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Abstract

:

Cognitive behavioral therapy is based on the view that maladaptive thinking is the causal mechanism of mental disorders. While this view is supported by extensive evidence, very limited work has addressed the factors that contribute to the development of maladaptive thinking. The present study aimed to uncover interactions between childhood maltreatment and multiple genetic differences in irrational beliefs. Childhood maltreatment and irrational beliefs were assessed using multiple self-report instruments in a sample of healthy volunteers (N = 452). Eighteen single-nucleotide polymorphisms were genotyped in six candidate genes related to neurotransmitter function (COMT; SLC6A4; OXTR), neurotrophic factors (BDNF), and the hypothalamic–pituitary–adrenal axis (NR3C1; CRHR1). Gene–environment interactions (G×E) were first explored in models that employed one measure of childhood maltreatment and one measure of irrational beliefs. These effects were then followed up in models in which either the childhood maltreatment measure, the irrational belief measure, or both were substituted by parallel measures. Consistent results across models indicated that childhood maltreatment was positively associated with irrational beliefs, and these relations were significantly influenced by COMT rs165774 and OXTR rs53576. These results remain preliminary until independent replication, but they represent the best available evidence to date on G×E in a fundamental mechanism of psychopathology.
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1. Introduction


Cognitive behavioral therapy (CBT) is the gold standard form of intervention in multiple mental disorders [1]. CBT relies on the pioneering work of Albert Ellis and Aaron Beck, who argued early after the cognitive “revolution” in psychology [2] that the causal mechanism of mental disorders is maladaptive thinking [3,4]. Ellis [4] focused on irrational beliefs, which are thought patterns that lack logical, empirical, or functional support (e.g., “I must get the approval of everybody or I am worthless”). According to this theory, irrational beliefs are activated by relevant events (e.g., social rejection) and lead to a cascade of maladaptive cognitive, behavioral, and emotional consequences [5,6]. Indeed, extensive evidence has supported the association between irrational beliefs and maladaptive cognitive processes such as dysfunctional automatic thoughts [7] and paranoid thinking [8,9]. Irrational beliefs have also been linked to maladaptive behaviors ranging from procrastination [10] to addiction and self-harm [11], as well as emotional problems such as depressive and anxiety symptoms [12]. Furthermore, clinical studies using Rational Emotive Behavior Therapy (REBT), Ellis’s pioneering form of CBT, have shown that changes in irrational beliefs are the mechanisms driving symptom remission in multiple mental disorders [13,14].



A fundamental issue that has been theoretically examined from early on in cognitive theories of psychopathology is how forms of maladaptive thinking, such as irrational beliefs, develop. Throughout his work on REBT, Ellis [4,15,16] argued that irrational beliefs have been documented across cultures and time and that their apparent universality may reflect that they are innate. He stressed that while people learn preferences and values from their parents and culture, especially in childhood, their strong tendency to overgeneralize and transform these preferences into inflexible dogmas (e.g., absolutistic “shoulds”, “oughts”, and “musts” used in interpreting themselves and the world) is largely due to innate predispositions [16]. Beck’s “generic cognitive model” proposed that maladaptive beliefs (i.e., schemas) result from the interaction of genetic factors, cognitive biases, and adverse environmental factors [17]. Genetic factors would contribute to physiological hyperactivity, which would lead to the formation of biases for emotionally relevant stimuli in attention, memory, and interpretation, which would further coalesce as schemas. Environmental factors would influence each of these processes, for instance, by shaping the valence of cognitive biases. Stressful events, in particular, would bias attention toward negatively-valenced stimuli and strengthen this bias with each repeated exposure [17]. Overall, both Ellis’s and Beck’s theories argue that maladaptive beliefs are the result of gene–environment interactions (G×E), which is in line with the dominant diathesis-stress framework for studies on psychopathology [18].



Despite the theoretical interest in the genesis of maladaptive beliefs, there is very limited empirical evidence on the role of genetic influences and stressful events (e.g., childhood maltreatment). To our knowledge, there is a single-twin study on irrational beliefs in which genetic factors were found to explain one-third of the variance, and non-shared environmental factors explained the rest of the variance [19]. On the genetic side, we are aware of a single candidate gene study, which reported an association between a polymorphism in the Catechol-O-methyltransferase (COMT) gene and irrational beliefs [20]. Recent evidence has also supported the association between childhood adversity and irrational beliefs [21,22], as well as two related cognitive constructs, namely maladaptive schemas [23,24,25] and maladaptive cognitions [26,27,28]. However, to our knowledge, no study until now has investigated gene–environment interactions (G×E) in irrational beliefs.



