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Abstract

Purpose: It is known that there is a two-way relationship in the etiopathogenesis of
depression and obesity. This study aimed to investigate serum ghrelin, leptin,
neuropeptide Y levels, cognitive functions, and atypical depressive features in obese and
depressed patients. It is expected that obese and depressed patients will show similar
features in terms of biochemical parameters and cognitive functions, and atypical
depressive features may be high in obese individuals.

Materials and methods: The study included 56 obese individuals, 60 patients with major
depressive disorder (MDD), and 53 healthy controls (HC). The questionnaires
administered included socio-demographic data form, Hamilton Depression Rating Scale,
Hamilton Anxiety Scale, Dutch Eating Behaviour Questionnaire, Structured Interview
Guide for the Hamilton Depression Rating Scale-Seasonal Affective Disorder Version
(SIGH-SAD). Cognitive functions were assessed with short computer version of
Wisconsin Card Sorting Test (WCST), Berg's WCST, Stroop Colour-Word Test-Victoria
version. Serum ghrelin, leptin, and neuropeptide Y levels were measured.

Results: The depression scores were found higher MDD group than obesity and HC
groups (p<0.001) and anxiety scores similar in MDD and obesity groups (p=0.064). The
groups had similar mean SIGH-SAD scores (p=0.989). There was no difference between
groups in WCST scores (p>0.05). Differences were detected between the groups in the
Stroop test. Leptin levels were higher (p<0.001), ghrelin (p=0.038) and neuropeptide Y
(p<0.001) levels lower in obesity group compared to MDD and HC. Ghrelin levels
negatively correlated with total number of incorrect responses in terms of cognitive

functions in obese individuals (r=-0.259 p=0.049).



Conclusion: In our study, it was determined that although depressive symptoms were
high in obesity, there were no atypical depressive features, executive functions were
similar between the groups, and neurochemical marker levels were not similar in obesity
and depression. Our results do not support the relationship between obesity and atypical
depression.
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Makale bashgi: Obezitede depresyonun rolu ve bilissel iglevler, leptin, ghrelin,
noropeptid Y iligkisi.

Kisa baslik: Obezite ve depresyon; bilissel islevler ve nérokimyasal parametreler.

0z

Amag: Depresyon ve obezite etyopatogenezinde karsilikli iki yonla bir iligskinin oldugu
bilinmektedir. Bu ¢alismada, obezite ve depresyon hastalarinda serum ghrelin, leptin,
noropeptid Y dizeylerinin, biligsel iglevlerin ve atipik depresif 6zelliklerin arastiriimasi
amagclanmistir. Norokimyasal parametreler ve biligsel islevler agisindan obezite ve
depresyon hastalarinin benzer 6zellikler gosterecegi ve obez bireylerde atipik depresif
Ozelliklerin yiksek olabilecegi beklenmektedir.

Gere¢ ve yontem: Calismaya 56 obez birey, 60 major depresif bozukluklu (MDB) hasta
ve 53 saglikh kontrol alinmistir. Sosyodemografik veri formu, Hamilton Depresyon
Derecelendirme Olgegi (HAM-D), Hamilton Anksiyete Olgegi (HAS), Hollanda Yeme
Davranigi Anketi, Yapilandirimis Gérusme Kilavuzu Mevsimsel Duygudurum Bozuklugu
Versiyonu (SIGH-SAD) uygulanmistir. Bilissel islevler Wisconsin Kart Esleme Testi'nin
(WCST) kisa bilgisayar versiyonu Berg’s WCST, Stroop testinin Victoria formu olan
Victoria Stroop Test ile degerlendirilmigtir. Serum ghrelin, leptin, néropeptid Y dizeyleri
belirlenmistir.

Bulgular: MDB grubunda depresyon puanlari obezite ve saglikh kontrol grubuna gore
yuksek (p<0.001), MDB ve obezite gruplarinda anksiyete puanlari benzer (p=0.064)
bulundu. SIGH-SAD puan ortalamalari agisindan gruplar arasinda fark bulunmadi
(p=0.989). Gruplar WCST puanlari agisindan da benzerdi (p>0.05). Stroop testinde
gruplar arasinda farkhlik tespit edildi. Leptin dlzeyleri obezite grubunda diger gruplardan
yuksekti (p<0.001), ghrelin (p=0.038) ve noéropeptid Y (p<0.001) duzeyleri ise dusik
bulundu. Obez bireylerde ghrelin duzeyleri ile biligsel islevler agisindan toplam yanlis
cevap sayisl arasinda negative yonde zayif dlizeyde korelasyon saptandi (r=-0.259
p=0.049).



Sonug: Calismamizda obezitede depresif belirtilerin yuksek olmasina karsin atipik
depresif Ozellikler bulunmadigi, gruplar arasinda yudruticu iglevlerin benzer oldugu,
obezite ve depresyonda norokimyasal belirtile¢ duzeylerinin  benzer olmadigi
belirlenmistir. Sonuglarimiz obeziteyi atipik depresyon iligkisini desteklememektedir.

Anahtar kelimeler: Obezite, depresyon, bilissel islevler, leptin, ghrelin, néropeptid Y.

Introduction

The most common psychiatric disorder is depression and it is known that obesity
is high in depression, and depression and the prevalence of depressive symptoms are
high in obesity [1, 2]. Increased appetite and reduced physical activity due to depression,
the appetite boosting side effects of medications used, and binge eating during
depression facilitate development of obesity [3]. While loss of weight and appetite is
observed in classical depression resulting in decreased body weight, there is increased
appetite and weight in “atypical depression”, which is a subtype of depression. The
atypical subtype of depression is diagnosed in the presence of mood reactivity
accompanied by two of the following characteristics; hypersomnia, leaden paralysis,
increased appetite/weight gain, and a long-lasting interpersonal rejection sensitivity. It
has been argued that obesity can be a clinical manifestation of atypical depression [3-5].
There are studies suggesting that obesity is a clinical manifestation of atypical
depression progressing with increased appetite and finding association between atypical
depression and a high BMI [6-8].

