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ABSTRACT

Aim. To study the relationship of serum fT,, fT,; and TSH levels with cognitive impairment in patients with
schizophrenia.

Materials and methods. The study included 74 patients with schizophrenia. Socio-demographic and clinical
data were collected, the severity of psychopathological symptoms was assessed using PANSS, and cognitive
functions were evaluated using BACS. Serum levels of fT,, fT, and TSH in patients were determined using enzyme
immunoassay Kits.

Results. In the group of men with schizophrenia, a negative correlation was found between the concentration of
fT, and verbal fluency (= —0.325; p = 0.033), whereas in women, a positive correlation was found between the
concentration of T, and motor skills (», = 0.372; p = 0.039).

Conclusion. The study revealed a linear relationship between thyroid hormones and cognitive impairment in
patients with schizophrenia, but the nature of the relationship found differed in men and women. The results of the
study confirm the need for regular dynamic monitoring of thyroid hormone levels in patients with schizophrenia in
order to prevent the progression of cognitive impairment.
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CBA3b ropMOHOB runoTasamo-runopusapHoO-TUPEONJHON OCU
C KOTHUTUBHbIMU HapYLIEeHNAMM Yy 60/1bHbIX W30 peHnen

KopHertoBa E.l'., FTankun C.A., Jlo6aueBa O.A., TuryHues B.B., MegHoBa U.A., KopHeToB A.H.

Hayuno-uccnedosamenvckuii uncmumym (HUH) ncuxuueckozo 300po6ws, Tomckuil HayuoHaibHbulil
uccredosamenvexull meduyurckuil yeump (HHUMIL]) Poccutickoil akademuu Hayk
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

PE3IOME

Ienb. M3yunts cBa3b nokasateneit TupeorponHoro ropmona (TTI) u ceoboanbix dpakmumii T,, T, B chiBopoTke
KPOBH C KOTHUTHBHBIMH HapyIICHUSIMH Y OOJIBHBIX IIH30(QpEeHUEH.

MatepuaJjibl M MeTobl. B ncceioBanue BKitoueHs! 74 nanueHra ¢ musodperneid. CoGpaHbl COLHANBHO-1EMO-
rpaduyecKue U KIMHUYECKHE JaHHBIC, IIPOBOJIHMIACH OLICHKA TSHKECTH MCHXOIATONIOINYECKON CHMIITOMATUHKH C
ucrnosnb3oBanreM PANSS, a Takke KOrHUTHBHBIX QyHKIMI ¢ momomisio BACS. Yposens cBo6oaHbIX Gpakmmii T,
T, u TTI B CEIBOPOTKE KPOBH y HALMEHTOB ONPECIIANH C IOMOIIBI0 HAGOPOB I KMMYHO(EPMEHTHOTO aHAIH3A.

Pesyabrarel. B rpynme MyX4uH OOJIbHBIX MINM30(PEHHEH BBISBICHA OTPHUIATENbHAS KOPPEISLUS MEKIY
konuenTpauei T, cB. n peueBoii 6ernocteio (7, = —0,325; p = 0,033), Torna kax y »eHIUH 0OHapyKeHa ITOJ0KH-
TeNbHAs KOPPENALUs MKy KoHuenTpauuei T, cB. u MOTOpHBIMK HaBblkamu (1, = 0,372; p = 0,039).

3aksoueHue. I/ICCHGHOBaHI/Ie IMoKasajio, 4TO CyHmeCTBYET JINHEWHasl CBS3b MEXAY rOpMOHaAMU ITUTOBUTHOM JKe-
JIE3bl U KOTHUTUBHBIMU HAPYIICHUSAMU Y MATUCHTOB C mmod)pemdef?{, OTHAKO XapaKTep BBISIBIICHHOM CBSI3M OTJIM-
HacTCA y MYXKYHH U )KCHIIUH. PesynLTaTm JaHHOI'O UCCJIENOBAHUS OATBEPKIAAOT H606XOI[I/IMOCTL PETYJIIAPHOTO
JUHAMUYECKOI'O MOHUTOPUHIA nokazatenen TTT u TUPCOUTHBIX TOPMOHOB Y NALIUEHTOB C quodopeHHeﬁ C LICJIBIO
peaoTBpallCHus MPOTrPECCUPOBAHNA KOTHUTUBHBIX Hapymel—mﬁ.

