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Abstract
Objective: Overweight, obesity, and associated problems in metabolic health are an increasing public health concern. Personality traits and emotional processing styles may play a role in the regulation of food intake and reward. Alexithymia is a personality construct involving difficulties in identifying and expressing emotions and has been previously associated with eating disorders and metabolic problems. We examined associations between alexithymia dimensions, Body Mass Index (BMI) and gestational diabetes in pregnant women.
[bookmark: _Hlk7425960]Methods: The participants were 1660 pregnant women living in Finland from the FinnBrain Birth Cohort Study. We investigated the associations between alexithymia and its dimensions as measured by the Toronto Alexithymia Scale (TAS-20), overweight, and gestational diabetes. The effects of age, education, and depressive symptoms were controlled for using hierarchical regression analysis.
Results: Alexithymic individuals had a higher prevalence of overweight compared to those with low or moderate levels of alexithymia (66.0% vs. 34.8%, OR 3.6, adjusted OR 3.6, CI95% 1.9-6.8, p<0.001). The dimension of Externally Oriented Thinking (EOT) accounted for this association. Compared to the lowest quartile, women in the highest EOT quartile had a higher BMI (24.3 vs. 25.6, p<0.001), and a higher prevalence of overweight [adjusted OR 1.94, CI95% 1.43-2.62, p<0.001] and gestational diabetes [OR 1.75, CI95% 1.19-2.55, p=0.005]. 
Conclusions: Alexithymia, and especially its dimension of EOT is associated with overweight and gestational diabetes in pregnant women. Future studies should clarify causality and examine potential mechanisms and associations with pregnancy outcomes and fetal health.
Keywords: Alexithymia, Gestational Diabetes, Overweight, Psychosomatics
1. Introduction
Overweight and obesity are an increasing global health problem, affecting nearly 2 billion adults, and over 300 million children worldwide [1]. In Finland, over 70% of adult men, and 57% of adult women are overweight or obese, and especially childhood obesity is a growing problem [2]. Overweight and obesity are associated with millions of deaths annually, mostly due to an increased risk for cardiovascular and other non-communicable diseases [3]. Increases in the availability, accessibility, and affordability of energy-dense foods have been identified as contributing factors in the global problem of overweight and obesity [3]. However, individual factors, including personality traits, also play a role in eating habits and weight gain [4, 5]. Recently, some phenotypes of obesity have even been considered to have an addictive component [6].
[bookmark: _Hlk7443932]Alexithymia is a personality construct comprising difficulties in identifying (DIF) and describing (DDF) feelings, an externally oriented thinking style (EOT) referring to a concrete way of thinking, lacking interest in emotions and introspection, as well as decreased capacities for imagination and fantasy [7]. Alexithymia has been associated with an increased risk for several psychiatric conditions, including depression, anxiety, and substance abuse [8-10]. Importantly, it has also been associated with somatic morbidity such as metabolic syndrome, type 2 diabetes, high blood pressure, and increased cardiovascular mortality [11-14]. 
Alexithymia has been previously related to an unhealthier diet characterized by high consumptions of foods with added sugar, meat and fast foods [15] as well as emotional eating [16], which could explain the associations with metabolic diseases. Alexithymic individuals may also suffer from chronic stress and inflammation [17, 18], possibly affecting metabolic health both directly and through regulation of food intake [19-21]. However, findings concerning the link between alexithymia dimensions, overweight and obesity have been mixed: Fukunishi & Kaji (1997) found that obese individuals in contrast to non-obese controls had higher EOT scores, but not DIF or DDF [22]. Other studies reported that all alexithymia dimensions, or only DIF and DDF were positively related to obesity, with possible gender differences [23, 24]. In contrast, another study analyzing a small sample of healthy old adults, found that alexithymia was unrelated to body mass index (BMI) [25]. This discrepancy could be due to the fact that many studies have not controlled for concurrent depressive symptoms. This is an important potential confounder as alexithymia is strongly associated with depression [8], which in turn often involves either increase or decrease in appetite and weight.
Overweight and obesity are also well-known risk factors for gestational diabetes, which affects approximately 16% of pregnant women in the US, and 12.5% in Finland [26, 27]. Gestational diabetes can have harmful effects on both the mother and the child, including miscarriage, stillbirth, pre-eclampsia, preterm delivery, and development of maternal type 2 diabetes later in life [28, 29]. Additionally, mental health factors, such as depression, have been found to increase the risk for gestational diabetes [30].
[bookmark: _Hlk8737327]We have previously shown that individual alexithymia dimensions differ in terms of health outcomes [31, 32]. More specifically, whereas the dimensions of DIF and DDF are associated with depressive and anxiety symptoms, the EOT dimension seems unrelated to psychological distress [31, 33]. However, EOT has nonetheless been negatively correlated with healthy psychological traits such as empathy and emotional intelligence [34, 35], as well as positively associated with increased alcohol and tobacco use [32]. Therefore, even while possibly protecting from mood and anxiety symptoms, we have recently hypothesized that individuals high in EOT could still show decreased health status due to poorer emotion regulation and lifestyle factors [32]. Our aim in this study was to investigate how alexithymia dimensions relate to BMI, overweight (BMI ≥ 25), and gestational diabetes in pregnant women. We expected alexithymia, including its EOT dimension to be associated with a higher BMI and gestational diabetes, despite the apparent lack of association of EOT with psychiatric symptomatology. 