The present study investigated the relationship between childhood adversity, multiple gene polymorphisms, and irrational beliefs. We took a traditional candidate gene approach by selecting functional polymorphisms in genes coding for molecules that play a role in neural and neuroendocrine mechanisms (see Table 1). Specifically, we focused on six genes related to neurotransmitter function (i.e., COMT; solute carrier family 6-member 4, SLC6A4; oxytocin receptor, OXTR), neurotrophic factors (brain-derived neurotrophic factor, BDNF), and the hypothalamic–pituitary–adrenal axis (i.e., nuclear receptor subfamily 3 group C member 1, NR3C1; corticotropin-releasing hormone receptor 1, CRHR1). In each gene, we identified multiple single-nucleotide polymorphisms (resulting in a total of 18 polymorphisms) that could be genotyped using polymerase chain reaction methods. Overall, all the candidate genes but not all polymorphisms have been examined in relation to psychopathology (see Table 1). Some of the polymorphisms were included for methodological reasons (i.e., a polymerase chain reaction protocol was available) and helped, in our view, to account for more variance at the gene level.



We employed an approach that aimed to reduce the probability of false negative findings by using two parallel measures for both childhood adversity and irrational beliefs. In the initial set of analyses, we examined the potential moderator role of genotypes in the relation between childhood adversity and irrational beliefs, using one measure from each pair. In the subsequent analyses, we sought to replicate the initial results by first using the alternative irrational belief measure, then by replacing the childhood adversity measure with the alternative scale, and finally, by replacing both the childhood adversity and the irrational belief measures (see Figure 1). We reasoned that G×E effects that remained significant in all or most of these analyses may be more reliable.




2. Results


2.1. Preliminary Analyses


2.1.1. Genotype Frequencies


The genotype and allele frequencies for all polymorphisms, as well as the results of analyses on departures from the Hardy–Weinberg equilibrium, are shown in Table 2 (for further characteristics of the sample, see Supplementary Table S1). Due to missing genotypes (and some missing responses to questionnaires), the sample size varied between analyses (N = 301–430; see Table 2 and Supplementary Tables S3–S6). Except for NR3C1 BclI polymorphism, all the other genotypes were in Hardy–Weinberg equilibrium. In the case of NR3C1 N363S and NR3C1 ER22/23EK polymorphisms, there were no homozygotes for the minor allele. Similarly, for OXTR rs2254298 and CRHR1 rs242938, the number of homozygotes for the minor allele was very low (i.e., <1% of the sample). Considering that these genotypes were in the Hardy–Weinberg equilibrium, they were included in the subsequent analyses but limited to two genotypes (i.e., major allele homozygotes and heterozygotes).




2.1.2. Correlational Analysis


As expected, the scores on the two childhood adversity measures (i.e., CTQ-SF and RFQ) showed high correlations: r[444] = 0.80, p < 0.001. Similarly high correlations were found between the two irrational belief measures (i.e., ABS-2 and GABS): r[445] = 0.87, p < 0.001. These correlations supported our hypothesis that these measures largely overlapped and could be treated as parallel measures of the same construct.



Table 3 shows the correlations between childhood adversity, irrational beliefs, and depressive and generalized anxiety symptoms. As expected, there were significant positive correlations between both childhood adversity measures and depressive and generalized anxiety symptoms, as well as both irrational belief measures and depressive and generalized anxiety symptoms (for correlations between childhood adversity and specific irrational beliefs, see Supplementary Table S2).



We also examined potential associations between genotypes and childhood adversity. With one exception, all correlations between the genotypes and both CTQ-SF (all ps ≥ 0.293) and RFQ (all ps ≥ 0.115) were not significant. The exception was NR3C1 ER22/23EK, in which case participants with the GA genotype reported higher CTQ-SF scores compared with those with the GG genotype.





2.2. Gene–Environment Interactions


The first set of models focused on the moderator role of each genotype in the relationship between CTQ-SF childhood maltreatment and ABS-2 irrational beliefs (see Supplementary Table S3). In all models but two, childhood maltreatment was positively associated with irrational beliefs (all significant: ps ≤ 0.050) (see Supplementary Table S3). Furthermore, one of the interactions between COMT rs165774 (dummy 2: GG vs. AA and AG) and childhood maltreatment was significant for irrational beliefs (B = −0.86; SE(B) = 0.38; p = 0.025; 95% CI: −1.61, −0.10) (see Supplementary Table S3). Slope analysis indicated that the relationship between childhood maltreatment and irrational beliefs was significant in the AA (p = 0.021) and AG (p < 0.001) genotypes but not in the GG genotype (p = 0.757) (see Figure 2A).



