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Abstract

Purpose To investigate the combined role of irrational beliefs, anxiety and depression in the 10-year incidence of type 2
diabetes, and the underlying effect of biochemical, and socio-behavioural factors.

Methods Within the context of the ATTICA cohort study (2002-2012), 853 participants without evidence of CVD [453 men
(45 + 13 years) and 400 women (44 + 18 years)] underwent psychological evaluation through the Irrational Beliefs Inventory
(IBI) (range 0-88), the Zung Self-Rating-Depression-Scale (ZDRS) and the State-Trait-Anxiety-Inventory (STAI). Diagnosis
of diabetes at follow-up examination was based on the criteria of the American Diabetes Association (ADA).

Results Mean IBI score was 53 + 10 in men and 51 + 11 in women (p=0.68). Participants with high irrational beliefs who
also had anxiety symptoms had a 93% excess risk of developing diabetes during the 10-year follow-up (Hazard Ratio 1.93;
95%CI 1.34, 2.78) as compared to those without anxiety. Moreover, diabetes risk was 73% higher among individuals with
high levels of irrational beliefs and depression as compared to those where depression was absent (1.73; 1.21, 2.46).
Lower education status, family history of diabetes, hypercholesterolemia, high BMI, as well as tumor necrosis factor and
total antioxidant capacity were revealed as mediating risk factors related to the tested associations.

Conclusion Irrational beliefs among apparently healthy adults trigger depression and anxiety symptomatology, and through
the increased inflammation and oxidative stress profile, were associated with increased diabetes risk. This observation
moves psychological research a step forward in supporting and guiding primary prevention of mental health and metabolic
conditions.
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Introduction

Type 2 diabetes mellitus (T2DM) is a severe and chronic dis-
ease that affects quality of life and significantly contributes
to morbidity and mortality [1-3]. According to the Interna-
tional Diabetes Federation (IDF), 1 in 11 adults aged 20-79
had diabetes in 2015 and by 2040 the number of individuals
Department of Nutrition and Dietetics, School of Health with T2DM is expected to rise to 642 million, worldwide
Zcrl:en;es and Education, Harokopio University, Athens, [4, 5]. Diabetes is a demanding and expensive health condi-
tion without definitive treatment, making primary care the
cornerstone of the global response to the disease prevention
[6,7].
During the past years, data from epidemiological stud-
ies underlined the crucial role of psychological disorders,
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such as depression, stress and anxiety, on several chronic
illnesses. However, what triggers such disorders in rela-
tion to the development of cardio-metabolic diseases is
still a matter of investigation. According to Albert Ellis’s
rational-emotive behavioral therapy (REBT), irrational
beliefs are negative, subjective and extremely unrealistic
cognitive constructs (i.e., perfectionism, catastrophizing,
frustration intolerance, self-, other- and life-downing)
that may generate negative and dysfunctional emo-
tions (like anxiety, depression, anger, etc.) and behav-
ioural consequences (e.g., poor dietary or other lifestyle
choices) under stressful circumstances [8—12]. The cur-
rent literature suggests that psychological disorders are not
direct causes of T2DM, but can cause fluctuations on glu-
cose metabolism, increase body weight and, thus, lead to
T2DM. Moreover, several studies have indicated that emo-
tional disturbances can increase the risk of T2DM through
unhealthy lifestyle behaviours, such as eating habits, phys-
ical inactivity, smoking and alcohol overconsumption [13,
14]. However, the exact pathways by which psychological
disorders play a role in the development of T2DM are not
well studied and understood. It is known that increased
concentrations of pro-inflammatory cytokines contribute
to the pathogenesis of T2DM [15, 16]. Cytokines also
trigger the production of acute-phase reactants such as
C-reactive protein [16]. The early stages of diabetes (pre-
diabetes) are also characterized by an increased synthesis
of pro-inflammatory cytokines and acute-phase proteins
that show a gradual increase as the disease progresses
[16]. Alongside, increased cytokine serum concentrations
activate the hypothalamic—pituitary—adrenal (HPA) axis
and increase oxidative stress in the brain [17, 18]. Moreo-
ver, the etiology of insulin resistance, dyslipidemia, p-cell
dysfunction, impaired glucose tolerance and the subse-
quent development of T2DM has now been associated with
increased oxidative stress [18, 19].

Although the association of anxiety and depression in
T2DM risk has been proposed in previous studies, several
bio-psychosocial mechanisms remain unclear regarding this
association. To the best of our knowledge, no previous study
has assessed the synergistic role of irrational beliefs, as a
pre-cursor of neurotic/depressive symptomatology in the
development of T2DM, by exploring the potential mediat-
ing effect of inflammation and oxidative stress. Therefore,
the present study aimed to evaluate the combined role of
irrational beliefs and specific mental health conditions,
anxiety and depression, in the 10-year incidence of T2DM,
taking into consideration a variety of inflammatory and
oxidation markers, as well socio-behavioural factors. The
research hypothesis was that irrational beliefs trigger emo-
tions through certain inflammatory and oxidative stress
pathways, leading to increased risk of diabetes.
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Methods
Design

The ATTICA study is a population-based, prospective
survey that was carried out in the province of Attica, in
Greece. Briefly, 3042 adults (18-89 years old, 49% men,
73% participation rate) without any clinical evidence of
cardiovascular, other atherosclerotic diseases, or chronic
viral infections, agreed to give blood samples for bio-
chemical and genetic analyses, in addition to the requested
socio-demographic, lifestyle and medical information,
including the psychological evaluation.

