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Abstract

Purpose: The aim of this study is to examine the
relationship between thyroid hormone levels and positive,
negative, general, and cognitive symptoms in euthyroid
patients with psychosis.

Materials and Methods: Thirty-three schizophrenia
patients were included in this cross-sectional study.
Sociodemographic and clinical data of the participants,
positive and negative symptoms assessment scale
(PANSS), general assessment of functionality scale (GAF),
and clinical global impression scale (CGI) scores were
recorded. The relationships between TSH, fI3, and fT4
levels and cognitive performances of patients which is
measured via a neurocognitive battery consisting of Trail
Making Test (TMT) A, TMT B, verbal fluency test (VFT),
digit span (DS), forward and backward, and Wisconsin
Card Sorting Test (WCST) were investigated.

Results: Significant correlations were found between T3
and WCST performances. fT3 was
significantly correlated with the number of categories
achieved in WCST (r=.508; p=0.003). A significant
correlation was found between T4 levels and TMT B (r=-
.376; p=0.031) and VFT (p=.355; p=0.043) performances.
In the linear regression model, it was found that £T3 levels
significantly predicted the number of categories achieved
in WCST (UB=1.680; p=0.029).

Conclusion: The results of our study suggested that fI3
has more significant effects, primarily on executive
functions, compared to T4.

Keywords:. cognitive dysfunction; schizophrenia, thyroid
hormones

levels levels

Oz

Amag: Bu ¢aligmamizda 6tiroid psikoz hastalarinda tiroid
hormon diizeyleri ile pozitif, negatif, genel ve biligsel
belirtiler arasindaki iliskiyi incelemeyi amacladik.

Gereg ve Yontem: Calismaya 33 sizofreni hastast dahil
edildi. Katthmeilarin sosyodemografik ve klinik verileri,
Pozitif ve Negatif Belirtileri Degerlendirme Olgegi
(PANSS), Tslevselligin Genel Degerlendirilmesi Olgegi
(IGD), Klinik Global Izlenim Olgegi (KGI) skorlart
kaydedildi. Iz siirme, Sézel Akicilik Testi, Tleri ve Geri Sayi
Menzili ile Wisconsin Kart Sayma Testinden (WKST)
olusan bir nérobilissel batarya uygulanan hastalarin bilissel
performanslarinin TSH, sT3 ve sT4 diizeyleri ile iliskisi
aragtirildr.

Bulgular: sT4 diizeyleri ile iz Stirme B (r=-,376; p=0,031)
ve Sézel Akicilik test (p=,355; p=0,043) performanslari
arasinda anlamli derecede iliski saptandi. Linear regresyon
modelinde sT3 diizeylerinin WKST- tamamlanan kategori
sayisint (UB=1.680; p=0.029) anlamli detecede yordadig:
saptandt..

Sonug: Calismamizin sonuglart sT3 tn 6zellikle ylrttici
islevler tzerinde sT4’e¢ kiyasla daha belirleyici etkileri
oldugunu disiindiirmistiir. leride yapilacak daha genis
katthml arastirmalar, bilissel belirtilerin tedavisinde tiroid
hormon replasmaninin etkinligini belirlemek agisindan
6nemli gérinmektedir.

Anahtar kelimeler: bilissel disfonksiyon, sizofreni, tiroid
hormonlart
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INTRODUCTION

Schizophrenia is a disease with positive, negative,
affective, and cognitive symptoms and causes chronic
disability. Studies show that cognitive symptoms are
present even before the onset of the disease and are
one of the essential causes of functional declinel?.
Cognitive symptoms are present in approximately
75% of patients, and even when positive symptoms
regress, cognitive symptoms usually remain
unchanged? On the other hand, the etiopathogenesis
of neurocognitive symptoms has not been fully
clarified, and studies aimed at understanding
neurohormonal mechanisms that may be associated
with cognitive symptoms remain up-to-date.