The second set of models examined the moderator role of each genotype in the relationship between CTQ-SF childhood maltreatment and GABS irrational beliefs (see Supplementary Table S4). In other words, we sought to conceptually replicate the results in the first set of models by using the parallel measure of irrational beliefs as the criterion variable. We replicated the positive association between childhood maltreatment and irrational beliefs in all but one model (all significant: ps ≤ 0.049) (see Supplementary Table S4). COMT rs165774 × childhood maltreatment was also significant (B = −0.63; SE(B) = 0.23; p = 0.008; 95% CI: −1.09, −0.16) (see Supplementary Table S4), with the positive association between childhood maltreatment and irrational beliefs being significant in the AA (p = 0.009) and AG (p < 0.001) genotypes but not the GG genotype (p = 0.518) (Figure 2B). In addition, the interactions between both the dummy variables contrasting OXTR rs53576 genotypes and childhood maltreatment were significant: dummy 1 (AG vs. GG & AA): B = −0.26; SE(B) = 0.12; p = 0.026; 95% CI: −0.50, −0.03; dummy 2 (AA vs. GG & AG): B = −0.43; SE(B) = 0.19; p = 0.023; 95% CI: −0.81, −0.06 (see Supplementary Table S4). Slope analysis indicated that the positive association between childhood maltreatment and irrational beliefs was significant in the GG (p < 0.001) genotype but not in the AG (p = 0.276) and AA (p = 0.636) genotypes (Figure 3A).



In the third set of models, we investigated the moderator role of genotypes in the relationship between RFQ childhood maltreatment and ABS-2 irrational beliefs. These models represented another attempt to replicate the results in the original models by using the parallel measure of childhood maltreatment as the predictor variable. In all but five models, there was a significant positive association between childhood maltreatment and irrational beliefs (all significant: ps ≤ 0.046) (see Supplementary Table S5). The interaction between COMT rs165774 and childhood maltreatment was again significant (B = −13.06; SE(B) = 6.38; p = 0.042; 95% CI: −25.62, −0.50) (see Supplementary Table S5), with the positive relationship between childhood maltreatment and irrational beliefs being significant in the AA (p = 0.038) and AG (p < 0.001) genotypes but not in the GG genotype (p = 0.722) (Figure 2C). Furthermore, OXTR rs53576 × childhood maltreatment was also significant (B = −11.92; SE(B) = 5.61; p = 0.034; 95% CI: −22.96, −0.89) (see Supplementary Table S5): the positive association between childhood maltreatment and irrational beliefs was significant in the GG genotype (p = 0.002) but not in the AG (p = 0.057) and AA (p = 0.387) genotypes (Figure 3B). A new interaction that was significant was BDNF rs6265 × childhood maltreatment (B = 19.74; SE(B) = 8.90; p = 0.027; 95% CI: 2.21, 37.28) (see Supplementary Table S5): the positive association between childhood maltreatment and irrational beliefs was significant in the GG (p = 0.015) and AA (p = 0.002) genotypes but not the GA genotype (p = 0.973).



The final set of follow-up models focused on the moderator role of genotypes in the relationship between RFQ childhood maltreatment and GABS irrational beliefs. In these models, we sought to replicate the original results by replacing both the predictor and the criterion variables with parallel measures. The positive association between childhood maltreatment and irrational beliefs was significant in all but seven models (all significant: ps ≤ 0.029) (see Supplementary Table S6). The interaction between COMT rs165774 and childhood maltreatment was significant (B = −8.14; SE(B) = 3.95; p = 0.040; 95% CI: −15.91, −0.37) (see Supplementary Table S6). The slope analysis showed that the positive association between childhood maltreatment and irrational beliefs was significant in the AG genotype (p < 0.001) but not in the GG genotype (p = 0.426); the association just fell short of significance in the AA genotype (p = 0.058) (Figure 2D). OXTR rs53576 × childhood maltreatment was significant (B = −9.54; SE(B) = 3.47; p = 0.006; 95% CI: −16.37, −2.70) (see Supplementary Table S6), with the association between childhood maltreatment and irrational beliefs being significant in the GG (p = 0.002) but not the AG (p = 0.123) and AA (p = 0.142) genotypes (Figure 3C). The BDNF rs6265 × childhood maltreatment approached but fell short of significance (p = 0.085) (see Supplementary Table S6).