Setting

The study was conducted in the greater metropolitan Ath-
ens area (including 78% urban and 22% rural regions) dur-
ing 2001-2002. The participants’ examination was per-
formed using face-to-face interviews, in the individuals’
home or workplace, by trained personnel (cardiologists,
general practitioners, dieticians and nurses, as well as
psychiatrists/psychologists). Two follow-up examinations
(2006 and 2012) were also performed.

Sample

Of the initially enrolled 3042 participants, a subsample
of 853 participants [453 men (45 + 13 years), 400 women
(44 + 18 years)] agreed to participate in the psychological
evaluation and form the working sample of this study. This
subsample is representative of the total study’s sample
since there were no differences in sex and age distribution
between the studied sample and the overall study’s popula-
tion (all p-values > 0.4).

Baseline measurements

Socio-demographic and lifestyle measurements

The sociodemographic and lifestyle characteristics assessed
included age, sex, educational level attained and mean
annual income during the past three years, dietary habits
and level of adherence to the Mediterranean diet, physi-
cal activity status, and smoking habits. Socio-economic
status (SES) was also classified into three groups (tertiles;
low, medium and high) according to the SES categorization
already used, taking into account education level and mean
annual income of the preceding three years [20].
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Current smokers were classified as individuals who
smoked at least one cigarette per day during the previ-
ous year, former smokers were defined as those who had
stopped smoking more than 1 year previously, and the rest
were classified as never smokers.

Dietary habits were assessed using a validated semi-
quantitative food-frequency questionnaire (FFQ), the EPIC-
Greek questionnaire that was provided by the Unit of Nutri-
tion of Athens University Medical School, and according to
which participants recalled and reported average weekly or
daily intake of food items during the past year [21]. Moreo-
ver, a specific diet score, i.e., the MedDietScore, was cal-
culated based on the reported dietary habits and assessed
adherence to the Mediterranean diet for each participant
[22].

The short form of the International Physical Activity
Questionnaire (IPAQ) was used to assess physical activity
status. IPAQ was used as an index of weekly energy expendi-
ture using frequency (times per week), duration (in min-
utes per time) and intensity of sports or other habits related
to physical activity (in expended calories per time) [23].
Participants who did not report any physical activities were
defined as sedentary, while the rest were classified as physi-
cally active.

Biochemical and clinical evaluation

Blood samples were collected from the antecubital vein
between 8 to 10 am, in a sitting position after 12 h of fast-
ing and alcohol abstinence. Blood glucose levels (mg/dL)
were measured with a Beckman Glucose Analyzer (Beck-
man Instruments, Fullerton, CA, USA). Serum insulin con-
centrations were assayed using radioimmunoassay (RIA100,
Pharmacia Co., Erlangen, Germany). Participants with base-
line blood glucose levels > 125 mg/dl or reported previously
diagnosed with T2DM or use of anti-diabetic medication
(n=210), were excluded from the present analysis, because
according to the American Diabetes Association they are
considered as having T2DM [24].

Obesity was defined as Body Mass Index (BMI) greater
than 29.9 kg/m?, according to WHO criteria [25]. Waist
(in cm) and hip (in cm) circumferences were also meas-
ured; and waist-to-hip (WH) and waist-to-height (WHLt)
ratios were calculated. An abnormal WH ratio was consid-
ered > 0.8 for women and > 1 for men, whereas an abnor-
mal WHt ratio was > 0.5 for both sexes. Regarding other
clinical characteristics, arterial blood pressure (3 record-
ings) was measured at the end of the physical examination
with the subject in a sitting position and being at least
30 min at rest. Participants whose average blood pressure
levels were > 140/90 mmHg or were under antihyperten-
sive medication were classified as being hypertensive.
Hypercholesterolemia was defined as total cholesterol

levels > 200 mg/dL or the use of lipids lowering agents.
The intra and inter-assay coefficients of variation of cho-
lesterol levels did not exceed 9%. The metabolic syndrome
was defined according to ATP III criteria [26]. Further-
more, inflammatory markers (that is, C-reactive protein
(CRP), serum amyloid-A (SAA), human tumor necrosis
factor-alpha (TNF-), fibrinogen, interleukin-6 (IL-6)) and oxi-
dative stress markers (serum total antioxidant capacity
(TAC) and plasma oxidized LDL-cholesterol (ox-LDL))
were also measured in our institution’s laboratory follow-
ing established procedures, by a BNII Dade Behring auto-
matic nephelometry.

Psychological evaluation

Irrational beliefs were assessed at baseline using the Irra-
tional Beliefs Inventory (IBI), a brief self-report measure
based on the work of Ellis [27]. The inventory consists
of 11 statements, each reflecting one irrational belief,
including, worrying, rigidity, need for approval, problem
avoidance, and emotional irresponsibility [28]. Each item
is followed by a 9-point bipolar scale ranging from disa-
gree to agree. The scales are summed to yield a total score
ranging from O to 88 (the higher score the greater severity
of irrational beliefs). The IBI was developed as an instru-
ment to assess the association between endorsement of
irrational beliefs and various aspects of maladaptive emo-
tion and behaviour that have been developed within Ellis’s
theoretical and applied model that views irrational beliefs
as maladaptive [27]. For this study, the IBI score was also
divided into 3 categories with the 1st tertile corresponding
to the lowest IBI scores (<48, i.e., less irrational beliefs/
thoughts), the 2nd to the moderate IBI scores (48-56) and
the 3™ to the highest IBI scores (> 56, i.e., frequent irra-
tional beliefs/thoughts). Depressive symptomatology was
assessed using the validated Greek translation of the Zung
Self-Rating Depression Scale (ZDRS). The time window
was the preceding 4-week period before the administra-
tion. The ZDRS total score range is 20—80; with higher
values indicating more severe depression symptoms [29].
Based on the validated ZDRS cut-off score for the Greek
population, we applied a cut-off score of 45 to dichotomize
the study cohort to participants with and without clinically
relevant depressive symptomatology [30]. Anxiety levels
were assessed using the validated Greek translation of the
State Anxiety subscale of the Spielberger State-Trait Anxi-
ety Inventory (STAI) [31]. The total score of the 20-item
STAI ranges from 20 to 80 with higher score values being
indicative of more severe anxiety symptoms [29]. In the
context of this study, the STAI score was used as a con-
tinuous variable, since cut-off scores for the adult Greek
population require further validation [31].
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10-year follow-up examination