2. Methods
2.1 Study Details and Participants
[bookmark: _Hlk8736200][bookmark: _Hlk8294925]This study is based on the FinnBrain Birth Cohort study (www.finnbrain.fi), a prospective cohort established to study the effects of prenatal and early life stress exposure on child brain development and health [36]. Participants were recruited between December 2011 and April 2015 from maternal welfare clinics in the South-Western Hospital District and the Åland Islands in Finland. After recruitment, the participants filled in a set of self-report questionnaires three times during pregnancy, at gestational weeks 14, 24, and 34. After birth, the families are followed up at three- to six-month intervals (the first 30 months) or 12-to 36-month intervals (from 36 months onwards) and the study is planned to continue for decades. The initial sample in the FinnBrain cohort consists of 3808 mothers. Of these, 1882 women had filled in the alexithymia questionnaire. An additional 222 mothers had missing data either in the questionnaires or birth registers, and thus were excluded. The final sample therefore consisted of 1660 mothers. 

2.2 Questionnaire Data
Questionnaire data included a variety of background information on the participants. For this study we included age, parity, and education divided into three classes: Low: High school or lower; Mid: Vocational / upper secondary school degree; High: Applied sciences / University degree. 
Toronto Alexithymia Scale (TAS-20) [37-40] is one of the most commonly used self-report scales used to measure alexithymic features. We used the validated Finnish version of the TAS-20 [36]. It consists of 20 items divided into 3 subscales: DIF, DDF (affective dimensions, measuring subjective difficulties in identifying and describing feelings, respectively) and EOT (cognitive dimension, measuring an externally oriented thinking style, pragmatic thinking, and low tendency for introspection). The factor structure of the TAS-20 has been validated [37]. Items are rated with a 5-point Likert-scale (1=Strongly disagree, 5=Strongly agree). Thus, the total score ranges from 20 to 100. An individual is considered highly alexithymic if the TAS-20 total score exceeds 60 points, and moderately alexithymic if the total score is between 52 and 60 points [41]. The TAS-20 was administered 6 months after the baby was born.
The Edinburgh Postnatal Depression Scale (EPDS) [42]. is the most widely used questionnaire for screening prenatal and postnatal depression. The EPDS is also commonly used in Finland as a screening instrument for perinatal depression and has shown good psychometric properties [43].  It is a 10-item self-report scale that asks respondents to rate their mood and other depressive symptoms in the previous 7 days. Questions are scored from 0 to 3 and thus, the total score ranges from 0 to 30 points. Depressive symptoms were measured in gestational week 34. Cut-offs for minor and major depression have been proposed at 9/10 and 12/13 points, respectively [44].
[bookmark: _Hlk8222679][bookmark: _Hlk8222757][bookmark: _Hlk8293171]Diagnoses of gestational diabetes were obtained from the Finnish Medical Birth Register kept by the National Institute of Health and Welfare (THL; www.thl.fi). Screening was conducted in gestational weeks 14-16 or 24-26, depending on the mother’s potential risk factors.  Criteria for gestational diabetes were fasting glucose > 5.3 mmol/l, glucose tolerance test 1-hour value > 10.0 mmol/l, or 2-hour value > 8.6 mmol/l [27]. Participants’ height was measured, and BMI (kg/m2) was calculated at gestational week 12 in the maternal welfare clinic, based on self-reported weight before pregnancy. This information was also drawn from the Medical Birth Register.
[bookmark: _Hlk10624377]Substance use (alcohol, tobacco and illicit drugs) during pregnancy was not used as a predictor variable in our study, as reported use was very low. (Most women drank 1-2 times per month or less, mostly one standard dose of alcohol per occasion. 96% of women either did not smoke or stopped smoking during the 1st trimester of pregnancy).