The small number of men in the sample did not allow for investigating G×E×sex effects. However, in order to control for potential sex differences, we followed up on all significant G×E effects in the larger subsample of women. All the effects remained significant.





3. Discussion


The results of the present study indicate that a history of childhood maltreatment is associated with higher levels of irrational beliefs in adulthood and that this relationship may be influenced by certain genotypes. Specifically, the association between childhood maltreatment and irrational beliefs was apparent in the AA and AG genotypes but not in the GG genotype of COMT rs165774. Similarly, childhood maltreatment was associated with irrational beliefs in the GG genotype but not in the AG and AA genotypes of OXTR rs53576. These G×E effects were conceptually replicated in multiple models in which measures of either childhood maltreatment, irrational beliefs, or both were substituted by parallel measures.



The present results support the theoretical view that childhood adversity is related to maladaptive thinking [16,17]. We found a positive association between a history of childhood maltreatment and irrational beliefs, which is in line with previous studies [21,22]. The magnitude of this association was small, both at the levels of global irrationality (i.e., rs between 0.12 and 0.15; see Table 3) and specific irrational beliefs (i.e., rs between 0.04 and 0.21; see Supplementary Table S2). One explanation for the small effect size is the focus on a healthy sample of students, showing limited variance in symptoms of psychopathology. Another explanation that is in line with the G×E view proposed in cognitive theories of psychopathology [17] underscores the involvement of moderator variables, such as genetic differences.



From a candidate gene perspective, the moderator role of COMT and OXTR gene polymorphisms could be justified based on the role of the corresponding molecules in brain processes. COMT is an enzyme that catalyzes catechol-containing substrates, such as the catecholamine neurotransmitters [37]. Knockout mice for the COMT gene showed a 60% increase in extracellular dopamine levels in the prefrontal cortex compared with wild-type mice [38]. In addition to higher levels of anxiety, they showed differential physiological responses to acute and chronic stress (e.g., [39]). OXTR encodes the receptor for oxytocin, a hormone and neurotransmitter produced in the hypothalamus, and is expressed widely in the human brain [40]. Knockout mice for the OXTR gene are characterized by deficits in social recognition and higher levels of aggressive behavior [41,42]. Overall, this evidence from animal models suggests that low levels of COMT and OXTR are associated with behavioral problems. For COMT rs165774, the A allele is associated with lower COMT activity compared with the G allele [31]. In line with this view, the present results suggest that A-allele carriers may be more vulnerable to childhood adversity, as indicated by their higher levels of irrational beliefs (but see [43]). The polymorphism OXTR rs5357 has not been functionally characterized, but a previous candidate gene study found that childhood maltreatment was associated with depressive symptoms only in G-allele carriers [44]. In line with this view, the present study found that childhood maltreatment may be associated with irrational beliefs only in G-allele homozygotes.



In our view, one of the strong points of this study is the conceptual replication of initial results by employing parallel measures of both childhood maltreatment and irrational beliefs. While this may have indeed allowed us to uncover real G×E effects, it is also possible that it reflects intrinsic limitations (e.g., social desirability) common to all self-report measures of childhood maltreatment and irrational beliefs, or it reflects characteristics of this convenience sample, which is not representative of the population. Furthermore, we have to ponder whether the candidate gene approach is able to uncover G×E effects in a sample of this size. On the encouraging side, the Monte Carlo simulations presented by Duncan and Keller [45] suggested that a large effect size, such as that of COMT rs165774 × childhood maltreatment in the present study, which explained between 2.1 and 2.6% in all the models, would require a sample such as the one in this study. On a less encouraging side, recent genome-wide association studies (GWASs) have suggested that samples need to be much larger, of at least tens of thousands of participants, in order to have sufficient power to detect any G×E effect [46]. In the same vein, not correcting the statistical analyses for multiple testing is another limitation. Mindful of the low replicability of candidate gene approaches in relatively small samples [46,47,48], we put forward the present results as a preliminary. However, considering that GWASs have not yet approached mechanisms of psychopathology, such as maladaptive beliefs, the present results stand as the best available evidence to date for G×E in this domain. From a clinical point of view, the present results suggest that individual differences in childhood maltreatment and genetic differences could be considered predictors of the response to interventions targeting maladaptive beliefs, such as CBT.




4. Material and Methods


4.1. Participants


Four hundred and fifty-two volunteers (84.73% women; age 19.58 ± 3.53 years) participated in this study. All participants were Caucasians of European descent, and Romanian was their first language. They were recruited through campus and online advertisements in three waves (2016, 2017, and 2018), and they were all students at Babeș-Bolyai University. Self-reported parental education was as follows: less than high school (7.8%), high school (42.9%), and Bachelor’s studies (49.3%). None of the participants reported neuropsychiatric disorders or using psychoactive medication.