The 10-year follow-up was performed during 2011-2012.
Of the initially enrolled 3,042 participants at baseline,
2,583 participated at follow-up examination (85% partici-
pation rate; of those lost to follow-up, n =224 could not be
traced due to missing contact information and n =235 denied
participating). After also excluding participants diagnosed
with T2DM at baseline (n=210), and those who did not
attend the psychological examination (n=1,528), the work-
ing sample consisted of n =845 participants. Diagnosis of
T2DM at follow-up examination was based on the criteria of
the American Diabetes Association mentioned above [24].
No differences in the baseline characteristics of the partici-
pants (age, sex, years of education, family history of dia-
betes, physical activity status, hypercholesterolemia, BMI,
abnormal waist-to-hip and waist-to-height ratios and energy
intake) were observed between those for whom information
about their 10-year status was available compared to those
that it was not (all p-values > 0.05). However, some differ-
ences were found regarding prevalence of hypertension (lost
vs. participated to follow-up: 30% vs. 26%, p=0.036), smok-
ing habits (58% vs. 54%, p=0.028), as well as fasting glu-
cose levels (88 +12 vs. 80+ 13 mg/dL, p=0.005) and fast-
ing insulin levels (12+3.0 vs. 13+3.4 pU/mL, p=0.014).

Study size, power analysis

Power analysis showed that the number of participants in
the working dataset was adequate to evaluate two-sided
differences between subgroups of the study and the inves-
tigated parameters greater than 20%, achieving statistical
power > 0.80 at < 0.05 probability level (p-value).

Statistical methods

Incidence (and the corresponding 95% confidence interval)
of diabetes was calculated as the ratio of new cases to the
number of people participated, free of diabetes at baseline,
who participated in the follow-up. Continuous variables are
presented as mean values + standard deviation and categori-
cal variables as frequencies. Associations between categori-
cal variables were tested using the chi-squared test. Com-
parisons of mean values of normally distributed variables
between those who developed diabetes and those who did
not were performed using a Student’s t-test, after controlling
for equality of variances using Levene’s test. For continuous
variables that were not normally distributed (i.e., years of
school education) the Mann—Whitney non-parametric test
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was applied to evaluate the differences in the distributions of
the skewed variables. Continuous variables were tested for
normality through P-P plots. Associations between normally
distributed variables and IBI tertiles were evaluated through
a one-way analysis of variance, while for the non-normally-
distributed variables, the Kruskal-Wallis test was used. Asso-
ciations between categorical variables and IBI tertiles were
tested with chi-squared tests. Since the exact time to event
(i.e., development of diabetes) was not known, the relative
risk of developing the disease during the 10-year follow-up
period was estimated using the odds ratios (OR) and their
corresponding 95% confidence intervals (Cls) through logis-
tic regression analysis. Interactions between sex and other
covariates were tested in all steps, and when significant,
they remained in the final model. Hosmer—Lemeshow test
was applied to evaluate the models’ goodness-of-fit. The
—2loglikelihood ratio of the initial vs. the final model was
also calculated to evaluate models’ performance. All known
confounders were included in the models, after testing for
collinearity. Sobel’s test was used to evaluate a potential
mediation effect of a covariate entered in the model. Path
analysis using Structural Equation Modeling (SEM), was also
performed in order to explore the paths by which IBI score
affects T2DM risk. Specifically, two SEM were estimated
in order to examine the theoretical research model, i.e., the
direct or the mediating effect of IBI on CVD risk, through
the effect of socio-demographic, biochemical and clinical
factors. Results of path analysis are presented as regression
coefficients; compact lines represent a direct effect, whereas
dotted lines an indirect effect. STATA software, version 16
(TStat S.r.l. 67,039 Sulmona AQ, Italy) was used for all sta-
tistical analyses.

Results
Baseline characteristics and irrational beliefs

Mean IBI score was 53+10 for men and 51+11 for women
(p=0.68); mean STAI score was 40+11 for men and
40412 for women (p=0.79) and mean ZDRS score was
37+7 for men and 33+7 for women (p <0.001). To explore
the profile of participants according to their classification
on the IBI scale an exploratory analysis was performed.
As it can be seen in Table 1, people in the highest tertile
were, older, more likely to be smokers, married, less edu-
cated, as they reported fewer school years and, they had
lower annual income (p <0.001). Also, those with a high
level of irrational beliefs had higher BMI and prevalence
of obesity (p <0.001), medical history of hypercholester-
olemia, (p =0.004) and family history of diabetes (p =0.05).
No associations between irrational beliefs status of the
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participants and sex, sedentary lifestyle and history of hyper-
tension were observed (all p-values > 0.10) (Table 1).