The role of parameters such as ghrelin, leptin, and neuropeptide Y in both obesity
and depression has attracted more attention in the recent years. Having appetising and
adipogenous properties, ghrelin increases anxiety and depression-like behaviours [9].
Leptin increases energy consumption and diminishes appetite. Ghrelin antagonises the
anorexigenic effect of leptin by means of hypothalamic neuropeptide Y/Y1 (NPY)
receptor. Thus, there is a metabolic antagonism between leptin and ghrelin with respect
to their functions in the body [9]. Leptin shows a negative correlation with depression and
anxiety independent of body fat and weight; it is argued that the anti-depressive effects of
leptin vanishes due to leptin resistance in obese individuals [9]. NPY is the major peptide
stimulating food intake and has an anxiolytic effect [10]. Known to play an important role
in responding stress and psychiatric disorders, NPY is also a major mediator of emotional
eating [11, 12]. The relationships of these three parameters with obesity are clear, but

their relationships with depression is not so apparent.



Depression and obesity have negative impact on cognitive functions. Depression
is known to involve attention and memory problems and impairment of executive
functions [13, 14]. It has been reported that in obesity there is frontal/subcortical function
deficiency; with increased Body Mass Index (BMI), cognitive functions deteriorate and
impairment occurs in cognitive flexibility, inhibition capacity, working memory, decision
making, verbal fluency, and planning [15]. It is not clear whether increased fat is a cause
or result of impairment in cognitive functions. Worsened cognitive skills, increased
impulsiveness, decreased inhibition capacity are likely explanations for excessive eating,
binge eating, and loss of eating control [16, 17]. Conversely, a recent meta-analysis has
concluded that there is no cognitive function impairment in obesity [18]. It can be thought
that cognitive functions may provide guidance in understanding the relationship between
obesity and depression.

This study aimed to investigate the relationship between obesity and depression in
a multifaceted manner. In this context serum ghrelin, leptin, neuropeptide Y levels, and
executive functions were examined in obese and depressed patients, and the two groups
were compared in terms of atypical depressive features. It is expected that the two
groups will be similar in terms of biochemical parameters and cognitive functions, and

atypical depressive features will be high in obesity.

Materials and methods
Participants

The study included 60 patients who presented to the Psychiatry outpatient clinic of
Pamukkale University Medical School Hospital between December 2018 and September
2019 and who were diagnosed with MDD according to the Diagnostic and Statistical
Manual of Mental Disorders, 5" Edition (DSM-5) and 56 patients who presented to the
Endocrinology outpatient clinic of the Endocrinology and Metabolism Department of the
University Hospital and were diagnosed with obesity with a BMI of 30 kg/m? and above.
The healthy control group consisted of 53 individuals who had no MDD or obesity
diagnosis and had similar characteristics to the patient groups in terms of age and
gender. The healthy control group was formed from the hospital staff who volunteered
upon announcement of the study. The ages of participants ranged between 18 and 65.
Patients with other psychiatric disorders (schizophrenia, mental retardation, bipolar
disorder) and those with a neurological disease leading to a cognitive function disorder
(cerebrovascular disease, dementia) were excluded from the study. The subjects were
informed about the study and their verbal and written consents were obtained before

inclusion.



This research project was approved by the Ethics Committee of Pamukkale
University with their decision dated 14/11/2018 and numbered 60116787-020/77483. The
study was also supported by the Scientific Research Projects Coordination Unit of
Pamukkale University with their decision numbered 2018TIPF047.

Procedures

The participants were administered a psychiatric examination to explore the
presence of a psychiatric disorder according to the DSM-5 criteria. Weight, height, waist
circumference, and blood pressure measurements were carried out to explore presence
of metabolic syndrome according to the NCEP-ATP Il diagnostic criteria [19]. Abdominal
obesity (waist circumference 2102 cm in males and =288 cm in females), triglyceride (TG)
(=150 mg/dl or receiving pharmacological treatment for high TG), high-density lipoprotein
(HDL) (<50 mg/dl in females and <40 mg/dl in males or receiving pharmacological
treatment for low HDL), blood pressure (2130/85 mmHg or receiving anti-hypertensive
treatment), and fasting blood sugar (=100 mg/dl or receiving treatment for high blood
sugar) were considered for a metabolic syndrome diagnosis. The fasting blood sugar,
TG, and HDL values were obtained from the endocrinology outpatient clinic records. A
guestionnaire prepared by the investigator questioning socio-demographic data and
clinical characteristics was filled out and neuropsychological assessments were
completed.

Psychometric assessment
Hamilton Depression Rating Scale (HAM-D)

It is a 17-item scale developed to assess severity of depression [20]. A total score
between 0 and 53 is obtained with higher scores indicating increased severity of
depression. Scores 0-7 indicate no depression, 8-15 mild, 16-28 moderate and 29 and
above severe depression. The scale was tested for validity and reliability in Turkish [21].
Hamilton Anxiety Rating Scale (HAM-A)

It was prepared to find the level of anxiety and symptom distribution and to measure
changes in severity [22]. It consists of 14 items questioning mental and physical
symptoms. A total score of 17 and less is rated as mild, between 18 and 24 as moderate,
and 25 and above as severe anxiety. It was tested for validity and reliability in Turkish
[23].

Structured Interview Guide for Hamilton Depression Rating Scale-Seasonal
Affective Disorders Version (SIGH-SAD)

It is a structured interview guide designed to standardize the use of HAM-D and to

cover the entire symptoms of depression [24]. This interview guide was constructed by

adding 8 items prepared by Rosenthal for atypical depression to the 21-item form of



HAM-D. The atypical balancing score is shown as a percentage by dividing the scale
score by the total 29-item SIGH-SAD score and multiplying it by 100. Its Turkish version
was tested for validity and reliability [25].

Dutch Eating Behaviour Questionnaire (DEBQ)

Besides internal eating behaviours such as hunger, the questionnaire was
developed also to reveal other external factors that affect eating. It consists of 3
subscales; restrained eating, emotional eating, and external eating. It is a 5-point Likert-
type self-reporting scale consisting of 33 items [26]. The scale was tested for validity and
reliability in Turkish [27].