Thyroxine (T4) and trilodothyronine (T3) are
synthesized by the thyroid gland and are responsible
for the regulation of many biological actions. The
storage and transport form of thyroid hormone is
conjugated thyroxine, and the active ingredient is free
thyroxine (fT4). Total thyroxine consists of T4 and
fT4, and only 0.02% of the circulating hormone is
fT'4. T4 undergoes extra-thyroidal transformation to
T3, which is three to four times more active than T43.
Thyroid hormones play an essential role in the
differentiation and growth of the brain and,
therefore, in cognitive functions. They have genomic
effects on the brain and contribute to brain
development through their effects
polymerization, microfilament organization, and

on actin
neuronal migration*. In addition, thyroid hormones
ensure the maintenance of normal energy (glucose)
consuming processes, which are necessary for
essential brain functions such as neurotransmission
and memory®. Impairments in cognitive functions
such as attention, memory, language, visual
perception, and executive functions have been shown
in individuals with hypothyroidism. In addition, there
are studies showing that patients with mild or
subclinical hypothyroidism also have reversible
cognitive disorders®®. It has also been shown that
people with overt thyrotoxicosis have impaired
attention/concentration and executive functions®. In
addition, high and low TSH levels have also been
shown to be associated with poor cognitive function,
even in euthyroid individuals!?.

Although neurohormonal disorders play an essential
role in the pathophysiology of mental diseases, it is
challenging to conduct hormonal studies in which the
effect of drug use is excluded, especially in chronic
diseases such as schizophrenia, because patients who
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do not use drugs yet are usually in the early stages of
the disease and this makes it difficult to understand
the effect of the progressive disease process on the
hormonal system. Studies in patients with
schizophrenia have reported abnormalities in the
thyroid system, such as the decreased activity of the
hypothalamo-pituitary-thyroid axis, low T3 levels,
and increased thyroid autoantibodies!!. A recent
study showed that fT3 and fT4 levels are lower, and
TSH is higher in female patients and in the chronic
phase of the disease!?. Studies have examined the
relationship between thyroid hormones and cognitive
processes in various disease groups over the critical
role of thyroid dysfunction in neurodegenerative and
neurodevelopmental processes For example, there
are studies suggesting that the direct harmful effect
of thyroxine discharge on cholinergic neurons
increases the risk of Alzheimer's Disease, and thyroid
hormone replacement has been shown to improve
emotional and cognitive symptoms in patients!>14.
Studies on the relationship between neurocognitive
symptoms and the thyroid hormone system in
patients with schizophrenia are relatively limited. In a
study on early psychosis patients, higher fT4 levels
(but not TSH or thyroid antibodies) were associated
with better cognitive performance in attention/
vigilance and general cognition'>. In the 1-year
follow-up study of the same group, the highest and
lowest fT4 values were found to be associated with
decreased attention!¢. Another study in 93 patients
with schizophrenia showed that fI3 levels were
associated with better mini-mental test scores but not
with positive, negative, and general psychotic
symptoms!’. To our knowledge, there is no study
examining the relationship between  thyroid
hormones and neurocognitive and clinical symptoms
in euthyroid schizophrenic patients, based on this we
aimed to test the hypothesis that higher thyroid
hormone levels are associated with better
neurocognitive performance in patients with
schizophrenia, even if they are euthyroid. From this
point of view, in our study, we aimed to examine the
relationship between fI3, fI4, and TSH and
cognitive symptoms and clinical factors such as CGI,
GAF, and PANSS scores in patients with
schizophrenia.

MATERIALS AND METHODS

Participants

Thirty-three patients who were treated at the
Sancaktepe Community Mental Health Center for at
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least one year and met the schizophtenia criteria
according to DSM-5'® were included in this cross-
sectional study. 10 patients who met the inclusion and
exclusion criteria and accepted to participate in the
study but could not complete neuropsychological
tests, 5 patients who were found to have a history of
acute illness in the last 6 months after being included
in the study, and 6 patients whose thyroid hormone
levels were not within the reference range in blood
tests were excluded from the study. After obtaining
the consent of the patients, sociodemographic and
clinical data were recorded, global assessment of
functionality (GAF) and global clinical impression
(symptom severity) scales (CGI-SS) and Positive and
Negative Syndrome Scale (PANSS) were applied to
measure disease severity and functionality, and then a
detailed neurocognitive battery was applied, and
TSH, fI4 and fI3 levels were measured
simultaneously. All data collection and psychiatric
and neurocognitive tests of the patients were
performed by two senior psychiatrists in two sessions
and took at least 2 hours.

Ethics committee approval from SBU Erenkdy
Mental and Nervous Diseases Training and Research
Hospital was received for our study (date/number:
09.05.2022/25) and written informed consent was
obtained from all participants. Our study complies
with the Declaration of Helsinki®.