4.2. Measures


4.2.1. Genotyping


DNA was extracted from buccal epithelial cells using the MasterPureTM Complete DNA & RNA Purification Kit (Epicentre, Madison, WI, USA) and kept at −20 °C. Seventeen genetic polymorphisms in six genes were genotyped (see Supplementary Images): (1) COMT gene polymorphisms rs6269, rs737865, rs165774, rs2075507, and rs4818; (2) NR3C1 gene polymorphisms BclI, N363S, and ER22/23EK; (3) OXTR gene polymorphisms rs2254298 and rs53576; (4) CRHR1 gene polymorphism rs242938; (5) SLC6A4 gene polymorphisms 5-HTTLPR and rs25531; and (6) BDNF gene polymorphisms rs6265, rs988748, rs7103411, rs1103014, and rs11757. The genotyping method was polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) for the NR3C1 [34], OXTR [49], CRHR1 [50], and SLC6A4 [51] polymorphisms and tetra-primer amplification refractory mutation system-polymerase chain reaction (T-ARMS-PCR) for the COMT [52] and BDNF [53] polymorphisms. In the present sample, the allelic frequencies were comparable to those reported in the dbSNP database (see Supplementary Table S7).




4.2.2. Childhood Adversity


Childhood adversity was assessed using two questionnaires: Childhood Trauma Questionnaire—Short Form (CTQ-SF) [54] and Risky Families Questionnaire (RFQ) [55].



CTQ-SF is a 25-item self-report measure that examines exposure to five types of childhood maltreatment (i.e., emotional, physical, and sexual abuse and physical and emotional neglect), rated on a five-point Likert scale (0 = never true to 4 = very often). In this study, we focused on the total maltreatment score, which showed very good reliability in this sample (Cronbach’s alpha = 0.91).



RFQ is an 11-item self-report questionnaire that examines exposure to four forms of childhood adversity (i.e., abuse, neglect, family conflict, and household disorganization), rated on a four-point Likert scale (1 = rarely or none of the time to 4 = most or all of the time). This study focused on the total score, which showed good reliability in this sample (Cronbach’s alpha = 0.79).




4.2.3. Irrational Beliefs


Irrational beliefs were assessed using the Attitude and Belief Scale-2 (ABS-2) [56] and the General Attitudes and Belief Scale (GABS) [57].



ABS-2 is a 72-item self-reported scale that assesses three factors: (1) irrational and rational beliefs; (2) cognitive processes (i.e., demandingness, awfulizing, frustration intolerance, and self-downing); and (3) content/context information (i.e., beliefs about achievement, affiliation, and comfort). Each item is rated on a five-point Likert scale (A = strong disagreement to E = strong agreement). For the present study, we focused on the total irrationality score, which showed very good reliability in this sample (Cronbach’s alpha = 0.96).



GABS is a 26-item self-report questionnaire that assessed both irrational beliefs (i.e., demandingness, awfulizing, low frustration tolerance, and self-downing) and rational beliefs (i.e., needs for achievement, approval, and comfort and demands for fairness). In the present study, we focused on the total irrationality score, which showed good reliability in this sample (Cronbach’s alpha = 0.88).





4.3. Statistical Analysis


We employed the typical analysis employed in this kind of G×E studies, with continuous variables for the predictor (i.e., childhood adversity) and the outcome (i.e., irrational beliefs) and a categorical variable for the moderator (i.e., genotype) (for other illustrations of the design and analysis see [58,59,60,61]).



First, we examined departures from the Hardy–Weinberg equilibrium for all genotypes to determine whether genotype frequencies in the present sample were significantly different from the population [62]. Only genotypes not significantly departing from the Hardy–Weinberg equilibrium were subsequently analyzed.



In the next step, we examined the correlations between the two parallel measures of childhood adversity questionnaires, on the one hand, and irrational beliefs, on the other hand. Since each of these pairs of scales assesses the same construct, we expected high correlations (i.e., r ≥ 0.7) between them. Provided that those correlations supported a high degree of overlap, we planned to use one of the scales in each pair for exploratory analyses and the other for conceptual replication.



Another preliminary analysis involved examining potential gene–environment correlations (i.e., genotypes and childhood adversity) that can be a confound in G×E analyses [63].



The preliminary analyses also examined the associations between irrational beliefs and depressive and generalized anxiety symptoms, as well as the associations between childhood adversity and depressive and generalized anxiety symptoms.