2.3 Statistical Methods
[bookmark: _Hlk8297462][bookmark: _Hlk8302312]All statistical analyses were conducted using the IBM SPSS (version 24.0). Normality of distribution within variables was tested visually, and with the Shapiro-Wilk test. TAS-20, EPDS and BMI scores were all non-normally distributed according to the Shapiro-Wilk test, but as their medians and means were nearly the same, and kurtoses and skewness low (<7 and <2 respectively), means and standard deviations are presented in Table 1 [45]. Chi-square test was used to assess differences between categorical variables, and Mann-Whitney U-test for ordinal and continuous variables. Kruskal-Wallis -test was used in group comparisons for non-normally distributed variables.  In the intercorrelations between alexithymia dimensions and outcome variables, Spearman’s rho (ρ) was used to quantify the strength of the association, and the Bonferroni method was used to correct the results for multiple comparisons. A p value of <0.05 was set as the limit for statistical significance.
[bookmark: _Hlk8373744][bookmark: _Hlk8302245][bookmark: _Hlk8302535]Hierarchical regression analyses were conducted to examine the associations between alexithymia dimensions, overall alexithymia scores, and outcome variables, controlling for the effects of age, education and current depressive symptoms (EPDS) in gestational week 34. Control variables were chosen based on the correlation analyses. Depressive symptoms were controlled for as Major Depressive Disorder often involves changes in appetite and weight. As depressive symptoms in gestational week 34 and 6 months after birth were moderately correlated (ρ=0.507, p<0.001), we did not include both as control variables because of potential multicollinearity. However, using the 6-month EPDS score as a control variable did not affect the results (data available on request). Control variables were entered at step 1, and alexithymia dimensions at step 2. For gestational diabetes, a binomial regression analysis was conducted with the same covariates as above. In the regression analyses, BMI was transformed to its natural logarithm, after which residuals were normally distributed. Therefore, outcome variables were BMI as a continuous variable, overweight as a categorical variable (BMI≥25), and gestational diabetes as a categorical variable.
[bookmark: _Hlk8302258]We next focused on the associations of individual dimensions of alexithymia, BMI, overweight and gestational diabetes. Because EOT accounted for the association between alexithymia and BMI, we only focused on this dimension in group comparisons. As there is no established cut-off score for high EOT, we used a similar approach as in our previous study on EOT and substance use [32], and divided individuals into quartiles based on EOT scores. Chi square -test was used to assess group differences in categorical variables, and Kruskal Wallis -test was used to assess group differences in BMI. 

3. Results
3.1 Study Population and Correlations Between Variables
Demographic information, characteristics of the study sample, as well as group comparisons between alexithymia groups, are shown in Table 1. 591 (35.6%) participants were overweight, and 278 (16.7%) fulfilled the criteria for gestational diabetes. 46 (2.8%) participants scored high, and 151 (9.1%) moderately high on the alexithymia scale. Education was negatively associated (ρ= -0.085, p=0.001), and age positively associated (ρ=0.06, p=0.016) with BMI. EPDS total scores (ρ =0.01, p=0.62) in gestational week 34, as well as DIF (ρ= -0.003, p=0.88) and DDF (ρ=0.027, p=0.243), were unrelated to BMI in the correlation analyses. Parity was not associated with gestational diabetes (p=0.20) or BMI (p=0.81). TAS-20 total scores showed a weak positive correlation with BMI (ρ=0.058, p=0.01), but the association was entirely explained by the EOT subscale (ρ =0.103, p<0.001). Additionally, EOT had a stronger negative correlation with the level of education (ρ= -0.25, p<0.001) than DIF (ρ= -0.05, p=0.05) and DDF (ρ=0.07, p=0.003).
Group comparisons between participants with gestational diabetes and healthy controls showed that gestational diabetes was associated with higher BMI (24.0 vs. 27.9, p<0.001), as well as higher scores in EOT (18.5 vs. 19.2, p=0.006), but no differences were found in EPDS (4.7 vs. 4.7, p=0.74), DIF (11.6 vs. 11.7, p=0.97), DDF (9.6 vs. 9.6, p=0.93) or TAS-20 total scores (39.6 vs. 40.5, p=0.16). 