10-year incidence of T2DM

During 2002-2012, the age-adjusted 10-year incidence of
diabetes was n=191 cases (12.9%, 95%CI: 10.4, 15.4), or
12.900 / 100.000 participants; of them, n=97 (incidence:
13.4%, 95%CI: 10.8%, 16.0%) were men and n=94 (inci-
dence: 12.4%, 95%CI: 10.1%, 14.7%) were women (p for sex
differences = 0.89); the men-to-women incidence ratio was
approximately 1-to-1, across all age groups.

Then, the analysis was focused on those who developed
diabetes during the past 10-years. It was revealed that partic-
ipants who developed T2DM had 11.8% higher baseline IBI
score as compared to those who did not develop (i.e., 57 vs.
51/80) (Table 2). Moreover, people who developed T2DM,
were older, reported lower adherence to the Mediterranean
diet at the baseline evaluation and had lower education level
(all p-values < 0.05). Regarding anthropometric character-
istics, participants who developed diabetes had higher BMI
and waist circumference values, as well as abnormal WH
and WHLt ratios (all p-values < 0.001); additionally, they
were more likely to be predisposed to diabetes due to family
status, they had a medical history of hypertension and hyper-
cholesterolemia, as well as higher fasting glucose, insulin,
and triglycerides levels (all p-values <0.001 ), increased lev-
els of C-reactive protein (p =0.009), TNF-alpha (p =0.08)
and fibrinogen (p <0.001) at baseline (Table 2).

Participants who developed T2DM during the 10-year
follow-up had an 11.8% higher IBI score at baseline exami-
nation as compared to those who did not develop (i.e., 57 vs.
51/80, p<0.001). Moreover, the 10-year incidence of T2DM
was 5% among those in the lowest IBI tertile, as compared
to 7.8% among those in the middle and 7.5% among those
in the highest tertile (p for trend <0.001). Further analysis
revealed that participants with high IBI score (i.e., above
median value, 52) had a 12% higher risk of developing dia-
betes during the 10-year follow-up compared to those with
IBI score below the median (OR, 95%CI, 1.12; 1.03, 1.28),
after adjusting for age, sex, medical history of hypertension,
hypercholesterolemia, BMI, MedDietScore, smoking habits,
physical activity status and family history of diabetes.

Irrational beliefs, depression and anxiety in relation
to diabetes incidence

A highly significant interaction was observed between IBI
and STALI, as well as IBI and ZDRS on the risk of develop-
ing T2DM (p’s <0.001). Thus, to evaluate the main goal
of this study, i.e., the role of irrational beliefs in relation to
anxiety and depression on the 10-year risk of T2DM, a latent
variable (high-IBI-high/low-STAI) was created classifying

participants with a high IBI score (i.e., above median value,
52, which is 50% of the participants) and high STAI score
(> 40, median) in one group, and those with high IBI score
but low STAI score into another. Similarly, a latent variable
(high-IBI-high/low-ZDRS) was created classifying partici-
pants with high IBI and high ZDRS (> 34, median) into
one group and those with high IBI and low ZDRS into the
other. It was observed that the 66% of participants who had
a high IBI score (i.e., above the median value, 52) also had a
high STAI score (> 40, median) (68% men vs. 64% women,
p=0.08). Similarly, the 65% of individuals with a high IBI
score also had a high ZDRS score (>34, median) (68% men
vs. 62% women, p=0.01).

Unadjusted data analysis revealed that participants with
high irrational beliefs, who also had anxiety symptoms, had
a 93% higher risk of developing T2DM during the 10-year
follow-up as compared to those with high levels of
irrational beliefs but without anxiety symptomatology (OR,
95%CI, 1.93; 1.34, 2.78); i.e., an excess 81% risk as com-
pared to the irrational beliefs effect alone, as reported above.
Similarly, participants with a high irrational belief score who
also reported depression symptoms, showed a 73% higher
T2DM risk, compared to those who did not have depression
symptoms (OR, 95%CI, 1.73; 1.21, 2.46) i.e., 61% excess
risk as compared to the irrational beliefs effect alone.

To further explore the associations between participants’
characteristics and the 10-year incidence of diabetes in peo-
ple who succumbed to anxiety and depression symptomatol-
ogy because of irrational beliefs, we conducted additional
analyses (Table 3). The 10-year incidence of T2DM was
15.1% among those who were classified as high-IBI-high-
STAI 6.4% among those who were high-IBI-low-STAI
(»<0.001), as well as 15.2% among those who were clas-
sified as high-IBI-high-ZDRS, and 6.8% among those who
were high-IBI-low-ZDRS (p <0.001). Moreover, partici-
pants who had anxiety and depression in addition to the
irrational beliefs were mostly women (p =0.08 and p=0.01,
respectively), older, less educated, less physically active and
smokers compared to the participants with high irrational
beliefs but without serious anxiety and depressive symp-
tomatology (all p-values <0.001). They also had a higher
BMI, waist circumference and abnormal WHR ratio, as
well as high triglyceride and hypertension levels (all p-val-
ues < 0.05). Regarding biochemical markers, high-IBI-high-
STAI or high-IBI-high-ZDRS participants had higher levels
of CRP, ox-LDL and fibrinogen as compared to those with
high irrational beliefs but without serious symptoms of anxi-
ety and depression (all p-values < 0.05) (Table 3).