Neuropsychological assessment
Wisconsin Card Sorting Test

The Psychology Experiment Building Language (PEBL)-Berg’s “Wisconsin” Card
Sorting Test (WCST), which is the short computer version of the Wisconsin Card Sorting
Test, was administered to measure frontal lobe functions and executive functions [28].
This test evaluates an individual’s problem-solving ability and ability to change his/her
problem-solving strategy according to changing circumstances. WCST measures
cognitive processes such as complex (executive) attention, perseveration, working
memory, executive functions, concept formation, and abstract reasoning. When the
classical application was compared to the short computer version involving 64 response
cards, the results of both applications were reported to be similar [29]. The responses
given by the subject until the application ends are recorded by the computer and the
subject’s test performance score is calculated by the existing program at the end of the
test.

Stroop Test

The Psychology Experiment Building Language (PEBL)-Victoria Stroop Test, which
is the Victoria form of the Stroop Test, was administered to assess selective attention,
focused attention, response inhibition, interference control, cognitive flexibility, and
information processing rate [28]. The Stroop test is said to reflect three basic processes;
selective attention, reading, and colour telling [30]. The scoring method in the Stroop Test
Victoria Form involves simple measurements of time used to complete the parts. The
time it took to complete each part and the number of errors were recorded automatically
in a PEBL file with a participant code. While the first and second parts of the test were
used to measure cognitive rate, the third part was used to measure response inhibition.
The computer program (PEBL) based management of the test required the participant in
the case of an error to correct that error before continuing with the next item and this to



be reflected in the completion time of the test. Longer times indicate impairment of
attention.
Biochemical Assessment

After 12 hours of fasting, 10 cc of venous blood was taken from the antecubital vein
of each participant in the case and control groups into a biochemistry tube. After the
samples were kept at room temperature for approximately 20 minutes, they were
centrifuged at 5000 rpm for 10 minutes and the samples obtained were stored at -80°C
for biochemical analysis to determine leptin, ghrelin and neuropeptide Y levels.
Biochemical parameters were measured by ELISA method.
Statistical analysis

The data were analysed using the SPSS 25.0 (IBM SPSS Statistics 25 software

Armonk, NY: IBM Corp.) package program. The continuous variables were expressed as
means + standard deviations and medians (smallest-largest values) and the categorical
variables as numbers and percentages. Compliance of the data with a normal distribution
was explored with the Kolmogorov Smirnov and Shapiro Wilk tests. When the parametric
test assumptions were met, the differences in independent groups were compared using
the Significance of Difference Between the Means of Two Groups Test and One-Way
Variance Analysis (Post hoc: “Tukey Test”). When the parametric test assumptions were
not met, the independent group differences were compared using the Mann Whitney U
test and Kruskal Wallis Test (Post hoc: "Bonferroni-Corrected Mann Whitney U test").
The relationship between the numeric variables were assessed with the Spearman
correlation analysis. The differences between the categoric variables were analysed with
the Chi-square Analysis. In all analyses, p<0.05 at 95% confidence interval was

considered statistically significant.

Results
Socio-demographic data and scale results

The study included 56 subjects diagnosed with obesity, 60 patients diagnosed with
MDD and 53 healthy controls. The participants’ socio-demographic data and scale scores
are shown in Table 1 and their health indicators in Table 2. Depression scores were
higher in the MDD group than in the obesity and healthy control groups, but no difference
was found between the anxiety scores of the MDD and obesity groups. No difference
was found between the MDD and obesity groups with respect to their mean SIGH-SAD
scores, which measure atypical depression (Mann-Whitney U test p=0.945, z=-0.069).
The emotional eating score was higher in the obesity group than in the other two groups.
Thirty individuals (53.5%) in the obesity group were satisfying the MDD diagnostic criteria



when they joined the study. No difference was found between the depressive patients in
the obesity group and the MDD group with respect to their SIGH-SAD scores (p=0.456,
z=-0.745, Mann-Whitney U test).
Neuropsychological assessment

While the groups were found similar with respect to their WCST scores, the
obesity group showed a poorer performance than the control group in the Stroop test
(Table 3). No significant difference was found in the cognitive functions of the individuals
in the obesity group with and without a metabolic syndrome diagnosis (p>0.05, Mann-
Whitney U test).
Data on parameters of leptin, ghrelin and neuropeptide Y

The leptin levels were found higher and the ghrelin and neuropeptide Y levels
lower in the obesity group compared to the other groups (Table 4). The relationships
between the neuropsychological tests and the BMI, HAM-D, HAM-A, and biochemical
parameters are presented in Table 5 and Table 6. A moderate positive correlation was
found in the MDD group and a positive low correlation in the obesity group between the
HAM-D, HAM-A scores and the Stroop Part D, Stroop Part W, Stroop Part C times
(p>0.05 for all). In the control group, a moderate positive correlation was found between
the mean BMI and the mean Stroop Part D, Stroop Part W, and Stroop Part C times.

Discussion

Our study aimed to examine the two-way relationship between obesity and major
depressive disorder and to seek an answer to the question of whether a subgroup of
obesity patients has undiagnosed depression (especially atypical depression). MDD ratio
was 53.5% in the obesity group, but it did not differ from the depression group with
respect to the characteristics of atypical depression. The prevalence of MDD was higher
in the obesity group than in the control group. Our results strongly support the
comorbidity of obesity and depression as in the previous studies [2, 31]. A meta-analysis
has found that BMI was 2.55 times higher in atypical depression subtype than in
melancholic subtype. It has been stressed that obesity seen in depression may be
associated with atypical subtype of depression and it deserves clinical investigation [32].
Atypical depression was found to be accompanied by female gender, unhealthy
behaviours (smoking, social isolation, decreased physical activity, etc.), and psychiatric
comorbidities as well as obesity, cardiovascular diseases, and metabolic syndrome [33].
A study exploring the causal relationship between obesity and depression found
correlation between BMI and increased appetite, but no causal relationship was found

when the other atypical symptoms were investigated as a whole [34]. Our results also



suggest that the comorbidity of depression is high in obesity, but it does not qualify as a
characteristic for atypical depression subtype. This subject requires long-term follow-up
studies with larger patient groups.
Emotional eating scores