Inclusion criteria ere meeting DSM-5 criteria for
schizophrenia, age 18 to 50 years old, Being able to
read and write and no hospitalization nor signs of
acute illness in the last 6 months. Exclusion criteria
were presence of comorbid mental retardation or
pervasive  developmental disorder to prevent
confounding degenerative effect on neurocognitive
functionality, evidence of any active substance or
alcohol use, Electroconvulsive therapy (ECT) within
the last 1 year and severe head trauma within 6
months.

Data collection tools
Sociodemographic and clinical data form

It is a data collection form that includes age, gender,
education, employment status, comorbid psychiatric
or physical diseases, history of suicide attempt or
ECT, body mass index, family history of any
psychiatric disorder, alcohol, substance, or tobacco
use, and also the age of onset of the disease, the
duration of untreated psychosis and the number of
drugs used
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Positive and Negative Symptom Scale (PANSS):

The Positive and Negative Syndrome Scale (PANSS)
was used to measure the severity of symptoms in
patients with schizophtenia®. The reliability and
validity of the PANSS in the Turkish population were
tested in 1999, and Cronbach's alpha values were 0.71
for the general psychopathology subscale, 0.75 for
positive symptoms, and 0.77 for negative
symptoms?!. The scale includes seven items for
positive symptoms, seven for negative symptoms,
and 16 for general psychopathology. Each item is
scored between 1 and 7, and 4 different points are
calculated. These are positive, negative, general
psychopathology scores, and total PANSS scores.

Global Assessment of Functioning (GAF)

GAF was used to assess the severity and
improvement of patients' symptoms??. The GAF is a
100-point scale that measures a patient's overall
psychological, social, and occupational functioning,
with higher scores indicating higher levels of
functionality.

Clinical Global Impression-Symptom Severity
(CGI-SS)

CGI-SS scale was used to score the severity of the
disease?. It is a 7-point Likert-type scale (1: normal;
2: bordetline mentally ill; 3: mildly ill; 4: moderately
ill; 5: markedly ill, 6: severely ill; 7: extremely ill).

Trail Making Tests (TMT A-B)

Trail Making Test-A contains 25 circles numbered
from 1 to 25, and participants are asked to draw lines
to connect these numbers in ascending order. In the
Trail Making Test-B, circles contain both numbers
and letters. Participants are asked to connect the
circles using numbers and letters in ascending order?..
Participants are evaluated based on the time it takes
to complete the test. These tests measure processing
speed and working memory?®. The Turkish validity
and reliability study of the scale was performed by
Turkes et al? and Cronbach's alpha values were 0.87
for TMT A- time and 0.77 for TMT B- time.

Verbal Fluency Tests (VFT)

Participants are asked to count the maximum number
of animals in 60 seconds in categorical verbal fluency.
In phonemic fluency, the words starting with the
letters K, A, and S are required to be counted in 60
seconds, except for proper nouns, and in this process,
correct words, repetitions, and out-of-category words
are recorded in 15-second intervals?’. The Turkish
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validity and reliability study of the scale was
performed by Tuma¢ and Canbeyli?®. Cronbach’s
alpha values were calculated and found to be 0.90 for
phonemic fluency and 0.64 for semantic fluency tests.

Wisconsin Card Sorting Test (WCST)

The computer version of the WCST was used to
assess executive function and working memory. In
this test, the cards differ in color, number, and shape.
Participants ate expected to find the matching rule
based on the written feedback given as "true" or
"false." During the test, the rules are changed, and
participants are expected to discover the new rule.
Dependent variables are the number of correct
answers and sets completed. Scoring includes total
percentage  of (%),
perseverative responses (%), perseverative errors
(%), non-perseverative errors (%), conceptual level
responses (%), the total number of answers,
categories achieved, the number of attempts for
completing first category, failure to maintain the set
and learning to learn. Learning to learn is calculated

correct answers, crror

for participants who complete at least 3 categories.
Positive learning to learn score indicates that learning
ability increases as the categories are completed®.
The Turkish validity and reliability study of the scale
was performed by Karakas et al®. In this study, the
reliability of the measurements was determined as
0.84 Cronbach's Alpha coefficient.