KonrodeBble cjioBa: mu30(peHust, THPEOUAHbIE TOPMOHBI, HEHPOKOTHUTHBHBIC HAPYLICHHs, peueBast OeriocTh,
MOTOpPHBIE HABBIKN.

KOHq)JIPlKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/Ieﬁ HaCTOHH_Ief/’I CTaTbHU.

Hcrounuk punancuposanus. lccnenosanue npoBeieHO B paMKax BbIIOJHEHUS FOCYAapCTBEHHOI0 3a1aHus No
075-01392-23-00 «Ilepconanm3upoBaHHast AMArHOCTHKA U Teparusi 00IbHBIX MOIUMOPOUIHBIMH PACCTPOHCTBAMH
mM30()PEHHIECKOro U adPeKTHBHOTO CHEKTPA», PErUCTpaoHHbIi Homep 123041900006-4.

CooTBeTCTBHE NPUHIMIAM 3THKH. Bce MalMeHThl MOANMMCAIN HHGOPMHUPOBAHHOE COTJIACHE HA YYacTHE B
uccnenoBaHuy. MccienoBanue 0J00pEHO JIOKAIbHBIM ATHYECKMM KoMuTeToM W HUM mCHXH4eckoro 310pOBbs
Tomckxoro HUMII (mportokon Ne 157 ot 18.11.2022).
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HBIX m30hpeHuc. bromtemens cubupckoi meduyunsl. 2025;24(2):59-65. https://doi.org/10.20538/1682-0363-
2025-2-59-65.

The Relationship of Hormones of the Hypothalamic — Pituitary — Thyroid Axis

INTRODUCTION

Schizophrenia is a mental disorder characterized
by the presence of positive and negative symptoms
and cognitive impairment, a chronic course, and a
functional decline resulting in reduced quality of
life and disability [1, 2]. Studies show that cognitive
impairment manifests before the onset ofthe illness and
is present in approximately 75-84% of patients with
schizophrenia [3, 4]. The etiology and pathogenesis
of neurocognitive deficits in schizophrenia are not
fully understood, but some studies have shown that

neuroendocrine disorders may be associated with
cognitive symptoms [4-6].

The thyroid hormones thyroxine (T4) and
triitodothyronine (T3) play an important role in brain
differentiation and growth and, consequently, in
cognitive function. In addition, thyroid hormones
maintain normal glucose metabolism, which is essential
for brain function [7]. A number of researchers have
shown that people with hypothyroidism have troubles
in many cognitive functions, such as attention,
memory, language, visual perception, and executive
functions [8, 9]. Additionally, there are studies
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confirming that patients with even mild or subclinical
hypothyroidism have reversible cognitive impairment
[8, 10]. Moreover, people with thyrotoxicosis have
been found to have impaired concentration and
executive function [11]. Both increased and decreased
thyroid-stimulating hormone (TSH) levels are
associated with cognitive impairment [12].

Neurohormonal imbalance plays an essential role
in the pathogenesis of many mental disorders. Several
previous studies in patients with schizophrenia have
reported abnormalities in the hypothalamic—pitui-
tary—thyroid axis in the form of decreased T, and T, and
increased thyroid autoantibody production [13, 14].
Relatively recent studies show that in female patients
with schizophrenia, free T, (T, )and T, (T, ) levels
are decreased, and TSH levels are elevated [14]. Few
studies have also investigated the relationship between
thyroid hormones and cognitive processes in different
groups of diseases due to the critical role of thyroid
dysfunction in neurodegeneration and development
of the nervous system [15, 16]. For example, Kapaki
et al. [16] found that the direct effect of thyroxine on
cholinergic neurons increases the risk of developing
Alzheimer’s disease. In a study of patients with early
psychosis, higherlevelsof T, _(butnot TSH or thyroid
autoantibodies) were associated with better cognitive
performance, such as attention and thinking [15,
17]. Another study of 93 patients with schizophrenia
found that T, . levels were associated with better
performance on the Mini-Mental State Examination
(MMSE), but not with positive, negative, or general
psychopathological symptoms [18].

The aim of the study was to investigate the
association of serum fT,, fT,, and TSH levels with
cognitive impairment in patients with schizophrenia.