Emotional eating scores were found higher in the obesity group than in other
groups. The high rate of emotional eating in the obesity group may be related to the high
rate of depressive symptoms in this group. Obesity was found higher in individuals who
have a higher level of emotional eating and find it difficult to control themselves [7]. It has
been argued that emotional eating is associated with body weight, obese individuals eat
more in negative emotional states than those with a low or normal weight, and eating
increases the level of anxiety [35]. A meta-analysis found that the restrained,
uncontrolled and emotional eating scores of obese people were higher than those of
individuals with a normal weight and BMI showed a positive correlation with emotional
and uncontrolled eating [36]. Available data suggest that learning methods to express
negative emotions and to cope with these emotions would be beneficial in fighting with
obesity in individuals who exhibit emotional eating behaviours.
Cognitive functions

In our study, no difference was found between the groups with respect to
executive functions. While the healthy control group showed the best performance in
selective attention, focused attention, response inhibition, interference control, and
information processing rate, the performance of the obesity group was found the lowest.
It was determined that as BMI increased, cognitive function performance decreased in
the control group. As depression and anxiety symptoms increased, their performance in
the attention test declined in the obesity and MDD groups. Our findings indicate that
executive function and attention performances are similar between obesity and
depression and do not differ from the healthy control group. In the healthy control group,
cognitive performance decreases as weight increases. These findings are similar to
previous studies [37-40]. New studies are needed to understand the relationship between
weight gain and cognitive functions.
Biochemical parameters

In our study, the highest serum leptin value was found in the obesity group and the
lowest in the MDD group. Studies have found a strong correlation between high leptin
levels and the atypical subtype of MDD (in the present and recovered patients). In
patients who were currently in an episode, high leptin levels were found associated with
hyperphagia, weight gain, and leaden paralysis, which are characteristic features of

atypical depression. This relationship was found to indicate a leptin resistance caused by



increased fatty tissue. This relationship has not been observed with the other subtypes
[41]. Plasma and cerebrospinal fluid leptin levels were found to decrease in patients with
anorexia nervosa (AN). It has been shown that the changes in leptin levels disappear
when the body weight returns to normal and the plasma and CSF leptin levels of
recovered AN patients are similar to the control values in the long run [42]. Hippocampal
leptin deficiency is argued to cause obesity-induced depression and leptin has
antidepressant effects [43]. In a study made with women with eating spectrum disorder,
serum leptin levels showed a negative correlation with depression and anxiety
independent of body fat and weight, and leptin’s antidepressant effects disappeared due
to leptin resistance in obese people [9]. Severely obese individuals can be resistant to
the effects of leptin; the increased serum leptin levels in these individuals are often seen
as an indication of leptin resistance [44]. Previous studies support weight gain associated
with atypical depressive features and leptin resistance. In our study, leptin levels may
have been low in the depression group due to the lack of atypical depressive features in
the obesity and depression groups. Follow-up studies on both obesity and depression
and comparison studies after weight loss and depression recovery are needed in this
area.

The highest mean ghrelin value was found in the MDD group and the lowest in the
obesity group. Ghrelin has appetising and adipogenous effects [45]. While ghrelin levels
have been found low in obese individuals, they have been found high in those diagnosed
with AN [46]. Ghrelin has been found to inhibit hypothalamic serotonin release and to
activate hypothalamic pituitary adrenal axis, which can aggravate anxiety and depression
symptoms [9, 47]. High level of ghrelin found in the MDD group in our study is consistent
with the studies in the literature reporting depressive symptom-increasing properties of
ghrelin. Some studies have linked better cognitive functions to high serum ghrelin levels
and found that the plasma concentration of this hormone decreases in older individuals
and Alzheimer’s patients [44]. Our results are consistent with those of the studies that link
better cognitive functions to high serum ghrelin levels [44, 48]. A borderline positive
relationship was found between ghrelin and cognitive functions in the obesity and control
groups.

The obesity group had the lowest mean neuropeptide Y value. It is known to play
an important role in the response to stress and psychiatric disorders; it is potentially a
major mediator of “emotional eating” [49]. NPY is known to be the strongest endogenous
substance showing an antagonist effect on the behavioural outcomes of anxiety and
stress [11]. The risk of anxiety and depressive disorder was found high in individuals

whose NPY levels were low in their peripheral NPY measurements [12]. NPY has been



shown to enhance neuroprotection, stimulate neurogenesis, and alleviate
neuroinflammation [50]. No correlation was found in our study between serum NPY levels
and depression or anxiety. However, a positive correlation was found between the serum
neuropeptide Y levels and the WCST learning to learn scores in the control group.

The study may contribute to the literature by examining the two-way relationship
between obesity and depression in terms of emotional eating and cognitive functions and
by trying to predict this with biochemical parameters associated with obesity. One of the
limitations of this study is that the education levels of the healthy subjects included in the
study were statistically significantly higher compared to the patient group. Neurocognitive
tests are influenced by education. It can be said that weight control is achieved better as
the level of education goes up. The prevalence of metabolic syndrome was higher in the
obesity group than in the other groups due to the accompanying physical diseases. Not
excluding these diseases is another limitation of our study; accompanying physical
diseases may have influenced the levels of depression and anxiety. In addition, the fact
that the effects of the antidepressants used on neurochemical parameters were not
examined is a limitation of our study and should be taken into consideration when
evaluating our results.

Our results show that emotional eating behavior scores are higher in the obesity
group, executive dysfunction is not seen in the obesity group, but executive dysfunction
may be seen as depression and anxiety symptoms increase, selective and sustained
attention is impaired in the obesity group, this impairment may increase as depression
and anxiety symptoms increase, leptin resistance is present in the obesity group, serum
ghrelin has the feature of increasing depressive symptoms, ghrelin may be associated
with good cognitive function level. Our study indicates that the obesity group does not
show a significant feature in terms of atypical depression subtype, but obesity and
depression comorbidity are high, and these individuals should definitely be evaluated for
depression.

