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Abstract: Background: Obesity is a chronic condition associated with poorer cognitive
functioning. Wisconsin Card Sorting Test (WCST) is a useful tool for evaluating
executive functions. In this study, we assessed the association between dopaminergic
gene polymorphisms: DAT1 (SLC6A3), COMTVal158Met, DRD4 (48-bp variable number
of tandem repeats - VNTR) and WCST parameters to investigate the functions of the
frontal lobes in obese individuals.

Objective: To find the significant correlations between polymorphisms of DATT,
COMTVal158Met, DRD4 and executive functions in obese subjects.

Method: The analysis of the frequency of individual alleles was performed in 248 obese
patients (179 women, 69 men). Evaluation of the prefrontal cortex function (operating
memory and executive functions) was measured with the Wisconsin Card Sorting Test
(WCST). Separate analyzes were performed in age subgroups to determine different
activities and regulation of genes in younger and older participants.

Results: Scores of WCST parameters were different in the subgroups of women and
men and in the age subgroups. Regarding the COMT gene, patients with A/A and G/A
polymorphisms showed significantly better WCST results in WCST_P, WCST_CC and
WCST_1st. Regarding DAT1 men with L/L and L/S made less non-perseverative errors,
which was statistically significant. In DRD4, significantly better WCST_1st results were

Conclusion: Obtained results indicate the involvement of dopaminergic transmission in
the regulation of prefrontal cortex function. Data analysis indicates that prefrontal cortex
function may ensue, from different elements such as genetic factors, metabolic aspects

DOI:
10.2174/1566524019666190424143653
found only in older women with S allele.
of obesity, and hormonal activity (estrogen).
Keywords: Dopaminergic signaling, obesity, executive functions,

polymorphism.

1. INTRODUCTION

Obesity is considered as a chronic medical
condition which is also seen as an urgent public health
problem of current times. Unfortunately, little progress
has been made in order to obtain better treatment
results for patients struggling with losing weight. Many
physicians are still uncertain whether obesity should be
perceived as a disease or is rather a result of
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University, ul. Marii Curie-Sktodowskiej 9, 85-094 Bydgoszcz,
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Wisconsin Card Sorting Test, gene

inappropriate behavior due to the occurrence of many
comorbidities [1]. Primarily, obesity is associated with
numerous severe complications, which include somatic
conditions, such as cardiovascular diseases, diabetes
or cancer [2]. Secondary, obese individuals show
psychosocial consequences like a greater risk of falling
for depression or anxiety [3,4]. Apart from mood
disorders related to this disease, another psychosocial
aspect includes cognitive functions.

In the human brain, the prefrontal cortex (PFC) is a
key structure which controls executive functions (EF)
[5]. Another function of PFC is to monitor the processes
of other cortical and subcortical structures [6]. EF

© 2019 Bentham Science Publishers
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consists of higher cognitive processes which are
necessary to maintain control over one's behavior in
order to achieve chosen goals or make daily decisions
[7,8]. To the group of those processes pertain
attentional control, inhibitory control, cognitive
inhibition, cognitive flexibility and working memory.

Excessive weight may have a negative impact on
cognitive processes. It has been shown that patients
with greater body mass index (BMI) demonstrated
poorer cognitive functioning in the context of memory,
attention or visuospatial domains [9,10,11]. The study
of Coppin et al. (2014) showed that obese and
overweight individuals showed poorer performance in
task evaluating working memory in comparison to
healthy subjects [12]. Even though obesity is
associated with impaired cognitive functions, also poor
EF may contribute to weight gain. Stinson et al. (2018)
indicated that impairments in processes responsible for
maintaining  self-control may give rise to
overconsumption of high-calorie food, resulting in
future weight gain [13].

Dopamine (DA) is a key neurotransmitter in food
intake control. Theories explaining the pathogenesis of
obesity involve disturbances in DA signaling within the
reward circuit which is responsible for motivation and
reward-seeking behaviors. The results of our studies,
showed correlations between dopaminergic genes
polymorphisms (DAT1, DRD4) and BMI values,
indicating that alleles involved in lower DA signaling
were associated with greater weight, which supports
the reward deficit theory of obesity [14,15,16,17].

The exact mechanism explaining poorer cognitive
functioning in obese individuals remains unclear. Some
theories suggest obesity-induced chronic inflammation
processes or the involvement of microbiota
composition [18,19,20]. Another concept is a dual
process model which indicates that disturbances in EF
(especially in inhibitory control) may exert hyperphagia,
which may lead to obesity [21].

DA seems to contribute to more aspects of human
behavior instead of only having the sole role in
motivation [22]. It is also associated with diseases
which  show  cognitive  dysfunctions, including
schizophrenia, Parkinson's disease, the attention deficit
hyperactivity disorder (ADHD) or Alzheimer's disease
[23-25]. Moreover, dopaminergic signaling influences
the activity of PFC and frontostriatal networks [26,27].
In our study, we concentrated on polymorphisms in
genes coding dopamine transporter, dopamine
receptor D4 and catechol-O-methyltransferase (COMT)
enzyme. Studies show the association between
abovementioned gene polymorphisms with changes in
cognitive processing. Lower striatal DAT availability
determined by DAT?1 9R (nine tandem repeats)
influenced EF in patients with Parkinson's disease [28].
The Trail Making Test (TMT) Part A and B are
neuropsychological tests allowing the assessment of
various cognitive abilities, such as graphomotor skill
and visual scanning, as well as executive function
elements like working memory, set-shifting abilities or
inhibition control [29]. Studies show, that obese
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individuals with 7R (seven tandem repeats) of DRD4
performed worse in TMT B and TMT B-A scores,
however, the sample of the study was relatively small
[30].

Wisconsin Card Sorting Test (WCST) is a common
neuropsychological test utilized for frontal lobe
dysfunction in patients with brain lesions [31]. It
measures executive functions, especially set-shifting
between tasks, however, to complete the test, various
abilites are required, such as attention, working
memory or decision making [32]. Many studies
question the sensitivity and specificity of the WCST to
frontal lobe dysfunction in neurological and psychiatric
patients [33,34]. Most neuroimaging studies show
increased neural activity within the frontal or prefrontal
area while performing the test. Nonetheless, the
activation within parietal lobes has also been reported.
Therefore, the execution of WCST involves abilities
which pertain to different brain regions [35].

Given that DAT1, COMTVal158Met and DRD4 are
associated with susceptibility to obesity, and other
diseases showing cognitive impairments. The aim of
our study was to assess the correlation between
cognitive functioning and these polymorphisms in the
obese population. To our knowledge, this is the first
study analyzing DAT1 and COMTVal158Met
polymorphisms and gender differences in the context of
cognitive performance in the obese population.

2. PARTICIPANTS AND METHODS

2.1. Participants

The study group consisted of 248 Caucasian
people, 179 women and 69 middle-aged men (standard
deviation of 14 years for both men and women) with a
diagnosis of primary obesity (mean BMI 42 kg/m® SD
7,9). Patients were recruited from the Obesity
Treatment Clinic. Secondary causes of obesity were
excluded on the basis of medical history, medical
examination, clinical and laboratory tests (e.g., cortisol,
prolactin, and thyroid-stimulating hormone levels). In
addition, the existence of serious somatic and
neurological diseases, psychiatric disorders and
addictions are the exclusion criteria from the study.
Demographic characteristics including age and sex of
the subjects were collected (Table 1). Participants were
informed about the aims of this study and provided
written consent of participation. The study was
approved by the bioethical commission at the Nicolaus
Copernicus  University, Collegium Medicum in
Bydgoszcz (No 533/2008).

2.2. Clinical Assessments and Measures

Significant clinical features were determined on the
basis of physical examination and medical history.
Particularly, carefully examined factors that may affect
weight gain. In addition, data related to mental
disorders and resulting from the biometric analysis
were collected. Biometric analyzes were performed to
measure body weight (kg), height (m) and BMI. As an
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exponent reflecting the amount of body fat, the BMI
was adopted. It was calculated as the ratio of mass
(kg) to square height (m2). Obesity was defined as a
BMI of or over 30 [36].

2.3. Neuropsychological Assessment

The assessment of the prefrontal cortex, especially
working memory and executive functions was
performed using a computerized version of the
Wisconsin Card Sorting Test (WCST) with instructions
in Polish. The following parameters were selected for
analysis: (1) perseverative error percentage
(WCST_P), it reflects the stiffness of thinking or the
difficulty in adapting to changing conditions; (2)
percentage of non-perseverative errors (WCST_NP),
that is the number of errors related to the effectiveness
of the attention function (it shows random reactions,
unordered),; (3) the number of correctly completed
categories (WCST_CC), this number reflects the
effectiveness of thinking and expresses the ability to
respond correctly based on received new information,
gained experience and feedback signals; (4) the
number of trials required to complete the first category
(WCST_1st), which is an expression of proficiency in
the formulation of a logical concept; (5) percentage of
correct answers occurring in series of three or more
(WCST_CLR), it is a parameter reflecting the ability to
maintain the logical concept used, but also is the result
of the ability to plan actions based on the information
received. WCST and its parameters selected for
analysis are considered reliable in the assessment of
the prefrontal cortex function [37].

In order to analyze the effect of the polymorphisms
on the WCST results in different age groups, the study
groups were divided among women and men above
and below the median age in the study group, i.e. 45
years.

2.4. Genotyping

Blood was collected and mixed with 0.5 mL of 0.5 M
EDTA, frozen in liquid nitrogen, and stored at -80°C
prior to extraction. Genomic DNA was extracted from 7
to 10 mL of peripheral blood using the method of Lahiri
and Schnabel (1993) [36]. DAT1, COMT and DRD4
genotypes were determined by polymerase chain
reaction (PCR). The following primers were used:
DAT1 forward, 5TGTGGTGTAGGGAACGGCCTGAG-
3'; DAT1 reverse, 5-CTTCCTGGAGGTCACGGC
TCAAGG-3'; COMT forward, 5-AGCTCCAAGC
GCGCTCACAG-3'; COMT reverse, 5-CAAAGTGCG
CATGCCCTCCC-3"; DRD4 forward: 5-GCGACTACGT
GGTCTACTCG-3’; and DRD4 reverse: 5-AGGACCC
TCATGGCCTTGC-3. PCR products were then
separated by agarose gel electrophoresis using
O’'RangeRuler™ 50 bp DNA Ladder (Fermentas) as a
length marker (Figs. 1, 2, and 3) [38].

The expected size of PCR products for: a) COMT
gene were Met/Met (A/A), 96 bp only; Val/Met (A/G)
114 and 96 bp; and Val/Val (G/G), 114 bp only.
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Fig. (1). Representative photo of the digested COMT PCR
products.

Electrophoresis results are marked with the genotypes: Met /
Met (A / A), only 96 bp; Val / Met (A / G) 114 and 96 bp; and
Val/Val (G /G), only 114 bp.

e 483

Fig. (2). Representative photo of digested DAT1 PCR
products.

Electrophoresis results are marked with the genotypes: 10/10
(L/L) 483 bp only; 10/9 (L/S) 483 and 443 bp; and 9/9 (S/S)
443 bp only.

7R

5R
4R
3R
2R

[ ]

Fig. (3). Representative photo of digested DRD4 PCR
products.

Representative photo of electrophoresis of seperated DRD4
PCR products depending on the genotype: LL — only 619 bp
band (7R); S/S 379 bd (2R) or/and 427 bp (3R) or/and 523 bp
(5R) band; L/S — 379 bd (2R) or 427 bp (3R) or 523 bp (5R)
and 619 bp (7R) bands.
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b) DAT1 gene were: 10/10 (L/L) 483 bp only; 10/9
(L/S) 483 and 443 bp; and 9/9 (S/S) 443 bp only.

c) DRD4 gene were: LL — only 619 bp band (7R); S/S
379 bd (2R) or/and 427 bp (3R) or/and 523 bp (5R)
band; L/S — 379 bd (2R) or 427 bp (3R) or 523 bp
(5R) and 619 bp (7R)Statistical analysis

Using the Shapiro-Wilk test, it was determined that
the test group does not meet the normal distribution
criteria. Statistical significance of differences between
two groups was calculated using the Mann—Whitney U
test, and for comparisons with three or more groups,
the Kruskal-Wallis analysis of variance (ANOVA) was
applied. The Least Significant Difference (LSD) Fisher
test was used for post hoc analyses. The effect size
was determined using Cohen’s d. The multiple testing
procedure was then performed to confirm the validity of
the relevant results for genetic polymorphisms. After
applying Bonferroni correction, results with p-value <
0,016 were considered to be significant. Statistica 10.0
used for statistical analyses Deviation from Hardy-
Weinberg equilibrium was analyzed using Pearson x2
test (p < 0.05) with OOoStat package for
OpenOffice.org Calc and R v 2.12.0. The distribution
of all three analyzed genotypes was in Hardy-Weinberg
equilibrium (COMT p=0,87; DAT p=0,45; DRD4
p=0,37).

3. RESULTS

The study population consisted of 248 individuals
with a diagnosis of simple obesity. The median age
was 45.2 years in the study group. There were 179
women and 69 men in the study group. The results of
the WCST and basic demographic factors are
presented in Table 1. There were no significant
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differences between women and men in age, BMI and
WCST parameters.

Table 2 presents the relationships between WCST
parameters, age and BMI in groups of women and
men. It was revealed that in both groups, age was
associated with the significantly worse performance of
tests in all dimensions tested. Moreover, in the group of
women, the higher BMI was associated with a signifi-
cantly higher number of errors, both perseverative and
non-perseverative, and a significantly lower number of
responses consistent with the logical concept. Similar
relationships were not observed in the group of men.

Correlation analysis of the studied COMT gene
polymorphism in the group of women showed better
performance of the WCST dimensions by patients with
polymorphism A/A or G/A but after adopting multiple
testing results, they did not maintain statistical
significance (Table 3). However, in the subgroup of all
men, G/A heterozygotes were only characterized by a
higher BMI (p=0.02). In the younger women’s group, a
higher BMI was observed among A/A of homozygous
subjects and a worse WCST performance in the
parameter of a number of cards needed to arrange the
first category in the genotype G/G. Similar relationships
were not sought among older women (Table 4) and in
subgroups of men.

The analyzed polymorphism of the DAT? gene in
the female population revealed only non-significant
differences between individual alleles. In contrast, in
the male population, the carriers of the long allele (L/L
and L/S) made insignificantly fewer non-perseverative
errors, according to the Bonferroni correction, (Table
5). The results obtained in subgroups of men and

Table 1. Body mass index (BMI), depression symptoms (BDI), and results on the Wisconsin Card Sorting test (WCST)
in study participants. Data are presented as medians and 25th and 75th quartiles.

Female Male p Cohen's d
ohen’s
(n=179) (n=69)
44.5 45.0
Age 0.11 0.22
(29.0 - 49.0) (32.0 - 53.0)
416 44.5
BMI 0.80 0.03
(37.1-47.3) (39,7 — 49,5)
11.0 9.0
WCST_P 0.65 0.14
- (8.0-16.0) (7.0-16.0)
11.0 10.0
WCST_NP 0.82 0.02
(7.0-16.0) (5.0 -19.0)
72.0
WCST_CLR 75,0 0.99 0.04
- (58.0 - 81.0) (52.0 - 84.0)
6.0 6.0
WCST_CC 0.15 0.19
- (5.0 -6.0) (3.0-16.0)
12.0 12.0
WCST_1% 0.22 0.17
(11.0-15.0) (11.0-19.0)

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.
Significance of differences between sexes was determined by the Mann— Whitney U test. Size effect was measured by Cohen’s d method.
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Table 2. R-Spearman correlations of age and BMI result with WCST scores in women and men.

Female Male
(n=179) (n=69)
Age BMI Age BMI
r=0.20; r=0.16; r=0.37; r=-0.12;
WCST_P
- p=0.006 p=0.02 p=0.001 p=0.62
r=0.27; r=0.19; r=0.46; r=0.001;
WCST_NP
- p<0.001 p=0.01 p<0.001 p=0.99
=-0.24; =-0.15; =-0.56; r=0.06;
WCST_CLR
- p=0.001 p=0.04 p<0.001 p=0.62
r=-0.21; r=-0.04; r=-0.45; r=0.11;
WCST_CC
- p=0.01 p=0.59 p<0.001 p=0.36
r=0.21; r=0.11; r=0.27; =-0.21;
WCST_1st
- p=0.02 p=0.14 p=0.02 p=0.08

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.

Table 3. COMT polymorphisms and WCST results in subgroups pf women and men.

Female Male
(n=179) (n = 69)
GI/G G/A AIA P GI/G G/A AIA P
(n=59) (n=74) (n=46) (n=12) (n=44) (n=13)
0.04
421 415 429 36.1 44.0 38.8
BMI 0.80 Post hoc
(38.4 — 45.5) (36.4 — 47.5) (37.2-47.9) (31.4 - 40.5) (39.4-51.2) (30.5-48.3)
G/G vs AA 0.02
0.05
135 11,0 12.0 9.0 9.0 9.0
WCST_P Post hoc 0.62
(9.0 -16.0) (7.0-13.0) (8.0 -20.0) (7.0-37.0) (6.0-12.0) (7.0 - 20.0)
G/G vs AJA 0.02
12.0 10.0 10.0 135 11.0 8.0
WCST_NP 0.23 0,86
(8.0 -20.5) (7.0-13.0) (8.0-17.0) (8.0-19.0) (5.0-21.0) (6.0-17.0)
64.0 75.0 72.0 72.0 73.0 81.0
WCST_CLR 0.08 0,64
(42.0 - 80.5) (66.0 — 82.0) (49.0-79.0) (27.0-81.0) (58.0 — 83.0) (33.0-84.0)
0.05
6.0 6.0 6.0 Post hoc 6.0 6.0 6.0
WCST_CC 0,79
(4.0-6.0) (6.0 -6.0) (3.0-6.0) G/G vs AA 0.03 (0.0-6.0) (3.0-6.0) (5.0-6.0)
G/A vs AA 0.02
0.03
13.0 12.0 12.0 Post hoc 22.0 12.0 12.0
WCST_1st 0,27
- (11.0-24.5) (11.0-12.0) (11.0 - 25.0) G/G vs AA0.04 (12.0-129.0) | (11.0-23.0) (11.0-18.0)
G/Avs AA 0.04

BMI,

body mass index;WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,

percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.
Significance of differences between subgroups was determined by the Kruskal-Wallis ANOVA. Post-hoc analysis was conducted with Fisher’s

LSD test.
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Table 4. COMT polymorphisms and WCST results in subgroups of women in age <45y and >45y.
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Female <45 Female >45
(n=99) (n=280)
GI/G G/A AIA p GI/G G/A AIA p
(n=32) (n=35) (n=32) (n=27) (n=39) (n=14)
0.04
BMI 43.3 40.7 44.6 Post hoc 39.1 474 394 019
(40.8 - 46.9) (36.5 —44.5) (37.2-50.4) G/G vs. G/A 0.03 (32.8-42.9) (36.2 - 57.0) (37.2-43.8) ’
AA vs. G/A 0.005
12.0 11.0 11.5 135 11.0 12.0
WCST_P 0.27 0.11
- (7.5-16.0) (7.0-13.0) (8.0-21.0) (10.0 - 19.0) (6.0-12.0) (7.0-13.0)
10.5 9.5 12.0 12,0 12,0 10.0
WCST_NP 0,24 0.61
(7.0-16.5) (6.0-12.0) (8.0-17.0) (8,5-26,0) (8,0-16,0) (8.0-18.0)
61.0 7.0 72.0 69,5 67.0 75.0
WCST_CLR 0,12 0.44
- (51.0 - 82.5) (71.0 - 82.0) (49.0-79.0) (39,5-75,5) (60.0 — 82.0) (64.0 — 84.0)
0.04
6.0 6.0 6.0 6,0 6.0 6.0
WCST_CC Post hoc 0.49
- (4.0-6.0) (6.0 -6.0) (3.0-6.0) N (2,5-6,0) (5.0-6.0) (6.0 -6.0)
s.
0.01
13.0 11.0 11.5 11,0 12.0 21.0
WCST_1st Post hoc 0.44
- (12.0 - 38.0) (11.0-12.0) (11.0-13.0) (11,0 - 14,0) (12.0 - 23.0) (11.0-35.0)
G/G vs. G/A 0.03

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.
Significance of differences between subgroups was determined by the Kruskal-Wallis ANOVA. Post-hoc analysis was conducted with Fisher’s

LSD test.
Table 5. DAT polymorphisms and WCST results in subgroups of women and men.
Female Male
(n=179) (n =69)
L/L LIS SIS P L/L L/S SIS P
(n=88) (n=72) (n=19) (n=38) (n=21) (n=10)
41.0 416 40.7 439 415 40.8
BMI 0.80 0.68
(36.5 - 47.0) (36.0 — 48.8) (39.9 - 46.8) (35.2-51,2) (32.4 - 48.5) (40.1 - 41.8)
0.06
10.0 12.0 11.0 9.0 8.0 11.0
WCST_P Post hoc 0.43
- (7.0-13.0) (7.0-16.0) (9.0 -12.0) (7.0-12,0) (5.0 - 14.0) (8.5—-23.5)
ns.
0.04
10.0 12.0 8.0 12.0 6.5 15.5
WCST_NP 0.08 Post hoc
- (7.0 - 14.5) (9.0-17.0) (7.0-16.0) (8.0-19.0) (5.0-9.0) (14.0 - 16.0)
ns.
0.05
735 72.0 74.0 745 815 64.5
WCST_CLR Post hoc 0.23
- (62.0 - 83.0) (57.0 - 81.0) (57.0 - 81.0) N (56.5 — 82.0) (69.0 - 85.0) (48.0 - 73.0)
S.
6.0 6.0 6.0 6.0 6.0 45
WCST_CC 0.22 0.09
- (6.0 —6.0) (4.0-6.0) (4.0-6.0) (2.0-6.0) (6.0 —6.0) (3.5-5.5)
0.08
12.0 12.0 11.0 Post hoc 12,5 115 17.5
WCST _1st 0.33
- (11.0-13.0) (11.0 - 35.0) (11.0-12.0) | L/Lvs S/S0.002 | (11.0-25.0) (11.0 - 18.0) (14.0 - 28.5)
L/S vs S/S 0.01

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.
Significance of differences between subgroups was determined by the Kruskal-Wallis ANOVA. Post-hoc analysis was conducted with Fisher’s

LSD test.
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Table 6. DAT polymorphisms and WCST results in subgroups of women in age <45y and >45y.

Female =<45 Female >45
(n=99) (n = 80)
L/L L/S SIS L/L L/S SIS P
(n=47) (n=41) (n=11) (n=41) (n=31) (n=8)
40.9 427 40.1 43,5 40.8 48.8
BMI 0.54 0.63
(37.2-44.8) (36.2 — 48.8) (37.2-41.9) (34.1-52.4) (35.5-47.4) (40.2-57.0)
9.0 10.0 10.5 11.0 135 12.0
WCST_P 0.80 0.24
(7.0-13.0) (7.0-15.0) (9.0-12.0) (7.0-13.0) (9.5-19.0) (8.0 -22.0)
9.0 12.0 7.0 10.5 125 16.0
WCST_NP 0.09 0.09
(7.0-14.0) (8.0-16.0) (4.0-11.0) (8.0-15.0) (10.0 - 24.0) (8.0-23.0)
76.5 72.0 76.0 71.5 67.0 57.0
WCST_CLR 0.67 0.21
(62.0 — 84.0) (59.0 — 82.0) (72.0 - 81.0) (62.0 — 82.0) (42.0-74.5) (37.0-82.0)
0.07
6.0 6.0 6.0 6.0 6.0 4.0
WCST_CC 0.53 Post hoc
(6.0 -6.0) (5.0-6.0) (6.0 -6.0) (6.0 -6.0) (2.0-6.0) (1.0-6.0)
L/L vs L/S 0.01
0.006
12.0 12.0 11.0 11.0 37.5 12.0 Post hoc
WCST_1st 0.04
(11.0-13.0) (11.0 - 20.0) (10.0-11.0) (11.0-13.0) (11.5-61.0) (12.0 - 27.0) L/L vs L/S 0.002
L/S vs S/S 0.03

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.
Significance of differences between subgroups was determined by the Kruskal-Wallis ANOVA. Post-hoc analysis was conducted with Fisher’s

LSD test.
Table 7. DAT polymorphisms and WCST results in subgroups of men in age <45y and > 45y.
Male =<45 Male >45
(n =36) (n=33)
L/L L/S & SIS p L/L L/s SIS p
(n=24) (n=12) (n=14) (n=11) (n=8)
39.9 41.0 43.7 44.7 40.3
BMI 0.75 0.84
(36.3-49.2) (36..6 — 47.6) (33.3-48.9) (30.3-49.1) 33.7 -45.9)
9.0 9.0 12.5 14.0 13.5
WCST_P 0.007 0.71
- (8.0 - 12.0) (6.0 - 12.0) (7.0 - 20.0) (11.0-27.0) (10.0 - 31.5)
0.05
10.0 8.0 20.0 12.0 16.0
WCST_NP 0.19 Post hoc
(5.5-16.0) (4.0 - 13.0) (18.0 — 22.0) (5.0 - 21.0) (14.0-17.0) N
S.
76.0 8.0 55.0 69.0 61.5
WCST_CLR 0.12 0.91
- (71.0- 83.0) (73.0 - 85.0) (33.0-72.0) (26.0 - 76.0) (39.0-71.5)
6.0 6.0 25 6.0 4.0
WCST_CC 0.49 0.11
(5.0 -6.0) (6.0 -6.0) (1.0-6.0) (3.0-6.0) (3.0-5.0)
12.0 12.0 19.5 11.0 17.5
WCST_1st 0.66 0.14
- (11.0-21.5) (11.0 - 20.0) (12.0 - 30.0) (11.0-31.0) (14.0 - 37.0)

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.
Significance of differences between subgroups was determined by the Mann-Whitney U test (2 groups) and Kruskal-Wallis ANOVA (3 groups).
Post-hoc analysis was conducted with Fisher’s LSD test.
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Table 8. DRD4 polymorphisms and WCST results in subgroups of women in age <45y and >45y

Bielinski et al.

Female =<45 Female >45
(n=99) (n=80)
L/L; LIS SIS p L/L & L/S SIS p
(n=33) (n=66) (n=30) (n=50)
40.2 42.9 44.3 43.2
BMI 0.27 0.68
(37.4 - 43.5) (37.56-47.1) (40.2 - 52.5) (38.3-48.8)
11.0 9.0 12.0 13.0
WCST_P 0.07 0.09
- (7.0-13.5) (7.0-13.0) (9.0-13.0) (9.0-17.0)
9.0 9.0 12.0 11.0
WCST_NP 0.77 0.13
- (6.0 —14.0) (7.0-14.0) (9.0 - 20.0) (8.0-18.0)
79.0 76.0 72.0 68.0
WCST_CLR 0.79 0.15
- (60.5 — 84.5) (63.0 — 84.0) (60.0 — 81.0) (53.0 - 82.0)
6.0 6.0 6.0 6.0
WCST_CC 0.47 0.10
- (6.0 - 6.0) (6.0 - 6.0) (5.0 - 6.0) (4.0 -6.0)
12.0 12.0 13.0 12.0
WCST_1st 0.57 0.003
- (11.0 - 16.0) (11.0-13.0) (11.0 - 28.0) (11.0 - 30.0)

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.

Significance of differences between sexes was determined by the Mann— Whitney U test.

Table 9. DRD4 polymorphisms and WCST results in subgroups of women in age <45y and >45y.

Male =<45 Male >45
(n=36) (n=133)
L/L; LIS SIS P L/L & LIS SIS P
(n=12) (n=24) (n=17) (n=16)
BMI 44.1 40.0 013 447 41.9 0.68
(38.2 - 52.5) (3.,8-43.8) ’ (31.1-51.5) (33.6 —47.4) ’
95 9.0 12.0 235
WCST_P 0.82 0.06
(5.0 - 12.0) (6.0 —10.0) (7.0 -15.0) (10.0 — 36.0)
75 10.0 15.0 19.0
WCST_NP 0.52 0.06
(4.5-11.5) (4.0-19.0) (9.0 — 18.0) (14.5 — 21.5)
83.0 76.0 69.0 36.5
WCST_CLR 0.54 0.006
(73.5 - 85.0) (73.0 — 86.0) (52.0 — 76.0) (26.5 — 67.5)
6.0 6.0 5.0 25
WCST_CC 0.90 0.04
(6.0 —6.0) (6.0 —6.0) (4.0-16.0) (1.0 -5.5)
wesT 1% 12.5 12.0 0.98 12.0 22.0 012
- (10.5 — 20.5) (11.0 — 20.0) ’ (11.0 — 24.0) (11.5 — 53.5) ’

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.
Significance of differences between sexes was determined by the Mann— Whitney U test.

women of different ages showed significant differences
in the population of older women where better results
were associated with allele L (Table 6 and Table 7).