[bookmark: _Hlk8376825]Table 1: Demographic information on the total sample, and group differences between alexithymia groups

	
	Low alexithymia (N=1462)
	Moderate alexithymia (N=151)
	High alexithymia (N=46)
	Whole sample (N=1660)
	
p (difference between groups)

	Education
Low
Mid
High
	
4.9%
28.9%
66.1%
	
8.6%
43.0%
48.3%
	
6.4%
48.9%
44.7%
	
5.3%
30.8%
63.9%
	

<0.001 a


	
	Mean (SD)
	
	
	
	

	Age in years
	31.2 (4.3)
	30.2 (4.6)
	30.3 (4.3)
	31.1 (4.4)
	0.02 b 

	BMI
	24.6 (4.7)
	25.0 (5.5)
	26.7 (5.2)
	24.7 (4.8)
	0.006 b 

	EPDS
	4.3 (3.7)
	6.7 (4.3)
	8.8 (5.1)
	4.7 (4.0)
	<0.001 b 

	TAS-20
	37.5 (6.7)
	55.2 (2.5)
	64.7 (4.3)
	39.9 (9.3)
	<0.001 b 

	
	Prevalence (%)
	
	
	
	

	Primiparous
	55.1%
	42.5%
	52.3%
	53.9%
	0.014 a

	Overweight
	34.8%
	34.7%
	66.0%
	35.7%
	<0.001 a 

	Gestational diabetes
	16.6%
	15.9%
	25.5%
	16.7%
	0.26 a 



[bookmark: _Hlk8376810][bookmark: _Hlk8290953][bookmark: _Hlk8302522]Education: Low = High school or lower. Mid = Vocational / upper secondary school degree. High = Applied sciences or university degree. BMI = Body Mass Index. Overweight = BMI ≥25 EPDS = Edinburgh Postnatal Depression Scale. TAS-20 = Alexithymia total score. a = Chi square test,  b = Kruskal Wallis test.



3.2 Regression analyses
The hierarchical regression analyses showed that after controlling for the selected variables (age, education level, and depressive symptoms), TAS-20 total score (β=0.080, p=0.002, R2=0.006) remained a significant predictor for BMI, as did the EOT dimension (β=0.085, p=0.001, R2=0.007). DIF or DDF did not explain any variance in BMI (p>0.1 for both comparisons). Binomial logistic regression, using the same control variables as above, showed that TAS-20 total scores (Exp(B) 1.015, CI95% 1.001-1.030, p=0.041), as well as EOT scores (Exp(B) 1.041, CI95% 1.009-1.073, p=0.011) were also independently associated with gestational diabetes, while DIF and DDF were not (p>0.1 for all comparisons).

3.3 Group comparisons
Individuals meeting the criteria for high alexithymia (TAS-20 total score > 60) had a higher BMI (26.7 vs. 24.7, p=0.001), and a higher prevalence of overweight [(66.0% vs. 34.8%, OR (unadjusted) = 3.6 , OR (adjusted) = 3.6, CI95% 1.9-6.8, p<0.001)] compared to those with low or moderate alexithymia levels. Group difference in the prevalence of gestational diabetes was not significant (25.5% in high alexithymia group, 16.5% in controls, p=0.102). 
[bookmark: _Hlk8306311]To illustrate the relevance of EOT scores for overweight and gestational diabetes, we divided individuals into EOT quartiles. We used quartiles as there is no established cut-off score for high EOT.  Group differences in the prevalence of overweight and gestational diabetes were highly significant (Chi square p<0.001 for overweight and p=0.004 for gestational diabetes). Comparing the highest and lowest quartiles, the adjusted odds ratio for overweight was 1.94 [CI95% 1.43-2.62, p<0.001]; and for gestational diabetes 1.75 [CI95% 1.19-2.58, p=0.005]. (Figure 1).