Funding: The study was also supported by the Scientific Research Projects Coordination
Unit of Pamukkale University with their decision numbered 2018TIPF047.

Authors contributions: O.K., G.V. and Y.E. have constructed the main idea and
hypothesis of the study. O.K., G.V. and Y.E. developed the theory and arranged the
material and method section. O.K. G.V., T.U. O.T. and M.G. have done the evaluation of
the data in the Results section. O.K. and G.V. have written the discussion section of the
article. G.V., T.U., O.T. and M.G. reviewed, corrected and approved. In addition, all
authors discussed the entire study and approved the final version.

Conflict of interest: No conflict of interest was declared by the authors.



References

1.

10.

11.

Pan A, Sun Q, Czernichow S, et al. Bidirectional association between depression and
obesity in middle-aged and older women. Int J Obes (Lond). 2012;36(4):595-602.
doi:10.1038/ij0.2011.111

. Dong C, Sanchez LE, Price RA. Relationship of obesity to depression: a family-based

study. Int J Obes Relat Metab Disord. 2004;28(6):790-795. doi:10.1038/s).ij0.0802626

Ashmore JA, Friedman KE, Reichmann SK, Musante GJ. Weight-based
stigmatization, psychological distress, & binge eating behavior among obese
treatment-seeking adults. Eat Behav. 2008;9(2):203-209.
doi:10.1016/j.eatbeh.2007.09.006

Gavin AR, Simon GE, Ludman EJ. The association between obesity, depression, and
educational attainment in women: the mediating role of body image dissatisfaction. J
Psychosom Res. 2010;69(6):573-581. do0i:10.1016/j.jpsychores.2010.05.001

Bekker MH, van de Meerendonk C, Mollerus J. Effects of negative mood induction and
impulsivity on self-perceived emotional eating. Int J Eat Disord. 2004;36(4):461-469.
doi:10.1002/eat.20041

Geliebter A, Aversa A. Emotional eating in overweight, normal weight, and
underweight individuals. Eat Behav. 2003;3(4):341-347. doi:10.1016/s1471-
0153(02)00100-9

. Konttinen H, Haukkala A, Sarlio Lahteenkorva S, Silventoinen K, Jousilahti P. Eating

styles, self-control and obesity indicators. The moderating role of obesity status and
dieting history on restrained eating. Appetite. 2009;53(1):131-134.
doi:10.1016/j.appet.2009.05.001

Lamers F, Vogelzangs N, Merikangas KR, de Jonge P, Beekman AT, Penninx BW.
Evidence for a differential role of HPA-axis function, inflammation and metabolic
syndrome in melancholic versus atypical depression. Mol Psychiatry. 2013;18(6):692-
699. doi:10.1038/mp.2012.144

Lawson EA, Miller KK, Blum JI, et al. Leptin levels are associated with decreased
depressive symptoms in women across the weight spectrum, independent of body
fat. Clin Endocrinol (Oxf). 2012;76(4):520-525. d0i:10.1111/j.1365-2265.2011.04182.x
Clark JT, Kalra PS, Crowley WR, Kalra SP. Neuropeptide Y and human pancreatic
polypeptide stimulate feeding behavior in rats. Endocrinology. 1984;115(1):427-429.
doi:10.1210/endo-115-1-427

Heilig M. The NPY system in stress, anxiety and depression. Neuropeptides.
2004;38(4):213-224. doi:10.1016/j.npep.2004.05.002



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Holmes A, Heilig M, Rupniak NM, Steckler T, Griebel G. Neuropeptide systems as
novel therapeutic targets for depression and anxiety disorders. Trends Pharmacol Sci.
2003;24(11):580-588. doi:10.1016/j.tips.2003.09.011

Schmid M, Hammar A. Cognitive function in first episode major depressive disorder:
poor inhibition and semantic fluency performance. Cogn Neuropsychiatry.
2013;18(6):515-530. doi:10.1080/13546805.2012.754748

Wagner S, Doering B, Helmreich I, Lieb K, Tadi¢ A. A meta-analysis of executive
dysfunctions in unipolar major depressive disorder without psychotic symptoms and
their changes during antidepressant treatment. Acta  Psychiatr  Scand.
2012;125(4):281-292. doi:10.1111/j.1600-0447.2011.01762.x

Godefroy O, Azouvi P, Robert P, et al. Dysexecutive syndrome: diagnostic criteria and
validation study. Ann Neurol. 2010;68(6):855-864. doi:10.1002/ana.22117

Rotge JY, Poitou C, Fossati P, Aron Wisnewsky J, Oppert JM. Decision-making in
obesity without eating disorders: a systematic review and meta-analysis of lowa
gambling task performances. Obes Rev. 2017;18(8):936-942. doi:10.1111/obr.12549
Sevinger GM. Turkiye’de obezite cerrahisinde psikiyatrik degerlendirme: Uzlasma ve
kilavuz gereksinmesi. Anadolu Psikiyatr Derg. 2016;17:5-45

Yang Y, Shields GS, Guo C, Liu Y. Executive function performance in obesity and
overweight individuals: A meta-analysis and review. Neurosci Biobehav Rev.
2018;84:225-244. doi:10.1016/j.neubiorev.2017.11.020

Grundy SM, Cleeman JI, Merz CN, et al. Implications of recent clinical trials for the
National Cholesterol Education Program Adult Treatment Panel Il guidelines
[published correction appears in Circulation. 2004 Aug 10;110(6):763]. Circulation.
2004;110(2):227-239. doi:10.1161/01.CIR.0000133317.49796.0E

Hamilton M. A rating scale for depression.J Neurol Neurosurg Psychiatry.
1960;23(1):56-62. doi:10.1136/jnnp.23.1.56

Akdemir A, Orsel DS, Dag i, Turkcapar MH, iscan N, Ozbay H. Hamilton depresyon
derecelendirme dlgegi (HDDO)nin gegcerliligi- givenirliligi ve klinikte kullanimi.
Psikiyatri Psikoloji Psikofarmakoloji Dergisi. 1996;4(4):251-259.

Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol.
1959;32(1):50-55. d0i:10.1111/j.2044-8341.1959.tb00467.x

Yazici MK, Demir B, Tanriverdi N, Karaagaoglu E, Yola¢ P. Hamilton anksiyete
degerlendirme Olg¢egdi, degerlendiriciler arasi guvenirlik ve gecgerlik ¢alismasi. Tiirk
Psikiyatri Dergisi. 1998;9(2):114-117.



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Williams JBW, Link MJ, Rosenthal NE, Amira L, Terman M. Structured Interview Guide
for the Hamilton Depression Rating Scale—Seasonal Affective Disorder Version
(SIGH-SAD) New York, NY: New York State Psychiatric Institute; 1992

Aydemir O, Deveci A, icelli i. Hamilton Depresyonu Degerlendirme Olcegi
yapilandiriimig gorusme kilavuzu mevsimsel duygu durumu bozuklugu versiyonu'nun
guvenilirlik ve gecerliligi. Tiirkiye'de Psikiyatri Derg 2006;8(1):18-21.

van Strien T, Frijters JER, Bergers GPA, Defares PB. The Dutch eating behavior
guestionnaire (DEBQ) for assessment of restrained, emotional and external eating
behavior. International Journal Eating Disorders. 1986;5:295-315. doi:10.1002/1098-
108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T

Bozan N, Bas M, Asci FH. Psychometric properties of Turkish version of Dutch Eating
Behaviour Questionnaire (DEBQ). A preliminary results. Appetite. 2011;56(3):564-566.
doi:10.1016/j.appet.2011.01.025

Fox CJ, Mueller ST, Gray HM, Raber J, Piper BJ. Evaluation of a short-form of the
Berg Card Sorting Test. PL0OS One. 2013;8(5):e63885.
doi:10.1371/journal.pone.0063885

Karakas S. BILNOT Bataryasi El Kitabi, Noropsikolojik Testler icin Arastirma ve
Gelistirme Calismalari. Ankara: Dizayn Ofset; 2004.

Karakas S, Erdogan E, Soysal S, Ulusoy T, Ulusoy 1Y, Alkan S. Stroop Test TBAG
Form: Standardisation for Turkish Culture, Reliability and Validity. Turkish J Clin Psy.
1999;2(2):75-88.

Onyike CU, Crum RM, Lee HB, Lyketsos CG, Eaton WW. Is obesity associated with
major depression? Results from the Third National Health and Nutrition Examination
Survey. Am J Epidemiol. 2003;158(12):1139-1147. doi:10.1093/aje/kwg275

Silva DA, Coutinho EDSF, Ferriani LO, Viana MC. Depression subtypes and obesity in
adults: A systematic review and meta-analysis. Obes Rev. 2020;21(3):e12966.
doi:10.1111/0br.12966

Brailean A, Curtis J, Davis K, Dregan A, Hotopf M. Characteristics, comorbidities, and
correlates of atypical depression: evidence from the UK Biobank Mental Health
Survey. Psychol Med. 2020;50(7):1129-1138. doi:10.1017/S0033291719001004

Pistis G, Milaneschi Y, Vandeleur CL, et al. Obesity and atypical depression
symptoms: findings from Mendelian randomization in two European cohorts. Transl
Psychiatry. 2021;11(1):96. d0i:10.1038/s41398-021-01236-7

Bennett J, Greene G, Schwartz Barcott D. Perceptions of emotional eating behavior. A
qualitative  study of college students.  Appetite.  2013;60(1):187-192.
doi:10.1016/j.appet.2012.09.023



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of major depression: review
and meta-analysis. Am J Psychiatry. 2000;157(10):1552-1562.
doi:10.1176/appi.ajp.157.10.1552

Koenigs M, Grafman J. The functional neuroanatomy of depression: distinct roles for
ventromedial and dorsolateral prefrontal cortex. Behav Brain Res. 2009;201(2):239-
243. d0i:10.1016/j.bbr.2009.03.004

Oral E, Canpolat S, Yildirim S, Gulec M, Aliyev E, Aydin N. Cognitive functions and
serum levels of brain-derived neurotrophic factor in patients with major depressive
disorder. Brain Res Bull. 2012;88(5):454-459. do0i:10.1016/].brainresbull.2012.03.005
tojko D, Rybakowski JK. Atypical depression: current perspectives. Neuropsychiatr
Dis Treat. 2017;13:2447-2456. doi:10.2147/NDT.S147317

Wu X, Nussbaum MA, Madigan ML. Executive Function and Measures of Fall Risk
Among People With Obesity. Percept Mot Skills. 2016;122(3):825-839.
doi:10.1177/0031512516646158

Milaneschi Y, Lamers F, Bot M, Drent ML, Penninx BW. Leptin Dysregulation Is
Specifically Associated With Major Depression With Atypical Features: Evidence for a
Mechanism Connecting Obesity and Depression. Biol Psychiatry. 2017;81(9):807-814.
doi:10.1016/j.biopsych.2015.10.023

Erol A, Ozten M. Eating Disorders and Endocrine System Relationship. Tiirkiye Klin J
Psychiatry Spec Top. 2014,;7(3):86-90.

Chowen JA, Argente J. Leptin and the brain. Horm Mol Biol Clin Investig.
2011;7(2):351-360. doi:10.1515/HMBCI1.2011.113

Alosco ML, Spitznagel MB, Strain G, et al. Improved serum leptin and ghrelin following
bariatric surgery predict better postoperative cognitive function.J Clin Neurol.
2015;11(1):48-56. doi:10.3988/jcn.2015.11.1.48

Inui A. Ghrelin: an orexigenic and somatotrophic signal from the stomach. Nat Rev
Neurosci. 2001;2(8):551-560. doi:10.1038/35086018

Ariyasu H, Takaya K, Tagami T, et al. Stomach is a major source of circulating ghrelin,
and feeding state determines plasma ghrelin-like immunoreactivity levels in humans. J
Clin Endocrinol Metab. 2001;86(10):4753-4758. doi:10.1210/jcem.86.10.7885

Westrin A, Ekman R, Traskman Bendz L. Alterations of corticotropin releasing
hormone (CRH) and neuropeptide Y (NPY) plasma levels in mood disorder patients
with a recent suicide attempt. Eur Neuropsychopharmacol. 1999;9(3):205-211.
doi:10.1016/s0924-977x(98)00026-1



48.