The main analyses focused on examining the moderator role of each genotype in the relationship between childhood adversity and irrational beliefs using multiple regression analyses. The first modes focused on (1) investigating CTQ-SF × genotype on ABS-2 irrational beliefs and (2) conceptually replicating the effect of CTQ-SF × genotype on GABS, the parallel measure of irrational beliefs (see Figure 1). These analyses were followed up by similar analyses in which RFQ was the childhood adversity measure, that is, (3) investigating RFQ × genotype on ABS-2 irrational beliefs and (4) conceptually replicating the effect of RFQ × genotype on GABS, the parallel measure of irrational beliefs (see Figure 1).



All the genotypes meeting the criterion for analysis (i.e., not significantly departing from the Hardy–Weinberg equilibrium) were dummy-coded, taking the larger group of homozygotes as the comparison group. Where there were three genotypes, we created two dummy variables contrasting the homozygotes for the minor allele and the heterozygotes, respectively, with the comparison group (see Supplementary Tables S2–S5). Continuous predictors (i.e., CTQ-SF and RFQ) were centered before being entered into the regression model. Significant interactions were followed up by slope analysis, examining the relation between the predictor and the criterion variables in each moderator category.



All analyses were run in SPSS (IBM, Armonk, NY, USA), including the PROCESS 4.0 macro for SPSS [64].





5. Conclusions


The present results suggest that two polymorphisms, COMT rs165774 and OXTR rs5357, may play a moderator role in the relation between childhood maltreatment and irrational beliefs. This study represents the first attempt to uncover G×E in irrational beliefs, and we hope that it will stimulate further work, ideally at the genome-wide level, on this fundamental mechanism of psychopathology.
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Figure 1. Models investigating the relations between childhood maltreatment, genotypes, and irrational beliefs: (A) initial models with CTQ-SF childhood maltreatment and ABS-2 irrational beliefs; (B) follow-up models with CTQ-SF childhood maltreatment and GABS irrational beliefs; (C) follow-up models with RFQ childhood maltreatment and ABS-2 irrational beliefs; and (D) follow-up models with RFQ childhood maltreatment and GABS irrational beliefs. Gray boxes indicate measures that were replaced relative to the initial models. Abbreviations: CTQ-SF, Childhood Trauma Questionnaire—Short Form; ABS-2, Attitude and Belief Scale-2; GABS, General Attitudes and Belief Scale; RFQ, Risky Families Questionnaire. 
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Figure 2. The moderator role of COMT rs165774 in the relationship between childhood maltreatment and irrational beliefs, as reflected by different measures: (A) CTQ-SF childhood maltreatment and ABS-2 irrational beliefs; (B) CTQ-SF childhood maltreatment and GABS irrational beliefs; (C) RFQ childhood maltreatment and ABS-2 irrational beliefs; and (D) RFQ childhood maltreatment and GABS irrational beliefs. Abbreviations: CTQ-SF, Childhood Trauma Questionnaire—Short Form; ABS-2, Attitude and Belief Scale-2; GABS, General Attitudes and Belief Scale; RFQ, Risky Families Questionnaire. 
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Figure 3. The moderator role of OXTR rs53576 in the relationship between childhood maltreatment and irrational beliefs, as reflected by different measures: (A) CTQ-SF childhood maltreatment and GABS irrational beliefs; (B) RFQ childhood maltreatment and ABS-2 irrational beliefs; and (C) RFQ childhood maltreatment and GABS irrational beliefs. Abbreviations: CTQ-SF, Childhood Trauma Questionnaire—Short Form; ABS-2, Attitude and Belief Scale-2; GABS, General Attitudes and Belief Scale; RFQ, Risky Families Questionnaire. 
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Table 1. Description of the genetic polymorphisms genotyped in the present study (see also Supplementary Images and Supplementary Table S7).
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Gene

	
Position on Chromosome, RefSeq

	
RefSNPID

	
Ancestral Allele

(A1)

	
Minor Allele

(A2)

	
Allele Functional Characterization

	
References






	
SLC6A4

	
chr17,

NC_000017.11:g.30237328T>C

(promoter region)

	
rs25531

(5-HTTLPR)

	
T (or L)

	
C (or S)

	
The short (C or S) allele is associated with reduced serotonin transporter expression and function compared with the long allele (T or L).

	
[29]




	
COMT

	
chr22,

NC_000022.11:g.19962429A>G

(promoter region)

	
rs6269

	
A

	
G

	
The G allele is associated with lower expression of COMT mRNA in the human brain.