Due to the small number of people with the L/L
allele (5 of 249), people with L/L and L/S alleles were
connected into one group. In the subgroups of both

women and men, there were no significant associations
excepting correlation L allele with a nearly significantly
higher BMI in men (p=0.02). No other significant
dependencies were found. However, in the subgroups
of older women and men, the correlations obtained
were divergent. Among women, the S allele was
associated with a significantly better result in terms of
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Table 10. Linear regression model coefficients on WCST results.

WCST_P WCST_NP WCST_CLR WCST_CC wesT_1%
ss F p ss F p ss F p ss F p ss F p

Gender | 715 | 043 | 072 | 271 | 038 | 053 59.8 014 | 070 | 119 | 289 | 0.04 2952 3.96 0.04
Age 57.1 1.01 | 031 408 | 582 | 0.01 2457 6.09 | 0.01 9.1 232 | 012 7407 10.0 | 0.001
BMI 598 | 012 | 073 210 | 299 | 0.08 139.7 034 | 055 | 1.04 | 026 | 060 210 0.25 0.61
DAT1 797 | 078 | 045 | 464 | 029 | 074 163 020 | 081 2.1 028 | 075 4014 2.73 0.06
COMT | 344 | 307 | 0.04 372 | 242 | 0.09 3357 413 | 001 | 185 | 236 | 0.09 4591 2.95 0.04
DRD4 238 | 221 | o 922 | 068 | 050 1456 189 | 015 | 202 | 028 | 074 100 0.07 0.92

BMI, body mass index; ; WCST_P, percentage of perseverative errors; WCST_NP, percentage of nonperseverative errors; WCST_CLR,
percentage of conceptual responses; WCST_CC, level of category completed; WCST_1st, number of cards needed to complete first category.

the cards needed to form the first category (p=0.003).
Among men, patients with S / S alleles achieved lower
conceptual level response (p=0.006) and composed a
fewer number of categories (p=0.04 — nonsignificant
due to Bonferroni correction) (Table 8 and Table 9).

The analysis performed on the linear regression
model indicated the coefficient of gender to be
significant predictor of categories completed (p=0.04)
and number of cards needed to complete first category
(p=0.04), age to be significant predictor of non-perse-
verative errors (p=0.01), conceptual level response
(p=0.01) and number needed to complete first category
(p=0.001), and also pointed to COMT as a significant
predictor of perseverative errors (p=0.04), conceptual
levels response (p=0.01) and number of cards needed
to complete first category (p=0.04).

4. DISCUSSION

Dopamine is a key neurotransmitter in the brain,
involved in motor and limbic functions. Experimental
studies showed that DA alterations within mesocor-
ticolimbic areas may contribute to cognitive deficits
[39]. Changes in dopaminergic neurotransmission may
be noticed mostly within frontal lobes and basal
ganglia. Both subcortical and cortical areas are
connected, therefore cognitive deficits may be linked to
the alterations within those areas [39,40,41]. In this
study, we have observed that gene polymorphisms
which are expressed mainly in frontal Ilobes
(COMTVal158Met, DRD4) and subcortical regions
(DATT) showed some associations with WCST results,
thus executive functions.

According to Table 2, the amount of perseverative
and non-perseverative errors positively correlated with
BMI values in a group of women. This is consistent with
previous studies performed on obese subjects [42,43].
However, we have not observed the same changes in
males, probably due to the very small amount of
participants. More importantly, the regression model
did not confirm the importance of BMI as a predictor of
prefrontal cortex dysfunction in the whole group.

Changing one's behavior in order to achieve goals
(or to complete the category in WCST) requires

executive functions such as executive control [44]. In
the situation when the rule changes, the participant has
to inhibit their usual response and employs a new one.
Both actions require inhibition and disinhibition. A
higher number of perseverative errors indicates
inefficient inhibitory control and disturbances within set-
shifting [32]. Both dysfunctions may increase the risk of
obesity, supporting the inhibitory control theory of
obesity [45,46]. Similarly, patients with ADHD demons-
trate dysfunction in inhibitory control, which is
controlled by dorsolateral prefrontal cortex [47,48]. The
neuroimaging study of Batterink et al., showed that
obese subjects had significantly lower activation in this
region of PFC, in comparison to lean individuals in the
task based on inhibiting the response to food images
[49].

Both men and women showed significant correla-
tions between WCST dimensions and age, which may
result from the age-associated frontal lobe impairments
[50].

Subsequent tables demonstrate relations between
dopaminergic gene polymorphisms and WCST scores.
Regarding COMTVal158Met, we have observed
significant results of ANOVA (Table 3) in the group of
females. At the same time, the regression model
confirmed that COMT is a significant predictor of
WCST parameters related to prefrontal cortex function.

COMT enzyme regulates DA catabolism in the
synaptic cleft, inhibiting its biological function and is
mostly translated in the PFC than in subcortical
regions. The COMT gene is located at 22q11.2 chro-
mosome, and the most common is the single nucleo-
tide polymorphism (SNP) COMTVal158Met (rs4680)
which alters the enzyme's activity [51,52]. Carriers of
Met allele show lower enzyme activity, resulting in
higher DA availability in the PFC. Conversely, subjects
possessing Val allele tend to have higher COMT
activity leading to reduced dopaminergic signaling
[63,54].

Results included in Table 3, which (after applying
the multiple testing) are on the verge of significance,
indicate, that Val homozygotes made more
perseverative errors in comparison to Met carriers and
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needed more cards to complete the first category.
Poorer cognitive functioning may stem from the lower
dopaminergic signaling due to Val/Val polymorphism.
This is in accordance with findings from the studies
performed on schizophrenic patients and healthy
individuals [55.56,57,58]. In the group of females, the
best cognitive performance was achieved by hetero-
zygotes. This supports the notion for DA's inverted U-
shaped effect on cognitive functions. In PFC, the
relationship between DA and cognitive functions acts
like inverted-U shape, hence surfeit or dopamine
depletion may impair cognitive processing [59].

Table 4 presents significant associations, after
applying the Bonferroni correction, between WCST
dimensions and genotype in younger females but not in
older participants. The loss of brain dopamine
availability with the following cognitive decline has been
observed in many studies [60,61]. Lindenberger et al.
proposed "resource modulation hypothesis", which is
based on the changes within the dopaminergic system
during the life span [61]. The constant age-related loss
of the dopaminergic system elements within the brain
may multiply the effect of genes modulating
dopaminergic neurotransmission, like COMT gene,
hence greatly affect executive functioning and working
memory [62]. Such a phenomenon may stem from the
inverted-U shaped effect of dopamine activity on PFC.
We have not observed this effect in our participants,
putatively due to the small amount of participants.

COMTVal158Met have been reported to have sex-
related dimorphic effects on cognition [58.63,64,65].
We did not observe any significant correlations
between COMT genotype and executive functions in
the male subgroup. However, in the study of Hupfeld et
al. [58], older males (>85 years old) expressed stronger
associations between COMT polymorphisms and
cognition than females. The possible explanation is that
estrogen exerts downregulating effect on COMT
mRNA. Thus, women with higher estrogen levels have
lower COMT activity and greater dopaminergic
signaling  within  fronto-subcortical loops. After
menopause, this interaction may be diminished or
disappear, leading to reduced differences between
men and women [65]. Moreover, the study on post-
mortem brain tissue revealed higher COMT activity in
PFC in males than females [53].

We have observed associations between DAT1
gene polymorphisms and WCST performance. In our
sample, DAT1 polymorphisms did not show significant
correlations with every WCST dimension, but some
post hoc analysis remained relevant. Nonetheless, we
have obtained some results which support earlier find-
ings indicating that lower dopaminergic transmission
may account for poorer cognitive performance.

The human dopamine active transporter (DAT)
regulates dopamine concentration in the DA synapse
by re-uptaking the neurotransmitter which was released
into the synaptic cleft [66]. DAT is mostly distributed in
the basal ganglia of the human brain. The DAT1
(SLC6AJ) is localized on chromosome 5p15.3 and has
a 40-bp variable number tandem repeat (VNTR)
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polymorphism within its 3" untranslated region. The A9
allele is putatively associated with reduced DAT protein
expression, leading to higher levels of dopamine in the
striatum and thus augmented ventral striatal activity
[67,68]. Ten repeat allele codes higher overall DAT
concentration, resulting in greater DA reuptake and
hence reduces synaptic dopamine availability [69].

In Table 5, we have observed the differences
between males and females in WCST performance.
Group of women did not show any significant corre-
lations between DATT alleles and WCST dimensions,
however, there is a trend, confirmed in post hoc
analysis, towards significance indicating that 9R
homozygotes may show better cognitive results in
comparison to 10R carriers. Males homozygous to 9R
showed a non-significantly greater number of non-
perseverative errors, in contrast to 10R carriers. Non-
perseverative errors in WCST seem to be the
combination of different types of errors: efficient and
distraction errors. Efficient errors are needed to
successfully perform the task, as the sign of intentional
shifting toward the wrong concepts in order to receive
disconfirming feedback. Based on the received data,
the subject may adjust the strategy to sort the cards
correctly [70,71]. Distraction errors seem to be random
failures to maintain set, which ensue from fluctuation
while making a choice during sorting the cards [70].
Those arguments suggest low specificity of WCST and
show that more specific tests are needed for better
assessment of the set-shifting errors [70].

Subsequently, we have analyzed cognitive perfor-
mance in the groups of females and males, by dividing
them by their age. Younger women (< 45 years old) did
not show any correlations between WCST parameters
and gene polymorphisms. However, in the older group,
we observed significant differences  between
heterozygotes and homozygotes regarding the number
of cards needed to complete the 1% category in WCST
(WCST 1) with heterozygotes showing the worst
performance. The male subgroup showed significant
correlations while making perseverative errors (males <
45 y.0.) and non-perseverative errors (males > 45
years old). In both cases, 10R homozygotez scored
worse in WCST, which is consistent with findings from
the literature [72,73].

Studies have reported the influence of DAT
availability on cognitive performance [28,74,75]. A
recent study of Chung et al. [28] performed on patients
suffering from Parkinson's disease manifested that
lower DAT availability was associated with poorer
working memory and executive functions. Also in our
study, homozygotes to 10R allele, which is associated
with diminished DAT expression, showed worse scores
in WCST - a proxy for frontal lobes functions.

An experimental study by Ralph et al. [75] showed
that knockout mice demonstrated more repetitive
behavior, which implies making more perseverative
errors and indicates worse cognitive flexibility.
Moreover, in the study of Hsieh et al. [74], the negative
correlation between DAT striatal concentration and the
amount of perseverative errors in WCST was
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observed. In our study, young 10/10 males made
significantly more perseverative errors than 9R carriers,
which is consistent with other findings suggesting
poorer performance in this dimension in obese
individuals [76,77].

Estrogen regulates dopamine transmission, thus
sex differences in cognitive function between males
and females may result from the sex hormones [78,79].
Estradiol may putatively reverse DAT function,
promoting the efflux of dopamine through the DAT,
thus causing higher dopaminergic signaling within
subcortical regions [80]. In our study, the amount of
perseverative and non-perseverative errors significantly
correlated with 10/10 alleles in males, but not in
females. One possible explanation is that women have
greater dopaminergic signaling than men, even while
possessing polymorphisms responsible for lower
dopaminergic  signaling. Whereas the factors
differentiating men and women in terms of cognition
are very numerous and many of them may be more
important than the mechanism postulated above.

The human dopamine receptor D4 is encoded by
DRD4 gene and is localized in cortical and subcortical
regions; showing higher concentration within PFC,
amygdala or hippocampus, and limited expression in
striatal regions [81,82]. We examined the 48-base pair
exon 3 VNTR polymorphism of DRD4. Alleles variants
may range from 2R to 11 R. The DRD4 7R variant
encodes a dopamine receptor with a weaker inhibitory
signal to cyclic adenosine monophosphate (CAMP) in
comparison to shorter forms, indicating the hypo-
functionality of the receptor [83,84]. Literature shows
evidence of the association between DRD4 polymor-
phisms and cognition [85,86,87,88]. Moreover, allele
7R of DRD4 is strongly associated with ADHD - a
disease characterized by cognitive deficits, including
inhibitory control, working memory, and attention
[89,90,91].

Results of our study did not demonstrate any
correlations between DRD4 alleles in subgroups of
men and women. However, significant associations
occurred when we divided the groups by age. In the
group of older women, L allele carriers showed better
cognitive performance in WCST 1%, indicating that
greater dopaminergic signaling resulting from this
polymorphism may correlate with better executive
performance. These results may stem from the
inverted-U shape effect of dopamine. The study of
Heinzel et al. [92] demonstrated that in the state of
intermediate DA  availability,  determined by
COMTVal158Met, S carriers showed optimal PFC
processing in Go-No-Go test. In the state of lower
dopaminergic transmission, L allele carriers performed
worse during the test. Moreover, this study yielded
interesting results indicating that COMT x DRD4
epistatic effect may significantly impact response
inhibition behavior — where disturbances are putatively
involved in the pathogenesis of obesity. Unfortunately,
in our study, we did not scrutinize the epistatic effect
between the genotypes. Due to the small sample, we
had to combine heterozygotes with homozygotes,
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therefore our results may be difficult to interpret
regarding inverted-U shape dependency of DA gene
polymorphisms on executive functions. This may be the
explanation of divergent results showing that males
homozygous to S allele showed better cognitive
performance in WCST.

During aging, brain structures decline which may
magnify genetic effects on cognitive performance.
Studies have observed the effects of COMT genotype
on cognitive performance in older individuals, which
may stem from the non-linear effect of DA on PFC
[61,62]. In our study, significant differences between
WCST and DRD4 polymorphism were observed in
older patients, which may also be the result of age-
associated magnification of DRD4 polymorphism.

Studies suggest that in order to perform WCST
efficiently, not only PFC but also different parts of brain
areas are involved, like parietal lobes areas, temporo-
parietal association cortex, visual cortices,
parahippocampal areas or basal ganglia.[35, 93]

DAT1and DRDR4 are expressed in subcortical
areas, and according to our results, they are involved in
the WCST performance. It has been noted, that the
activity of dopaminergic neurons in the ventral
tegmental area may modulate the PFC activity [94].
Thus, we assume that the dopaminergic gene which is
mostly expressed in the subcortical areas (like DAT7or
DRD4) may influence the functioning of different brain
areas responsible for cognitive processes.

CONCLUSION

In conclusion, the presented results suggest that the
prefrontal cortex functioning in the studied population
shows dependence on dopaminergic transmission
similar to inverted-U shape characteristic. Differences
in the obtained WCST results, considering the division
into age groups and groups with different gender, may
suggest an important role of sex hormones in the
regulation of cognitive functions dependent on the
prefrontal cortex. These conclusions need confirmation
in more numerous subgroups with a simultaneous
assessment of sex hormone regulation.

LIST OF ABBREVIATIONS

ADHD = Attention deficit hyperactivity
disorder

ANOVA = Analysis of variance

BMI = Body mass index

cAMP = Cyclic adenosine monophosphate

COMT = Catechol-O-methyltransferase

DA = Dopamine

DAT1 = Dopamine transporter type 1

DRD4 = Dopamine receptor D4

EDTA = Acidum edeticum

LSD = Least Significant Difference test



12 Current Molecular Medicine, 2019, Vol. 19, No. 00

EF = Executive functions

PFC = Prefrontal cortex

SNP = Single nucleotide polymorphism

T™MT = Trial making test

VNTR = Variable number of tandem repeats

WCST = 1st — number of trials required to
complete the first category

CLR = Conceptual level response

WCST = Wisconsin Card Sorting Test

WCST_CC = Number of correctly completed
categories

WCST_NP = Percentage of non-perseverative
errors

WCST_P = Perseverative error percentage
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Abstract: Studies indicate the heritable nature of affective temperament, which shows personality
traits predisposing to the development of mental disorders. Dopaminergic gene polymorphisms
such as DRD4, COMTVal158Met, and DAT1 have been linked to affective disorders in obesity. Due to
possible correlation between the aforementioned polymorphisms and the affective temperament,
the aim of our research was to investigate this connection in an obese population. The study enrolled
245 obese patients (178 females; 67 males). The affective temperament was assessed using the
Temperament Evaluation of Memphis, Pisa, Paris, and San Diego autoquestionnaire (TEMPS-A).
Genetic polymorphisms of DAT1, COMTVal158Met and DRD4 were collected from peripheral blood
sample and determined using a polymerase chain reaction (PCR). Only in COMT polymorphisms,
the cyclothymic and irritable dimensions were significantly associated with Met/Val carriers (p = 0.04;
p = 0.01). Another interesting finding was the correlation between the affective temperament and
age in men and women. We assume that dopamine transmission in heterozygotes of COMT may
determine the role of the affective temperament in obese persons. Dopaminergic transmission
modulated by COMT may be responsible for a greater temperament expression in obese individuals.
To our knowledge, this is the first study describing the role of affective temperament in the obese
population, but more research is needed in this regard.

Keywords: dopaminergic gene polymorphisms; affective temperament; obesity

1. Introduction

Previous research devoted to eating disorders, mainly related to anorexia and bulimia, indicated
the possibility of specific personality traits related to both the predisposition to the disease and those
affecting the course and clinical picture of the disease [1]. The psychological aspects of predisposition to
obesity are mostly: disorders of the self-regulation mechanism, beliefs and expectations of the individual,
personality traits, difficulties in coping with stress and experienced emotions [2]. Recent psychiatric
studies suggest that there is a link between obesity and mood disorders. The association between
obesity and depression occurred in childhood. Previous research indicated that the symptoms of
eating disorders are common and that patients with bipolar disorder are more obese than the control
group [3-5]. The results indicate that the symptoms of eating disorders are common and that patients
with bipolar disorder are more obese than the control group [6,7]. Along with the broadening of
the limits of diagnostic criteria for bipolar disorder (BD) over the last years, research has pointed to
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the high prevalence of less severe forms of BDs, in particular hypomania, among obese patients [8].
Dopamine might be a factor linking obesity with mood disorders, especially given that maladaptive
changes in dopaminergic transmission have been observed in obesity and [9-11].

Yokum et al. (2015) tested the multilocus genetic composite risk score—a proxy for dopaminergic
signaling—and future changes in BMI values. The results of their study revealed that DRD4,
COMTVall58Met and DAT1 polymorphisms, putatively associated with a greater DA signaling
capacity, were linked to greater increases in the BMI; hence the future weight gain [12].

According to the regulatory theory, the temperament is the basic, relatively permanent character
traits that manifests in the formal specifics of behavior. These features are already present in
early childhood and are common to humans and animals. Being originally determined by innate
physiological mechanisms, temperament may change under the influence of puberty, aging and certain
environmental factors. In their work, Serafini et al. (2015) showed that unpleasant events, inter alia:
sexual abuse, physical abuse, child maltreatment or domestic violence, were associated with greater
depression and suicidality in adolescents. It is worth noting that the type of events, as well as the
frequency and the timing of maltreatment, may influence the risk of psychiatric disorders, including
suicidal behavior, due to the disruption in the brain development connected to cognitive, social or
emotional functioning [13].

According to Arnold Buss and Robert Plomin (1984), temperament is a set of inherited personality
traits that are revealed in early childhood. The temperament understood in this way is the basis
for shaping and developing personality [14]. According to the assumptions of modern psychiatry,
temperament is considered a personality aspect that takes into account the constant behavior of the
individual, predicts mood changes and is strongly genetically conditioned [15-17].

An important researcher in the field of psychiatry, Emil Kraepelin, believed that a depressive
temperament, and a manic, irritable and cyclothymic temperament is not only represented by affective
predispositions, but also by subclinical variations of manic and depressive disorders. Akiskal et al.
distinguished four types of affective temperament: depressive, manic, irritable and cyclothymic. In later
studies, manic temperament was changed to hyperthymic temperament, and anxiety temperament
was added [18-20]. The conceptualization of these five types of temperament has led to the creation
of a TEMPS psychometric tool (Temperament Evaluation of Memphis, Pisa, Paris and San Diego).
In studies utilizing this tool, obese patients showed significantly higher results in cyclothymic, irritable
and anxious temperaments compared to the control group [21]. Assuming that the cyclothymic
temperament is part of the mild spectrum of BD, these results are consistent with previous studies
suggesting a higher incidence of bipolar symptoms in people with obesity [8].

The relationship between temperamental traits in Cloninger’s concept (Temperament and
Character Inventory—TCI) and gene polymorphism for the serotonergic and dopaminergic systems
was also found. Research is still under way to determine the role of genes in the regulation and
emergence of bipolarity and affective temperament [22]. So far, in obesity, this type of research is
scarce. Our previous study showed a significant contribution of the SERT gene in the regulation of
temperament in the obese population [23].

There are few studies in the literature describing the connection between polymorphisms of
the dopaminergic system genes with personality traits, character or temperament. Thus, the aim
of this project is to determine the possible role of dopaminergic pathways in the regulation of the
affective temperament in the obese population. In order to accomplish our objects, we formulated the
following hypotheses:

1. Individuals with higher BMI values will have greater scores in cyclothymic, anxious and
irritable temperaments, which are associated with the predisposition to psychiatric comorbidities.

2. A lower dopaminergic transmission modulated by the following gene polymorphisms:
COMTVal158Met, DRD4 and DAT1, will be associated with a higher BMI and more pronounced
cyclothymic, anxious and irritable dimensions.
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2. Results

Basic demographic data and TEMPS-A dimensions in a group of women and men are shown in
Table 1. There were significant differences only in terms of more depressed and irritable dimensions in
the group of men.

Table 1. Age, body mass index (BMI) and results on the TEMPS-A scale in study participants. Data are
presented as medians, and 25th and 75th quartiles.

(ie:l 1a;§> (711\/5 l:'7) P Cohen’s d
Age (36.(;1—147.0) (34.(;1_248,5) 0.11 0.4
BMI (36?%27.0) (35214?8.5) 0.8 0.03
TEMPS. D (0.223(?.52) (o,ziilg%) 0.04 0.36
TEMPS.C 0 ) o 009 029
TEMPSH 035-062) 035061 0.53 0.1
TEMPS (0~0%E§~28) (0.0(;'—2(:)5.33) 0.001 0.42
TEMPS_A (0.2%3’03.55) (0_1[;'_33_51) 0.12 0.18

BMI, body mass index; TEMPS_D—depressive subscale of TEMPS-A; TEMPS_C—cyclothymic subscale of TEMPS-A;
hyperthymic subscale of TEMPS-A; TEMPS_l—irritable subscale of TEMPS-A; TEMPS_A—anxious subscale of
TEMPS-A. Significance of differences between sexes was determined by the Mann—Whitney U test. Size effect was
measured by Cohen’s d method.

Table 2 shows the analysis of associations between the temperamental dimensions (according to
TEMPS-A) and both the age and BMI. Our results revealed, that in the group of women, a greater age
significantly correlated with more expressed dimensions of depression and anxiety. Regarding the BMI,
we observed its positive correlation with a greater expression of the hyperthymic temperament and
a smaller cyclothymia. On the other hand, in the group of men, there was a negative correlation between
age and cyclothymia. In this group, the dimensions of cyclothymia and irritability were significantly
more pronounced, as the BMI values increased. A partial Kendall’s regression in the group of women
showed the significance of the relationship between the age and depressive temperament, the age and
anxiety temperament as well as between the BMI and cyclothymic temperament. On the other hand,
in the group of men, the significance was confirmed for the BMI and cyclothymic temperament.

When analyzing the correlations of the studied COMT gene polymorphisms in the subgroups
of both sexes (Table 3), no significant relationships were found. Thus, we performed an ANOVA for
the entire group, and then conducted a post hoc analysis only for significant results for the ANOVA,
which revealed a significantly greater expression of cyclothymia in the heterozygote subgroup.
Similarly, the irritability was more pronounced in the heterozygous group.

A multiple testing procedure was then performed to confirm the validity of the relevant results.
After applying the Bonferroni correction, it was confirmed that the still results for the COMT gene
alleles and TEMPS-A cyclothymic (p = 0.01) and irritable (p = 0.01) dimensions are considered to
be significant.

According to Table 4, the analyses carried out for the DAT1 polymorphism did not show any
significant relationships of temperament dimensions according to TEMPS-A.
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Table 2. R-Spearman correlations of the age and BMI result with the TEMPS scores in women and men. Partial Kendall regression for significant correlations.

40f19

Male
(n =67)
Age BMI Age BMI
r=021
p =0.004 r=-0.14 r=-0.05 r=0.06
TEMPS_D Par. Kendall’s tau p =0.06 p =0.68 p=0.63
Tau =-2.74; p = 0.006
r=-0.16 r=-0.26 r=0.33
r=-0.06 p=0.03 p=0.03 p = 0.006
TEMPS_C p=042 Par. Kendall’s tau Par. Kendall’s tau Par. Kendall’s tau
Tau = -0.15; p = 0.002 Tau = -0.01; p =0.44 Tau = -0,24; p = 0.003
r=0.16
r=-0.09 p=0.03 r=0.09 r=-0.09
TEMPS_H p=0.23 Par. Kendall’s tau p=0.46 p=047
Tau = 0.01;p = 0.37
r=0.31
r =0.004 r =-0.07 r=-0.12 p=0.01
TEMPS.I p=0.95 p=0.35 p=0.33 Par. Kendall’s tau
Tau =-0.13; p = 0.05
r=0.16
p=0.03 r=-0.11 r=-0.11 r=0.07
TEMPS_A Par. Kendall's tau p=0.14 p =037 p =057

Tau = -0.09; p = 0.03

BMI, body mass index; TEMPS_D—depressive subscale of TEMPS-A; TEMPS_C—cyclothymic subscale of TEMPS-A; TEMPS_H—hyperthymic subscale of TEMPS-A; TEMPS_l—irritable

subscale of TEMPS-A; TEMPS_A—anxious subscale of TEMPS-A. Par. Kendall’s tau—partial Kendall’s tau. Bold values indicate statistical significance.
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Table 3. COMT polymorphisms and TEMPS results in study group.

All Group
(n = 245)
G/G G/A A/A )
(n=64) (n =120) (n=61)
409 05 0.4
BMI (36.7-443) (36.5-49.0) (37.0-48.1) 0.52
0.36 0.42 0.38
TEMPSD (028-042) (028-052) (0.28-043) 036
Post-hoc
0.28 0.47 0.38 G/G vs G/A p = 0.014
TEMPS.C o 016-047) (024-064) (023-052) 004 G/A vs A/A ns
G/Avs AA na
0.57 0.47 0.57
TEMPS_ H  050.067) (0.28-061) (0.38-0.57) 0.07
Post-hoc
0.09 0.26 0.09 G/G vs G/A p = 0.01
TEMPS T 001 016) (0.09-033) (0.05-024)y 01 G/A vs A/A ns
G/Avs AA ns
TEMPS. A 0,32 0,35 0.32 052

(0.20-0.52)  (0.22-0.59)  (0.24-0.52)

BMI, body mass index; TEMPS_D—depressive subscale of TEMPS-A; TEMPS_C—cyclothymic subscale of TEMPS-A;
TEMPS_H—hyperthymic subscale of TEMPS-A; TEMPS_I—irritable subscale of TEMPS-A; TEMPS_A—anxious
subscale of TEMPS-A. Significance of differences between subgroups was determined by the Kruskal-Wallis ANOVA.
Post-hoc analysis was conducted with Fisher’s NIR test.

Table 4. DAT polymorphisms and TEMPS-A scale results in study group.

All Group
(n =245)
L/L L/S S/s p
(n=117) (n =103) (n = 25)
412 416 40.7
BMI (36.2-48.9) (35.8-48.5) (39.9-46.8) "
0.42 0.38 0.38
TEMPS_D (0.28-0.52) (0.28-047) (0-28-047) o
0.38 0.38 0.33
TEMPS_C (0.24-0.62) (0.23-0.57) (0-29-0.48) .
0.52 0.52 0.57
TEMPS_H (0.36-0.61) (0.38-0.62) (0.38-0.62) o
0.19 0.14 0.09
TEMPS_I (0.07-0.33) (0.05-0.28) (0.04-0.29) 023
0.32 0.33 0.44
TEMPS_A (0.21-0.52) (0.24-0.52) (0.28-0.59) -

BMI, body mass index; TEMPS_D—depressive subscale of TEMPS-A; TEMPS_C—cyclothymic subscale of TEMPS-A;
TEMPS_H—hyperthymic subscale of TEMPS-A; TEMPS_I—irritable subscale of TEMPS-A; TEMPS_A—anxious
subscale of TEMPS-A. Significance of differences between subgroups was determined by the Kruskal-Wallis ANOVA.

Due to a small group of DRD4 L/L carriers, we combined groups of individuals with L/L and L/S
together, tagged them as L-carriers, and performed proper calculations. Nevertheless, as shown in
Table 5, the obtained results regarding the analysis of the dependencies for DRD4 polymorphisms did
not show any significant associations, in the examined group of obese subjects.
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Table 5. DRD4 polymorphisms and TEMPS-A results in subgroups of women and men.