49.

50.

Bali A, Jaggi AS. An Integrative Review on Role and Mechanisms of Ghrelin in Stress,
Anxiety and Depression. Curr Drug Targets. 2016;17(5):495-507.
doi:10.2174/1389450116666150518095650

Toshinai K, Mondal MS, Nakazato M, et al. Upregulation of Ghrelin expression in the
stomach upon fasting, insulin-induced hypoglycemia, and leptin
administration. Biochem Biophys Res Commun. 2001;281(5):1220-1225.
doi:10.1006/bbrc.2001.4518

Decressac M, Wright B, David B, et al. Exogenous neuropeptide Y promotes in vivo
hippocampal neurogenesis. Hippocampus. 2011;21(3):233-238.
doi:10.1002/hip0.20765



Table 1. Socio-demographic data and scale scores of the groups

Obesity MDD Control

Mean*SD Mean*SD Mean*SD p* pl** p2** p3** X 2
BMI 35.26+4.88 | 23.75+3.42 | 24.01£3.49 | <0.001 | <0.001 |<0.001 | 1.000 | 111.76
Age 39.02¢8.41 | 36.57+12.12 | 35.647.65 | 0.080 | - - - 5.057
Education | 49 8+546 | 11.82¢5.11 |16.02¢53 | <0.001 | 0.904 |<0.001 |<0.001 |26.814
year
HAM-D 10.23+8.07 | 16.33+7.46 | 2.26+2.04 | <0.001 |<0.001 |<0.001 |<0.001 | 88.609
HAM-A 17.2413.28 | 21.55+12.18 | 7.47+6.45 | <0.001 | 0.064 |<0.001 | <0.001 | 42.780
SIGH-SAD | 23.65$23.53 | 20.87+11.15 | 28.36+33.1 | 0.989 |- ’ - 0.022
DEBQ- 14.3249.71 | 13532116 | 13.09+11.59 | 0.608 | - - - 0.996
Restrained
DEBQ 18.55+17.77 | 8.88+12.26 | 10.06+12.18 | 0.005 |0.005 |0.056 |1.000 | 10.596
Emotional
DEBQ- 13.89+7.47 | 11.2¢9.57 | 14.13#8.91 |0.159 |- - - 3.676
External

HAM-D: The Hamilton Rating Scale for Depression, HAM-A: Hamilton Anxiety Rating Scale
SIGH-SAD: Structured Interview Guide for Hamilton Depression Rating Scale Seasonal Affective
Disorder DEBQ: The Dutch Eating Behaviour Questionnaire, p: Obesity-MDD-Control,

pl: Obesity-MDD, p2: Obesity-Control, p3: MDD-Control. MDD: Major depressive disorder

BMI: Body-Mass Index, SD: Standard Deviation, x*: Chi-squared test, *Kruskal Wallis Test

*Mann Whitney U test




Table 2. Clinical characteristics of the groups

Obesity MDD Control
Variables n (%) n (%) n (%) p* X2
Female  [38(67.9%) W0 (66.7%) (36 (67.9%)
Gender 0.987 [0.026
Male 18 (32.1%) [20 (33.3%) (17 (32.1)
Yes 32 (57.1%) [37 (61.7%) 23 (43.4%)
Psychiatric History 0.133 4.034
No 24(42.9%) 23 (38.3%) | 30 (56.6%)
None 22(39.3%) |0 35 (66.0%)
Number of MDD |5 1o 14(25.0%) [34(56.7%) [17 (32.1%)  |<0.001 64.788
Episodes
Multiple 20 (35.7%) [26 (43.3%) [1 (1.9%)
Family History of  yes 18 (32.1%) |23 (38.3%) | 14 (26.4%)
Psychiatric 0.401 [1.827
Disorder No 38 (67.9%) | 37(61.7%) | 39(73.6%)
Metabolic Yes 30 (54.6%) | 12 (20.0%) |7 (13.2%) by
Syndrome No 26 (46.4%) | 48 (80%) 46 (86.8%)
Comorbid Medical |Y€S 19 (33.9%) | 20 (33.3%) | 14 (26.4%) 0.643 0882
Condition No 37 (66.1%) |40 (66.7%) (39 (73.6%)

*Chi-squared test, MDD: Major Depressive Disorder




Table 3. Neuropsychological test comparisons between groups

Obesity MDD Control
Tests Mean*SD MeantSD Mean*SD p* X2
Categories Completed | 2.73+1.48 | 2.641.65 313¢152 | 9191 | 3309
Total Correct 41.91+11.43 | 42.38£11.84 | 45.08£11.29 | 0.171 | 3.527
Total Errors 22.09+11.43 | 21.62+11.84 18.361£9.8 0.146 | 3.842
P ti
erseverative 19.2¢8.86 | 16.97+10.08 | 18.79:5.65 | 0.410 | 1.785
Responses
Perseverative Errors 9.75146.03 8.116.66 8.68+4.38 0.274 | 2.588
N ti
onperseverative 12.34+13.19 | 13.52¢13.79 | 9.68:8.69 | 0.574 | 1.109
Errors
L I
_ conceptual Leve 35.3:14.71 | 35.85:1553 |39.57+14.1 |0.130 | 4.076
5 Response
g Learning to Learn 2.31+8.68 1.49+7 .41 -0.79+5.17 0.187 | 3.348
Stroop Part D 113.22158.04 | 102.01£49.98 | 95.89+64.78 | 0.123 | 4.184
2
[ Stroop Part W 84.29154.09 | 75.1£37.25 60.25+26.08 | 0.041 | 6.377
3
5 Stroop Part C 109.094£75.92 | 89.82+50.49 76.65+53.92 | 0.043 | 6.303
MDD: Major Depressive Disorder, WCST: Wisconsin Card Sorting Test, Stroop Part D: Dots,