As already reported, crude analysis revealed a positive
association between high-IBI-high-STAI score and risk
of developing T2DM during the 10-year follow-up. How-
ever, residual confounding may exist, especially when
several associations between high-IBI-high-STAI score or
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high-IBI-high-ZDRS score and age, social, behavioural and
biochemical factors were already observed. After adjustment
for sex, age, educational and smoking status, participants
with high-IBI-high-STAI had a 4.11 times higher likelihood
of diabetes as compared to those with high-IBI-low-STAI
(95%CI 1.13, 14.97) (Table 4, Model 2). It is notable that
when educational status, mainly, and smoking habits, were
taken into account in Model 2 the effect of high-IBI-high-
STAI on 10-year T2DM incidence substantially increased
as compared to the previous Model 1 (Table 4) (Sobel’s
test for mediation p-value =0.01). The association between
high-IBI-high-STAI remained significant even when adjust-
ing for BMI, physical activity (Model 3, Table 4); and Med-
DietScore (Model 4, Table 4), but lost its significance when
medical history, and, particularly, family history of diabetes
were entered in Model 5 (suggesting a strong mediation
effect of the genetic predisposition) (Sobel’s test p-value
p<0.001).

Regarding irrational beliefs and depression, after adjust-
ment for sex and age, depression-related-to-irrational beliefs
were significantly associated with the 10-year incidence of
diabetes (Model 1, Table 5). Specifically, participants with
high IBI and high ZDRS score had a 1.51 times
higher likelihood of developing T2DM during the 10-year
follow-up as compared to participants who had high irra-
tional beliefs but low levels of depression (95%CI 1.05,
2.18). Similar to the previous analyses, the later association
remained significant even when adjusting for education, and
smoking status, and slightly lost its significance when BMI,
physical activity status, and Mediterranean diet adherence
were taken into account (Models 2 and 3, Table 5). The
impact of irrational beliefs and depression became insignifi-
cant when participants’ medical history, as well as family
history of diabetes were entered in Model 5 (Sobel’s test
p-value p=0.03).

Biochemical markers in relation to irrational beliefs
- diabetes association

To further explore the potential mediating effect of inflam-
matory and oxidative stress markers on the associations
between irrational beliefs, anxiety, depression and T2DM
risk, we evaluated additional nested models by intro-
ducing each of the investigating biomarkers in the final
Model 5 reported in Tables 4 and 5. It was observed that
when TNF-a and total antioxidant capacity were entered in
Model 5 (Table 4) that evaluated anxiety-related-to-irrational
beliefs, a significant mediation occurred in the effect on the
10-year incidence of T2DM (OR 3.10, 95%CI 0.60, 15.94,
Sobel’s test p-value p<0.001 and OR 14.72, 95%CI 1.06,
203, Sobel’s test p-value p <0.001, respectively). Figure 1
illustrates a path-model, that highlights the direct and indi-
rect effect of high-IBI-high-STAI on the risk of developing
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T2DM (data represent beta-coefficients and p-values derived
from the logistic regression models).

It was also observed that when TNF-a was entered in
Model 5 (Table 5), a significant mediation occurred in
the effect of depression related to irrational beliefs on the
10-year incidence of diabetes (OR 2.27, 95%CI 0.91, 5.68,
Sobel’s test p-value p=0.03). Figure 2 illustrates a path-
model that demonstrates a direct and indirect effect of high-
IBI-high-ZDRS on the risk of developing T2DM (data repre-
sent beta-coefficients and p-values derived from the logistic
regression models).

Discussion

In the present work, we evaluated the synergistic role of
irrational beliefs, anxiety and depression over a 10-year inci-
dence of T2DM. It was revealed that people who exhibit
higher levels of irrational beliefs experience a higher 10-year
risk of developing T2DM. Moreover, individuals who
experience irrational beliefs synergistically with anxiety or
depression experience excess risk of T2DM, which seems to
be mediated by inflammation and oxidation markers levels.
Despite the limitations of this work due to its observational
(and not experimental) nature, it conveys important public
health messages, since it strongly suggests, for the first time
in the literature, the synergistic role of irrational beliefs,
anxiety and depression in the development of T2DM and
the underlying effect of particular inflammatory and oxida-
tive stress markers, as well as socio-behavioural factors, like
education level and dietary habits.

The inverse association between educational or socio-
economic status and T2DM has been reported in several
studies. Although the causal mechanism between education
and diabetes is unclear, limited education may contribute
to diabetes development through complex processes includ-
ing mediating risk factors, such as psychological attributes
(stress, anxiety, depression, personality traits, unsuccess-
ful coping strategies, etc.), lifestyle behaviours (smoking,
physical inactivity, malnutrition, obesity, etc.), biochemi-
cal and clinical complications, as well as access and quality
of healthcare services and information [32, 33]. Education
level appears to assist individuals to generalize informa-
tion into practical behaviours in order to prevent or man-
age chronic diseases more effectively and promote healthy
behaviours (health literacy) [34, 35]. In contrast, low SES
populations are subject to high levels of chronic stress that
are likely to increase the risk of generalized anxiety, depres-
sion, unhealthy behaviours and coping strategies, even dia-
betes due to financial pressure, job insecurity, stigma and
low income [33]. In accordance, the present study revealed
that educational status was lower among individuals in
the highest tertile of irrational beliefs, in participants with
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high levels of irrational beliefs and anxiety or depression
symptoms and those who developed diabetes mellitus over
a 10-year follow-up period. Moreover, educational status
was a mediating factor in the relationship between par-
ticipants who were classified as high-IBI-high-anxiety or
-depression and a 10-year diabetes risk. Low educational
status may coexist with irrational beliefs among individu-
als who have less opportunities to understand public health
messages resulting in negative emotional problems, such as
chronic stress, anxiety, depression and behavioural reactions
(poor eating habits, heavy smoking and physical inactivity).
This finding was consistent with previous studies showing a
strong association between irrational beliefs and socioeco-
nomically disadvantaged classes, as well as low socioeco-
nomic status with adverse health outcomes, such as diabetes
mellitus [36-38]. Actually, chronic stress associated with
socioeconomic distress, can simultaneously affect lifestyle
factors that can adversely influence inflammatory activity
and oxidative stress [32]. In addition, chronic inflammation
is considered a mediator of the association between socio-
economic adversity and type 2 diabetes association [34].