	
[30]




	
chr22, NC_000022.11:g.19942598A>G,

(intron region)

	
rs737865

	
A

	
G

	
The functionality is unknown.

	
-




	
chr22,

NC_000022.11:g.19965038G>A

(3′-untranslated region)

	
rs165774

	
G

	
A

	
The minor A allele is associated with a increased mRNA stability and with substantially decreased activity of the product molecule, most likely through modulation of translational efficiency.

	
[31]




	
chr22,

NC_000022.11:g.19940569G>A

(promoter region)

	
rs2075507

	
G

	
A

	
The G allele may be associated with reduced COMT activity.

	
[32]




	
chr22,

NC_000022.11:g.19963684C>G

(coding region)

	
rs4818

	
C

	
G

	
It is a synonymous polymorphism, but evidence suggests that the C allele is associated with a lower enzyme activity.

	
[33]




	
BDNF

	
chr11,

NC_000011.10:g.27658369C>T

(coding region)

	
rs6265

	
G

	
A

	
The A allele is associated with a lower expression of BDNF mRNA.

	
[32]




	
chr11,

NC_000011.10:g.27703198C>G

(intron region)

	
rs988748

	
C

	
G

	
The functionality is unknown.

	
-




	
chr11,

NC_000011.10:g.27678578C>T

(intron region)

	
rs7103411

	
C

	
T

	
The functionality is unknown.

	
-




	
chr11,

NC_000011.10:g.27662970A>G

(intron region)

	
rs11030104

	
T

	
C

	
The functionality is unknown.

	
-




	
chr11,

NC_000011.10:g.27646808G>C

(intron region)

	
rs16917204 (rs11757)

	
G

	
C

	
The functionality is unknown.

	
-




	
CRHR1

	
chr17,

NC_000017.11:g.45818570A>C

(intron region)

	
rs242938

	
A

	
G

	
The functionality is unknown.

	
-




	
NR3C1

	
chr5,

NC_000005.10:g.143399010G>C

(intron 2)

	
rs41423247 (or BclI)

	
C

	
G

	
The sensitivity to glucocorticoids appears to be different and tissue-specific.

	
[34]




	
chr5,

NC_000005.10:g.143400774C>A/

NC_000005.10:g.143400772C>G

(coding region)

	
rs6189/rs6190 (ER22/23EK)

	
G

	
A

	
The first variant is silent. The second variant results in arginine (R) to lysine (K) change. The presence of the ER22/23EK A allele is related to resistance to glucocorticoids.




	

	
chr5,

NC_000005.10:g.143399752T>A

(coding region)

	
rs56149945 (N363S)

	
A

	
G

	
The G allele is associated with increased sensitivity to glucocorticoids.




	
OXTR

	
chr3,

NC_000003.12:g.8762685A>G

(intron region)

	
rs53576

	
A

	
G

	
The functionality is unknown.

	
[35]




	
chr3, NC_000003.12:g.8760542G>A

(intron region)

	
rs2254298

	
G

	
A

	
The functionality is unknown.

	
[36]








Note: A, adenine; BDNF, brain-derived neurotrophic factor gene; C, cytosine; chr, chromosome; COMT, Catechol-O-methyltransferase gene; CRHR1, corticotropin-releasing hormone receptor 1 gene; G, guanine; L, long allele; NC, reference sequence, complete genomic molecule; NR3C1, nuclear receptor subfamily 3 group C member 1 gene; OXTR, oxytocin receptor gene; rs, reference SNP cluster ID; S, short allele; SLC6A4, solute carrier family 6-member 4 gene; T, thymine.













 





Table 2. Genotype and allele distribution and the Hardy–Weinberg equilibrium for polymorphisms genotyped in the present study.
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Gene Polymorphism (N)

	
Genotype (Frequency %)

	
Allele (Frequency %)

	
Hardy–Weinberg Equilibrium






	
COMT rs6269 (N = 309)

	
AA (37.54)

	
AG (44.66)

	
GG (17.8)

	
A (59.87)

	
G (40.13)

	
χ2 = 1.53, p = 0.214




	
COMT rs737865 (N = 438)

	
AA (47.72)

	
AG (42.01)

	
GG (10.27)

	
A (68.73)

	
G (31.27)

	
χ2 = 0.22, p = 0.633




	
COMT rs165774 (N = 438)

	
AA (9.36)

	
AG (44.52)

	
GG (46.12)

	
A (31.62)

	
G (68.38)

	
χ2 = 0.38, p = 0.536




	
COMT rs2075507 (N = 309)

	
AA (18.77)