All Group
(n = 245)
L/L; L/S S/S 114 p
(n = 84) (n =161)
429 41.8
BMI (38.5-49.0) (37.2-47.1) o2
0.4 0.33
TEMPS_D (0.28-0.47) (0.28-0.47) o
0.38 0.47
TEMPS_C (0.24-0.61) (0.23-0.57) oot
0.47 0.19
TEMPS_H (0.35-0.59) (0.05-0.28) o1
0.16 0.19
TEMPS_I (0.05-0.33) (0.20-0.55) -
0.32 0.35
TEMPS_A (0.24-0.47) (0.20-0.54) 07

BMI, body mass index; TEMPS_D—depressive subscale of TEMPS-A; TEMPS_C—cyclothymic subscale of TEMPS-A;
TEMPS_H—hyperthymic subscale of TEMPS-A; TEMPS_I—irritable subscale of TEMPS-A; TEMPS_A—anxious
subscale of TEMPS-A. Significance of differences between subgroups was determined by the Kruskal-Wallis ANOVA.

After making calculations of one-dimensional analyses on TEMPS-A (Table 6), we confirmed the
significant interaction effect for the gender and following temperaments: depressive, cyclothymic and
irritable; for the BMI and anxious temperament; and for COMT Val158Met and both the cyclothymic
and irritable temperament. However, we did not observe any significance for the age and other
examined polymorphisms (Table 6).

Table 6. Analyses of unidimensional interaction effects for TEMPS-A temperaments subscales.

TEMPS-D TEMPS-C TEMPS-H TEMPS-I TEMPS-A
SS F P SS F P SS F p SS F p SS F p

Gender 0.15 53 002 023 46 003 001 036 054 018 61 0.01 004 094 033
Age 208 138 006 207 068 094 207 101 046 1.89 119 020 3.03 117 022
BMI 011 078 065 035 47 011 006 020 09 037 49 010 024 171 0.01
DAT1 002 038 068 022 022 079 0007 01 090 0.09 153 021 005 052 059
COMT 007 149 022 032 32 004 022 29 005 020 34 003 010 107 034
DRD4 0.02 049 061 004 039 067 007 108 034 007 136 035 001 011 0.89

One-dimensional analysis of significance (ANOVA) F-test based on SS.

The Wald statistic in the logistic regression model indicated the coefficient of gender to be a
significant predictor of the TEMPS-D results, and the COMT polymorphism to be a significant predictor
of the TEMPS-H and TEMPS-I results (Table 7). These test results for COMT in predicting TEMPS-C
and TEMPS-D, and for DAT1 in predicting TEMPS-I, remained in the trend.



Int. ]. Mol. Sci. 2019, 20, 1847 7 of 19

Table 7. Logistic regression model coefficients on TEMPS-A temperaments subscales.

TEMPS-D
B SE.  Wald df P 950/“2: 93?;:‘
Gender 0164 0057 805 1 0.004 0.278 0.05
Age 0003  0.004  0.69 1 04 0.011 ~0.004
BMI 0.00008  0.006  0.01 1 0.89 0.013 -0.11
DAT1 0036  0.06 037 2 0.82 0.157 -0.085
COMT  -0.126  0.07 57 2 0.057 0.018 -0.272
DRD4  -0100 0196 027 2 0.86 0.284 -0.485
TEMPS-C
B SE.  Wald df P 950/“2: 93?}53‘:‘
Gender  -0.13 0066  3.95 1 0.04 ~0.001 -0.262
Age -0.0007 0.005 001 1 0.9 0.01 -0.012
BMI 0.008 0008  1.09 1 0.29 0.296 -0.007
DAT1 -0.045 008 03 2 0.85 0.12 -0.21
COMT  -0177 0111 299 2 0.055 0.04 -0.39
DRD4 0137 0168 083 2 0.65 0.366 0.117
TEMPS-H
B SE.  Wald df P 95:;: 93?;:‘
Gender  —007  0.05 233 1 0.12 0.021 -0.175
Age 0.0008  0.003  0.05 1 0.81 0.008 -0.006
BMI 0.002  0.006 02 1 0.64 0.014 -0.009
DAT1 -0.019  0.06 027 2 0.87 0.098 -0.137
COMT 0.12 0.06 6.05 2 0.04 0.241 -0.002
DRD4 -007 0.8 245 2 0.29 0.282 -0.239
TEMPS-I
B SE.  Wald df P 95:;: 982’;:‘
Gender 0032 0094 0.1 1 0.73 0217 -0.152
Age 0003 0008 017 1 0.67 0.021 -0.013
BMI 0005 0014 013 1 0.71 0.033 -0.023
DAT1 0299 0143 544 2 0.065 0.58 0.019
COMT -035 0211 592 2 0.04 0.074 -0.756
DRD4 0322 0207 313 2 02 ~0.084 0.12
TEMPS-A
B SE.  Wald df P 950/“2: 98?;:'
Gender 0085 0078  1.18 1 0.27 0.238 ~0.068
Age 0.005  0.005 0.8 1 0.37 0.016 ~0.005
BMI -0.008  0.008 095 1 0.32 0.008 -0.026
DAT1 -008 008 105 2 0.59 0.349 0.088
COMT  -0219 0.1 42 2 0.12 0.04 -0.009
DRD4 -011 0257 021 2 0.89 0.386 -0.623

BMI, body mass index; TEMPS_D—depressive subscale of TEMPS-A; TEMPS_C—cyclothymic subscale of TEMPS-A;
TEMPS_H—hyperthymic subscale of TEMPS-A; TEMPS_I—irritable subscale of TEMPS-A; TEMPS_A—anxious
subscale of TEMPS-A.
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3. Discussion

To date, many studies point to the connection between obesity and mood disorders, such as
depression or BD [24-28]. Oniszczenko et al. (2015) suggest that personality traits expressed
by temperament may constitute specific risk factors for the development of obesity. Those traits
might determine behaviors which hinder weight loss or cause excess eating. Moreover, mentioned
temperaments may also contribute to the proneness to mood disorders associated with obesity [29].

Therefore, research on a neurobiological basis of affective temperament could convey essential
details of how dopaminergic gene polymorphisms add to the pathogenesis of mood disorders in
the obese population; it may, in particular, explain that changes in dopamine transmission may be a
causative and a common factor in the development of obesity, as well as of affective diseases [30-32].

In this study, we analyzed affective temperament dimensions in an obese population using the
TEMPS-A autoquestionnaire. Subsequently, we scrutinized correlations of affective temperament and
dopaminergic gene polymorphisms which are involved in obesity and mood disorders. Those genes are
comprised of COMT Val158Met, DAT1 and DRD4. To our knowledge, this is the first study analyzing
the affective temperament in the context of dopaminergic genes in an obese population.

Tables 1 and 2 show significant differences of affective temperament dimensions in both sexes.
According to Table 1, men scored higher than women for the depressed and irritable temperament.
The logistic regression model (Table 7) shows significant results for gender and TEMPS-D, but not
for the irritable dimension. In our previous study, evaluating the affective temperament in an obese
Polish population in the context of the serotonin transporter gene polymorphism (5-HTTLPR), we also
observed a higher expression of the irritable temperament in men [23]. Studies show significant
differences between temperament dimensions in patients suffering from BDs in comparison to
healthy ones. Individuals with BD show greater scores in depressive, cyclothymic, irritable and
anxious dimensions [33]. It has been shown that, among bipolar patients, cyclothymic and irritable
temperaments may be connected with impulsivity [34]. The French study of Bénard et al. (2017)
exhibits a stronger association between impulsivity and obesity in men than in women, suggesting the
role of gender in weight status and eating behaviors [35]. Such results are interesting in the context of
the proneness to affective disorders in this population, with a differentiation between both sexes.

The literature also shows that females may be more susceptible to depression than men [36].
This may stem from many factors, including sociocultural, psychosocial, or behavioral factors.
Considering the molecular basis which connects gender, depression and obesity, the difference in
sex hormones may affect a response to stressors and modulate immune responses, resulting in
higher inflammation, eventually leading to depressive disorders [37-39]. Sex hormones affect the
immune system by exerting pro-, or anti-inflammatory effects. This includes stimulating the immune
cell activation, or an increased expression of cytokines which participate in the immune responses.
Great evidence points to the link between elevated pro-inflammatory cytokines and depression.
The data indicate that the immune system may contribute to depression pathogenesis in different ways
due to sex differences. During puberty, a crucial period for depression development, the estradiol
levels increase. Also, the interplay between sex hormones and the immune system may be seen in peri-
and post-partum depression, where the level of estrogen is also augmented [40]. Androgens take part
in the suppression of immune responses, but it has been shown that a greater activation of the immune
system in males with a reduced testosterone concentration may contribute to mood disorders [41].
Even though the literature shows mixed results in this field, Byrne et al. (2015) conclude that the
female sex may be the factor influencing immune responses and depression [38,42]. More research
focusing on differences of affective temperament in both sexes would bring interesting data regarding
the genetic and molecular basis of morbidity for mood disorders in men and women.

Affective temperament is considered a stable construct associated with genetic transmission and
could serve as a phenotype to detect genes responsible for a susceptibility to affective disorders [18,43,44].
Surprisingly, we have observed the correlations between temperament dimensions and age in both men
and women. A positive correlation between a depressive and anxious temperament and age may ensue
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from changes of a person’s experience during their lifetime. The study of Caserta et al. (2011) showed no
connections between depression and the immune system in young girls, although in older girls higher
depression measures were associated with increased NK cells cytotoxicity [42]. It has been shown
that a positive demeanor, i.e., extraversion, agreeableness, or being optimistic, may affect the immune
system, by for example lowering the IL-6 response to the stress factors [45,46]. On the other hand,
pessimism contributed to augmented markers of inflammation, like IL-6 and the C reactive protein [47].
We assume, that similar associations might be responsible for our results regarding TEMPS-A, and that
sex and age might constitute potential modifiers of affective temperament dimensions. Furthermore,
more research should be conducted in relation to the association between anxiety and depressive
disorders, in the context of hypothalamic-pituitary-adrenal (HPA) axis dysregulation [48,49].

Epigenetics is a novel field describing alterations in gene functioning without changes within the
genome sequence. It provides potential mechanisms explaining the adverse effects of environmental
factors on modulatory mechanisms of gene expression, which may exert long-term effects and be
putatively heritable [50,51]. Recent studies connect epigenetic changes with numerous diseases
including cancer, while laying emphasis on their crucial role in the pathopsychology, by explaining
the association between depressive and anxiety disorders, and adverse life events, or the impact of
stress in childhood [52-56]. Additionally, in some studies, it has been corroborated that epigenetic
changes may exert dysregulations in the HPA axis, by affecting its regulatory genes, thus contributing
to stress-related disorders. The upregulation of the cortocotropin-releasing hormone expression or
altered transcription of the glucocorticoid receptor in the brain regions may stem from stress-induced
epigenetic modifications, and thus be responsible for HPA-axis dysfunction [57,58].

Therefore, we assume that epigenetics might be a putative link connecting received TEMPS-A
results and age. Due to the scarce literature regarding this topic, we encourage more research engaged
in psychoneuroimmunology or the influence of environmental factors on the affective temperament.
Epigenetics constitutes a challenging field which may convey essential data explaining discrepancies
in affective temperament investigations.

In the current study, an increased BMI positively correlated with a greater expression of
hyperthymic temperament in women and a greater cyclothymic and irritable dimension in men.
We can refer to our findings from our previous study. Temperament results between morbid obese
(BMI > 40) and obese individuals (BMI < 40) showed that morbidly obese scored greater in hyperthymic
and cyclothymic dimensions [23]. In the study of Amann et al. (2009), patients with morbid obesity
displayed higher scores in cyclothymic, irritable and anxious dimensions, which is partially consistent
with our results [21]. Considering that studies show associations between the cyclothymic, irritable
and hyperthymic temperament, and BD, the abovementioned data imply a heightened risk of this
disease with a weight gain in obese patients [59-62]. In this study, the cyclothymic temperament in
women showed a negative correlation with the BMI and with the age in males, which is inconsistent
with findings in the literature [63]. We presume that the heterogeneity of the results may stem from the
lack of the control group. It is possible that, when comparing with non-obese individuals, the study
group could exhibit a more expressed cyclothymic dimension of the affective temperament.

The association between COMT Val158Met and mood disorders has been pointed out in the
literature [64-66]. However, many researchers still show some concerns about the exact mechanism by
which dopamine transmission, determined by COMT, contributes to the origin of affective disorders [67].
Some authors propose that the polymorphisms may influence the HPA axis reactivity and thus,
by causing a dysregulation of the inflammation processes, may be involved in the pathogenesis of
mood disorders and obesity in a reciprocal manner [68-70]. The literature also shows an association
between COMT polymorphisms and personality traits in patients suffering from BD [71-73].

Some publications exhibit connections between Met alleles and vulnerability to stress and anxiety,
and thus depression [65,74]. However, Massat et al. (2011) showed that the Val allele was more common
in individuals with an early stage of depression [75]. The study performed on larger population showed
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mixed results: The Met allele occurred less frequently among men with depression in comparison to
the control group [76].

During the analysis of the connection between affective temperament and dopaminergic gene
polymorphisms, we have only observed the association between COMT Val158Met polymorphisms.
Considering the affective temperament, COMT heterozygotes showed significant results only in irritable
and cyclothymic dimensions. Using a logistic regression model (Table 7), we also received significant
results concerning the irritable temperament and COMT polymorphism. Both temperaments were
overrepresented in patients with bipolar disorders [59]. The irritable temperament has been linked
with anxiety and agitation and found more often in persons with bipolar disorder, in comparison to
healthy controls or patients with a major depressive disorder [62,77].

Previous studies on the COMT relationship with the dimensions of the temperament in Cloninger’s
concept were focused mainly on the novelty seeking dimension. These studies gave different results,
the majority of which focused on the polymorphism rs4680 [78-80]. Golimbet et al. (2007) provided
evidence that the COMT Met allele (which contributes to the reduction of enzyme activity and ultimately
leads to an increase in dopamine levels) was associated with a greater severity of temperamental trait
novelty seeking in women [78]. The repetition of this result was done by Tsai and co-workers (2004) on
young Chinese women [81]. However, the association of the rs4680 polymorphism of the COMT gene
with the novelty seeking dimension of temperament has not been confirmed. Searching in other studies
conducted on the Caucasian population and the Japanese population [79,80]. In a study conducted on
the Chinese population on drug addicts, the COMT gene polymorphism was shown to be related to
the temperamental characteristics of novelty seeking and the tendency to addiction [82]. A decreased
pre-dopaminergic activity and low control, associated with specific COMT genotypes, may increase
impulsivity, which is a component of novelty seeking. Research by Kang and co-workers (2010) on
the dimensions of character showed that the Val158Met COMT polymorphism may be related to a
susceptibility to boredom and the need for strong sensations in women [83].

The TEMPS-A validation study showed a positive correlation between both the cyclothymic and
irritable temperament and the higher novelty seeking scores; hence, our findings are consistent with
the results of the abovementioned studies [84], in particular in relation to the fact that Cloninger’s
novelty seeking, as well as Akiskal’s cylothymic and irritable dimension, are involved in affective
disorders [85]. In their work, Parneix et al. (2014) found that patients with irritability related to major
depressive episodes were characterized with atypical features like weight gain and showed greater
novelty seeking. The authors suggested that such findings are indicative of a greater vulnerability
to BD [86]. In another study, impulsivity seen in the bipolar spectrum was also described in the
context of obesity and food addiction [87]. Thus, the affective temperament seems to be related to
a susceptibility to mood disorders in obese individuals, and its evaluation might provide useful
information considering treatment approaches.

Unfortunately, due to the observational design of our study and the lack of a control group, it is
difficult to explain the molecular basis of the interplay between the dopaminergic transmission modulated
by COMT and the affective temperament. We speculate that obese individuals, in comparison to healthy
persons, show a disturbed dopamine transmission, and that dopaminergic signaling in heterozygotes
gives rise to more pronounced affective temperament dimensions. This may constitute the link between
COMT polymorphisms and affective disorders in the obese population. Moreover, individual changes in
the dopaminergic transmission might bias the obtained results and influence the temperament expression
or exert differences in one’s behavior [88,89]. We propose that future researches of affective temperament
should utilize neuroimaging, along with neurogenetic studies, and compare the obtained results with a
control group. This measure might elucidate what kind of dopaminergic transmission, determined by
COMT, is responsible for the pathogenesis of mood disorders in the obese population.

In Tables 4 and 5, we did not observe any statistically significant associations between the affective
temperament and polymorphisms of DAT1 nor DRD4.
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The literature shows mixed results about the connection between the abovementioned
polymorphism and temperament analyzed with various scales. According to Cloninger’s theory,
the dimension of temperament novelty seeking is, according to this concept, related to the DRD4
gene. Previous studies on the association of the VNTR polymorphism in the DRD4 gene suggested
association with the dimension of novelty seeking of temperament [90]. However, further studies did
not detect a similar relationship, but showed a correlation of the polymorphism (-521 C/T) of the DRD4
gene with impulsivity and novelty seeking. Other researchers have found a connection between the
VNTR polymorphism and two mood temperaments: cyclothymic and irritable; however, this study
was performed on a healthy volunteer of the Asian population, and therefore it may be difficult to
compare the results to our group [87].

Regarding the DAT1 gene, some studies indicate that the VNTR 3'UTR polymorphism of the
DAT1 gene is associated with novelty seeking; however, other researchers have not obtained similar
results [91-93]. The research also indicates the interaction of DAT1 gene polymorphisms, DRD4 and
neuroticism [94]. The literature shows little findings describing affective temperament measured with
TEMPS-Am, and DRDR4 or DAT1 polymorphisms, and more studies are needed in this field.

In Table 6, the effect interaction was observed for the anxious dimension and BMI. However, by using
a logistic regression we have not obtained significant results for the BMI and any temperament dimension.
In the study of Amann et al. (2009), obese patients scored significantly higher in the anxious dimension,
as well as for the irritable and cyclothymic factors [21]. Therefore, we assume that persons characterized
by an anxious temperament might be at greater risk of further weight gain. Even though we did not
find any associations between this dimension and the dopaminergic genes, it could be that an anxious
temperament is related to the serotonergic transmission. It could be, in particular, that it has been linked to
moderate novelty seeking and greater harm avoidance—which is connected to this type of signaling [95].
Amann et al. (2009) displayed an association between the S allele of the SHTTLPRI polymorphism in
the serotonin transporter gene and greater scores in the following TEMPS dimensions: cyclothymic,
irritable and anxious [21]. Gonda et al. (2006) also obtained similar results in the group of women,
which indicates the relationship between an affective temperament and the serotonergic transmission [96].
Additionally, in our previous study regarding the SHTTLPR polymorphism, subjects homozygous to the S
allele exhibited higher scores in anxious and depressive dimensions in comparison to L allele carriers.
Such results indicate a stronger connection between the affective temperament measured by TEMPS-A
and the serotonergic transmission, instead of dopaminergic signaling in the obese population [23].

In this study we analyzed only one neurotransmitter signaling. We must take into consideration that
many factors influence behavior, including other gene polymorphisms or the complex neurotransmitter
interactions in different brain areas [96-101]. For instance, functional brain imaging revealed an
additive effect of COMT Met158 and 5-HTTLPR S alleles on the response of the amygdale, hippocampal
and limbic cortical areas to unpleasant stimuli, suggesting that persons with those alleles may show a
lowered resilience against an anxiety mood [101]. An interesting study of Ro et al. (2018) indicates
the differences in the expression of glucagon-like peptide 1 and 2 receptors (GLP-!R, GLP-2R) in
patients suffering from mood disorders in comparison to healthy controls, with a greater susceptibility
connected to higher BMI values. Both GLP-1R and GLP-2R are implicated in neuroprotection and the
antidepressant effect [102]. Moreover, it has been found that a lower expression of the leptin receptor
in the hippocampus and hypothalamus may have a significant impact on obesity and comorbid
depression. Researchers found that obese individuals or those exposed to chronic unpredictable mild
stress showed a diminished expression of the leptin receptor [103]. Nonetheless, mood disorders are
complex in their nature and constitute a hard challenge for clinicians in their practice. Due to the
growing problem of obesity, there is a need for creating more effective preventing programs that tackle
the occurrence of affective disorders in this population. Hence, more studies focusing on the molecular
basis of the pathogenesis and interplay between both disorders could bring a better understanding,
which is essential for predicting the course and nature of the diseases.
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4. Materials and Methods

4.1. Participants

The study was conducted on a population of 245 Caucasian people, who were diagnosed with
primary obesity. Secondary causes of obesity were excluded in the Clinic of Endocrinology and
Diabetology at the Collegium Medicum of the Nicolaus Copernicus in Bydgoszcz on the basis of
a subjective and objective medical assessment, as well as on the basis of performed hormonal and
metabolic tests. Significant physical diseases, addiction, substance abuse (e.g., cannabis misuse)
or psychiatric and neurological illnesses were the excluding factors for participation in the study.
All patients, after being given detailed information on the purpose and nature of the study, expressed
written and informed consent of their participation. The study obtained the consent of the bioethical
commission at the Nicolaus Copernicus University (No 533/ 2008, 15 Dec 2008).

4.2. Clinical Assessments and Measures

Building on the assessed anthropometric factors, the diagnosis of obesity was established.
As a factor reflecting the amount of body fat, the BMI index was adopted. It was calculated as the ratio
of weight (kg) to square of height (m).

4.3. Psychological Assessment

For the psychological assessment, we utilized the Temperament Evaluation of Mempbhis, Pisa,
Paris and San Diego Autoquestionnaire (TEMPS-A) to perform an analysis of the dimensions of the
affective temperament.

4.4. Genotyping

Genomic DNA was obtained from peripheral blood (5 mL) using the method developed by
Lahiri and Schnabel (1993) [104]. The blood was collected on the EDTA medium and mixed, before
being frozen in liquid nitrogen and stored at —80 °C prior to extraction. The polymorphisms of
the DAT1, COMT and DRD4 genes were determined using the polymerase chain reaction (PCR).
The following primers were used: DAT1 forward, 5'-TGTGGTGTAGGGAACGGCCTGAG-3’; DAT1 reverse,
5-CTTCCTGGAGGTCACGGCTCAAGG-3'; forward, 5-AGCTCCAAGCGCGCTCACAG-3’'; COMT
reverse, 5’ -CAAAGTGCGCATGCCCTCCC-3’; DRD4 forward: 5'-GCGACTACGTGGTCTACTCG-3’; and
DRD4 rewers: 5'-AGGACCCTCATGGCC TTGC-3'. The PCR products were then separated by agarose gel
electrophoresis using O’'RangeRuler™ 50 bp DNA Ladder (Fermentas) as a length marker (Figures 1-3).

A/IA G/IG AIG G/IG M

Figure 1. Photo of the digested COMT PCR products. The results are labeled by genotype: Met/Met
(A/A), 96 bp only; Val/Met (A/G) 114 and 96 bp; and Val/Val (G/G), 114 bp only.
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Figure 2. Photo of digested DAT1 PCR products. The results are labeled by genotype: 10/10 (L/L) 483
bp only; 10/9 (L/S) 483 and 443 bp; and 9/9 (S/S) 443 bp only.
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Figure 3. Photo of digested DRD4 PCR products. Representative photo of separated DRD4 PCR
products depending on the genotype: LL—only 619 bp band (7R); S/S 379 bd (2R) or/and 427 bp (3R)
or/and 523 bp (5R) band; L/S — 379 bd (2R) or 427 bp (3R) or 523 bp (5R) and 619 bp (7R) bands.

4.5. Statistical Analysis

Using the Shapiro-Wilk test, it was determined that the test group does not meet the normal
distribution criteria. The statistical significance of the differences between the two groups was calculated
using the Mann-Whitney U test, and for comparisons with three or more groups, the Kruskal-Wallis
analysis of variance (ANOVA) was applied. The NIR Fisher test was used for post hoc analyses.
Correlations between two quantitative variables were examined using the Spearman rank correlation
test. To control for the effect of age and BMI, which both exhibit significant simple correlations with the
dimensions of temperament, we analyzed the data with a partial Kendall regression (partial Kendall’s
Tau), the nonparametric technique that controls for one confounding [105].

An analysis of covariance (ANCOVA) was performed to examine the interaction effects. An effect
size was determined using Cohen’s d. The gathered data were analysed by means of StatSoft, Inc.
(2017) using Statistica, version 13.0 software and the computer program “Utility Programs for Analysis
of Genetic Linkage” (Copyright © 1988 J. Tot) was utilized to test for the goodness of fit to the
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Hardy-Weinberg equilibrium. The distributions of all three analyzed genotypes were against the
Hardy-Weinberg equilibrium.

Bonferroni corrections were used as multiple testing procedures. A logistic regression of data
was performed to predict logit on TEMPS-A temperaments subscales (The Wald statistic in Logistic
regression model).

5. Conclusions

To our knowledge, this is the first study analyzing the affective temperament in an obese
population in the context of dopaminergic genes polymorphisms, including COMT Val158Met, DRD4,
and DAT1. The results of our study indicate the connection between the irritable and cyclothymic
dimensions in COMT heterozygotes only. We presume that the dopaminergic transmission modulated
by these COMT gene polymorphisms may entail a significant expression of cyclothymic and irritable
temperaments. This is a very interesting finding, giving rise to more sophisticated research in the
future, utilizing neuroimaging studies.

6. Limitations

The main limitation of our study is the lack of a control group in order to gain more reliable
results. Second, for the proper evaluation of the connection between the affective temperament and
gene polymorphisms, our study group should be larger.
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Purpose: Affective temperament shows innate predisposition to affective disorders and has
been studied in patients with type 2 diabetes mellitus (T2DM) and obesity. Studies describing
connections between depressive disorders, obesity and T2DM, show a bidirectional way
in which these disorders affect each other. Given that obesity, depression, and T2DM are still
growing health problems of our times, the improvement of therapeutic strategies is required.
The aim of our study was to evaluate affective temperament in obese individuals with T2DM
and pre-diabetes and to investigate the correlations between affective temperaments and
glycemic control.

Materials and Methods: The study enrolled 185 obese individuals (146 females; 39 males)
who were diagnosed with pre-diabetes, diabetes or without any carbohydrate disorder. For
affective temperament evaluation, Temperament Evaluation of Memphis, Pisa, Paris and San
Diego Autoquestionnaire (TEMPS-A) was utilized; for glycemic control, the assessment of
hemoglobin Alc (HbAlc) was performed.

Results: We did not observe any significant differences of affective temperament between
studied groups. In the group of patients with diabetes, depressive, cyclothymic and anxious
temperaments positively correlated with HbAlc values indicating worse glycemic control.
Inversly, hyperthymic dimension showed negative correlation with HbAlc values.
Conclusion: Affective temperaments may affect glycemic control in obese individuals with
carbohydrate disorders. Individuals with stronger expression of cyclothymic, depressive and
anxious temperaments may need more medical aid for better self-management. Hence,
TEMPS-A is an easy and useful tool which may significantly improve the compliance in
obese patients with carbohydrate disorders.

Keywords: affective temperament, TEMPS-A, obesity, diabetes mellitus, glycemic control

Introduction
Currently, obesity is perceived as a world crisis. The prevalence of obesity increases
every year, hence it creates more challenges for healthcare and economic systems.
In 2013, the American Medical Association decided to perceive obesity as a chronic
and complex disease to encourage physicians to tackle problems associated with
obesity in different ways." It is believed that such aproach will diminish the stigma
linked to the development of obesity.

Even though perceiving obesity as a disease still incurs many controversies, this
condition is associated with severe complications. Obesity increases risk of disease
of almost every system in the body, ie hypertension, dyslipidemia, cardiovascular,
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arthritis, breast cancer, colon cancer or endometrial cancer.
In such manner obesity affects mortality and morbidity
rates, worsens quality of life, and hinders daily
functioning.

Type 2 diabetes mellitus (T2DM) is strongly connected
with obesity. Its high prevalence in obese people (and the
fact that obesity is one of the most important risk factors
of T2DM) has led to the term “diabesity”. T2DM is
a multifactorial disease and is described as a state of
hyperglycemia, hyperinsulinemia, and insulin resistance.*
T2DM contributes to greater rate of cardiovascular disease
in adults which is one of the leading causes of death in
diabetic patients.’ In addition, patients with prediabetes, ie,
impaired glucose tolerance (IGT) or impaired fasting glu-
cose (IFG) show increased risk of cardiovascular disease,
hence greater risk of mortality due to stroke or myocardial
infarction.®

Literature has shown that both obesity and T2DM exert
negative effects on brain functions.”® Those alterations
may lead to another fatal disease of our times — depres-
sion. Yet, medical databases contain abundant studies
proving the link between both T2DM and obesity, and
depression. Individuals with T2DM have a greater risk of
developing depression compared to healthy controls.'”
There are some researchers who propose a bidirectional
relationship between both diseases and common pathways
of their pathogenesis.'""'?