The relationship between anxiety and depression with
inflammation and oxidative stress has been investigated
in several studies, although the direction of this relation-
ship remains unclear. The pathophysiology of depression is
related to the inflammatory process due to microglial acti-
vation, increased cytokine release and oxidative stress [39,
40]. Additionally, psychological stress, and particularly emo-
tional states of anxiety, fear and insecurity, affect hemostatic
functions and trigger coagulation and fibrinolysis systems
[41]. Elevated plasma homocysteine and interleukin-6 have
also been associated with psychological stress, indicating
another potential mechanism between anxiety and diabetes
[41].

Although researchers examining psychological con-
structs are familiar with the perspective of psychological
modulation of cellular immunity [12], little is known about
the role of irrational beliefs in cytokines and oxidative
stress and whether together they can predict T2DM. It is
possible that irrational beliefs may not merely be a causal
factor of emotional disturbances such as anxiety and
depression, but also of biochemical reactions and clinical
complications as in type 2 diabetes [12]. Such a hypothesis
is generally supported by studies providing evidence that
irrational beliefs increase the likelihood of experiencing
negative feelings and physiological changes that predis-
pose individuals to poor physical health [12]. The self-
efficacy theory developed by Bandura (1977) and the mal-
adaptive perfectionism construct may provide additional
insight into the biopsychosocial aspects of the disease
process. Self-efficacy is described as the belief in one’s
capacity to act in such a way as to manage prospective
situations [42]. People generally avoid health behaviours

and activities when they do not feel confident to handle
them [42]. Thus, these negative beliefs-expectations affect
the thought cycle and emotions. Studies have shown that
the perceived inefficacy transforms activities into stress-
ors, resulting in the initiation of biochemical processes
involving hormonal secretions, increased catecholamine
secretion and weaknesses in the immune system [42].
Maladaptive perfectionism is considered an irrational,
self-defeating belief combining excessively high personal
performance standards and extremely critical self-evalua-
tion, associated with a decline in preventive health behav-
iours, psychological distress, biochemical reactions e.g.,
high cortisol response and physical problems possibly via
stress reactivity and health-risk behaviours [43-45].

Previous studies have shown that people who experi-
ence dysfunctional thoughts have higher plasma levels of
C-reactive protein, interleukin-6, TNF-a and white blood
cells than those with lower dysfunctional thinking [12]. Our
findings are consistent with the aforementioned literature.
Specifically, we found that participants with high irrational
beliefs who also had anxiety or depression had augmented
fibrinogen, CRP, TNF-a and LDL-C levels. Moreover, TNF-a
and total antioxidant capacity showed to be strong mediating
factors of the relationship between high-IBI-high-STAI or
-ZDRS with type 2 diabetes incidence.

Bringing it all together, the combined impact of irra-
tional beliefs system, anxiety and depression as well as cer-
tain socio-economic, and lifestyle indicators may promote
an inflammatory state, oxidative stress and insulin resist-
ance [12]. Behavioural factors like diet, physical activity
and smoking are also linked to biochemical consequences.
Eating habits away from a typical Mediterranean diet and
high in saturated fat, for example, can promote both acute
upregulation of pro-inflammatory biomarkers, such as IL-6
and sustained low-grade systemic inflammation and raised
BMLI, visceral fat mass and hypercholesterolemia [12, 46].
People with a sedentary lifestyle have higher concentrations
of circulating pro-inflammatory mediators [12]. Smoking
is also linked to insulin resistance, low-grade inflammation
and increased oxidative stress [41]. Mechanisms involved
include the abnormal activity of the sympathetic nervous
system and secretion of catecholamines resulting in high
cortisol levels and contributing to hyperglycemia as well as
the hypothalamic—pituitary—adrenal axis activation which
results in changes in inflammation [12]. Inflammation affects
insulin receptor signaling, increases f-cell apoptosis and
inflammatory markers and is associated with oxidative stress
and future diabetes risk [46]. Even though our findings do
not result in the mediating effect of specific lifestyle factors
such as diet, smoking and physical inactivity in the tested
relationships, they are associated with irrational beliefs and
type 2 diabetes independently and potentially through the
mediating effect of BMI.
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Limitations

We are aware that our research has some limitations. Calcula-
tion of person-time and incidence rates were not feasible to be
performed because the exact date of diabetes development was
not available. The date of its diagnosis was included instead.
As for diabetes determinants, relative risks were estimated
by odds ratios through multiple logistic regression analysis,
which may overestimate the actual relative risk. However, it
is known that for low-prevalence diseases, the odds ratio is
an accurate estimate of the relative risk. Another issue is that
associations with disease incidence were based entirely on
baseline information, but many lifestyle factors such as phys-
ical activity, and smoking status may have changed during
the 10-year follow-up period. The working sample is likely
to be a limitation of the current work although no differ-
ences were observed regarding age, sex distribution and SES
level between those in the psychological evaluation and the
remaining ATTICA study participants. The few significant,
but meaningless differences observed regarding the baseline
characteristics between those who participated in the 10-year
follow-up and those who agreed to participate in the psycho-
logical evaluation may be considered a reporting bias. Finally,
we did not control for genetic causal factors apart from family
history of diabetes.