MATERIALS AND METHODS

The study was conducted according to the protocol
approved by the local Ethics Committee at Mental
Health Research Institute of Tomsk NRMC (Minutes
No.157 dated November 18, 2022). The study
included 74 patients with an established diagnosis of
schizophrenia receiving treatment at Mental Health
Research Institute clinics. Inclusion criteria: age 18-55
years, verified diagnosis of schizophrenia according
to ICD-10 criteria, patient’s consent to participate
in the study. Non-inclusion criteria: dependence on
psychoactive substances other than tobacco, mental
retardation, or dementia, neurologic history (brain
injury, stroke). After obtaining patients consent,
socio-demographic and clinical data were collected,

the severity of psychopathological symptoms was
assessed using the Positive and Negative Syndrome
Scale (PANSS) [19], and cognitive functions were
assessed by the Brief Assessment of Cognition in
Schizophrenia (BACS) using normative indicators
calculated for the Tomsk population [20]. Data
collection and psychometric assessment of patients’
condition were performed by psychiatrists.

Blood samples to determine the hypothalamic—
pituitary—thyroid axis hormone levels were collected
in the morning on an empty stomach from the ulnar
vein into vacuum Vascette tubes. Blood serum
was obtained by centrifugation at 2,000 rpm for 30
minutes. Concentrations of TSH, T, free and T, in
patients’ serum were determined by the solid-phase
enzyme-linked immunosorbent assay using reagent
kits from Vector-Best JSC (Novosibirsk, Russia).

Statistical analysis was performed using Statistica
software, version 12.0 for Windows (StatSoft, Inc.).
Descriptive statistics were presented as the median and
the interquartile range Me [Q,. 0,], and the normality
of variable distribution was assessed using the
Shapiro—Wilk test. The Mann—Whitney U test and the
factorial ANOVA were used to compare independent
samples. The correlation analysis with the Spearman’s
rank correlation coefficient (r) was used to determine
the linear relationship between the variables. Multiple
linear regression was used to assess the effect of
variables on cognitive function scores. The critical
significance level p was 0.05.

RESULTS

The study included 74 patients with schizophrenia:
31 women and 43 men. The mean age of the patients
was 34 [26; 43] years. Twenty-five (33.8%) patients
had higher education, 8 (10.8%) — incomplete higher
education, 28 (37.8%) — vocational secondary
education, and 13 (17.6%) — secondary education. The
duration of the disease was 9 [5; 21] years, and the age
of onset was 22 [19; 27] years. The PANSS total score
was 96 [88; 105], the positive symptom subscale
score — 18 [16; 23], the negative symptom subscale
score —24[22; 28], and the general psychopathological
symptom subscale score — 51 [46; 56].

All patients included in the study received baseline
antipsychotic therapy with atypical antipsychotics
(risperidone, quetiapine, olanzapine, clozapine) —
58 (78.4%) people and conventional antipsychotics
(haloperidol, chlorprothixene, trifluoperazine) —
16 (21.6%) individuals in therapeutic doses approved
by the Ministry of Health of the Russian Federation.
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The median total antipsychotic exposure (expressed
as chlorpromazine equivalent (CPZeq)) was 360 [199;
500] mg/day, and the duration of baseline therapy was
8 [3; 20] years.

Serum T,  and T, concentrations in patients
were 5.51 [4.75; 6.65] pmol/l and 17.05 [14.67;
18.9] pmol/l, respectively, and TSH level was 2.15
[1.38;3.16] mIUL T, , T, free and TSH concentrations
were comparable in men and women (p > 0.05), whereas
men and women were also comparable in age and
clinical, therapeutic, and neuropsychological parameters
(p>0.05). A negative correlation was found between the
PANSS positive symptom score and T, . (r, = —0.335;
p = 0.005) and T4 _ (r, = —0.444; p < 0.001). A
correlation was also revealed between the PANSS total
score and the TSH concentration (= 0.245; p = 0.045).