Published meta-analyses yield information about the
greater risk of T2DM and metabolic syndrome in patients
suffering from mental diseases (bipolar disorder, major
depression disorder), hence this group of patients require
closer monitoring and screening tests for diabetes.'®"?
Common factors which are involved in the pathogenesis
of both mental diseases and metabolic syndrome (which
predispose to obesity and T2DM) are: genetic links, endo-
crine system function, neuroinflammation and epigenetic
influence.'*'> Another meta-analysis confirmed the inter-
play between obesity and depression; namely depression is
a risk factor for obesity, and obesity is a risk factor for
depression.'®!”

Taken together, the interplay between T2DM, obesity,
and mental diseases is evident. Therefore, patients with
those conditions require a multidisciplinary approach in
order to achieve better treatment results, better patient
compliance or to diminish the risk of complications related
to those disorders.'® For example, treatment for obesity
may improve the course of depression.'® Cognitive-beha-

vioral therapy implemented in mood disorders may

contribute to better patient self-care and ameliorate treat-
ment of diabetes.?**!

Building on the connection between the three disorders,
it is crucial to develop proper screening tests evaluating
predisposition of mental disorders in individuals with obe-
sity or T2DM. In this manner, those patients who are more
prone to develop mood disorders might undergo tailored
preventive programs or be referred for proper treatment.

Fortunately, there are tests which may be useful in
screening for mood diseases. In this study we utilized
Temperament Evaluation of Memphis, Pisa, Paris and
San Diego Autoquestionnaire (TEMPS-A) - this tool
enables assessment of affective temperament which will
be described subsequently.

The term affective temperament was proposed by
Hagop Akiskal et al. Affective temperament refers to
inherited personal traits and may be determined by genetic
transmission or biological factors. Throughout life it is
a rather stable construct, however its dysregulation can
putatively predispose to greater risk of mood
disorders.”*° Affective temperament consists of five
dimensions: cyclothymic, depressive, hyperthymic,
anxious and irritable. So far, research results show that
utilization of TEMPS-A may provide interesting data
regarding the evaluation of patients’ predisposition to
depression and anxiety or in determining the diagnosis of
bipolar disorders.?”**

Recent literature shows that TEMPS-A as a tool has
been found useful in determining affective disorders and in
other conditions like insomnia or pain syndrome.?* ' The
evaluation of affective temperament seems to determine
which of the infertile women are more prone to the devel-
opment of depression and anxiety.32 Moreover, recent
research in a group of gestational diabetes patients showed
promising data regarding the association between affective
temperament and the development of gestational diabetes,
as well as disturbances in glycemic metabolism in this
group of patients.*> Hence, TEMPS-A might be of great
utility in determining patients with greater susceptibility of
pregnancy complications. Also in our previous work, we
found associations between affective temperament dimen-
sions and dopaminergic genes which may be involved in
the development of depression in obese patients.**>°

Owing to our interesting results concerning affective
temperament in obese patients, we decided to take another
step in our research. The aim of this study was to scrutinize
the relationship between affective temperament and the con-

trol of carbohydrate metabolism in obese patients with
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diabetes and pre-diabetes. Another main point of our study
was to evaluate the differences between the intensity of
depressive disorders in those groups of patients, and analyze
whether depression is a significant factor associated with
glycemic control and affective temperament.

Materials and Methods

Participants
The study enrolled 185 Caucasian people (146 females; 39
males), who were diagnosed with primary obesity. On the
basis of a medical history and an oral glucose tolerance
test (OGTT) patients were classified into three groups.
The first one - control group - included 87 patients with-
out any carbohydrate disorders (65 women and 22
men), second group of 42 subjects with impaired glucose
tolerance (IGT) or impaired fasting glucose (IFG) (33
women and 9 men), and third group of 56 patients (48
women and 8 men) with diabetes. The mean age of partici-
pants was 35.8£10.9 (range, 18—68 years) for no carbohy-
drate disorders group, 43.1£12.5 (range, 18-69 years) for
IFG/IGT group, and 51.1+7.1 (range, 31-61 years) for dia-
betes group. Demographic characteristics are shown in
Table 1. Patients were treated at the outpatient clinic at the
Endocrinology and Diabetology Clinic and, with the consent
of the bioethics committee, were recruited on the basis of
a proposal from the attending diabetologist who carried out
the therapeutic and diagnostic process. The study was con-
ducted in accordance with the Declaration of Helsinki.

Participants were included in the study according to sub-
sequent criteria: adulthood (age between 16 and 69 y.o0.),
consent to study participation, and primary obesity.
Secondary causes of obesity were excluded due to performed
medical assessment and the results of metabolic and hormo-
nal tests. Exclusion criteria included: serious psychiatric or
neurological illnesses, addictions to any illicit drugs or alco-
hol, or any significant somatic diseases.

We provided detailed information about the aims and
the nature of the study to participants. We received written
informed consent for participation from every patient. In
order to conduct the study, we obtained consent of the
bioethical commission at

University (No 533/ 2008).

the Nicolaus Copernicus

Clinical Assessments and Measures
Obesity was diagnosed according to anthropometric mea-
sures and the calculation of body mass index (BMI). BMI
is a proxy for body fat concentration and is calculated as
the ratio of weight (kg) to square of height (m).
Disorders associated with impaired glucose metabo-
lism were diagnosed based on the oral glucose tolerance
test performed with 75g of anhydrous glucose in solution.
If the patient had a history of diabetes and received ade-
quate treatment, he was included in the diabetic group.
Glucose level was obtained at baseline, prior to glucose
load, and two hours after glucose intake. Patients fasted for

Table 1 Demographic and Clinical Parameters in Study Subgroups

Nondiabetic (n=87) | IFG/IGT (n=42) | Diabetic (n=56) P Post Hoc
Gender (?/3) 65/22 33/9 48/8 0.69 ns.
Age [y] 35.0 (18.0-68.0) 42.0 (18.0-69.0) 52.0 31.0-61.0) | <0.0001 | Nondiabetic vs IFG/IGT p=0.00004
Nondiabetic vs Diabetic p<0.0000 1
IFG/IGT vs Diabetic np=0.0004
BMI 41.5 (30.1-64.1) 42.5 (31.2-58.6) 48.9 (35.5-61.3) 0.0036 Nondiabetic vs IFG/IGT p=0.83
Nondiabetic vs Diabetic p=0.002
IFG/IGT vs Diabetic p=0.003
Degree of obesity (n,%) I —10 (11.5%) I -5 (12%) 1 -8 (14%) 0.025 Nondiabetic vs IFG/IGT p=0.73
Il - 23 (26.5%) Il - 12 (28.5%) 11— 18 (32%) Nondiabetic vs Diabetic p=0.01
Il — 54 (62%) Il — 24.5(59.5%) Il — 30 (54%) IFG/IGT vs Diabetic p= 0.01
BDI 9.0 (6.0-14.0) 7.0 (3.0-15.0) 7.0 (4.0-13.0) 0.19 ns.
Hypertension [n,%] 21 (24%) 22 (52.4%) 28 (50%) <0.0001 Nondiabetic vs IFG/IGT p=0.001
Nondiabetic vs Diabetic p<0.00001
IFG/IGT vs Diabetic p=0.03

Notes: Kruskal Wallis ANOVA; Post hoc analysis — Fischer NIR test. Results with statistical significance are presented in bold font.

Abbreviation: BDI, Beck Depression Inventory.
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at least 8 hours prior to the OGTT. Depending on the
result, the patients were assigned to the study subgroup:

1. if the fasting glucose level was below 99 mg% (5.5
mmol/l) and the level after two hours was below
140 mg% (7.8 mmol/l), the patient had no diagnosis
of carbohydrate disorders.

2. If the patient had an elevated fasting glucose level
above 100 mg%, and the result after two hours was
normal, the patient was diagnosed with abnormal
fasting glucose and was included in IFG/IGT group.

3. If the patient had a glucose level after 2 hours in the
range of 140 to 199 mg% (7.8—11.1 mmol/l) he was
diagnosed with impaired glucose tolerance and was
included in the IFG/IGT group.

4. In the case of obtaining a glucose level above
200 mg% (11.1 mmol/l) in the determination after
2 hours, the patient was diagnosed with diabetes.

Metabolic status was analyzed from the blood sample and
comprised C-peptide, and for glycemic control hemoglo-
bin Alc (HbAlc).

Psychological Assessment

For psychological assessment, we utilized Temperament
Evaluation of Memphis, Pisa, Paris and San Diego
Autoquestionnaire (TEMPS-A) to perform an analysis of
five affective temperaments.

TEMPS-A measures affective temperaments: depres-
sive, cyclothymic, anxious, irritable and hyperthymic.
TEMPS-A questionnaire consists of 110 items for females
and 109 for males. Questions regarding each temperament
require “yes” (score 1) or “no” (score 0) answers, and are
grouped together in the following manner:

1. questions 1 to 21 (21 points) relate to depressive
temperament;

2. questions 22 to 42 (21 points) relate to cyclothymic
temperament;

3. questions 43 to 63 (21 points) relate to hyperthymic
temperament;

4. questions 64 to 84 (21 points, 20 points in the
version for men) relate to irritable temperament;

5. questions 85 to 110 (26 points) relate to anxious
temperament.

Points scored for each temperament are summed up
and then divided by the number of questions pertaining to
each dimension. Based on that, the severity of each tem-
perament is measured.>”** In our study, the Polish version

of TEMPS-A was utilized — TEMPS-A has been validated
in a Polish population and showed satisfactory internal
consistency.?>"+3®

To assess the severity of depressive symptoms we used
Beck Depression Inventory (BDI). The Beck Depression
Inventory was developed by Aaron Beck in 1961.%°
It includes the 21 (A to U) most frequently observed
symptoms of depression in the following order: depressed
basic mood (sadness), pessimism, feeling inadequate, loss
of satisfaction, guilt, expectation of punishment, lack of
self-acceptance, self-accusation, wish to die, cry for help,
irritability, withdrawal from social contact, lack of deci-
sion, distorted body image, difficulties at work, sleep dis-
turbances, fatigue, loss of appetite, weight loss, somatic
complaints, low energy levels. The patient is asked to
select the severity of the individual symptoms on a scale
from 0 to 3. After completing the scale, all points are
added up. BDI has been translated into Polish language

and validated in a Polish population.***!

Statistical Analysis

Using the Shapiro—Wilk test, it was determined that the
test group did not meet the normal distribution criteria.
Statistical significance of differences among 3 groups was
examined by the Kruskal-Wallis analysis of variance
(ANOVA). The NIR Fisher test was used for post hoc
analyses. The significance of differences between the two
groups was tested using the Mann Whitney U test.
Correlation  analysis was performed wusing the
R-Spearman correlation test. Analysis of covariance
(ANCOVA) was

among anthropometric (gender, age, BMI), psychological

performed to examine interaction
(affective temperaments) effects on fasting glucose and
HbAlc.

d. Statistica 13.0 was used for statistical analyses.

Effect size was determined using Cohen’s

Results

Table 1 shows demographic and clinical parameters of the
studied groups. The group of patients with diabetes melli-
tus showed the highest BMI values. Both pre-diabetes and
diabetic groups demonstrated significant percentage of
comorbid hypertension. However, BDI results were insig-
nificant in all groups.

Typical differences in biochemical parameters related
to carbohydrate metabolism were observed in the studied
group of patients (Table 2). The group of diabetic patients
had the highest levels of not only fasting glucose and
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Table 2 Metabolic Results in Study Subgroups (Median and Range)

Nondiabetic (n=87) | IFG/IGT (n=42) | Diabetic (n=56)

P

Post Hoc

Fasting glucose [mg/dl]

88.0 (71.0-99.0)

103.0
(81.0-124.0)

130 (98-215.0)

<0.0001

Nondiabetic vs IFG/IGT p<0.00001
Nondiabetic vs Diabetic p<0.00001
IFG/IGT vs Diabetic p<0.00001

C-peptide level [nmol/l]

2.44 (0.28-11.8)

3.36 (0.22-101.0) | 4.08 (0.33-101.0)

0.026 Nondiabetic vs IFG/IGT p=0.28
Nondiabetic vs Diabetic p=0.03
IFG/IGT vs Diabetic p=0.16

HbAlc (%)

5.4 (4.36-6.5)

5.8 (5.0-7.2)

7.8 (4.84-87)

<0.0001

Nondiabetic vs IFG/IGT p=0.001
Nondiabetic vs Diabetic p<0.00001
IFG/IGT vs Diabetic p<0.00001

Notes: Kruskal Wallis ANOVA; Post hoc analysis — Fischer NIR test. Results with statistical significance are presented in bold font.

HbAlc, but also C-peptide as a marker of insulin

resistance.

Psychometric properties for TEMPS-A, BDI, and
biochemicals in study group with a breakdown into

women and men are included in Table 3. Men were

an irritable temperament.

Table 3 Psychometric Properties for TEMPS-A and BDI in Study Group

characterized by a higher level of C-peptide, HbAlc and

Further analyses concerned the comparison of the inten-
sity of affective temperaments in the studied subgroups.
They did not reveal any significant differences (Table 4).

All (n=185) Women (n=146) Men (n=39) P

TEMPS_D 0.42 (0.28-0.52) 0.38 (0.28-0.52) 0.42 (0.23-0.42) 0.09
TEMPS_C 0.38 (0.23-0.57) 0.33 (0.23-0.57) 0.52 (0.23-0.61) 0.12
TEMPS_H 0.52 (0.38-0.61) 0.52 (0.33-0.57) 0.57 (0.38-0.61) 037
TEMPS_| 0.19 (0.04-0.28) 0.09 (0.04-0.28) 0.23 (0.09-0.33) 0.0l
TEMPS_A 0.32 (0.23-0.52) 0.32 (0.24-0.47) 0.35 (0.17-0.52) 0.34
BDI 9.0 (5.0-18.0) 9.0 (5.0-17.0) 10.0 (5.0-22.0) 0.38
Fasting glucose 95.0 (88.0~111.0) 94.0 (88.0-107.0) 97.0 (90.0-115.5) 0.19
C-peptide 2.99 (2.28-3.9) 2.77 (2.19-3.65) 3.9 (2.7-4.9) 0.003
HbAIc 5.6 (5.3-6.3) 5.6 (5.3-6.1) 5.8 (5.6-6.8) 0.01

Note: Mann-Whitney U test.

Table 4 TEMPS-A Affective Temperament Results in Study Subgroups (Median and Q25-Q75)

Nondiabetic (n=87) IFG/IGT (n=42) Diabetic (n=56) P

TEMPS_D 0.35 (0.30-0.45) 0.33 (0.27-0.42) 0.42 (0.28-0.47) 0.83
TEMPS_C 0.38 (0.19-0.59) 0.47 (0.23-0.57) 0.47 (0.28-0.57) 0.62
TEMPS_H 0.52 (0.39-0.61) 0.53 (0.38-0.63) 0.57 (0.28-0.61) 0.67
TEMPS_| 0.09 (0.05-0.25) 0.17 (0.04-0.28) 0.19 (0.05-0.33) 0.8l
TEMPS_A 0.32 (0.24-0.51) 0.32 (0.23-0.55) 0.35 (0.24-0.47) 0.76

Note: Kruskal Wallis ANOVA; Post hoc analysis — Fischer NIR test.
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In subgroups with carbohydrate metabolism disorders -
prediabetes and diabetes - the correlations of affective
temperaments with the level of fasting glucose and the
level of HbAlc were analyzed. In IGT/IFG group, only
hyperthymic temperament was significantly associated
with higher fasting glucose levels. In the subgroup of
diabetic patients, depressive, cyclothymic and anxious
temperaments correlated with significantly higher glyce-
mic levels. Inversely, hyperthymic temperament correlated
with lower glycemic values. A significantly higher level of
HbAlc was associated with a higher intensity of anxious
temperament (Table 5).

In the studied group of patients, the ANCOVA analysis of
covariance confirmed the significance of the relationship
between the cyclothymic temperament and fasting glucose;
and anxious temperament and level of HbAlc (Table 6).

Discussion

The aim of this study was to analyze affective tempera-
ment in context of biochemical factors in obese patients
suffering from diabetes mellitus and pre-diabetes.

Table 5 R-Spearman Correlations of TEMPS-A and BDI Scores
with Metabolic Parameters

Results in IGT/IFG Patients
TEMPS-A Fasting Glucose P HbAIc P
[mg/di] (%)
Depressive —0.162 0.30 —-0.210 0.18
Cyclothymic —0.049 0.75 —0.079 0.61
Hyperthymic 0.327 0.03 0.126 0.42
Irritable 0.045 0.77 0.095 0.54
Anxious —0.096 0.54 0.042 0.79
BDI 0.042 0.79 —0.233 0.13
Results in Diabetic Patients
TEMPS-A Fasting Glucose p HbAIc P
[mg/di] (%)
Depressive 0.455 0.0004 | —0.226 0.09
Cyclothymic 0.274 0.04 —0.130 0.33
Hyperthymic —-0.324 0.01 0.036 0.79
Irritable —-0.119 0.38 —0.257 0.055
Anxious 0.347 0.008 0.401 0.002
BDI 0.091 0.50 0.372 0.004

Note: Results with statistical significance are presented in bold font.

Table 6 ANCOVA Mulitocovariance Test in Diabetes Group

Fasting Glucose SS F ]
Gender 1423 3.46 0.09
Age 235 0.57 0.47
BMI 561 1.36 0.27
TEMPS-A | Depressive 899 2.18 0.17
Cyclothymic 4407 10.7 0.011
Hyperthymic 1033 2.51 0.15
Irritable 965 2.35 0.16
Anxious 1.8 0.004 0.94

HbAIC SS F p
Gender 0.48 1.08 0.32
Age 0.0001 0.0003 0.98
BMI 0.05 0.11 0.74
TEMPS-A | Depressive 0.02 0.05 0.81
Cyclothymic 0.004 0.009 0.90
Hyperthymic 0.66 1.48 0.25
Irritable 0.19 0.44 0.52
Anxious 3.41 7.58 0.02

Note: Results with statistical significance are presented in bold font.

Results presented in Table 1 indicate that individuals
with diabetes mellitus were older and showed greater
intensity of obesity in comparison to the other two groups.
Those results are consistent with findings of epidemiolo-
gical studies and publications regarding risk factors of
T2DM.**** Also, diabetic patients presented significant
results regarding the percentage of hypertension; it is
that
concomitantly.*> Comorbidity between hypertension and

well  known both diseases often appear
pre-diabetes was significant as well, which is consistent
with findings in the literature.*®

Obtained scores of BDI in all groups were insignif-
icant. Depression is an important risk factor for both
obesity and diabetes. Researchers also established evi-
dence that obesity and diabetes might contribute to greater
susceptibility to depression, however there are still many
uncertainties regarding the exact mechanism responsible
for this pathomechanism.'''>'!'7 We reckon, that the
possible explanation of our results might result from this

bidirectional effect between depression, obesity and
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diabetes and therefore none of the groups obtained signifi-
cant results regarding the intensity of depressive
symptoms.

Table 2 reflects metabolic results in all three groups of
patients. We obtained statistically significant results
regarding fasting plasma glucose (FPG) levels, as well as
HbAlc values in all groups. Those results are consistent
with the definition and diagnostic criteria of IFG and
T2DM.*" Building on these results, the T2DM group
showed the worst glycemic control due to elevated
HbA lc levels and fasting plasma glucose (FPG).*"™*

Previously mentioned results also point to the associa-
tion between obesity and T2DM. The term “diabesity”
reflects the close relationship between both obesity and
diabetes. Those chronic disorders stem from disturbances
involving environmental, genetic, behavioral or physiolo-
gical factors. Greater calorie intake and lower physical
activity, which is characteristic of obesity, may lead to
hyperglycemia and insulin-resistance which favor the
development of T2DM.*>°

Temperament consists of constitutional or genetic
aspects of a human’s personality. Hagop Akiskal proposed
that affective temperament might point to the innate pre-
dispositions to affective disorders, if one’s exposed to
biological or environmental stressors.”*°

Obtained results, as shown in Table 4, showed no
significant differences of affective temperament dimen-
sions in obese prediabetic and diabetic group. These out-
comes point to the environmental relations between
diabesity and susceptibility to mood disorders. Genetic
factors do not seem to be a common factor connecting
vulnerability to affective disorders and obese individuals
with T2DM. In their study, Mezuk et al showed strong
evidence, that environmental factors rather than genetic
ones are involved in the pathomechanisms of T2DM and
depressive disorders. One of the most important is stress
exposure, which may affect eating habits, leading to over-
eating foods rich in sugar or fat.>'>?

Table 5 reflects results of correlations between both:
glycemic control (measured with HbAlc) and fasting glu-
cose values; and TEMPS-A dimensions. Obtained data
point to the significant relationship between affective tem-
perament and glycemic status in both pre-diabetic and
diabetic obese patients.

Diabetes requires proper self-management and, in order to
achieve treatment goals, patients need adequate education
provided by health professionals.” Data show that psycholo-

gical factors are crucial in glycemic control.'***>" For

instance, depression, anxiety or stress may influence daily
life choices, the willingness to self-care and adherence to
physician’s recommendations. It has been shown that psycho-
logical support may contribute to better compliance and in this
manner enhance therapeutic effects of applied treatment.>

The concept that temperament is linked to weight gain has
been studied using various questionnaires designed to evaluate
temperament, including TEMPS-A.**%*> Evidence has
shown that temperament is linked to the progression of meta-
bolic syndrome and central obesity.* The study of Altinbas
et al even pointed to the relationship between seasons of
the year and the greater risk of metabolic syndrome in subjects
with depressive temperament.®’ Metabolic syndrome is clo-
sely related to obesity and T2DM. Obtained results of obese
patients with T2DM point to the positive correlations between
FPG levels and temperaments — depressive, anxious and
cyclothymic — and HbAlc and anxious temperament. Other
researchers have also studied the relation between tempera-
ment and glycemic control in diabetic patients and
shared similar results regarding the relation between HbAlc
and anxious temperament. In their work, Hall et al obtained
results showing negative relationship between anxious tem-
perament and HbAlc at the beginning of the diagnosis.®”
Anxious temperament was also a good predictor for pre-dia-
betes. Taken together, those results display beneficial role of
anxious temperament in earlier detection of pre-diabetes and
diabetes. Patients with high scores of anxious temperament
presented greater motivation for seeking proper medical help,
due to their increased concerns regarding their new diagnosis.
However, in the group of patients who were already diagnosed
with diabetes, anxious temperament was associated with lower
physical activity even though this group of patients was
already educated about managing their disease. Individuals
with anxious temperament, by showing greater concerns and
arousal, may hinder proper educational processes which are
essential for adequate self-management of diabetes.

Another work of Gois et al obtained results linking
depressive and anxious temperament to worse metabolic
control expressed with HbAlc values.®® Both affective
temperaments may be viewed as factors predisposing to
greater distress which may link the vulnerability to depres-
sive disorders in diabetic patients.°* The distress may act
bidirectionally, ie, emotional distress related to the disease
may affect self-care and medication adherence - which
may impact HbAlc values; however worse compliance
to physician’s recommendations and worse glycemic con-
trol may bring about greater distress and in this manner
influence proper disease management.®>°® Similar findings
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have been obtained in a study which scrutinized the mod-
erating model of affective temperament on the role of
depression and diabetes management. Both anxious and
depressive temperaments led to greater distress and sever-
ity of depressive symptoms which aggravated compliance
and glycemic control.®’

Our results also indicate the positive correlation between
cyclothymic and only FPG values. Unfortunately we did not
show significant results between cyclothymic temperament
and HbAlc. In the work of Yamamoto et al, cyclothymic
temperament was significantly associated with worse glycemic
control in diabetic patients.®® The possible explanation is that
individuals with cyclothymic temperament seem to be prone to
addictive behaviors like overeating and in this manner they try
to cope with distress and changes of mood.””’® Such
behavior may also be responsible for worse compliance in
managing T2DM and reflect worse HbA 1c values. Published
results also indicate that cyclothymic temperament is linked to
morbid obesity or eating disorders like binge eating.””’!+"

In our study, hyperthymic temperament was associated
with higher FPG levels in pre-diabetic patients, but in diabetic
ones showed negative correlation with HbAlc wvalues.
Established data indicate protective role of hyperthymic tem-
perament in mood disorders, which may be a potential expla-
nation of better coping with distress and better glycemic
control.” Later in their work, the same authors proposed the
dual role of hyperthymic temperament. Within TEMPS-A
questionnaire, hyperthymic temperament consists of both pro-
tective items like the item concerning self-confidence, as well
as risk items which may point to the vulnerability traits similar

to irritable temperament — “the irritable components of

hyperthymic temperament”.”* Given that irritable tempera-
ment has been associated with poor glycemic control in dia-
betic patients, this may be a possible explanation of ambiguous
results of hyperthymic temperament in our study.”

To sum up, our results indicate that the evaluation of
affective temperament may be useful in the assessment of
the course of pre-diabetes and T2DM in obese individuals.
Moreover, patients with anxious, depressive and cyclothymic
temperament might need even more attention from various
specialists (dietitians, psychologists, diabetologists) to adjust
proper management of their disease. More research on this
issue would provide more interesting and helpful data.

Limitations

The main limitation of this study is the relatively small
sample of research groups. Moreover the study lacked
a control group of healthy, lean persons.

Conclusion

To our knowledge this is the first study assessing affective
temperament glycemic control in obese persons with pre-
diabetes and T2DM. Obtained results indicate that
cyclothymic, anxious and depressive temperament corre-
late with worse glycemic control in T2DM, however
hyperthymic dimension seems to have a protective effect
on glycemia. The evaluation of affective temperament may
be useful in order to create more tailored educational
programs for obese patients with carbohydrate disorders.

Abbreviations

T2DM, type 2 diabetes mellitus; TEMPS-A, Temperament
Evaluation of Memphis, Pisa, Paris and San Diego
Autoquestionnaire; TEMPS-A, anxious temperament;
TEMPS-D, depressive temperament; TEMPS-I, irritable
temperament; TEMPS-C, cyclothymic temperament;
TEMPS-H, hyperthymic temperament; HbAlc, hemoglo-
bin Alc; IGT, impaired glucose tolerance; IFG, impaired
fasting glucose; FGP, fasting glucose plasma; BDI, Beck
Depression Inventory.

Acknowledgments
This
foundation.

research was not supported by any external

Disclosure
The authors declare no conflicts of interest in association
with this manuscript.

References

1. Pollack A AMA recognizes obesity as a disease. NY Timescom; 2013.
Available from: http:/nyti.ms/1Guko03. Accessed November 20,
2015.

2. McDonald ME, Bender DP. Endometrial cancer: obesity, genetics, and
targeted agents. Obstet Gynecol Clin North Am. 2009;46(1):89-105.
doi:10.1016/j.0gc.2018.09.006

3. Wills JCK. The evolution of human adiposity and obesity: where did it
all go wrong? Dis Models Mech. 2012;5:595-607. doi:10.1242/
dmm.009613

4. Zimmet P, Alberti KG, Shaw J. Global and societal implications of the
diabetes epidemic. Nature. 2001;414(6865):782-787. doi:10.1038/
414782a

5. Sarwar N, Gao P, Seshasai SR, et al. Diabetes mellitus, fasting blood
glucose concentration, and risk of vascular disease: a collaborative
meta-analysis of 102 prospective studies. Lancet. 2010;375
(9733):2215-2222. doi:10.1016/S0140-6736(10)60484-9

6. Huang Y, Cai X, Mai W, et al. Association between prediabetes and
risk of cardiovascular disease and all cause mortality: systematic
review and meta-analysis. BMJ. 2016;355:15953. doi:10.1136/bmj.
5953

https:

4988

Dove!

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14


http://nyti.ms/1Guko03
https://doi.org/10.1016/j.ogc.2018.09.006
https://doi.org/10.1242/dmm.009613
https://doi.org/10.1242/dmm.009613
https://doi.org/10.1038/414782a
https://doi.org/10.1038/414782a
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1136/bmj.i5953
https://doi.org/10.1136/bmj.i5953
https://www.dovepress.com
https://www.dovepress.com

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 94.101.18.205 on 30-Dec-2021

For personal use only.

Dove

Lesiewska et al

7. Zilliox LA, Chadrasekaran K, Kwan JY, et al. Diabetes and Cognitive
Impairment. Curr Diab Rep. 2016;16(9):87. doi:10.1007/s11892-016-
0775-x

8. Bischof GN, Park DC. Obesity and aging: consequences for cogni-
tion, brain structure, and brain function. Psychosom Med. 2015;77
(6):697-709. doi:10.1097/PSY.0000000000000212

9. Bielinski M, Lesiewska N, Junik R, et al. Dopaminergic Genes
polymorphisms and prefrontal cortex efficiency among obese people
- whether gender is a differentiating factor? Curr Mol Med. 2019;19
(6):405-418. doi:10.2174/1566524019666190424143653

10. Nouwen A, Winkley K, Twisk J, et al. European Depression in

Diabetes (EDID) Research Consortium. Type 2 diabetes mellitus as
a risk factor for the onset of depression: a systematic review and
meta-analysis. Diabetologia. 2010;53(12):2480-2486. doi:10.1007/
s00125-010-1874-x

11. Mansur RB, Brietzke E, McIntyre RS. Review: is there a “metabolic-

mood syndrome”? A review of the relationship between obesity and
mood disorders. Neurosci Biobehav Rev. 2015;52:89-104.
doi:10.1016/j.neubiorev.2014.12.017

12. Lustman PJ, Clouse RE. Depression in diabetic patients: the relation-

ship between mood and glycemic control. J Diabetes Complicat.
2005;19(2):113-122.