Stroop Part W: Neutral Words, Stroop Part C: Color Words, p: Obesity-MDD-Control,
SD: Standard deviation, “Kruskal Wallis test




Table 4. Comparison of serum leptin, ghrelin and neuropeptide Y levels of the groups

Obese MDD Control
N=56 N=60 N=53
( ) ( ) ( ) * pl** pz** p3*~k F
MeanxSD
Leptin 33.17+21.3 [15.36+19.39 [18.33+17 <0.001 [<0.001<0.001/0.703 [13.317
Ghrelin 168.63+68.67 204.65+78.84 187.47+72.76 |0.038 |0.029 [0.392 |0.446 [3.341
NeuropeptideY [0.15+0.04 0.18+0.05 0.18+0.05 <0.001 |0.001 |0.001 [1.000 8.783

MDD: Major Depressive Disorder * ANOVA test, **Tukey Test, p: Obesity-MDD-Control,
pl: Obesity-MDD, p2: Obesity-Control, p3: MDD-Control




Table 5. The relationship between biochemical parameters with cognitive functions

Total Total |Perseverative [Nonperseverative |Learningto |[Stroop |[Stroop |[Stroop
Correct Errors [Errors Errors Learn Part D |Part W |Part C
r 10.041 -0.041 |0.099 -0.027 -0.080 0.069 [-0.012 |0.101
Leptin
P 0.771 0.771 0.477 0.845 0.669 0.620 (0.930 [0.466
a) ) r -0.090 0.090 |0.008 0.146 -0.278 0.086 (0.081 [0.051
QO |Ghrelin
= P [0.519 0.519 (0.953 0.291 0.130 0.537 |0.563 |0.716
) r 0.213 0.213 [0.073 0.294* -0.287 0.234 |0.331* |0.304*
Neuropeptide Y
0.121 0.121 (0.601 0.031 0.118 0.088 (0.014 |0.025
r -0.046 0.046 (0.003 0.067 -0.084 0.079 |0.092 |-0.007
Leptin
P 10.732 0.732 10.980 0.616 0.630 0.553 (0.494 (0.960
>Gh " I |0.259* -0.259*|0.064 -0.255 0.274 -0.209 |-0.139 [-0.187
= relin
§ P |0.049 0.049 |0.633 0.053 0.111 0.115 (0.299 [0.159
o I 10.085 -0.085 [0.095 -0.064 0.123 0.016 [0.177 |0.113
Neuropeptide Y [P |0.526 0.526 (0.478 0.631 0.482 0.903 |0.183 |0.398
P [0.146 0.146 (0.339 0.309 0.279 0.290 [0.254 (0.399
r 10.109 -0.111 (0.040 -0.111 0.083 0.016 |0.062 |0.102
Leptin
P (0.448 0.437 [0.783 0.437 0.648 0.910 |(0.665 |0.478
§ hrel r -0.027 0.039 [0.060 0.056 0.374" -0.131 |-0.161 [-0.049
+<=|Ghrelin
§ P 10.852 0.787 [0.675 0.696 0.032 0.358 |0.258 |0.732
I 10.024 -0.035 |0.064 -0.019 0.403" -0.156 |-0.161 [-0.108
Neuropeptide Y
0.870 0.805 [0.654 0.894 0.020 0.275 |0.260 |0.451

Spearman Correlation Analysis, Stroop Part D: Dots, Stroop Part W: Neutral Words, Stroop Part

C: Color Words




Table 6. The relationship between scale scores and BMI with cognitive functions

Total Total |Perseverative [Nonperseverative |[Learningto |[Stroop [Stroop [Stroop
Correct Errors |Errors Errors Learn Part D Part W  |Part C
HAMD r -0.017 0.017 }-0.359** 0.214 -0.480** 0.427** 0.447** |0.395**
p (0.899 0.899 |0.007 0.114 0.005 0.001 0.001 0.003
a r -0.111 0.111 }0.343** 0.261 -0.566** 0.372** 10.295* |0.284*
o HAM-A
= p (0.417 0.417 1|0.010 0.052 0.001 0.005 0.027 0.034
BMI r |-0.063 0.063 [-0.013 0.098 -0.009 0.127 |0.111 |0.111
p (0.647 0.647 |0.924 0.471 0.961 0.350 0.417 0.415
HAM.D r -0.094 0.094 |-0.060 0.029 0.140 0.416* |0.402** |0.416**
p (0.474 0.474 |0.651 0.823 0.416 0.001 0.001 0.001
2 r -0.035 0.035 [-0.092 -0.010 0.116 0.287* |0.334** |0.340**
$ HAM-A
8 p (0.791 0.791 1|0.485 0.942 0.502 0.026 0.009 0.008
BMI r -0.190 0.190 }-0.126 0.134 -0.185 0.139 0.150 0.111
p (0.146 0.146 |0.339 0.309 0.279 0.290 0.254 0.399
HAM-D r -0.026 0.014 |0.150 -0.059 0.114 0.041 0.126 0.114
p (0.852 0.923 (0.282 0.674 0.520 0.771 |0.369 |0.418
§ HAM-A r -0.187 0.200 |0.245 0.107 0.011 0.158 0.134 0.128
§ p (0.180 0.151 (0.077 0.448 0.952 0.258 |0.339 |0.360
BMI r [-0.340 0.329" |0.206 0.255 -0.216 0.559™ [0.592" |0.495™
p (0.013 0.016 |0.139 0.065 0.221 <0.001 [<0.001 [<0.001
Spearman Correlation analysis. BMI: Body Mass Index, HAM-D: The Hamilton Rating Scale for

Depression, HAM-A: Hamilton Anxiety Rating Scale, Stroop Part D: Dots, Stroop Part W: Neutral
Words, Stroop Part C: Color Words
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