Digit Span (DS) Tests

In the DS forward test, patients are asked to repeat a
sequence of numbers in the same way after the tester,
and the test measures short-term auditory recall. In
the DS Backward test, which measures working
memoty, patients are asked to repeat the numbers in
reverse order’!. The Turkish validity and reliability
study of the scale was performed by Karakas et al?
The Cronbach’s Alpha coefficient for this test was
found to be 0.69.

Statistical analysis

SPSS 22.0 was wused for statistical analyses.
Descriptive statistics were used to report the
minimum, maximum, mean, and standard deviation,
and the distribution of the variables was evaluated
with the Kolmogorov-Smirnov test. Descriptive
statistics of the data are given as mean and standard
deviation for those with normal distribution and as
median (min-max) for those without normal
distribution. Independent samples T-test was used to
compare normally distributed numerical variables.
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Mann Whitney U-test was used to compare non-
normally distributed numerical variables. Pearson and
Spearman Rho Correlation Analyzes were used to
determine the linear relationship between the data.
The group was divided into two based on the mean
fI3 and fT4 values, and the two groups were
compared among themselves in terms of cognitive
tests with Mann Whitney-U test. To evaluate whether
fI3 predicts WCST performances, multiple linear
regression model was conducted with fI3 levels and
disease duration. A p-value smaller than 0.05 was
considered statistically significant.

RESULTS

A total of 33 psychosis patients, 12 female, and 21
males, were included in our study. While the mean
age and education period of the patients were
30.61£8.56 and 9.25%3.29 years, respectively, the
mean BMI was found to be 26.51£5.45. From the
clinical features of the patients, the mean duration of
disease was 10.93%7.68, and the age of onset was
19.69£3.69. While the number of psychotropic drugs
used was 2.571+1.39, the CGI, GAF, and PANSS total
scores  were 4.3610.78,  54.09£10.49, and
70.42%15.15, respectively. While fI3 and fT4 levels
of the patients were 3.19£0.41 and 1.11£ 0.23,
respectively, mean TSH levels were 1.96% 0.83. Male

and female patients were compared, and no
significant differences were observed in terms of
sociodemographic and clinical data.

Sociodemographic and clinical data of the patients
are summarized in Table 1.

The TMT-A and B test performances of the tests
petformed to determine the cognitive test
performances of the patients were 42 (27-168) and
108 (63-600) seconds, respectively. Verbal Fluency
semantic and phonemic test performances were
found to be 16.48%4.41 and 26.84%10.89 words,
respectively. While the DS forward was 5.63% 0.92
digits, the DS backward was 3.48% 0.89 digits. Of the
WCST  subcomponents for the evaluation of
executive functions, the total responses were 128 (75-
128), the total corrects were 63.87£16.52, and the
number of categories achieved was 2.84+2.09. In
addition, there was a significant relationship between
disease duration and TMT A (1= 0.34, p=0.04), and
B (r=0.35, p=0.04), and WCST total correct (r= -
0.41, p=0, 01), total error (r=0.44, p=0.01), and the
number of categories achieved (r= -0.59, p<0.01).
The cognitive test scores of the patients are
summarized in Table 2.
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Table 1. Sociodemographic and Clinical Data

Thyroid hormones and cognitive tests in schizophrenia

Sociodemographic and Clinical Data Descriptive Statistics
Age, Mean (SD) 30.61 (8.56)
Education (years), Mean (SD) 9.25 (3.29)
Gender, n(%)

Female 12 (36.4)
Male 21 (63.6)
Marital Status, n(%)

Matried 5(15.2)
Single 25(75.8)
Other 3(9.1)
Age at the onset of disease, Mean (SD) 19.69 (3.69)
Duration of illness, Mean (SD) 10.93 (7.68)
Number of psychotrops, Mean (SD) 2.57 (1.39)
PANSS total, Mean (SD) 70.42 (15.15)
CGI, Mean (SD) 4.36 (0.78)
GAF, Mean (SD) 54.09 (10.49)
fT4, Mean (SD) 1.11 (0.23)
fT3, Mean (SD) 3.19 (0.41)
'TSH, Mean (SD) 1.96 (0.83)
BMI, Mean (SD) 26.51 (5.45)

SD: Standard Deviation, PANSS: Positive and Negative Syndrome Scale, CGI: Clinical Global Impression, GAF: Global Assessment of