13. Vancampfort D, Correll CU, Galling B, et al. Diabetes mellitus in

people with schizophrenia, bipolar disorder and major depressive
disorder: a systematic review and large scale meta-analysis. World
Psychiatry. 2016;15(2):166—174. doi:10.1002/wps.20309

14. Vancampfort D, Stubbs B, Mitchell AJ, et al. Risk of metabolic

syndrome and its components in people with schizophrenia and
related psychotic disorders, bipolar disorder and major depressive
disorder: a systematic review and meta-analysis. World Psychiatry.
2015;14(3):339-347. doi:10.1002/wps.20252

15. Ellingrod VL, Taylor SF, Dalack G, et al. Risk factors associated with

metabolic syndrome in bipolar and schizophrenia subjects treated
with antipsychotics: the role of folate pharmacogenetics. J Clin
Psychopharmacol. 2012;32(2):261-265. doi:10.1097/
JCP.0b013¢3182485888

16. Luppino FS, de Wit LM, Bouvy PF, et al. Overweight, obesity, and

depression: a systematic review and meta-analysis of longitudinal
studies. Arch Gen Psychiatry. 2010;67(3):220-229. doi:10.1001/
archgenpsychiatry.2010.2

17. Mannan M, Mamun A, Doi S, et al. Prospective associations between

depression and obesity for adolescent males and females-
a systematic review and meta-analysis of longitudinal studies. PLoS
One. 2016;11(6):¢0157240. doi:10.1371/journal.pone.0157240

18. Jung I, Kwon H, Park SE, et al. Increased risk of cardiovascular

disease and mortality in patients with diabetes and coexisting depres-
sion: a nationwide population-based cohort study. Diabetes Metab J.
2021;45(3):379-389. doi:10.4093/dmj.2020.0008

19. Linde JA, Simon GE, Ludman EJ, et al. A randomized controlled

trial of behavioral weight loss treatment versus combined weight
loss/depression treatment among women with comorbid obesity and
depression. Ann Behav Med. 2011;41(1):119-130. doi:10.1007/
s12160-010-9232-2

20. Semenkovich K, Brown ME, Svrakic DM, et al. Depression in type 2

diabetes mellitus: prevalence, impact, and treatment. Drugs. 2015;75
(6):577-587. doi:10.1007/s40265-015-0347-4

21. Mukherjee N, Chaturvedi SK. Depressive symptoms and disorders in

type 2 diabetes mellitus. Curr Opin Psychiatry. 2019;32(5):416-421.
doi:10.1097/YC0.0000000000000528

22. Akiskal HS, Akiskal KK. Special issue: TEMPS: temperament eva-

luation of Memphis, Pisa, Paris and San Diego. J Affect Disord.
2005;85:1-242. doi:10.1016/j.jad.2004.12.003

23. Akiskal HS, Akiskal K. Cyclothymic, hyperthymic and depressive

temperaments as subaffective variants of mood disorders. In:
Tasman A, Riba MB, editors. Annual Review. Vol. 1. Washington,
D.C.: American Psychiatry Press; 1992:43-62.

24.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

40.

Von Zerssen D, Akiskal HS. Personality factors in affective disorders:
historical developments and current issues with special reference to
the concepts of temperament and character. J Affect Disord.
1998;51:1-5. doi:10.1016/s0165-0327(98)00151-7

Goodwin FK, Redfield Jamison K. Manic-Depressive Illness: Bipolar
Disorders and Recurrent Depression. 2 ed. New York: Oxford
University Press; 2007.

Akiskal HS, Akiskal KK, Haykal RF, et al. TEMPS-A: progress
towards validation of a self-rated clinical version of the temperament
evaluation of the Memphis, Pisa, Paris, and San Diego
Autoquestionnaire. J Affect Disord. 2005;85:3-16. doi:10.1016/].
jad.2004.12.001

Mendlowicz MV, Jean-Louis G, Kelsoe JR, et al. A comparison of
recovered bipolar patients, healthy relatives of bipolar probands, and
normal controls using the short TEMPS-A. J Affect Disord. 2005;85
(1-2):147-151. doi:10.1016/j.jad.2004.01.012

Shahini M, Shala M, Xhylani P, et al. Challenging predictions
between affective temperaments, depression and anxiety in
a Kosovo student community sample. Int J Psychiatry Clin Pract.
2018;22(4):282-288. doi:10.1080/13651501.2018.1426771
Morishita C, Kameyama R, Toda H, et al. Utility of TEMPS-A in
differentiation between major depressive disorder, bipolar I disorder,
and Dbipolar II disorder. PLoS One. 2020;15(5):¢0232459.
doi:10.1371/journal.pone.0232459

Oniszczenko W, Rzeszutek M, Stanistawiak E. Affective
Temperaments, Mood, and Insomnia Symptoms in a Nonclinical
Sample. Behav Sleep Med. 2019;17(3):355-363. doi:10.1080/
15402002.2017.1357121

. Badil Giiloglu S, Tung S. The assessment of affective temperament

and life quality in myofascial
Int J Psychiatry Clin  Pract.
13651501.2020.1833039

Isik Ulusoy S, Colak E. Effects of temperamental characteristics on
depression-anxiety levels and the quality of life in infertile women.
Medeni Med J. 2020;35(3):226-235. doi:10.5222/MM1J.2020.96646
Rezaei Ardani A, Tara F, Hatami SB, Naghizadeh Kashani S,
Emadzadeh M, Nahidi M. Affective temperaments and the risk of
gestational diabetes mellitus. Int J Psychiatry Clin Pract.
2021;22:1-6. doi:10.1080/13651501.2021.1872648

Perugi G, Toni C, Maremmani I, et al. The influence of affective
temperaments and psychopathological traits on the definition of
bipolar disorder subtypes: a study on bipolar I Italian national
sample. J Affect Disord. 2012;136(1-2):e41-e49. doi:10.1016/.
jad.2009.12.027

Morishita C, Kameyama R, Toda H, et al. Utility of TEMPS-A in
differentiation between major depressive disorder, bipolar I disorder,
and bipolar II disorder. PLoS One. 2020;15(5):¢0232459.

Lesiewska N, Borkowska A, Junik R, et al. The association between
affective temperament traits and dopamine genes in obese population.
Int J Mol Sci. 2019;20(8):1847. doi:10.3390/ijms20081847
Dembinska-Krajewski D, Rybakowski J. The Temperament
Evaluation of Memphis, Pisa, and San Diego Auto-questionnaire
(TEMPS-A) an important tool to study affective temperament.
J Psychiatr Pol. 2014;48:261-276.

Borkowska A, Rybakowski JK, Drozdz W, et al. Polish validation of
the TEMPS-A: the profile of affective temperaments in a college
student population. J Affect Disord. 2010;123:36-41. doi:10.1016/j.
jad.2009.09.024

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory
for measuring depression. Arch Gen Psychiatry. 1961;4:561-571.
doi:10.1001/archpsyc.1961.01710120031004

Wiglusz MS, Landowski J, Michalak L, Cubata WJ. Validation of the
Polish version of the Beck Depression Inventory in patients with
epilepsy.  Epilepsy ~ Behav.  2017;77:58-61.  doi:10.1016/j.
yebeh.2017.09.023

pain
2020;21:1-6.

syndrome patients.
doi:10.1080/

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

4989

Dove:


https://doi.org/10.1007/s11892-016-0775-x
https://doi.org/10.1007/s11892-016-0775-x
https://doi.org/10.1097/PSY.0000000000000212
https://doi.org/10.2174/1566524019666190424143653
https://doi.org/10.1007/s00125-010-1874-x
https://doi.org/10.1007/s00125-010-1874-x
https://doi.org/10.1016/j.neubiorev.2014.12.017
https://doi.org/10.1002/wps.20309
https://doi.org/10.1002/wps.20252
https://doi.org/10.1097/JCP.0b013e3182485888
https://doi.org/10.1097/JCP.0b013e3182485888
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1001/archgenpsychiatry.2010.2
https://doi.org/10.1371/journal.pone.0157240
https://doi.org/10.4093/dmj.2020.0008
https://doi.org/10.1007/s12160-010-9232-2
https://doi.org/10.1007/s12160-010-9232-2
https://doi.org/10.1007/s40265-015-0347-4
https://doi.org/10.1097/YCO.0000000000000528
https://doi.org/10.1016/j.jad.2004.12.003
https://doi.org/10.1016/s0165-0327(98)00151-7
https://doi.org/10.1016/j.jad.2004.12.001
https://doi.org/10.1016/j.jad.2004.12.001
https://doi.org/10.1016/j.jad.2004.01.012
https://doi.org/10.1080/13651501.2018.1426771
https://doi.org/10.1371/journal.pone.0232459
https://doi.org/10.1080/15402002.2017.1357121
https://doi.org/10.1080/15402002.2017.1357121
https://doi.org/10.1080/13651501.2020.1833039
https://doi.org/10.1080/13651501.2020.1833039
https://doi.org/10.5222/MMJ.2020.96646
https://doi.org/10.1080/13651501.2021.1872648
https://doi.org/10.1016/j.jad.2009.12.027
https://doi.org/10.1016/j.jad.2009.12.027
https://doi.org/10.3390/ijms20081847
https://doi.org/10.1016/j.jad.2009.09.024
https://doi.org/10.1016/j.jad.2009.09.024
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1016/j.yebeh.2017.09.023
https://doi.org/10.1016/j.yebeh.2017.09.023
https://www.dovepress.com
https://www.dovepress.com

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 94.101.18.205 on 30-Dec-2021

For personal use only.

Lesiewska et al

Dove

41. Parnowski T, Jernajczyk W. Beck’s depression inventory in the rating 60. Sovio U, King V, Miettunen J, et al. Cloninger’s temperament dimen-
of mood in normal subjects and in patients with affective distur- sions, socio-economic and lifestyle factors and metabolic syndrome
bances. Psychiatr Pol. 1977;11:417-425. markers at age 31 years in Northern Finland Birth Cohort 1966.

42. Zheng Y, Ley S, Hu F. Global actiology and epidemiology of type 2 J Health Psychol. 2007;12:371-382. doi:10.1177/1359105307074301
diabetes mellitus and its complications. Nat Rev Endocrinol. 61. Altinbas K, Guloksuz S, Oral ET. Metabolic syndrome prevalence in
2018;14:88-98. doi:10.1038/nrendo.2017.151 different affective temperament profiles in bipolar-1 disorder. Braz

43. World Health Organisation (WHO). Global Reports on Diabetes. J Psychiatry. 2013;35(2):131-135. doi:10.1590/1516-4446-2011-
Working Papers. 2016. id:10553, eSocialSciences. 0746

44. Fletcher B, Gulanick M, Lamendola C. Risk factors for type 2 62. Hall PA, Rodin GM, Vallis TM, et al. The consequences of anxious
diabetes mellitus. J  Cardiovasc  Nurs. 2002;16(2):17-23. temperament for disease detection, self-management behavior, and
doi:10.1097/00005082-200201000-00003 quality of life in Type 2 diabetes mellitus. J Psychosom Res. 2009;67

45. Strain WD, Paldanius PM. Diabetes, cardiovascular disease and the (4):297-305. doi:10.1016/j.jpsychores.2009.05.015
microcirculation. Cardiovasc Diabetol. 2018;17(1):57. doi:10.1186/ 63. Gois C, Barbosa A, Ferro A, et al. The role of affective temperaments
$12933-018-0703-2 in metabolic control in patients with type 2 diabetes. J Affect Disord.

46. Kleinherenbrink W, Osei E, den Hertog HM, et al. Prediabetes and 2011;134(1-3):52-58. doi:10.1016/j.jad.2011.05.021
macrovascular disease: review of the association, influence on out- 64. Collins MM, Corcorant P, Perry 1J. Anxiety and depression symp-
come and effect of treatment. Eur J Intern Med. 2018;55:6-11. toms in patients with diabetes. Diabet Med. 2009;26:153-161.
doi:10.1016/j.€jim.2018.07.001 doi:10.1111/j.1464-5491.2008.02648.x

47. Association American Diabetes. Updates to the standards of medical 65. Gonzalez JS, Peyrot M, McCarl LA, et al. Depression and diabetes
care in diabetes-2018. Diabetes Care. 2018;41(9):2045-2047. treatment nonadherence: a meta-analysis. Diabetes  Care.
doi:10.2337/dc18-su09 2008;31:2398-2403. doi:10.2337/dc08-1341

48. Roohk H, Zaidi A. A review of glycated albumin as an intermediate 66. Fisher L, Mullan JT, Arean P, et al. Diabetes distress but not clinical
glycation index for controlling diabetes. J Diabetes Sci Technol. depression or depressive symptoms is associated with glycemic con-
2008;2:1114-1121. doi:10.1177/193229680800200620 trol in both cross-sectional and longitudinal analyses. Diabetes Care.

49. Guerin-Dubourg A, Catan A, Bourdon E, et al. Structural modifica- 2010;33(1):23-28. doi:10.2337/dc09-1238
tions of human albumin in diabetes. Diabetes Metab. 67. Belvederi Murri M, Mamberto S, Briatore L, et al. The interplay
2012;38:171-178. doi:10.1016/j.diabet.2011.11.002 between diabetes, depression and affective temperaments: a structural

50. Astrup A, Finer N. Redefining type 2 diabetes: “diabesity’ or ‘obesity equation model. J Affect Disord. 2017;219:64-71. doi:10.1016/j.
dependent diabetes mellitus’?  Obes Rev. 2000;1(2):57-59. jad.2017.05.018
doi:10.1046/j.1467-789x.2000.00013.x 68. Yamamoto T, Sakurai K, Watanabe M, et al. Cyclothymic tempera-

51. Mezuk B, Heh V, Prom-Wormley E, et al. Association between major ment is associated with poor medication adherence and disordered
depression and type 2 diabetes in midlife: findings from the eating in type 2 diabetes patients: a case-control study. Diabetes Ther.
Screening Across the Lifespan Twin Study. Psychosom Med. 2021;12(9):2611-2624. doi:10.1007/s13300-021-01121-y
2015;77(5):559-566. doi:10.1097/PSY.0000000000000182 69. Maremmani I, Perugi G, Pacini M, et al. Toward a unitary perspec-

52. Nicolucci A, Kovas Burns K, Holt RI, et al. Diabetes attitudes, tive on the bipolar spectrum and substance abuse: opiate addiction as
wishes and needs second study (DAWN2): cross-national benchmark- a paradigm. J Affect Disord. 2006;93:1-12. doi:10.1016/j.
ing of diabetes-related psychosocial outcomes for people with jad.2006.02.022
diabetes. Diabetic Med. 2013;30(7):767-777. doi:10.1111/dme.12245  70. Cooper Z, Fairburn CG. The evolution of “enhanced” cognitive

53. Anderson RM. Is the problem of compliance all in our heads? behavior therapy for eating disorders: learning from treatment non-
Diabetes Educ. 1985;11(1):31-34. doi:10.1177/ response. Cogn Behav Pract. 2011;18:394-402. doi:10.1016/].
014572178501100106 cbpra.2010.07.007

54. Lustman PJ, Frank BL, McGill JB. Relationship of personality char-  71. Ramacciotti CE, Paoli RA, Ciapparelli A, et al. Affective tempera-
acteristics to glucose regulation in adults with diabetes. Psychosom ment in the eating disorders. Weight Disord. 2004;9(2):114-119.
Med. 1991;53:305-312. doi:10.1097/00006842-199105000-00004 doi:10.1007/BF03325054

55. Toobert DJ, Glasgow RE. Problem solving and diabetes self-care. ~ 72. D’Ambrosio V, Albert U, Bogetto F, et al. Obsessive-compulsive
J Behav Med. 1991;14:71-86. doi:10.1007/BF00844769 disorder and cyclothymic temperament: an exploration of clinical

56. van Dooren FE, Denollet J, Verhey FR, et al. Psychological and features. J Affect Disord. 2010;127(1-3):295-299. doi:10.1016/].
personality factors in type 2 diabetes mellitus, presenting the ratio- jad.2010.06.007
nale and exploratory results from The Maastricht Study, a 73. Karam EG, Salamoun MM, Yeretzian JS, et al. The role of anxious
population-based cohort study. BMC Psychiatry. 2016;16:17. and hyperthymic temperaments in mental disorders: a national epi-
doi:10.1186/s12888-016-0722-z demiologic  study. World  Psychiatry.  2010;9(2):103-110.

57. McKellar JD, Humphreys K, Piette JD. Depression increases diabetes doi:10.1002/j.2051-5545.2010.tb00287.x
symptoms by complicating patients’ self-care adherence. Diabetes 74. Karam EG, Itani L, Fayyad J, et al. Temperament and suicide:
Educ. 2004;30:485-492. doi:10.1177/014572170403000320 a national study. J Affect Disord. 2015;184:123-128. doi:10.1016/j.

58. Carey WB. Temperament and increased weight gain in infants. J Dev Jjad.2015.05.047
Behav Pediatr. 1985;6:128-131. doi:10.1097/00004703-198506000-  75. Shamsi A, Khodaifar F, Arzaghi SM, et al. Is there any relationship
00006 between medication compliance and affective temperaments in

59. Amann B, Mergl R, Torrent C, et al. Abnormal temperament in patients with type 2 diabetes? J Diabetes Metab Disord. 2014;13
patients with morbid obesity seeking surgical treatment. J Affect (1):96. doi:10.1186/540200-014-0096-z
Disord. 2009;118:155-160. doi:10.1016/j.jad.2009.01.020

4990  hues Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

Dove!


https://doi.org/10.1038/nrendo.2017.151
https://doi.org/10.1097/00005082-200201000-00003
https://doi.org/10.1186/s12933-018-0703-2
https://doi.org/10.1186/s12933-018-0703-2
https://doi.org/10.1016/j.ejim.2018.07.001
https://doi.org/10.2337/dc18-su09
https://doi.org/10.1177/193229680800200620
https://doi.org/10.1016/j.diabet.2011.11.002
https://doi.org/10.1046/j.1467-789x.2000.00013.x
https://doi.org/10.1097/PSY.0000000000000182
https://doi.org/10.1111/dme.12245
https://doi.org/10.1177/014572178501100106
https://doi.org/10.1177/014572178501100106
https://doi.org/10.1097/00006842-199105000-00004
https://doi.org/10.1007/BF00844769
https://doi.org/10.1186/s12888-016-0722-z
https://doi.org/10.1177/014572170403000320
https://doi.org/10.1097/00004703-198506000-00006
https://doi.org/10.1097/00004703-198506000-00006
https://doi.org/10.1016/j.jad.2009.01.020
https://doi.org/10.1177/1359105307074301
https://doi.org/10.1590/1516-4446-2011-0746
https://doi.org/10.1590/1516-4446-2011-0746
https://doi.org/10.1016/j.jpsychores.2009.05.015
https://doi.org/10.1016/j.jad.2011.05.021
https://doi.org/10.1111/j.1464-5491.2008.02648.x
https://doi.org/10.2337/dc08-1341
https://doi.org/10.2337/dc09-1238
https://doi.org/10.1016/j.jad.2017.05.018
https://doi.org/10.1016/j.jad.2017.05.018
https://doi.org/10.1007/s13300-021-01121-y
https://doi.org/10.1016/j.jad.2006.02.022
https://doi.org/10.1016/j.jad.2006.02.022
https://doi.org/10.1016/j.cbpra.2010.07.007
https://doi.org/10.1016/j.cbpra.2010.07.007
https://doi.org/10.1007/BF03325054
https://doi.org/10.1016/j.jad.2010.06.007
https://doi.org/10.1016/j.jad.2010.06.007
https://doi.org/10.1002/j.2051-5545.2010.tb00287.x
https://doi.org/10.1016/j.jad.2015.05.047
https://doi.org/10.1016/j.jad.2015.05.047
https://doi.org/10.1186/s40200-014-0096-z
https://www.dovepress.com
https://www.dovepress.com

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 94.101.18.205 on 30-Dec-2021
For personal use only.

Dove

Lesiewska et al

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dove

Publish your work in this journal

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy is
an international, peer-reviewed open-access journal committed to the
rapid publication of the latest laboratory and clinical findings in the
fields of diabetes, metabolic syndrome and obesity research. Original
research, review, case reports, hypothesis formation, expert opinion

and commentaries are all considered for publication. The manu-
script management system is completely online and includes a very
quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-targets-and-therapy-journal

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

-

J in @ Do 4991


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

2. WSTEP

Postep techniczny w dzisiejszych czasach znaczaco wptynat na zycie cztowieka. Zwigzany z
nim tatwiejszy dostep do wysokokalorycznego pozywienia przyczynia sie do zwiekszenia odsetka
populacji z nadmierng masg ciata. Postep istotnie modyfikuje takze inne wazne aspekty
funkcjonowania cztowieka, takie jak ograniczenie aktywnosci fizycznej oraz tryb zycia promujac
siedzgcy, ktére takze przyczyniajg sie do rozwoju nadmiernej masy ciata oraz choréb
metabolicznych takich jak cukrzyca.

Wedtug Swiatowe]j Organizacji Zdrowia (World Health Organization — WHO) mamy aktualnie
do czynienia z kryzysem otytosci. Z kazdym rokiem coraz wiecej oséb ma nadwage, a takze rozwija
otytos¢ — problem dotyczy réwniez dzieci i nastolatkdéw. Dane statystyczne z 2016 r. podajg, ze na
Swiecie 1,9 miliarda ludzi miata nadwage, w tym 650 milionéw z nich chorowata na otytos¢ [1].

Otytos$¢ to typowa choroba o ztozonym patomechanizmie, w ktorym role moga brac
zarowno czynniki Srodowiskowe, jak i genetyczne [2]. Ponadto choroba ta zwigzana jest z licznymi
powikfaniami dotyczgcymi niemal kazdego uktadu w organizmie cztowieka jak zespot metaboliczny
(w tym dyslipidemie, cukrzyca), nadcisnienie tetnicze, choroby serca, choroby zapalne np.
zapalenie stawow oraz choroby nowotworowe, takie jak rak endometrium czy rak jelita grubego.
Jedna z gtdwnych chordb zwigzanych z otytoscig jest cukrzyca. Szacuje sie, ze okoto 20-25% otytych
zachoruje na cukrzyce typu 2 [3]. Dane epidemiologiczne wprost wskazujg, ze rosngca liczba
pacjentéw chorujgcych na cukrzyce typu 2 zwigzana jest z rozwijajacg sie pandemia otytosci [4]. W
literaturze anglosaskiej coraz czesciej uzywa sie terminu "diabesity" (obesity — po angielsku otytos¢;
diabetes — cukrzyca), aby podkresli¢ relacje obu choréb w ich wzajemnej patogenezie. Ze wzgledu
na liczne powiktania, otytos¢ istotnie zwieksza ryzyko $mierci i inwalidztwa, a takze istotnie obniza
jakos$¢ zycia utrudniajgc codzienne funkcjonowanie pacjenta [5-8].

Poza chorobami somatycznymi, wiele badan wykazato zwigzek otytosci z dysfunkcjg mézgu
oraz wiekszg zachorowalnoscig na choroby psychiczne, takie jak zaburzenia depresyjne czy lekowe
[9-12]. Ponadto badania wskazujg na dwukierunkowg relacje w patogenezie obu chordb, tzn.
pacjenci z otytoscig charakteryzujg sie wyzszym ryzykiem rozwoju zaburzei depresyjnych, jak i
pacjenci z depresjg obarczeni sg wiekszym ryzykiem rozwoju otytosci [12]. Réwniez cukrzyca typu 2
moze doprowadzi¢ do powstania nieprawidtowosci w strukturze i funkcjonowaniu madzgu, co
przyczynia sie do rozwoju depresji. Opublikowane prace sugerujg silny zwigzek miedzy depresjg i
cukrzycg. Wyniki badan wskazujg, ze czynniki genetyczne, epigenetyczne, hormonalne i

immunologiczne mogg odpowiada¢ za wspdlne elementy rozwoju obu chordb [13-15].



Oproécz chordb afektywnych, otyto$é przyczynia sie do pogorszenia funkcji poznawczych u
pacjentéw. Prowadzone byly i nadal s3 liczne badania majace odpowiedzieé na pytanie, czy otyto$é
uposledza funkcje kognitywne w sposdb specyficzny, czy tez jest to globalne ich pogorszenie.
Jednymi z gtoéwnych grup funkcji poznawczych sg funkcje wykonawcze definiowane jako zestaw
wyzszych proceséw poznawczych, ktére umozliwiajg cztowiekowi podejmowanie okreslonych
ztozonych dziatad, umozliwiajacych osiggniecie zamierzonego celu [16,17]. Te okreslone dziatania
zwigzane s3 z planowaniem, podejmowaniem decyzji, monitorowaniem dziatan w celu unikniecia
btedu, a takze podzielenia czynnosci na poszczegdlne etapy i przeprowadzenia ich w odpowiednie;j
kolejnosci. Do funkcji wykonawczych nalezg miedzy innymi kontrola uwagi, kontrola hamowania,
hamowanie poznawcze, elastyczno$¢ poznawcza oraz pamieé operacyjna [18,19]. Dla przyktadu,
podczas prowadzenia samochodu kierowca korzysta z funkcji wykonawczych gdy skupia sie na tym,
co dzieje sie na drodze i nie zwraca uwagi na rozmowe swoich pasazeréw (czyli hamuje docierajace
do niego bodzice), poniewaz w przeciwnym wypadku utrudnityby mu jazde. W przypadku oséb
otytych, ktére prébujg zmieni¢ sposdb odzywiania sie, to funkcje wykonawcze odpowiedzialne sg
za powstrzymywanie sie od zjedzenia wysokokalorycznego jedzenia silnie pobudzajgcego uktad
nagrody [20].

Literatura przedstawia badania naukowe badajgce funkcje poznawcze u pacjentéw otytych.
Wyniki tych prac wykazujg, Zze nadmierna masa ciata zwigzana jest z deterioracjg w zakresie uwagi,
pamieci, przetwarzania informacji, czy funkcji wykonawczych [21-24]. Jedna z teorii patogenezy
otytosci sugeruje, ze to zaburzenia funkcji wykonawczych w zakresie kontroli inhibicji doprowadza
do rozwoju zaburzen odzywiania, ktére powodujg nadmiarne faknienie, a wtdérnie wzrost masy
ciata [24]. Badania neuroobrazowe réwniez dostarczajg dowoddéw wskazujgcych na silng korelacje
miedzy sprawnoscig funkcji poznawczych a rozwojem otytosci [25]. Teze, iz to zaburzenia funkcji
poznawczych prowadzg do wzrostu masy ciata zdajg sie potwierdza¢ badania naukowe, w ktérych
wykazano korzystny efekt treningu kognitywnego u oséb otytych w obnizeniu ich masy ciata oraz
poprawy stylu zycia [26].

Silny zwigzek miedzy depresjg a otytoscig w kontekscie ich patogenezy sktania badaczy do
poszukiwania nowych metod diagnostycznych, dzieki ktérym mozliwe bedzie wyodrebnienie
pacjentéw z grupy ryzyka i wdrozenie odpowiedniej profilaktyki zapobiegajacej rozwojowi tych
choréb.

Juz w czasach starozytnych postrzegano temperament jako staty wzér odpowiedzi
emocjonalnej [27]. Jeden z czotowych badaczy w dziedzinie psychiatrii, Emil Kraepelin, na tej

podstawie stworzyt teorie, w ktérej wyodrebnit cztery temperamenty: depresyjny, maniakalny,



cyklotymiczny i drazliwy. Miaty one stanowié subkliniczng forme choréb afektywnych [28].

Bazujgc na pracach Kraepelina, Hagop Akiskal zaproponowat termin "temperament
afektywny", ktéry odnosi sie do wrodzonych cech charakteru, ktére sg uwarunkowane czynnikami
genetycznymi lub biologicznymi. Temperament afektywny jest stabilnym, wzglednie statym
konstruktem, ktérego zaburzenie moze predysponowaé¢ do rozwoju choréb psychicznych. W
zwigzku z zatozeniem, ze temperament afektywny uwarunkowany jest genetycznie, moze on stuzy¢
jako fenotyp w celu okreslania gendw predysponujacych do rozwoju choréb afektywnych [29].