Conclusion

We consider our work the first step towards enhancing
our understanding of how irrational beliefs synergistically
with mental health problems can predict T2DM, through
biochemical, social, and behavioural mechanisms. Our
approach may be useful for guiding clinicians to detect high-
risk individuals and target maladaptive thoughts in order
to guide primary prevention before the potential onset of
mental health problems that along with biochemical abnor-
malities could contribute to diabetes development. We may

even suggest the implementation of intervention programs
aimed at modifying irrational beliefs and lifestyle behav-
iours that undermine health. However, the findings need
to be interpreted with caution as further observational and
experimental studies are needed.
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Appendix

Table 1 Baseline
sociodemographic, lifestyle and

Overall sample  IBI tertiles

clinical characteristics of the 1 ond 31 p

ATTICA study participants, (Low) (Moderate)  (High)

according to IBI tertiles

(n=845) Age, years 39+11 40+10 41+10 47+8 0.001
Male sex, % 52 47 52 55 0.17
Years of school 13+3 14+2.5 13+3 11+3 <0.001
Current smoking, % 41 36 47 47 <0.001
Sedentary life, % 54 51 59 52 0.12
Obesity, % 48 47 54 55 <0.001
Body Mass Index (kg/m?) 25+4 25+4 26+4 27+4 <0.001
MedDietScore (0-55) 27.5+8 27+9 25.6+7 27+9 <0.001
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Table 1 (Continued) Overall sample  IBI tertiles
I 2™ 3t p
(Low) (Moderate)  (High)
Family history of diabetes, %yes 25 22 30 27 0.05
Hypertension, %yes 24 23 26 23 0.28
Hypercholesterolemia, %yes 31 27 33 34 0.004
C-reactive protein (mg/L) 2+2.8 2.1+£2.8 2.1+£25 1.7+3.7 0.002
Interleukin 6 (IL-6) (pg/ml) 1.3+0.3 14+0.3 1.3+0.3 1.1+0.4 <0.001
TNF-alpha (pg/ml) 6.1+3 6.6+2.4 63+34 5+2.6 0.13
Total antioxidant capacity (pmol/L) 237+40 250+55 233+29 229+38 <0.001
Oxidised LDL—C (mg/dl) 63 +33 72+36 6031 54+30 0.10
Fibrinogen (mg/dl) 30472 31372 308+78 275452 0.55
ZDRS (0-80) * 35+7 33+6 367 38+6 <0.001
STAI (0-80) ° 4012 3510 4111 45+12 <0.001

Table 2 Baseline characteristics

of the ATTICA study’s

participants according to the
10-year diabetes incidence

(n=845)

Data are presented as mean =+ standard deviation (SD) (i.e., mean (SD)). P-values were obtained using One-
way analysis of variance for independent samples for the normally distributed variables, Kruskal-Wallis
Test for the rest quantitative variables and chi squared test for categorical variables;

2 Zung self-rating Depression Scale; ® Spielberger State-Trait anxiety Inventory

Status at 10-year follow — up

Socio-demographic characteristics Without diabetes With diabetes p

Age, years 44+13 53+11 <0.001
Male sex, % 49 51 0.57
Education status, %Low 6 18.5 <0.001
Lifestyle characteristics

Current smokers, % 54 52 0.62
Physically active, % 43 38 0.25
MedDietScore (0-55) 28+8 24+ 10 0.01
Medical history and biomarkers

Fasting glucose, mg/dL 88+12 95+14 <0.001
Insulin levels (pU/ml) 12+1.2 12.6+1.6 <0.001
Triglycerides (mg/dl) 91+55 120+32 <0.001
Hypertension, % 27 46 <0.001
Hypercholesterolemia, % 37 56 <0.001
Family history of diabetes, % 20 36 <0.001
Body mass index, kg/m? 26+4 29+5 <0.001
Waist circumference, cm 88+ 14 98+ 16 <0.001
Abnormal WHR ratio, % 34 59 <0.001
C-reactive protein (mg/L) 2+2.8 25+2 0.009
Interleukin 6 (IL-6) (pg/ml) 1.3+0.3 1.5+0.2 <0.001
TNF-alpha (pg/ml) 6+3 6.8+1.5 0.08
Total antioxidant capacity (pmol/L) 238 +42 229+ 14 0.84
Oxidized LDL—C (mg/dl) 63+34 68+32 0.78
Fibrinogen (mg/dl) 304+73 309+60 0.001
Mental health conditions

IBI (22 - 88) S51+11 57+9 0.001
ZDRS (0-80) 3547 38+10 0.68
STAI (0-80) 39+12 44+8 <0.001
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Table 3 Characteristics of participants with high IBI score (>52), who also had anxiety symptoms (i.e., STAI>40) or depression (ZDRS > 34)
(n=845)

Baseline characteristics Irrational beliefs & anxiety Irrational beliefs & depression