Functioning, BMI: Body Mass Index

Table 2. Cognitive tests

Cognitive Tests

Descriptive Statistics

TMT-A, median (min-max) 42 (27-168)
TMT-B, median (min-max) 108 (63-600)
VF Categorical 16.48 (4.41)
VF Phonemic 26.84 (10.89)
DS forward, Mean (SD) 5.63 (0.92)
DS backward Mean (SD) 3.48 (0.89)

WCST total reaction, median (min-max)

128 (75-128)

WCST total corrects, Mean (SD)

63.87 (16.52)

WCST .categories achieved, Mean (SD)

2.84 (2.09)

WCST total errors, Mean (SD)

57.78 (23.76)

WCST .perseverative errors, Mean (SD)

36.90 (22.62)

TMT: Trail Making Test VF: Verbal Fluency SD: Standard Deviation, WCST: Wisconsin Card Sorting Test, DS: Digit span

The relationship between thyroid function tests and
sociodemographic and clinical data was investigated
using correlation analyses. There was a negative
correlation between fT4 and age (r= -0.4; p=0.02)
and disease duration (1= -47; p<0.01). A weak
negative correlation was found between T4 levels
and WCST- number of perseverative errors (1= -0.34;
p=0.04) and TMT-B scores (r= -0.37, p=0.03). In
addition, a weak positive correlation was found
between fT4 and VF-phonemic fluency (r= 0.35,
p=0.04). A negative correlation was found between
fI3 and age (r= -0.41; p=0.01) and disease duration
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(r= -0.48; p<0.01). Between fI3 levels and WCST-
category number (r=0.5; p<0.01) and WCST total
correct  (r=0.41; p=0.01), positive WCST-
perseverative etror (r= -0.4); p=0.02) and WCST-
total error (1= -0.38; p=0.02) was found to be
negatively correlated. No significant correlation was
found between thyroid function tests and scale scores
reflecting disease severity such as CGI, GAF,
PANSS, and other cognitive tests. Correlations
between thyroid function tests and clinical and
cognitive parameters are summarized in Table-3.
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Table 3. Relationship between Thyroid Function Tests and Cognitive Tests and Clinical Data

WCST.CAb WCST WCSTTEb | WCST TC VF TMT-Ba
PE.b b. phonemicb

TSH R 194 -.049 -.202 211 -.083 122
P .280 787 .259 238 .644 497
N 33 33 33 33 33 33

T4 R 299 -.347* -139 268 .355* -.376*
P .091 .048 439 132 043 .031
N 33 33 33 33 33 33

T3 R .508** -.403* -.381* 410* 048 -.268
P .003 .020 .029 .018 793 131
N 33 33 33 33 33 33

WCST: Wisconsin Card Sorting Test WCST.CA: WCST-categories achieved, WCST PE: WCST perseverative errors, WCST TE: WCST
total errors, WCST TC: WCST total corrects, VF: Verbal Fluency Test, TMT-B: Trail Making Test B

a: Spearman correlation b: Pearson correlation tests performed.
* Weak relationship ** Moderate relationship

Table 4. Comparison of cognitive tests between two groups according to fT3 levels

I3 N M (min-max) z P

WCST. <=3.19 17 1(0-6)

categories achieved -3.689 <0.001
>3.19 16 4.5(1-6)

WCST perseverative errors <=3.19 17 45(7-80)

-1.965 .049

>3.19 16 21(6-75)

WCST <=3.19 17 55(35-81)

total corrects -3.063 .002
>3.19 16 74(41-97)

WCST. <=3.19 17 73(13-93)

total errors -2.936 .002
>3.19 16 38(11-87)

WCST: Wisconsin Card Sorting Test, Mann-Whitney-U test

In addition, the mean value of fI3 levels was
determined as 3.19 ng/l, and the patients were
divided into two groups based on the median fI3
value and compared in terms of WCST performance.
Patients with higher fI3 levels had WCST total
correct (Z= -3.06, p<0.01), number of categories
achieved (Z= -3.68, p<0.001), perseverative error
(Z="-1.96, p=0.04) and total error (Z=-2.93, p<0.01)
categories were found to perform significantly better.
The comparison of WCST performances between
the two groups according to fT3 levels is summarized
in Table 4. When the same procedure was repeated
according to the fI4 Mean value, no significant
difference was found between the two groups in
terms of cognitive parameters.
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A linear regression model was formed assuming fT3
level as an independent variable and disease duration
and the number of WCST-categories achieved
(R2=0.415; p<0.001) as the dependent variables. In
our study, the fact that fI3 levels were associated
with WCST performances measuring executive
functions, and literature data on the negative effects
of disease duration on executive functions in
psychosis patients were effective in the selection of
dependent variables. WCST-categories achieved
which is one of the most frequently used parameters
in studies evaluating the executive functions of
psychosis patients, was chosen as the independent
variable. Both disease duration (p=0.003) and fI3
levels (p=0.029) had a significant effect on WCST-
category number. This model is summarized in Table