W swoich pracach Akiskal wyodrebnit pie¢ temperamentéw afektywnych: cyklotymiczny,
hipertymiczny, depresyjny, lekowy i drazliwy. Osoby z temperamentem depresyjnym sg posepne,
przygnebione, nieSmiate i pesymistyczne. Charakteryzujg sie niskg asertywnoscig, niskim
poczuciem witasnej wartosci oraz negatywnymi przekonaniami na swoj temat oraz innych oséb i
czesto sie obwiniajg [30]. W przeciwienstwe do nich, pacjenci z hipertymicznym temperamentem
sg optymistyczni i towarzyscy. Przejawiajg wysokg energie, niskg potrzebe snu. Majg wysokie
poczucie wtasnej wartosci, sg pewni siebie i majg tendencje do obejmowania przywédztwa [31].
Pacjenci cyklotymiczni wykazujg nagte zmiany nastroju oscylujgce miedzy cechami temperamentu
depresyjnego i hipertymicznego [32]. Pacjenci z temperamentem drazliwym mogg przejawiac
cechy temperamentu cyklotymicznego, ale prezentujg nizszy poziom empatii i sg bardziej
sceptyczni. Takie osoby szybko sie irytujg, czesto narzakajg i trudno je usatysfakcjonowac [31].
Osoby z temperamentem lekowym ciggle odczuwajg poczucie zagrozenia, nadmiernie sie martwig i
majg trudnosci zeby sie uspokoic¢ i rozluzni¢ [33]. W zwigzku z tym doznajg silnego napiecia
psychicznego, przekfadajgcego sie takze na stan somatyczny, co moze skutkowac prezentowaniem
sie szeregu objawodw.

Badania naukowe dotyczgce temperamentu afektywnego wskazujg, Zze jego ocena
umozliwia wyszczegdlnienie pacjentéw z wyzszym ryzykiem zaburzen nastroju, takich jak
zaburzenia depresyjne czy choroba afektywna dwubiegunowa [32,34]. Interesujace wyniki
prezentujg badania wykorzystujace ocene temperamentu afektywnego w chorobach somatycznych
np. chorobach autoimmunologicznych, chorobach sercowo-naczyniowych, czy chorobach skérnych
[35-39]. Literatura prezentuje réwniez publikacje dotyczace roli temperamentu afektywnego w
otytosci, jednak jest ich bardzo niewiele. Praca Amann i wsp. (2009r.) oceniajgca temperament
afektywny u oséb otytych sugeruje, ze otyli rdznig sie istotnie od oséb zdrowych charakteryzujac sie
silniej wyrazonymi temperamentami: cyklotymicznym, drazliwym i lekowym [40]. Wyniki innej
pracy na grupie pacjentéw z zespotem metabolicznym wskazuje, ze za pomocg oceny

temperamentu afektywnego mozliwa jest ocena czynnikdw genetycznych, ktére stanowityby ryzyko



zachorawania na chorobe afektywng dwubiegunowg w tej grupie oséb [41]. Inna praca na grupie
kobiet z cukrzycy cigzowag wykazata, ze ocena temperamentu afektywnego mogtaby przyniesc
korzys$ci w ewaluacji ryzyka zachorowania na cukrzyce cigzowg, a takze w kontroli glikemii u
ciezarnych z tg chorobg. Wyniki tej publikacji wskazujg, ze temperament lekowy moze stanowié
czynnik ryzyka zachorawania na cukrzyce cigzowsg i z tego wzgledu pacjentki, ktére silnie prezentuja
ten wymiar temperamentu wymagaja scistego monitorowania pod katem zapadalnosci na cukrzyce
[42].

Zwigzkiem chemicznym majgcym kluczowy udziat w funkcjach zwigzanych z emocjami,
motywacjg oraz zachowaniami cztowieka, ktdre ukierunkowane sg na odczuwanie nagrody jest
dopamina [43]. Jest ona gtdwnym neuroprzekaznikiem w ukfadzie nagrody — skomplikowane;j sieci
neuronalnej, na ktorg sktadajg sie rodwniez szlaki innych neuroprzekaznikdw. Przekaznictwo
dopaminergiczne w uktadzie nagrody obejmuje kore czotows i przedczotowsy, obszary podkorowe
oraz jadro poétlezgce i czes¢ brzuszng prazkowia — te dwie ostatnie struktury sg kluczowymi
obszarami mdzgu odpowiedzialnymi za przetwarzanie nagrody, w tym odpowiedzi na naturalne
nagrody jakim jest jedzenie z duzg zawartoscig kalorii. Wykazano, ze zaburzenia w szlakach
dopaminergicznych uktadu nagrody mogg by¢ odpowiedzialne za rozwdj otytosci i zaburzen
depresyjnych [44-47]. Autorzy formutujg teorie patogenezy otytosci wynikajagce z zaburzen
przekaznictwa dopaminergicznego: teoria nadmiaru nagrody (reward surfeit theory), model
wewnetrznej nadwrazliwosci (the incentive sensitization model) i teoria deficytu nagrody (reward
deficit theory) [48-50]. Istnieje jeszcze czwarta - zwigzana z zaburzeniami funkcji wykonawczych,
ktora zostata wczesdniej opisana.

Podstawowe czynniki regulujgce przekaznictwo dopaminergiczne sg wprost zalezne od
gendéw kodujgcych elementy uktadu przekaznictwa dopaminergicznego. W pracy naukowej na
bazie ktdérej powstata niniejsza analiza doktorska badano wybrane polimorfizmy genetyczne: genu
transportera dopaminy typu 1 - DAT1, genu receptora dopaminy D4 — DRD4 i genu katechol-o-
metylotransferazy — COMT Val158Met (rs4680).

Transporter dopaminy (DAT) odpowiada za regulacje stezenia dopaminy w przestrzeni
miedzysynaptycznej neuronéw dopaminergicznych. DAT gitéwnie skoncentrowany jest w
strukturach podkorowych — jadrach podstawy [51]. DAT wychwytuje czgsteczki dopaminy i
transportuje je z powrotem do czesci presynaptycznej. Dzieki temu nastepuje zmniejszona
aktywacja czesci postsynaptycznej, a tym samym obniza sie aktywnos¢ dopaminergiczna neuronu.
Gen DAT1 (SLC6A3) znajduje sie na chromosomie 5p15.3, zas polimorfizmy tego genu sktadajg sie

ze zmiennej liczby tandemowych powtérzen (VNTR), czyli powtarzajacych sie identycznych



sekwencji par zasad w genomie. Dwa najczesciej wystepujgce allele posiadajg dziewiec (A9 lub allel
krétki - S) i dziesie¢ (A10 lub allel dtugi -L) powtdrzen tandemowych. Badania sugeruja, ze allel
krétki (S) zwigzany jest z wiekszym poziomem dopaminy w prazkowiu. Z kolei allel dtugi (L)
odpowiedzialny jest za wyzsze stezenie transportera dopaminy, co prowadzi do zwiekszonego
zwrotnego wychwytu dopaminy do przestrzeni presynaptycznej, a w zwigzku z tym powoduje
zmniejszong aktywnos$¢ dopaminergiczng. Niestety opublikowane s réwniez badania, ktére
wskazujg na zupetnie odmienng funkcje obu alleli, takze doktadny efekt ekspresji poszczegdlnych
polimorfizmoéw DAT1 wciaz jest niejasny [52-57].

Enzym COMT jest kolejnym czynnikiem, ktéry moduluje przekaznictwo dopaminergiczne
poprzez katabolizm dopaminy. Dziatanie enzymu polega na metabolizowaniu dopaminy w
przestrzeni miedzysynaptycznej. Gtowna ekspresja enzymu nastepuje w okolicy kory
przedczotowej, ale takze w obszarach podkorowych jak prazkowie [58,59]. Gen COMT
zlokalizowany jest na chromosomie 22qg11.2. Najczestszym polimorfizmem tego genu jest
polimorfizm pojedynczego nukleotydu (SNP) - wariant rs4680 (Val158Met), czyli zamiana waliny na
metionine w kodonie 158, przez co dochodzi do translacji enzymu o zmiennej aktywnosci w
zaleznosci of alelléw genu [60]. Wykazano, Zze u osdb ktdre s3 homozygotyczne pod wzgledem
alleléw metioninowych, enzym COMT ma nizszg aktywnos¢ i wolniej degraduje dopamine w
przestrzeni miedzysynaptycznej, co moze skutkowac¢ wyzszg aktywnoscia dopaminergiczng w
osrodkach kory przedczotowej. Homozygoty Val/Val posiadajg wyzszg aktywnos¢ enzymu COMT, co
moze skutkowaé szybszg degradacjg dopaminy prowadzacg do zmniejszonego przekaZnictwa
dopaminergicznego [61,62].

Gen DRD4 koduje receptor dopaminy D4, ktéry zloaklizowany jest w osrodkach korowych i
w mniejszej ilosci w osrodkach podkorowych. Wedtug doniesien, receptor D4 ulega ekspresji
gtéwnie w korze przedczotowej, hipokampie i ciele migdatowatym [63,64]. DRD4 posiada
polimofizmy o zmiennej liczbie tandemowych potwdrzerh (VNTR). Rézne warianty alleli moga
osigga¢ od dwéch powtdérzen (2R) do jedenastu powtdrzen (11R). Allel DRD4 7R koduje receptor
dopaminowy o stabszej odpowiedzi receptora w poréownaniu do alleli o krétszych tariicuchach
zmiennej tandemowej liczby powtdrzen [65,66].

Wedtug teorii opisujgcych patogeneze otytosci, zaburzenia w przekaznictwie
dopaminergicznym moga odpowiadac za jej powstawanie. Rowniez w wielu badaniach wykazano,
Ze istniejg odmiany gendw modulujgcych przekaznictwo dopaminergiczne, ktore istotnie wigzg sie
z wyzszymi wartosciami BMI i dalszym ryzykiem przyrostu masy ciata [67]. Polimorfizm genu DAT1

A9 zwigzany byt z ryzykiem zaburzen odzywiania, ktére mogty prowadzi¢ do otytosci [68]. W innym



badaniu wykazano, ze osoby homozygotyczne pod wzgledem allelu 9 DAT1 miaty istotnie wyzisze
BMI [69]. W swojej pracy Yokum i wsp. (2015) badali wptyw polimorfizméw gendw
dopaminergicznych w otytosci. Wyniki tego badania wskazywaty na to, ze polimorfizmy gendow
DAT1, DRD4 i COMTVall158Met, ktére mogg odpowiada¢ za wieksze przekaznictwo
dopaminergiczne, wigzaty sie ze zwiekszong masa ciata, a tym samym wyzszymi wartosciami BMI
[70].

Badania naukowe w dziedzinie psychiatrii réwniez obejmowaty zagadnienie roli
przekaznictwa dopaminergicznego w chorobach afektywnych. Tak zwane Genome-Wide-
Association Study (GWAS), czyli badanie asocjacyjne catego genomu wykazaty, ze polimorfizmy
gendw zaangazowanych w modulacje przekaznictwa dopaminergicznego sg istotnie zwigzane z
chorobami psychicznymi. Badania dotyczgce polimorfizméw poszczegdlnych gendéw réwniez
wykazaty ich role w rozwoju takich chordb jak schizofrenia, choroba afektywna dwubiegunowa czy
zaburzenia depresyjne [71-75]. Literatura przedstawia istotny zwigzek allelu Met genu COMT z
podatnoscig na stres oraz lek, co moze stanowié¢ czynnik ryzyka rozwoju zaburzen depresyjnych lub
lekowych [76,77]. Ponadto wykazano zwigzek polimorfizméow COMT z wystepowaniem zachowan
samobodjczych u dzieci [78]. Polimorfizm VNTR genu DATI1 istotnie modyfikowat odpowiedz na
leczenie lekami antydepresyjnymi u oséb chorujgcych na depresje [79].

Opublikowano rowniez prace badajgce role polimorfizméw gendéw z poszczegdlnymi
temperamentami afektywnymi w populacji zdrowych oséb jak i obcigzonych chorobami
psychicznymi. Wyniki tych prac wskazujg na zwigzek gendéw przekaznictwa serotoninergicznego z
poszczegdlnymi  wymiarami temperamentu afektywnego [80]. Pacjenci o okreslonych
polimorfizmach gendéw serotoninergicznych charakteryzowali sie temperamentem afektywnym,
ktory mogt predysponowac¢ do zaburzen lekowych [81]. Inne badanie w populacji wioskiej
wykazato, ze okredlenie temperamentu afektywnego moze istotnie wptywac na relacje miedzy
polimorfizmami gendéw przekaZznictwa serotoninergicznego a podejmowaniem préby samobdjcze;j
u pacjentéw z grupy ryzyka, ktérzy byli hospitalizowani na oddziale psychiatrycznym [82]. Powyzsze
przyktady dowodzg, ze badania temperamentu afektywnego w kontekscie polimorfizméw gendéw
moze przyczyni¢ sie do lepszego zrozumienia psychopatologii chordob afektywnych. Z uwagi na to,
ze wedtug badan, przekaZznictwo dopaminergiczne bierze kluczowg role w rozwoju zaburzen
nastroju, to prace naukowe dotyczgce relacji miedzy polimorfizmami gendéw dopaminy z
poszczegdlnymi wymiarami temperamentu afektywnego, réwniez mogg dostarczyé interesujacych
danych. Uzyskane informacje mogtyby by¢ nastepnie wykorzystane w poprawie diagnostyki i

leczenia pacjentdw z zaburzeniami psychicznymi.



Nawigzujgc do czwartej teorii patgenezy otytosci zwigzanej z nieprawidtowym dziataniem
funkcji wykonawczych trzeba podkreslié role dopaminy w regulacji poznawczej. W licznych
badaniach wykazano, ze zaburzenia przekaznictwa dopaminergicznego s3g SciSle zwigzane z
chorobami, ktdre charakteryzujg sie deterioracja poznawczg, tj. schizofrenig, zespotem
nadpobudliwosci psychoruchowej z deficytem uwagi (ADHD) oraz chorobg Parkinsona [83-85]. Jak
juz wspomniano, COMT w najwiekszym stezeniu zlokalizowany jest w korze przedczotowej, ktéra
odpowiada za funkcje wykonawcze. Badania genetyczne wykazaty, ze osoby z allelem walinowym
polimorfizmu COMTVall58Met charakteryzowaty sie gorszymi funkcjami wykonawczymi, w tym
pamiecig operacyjng, w porownaniu do oséb z allelem metioniny — badano zaréwno osoby zdrowe
jak i z chorobg afektywng dwubiegunowg [86]. Wyniki badan genetycznych potwierdzajg prace
wykorzystujgce neuroobrazowanie — Tan i wsp. uzyskali wyniki wskazujgce, ze homozygoci COMT
Val/Val wykazywali nieefektywng aktywnos$é osrodkow kory przedczotowej podczas wykonywania
testéw angazujgcych pamieé operacyjng [87,88]. Istniejg rowniez badania, ktére przedstawiajg
zupetnie odmienne wyniki i nie wykazujg istotnej roli polimorfizmu COMTVal158Met na funkcje
wykonawcze [89].

Opublikowano réwniez prace, ktore przedstawiajg zwigzek polimorfizmdw pozostatych
genow dopaminergicznych z funkcjami wykonawczymi [90,91]. Mimo, ze DAT reguluje transmisje
dopaminergiczng gtéwnie w strukturach podkorowych jak prazkowiu, to wywiera istotny wptyw na
sprawnos¢ funkcji poznawczych. W badaniu na zdrowej populacji wykazano, ze allele DATI
przyczyniajgce sie do silniejszego przekaznictwa dopaminergicznego w prazkowiu, byty rdwniez
zwigzane z silniejszymi pofaczeniami z osrodkami kory przedczotowej, co w efekcie przetozyto sie
na lepsze wyniki testéw oceniajgcych pamie¢ wykonawczg [92]. Chung i wsp. (2015) w badaniu z
wykorzystaniem neuroobrazania uzyskali wyniki wskazujgce na to, ze homozygoty DAT 10/10
charakteryzowaty sie nizszg objetoscig istoty biatej w obszarach kory przedczotowej co korelowato z
wieksza deterioracja funkcji wykonawczych [93].

Prace naukowe u pacjentow z ADHD wskazujg na istotng role polimorfizmu DATI1 na
sprawnos¢ funkcji wykonawczych, w tym kontroli inhibicji [94,95]. Badanie w grupie oséb z ADHD
wykazato, ze allel 7R genu DRD4 byt odpowiedzialny za deterioracje funkcji wykonawczych [96]. Z
kolei osoby z allelem 4R prezentowaty sprawniejsze funkcje wykonawcze po przeprowadzeniu tych
samych testdw neuropsychologicznych [97]. W innych pracach badajgcych role DRD4 na funkcje
wykonawcze u pacjentéw z ADHD uzyskano niespdjne wyniki. W jednym badaniu wykazano, ze
osoby z allelem 7R prezentowaty gorszg kontrole ihibicji w poréwnaniu do 4R, zas drugie badanie,

ktdre réwniez dotyczyto pacjentéw z ADHD wykazato, ze to wiasnie osoby z allelem 7R posiadajg



lepszg kontrole inhibicji w przeciwienstwie do homozygot 4R [98,99].

Odmienne wyniki dotyczgce roli polimorfizméw gendéw dopaminergiczych na funkcje
wykonawcze moze nasuwaé wniosek, ze istniejg czynniki, ktdre wywierajg wptyw na ekspresje tych
gendw, co nastepnie prowadzi do zréznicowanego wptywu produktéw tych gendéw na efektywnosc
funkcji wykonawczych w testach neuropsychologicznych. Jednym z takich czynnikdw moze by¢ ptec,
a tym samym modyfikujacy wptyw hormonéw pifciowych (estrogeny) na funkcje poznawcze [100-
102].

Opisane dotad wyniki badan, ktore dotyczyty temperamentu afektywnego, polimorfizméw
gendw dopaminergicznych oraz funkcji wykonawczych przeprowadzone byly na osobach o
prawidtowej masie ciata lub czynnik otytosci nie byt brany pod uwage w analizie statystyczne;.
Literatura przedstawia niewiele prac, ktére omawiajg powyzsze zagadnienia w populacji otytej. Z
uwagi na to, ze polimorfizmy genéw dopaminergicznych, funkcje wykonawcze, a takze
temperament afektywny wigzg sie z patogenezg otytosci, dalsze badania naukowe w tym zakresie
przyczynityby sie do lepszego zrozumienia w jaki sposdb osoby zapadajg na otyto$é. Ponadto wyniki
tych badan mogtyby dostarczy¢ przydatnych informacji w celu lepszego okreslenia grupy ryzyka
pacjentow z otytoscia — co wigze sie rowniez z wykreowaniem skuteczniejszych programow
profilaktycznych, a takze programoéw leczenia otytosci, zapobiegania jej nawrotom oraz dalszym jej
powikfaniom.

Jest to temat szczegdlnie istotny, poniewaz niestety nawet wsrdd klinicystow postrzeganie
otytosci jako choroby wcigz budzi kontrowersje, a pacjenci otyli sg stygmatyzowani przez
spoteczenstwo, wykluczani, a nawet oskarzani, ze otytos¢ jest efektem ich lenistwa i prowadzenia
nieprawidtowego stylu zycia. Aby podkresli¢ rosngcy problem otytosci w spoteczenstwie, a takze
chordb z nig zwigzanych, w 2013r. American Medical Association (jedno z wiodacych towarzystw
medycznych w Stanach Zjednoczonych) ogtosito, ze otytos¢ to choroba przewlekta o ztozonym
patomechanizmie i jest zwigzana z licznymi powiktaniami [103-105]. Jest to szczegdlnie istotne,
poniewaz obecne metody zwalczania otytosci nie sg wystarczajgco skuteczne i choroba czesto
nawraca [106,107]. Dlatego celem tej rozprawy doktorskiej byto poruszenie zagadnien zwigzanych z

czynnikami poznawczymi, genetycznymi, biochemicznymi a takze psychologicznymi otytosci.



3. CELE PRACY

3.1 Problemy badawcze:

1. Czy allele genéw modulujgcych przekaznictwo dopaminergiczne sg zwigzane z nasileniem
poszczegdlnych temperamentéw afektywnych u oséb otytych?

2. Czy poszczegblne odmiany genéw modulujgcych przekaznictwo dopaminergiczne sg zwigzane z
roznym funkcjonowaniem kory przedczotowej mierzonej za pomocga testu WCST?

3. Czy pted jest czynnikiem réznicujgcym wyniki funkcji wykonawczych mierzonych za pomoca testu
WCST w grupie otytych?

4, Czy u o0séb otyltych z cukrzycg lub stanem przedcukrzycowym, poszczegdlne wymiary
temperamentu afektywnego wykazujg istotne =zaleznosci z parametrami biochemicznymi

wyrownania gospodarki weglowodanowej?

3.2. Hipotezy badawcze:

1. Wieksze nasilenie otytosci wykazuje dodatni zwigzek z temperamentami afektywnymi
zwigzanymi z wyzszg podatnoscig do rozwoju zaburzen afektywnych oraz wspdtwystepowaniem
zaburzen funkcjonowania kory przedczotowej mézgu.

2. U osbéb otylych temperament afektywny zwigzany jest z gorszymi wynikami parametrow
biochemicznych wyréwnania gospodarki weglowodanowe;.

3. Badane polimorfizmy genéw przekaznictwa dopaminergicznego (COMTVall158Met, DAT1, DRD4)
wykazujg istotnie réine zaleznosci w aspektach nasilenia otytosci, wyrazenia temperamentéw
afektywnych oraz funkcjonowania kory przedczotowej mézgu.

4. U o0so6b otytych ptec jest istotnym czynnikiem rdéznicujagcym funkcjonowanie poznawcze zalezne

od polimorfizméw genéw dopaminergicznych (COMTVal158Met, DAT,1 DRD4).

3.3 Cele szczegétowe:

1. Ocena temperamentu afektywnego za pomocg skali TEMPS-A w populacji otytych.

2. Ocena nasilenia objawéw depresyjnych w grupie badanej.

3. Analiza rdéznic w zakresie temperamentéw afektywnych mierzonych za pomocga kwestionariusza
TEMPS-A w polimorfizmach gendéw dopaminergicznych u oséb otytych.

4. Ocena funkcji wykonawczych w grupie oséb otytych za pomocg testu WCST.

5. Analiza réznic w zakresie parametréw funkcji wykonawczych mierzonych za pomocg WCST w



polimorfizmach genéw dopaminergicznych u oséb otytych.

6. Analiza zalezno$ci parametrami demograficznymi a wynikami testu WCST.

7. Ocena zaleznosci miedzy wynikami temperamentu afektywnego a zaburzeniami gospodarki

weglowodanowej u oséb otytych.

8. Ocena zaburzen depresyjnych w kontekscie wynikdw skali TEMPS-A, badan biochemicznych

gospodarki weglowodanowej oraz czynnikdw demograficznych.



4. METODOLOGIA

Cykl publikacji powstat w oparciu o analize wynikéw badania przeprowadzonego na 320
pacjentach - 218 oséb stanowity kobiety, za$ 102 osoby stanowili mezczyzni. Uczestnikami badania
byty osoby otyte polskiej narodowosci i rasy kaukaskiej w wieku 18-69 lat. Rekrutacja odbywata sie
w przyszpitalnej poradni nalezacej do Kliniki Endokrynologii i Diabetologii w Szpitalu
Uniwersyteckim nr 1, im. dr. A. Jurasza.

Po rekrutacji do badania naukowego z kazdym pacjentem zebrano wywiad chorobowy,
przeprowadzono badanie przedmiotowe, pomiar ciSnienia krwi tetniczej, a takze wykonano
pomiary antropometryczne. Kazdy pacjent byt szczegétowo poinformowany o zatozeniach i celach
badania oraz jego przebiegu. Uczestnikom przedstawiono formularz zgody na udziat w badaniu,
ktory powstat w oparciu o wzdér Komisji Bioetycznej zgodnie z Deklaracjg Helsifiska. Ponadto
Komisja Bioetyczna przy Collegium Medicum wyrazita zgode na przeprowadzenie badania — nr
533/2008r.

Przyjeto nastepujgce kryteria wtgczenia do badania:

1. rozpoznana otytos¢ prosta;
2. petnoletnos¢;
3. swiadoma zgoda na udziat w badaniu.

Otytos¢ prostg rozpoznawano na podstawie obliczonego wskaznika masy ciata body mass
index (BMI) wyrazonego w kg/m”2. Wartos¢ rowna lub wieksza od 30 wskazywaty na otytosc.
Wtdrne przyczyny otytosci zostaty wykluczone w oparciu o wyniki badan hormonalnych i
metabolicznych.

Zastosowano ponizsze kryteria wykluczajace z badania:

1. obcigzenie powaznymi schorzeniami somatycznymi jak np. choroby sercowo-naczyniowe — przy
czym obcigzenie cukrzycg czy nadcisnieniem tetniczym nie wykluczato z badania;

2. obcigzenie chorobami psychiatrycznymi lub neurologicznymi;

3. uzaleznienia od substancji psychoaktywnych lub alkoholu;

4. otytos¢ wtdrna.

Osoby witgczone do badania miaty pobrang krew na badania genetyczne oraz biochemiczne,
a takze zostaly poddane analizie neuropsychologicznej za pomocg testéw komputerowych i
papierowych kwestionariuszy.

Do ponizszych publikacji wykorzystano pogram komputerowy Statistica w wersji 13.0 celem

wykonania analizy statystycznej. Na podstawie testu Shapio-Wilka stwierdzono, ze dane dla grupy



nie spetfniajg kryteriow rozktadu normalnego. Rdznice istotnie statystycznie miedzy dwiema
grupami okreslono za pomocg testu Mann-Whitney U. Z kolei w celu obliczenia istotnosci réznic
statystycznych miedzy trzema lub wiecej grupami wykorzystano analize wariancji Kurskala-Willisa —
test ANOVA. Dla nastepczych analiz istotnosci réznic miedzy grupami stosowano analize post-hoc
za pomoca testu NIR Fischera. Do obliczenia istotnosci poszczegdlnych zmiennych w zbudowanych
modelach stosowano takze analizy wieloczynnikowe. Ponadto, wykorzystano test R-Spearmanna w
celu obliczenia korelacji miedzy zmiennymi.

Dzieki uzyskanym wynikom badania, po dokonaniu analizy statystycznej, przygotowano trzy
publikacje naukowe, ktdére zostaly opublikowane w miedzynarodowych czasopismach

posiadajgcych wspdtczynnik wptywu — impact factor (IF).

Metodologia zastosowana w poszczegdlnych pracach

4.1. Dopaminergic Genes Polymorphisms and Prefrontal Cortex Efficiency Among Obese People —
Whether Gender is a Differentiating Factor? Current Molecular Medicine (IF-1.600; MNiSW: 70
pkt)

W analizie wykorzystano wyniki 248 otytych pacjentéw (179 kobiet i 69 mezczyzn). Srednia
wieku wynosita 44,5 lat dla kobiet oraz 45 lat dla mezczyzn. Celem analizy byta ocena korelacji
miedzy funkcg kory przedczotowej a polimorfizmami gendw dopaminergicznych DATI,
COMTVal158Met, DRD4.

Do oceny neuropsychologicznej wykorzystano Test Sortowania Kart Wisconsin - Wisconsin
Card Sorting Test (WCST). WCST umozliwia ocene funkcji kory przedczotowej w szczegdlnosci
funkcji wykonawczych, w tym pamieci operacyjnej. W badaniu uzyto komputerowa wersje testu w
jezyku polskim. Podczas wykonywania WCST osobie badanej na ekranie wyswietlajg sie w goérze
ekranu cztery karty wzorcowe. S3 to kolejno: karta z jednym czerwonym trdjkagtem, dwoma
zielonymi gwiazdkami, trzema zottymi krzyzykami i karta z czterema niebieskimi koétkami. Po
uruchomieniu testu w dole ekranu wyswietlane sg pojedyncze karty (maksymalnie 128), ktére
posiadajg symbole i kolory podobne do kart wzorcowych. Celem testu jest dopasowanie
wyswietlajgcych sie kart do poszczegdlnych kart wzrocowych zgodnie z regutg: np. karty nalezy
uktada¢ wedtug ksztattu figur umieszczonych na kartach, ilosci tych figur lub koloru tych figur.
Osoba badana nie wie, zgodnie z jaka regutg ma dopasowywaé karty. Po kazdym dopasowaniu
karty do talii wzrocowej badany otrzymuje informacje zwrotng czy karta zostata dopasowana w

sposob prawidtowy za pomocg napisu w kolorze zielonym "dobrze" lub nieprawidtowy — napis "Zle"



w kolorze czerwonym. Dzieki metodzie "préb i btedéw", osoba badana musi odkry¢ zgodnie z jaka
regutg nalezy ukfada¢ karty do talii wzorcowych. Po pewnym czasie dopasowywania kart, regufa
ulega zmianie bez informowania o tym osoby badanej, w zwigzku z czym pacjent musi ponownie
odgadna¢ nowg regute uktadania kart. Badanie konczy sie gdy zostanie poprawnie utozonych szes$é
kategorii lub gdy zostang wykorzystane wszystkie z 128 kart z talii. Do analizy wynikéw testu WCST
wybrano nastepujgce parametry: 1. odsetek btedow perseweracyjnych (WCST_P), ktére
odzwierciedlajg sztywnos¢ myslenia oraz trudnosci w przystosowaniu sie do nowych warunkéw,2.
odsetek bteddw nieperseweracyjnych (WCST_NP) — jest to liczba btednych odpowiedzi ktdra
Swiadczy o skutecznosci uwagi, 3. liczba poprawnie utozonych kategorii (WCST_CC), ktéra wigze sie
z efektywnoscig myslenia, a takze ukazuje zdolnos¢ do prawidtowego reagowania na nowe bodzce.
4. procent odpowiedzi zgodnych z koncepcjg logiczng (WCST_CLR) — to parametr, ktéry
odzwiercidla zdolnos$¢ do utrzymania zastosowane]j koncepcji logicznej. Ponadto ukazuje zdolnos¢
do planowania czynnosci bazujgc na otrzymanej informacji.
5. liczba kart potrzebnych do utozenia pierwszej kategorii (WCST_1%Y) — pozwala okresli¢
doswiadczenie w formutowaniu koncepcji logicznej.