Scores on the verbal and working memory subscales
were 37 [32; 43] and 18 [16; 21], respectively. The
scores on the motor skill, verbal fluency, attention,
and executive function subscales were 54 [44; 64], 39
[32; 49], 41 [34; 47], and 17 [15; 19], respectively.
Based on the BACS [20] conducted earlier, a
significant decrease in performance was observed for

all subtests (p <0.001) in the studied group of patients
with schizophrenia. Gender had a significant effect
on all cognitive domains examined (F (6.67) = 3.237;
p = 0.007). In addition, a statistically significant
relationship was found in men between working
memory and PANSS positive symptom scores
(r, = —0.326; p = 0.048), and between verbal fluency
and PANSS negative symptom scores (r, = —0.547;
p <0.001). In women, however, the only association
found was between the duration of baseline therapy
and motor skills (» = 0.434; p = 0.023).

We did not find statistically significant correlations
between cognitive tests and the functioning of the
hypothalamic—pituitary—thyroid axis in the total
sample of patients with schizophrenia (p > 0.05).
However, taking into account the patients gender,
we obtained significant relationships: in the group of
male patients with schizophrenia, we found a negative
correlation between T, . concentration and verbal
fluency (r =-0.325; p = 0.033), while in the group of
females, we found a positive correlation between T, .
concentration and motor skills (», = 0.372; p = 0.039)
(Table 1).

Table 1
Correlations between TSH, Thyroid Hormones, and Cognitive Function in Patients with Schizophrenia, R
Parameter | I | 11 | 111 | v v VI
Total sample of patients with schizophrenia, n = 74

TSH r -0.033 —-0.032 0.029 —0.138 0.027 0.026
p 0.777 0.788 0.808 0.242 0.817 0.826

T r —0.036 —0.024 —0.013 —0.228 —0.167 0.064
3 fiee )4 0.763 0.841 0.911 0.051 0.156 0.589
r. 0.035 0.148 0.148 —0.004 0.009 0.099

4 free P 0.764 0.209 0.209 0.974 0.936 0.401

Men with schizophrenia, n = 43

TSH r —0.122 0.143 —0.084 —0.199 0.062 —0.127
)4 0.434 0.360 0.592 0.200 0.692 0.419

r —0.075 —0.108 —0.158 —-0.325% —0.266 0.029

3 free p 0.633 0.492 0.310 0.033* 0.085 0.852
r -0.080 0.219 —0.046 —0.126 —0.117 0.044

4 free )4 0.609 0.158 0.772 0.420 0.456 0.781

‘Women with schizophrenia, n = 31

TSH r 0.148 —-0.254 0.143 —0.034 —0.028 0.152
p 0.426 0.168 0.442 0.854 0.883 0.413
T r 0.058 0.134 0.124 0.018 0.011 —0.058
3 free )4 0.755 0.472 0.505 0.921 0.954 0.757
r. 0.147 0.040 0.372% 0.150 0.210 0.194

Toiee )4 0.429 0.830 0.039* 0.421 0.258 0.295

Note: I — memorization of a list of words, II — a sequence of numbers, I1I —a motor test with chips, IV — verbal fluency, V — “Cipher”, VI - “Tower

of London”. * — statistically significant differences.

Based on the correlation analysis data, in order to
determine the influence of clinical and biochemical
parameters on cognitive function in male and female

patients with schizophrenia, a series of separate
regressions were additionally conducted, where the
following were used as independent variables: scores
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on the PANSS positive (1) and negative (2) symptom
subscales,and T, concentration (3) for men; duration
of baseline therapy (1) and T, . = concentration (2)
for women. In the male group, the predictive model
for the verbal fluency parameter was statistically
significant (F (3.33) = 4.714; p = 0.007). The R’
value was 0.301, indicating that scores on the PANSS
positive and negative symptom subscales and serum
T, ... concentration explained approximately 30% of
the variability in verbal fluency in male patients with
schizophrenia. Statistically significant predictors were
the scores on the PANSS negative symptom subscale
(t=-2.515;p=0.016) and the T, . _concentration (¢ =
—2.985; p=0.011) (Table 2).

Table 2
Coefficients of the Multiple Linear Regression Model

for the Relationship of Verbal Fluency with Clinical
and Biochemical Parameters in Men with Schizophrenia

Parameter Coeffi- Standard | Signifi- Signifi-
cient B Error cance () | cance (p)

Constant 75.997 12.539 6.061 0.001
PANSS _ (score) -0.104 0.428 —-0.243 0.808
PANSS_ (score) —-1.118 0.444 -2.515 0.016
T, ..(omol /1) —1.348 0.369 —2.985 0.011
R=0.547;

R’=0.301

Note: PANSS - scores on the positive symptom subscale, PANSS
— scores on the negative symptom subscale.

