amobarbital Procedure (IAP) or
Wada test has been used to ensure that the memory capaci-
ty of the contralateral temporal lobe is adequate to maintain
useful memory functions unilaterally prior to surgery and it is
an effective test for language lateralization.

The role of neuropsychologist during this procedure is (a)
the choice and the administration of behavioral stimuli whilst
the cerebral hemisphere is anesthetized, as well as (b) the in-
terpretation of patient’s performance.

Functional Magnetic Resonance Imaging (fMRI)

A number of fMRI paradigms have been developed to localize
language function in adults and children. fMRI paradigms have
been also recently used in order to examine memory function
in prospective temporal lobectomy patients. These techniques
have superseded the complex and invasive IAP procedure in
language lateralization. They are also combined with the tradi-
tional memory tests in order to provide lateralizing and prog-
nostic information for medial temporal epilepsy patients.

NEUROPSYCHOLOGY AND MOVEMENT
DISORDERS

The most common movement disorders treated by Neuro-
surgery are Parkinson’s disease (PD) and dystonia. The current
neurosurgical treatment of PD and dystonia is based on the
results of studies indicating that the reduction of excessive
neuronal activity in the internal segment of globus pallidus
(GPi) and subthalamic nucleus (STN) can result in a dramatic
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improvement in motor control.

The neuropsychologist plays an important role in the two
phases of the neurosurgical management: (a) the preoperative
screening and (b) the outcome evaluation. During the screening,
the differential diagnosis of dementia, the impact of depression
or other psychiatric conditions, and the influence of disease and
medication-induced symptoms on cognitive performance must
be evaluated. It is thought that this impact is proportional to the
risk of postoperative cognitive compromise.

Postoperatively, systematic evaluations elucidate the cognitive
costs or benefits of the neurosurgical procedure. The neuropsy-
chologist is then able to provide feedback and counselling to the
professional staff, the patient and the family. Neuropsycholo-
gists also study alteration of cognitive processing due to lesions
or stimulation, which, in tandem with functional imaging, shed
light on plasticity in cortical and subcortical processing.

NEUROPSYCHOLOGY AND HEMORRHAGIC
STROKE

Subarachnoid hemorrhage (SAH) involves bleeding into the
space between the pia and the arachnoid matter. Ninety-per-
cent of the cases with spontaneous SAH are due to ruptured
brain aneurysms. Other causes of SAH include arteriovenous
malformation (AVM), vascular inflammation and carotid ar-
tery dissection. Ruptures aneurysms are treated with either
surgical clipping or endovascular coiling, though the latter is
the preferred treatment due to its more favorable functional
outcomes.

The neuropsychologist can be valuable in regard to the ef-
fectiveness of the two main types of treatments mentioned
above. In a recent meta-analysis, neuropsychological func-
tioning in patients after coiling and clipping of the cerebral
aneurysms were compared. The coil-treated patients outper-
formed the clip-treated patients on executive function. In ad-
dition, all patients showed impairments when compared with
healthy controls. Conclusively, coiling of ruptured aneurysms
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may promote superior neuropsychological functioning under
certain circumstances. However, future studies needed to ex-
plore thoroughly the effect of different types of SAH interven-
tional treatment on neurocognition.

NEUROPSYCHOLOGY AND INPH

Idiopathic Normal Pressure Hydrocephalus (INPH) is a pro-
gressive neurologic disorder which typically presents after
the sixth decade of life. It is clinically characterized by distur-
bances in gait and balance, cognition and control of urina-
tion. The main radiological feature is ventriculomegaly in the
absence of extensive atrophy.

The predominant therapy for INPH is currently the surgi-
cal placement of a cerebrospinal fluid (CSF) shunt device.
While the benefits of this interventional treatment have been
shown to outweigh its risks, complications can arise.

Keeping with this, diagnosis of INPH should be as accurate
as possible. However, INPH diagnosis can be challenging.
Alzheimer’s dementia is not an uncommon comorbidity in
INPH patients; in parallel, a wide range of additional neuro-
logical conditions (e.g. Binswanger disease, frontotemporal
dementia, Lewy body dementia, PD and corticobasal syn-
drome) can resemble INPH symptomatology thus making
its diagnosis challenging. In this context neuropsychological
evaluation can significantly contribute to differential diagno-
sis and should be conducted on all patients referred with sus-
pected INPH.

The second phase where a neuropsychologist can play a
crucial role is the post-supplemental testing. At present sever-
al supplemental interventional tests are used for the diagnos-
tic workup of INPH patients and the prediction of a favourable
outcome following shunt placement. Thus, clinical improve-
ment, mainly in gait, following lumbar puncture (LP) tap test,
Lumbar Infusion Test (LIT) or External Lumbar Drainage test
(ELD) is associated with an increased likelihood of improve-
ment after shunt placement.
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An increasing number of studies indicate that neuropsy-
chological investigations can provide valuable information
on specific cognitive functions and their deficits in relation
to INPH during the diagnostic workup and/or following sup-
plemental tests. The cognitive impairment of INPH is typically
characterized by frontal lobe dysfunctions such as psychomo-
tor slowing (increased response latency), deficits in attention
and short-term memory and decreased fine motor speed and
accuracy. Improvement in frontal executive functions fol-
lowing the LP test is indicated by some studies and this can
support patients’ candidacy for shunt placement, when gait
assessment is difficult to be conducted.