Polimorfizmy gendw dopaminergicznych, ktére zostaty wigczone do analizy, oznaczono za
pomocg metod PCR-RFLP i PCR-VNTR. Do genotypowania wykorzystano 10 ml krwi obwodowej od
pacjenta. Nastepnie za pomocg metody Lahiri i Schnabela z krwi obwodowej pozyskano materiat
DNA. Na podstawie pozyskanego materiatu oznaczono polimorfizmy genéw dopaminergicznych:
genu transportera dopaminy (dopamine active transporter — DAT1), gen katechologo-O-
metylotransferazy  (catechol-O-methyltransferase = —  COMVall58Met), gen  receptora
dopaminergicznego D4 (dopamine receptor D4 — DRD4). Wykorzystano nastepujgce startery genow
do reakcji PCR:

1. DAT1 starter przedni 5'-TGTGGTGTAGGGAACGGCCTGAG-3'; DAT1 starter wsteczny 5'-
CTTCCTGGAGGTCACGGCTCAAGG-3'.

2. COMTVall58Met starter przedni 5'-AGCTCCAAGCGCGCTCACAG-3' i COMTVall58Met starter
wsteczny 5'-CAAAGTGCGCATGCCCTCCC-3'.

3. DRD4 starter przedni 5'-GCGACTACGTGGTCTACTCG-3' i DRD4 starter wsteczny 5'-
AGGACCCTCATGGCC TTGC-3".

4.2. Association Between Affective Temperament Traits and Dopamine Genes in Obese
Population. International Journal of Molecular Sciences. 2019;20:1847. (IF: 4,55; MniSW: 140pkt).

W analizie wykorzystano dane 245 pacjentéw z otytoscig pierwotng — 178 kobiet i 67



mezczyzn. Srednia wieku 0séb badanych wynosita kolejno 41 i 42 lata. Celem publikacji byta ocena
zalezno$ci miedzy polimorfizmami gendw dopaminergicznych, a wyrazeniem wymiarow
temperamentu afektywnego u pacjentéw otytych.

Do oceny psychologicznej wykorzystano polskg wersje autokwestionariusza Temperament
Evaluation of Memphis Pisa Paris and San Diego Autoquestionnaire (TEMPS-A). Kwestionariusz
zostat przettumaczony na jezyk polski oraz zwalidowany w polskiej populacji [108]. TEMPS-A jest
narzedziem opracowanym przez Hagopa Akiskala i za jego pomocg mozliwe jest okreslenie u osoby
badanej nastepujgcych wymiaréw  temperamentu afektywnego: cyklotymicznego,
hipertymicznego, depresyjnego, drazliwego i lekowego [29]. Skala sktada sie ze 110 elementéw w
wersji dla kobiet i 109 elementéw w wersji dla mezczyzn. Elementy to zdania twierdzace. Po
przeczytaniu danego twierdzenia, badany zaznacza "TAK" jesli poszczegdlne twierdzenie jest
zgodne z odczuciami osoby badanej, lub "NIE", gdy nie dotyczy osoby badanej. Za kazdg odpowiedz
"TAK" przyznawany jest 1 punkt, z kolei za odpowiedz "NIE" O punktéw. W autokwestionariuszu
twierdzenia uszeregowane s3g zgodnie z badaniem konkretnego wymiaru temperamentu w
nastepujacy sposob:

1. twierdzenia od 1 do 21 odnoszg sie do temperamentu depresyjnego (mozna uzyska¢ 21
punktéw);

2. twierdzenia od 22 do 42 odnoszg sie do temperamentu cyklotymicznego (21 punktéw);
3. twierdzenia od 43 do 63 odnoszg sie do temperamentu hipertymicznego (21 punktow);
4. twierdzenia od 64 do 84 odnosza sie do temperamentu drazliwego (w wersji dla kobiet 21
punktow, w wersji dla mezczyzn 20 punktow);
5. twierdzenia od 85 do 110 odnoszg sie do temperamentu lekowego (26 punktow).

Liczba punktow, ktéra dotyczy poszczegdlnego wymiaru temperamentu afektywnego jest
sumowana, a nastepnie podzielona przez liczbe twierdzen przypisang do tego temperamentu. Na
tej podstawie okreslone jest nasilenie poszczegbélnych wymiarow temperamentéw u o0sob
badanych.

Do artykutu wykorzystano wyniki polimorfizméw genéw DAT1, DRD4 i COMTVall58Met,

ktérych metode genotypowania opisano wyzej.

4.3. Affective temperament and glycemic control — the psychological aspect of obesity and
diabetes mellitus. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy. 2021. (IF:
3,168; MniSW: 100pkt).

Celem przygotowania powyzszej publikacji wykonano analize danych dotyczacy roli



temperamentu afektywnego w kontroli glikemii u otytych pacjentéw chorujgcych na cukrzyce typu
2 lub ze stanem przedcukrzycowym (nieprawidtowa glikemia na czczo i nieprawidtowa tolerancja
glukozy). Ponadto oceniono nasilenie objawéw depresyjnych i wptyw tych objawéw na kontrole
glikemii w tej grupie.

Do analizy wykorzystano dane 185 pacjentéw, w tym 146 kobiet i 39 mezczyzn. Pacjentéw
zestawiono w 3 grupy: pierwszg grupe stanowili otyli bez zaburzen gospodarki weglowodanowej —
87 0sdb (65 kobiet i 22 mezczyzn); do drugiej grupy nalezeli otyli ze stanem przedcukrzycowym —
42 osoby (33 kobiety i 8 mezczyzn); do trzeciej grupy wiaczono 56 otytych z cukrzyca (48 kobiet i 8
mezczyzn). Srednia wieku dla wszystkich grup wynosita kolejno: 35,8 lat (zakres od 18-68 lat) dla
grupy pierwszej, 43,1 lat (zakres od 18-69 lat) dla grupy drugiej i 51,1 lat (zakres od 31-61 lat) dla
0s0b z cukrzyca typu 2.

Diagnostyka zaburzen gospodarki weglowodanowej zostata przeprowadzona za pomoca
testu obcigzenia 75g roztworem glukozy — testu OGTT (Oral Glucose Tolerance Test). Osoby, ktore
miaty juz wczesniej rozpoznang cukrzyce typu 2 i otrzymywaty leczenie specjalistyczne, rowniez
zostaty wigczone do badania po okazaniu dokumentacji dotyczgcej przebiegu swojej choroby.

Przeprowadzono test OGTT w sposob typowy, tzn. najpierw pobrano krew zylng celem
okreslenia glikemii na czczo (pacjenci nie spozywali positkdw ani ptyndw przynajmniej na 8 godzin
przed testem). Nastepnie pacjenci spozywali roztwér glukozy i po dwoch godzinach wykonano
kolejny pobdr krwi w celu oznaczenia glikemii. Na podstawie wynikéw badania OGTT pacjentéw
przydzielono do nastepujgcych grup:

1. jezeli poziom glikemii na czczo wynosit mniej niz 88mg% (5,5mmol/l) i po dwdch godzinach
glikemia miata wartos$¢ nizszg niz 140mg% (7,8mmol/l) u pacjenta nie rozpoznawano zaburzen
gospodarki weglowodanowe;j.

2. jezeli poziom glikemii na czczo przekraczat 100mg%, a wynik po dwdch godzinach od obcigzenia
glukozg byt prawidtowy, to u pacjenta rozpoznawano nieprawidiowg glikemie na czczo i
przydzielano osobe badang do grupy ze stanem przedcukrzycowym.
3. jezeli poziom glikemii na czczo byt prawidtowy, zas wynik pomiaru uzyskanego po dwdch
godzinach od obcigzenia glukoza miescit sie w przedziale miedzy 140 a 199mg% (7,8-11,1mmol/l),
u pacjenta rozpoznawano nieprawidtowg tolerancje glukozy i przydzielano osobe badang do grupy
ze stanem przedcukrzycowym.

4. jezeli po dwodch godzinach od obcigzenia glukozga wynik glikemii przekraczat 200mg%
(11,1mmol), u pacjenta rozpoznawano cukrzyce typu 2.

W przeprowadzonej analizie wykorzystano wyniki pomiaréw biochemicznych, ktére



opracowano z probki krwi zylnej. Byty to wyniki hemoglobiny glikowanej Alc (HbAlc), wartos¢
glikemii na czczo — Fasting plasma glucose (FPG) oraz warto$¢ C-peptydu. HbAlc oznaczono celem
okreslenia kontroli glikemii przez trzy miesigce, z kolei wyniki C-peptydu $wiadczyty o nasileniu
insulinoopornosci u pacjentéw.

Do analizy psychologicznej wykorzystano autokwestionariusz TEMPS-A, ktdry zostat opisany
powyzej. Do oceny nasilenia objawdw depresyjnych wykorzystano Skale Depresji Becka - Beck
Depression Inventory (BDI). Skala depresji Becka zostata opracowany przez Aarona Becka w 1961r i
ocenia subiektywne objawy depresji. Skada sie z 21 pytan (uszeregowanych od A do U), ktére
dotycza najczesciej wystgpujgcych objawdw depresji takich jak smutek, poczucie winy, pesymizm,
obnizone poczucie wtasnej wartosci, ptaczliwosé¢, drazliwosé, mysli samobdjcze, zaburzony obraz
wiasnego ciafa, problemy ze snem, problemy z wykonywaniem pracy, obnizona energia i tatwa
meczliwos¢, a takze spadek masy ciata. W kazdym pytaniu osoba badana za pomocg odpowiedzi
okresla nasilenie poszczegdlnych objawow depresji w skali punktowej od 0 do 3. Po ukonczeniu
kwestionariusza sumowane sg wszystkie punkty. Nasilone objawy depresyjne byty rozpoznawane
po uzyskaniu wiecej niz wartos¢ punktu odciecia dla polskiej populacji, tzn powyzej 12 punktéw. Na
cele badania wykorzystano polskg adaptacje BDI, ktdra zostata zwalidowana w polskiej populacji

[109,110].



5. CYKL PUBLIKACII

5.1 Dopaminergic Genes Polymorphisms and Prefrontal Cortex Efficiency Among Obese People —
Whether Gender is a Differentiating Factor?

Pierwsza z publikacji wigczonch do rozprawy doktorskiej zostata opublikowana w
czasopiSmie Current Molecular Medicine. Przeprowadzona analiza dotyczyta oceny funkgcji
wykonawczych wyrazonych za pomocg testu WCST i ich korelacji z polimorfizmami genéw
dopaminergicznych — COMTVal158Met, DAT1 i DRD4 w populacji otytej. Ponadto celem analizy byta
réwniez ocena roli pfci w deterioracji poznawczej rowniez w kontekscie polimorfizméw gendw
dopaminergicznych.

Wyniki korelacji miedzy parametrami takimi jak: wiek, BMI oraz wyniki testu WCST a ptcig
meska i zenska wykazaty, ze zaréwno u kobiet jak i u mezczyzn wiek zwigzany byt z gorszymi
wynikami testu WCST (Tabela 1). Jedynie w grupie kobiet wykazano istotng korelacje miedzy
wzrostem BMI a podwyzszong liczbg bteddw perseweracyjnych i nieperseweracyjnych, a takze z
nizszg iloscig odpowiedzi zgodnych z koncepcjg logiczng (WCST_CRL). Pozytywna korelacja miedzy
BMI a btedami perseweracyjnymi moze swiadczy¢ o zaburzeniach kontroli inhibicji. Zaburzenia tego
rodzaju mogg przetozy¢ sie na dalszy wzrost BMI i sg zgodne z teorig patogenezy otytosci dotyczaca
deterioracji funkcji wykonawczych.

Ocena korelacji polimorfizméw genu COMT w grupie kobiet wykazata, ze osoby z
polimorfizmem Met/Met lub Met/Val charakteryzowaty sie lepszymi wynikami testu WCST w
porownaniu do homozygot Val/Val, jednak po przeprowadzeniu analizy wieloczynnikowej
otrzymane wyniki znalazty sie na granicy istotnosci statystycznej (Tabela 2). Prace dotyczace oceny
zwigzku genu COMT 1z funkcja kory przedczotowej wskazujg, ze lepsze dziatanie funkcji
poznawczych moze by¢ zwigzane z bardziej nasilonym przekaznictwem dopaminergicznym
uwarunkowanym allelem Met, w poréwnaniu do allelu walinowego [111-114]. Wedtfug Tabeli 2 w
grupie kobiet lepsze wyniki testu WCST uzyskane przez heterozygoty mogg wskazywac na zaleznos$é
o charakterze odwrdconej litery U miedzy nasileniem przekaznictwa dopaminergicznego, a
sprawnoscia funkcji wykonawczych. Jezeli przekaznictwo dopaminergiczne jest zbyt nasilone lub za
stabe, moze to skutkowaé deterioracjg funkcji wykonawczych.

Analiza grupy kobiet i mezczyzn w kontekscie polimorfizmu genu DAT1 ujawnita, ze w grupie
kobiet w wieku powyzej 45 roku zycia, allel 10 (dtugi) zwigzany byt z lepszymi wynikami testu

WCST. Z kolei w grupie kobiet ponizej 45 roku zycia nie zaobserwowano zadnych korelacji z



parametrami WCST. W grupie mezczyzn powyzej 45 roku zycia zaobserwowano istotnie wiecej
btedéw nieperseweracyjnych u homozgyt 10/10. Podobnych wynikéw nie uzyskano w grupie kobiet
(Tabela 3 i 4). W pismiennictwe dostepne sg badania, ktére réwniez wskazujg na powigzanie allelu
10R z gorszymi parametrami poznawczymi [115,116]. Rdéznice w uzyskanych wynikach testu WCST
miedzy otytymi kobietami, a mezczyznami w kontekscie polimorfizméw genu DAT1 moga wynikac z
wptywu estrogendéw na transmisje dopaminergiczng. Dane pozyskane z piSmiennictwa wskazujg na
odwracanie dziatania DAT i zwiekszenie naptywu dopaminy do przestrzeni miedzysynaptycznej
przez estradiol, co moze skutkowaé nasileniem przekaznictwa dopaminergicznego w obszarach
podkorowych [117].

Analiza wynikéw korelacji miedzy wynikami testu WCST a polimorfizmami genu DRD4 w
grupie kobiet i mezczyzn wykazata, ze w grupie kobiet powyzej 45 roku zycia allel L (dtugi)
korelowat z lepszymi wynikami w zakresie WCST_1°t (Tabela 5 i 6). Nasilenie przekaznictwa
dopaminergicznego, ktére mozie by¢ uwarunkowane przez ten polimorfizm prawdopdobnie
przyczynia sie do lepszego dziatania kory przedczotowej w zakresie funkcji wykonawczych. Inne
prace badajgce role polimorfizmdéw genu DRD4 na funkcje wykonawcze wykazaty, ze nasielenie
przekaznictwa dopaminergicznego wptywa na funkcje wykonawcze w postaci odwrdconej litery U
[118]. Oznacza to, ze miernie nasilone przekaznictwo dopaminergicze uwarunkowane
polimorfizmami genu DRD4 przyczynia sie do sprawniejszego dziatania funkcji wykonawczych.

Uzyskane wyniki analizy potwierdzity hipotezy badawcze nr 1, 3 i 4.

5.2 Association Between Affective Temperament Traits and Dopamine Genes in Obese
Population.

Publikacja ukazata sie w 2019r. w czasopi$mie International Journal of Molecular Sciences.
Praca dotyczy analizy korelacji miedzy wymiarami temperamentu afektywnego a polimorfizmami
gendéw dopaminergicznych, ktdére powigzane sg z patogenezg otytosci oraz wystepowaniem
zaburzen depresyjnych w grupie oséb otytych. Do tej pory nie ukazat sie artykut opisujacy powyisze
zagadnienie.

Celami pracy byto okreslenie, czy istnieje korelacja miedzy wzrostem BMI, a wymiarami
temperamentéw afektywnych, ktére wigzg sie z wiekszym ryzykiem rozwoju zaburzen
depresyjnych. Kolejnym etapem analizy byta ocena, czy réwniez polimorfizmy gendw
dopaminergicznych korelujg wymiarami temperamentu afektywnego, ktére predysponujg do
rozwiniecia sie zaburzen depresyjnych.

W grupie kobiet uzyskano pozytywng korelacje miedzy wartosciami BMI, a temperamentem



hipertymicznym. Z kolei u mezczyzn BMI pozytywnie korelowato z wymiarami temperamentu
cyklotymicznym i drazliwym (Tabela 7). Otrzymane wyniki czesciowo pokrywajg sie z danymi z
piSmiennictwa. W badaniu oceniajagcym temperament afektywny w grupie otytych wyniki
wskazywaty, ze otytos¢ olbrzymia zwigzana byta z silniejszym wyrazeniem temperamentu
hipertymicznego [119]. Wyniki innej pracy na grupie otytych wykazaty, ze pacjenci z otytoscig
olbrzymia charakteryzowali sie wysoka punktacja w zakresie temperamentéw cyklotymicznego,
drazliwego i lekowego [40]. Tym samym potwierdzono hipoteze nr 1.

Analiza polimorfizméw gendéw dopaminergicznych COMTVal158Met, DAT1 i DRD4 oraz
wymiarédw temperamentu afektywnego, ujawnita istotne korelacje jedynie w przypadku
polimorfizméw genu COMT. Grupa heterozygot genu COMT istotnie korelowata z nasileniem
cyklotymicznego i drazliwego temperamentu w kwestionariuszu TEMPS-A (Tabela 8). Wedtug
literatury zaréwno temperament drazliwy jak i cyklotymiczny sg silniej wyrazone w grupie osoéb z
chorobg afektywng dwubiegunowg [120]. Uzyskane wyniki badan moga $wiadczy¢ o roli
temperamentu afektywnego i przekaznictwa dopaminergicznego uwarunkowanego polimorfizmem
genu COMT w patogenezie zaburzen nastroju w populacji otytej.

W przeprowadzonej analizie nie wykazano istotnych korelacji temperamentu afektywnego z
polimorfizmami gendw DAT1 i DRD4 (Tabela 9 i 10). W dostepnej literaturze znajduje sie mato
doniesien dotyczgcych zwigzku miedzy temperamentem afektywnym i polimorfizmami tych gendw.

Na podstawie przeprowadzonej analizy cze$ciowo potwierdzono hipoteze nr 3.

5.3 Affective temperament and glycemic control — the psychological aspect of obesity and
diabetes mellitus.

Ostatnia publikacja wigczona do cyklu zostata opublikowana w 2021r. w czasopismie
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy. Celem analizy byta ocena
temperamentow afektywnych w kontekécie czynnikdéw biochemicznych u pacjentéw otytych
chorujacych na cukrzyce typu 2 lub ze stanem przedcukrzycowym.

W pierwszej analizie nie stwierdzono istotnych réznic w nasileniu temperamentéw
afektywnych miedzy grupami otytych, pacjentéw ze stanem przecukrzycowym oraz pacjentéw bez
zaburzen gospodarki weglowodanowej (Tabela 11). Otrzymane wyniki wskazujg, ze
prawdopodobnie nie ma czynnika genetycznego, ktéry bytby odpowiedzialny za ryzyko zaburzen
nastroju u otytych pacjentéw z zaburzeniami gospodarki weglowodanowej w poréwnaniu do
pacjentéw wytgcznie otytych. Prawdopodobnie czynniki zewnetrzne, jak np. odczuwany stres,

mogg przyczyni¢ sie do patogenezy zaburzen afektywnych w tej grupie pacjentéw [121,122].



Kolejnym etapem analizy byta ocena korelacji miedzy czynnikami biochemicznymi, tj.
Wartosciami HbA1lc (parametr okreslajgcy kontrole glikemii) i glikemia na czczo (FPG). Zaréwno u
0s0b z cukrzyca typu 2 jak i stanem przedcukrzycowym wykazano istotnosci w zakresie nasilenia
wymiaréw temperamentu afektywnego. U otytych z cukrzycg typu 2 uzyskano pozytywne korelacje
miedzy wartosciag FPG a nastepujagcymi wymiarami temperamentu afektywnego: depresyjny,
cyklotymiczny, lekowy. Z kolei temperament hipertymiczny ujemnie korelowat z wartosciami FPG.
Stwierdzono réwniez pozytywng koleracje HbAlc z nasileniem temperamentu lekowego. W
przypadku otytych ze stanem przedcukrzycowym uzyskano pozytywng korelacje temperamentu
hipertymicznego i wartosci FPG (Tabela 12). Uzyskane wyniki wskazuja na zwigzek miedzy
nasileniem temperamentu afektywnego, a wartosciami glikemii u pacjentéw otytych z
zaburzeniami gospodarki weglowodanowej. Pozytywna korelacja miedzy HbA1lc a temperamentem
lekowym zdaje sie Swiadczy¢ o gorszej kontroli glikemii u tych pacjentéow, u ktérych ten
temperament jest silnie wyrazony. W opublikowanych do tej pory pracach wykazano istotng role
czynnikdw psychologicznych w kontroli glikemii. Ponadto wdrozenie terapii behawioralnej u
pacjentow z czynnikami ryzyka doprowadzito do poprawy stosowania sie pacjentow do zalecen
diabetologa, a tym samym uzyskania pozytywnego efektu terapeutycznego w leczeniu cukrzycy
[123-125].

Analiza korelacji miedzy temperamentami afektywnymi a czynnikami biochemicznymi w
grupie pacjentéw ze stanem przedcukrzycowym oraz pacjentdw z cukrzycg typu 2 wykazata, ze u
pacjentéw ze stanem przedcukrzycowym temperament hipertymiczny pozytywnie korelowat z
wartos$ciami FPG. W grupie pacjentéw z cukrzycg typu 2 uzyskano wyniki swiadczace o negatywnej
korelacji z FPG (Tabela 12). Dane z piSmiennictwa $wiadczg o ochronnej roli temperamentu
hipertymicznego w patogenezie choréb afektywnych [126]. Pacjenci, ktérzy uzyskali wysokg
punktacje w zakresie temperamentu hipertymicznego w TEMPS-A zdajg sie lepiej radzi¢ z
sytuacjami stresowymi, a w zwigzku z tym, mogg mie¢ mniej trudnosci w stosowaniu sie do zalecen
lekarskich i kontrolowaniu glikemii. Wyniki z przeprowadzonej analizy wskazujg, ze temperament
hipertymiczny korelowat z nizszymi wynikami FPG u oséb z cukrzycg typu 2, a tym samym lepszym
statusem glikemii. Pacjenci ze stanem przedcukrzycowym otrzymali odmienne wyniki dotyczgce
korelacji miedzy temperamentem hipertymicznym a FPG. Dane z pismiennictwa wskazujg na dwa
elementy z ktérych sktada sie temperament hipertymiczny. Jednym z nich jest element ochronny,
ktéry ujawnia sie poprzez wysokie poczucie wtasnej wartosci czy pewnos¢ siebie. Drugi element
zawiera cechy temperamentu drazliwego. Wyniki badan wskazujg na to, ze pacjenci z silnie

wyrazonym temperamentem drazliwym mieli trudnosci z odpowiednim stosowaniem sie do



zalecen, a tym samym z kontrolg glikemii [127,128]. Powyzisze wyjasnienie moze ttumaczyé
negatywng koleracje miedzy temperamentem hipertymicznym, a wartosciami FPG w grupie
pacjentéw ze stanem przedcukrzycowym.

Przeprowadzona analiza tym samym potwierdza hipoteze nr 2.

6. PODSUMOWANIE | PRAKTYCZNE IMPLIKACJE WYKONANYCH BADAN

Otytos¢ to choroba przewlekta i ztozona, ktéra zwigzana jest z licznymi powiktaniami.
Sposréd nich istotne sg zaburzenia depresyjne oraz zaburzenia metaboliczne, jak cukrzyca typu 2.
Ze wzgledu na to, ze z kazdym rokiem rosnie liczba pacjentdow chorujgcych na otytos¢, a takze tych
u ktérych rozwijajg sie zaburzenia depresyjne i zaburzenia gospodarki weglowodanowej,
kluczcowym jest wytworzenie odpowiednich programoéow profilaktycznych, a takze metod
diagnostycznych i leczniczych.

W przeprowadzonym cyklu publikacji dokonano analizy polimorfizméw gendéw
dopaminergicznych, takze badania funkcji poznawczych i temperamentu afektywnego w populacji
otytej. Ponadto oceniono korelacje temperamentu afektywnego z czynnikami biochemicznymi w
populacji otytej obcigzonej zaburzeniami gospodarki weglowodanowe;.

W pierwszej z przeprowadzonych analiz wykazano, ze w grupie otytych funkcje wykonawcze
zalezne sg od nasilenia transmisji dopaminergicznej w ksztatcie odwrdconej literu "U", co jest
uwarunkowane przez polimorfizm genu COMTVal158Met. Réznice w wynikach testu oceniajgcego
funkcje wykonawcze miedzy otytymi kobietami, a meziczyznami moze wynika¢ z hormondw
ptciowych, tj. estrogendw, ktére wptywajg na transmisje dopaminergiczna.

W drugiej pracy analizowano korelacje temperamentu afektywnego z polimorfizmami
gendéw dopaminergicznych. Otrzymane wyniki wskazujg na to, ze istnieje zalezno$¢ miedzy
polimorfizmem genu COMT a nasileniem wymiaréw temperamentu afektywnego: drazliwego i
cyklotymicznego. Przekaznictwo dopaminergiczne uwarunkowane przez polimorfizm tego genu
moze przyczynic¢ sie do ekspresji cech temperamentdéw drazliwego i cyklotymicznego. Cechy te
mogg stanowié¢ czynnik ryzyka rozwoju choréb afektywnych w grupie pacjentéw otytych. Na
podstawie analizy polimorfizmy genéw DRD4 i DAT1 zdajg sie nie wptywaé na nasilenie
poszczegdlnych wymiardw temperamentu afektywnego.

Ostatnia praca z cyklu publikacji dotyczyta oceny roli temperamentu afektywnego ze
statusem glikemii oraz kontrolg glikemii u pacjentdw otytych z zaburzeniami gospodarki

weglowodanowej. Wyniki analizy nie wykazaty, réznicy w kontekscie wymiaréw temperamentu



afektywnego u pacjentow otytych z cukrzycy typu 2 lub stanem przedcukrzycowym w poréwnaniu
do pacjentow otytych. Tym samym, pacjenci otyli z zaburzeniami gospodarki weglowodanowej
prawdpodobnie nie posiadajg dodatkowego (genetycznego) czynnika ryzyka, ktéry by sprzyjat
rozwojowi chordob afektywnych. Przeprowadzona analiza wykazata zwigzek miezy wymiarami
temperamentu i statusem glikemii zaréwno u pacjentéw obcigzonych cukrzycg typu 2 jak i stanem
przedcukrzycowym. W grupie otytych z cukrzycg typu 2 temperament lekowy moze przyczynic sie
do gorszej kontrolii glikemii wyrazonej za pomocg HbAlc. Ponadto uzyskane wyniki badan wskazujg
na dwuznaczng role temperamentu hipertymicznego w statusie glikemii u pacjentow ze stanem
przedcukrzycowym i cukrzycg typu 2.

Wyniki badan, ktére uzyskano w cyklu publikacji mogg przyczyni¢ sie do usprawnienia
programow profilaktyki zaburzen depresyjnych u pacjentéw otytych. Ocena temperamentu
afektywnego jest prostym i krotkim badaniem, ktére umozliwia wstepng ocene ryzyka rozwoju
choréb afektywnych. Dzieki temu mozliwe bytoby szybsze objecie opiekg psychologiczng lub
psychiatryczng pacjentow otytych, co mogtoby zapobiec dalszemu rozwojowi powiktan zwigzanych
z chorobami psychicznymi.

Ocena temperamentu afektywnego, moze byc¢ takze korzystna do wyodrebnienia grupy
pacjentow otytych z zaburzeniami gospodarki weglowodanowej, ktorzy ze wzgledu na aspekty
psychologiczne prezentujg gorszg kontrole glikemii. Uzyskane wyniki badan w tym zakresie, mogg
przyczyni¢ sie do rozwoju nowczesnych terapii behawioralnych, ktére zapewnityby pacjentom
odpowiednig edukacje, a tym samym poprawityby stosowanie sie pacjentéw do zalecen
diabetologicznych.