[bookmark: _Hlk8376778]Figure 1: Prevalence of overweight and gestational diabetes by EOT quartile
[image: F:\EOT obesity submission stuff\submissio j psychosom res  gen hosp psych\use this (2).png]
EOT = Externally Oriented Thinking Style

4. Discussion
[bookmark: _Hlk9248464]Our study explored the relationship of alexithymia, overweight, and gestational diabetes in pregnant women. Individuals with high alexithymia had a higher BMI, and a markedly increased prevalence of overweight, compared to controls with low- or moderate alexithymia levels. We found that the alexithymia dimension of Externally Oriented Thinking accounted for these associations, and additionally, was associated with gestational diabetes. Although the effect sizes were modest, group comparisons imply that high scores in EOT may be a clinically significant trait associating with overweight and gestational diabetes. 
We have previously shown that the individual dimensions of alexithymia have different links to mental health problems. EOT is associated with deficits in emotional processing and regulation but perhaps surprisingly, it does not seem to associate with increased depressive or anxiety symptoms. [31, 46] Our previous results have shown that individuals with high EOT may exhibit less depressive and anxiety symptoms, as compared to alexithymic individuals in general [31]. Due to their pragmatic thinking style and lower tendency for introspection, they may be unaware of the presence of psychiatric symptoms or use suppressive emotion regulation strategies to downregulate them [47]. However, the findings in the present study, as well as previous observations suggest that despite of being unrelated to mood and anxiety symptoms, EOT may still increase the risk for substance use and impaired somatic health [32]. 
Several mechanisms could potentially explain the link between EOT, overweight and gestational diabetes. Alexithymia is reportedly associated with an unhealthier diet, as well as emotional eating [15, 16, 48], which increase the risk for metabolic syndrome and related adverse health outcomes. However, the association could also be explained by shared risk factors and physiological pathways. For example, prenatal and early life stress are associated with impaired HPA-axis development and functioning, as well as chronic inflammation [49-51], both of which are also linked to alexithymia and impaired metabolic health [17-20]. Another enticing possibility is that due to HPA-axis dysregulation, alexithymic individuals may be more prone to hedonic consumption of palatable foods, and other addictive behaviours [21, 52]. Finally, alexithymia has also been linked to a general deficit in interoception [53, 54]. Lower interoceptive abilities could obscure feelings of satiety and increase food intake. Studies investigating more closely the mechanisms behind alexithymia and metabolic health are warranted. 
Our findings are especially interesting because they share parallels with the categorization of mental disorders into internalizing and externalizing problems [55, 56]. High EOT, previously associated with primary psychopathic traits and substance use [32, 57], may be considered an externalizing trait. Whereas high DIF and DDF, associated more clearly with depression and anxiety [31, 58], represents internalizing traits. Therefore, we argue that individuals with high levels of EOT are inclined to regulate challenging emotions by externalizing behaviors such as overeating and substance use, but this remains a topic for future studies to address.
Some limitations should be acknowledged for this study. Firstly, the prevalence of alexithymia is relatively low in our sample of young families expecting babies compared to general population-based samples with wider age ranges and large variance in socioeconomic status. Thus, both the initial enrollment and non-random attrition [36] are likely to contribute to the relatively low frequency of subjects with alexithymia and lower degree of variance in the TAS-20 scores in our study population. Nonetheless, our results imply that the association between alexithymia and metabolic health can be seen even in a relatively healthy and highly educated population. As a second limitation, alexithymia was measured 6 months after the baby was born, whereas BMI and gestational diabetes were measured during pregnancy. However, this is not likely to affect the results, as several studies have concluded that alexithymia, and especially EOT is a relatively stable trait, also during the perinatal period [59-61].
In conclusion, the EOT dimension of alexithymia may be specifically associated with overweight and gestational diabetes in pregnant women. Future studies are warranted to examine the potential effects of alexithymia dimensions on pregnancy outcomes and infant health. Dietary and other weight management interventions for some alexithymic individuals with high EOT may be advisable to prevent adverse health consequences. 
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