	
AG (43.69)

	
GG (37.54)

	
A (40.62)

	
G (59.38)

	
χ2 = 2.74, p = 0.097




	
COMT rs4818 (N = 309)

	
CC (39.48)

	
CG (42.72)

	
GG (17.8)

	
C (60.84)

	
G (39.16)

	
χ2 = 3.30, p = 0.068




	
NR3C1 BclI (N = 309)

	
CC (46.6)

	
CG (38.83)

	
GG (14.56)

	
C (66.10)

	
G (33.90)

	
χ2 = 5.58, p = 0.018




	
NR3C1 N363S (N = 308)

	
AA (94.16)

	
AG (5.84)

	
GG (0)

	
A (97.08)

	
G (2.92)

	
χ2 = 0.27, p = 0.597




	
NR3C1 ER22/23EK (N = 309)

	
GG (95.15)

	
GA (4.85)

	
AA (0)

	
G (97.58)

	
A (2.42)

	
χ2 = 0.19, p = 0.661




	
OXTR rs2254298 (N = 309)

	
GG (85.52)

	
AG (16.5)

	
AA (0.97)

	
G (93.77)

	
A (9.23)

	
χ2 = 0.06, p = 0.661




	
OXTR rs53576 (N = 438)

	
GG (45.89)

	
AG (43.15)

	
AA (10.96)

	
G (67.47)

	
A (32.54)

	
χ2 = 0.12, p = 0.721




	
CRHR1 rs242938 (N = 309)

	
GG (84.14)

	
GA (15.53)

	
AA (0.32)

	
G (91.91)

	
A (8.09)

	
χ2 = 0.61, p = 0.434




	
SLC6A4 5HTTLPR/rs25531 (N = 309)

	
L′/L′ (24.27)

	
L′/S′ (51.46)

	
S′/S′ (24.27)

	
L′ (50)

	
S′ (50)

	
χ2 = 0.09, p = 0.763




	
BDNF rs6265 (N = 309)

	
GG (60.84)

	
GA (33.66)

	
AA (5.50)

	
G (77.67)

	
A (22.33)

	
χ2 = 0.27, p = 0.763




	
BDNF rs988748 (N = 309)

	
GG (55.99)

	
CG (37.22)

	
CC (6.80)

	
G (74.60)

	
C (25.40)

	
χ2 = 0.10, p = 0.750




	
BDNF rs7103411 (N = 309)

	
TT (58.90)

	
TC (37.54)

	
CC (3.56)

	
T (77.67)

	
C (22.33)

	
χ2 = 2.09, p = 0.148




	
BDNF rs1103014 (N = 309)

	
TT (55.99)

	
TC (35.92)

	
CC (8.09)

	
T (73.95)

	
C (26.05)

	
χ2 = 1.41, p = 0.234




	
BDNF rs11757 (N = 309)

	
GG (55.02)

	
CG (37.54)

	
CC (7.44)

	
G (73.79)

	
C (26.21)

	
χ2 = 0.27, p = 0.603








Note: A, adenine; BDNF, brain-derived neurotrophic factor gene; C, cytosine; chr, chromosome; COMT, Catechol-O-methyltransferase gene; CRHR1, corticotropin-releasing hormone receptor 1 gene; G, guanine; L, long allele; NC, reference sequence, complete genomic molecule; NR3C1, nuclear receptor subfamily 3 group C member 1 gene; OXTR, oxytocin receptor gene; rs, reference SNP cluster ID; S, short allele; SLC6A4, solute carrier family 6-member 4 gene; T, thymine.













 





Table 3. Correlations between childhood adversity, irrational beliefs, and depressive and generalized anxiety symptoms.
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	CTQ-SF Total Score
	RFQ Total Score
	ABS-2 Total Irrationality Score
	GABS Total Irrationality Score
	PHQ-9 Score
	GAD-7 Score





	CTQ-SF total score
	-
	0.80 **
	0.15 **
	0.15 **
	0.35 **
	039 **



	RFQ total score
	
	-
	0.13 **
	0.12 **
	0.23 **
	0.26 **



	ABS-2 irrationality score
	
	
	-
	0.87 **
	0.42 **
	0.47 **



	GABS irrationality score
	
	
	
	-
	0.38 **
	0.47 **



	PHQ-9
	
	
	
	
	-
	0.80







Note: CTQ-SF, Childhood Trauma Questionnaire—Short Form; ABS-2, Attitude and Belief Scale-2; GABS, General Attitudes and Belief Scale; RFQ, Risky Families Questionnaire. ** p < 0.01.
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