Ponadto ocena polimorfizméw gendw dopaminergicznych wskazuje na istotng role
czynnikéw genetycznych w rozwoju zaburzen funkcji poznawczych u pacjentéw otytych, ktére moga
miedzy innymi przyczynic sie do dalszego wzrostu masy ciata. Kolejnym istotnym aspektem jest rola
réznic ptci w funkcjonowaniu kory przedczotowe]. Uzyskane wyniki przyczyniajg sie do lepszego
poznania roli dopaminy w rozwoju deterioracji poznawczej w grupie otytych pacjentéw i

wyznaczajg tor dalszych badan w tym zakresie.



7. ZAtACZNIKI

Tabela 1. Korelacja R-Spearman'a w grupie kobiet i mezczyzn miedzy wiekiem, BMI a wynikami

testu WCST.
Kobiety Mezczyzni
(n=179) (n=69)
Wiek BMI Wiek BMI
WCST P r=0.20; r=0.16; r=0.37; r=-0.12;
- p=0.006 p=0.02 p=0.001 p=0.62
WCST_NP r=0.27; r=0.19; r=0.46; r=0.001;
- p<0.001 p=0.01 p<0.001 p=0.99
WCST_CLR r=-0.24; r=-0.15; r=-0.56; r=0.06;
- p=0.001 p=0.04 p<0.001 p=0.62
WCST_CC r=-0.21; r=-0.04; r=-0.45; r=0.11;
- p=0.01 p=0.59 p<0.001 p=0.36
WCST_1st r=0.21; r=0.11; r=0.27; r=-0.21;
- p=0.02 p=0.14 p=0.02 p=0.08

BMI, body mass index; WCST_P - odsetek btedéw perseweracyjnych (%); WCST_NP — odsetek btedéw
nieperseweracyjnych (%); WCST_CLR — procent odpowiedzi zgodnych z koncepcja logiczng(%); WCST_CC — odsetek

poprawnie utozonych kategorii(%); WCST_1°t - liczba kart potrzebnych do utozenia pierwszej kategorii.



Tabela 2. Analiza polimorfizméw COMT i wynikéw WCST w grupie kobiet i mezczyzn.

Kobiety Mezczyzni
(n=179) (n=69)
G/G G/A A/A p G/G G/A A/A p
(n=59) (n=74) (n=46) (n=12) (n=44) (n=13)
BMI 421 415 42.9 0.80 36.1 44.0 38.8 POZ'tO:OC
(38.4-455) | (36.4-47.5) | (37.2-47.9) (31.4-405) | (39.4-51.2) | (30.5-48.3) 6/G ve A 0.02
0.05
WCST P 135 11,0 12.0 9.0 9.0 9.0 0.62
- (9.0-16.0) (7.0-13.0) (8.0-20.0) Post hoc (7.0-37.0) (6.0-12.0) (7.0-20.0) :
G/Gvs A/A0.02
WCST NP 12.0 10.0 10.0 0.23 135 11.0 8.0 0.86
- (8.0-20.5) (7.0-13.0) (8.0-17.0) : (8.0-19.0) (5.0-21.0) (6.0-17.0) ’
WCST CLR 64.0 75.0 72.0 0.08 72.0 73.0 81.0 064
- (42.0-80.5) | (66.0-82.0) | (49.0—79.0) : (27.0-81.0) | (58.0-83.0) | (33.0-84.0) ’
0.05
6.0 6.0 6.0 6.0 6.0 6.0
WCST_CC
- (4.0-6.0) (6.0-6.0) (3.0-6.0) . /GP fAh:; 03 | (00-60) (3.0-6.0) (5.0-6.0) 0.79
G/Avs AA 0.02
0.03
13.0 12.0 12.0 22.0 12.0 12.0
WCST_1st
- (11.0-245) | (11.0-12.0) | (11.0-25.0) G/gszwfg 0a |(120-1290) | (11.0-230) | (11.0-18.0) 0.27
G/Avs AA 0.04
BMI, body mass index; WCST_P - odsetek btedéw perseweracyjnych (%); WCST_NP — odsetek btedéw

nieperseweracyjnych (%); WCST_CLR — procent odpowiedzi zgodnych z koncepcja logiczng(%); WCST_CC — odsetek
poprawnie utozonych kategorii(%); WCST_1° — liczba kart potrzebnych do utozenia pierwszej kategorii. Istotne réznice

miedzy podgrupami okreslono za pomocg testu Kruskal-Wallis ANOVA. Analiza post hoc zostata przeprowadzona za

pomocg testu NIR Fishera.



Tabela 3. Analiza polimorfizméw DAT i wynikdw WCST w grupie kobiet w wieku <45 r.z.i>45r.z.

Kobiety <45 Kobiety >45
(n=99) (n=80)
L L/s s/s . LL L/s s/s .
(n=47) (n=41) (n=11) (n=41) (n=31) (n=8)
BMI 40.9 42.7 40.1 054 435 40.8 48.8 0.63
(37.2-44.8) | (36.2-48.8) | (37.2-419) | (34.1-52.4) | (35.5-47.4) | (40.2-57.0) .
WGST P 9.0 10.0 10.5 0.0 11.0 13.5 12.0 0.4
- (7.0-13.0) | (7.0-15.0) | (9.0-12.0) : (7.0-13.0) | (9.5-19.0) | (8.0-22.0) :
WCST NP 9.0 12.0 7.0 0.09 10.5 12.5 16.0 0.09
- (7.0-14.0) | (8.0-16.0) | (4.0-11.0) : (8.0-15.0) | (10.0-24.0) | (8.0-23.0) :
WGST CLR 76.5 72.0 76.0 067 715 67.0 57.0 091
- (62.0—84.0) | (59.0-82.0) | (72.0-81.0) | ' (62.0-82.0) | (42.0-74.5) | (37.0-82.0) :
0.07
waT_cc (6 06;06 0 | 5 06;06 0 | (6 06;06 o | 23 | 6 06;06 0 | 06;06 0 | @ 04;06 0) Post hoc
0-6. 0-6. 0-6. 0-6. .0-6. 0-60) |\ et on
0.006
WGST 1st 12.0 12.0 11.0 004 11.0 37.5 12.0 Post hoc
- (11.0-13.0) | (11.0-20.0) | (10.0-11.0) | ' (11.0-13.0) | (11.5-61.0) | (12.0-27.0) |L/Lvs L/S 0.002
L/S vs 5/ 0.03

BMI, body mass index; WCST_P - odsetek btedow perseweracyjnych (%); WCST_NP — odsetek btedéw

nieperseweracyjnych (%); WCST_CLR — procent odpowiedzi zgodnych z koncepcja logiczng(%); WCST_CC — odsetek

poprawnie utozonych kategorii(%); WCST_1° — liczba kart potrzebnych do utozenia pierwszej kategorii. Istotne réznice

miedzy podgrupami okreslono za pomocg testu Kruskal-Wallis ANOVA. Analiza post hoc zostata przeprowadzona za

pomocg testu NIR Fishera..



Tabela 4. Analiza polimorfizméw DAT | wynikow WCST w grupie mezczyzn w wieku €45 r.z. | > 45

r.z.
Mezczyzni <45 Mezczyzni >45
(n=36) (n=133)
L/L L/S & S/S p L/L L/S S/S p
(n=24) (n=12) (n=14) (n=11) (n=8)
39.9
41.0 43.7 44.7 40.3
BMI —
(36.3-49.2) (36..6 — 47.6) 0.75 (33.3-48.9) (30.3-49.1) 33.7-45.9) 0.84
9.0 9.0 12.5 14.0 13.5
WCST_P
- (8.0-12.0) (6.0-12.0) 0.007 (7.0-20.0) (11.0-27.0) (10.0-31.5) 0.71
0.05
WCST_NP 10.0 8.0 0.19 20.0 12.0 16.0 Post hoc
(5.5-16.0) (4.0-13.0) (18.0-22.0) (5.0-21.0) (14.0-17.0) Ns
WCST_CIR 76.0 8.0 012 55.0 69.0 61.5 0.91
(71.0-83.0) (73.0-85.0) (33.0-72.0) (26.0-76.0) (39.0-71.5)
6.0 6.0 2.5 6.0 4.0
WCST_CC
- (5.0-6.0) 60-60 | ¥ | (10-6.0) (3.0-6.0) 30-50 | oM
WCST _1st 12.0 12.0 0.66 19.5 11.0 17.5 014
(11.0-21.5) (11.0-20.0) (12.0-30.0) (11.0-31.0) (14.0-37.0)

BMI, body mass index; WCST_P - odsetek btedéw perseweracyjnych (%); WCST_NP — odsetek btedéw

nieperseweracyjnych (%); WCST_CLR — procent odpowiedzi zgodnych z koncepcja logiczng(%); WCST_CC — odsetek

poprawnie utozonych kategorii(%); WCST_1% — liczba kart potrzebnych do utozenia pierwszej kategorii. Istotne réznice

miedzy podgrupami okreslono za pomocg testu Kruskal-Wallis ANOVA. Analiza post hoc zostata przeprowadzona za

pomocg testu NIR Fishera.



Tabela 5. Analiza polimorfizméw DRD4 i wynikdéw WCST w grupie kobiet w wieku €45 r.z. i > 45 r.z.

Kobiety <45 Kobiety >45
(n=99) (n=280)
L LS s/s ) LL&L/S s/ ;
(n=33) (n=166) (n=30) (n=50)
40.2 42.9 44.3 43.2
BMI
(37.4-435) | (37.5-47.1) 0.27 (40.2 - 52.5) (38.3-48.8) 0.68
11.0 9.0 12.0 13.0
WCST P
- (7.0-13.5) (7.0-13.0) 0.07 (9.0-13.0) (9.0—17.0) 0.09
9.0 9.0 12.0 11.0
WCST_NP
- (6.0-14.0) (7.0-14.0) 0.77 (9.0 - 20.0) (8.0 18.0) 0.13
WEST IR 79.0 76.0 079 72.0 68.0 ois
(60.5-845) | (63.0—84.0) (60.0-81.0) | (53.0-82.0)
6.0 6.0 6.0 6.0
WCST _CC
- (6.0-6.0) (6.0—6.0) 0.47 (5.0-6.0) (4.0-6.0) 0.10
12.0 12.0 13.0 12.0
WCST 1st
- (11.0-16.0) | (11.0-13.0) 0.57 (11.0-28.0) | (11.0-300) | 2993

BMI, body mass index; WCST_P - odsetek btedéw perseweracyjnych (%); WCST_NP — odsetek bteddw
nieperseweracyjnych (%); WCST_CLR — procent odpowiedzi zgodnych z koncepcja logiczng(%); WCST_CC — odsetek
poprawnie utozonych kategorii(%); WCST_1% — liczba kart potrzebnych do utozenia pierwszej kategorii. Istotne réznice

miedzy pfcig uzyskano za pomocg testu Manna-Whitneya.



Tabela 6. Analiza polimorfizméw DRD4 | wynikdéw WCST w grupie mezczyzn w wieku £ 45 r.z. i > 45
r.z.

Mezczyzni <45 Mezczyzni >45
(n=136) (n=33)
L/L; L/S S/S L/L&L/S S/S
P P
(n=12) (n=24) (n=17) (n=16)
441 40.0 44.7 41.9
BMI
(38.2-52.5) (3.,8-43.8) 0.13 (31.1-51.5) (33.6—-47.4) 0.68
9.5 9.0 12.0 23.5
WCST_P
- (5.0-12.0) (6.0-10.0) 0.82 (7.0-15.0) (10.0-36.0) 0.06
7.5 10.0 15.0 19.0
WCST_NP
- (4.5-11.5) (4.0-19.0) 0.52 (9.0-18.0) (14.5-21.5) 0.06
83.0 76.0 69.0 36.5
WCST_CLR
- (73.5-85.0) (73.0-286.0) 0.54 (52.0-76.0) (26.5—-67.5) 0.006
6.0 6.0 5.0 2.5
WCST_CC
- (6.0-6.0) (6.0-6.0) 0-90 (4.0-6.0) (1.0-5.5) 0.04
WCST_1st 12.5 12.0 0.98 12.0 22.0 012
(10.5-20.5) (11.0-20.0) (11.0-24.0) (11.5-53.5)

BMI, body mass index; WCST P — odsetek btedéw perseweracyjnych (%); WCST_NP — odsetek bteddw
nieperseweracyjnych (%); WCST_CLR — procent odpowiedzi zgodnych z koncepcja logiczng(%); WCST_CC — odsetek
poprawnie utozonych kategorii(%); WCST_1% — liczba kart potrzebnych do utozenia pierwszej kategorii. Istotne réznice

miedzy pfcig uzyskano za pomoca testu Manna-Whitneya.



Tabela 7. Korelacja R-Spearman'a miedzy wiekiem, BMI i wynikami TEMPS-A u kobiet i
mezczyzn.

Kobiety Mezczyzni
(n=178) (n=67)
Wiek BMI Wiek BMI
r=0,21
p=0,004 r=-0,14 _ 3
TEMPS_D Tau Kendalla 0,06 r__(()) ’g: r‘_%’%i
Tau= -2,74; P=5, P=5,
p=0,006
r=-0,16 r=-0,26 r=0,33
r=-0,06 p=0,03 p=0,03 p=0,006
TEMP
> C p=0,42 Tau Kendalla Tau Kendalla Tau Kendalla
Tau= -0,15; p=0,002 Tau=-0,01; p=0,44 Tau=-0,24; p=0,003
r=0,16
r=-0,09 p=0,03 r=0,09 r=-0,09
TEMPS_H p=0,23 Tau Kendalla p=0,46 p=0,47
Tau= 0,01; p=0,37
r=0,31
r=0,004 r=-0,07 r=-0,12 p=0,01
TEMPS_| p=0,95 p=0,35 p=0,33 Tau Kendalla
Tau=-0,13; p=0,05
r=0,16
p=0,03 r=-0,11 r=-0,11 r=0,07
TEMPS_A Tau Kendalla p=0,14 p=0,37 p=0,57

Tau=-0,09; p=0,03
BMI — body mass index; TEMPS_D — temperament depresyjny; TEMPS_C — temperament cyklotymiczny; TEMPS_H — temperament

hypertymiczny; TEMPS_| —temperament drazliwy; TEMPS_A —temperament lekowy.



Tabela 8. Analiza polimorfizméw COMT i wynikdw nasilenia wymiaréw temperamentu w TEMPS-A

w grupie badawczej.

Wszystkie grupy
(n =245)
G/G G/A A/A ,
(n=64) (n=120) (n=61)
40,9 42,5 42 4
BMI ! ! ! 2
(36,7—-44,3) (36,5-49,0) (37,0-48,1) 0,5
0,36 0,42 0,38
TEMPS D 98-0,42) (0,28 -0,52) (0,28 — 0,43) 0,36
Post-hoc
EMPS C 0,28 0,47 0,38 004  G/GvsG/Ap=0,014
€ (0,16-047) (0,24-0,64) (0,23—0,52) G/Avs A/Ans
G/Avs AA na
0,57 0,47 0,57
E 7 7 7
TEMPS M 0,50-0,67) (0,28 -0,61) (0,38 —0,57) 0,07
Post-hoc
0,09 0,26 0,09 G/G vs G/A p=0,01
TEMPS_1 (0.04-0,16) (0,09-033) (0,05-024) %1 G/avsA/Ans
G/Avs AA ns
TEMPS_A 0,32 0,35 0,32 0,52

(0,20-0,52) (0,22-0,59) (0,24 -10,52)
BMI — body mass index; TEMPS_D — temperament depresyjny; TEMPS_C — temperament cyklotymiczny; TEMPS_H —

temperament hypertymiczny; TEMPS_| — temperament drazliwy; TEMPS_A — temperament lekowy. Istotne rdznice
miedzy podgrupami zostaty obliczone za pomocg testu Kruskal-Wallis'a ANOVA. Analiza post hoc zostata

przeprowadzona za pomocg testu NIR Fishera.

Tabela 9. Analiza polimorfizmoéw DAT i wynikéw TEMPS-A w grupie badawcze;.

Wszystkie grupy
(n =245)
L/L L/S S/S
P
(n=117) (n=103) (n=25)
41,2 41,6 40,7
BMI (36,2 -48,9) (35,8—-48,5) (39,9-46,8) 0,90
0,42 0,38 0,38
TEMPS_D (0,28-0,52) (0,28-0,47) (0,28 —0,47) 071
0,38 0,38 0,33
TEMPS_C (0,24 -0,62) (0,23-0,57) (0,29-0,48) 0,86
0,52 0,52 0,57
TEMPS_H (0,36-0,61) (0,38-0,62) (0,38-0,62) 0,87
0,19 0,14 0,09
TEMPS_| (0,07 -0,33) (0,05-0,28) (0,04 -0,29) 0,23
TEMPS_A 0,32 0,33 0,44 0,41

(0,21-0,52) (0,24-0,52) (0,28 -0,59)
BMI — body mass index; TEMPS_D — temperament depresyjny; TEMPS_C — temperament cyklotymiczny; TEMPS_H — temperament

hypertymiczny; TEMPS_I — temperament drazliwy; TEMPS_A —temperament lekowy. Istotne réznice miedzy podgrupami zostaty

obliczone za pomoca testu Kruskal-Wallis'a ANOVA.



Tabela 10. Analiza polimorfizmoéw genu DRD4 i wynikéw TEMPS-A w grupie badawcze;j.

Wszystkie grupy
(n =245)
L/L; L/S S/S 114
(n=84) (n=161)
42,9 41,8
BMI (38,5—49,0) (37,2-47,1) 0,21
0,40 0,33
TEMPS D ! ! 2
> (028-047) (028-047) %
0,38 0,47
TEMP ’ ’ 4
L 024-061) (023-057) P
0,47 0,19
TEMPS H (035-059) (005-0,28) %
0,16 0,19
TEMPS_ - 905-0,33) (020-055) %’
TEMPS_A 0,32 0,35 0,75

(0,24-0,47) (0,20-0,54)
BMI — body mass index; TEMPS_D — temperament depresyjny; TEMPS_C — temperament cyklotymiczny; TEMPS_H — temperament

hypertymiczny; TEMPS_I — temperament drazliwy; TEMPS_A —temperament lekowy. Istotne réznice miedzy podgrupami zostaty

obliczone za pomocg testu Kruskal-Wallis'a ANOVA.

Tabela 11. Analiza wynikow skali TEMPS-A w grupie badawczej (mediana i Q25-Q75)

Brak zaburzen
gospodarki IFG/IGT Cukrzyca p
weglowodanowej (n=42) (n=56)
(n=87)

0,35 0,33 0,42 083
TEMPS_D (0,30 -0,45) (0,27 -0,42) (0,28 -0,47) ’

0,38 0,47 0,47 062
TEMPS_C (0,19 -0,59) (0,23 -0,57) (0,28 -0,57) ’

0,52 0,53 0,57 067
TEMPS_H (0,39-0,61) (0,38 -0,63) (0,28 -0,61) ’

0,09 0,17 0,19 081
TEMPS_| (0,05 - 0,25) (0,04 -0,28) (0,05 -0,33) ’

0,32 0,32 0,35 0.76
TEMPS_A (0,24 -0,51) (0,23 -0,55) (0,24 -0,47) ’

Istotne réznice miedzy podgrupami zostaty obliczone za pomocay testu Kruskal-Wallis'a ANOVA. Analiza post hoc zostata

przeprowadzona za pomocg testu NIR Fishera.



Tabela 12. Wyniki korelacji R-Spearman'a miedzy wymiarami temperamentu afektywnego TEMPS-
A a wynikami BDI i parametréw biochemicznych.

Wyniki pacjentéw z IGT/IFG

TEMPSA Gluk([);ag?jl]czczo o HbALC (%) p
Depresyjny -0,162 0,30 -0,210 0,18
Cyklotymiczny -0,049 0,75 -0,079 0,61
Hypertymiczny 0,327 0,03 0,126 0,42
Drazliwy 0,045 0,77 0,095 0,54
Lekowy -0,096 0,54 0,042 0,79
BDI 0,042 0,79 -0,233 0,13

Wyniki pacjentéw z cukrzycg

Glukoza na czczo

TEMPS-A (me/dI] p HbAlc (%) P
Depresyjny 0,455 0,0004 -0,226 0,09
Cyklotymiczny 0,274 0,04 -0,130 0,33
Hypertymiczny -0,324 0,01 0,036 0,79
Drazliwy -0,119 0,38 -0,257 0,055
Lekowy 0,347 0,008 0,401 0,002

BDI 0,091 0,50 0,372 0,004
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9. STRESZCZENIE W JEZYKU POLSKIM

Otyto$é¢ to choroba zwigzana z powiktaniami jak zaburzenia depresyjne, deterioracja
poznawcza i nieprawidtowosci gospodarki weglowodanowej. Wykazano role genéw przekaznictwa
dopaminergicznego w patogenezie otytosci, a dopamina zdaje sie tgczyé otyto$é z depresjg i
funkcjonowaniem poznawczym. Wcigz nie do korica poznane s3g korelacje polimorfizmdéw gendéw
dopaminergiczych z funkcjami wykonawczymi, temperamentem afektywnym czy pfcig. Brak jest tez
badan dotyczacych roli temperamentu afektywnego w kontroli glikemii u otytych z zaburzeniami
gospodarki weglowodanowe;j.

W zwigzku z powyzszym w serii publikacji przyjeto nastepujace cele:

1. Ocena korelacji polimorfizméw gendw dopaminergicznych z funkcjg kory przedczotowej w
populacji otyte;j.

2. Analiza korelacji polimorfizméw gendéw dopaminergicznych z temperamentem afektywnym w
populacji otyte;j.

3. Ocena korelacji temperamentu afektywnego z parametrami biochemicznymi kontroli glikemii u
otytych pacjentow z cukrzycg typu 2 lub stanem przedcukrzycowym.

4. Ocena czy ptec réznicuje wyniki funkcji wykonawczych mierzonych za pomocg testu sortowania
kart Wisconsin (WCST) w grupie otytych.

Do pierwszej analizy wtgczono 248 osdb otytych (179 kobiet, 69 mezczyzn) Ocene funkcji
kory przedczotowej (funkcji wykonawczych) przeprowadzono za pomocg WCST. W analizie
uwzgledniono polimorfizmy nastepujgcych genéw: COMTVal158Met, DRD4 i DAT1.

Do drugiego badania wtgczono 245 oséb otytych (178 kobiet, 67 mezczyzn). Pacjentom
oznaczono nastepujace geny przekaznictwa dopaminergicznego: COMTVall158Met, DRD4 i DAT1. W
celu oceny temperamentu afektywnego wykorzystano autokwestionariusz Temperament
Evaluation of Memphis, Pisa, Paris and San Diego (TEMPS-A).

W trzecim badaniu wzieto udziat 185 pacjentéw otytych (146 kobiet, 39 mezczyzn). Po
wykonaniu testu doustnego obcigzenia glukozy (OGTT), pacjentéw podzielono na trzy grupy: osoby
obcigzone cukrzyca typu 2, osoby ze stanem przedcukrzycowym i osoby bez zaburzen gospodarki
weglowodanowej. Za pomocg TEMPS-A oceniono temperament afektywny. Celem oceny kontroli
glikemii, z prébki krwi oznaczono poziom hemoglobiny glikowanej 1c (HbAlc).

Wyniki pierwszej analizy ukazujg pozytywng korelacje miedzy polimorfizmami genu COMT
w przypadku alleléw Met/Met i Met/Val i efektywniejszym dziataniem funkcji wykonawczych w

W(CST, jednak wyniki utracity istotnosé statystyczng w dalszej analizie. W przypadku genu DAT1 w



grupie mezczyzn osoby z alllelami 10/10 i 10/9 uzyskaty mniej btedéw nieperseweracyjnych w
poréwnaniu do homozygot 9/9. U kobiet powyzej 45 roku zycia z allelem L genu DRD4 stwierdzono
lepszy wynik WCST_1%t. Ponadto zaobserwowano istotne rdznice w funkcjach wykonawczych
mierzonych za pomocg WCST miedzy mezczyznami i kobietami.

Na podstawie wynikow przekaznictwo dopaminergiczne uwarunkowane przez polimorfizmy
gendw dopaminergicznych zdajg sie wptywaé na funkcje wykonawcze. Zaobserwowane rdznice
funkcji wykonawczych miedzy mezczyznami, a kobietami moze wynika¢ z dziatania estrogendw,
ktére zdajg sie modulowac przekaznictwo dopaminergiczne.

W drugim badaniu jedynie u oséb z polimorfizmem COMT Met/Val silniej byty wyrazone
temperament cyklotymiczny i drazliwy. W przypadku gendw DAT1 i DRD4 nie stwierdzono istotnych
korelacji z wymiarami temperamentu afektywnego. Uzyskane wyniki wskazujg, ze przekaznictwo
dopaminergiczne uwarunkowane przez allel Val/Met genu COMT moze wigzaé sie z wiekszg
predyspozycjg do rozwoju chordb afektywnych.

Wyniki trzeciej analizy nie wskazywaty na istotne rdzinice temperamentu afektywnego u
0sOb otytych z zaburzeniami gospodarki weglowodanowej w poréwnaniu do grupy kontrolnej.
Ocena temperamentu afektywnego w grupie osdb z cukrzycg typu 2 i stanem przedcukrzycowym
wykazata istotne korelaje miedzy wymiarami temperamentu afektywnego a glukozag na czczo (FPG)
i HbAlc. U osob z cukrzycg typu 2 stwierdzono pozytywng korelacje miedzy temperamentem

lekowym a wartosciami HbA1lc, co moze wskazywac na gorszg kontrolne glikemii w tej grupie.



10. STRESZCZENIE W JEZYKU ANGIELSKIM

Obesity is a disease associated with complications like depressive disorders, cognitive
deterioration and impaired carbohydrate metabolism. Studies show that genes involed in the
dopaminergic neurotransmission have significant role in the development of obesity. Dopamine is
a putative factor connecting obesity with depression or cognitive deterioration. Still literature lacks
information about correlations between dopaminergic gene polymorphisms and cognitive
performance, affective temperament or sex. Also no studies investigated the role of affective
temperament on glycemic control in obese with carbohydrate disorders.

Therefore, | established subsequent objectives of the series of publications:

1. The evaluation of correlations between dopaminergic genes polymorphisms and the
executive functions in obese population.

2. The analysis of correlations between dopaminergic genes polymorphisms and affective
temperament in obese population.

3. The analysis of correlations between affective temperament and biochemical parameters of
glycemic control in obese with concurrent type 2 diabetes mellitus (T2DM), impaired
glucose tolerance(IGT)/impaired fasting glucose (IFG).

4. The analysis whether sex differs the results of executive functions measured with
Wisconsin Card Sorting Tes (WCST).

First analysis consisted of 248 obese persons (179 femals, 69 males). The evaluation of the
prefrontal cortex function (executive functions) was performed with WCST. Genetic analysis
included gene polymorphisms: COMTVal1l58Met, DAT1 and DRDA4.

Second study enrolled 245 obese subjects (178 females, 67 males). Following gene
polymorphisms were evaluated: COMTVall58Met, DAT1 and DRD4. To assess affective
temperament, we utilized Temperament Evaluation of Memphis, Pisa, Paris and San Diego
autoquestionnaire (TEMPS-A).

The third study enrolled 185 obese subjects (146 females, 39 males). After performing oral
glucose tolerance test (OGTT), subjects were divided into three groups: obese people with T2DM,
obese with IGT/IFG, and obese non-diabetic patients. Then, we evaluated affective temperament
with TEMPS-A. For the assessment of glycemic control, the level of glycolated hemoglobin Alc
(HbA1c) was measured from the sample of peripheral blood.

Results of the first analysis show positive correlations between COMT Met/Met and

Met/Val polymorphisms and better results in WCST, but after further analysis those results did not



maintain statistical significant. In the group of males, subjects with DAT1 10/10 and 10/9 obtained
less non perseverative errors compared to 9/9 homozygotes. Females who are over 45 yo and have
DRD4 L-allele gained better results of WCST_15t. We also observed significant differences between
men and women regarding executive functions measured with WCST.

Obtained results suggest that dopaminergic transmission determined by dopaminergic
genes polymorphisms affects the performance of prefrontal cortex. Observed dfferences in
cognitive performance between men and women may result from estrogens, which may modulate
dopaminergic neurotransmission.

In the second study, we observed correlations between polymorphism of COMT Met/Val
and irritable and cyclothymic dimensions of affective temperament. Both DAT1 and DRD4 did not
show any significant correlations with TEMPS-A. Obtained results indicate, that dopaminergic
transmission modulated by COMT may be associated with greater susceptibility to the
development of affective disorders linked with irritable and cyclothymic dimensions.

Results of the third analysis did not show any significant differences of affective
temperament between obese subjects with carbohydrate disorders and non-diabetic ones. T2DM
and IGT/IFG groups showed significant correlations between affective temperament and fasting
plasma glucose and HbA1c values. Obese with T2DM showed positive correlation betwen anxious

temperament and HbA1c, which may suggest worse glycemic control in this group.
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