5.
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Table-5. Multiple regression analysis with WCST-categories achieved and independent variables

UB SE SB T LB UB P
(Constant) -1.102 2.549 -0.432 -6.307 4.103 0.669
Duration of -.129 .040 -473 -3.252 -.210 -.048 0.003
Disease
I3 1.680 734 333 2.290 182 3.179 0.029
UB: Unstandardized Beta; SE: Standard Error; SB: Standardized Beta Coefficient; CI: Confidence Interval, LB: Lower Bound; UB: Upper
Bound
DISCUSSION mainly executive functions are significantly affected

This study investigated the relationship between
thyroid function tests and clinical parameters such as
disease  duration, severity, functionality, and
neurocognitive test scores in patients with
schizophrenia. While no significant correlation was
found between thyroid function tests and scale scores
reflecting disease severity such as CGI, GAF, and
PANSS, some significant correlations were found
between TFT and neurocognitive test scores.
Thyroid hormones play an important role in
neurodevelopmental stages such as synaptogenesis
and, cell migration, neuronal and glial cell
differentiation processes. It has been shown that
maternal and fetal hypothyroidism causes irregularity
in cell migration in the neocortex and disruptions in
interhemispheric connections. It is known that
pyramidal cells in the neocortex and hippocampus are
significantly affected in hypothyroidism®. Therefore,
it is accepted that there is a loss of function in many
coghnitive areas in schizophrenia, which is accepted as
a neurodevelopmental disease®. In addition, our
study conducted with euthyroid chronic psychosis
patients revealed a linear relationship between
thyroid hormone levels and specific cognitive
functions.

Particularly attention, memory, and executive
functions are the main cognitive areas that are
thought to be affected in schizophrenia®. It is
accepted that these areas are affected by the
interaction of the frontal and limbic regions of the
brain, thus reflecting a frontotemporal loss of
function Apart from chronic schizophrenia patients,
many studies report specific cognitive impairments in
first-episode patients who did not use medication and
even in their unaffected relatives®. It has been
demonstrated by imaging, behavioral, and
psychophysiological studies performed so far that
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in schizophrenia®?’. Executive functions include
some skills such as planning and sequencing
behaviors, problem-solving, abstraction ability, and
cognitive flexibility. Although executive functions are
related mainly to the frontal cortex, the connections
of the frontal region with the temporal and limbic
regions play a role in the regulation of these
functions. The prefrontal cortex plays a vital role in
processing and integrating internal and external
information, abstracting and problem-solving, and
planning, executing, and evaluating behavior3s.
Frontal dysfunctions can lead to disruptions in
planning and execution and persistent and rigid
behavior. The Wisconsin Card Sorting Test (WCST)
can measure many of these deficiencies. It has been
demonstrated in many studies that schizophrenia
patients whose executive functions were evaluated
with WCST performed poortly, especially in the
number of categories achieved and perseverative
error areas®>%. Since our study was conducted only
with a patient group, it was not possible to compare
the cognitive test performances of the patients with
healthy controls. However, the correlation of disease
duration with WCST total corrects, total errors,
number of categories achieved, and TMT A and B are
consistent with the results of previous studies
showing loss of function in cognitive domains such
as attention, memory, and executive functions in
patients with schizophrenia.