Participants with Participants with ~ p Participants with Participants with )/

high-IBI-low-STAI  high-IBI-high- high-IBI-low- high-IBI-high-

STAI ZDRS ZDRS

Age, years 40+10 45+13 <0.001 42+11 44+13 <0.001
Male sex, % 522 474 0.08 534 46.8 0.01
Years of school 16+4 10+2.7 <0.001 15+1 10+3 <0.001
Lifestyle
Current smokers, % 35.8 43.3 0.006 35 43.8 0.001
Physically active, % 46.8 39.6 0.009 48 39 0.001
MedDietScore (0-55) 28+6 23+7 <0.001 27+6 23+7 <0.001
Medical history
Fasting glucose, mg/dL 89+12 90+12 0.78 90+12 89+12 0.23
Insulin levels (pU/ml) 125+1.6 13+4 0.001 12.8+2.5 129+4 0.57
Triglycerides (mg/dl) 106 +63 118 +£85 0.004 106+ 64 11784 0.01
Hypertension, % 244 32.7 0.002 26 32 0.02
Hypercholesterolemia, % 35.8 40.3 0.10 36 40 0.11
Family history of diabetes, % 24.6 21 0.13 23 21.7 0.55
Body mass index, kg/m? 25+4 27+4 <0.001 25.2+4 26.7+4 <0.001
Waist circumference, cm 87+15 90+ 14 <0.001 87.6+15 90+ 14 0.004
Abnormal WHR ratio 28.8 413 <0.001 29.7 40.6 <0.001
C-reactive protein (mg/L) 1.6+2.2 1.9+2.4 0.005 1.6+2.2 2+2.5 0.008
Interleukin 6 (IL-6) (pg/ml) 1.3+0.5 14+04 0.007 1.4+0.5 1.4+0.5 0.14
TNF-alpha (pg/ml) 59+4 6.4+4.5 0.06 6+4 6.3+4.5 0.28
Total antioxidant capacity (umol/L) 249453 226 +34 <0.001 242+51 228 +35 0.01
Oxidised LDL—C (mg/dl) 57+26 63+28 0.003 58+25 6329 0.01
Fibrinogen (mg/dl) 295 +62 313+69 <0.001 299+62 31070 0.006

Table 4 Results from nested, multi-adjusted models that evaluated the association between irrational beliefs and anxiety with the 10-year inci-
dence of diabetes (results are presented as Hazard Ratios and 95% confidence intervals)

Model 1 Model 2 Model 3 Model 4 Model 5
IBI & STAI
High-IBI-high-STAI vs 1.93* 4.11* 4.18% 4.06* 3.49
High-1BI-low-STAI (1.34,2.78) (1.13, 14.97) (1.04, 16.75) (1.05, 16.44) (0.67, 18.12)
Education status (medium vs. low tertile) 0.53* 0.57 * 0.57* 0.68
(0.35,0.79) (0.38, 0.85) (0.38, 0.86) 0.43,1.07)
Current smoking (Y/N) 0.93 0.94 0.94 1.01
(0.66, 1.31) (0.66, 1.33) (0.66, 1.33) (0.68, 1.49)
Body Mass Index (per 1 kg/m?) 1.15% 1.15* 1.15%
(1.10, 1.19) (1.11, 1.20) (1.10, 1.20)
Physical activity (Y/N) 0.92 0.92 0.90
(0.65, 1.29) (0.65, 1.29) (0.61, 1.33)
MedDietScore (per 1 unit) 1.01 1.01
(0.98, 1.04) (0.97, 1.04)
Hypertension (Y/N) 1.34
(0.91, 1.96)
Hypercholesterolemia (Y/N) 1.68%*
(1.16,2.43)

All models are age and sex adjusted
*p-values < 0.05
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Table 5 Results from nested, multi-adjusted models that evaluated the association between irrational beliefs and depression with the 10-year
incidence of diabetes (results are presented as Hazard Ratios and 95% confidence intervals)

Model 1 Model 2 Model 3 Model 4 Model 5
IBI & ZDRS
High-IBI-high-ZDS vs 1.51* 2.16* 1.85 1.87 1.69
High-IBI-low-ZDS (1.05, 2.18) (1.06, 4.41) (0.87,3.94) (0.88, 3.97) (0.69, 4.12)
Education status (medium vs. low tertile) 0.58%* 0.61%* 0.61% 0.71
(0.38,0.87) (0.40, 0.92) (0.40, 0.93) (0.45, 1.13)
Current smoking (Y/N) 0.93 0.95 0.95 1.02
(0.66, 1.31) (0.67, 1.34) (0.67, 1.35) (0.69, 1.51)
Body Mass Index (per 1 kg/m?) 1.15% 1.15% 1.15%
(1.10, 1.19) (1.11, 1.20) (1.10, 1.20
Physical activity (Y/N) 0.93 0.93 0.92
(0.66, 1.32) (0.66, 1.31) (0.62, 1.35)
MedDietScore (per 1 unit) 1.01 1.01
(0.98, 1.04) (0.98, 1.04)
Hypertension (Y/N) 1.32
(0.90, 1.93)
Hypercholesterolemia (Y/N) 1.64*
(1.13,2.37)
Family history of diabetes (Y/N) 2.41%*
(1.61, 3.60)
All models are age and sex adjusted
*p-values < 0.05
Fibrinogen
Hypertension (mg/dl)
. C-reactive protein (mg/L
Hypercholesterolemia / i (mot)
Body Mass Index w049, <00 Interleukin 6
Years A (IL-6) (pg/ml)
of school +.43, a—
<0.001 7 A 2
| Irrational Beliefs +0.59, <0.001 Development of
& Anxiety Diabetes Mellitus
—| Age Famll_y history gy TNF-alpha +49,
of diabetes (pg/ml) 0.04
+.58, 0.02
I Ay
Smoking \ Oxidised LDL-C
| Male (mg/dl)
sex Physical Activity |¢———— +0.52, 0.03
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MedDietScore [¢— capacity (umol/L)

Fig.1 A path-model, that illustrates the direct and indirect effect of increased irrational beliefs and anxiety symptoms on the risk of developing
diabetes (data presented as beta-coefficients and p-values and derived from the logistic regression models)
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Fig.2 A path-model, that illustrates the direct and indirect effect of increased irrational beliefs and depressive symptoms on the risk of develop-
ing diabetes (data presented as beta-coefficients and p-values and derived from the logistic regression models)
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