The third phase where neuropsychological assessment is con-
sidered important is the post-shunt period. As mentioned above,
cognition is one of the three core elements affected in INPH;
thus, changes in cognitive status should be reported in order
to investigate treatment’s efficacy. Lastly, INPH patients should
followed-up in order to assess proper long-term shunt function.

NEUROPSYCHOLOGY AND BRAIN TUMORS

Brain tumor is one of the most challenging disorders for the
neurosurgeons as well as for the neuropsychologists. The role
of a neuropsychologist is mainly related to the effect that a
tumor and/or its treatment may have on neurocognition.

Although brain tumor localization and classification is pri-
marily performed by neuroimaging and biopsy of brain tissue,
these techniques do not provide information regarding the
functional impact of the tumor on cognition and behavior.

Both primary (benign or malignant) and metastatic brain tu-
mors can produce a range of global and/or domain specificim-
pairments in cognitive functions, with reports varying from 15
% to 90%, depending on the characteristics of the tumors stud-
ied, the patient demographics, and the treatments received.

The neuropsychological assessment should be part of the
standard assessment and management of individuals with
brain tumors in the following three stages:
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Evaluation prior to surgery

Assessment prior to surgical resection provides insight into
the functional impact of tumors and establishes a baseline
against which later functioning can be compared. Neuropsy-
chological testing can also identify functional disability that
is not diagnosed by imaging and/or neurologic exams, and
could not be predicted by tumor type or volume.

While rapidly progressing tumors may cause significant physical
and cognitive impairment due to increased intracranial pressure
and lesion momentum that outpaces brain plasticity, slowly grow-
ing tumors may allow the brain to adapt to the physical presence
of the tumor, although may affect the cognitive functions.

Evaluation during surgery - Awake craniotomy

Another role of neuropsychology in the assessment and
management of brain tumors, mainly gliomas, is the evalu-
ation of cognitive and sensorimotor functions during awake
craniotomy. There is a growing body of evidence that sug-
gests better outcomes, including longer progression-free
survival and superior seizure control, with greater extent of
resection (EOR) and decreased contrast-enhancing residual
tumor volume. However, in patients with tumors infiltrating
regions of ‘functional’ brain, the extent of resection may be
limited by the desire to preserve cognitive and motor func-
tions, and in the absence of clear parameters regarding the
location of these eloquent regions, the surgeon may be less
prone to perform an extensive resection.

Functional imaging techniques can identify the areas that
participate in language, motor, and sensory functions, where-
as electrocortical stimulation mapping of the neurocognitive
functions during awake craniotomy allows the specification of
sites that are essential for the preservation of these functions.

During the awake craniotomy, the neuropsychologist admin-
isters language and cognitive tasks, monitors for involuntary
movements or motor arrest in the mouth, face, and hands, and
directs the patient to notice any sensory symptoms as the sur-
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geon stimulates selected sites. Patient’s responses are reported
back to surgeon in ‘real time; and this allows the demarcation
of brain areas with an essential role in language, motor, and/
or sensory functions that should be preserved, from areas that
can be safely resected during tumor removal.

Assessment during and after adjuvant therapies

The treatments used to combat brains tumor can cause
damage to the healthy tissue. Screening of neurocognitive
functions with neuropsychological measures during and after
treatment with chemotherapy and radiation can provide infor-
mation that may be missed with a brief mental status exam.

Finally, serial neuropsychological testing can also reveal re-
growth of tumor weeks to months before there is radiograph-
ic evidence of tumor progression.

NEUROPSYCHOLOGY IN THE DEPARTMENT OF
NEUROSURGERY AT EVANGELISMOS HOSPITAL

The University Department of Neurosurgery at Evangelis-
mos Hospital in Athens is the first and the only one that pro-
vides advanced neuropsychological service.

The Neuropsychology Service was established in 2007 and
since then it has been providing clinical and research work
mainly in the fields of brain tumors, INPH, TBI, movement dis-
orders and epilepsy.

CONCLUSION

In this review we examine the role of neuropsychology in
neurosurgery. According to the literature, neuropsycholo-
gists can significantly contribute to the management of neu-
rosurgical disorders. By combining the advanced knowledge
of brain anatomy and functions, provided by neurosurgeons
and neuropsychologists respectively, we can have a better un-
derstanding of the human brain and aim in a more effective
treatment of patients suffering from neurosurgical disease.
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