In the female group, the model for predicting
the motor skill scores was statistically significant
(F(2.34)=3.545; p=0.039). R’ was 0.272, indicating
that the duration of therapy and the concentration of T,
e in the blood serum explain approximately 27% of the
variability in the motor skill scores in female patients
with schizophrenia. Both predictors were statistically
significant: the duration of baseline therapy (¢ =2.038;
p = 0.049) and the T, . concentration (¢ = 2.816;

p=0.032) (Table 3).
Table 3
Coefficients of the Multiple Linear Regression Model for the

Relationship of Motor Skills with Clinical and Biochemical
Parameters in Women with Schizophrenia

Parameter Coeffi- | Standard | Signifi- Signifi-
cient B Error cance (f) | cance (p)

Constant 24.281 11.038 2.199 0.034
Duration of therapy | 534 | 0262 | 2038 | 0.049
(years)

T,...(pmol /1) 1.164 0.641 2.816 0.032
R=0.415;

R’=0.272

DISCUSSION

The present study investigated the relationship
between indices of cognitive function and hormones
of the hypothalamic—pituitary—thyroid axis, as well as
some clinical and dynamic parameters in patients with
schizophrenia. The results of the study revealed a linear
relationship between thyroid hormones and cognitive
functions, but the direction of this relationship differed
between male and female patients.. In males, high
levels of T, . in the blood serum were associated with
lower indices of verbal fluency, whereas in females,
the concentration of T, .~ correlated directly with
motor skill scores. The study also found that factors
influencing cognitive function differed between males
and females with schizophrenia. In the resulting
regression model, the significant predictors of verbal
fluency in males were the T, . concentration and
the severity of negative symptoms. In females, the
predictors of the motor skill score were the duration of
baseline therapy and the T, . concentration.

Thyroid hormone levels are known to be important
for cognitive abilities, including motor function
and language. Studies investigating the relationship
between thyroid hormone levels and cognition in
patients with mental disorders are limited. One study
of patients with psychosis found that changes in T,
e Within the normal range (reference values) had
a significant effect primarily on the attention [15].
Another study in patients with schizophrenia showed
that higher T, . levels were associated with higher
MMSE scores [18]. The same study emphasized
that T, replacement therapy could improve cognitive
function in patients with schizophrenia. However, in
our study, inverse relationships were found for T, .
only in males, suggesting that T, . levels are more
strongly associated with cognitive symptoms in males
with schizophrenia than T, . concentrations.

Some studies have shown that changes in T, .
in patients with psychosis affect some cognitive
functions [15, 17]. Increased T,  levels in patients
with psychosis are associated with improved attention,
but no such relationship was found in the healthy
control group [15]. In our study, we found a linear
relationship between T, . levels and motor function
scores only in females, suggesting that T, . levels
play a more important role in cognitive function in
patients with schizophrenia than T, .

We also found significant relationships between
thyroid hormone levels and positive symptoms on
the PANSS, although some authors have previously
reported no such relationships [5, 18]. The study
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it confirms the effect of thyroid hormones not only
on cognitive functions, but also on the severity of
psychopathological symptoms of schizophrenia.

However, our study study has some limitations.
Although the study wused a comprehensive
neurocognitive test battery, the number of patients
was relatively small, which could have a negative
effect on statistical significance. Moreover, due to the
cross-sectional nature of the study, it was impossible
to establish a causal relationship between the changes
found. In addition, we studied a group of chronic
patients with schizophrenia who were receiving long-
term antipsychotic therapy, and we cannot exclude the
influence of therapy on our results, nor can we be sure
that patients adhered to the treatment regimen in the
long term.

CONCLUSION

The study showed that there is a linear relationship
between thyroid hormones and cognitive impairment
in patients with schizophrenia, however, the nature of
the relationship identified differs between male and
female patients.. The results of this study confirm the
need for regular dynamic monitoring of TSH and free
thyroid hormone levels in patients with schizophrenia
to prevent progression of cognitive impairment. Further
studies with larger numbers of patients are needed to
better understand the relationship between thyroid
dysfunction and cognitive symptoms and to consider the
possibility of including hormone replacement therapy in
the treatment strategy for patients with schizophrenia.
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