In our study, a moderate correlation was found
between the number of categories achieved and T3
levels, and it was found that patients with high T3
levels achieved more categories. It is known that
patients with schizophrenia have significant deficits
in executive functions such as abstract thinking and
cognitive flexibility, and the number of categories
achieved is an essential parameter in revealing these
deficits®*. This result suggested that low thyroid
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hormone levels are associated with more impaired
executive functions in patients with schizophrenia. It
is known that thyroid hormones within the normal
range have critical importance in terms of cognitive
skills such as attention and memory*. Studies
investigating the relationship between thyroid
hormone levels and cognitive skills in psychotic
patients are relatively limited. In a study conducted
with psychosis patients, fT'4 changes within the
normal range were found to have significant effects,
primarily on attention'. The authors stated that not
evaluating fT3 levels is one of the limitations of this
study. In another study conducted with patients with
chronic schizophrenia, higher fT3 levels were found
to be associated with higher MMSE scores!”. In the
same study, it was emphasized that T3 replacement
therapy could improve cognitive performance and
that new studies should be conducted on this subject.
In our study, when the patients were divided into two
groups according to their mean fI3 levels, WCST
performances were found to be significantly higher in
the patient group with high fI3 levels, but no
found between the
performances of the patients who were divided into
two groups according to their mean fT4 levels. These
results suggest that fT3 levels are more closely related
to cognitive symptoms than fT4. In another study
conducted with euthyroid female patients, similar to
our study, it was found that higher fT3 levels in the
normal range are associated with higher performance
in processing speed and executive functions
reflecting precortical functions*?. The fact that T3 in
target cells functions as an active hormone and
thyroid hormones show their functions through
central T3 receptors may explain the fact that fT3 is
more closely associated with cognitive symptoms.

difference was cognitive

As a result of the linear regression analysis, we found
that fI3 levels and disease duration significantly
predicted the number of WCST categories achieved.
However, it has been reported that THs play critical
roles in the formation processes of astrocytes. In
addition, it is known that as the duration of the
disease increases in the course of schizophrenia, loss
of astrocyte functions occurs®. This result obtained
in our study suggested that the regulating effects of
disease duration and THs on astrocytes may be
determinative of cognitive symptoms.

In a recent study, fT4 changes in the normal range in
patients with psychosis were found to closely affect
attention performance!®. Another study emphasized
that increased fT4 levels in patients with psychosis
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were associated with better attention performance,
but no such relationship was found in the healthy
control group!. Our study found a linear relationship
between fT4 levels and the TMT B scores, which
evaluates attention functions. This result is consistent
with the results of the above studies and suggests that
fT4 levels play a more important role in attention in
schizophrenia patients compared to fT3 and that new
studies with larger samples are needed on this subject.

Our study found no relationship between positive
and negative symptoms, severity  or
functionality, or thyroid hormone levels. Similarly,
Ichioka et al. found no association between thyroid
hormone levels and positive, negative, and general
symptoms in schizophrenia patients!”. This finding is
important in terms of demonstrating that thyroid
hormones have an effect on cognitive symptoms

disease

rather than disease severity or positive and negative
symptoms.

There are some strengths and limitations of our
study. There are relatively limited studies examining
the relationship between thyroid function tests and
neurocognitive and clinical symptoms in patients
with schizophrenia. Despite the application of a very
comprehensive neurocognitive battery in our study,
the limited number of participants may have
negatively affected the statistical analysis. Due to the
cross-sectional design of our study, it was not
possible to establish a cause-effect relationship. Since
it was conducted only with the patient group, the
results obtained could not be compared with another
clinical or healthy group. However, the effect of
psychiatric and other medical drugs that may have an
effect on cognitive performance could not be
evaluated. Finally, the number of participants was
relatively small, and the statistical power might be
affected negatively.

In conclusion, this study found that fI3 and fT4
levels were associated with cognitive impairment in
schizophrenia patients, while parameters related to
disease severity and positive or negative symptoms
were independent of thyroid levels. Information on
the etiopathogenesis of cognitive symptoms, which is
one of the most important causes of disability in
schizophrenia, is limited, and drugs used in the
treatment of schizophrenia are primarily aimed at
reducing positive and negative symptoms. The results
of our study are important in terms of showing that
thyroid hormone levels are closely related to
cognitive performance in patients with psychosis,
even if they are euthyroid. We believe that it would
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be an appropriate approach for clinicians to closely
monitor thyroid hormone levels in the follow-up and
treatment of cognitive symptoms in psychosis
patients. Future studies with higher number of
participants will be useful for better understanding
the relationship between thyroid dysfunctions and

cognitive

symptoms and for bringing thyroid

replacement therapies to the agenda for the treatment
of cognitive symptoms.
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