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LIST OF ABBREVIATIONS

ACE Angiotensin-converting enzyme
ARB Angiotensin II receptor blocker
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BMI Body mass index
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BSA Body surface area
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Cv Cardiovascular
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MRI Magnetic resonance imaging
OR Odds ratio

PTP Pretest probability

RCA Right coronary artery

SBP Systolic blood pressure

SIS Segment involvement score
SSS Segment stenosis score
TEMPS-A

Temperament Evaluation of Memphis, Pisa, Paris and San Diego

Autoquestionnaire



DOI:10.14753/SE.2023.2788

1. INTRODUCTION

A virtual revolution in empirical studies in the field of temperaments took place in the
previous decades and I had the privilege of taking an active part in this process at the
dawn of my university studies. The notion that affective temperaments may carry
significance in cardiovascular (CV) disease dates back to 2016 when Nemcsik et al.
documented the positive correlation of hyperthymic scores and the serum level of brain-
derived neurotrophic factor (BDNF), a documented vasculoprotective agent in chronic
hypertensive patients (1). Subsequently, hyperthymic temperament was identified as an
independent predictor of a reliable indicator of arterial stiffness, augmentation index (2).
My student research years coincided with the time of this dynamic expansion of what we
know about the cardiovascular implications of temperaments, and given that my research
activity predominantly revolved around the psychosomatic aspects of cardiovascular
diseases, my attention was drawn to this field. Relying on these promising initial results,
we aspired to establish if affective temperaments carry CV implications on the level of

end-organ damage, as well, in a series of investigations that lasted from 2016 to 2020.

1.1. THEORETICAL UNDERPINNINGS OF AFFECTIVE TEMPERAMENTS

While personality is the product of complex lifelong interactions among genetic,
biological and environmental factors, affective temperament is considered the inherited
biological core of personality traits (3). Akiskal introduced the theoretical framework of
affective temperaments based on the combination of abstract temperamental models and
clinical observations of affective disorder patients. His primary goal was to characterize
subjects with regards to cognitive, social-behavioral and psychomotor traits and to
delineate the relation of temperaments and the manifestation and course trajectories of
affective illness (4). Affective temperaments comprise of five distinct dimensions:
cyclothymic, hyperthymic, irritable, anxious and depressive. The 110 self-reported items
of the Temperament Evaluation of Memphis, Pisa, Paris and San Diego
Autoquestionnaire (TEMPS-A) were formulated to quantify affective temperaments

along these five subscales (5). These temperaments can be conceived as biological



DOI:10.14753/SE.2023.2788

predispositions toward certain patterns of emotions, cognitions and behaviors that
characterize emotional reactivity to environmental stimuli (6, 7). Although a firm
biological and genetic basis have been implied for temperaments, the relative temporal
stability does not mean a complete lack of change or development, as temperament scores

may exhibit mild changes over a 6-year period (8).

1.2. THE IMPACT OF AFFECTIVE TEMPERAMENTS ON PSYCHOPATHOLOGY

Affective temperaments not only demonstrate a pathoplastic effect on the initiation,
clinical course and core characteristics of major affective disorders but they are widely
considered as the subclinical manifestations of these clinical conditions with heritable
components (9). Akiskal conceptualized the idea that affective disturbances can manifest
in a spectrum ranging from physiological emotional reactivity to affective disorders and
this continuum between affective temperaments and mood disorders is now universally
accepted (10). Affective temperament measures appear to be documented predictors of
lifetime suicide risk and contribute more to predicting suicidal status than the presence of
a major affective disorder (11, 12). Besides psychopathology, a growing body of evidence
suggest the impact of affective temperaments on somatic diseases but limited attention

has been paid to temperaments as potential risk factors of CV pathology (13, 14).

1.3. THE HEALTH BURDEN OF CARDIOVASCULAR DISEASES

CV disease remains the leading cause of morbidity and mortality in the majority of
developed countries worldwide. It is estimated that 17.8 million death occurred globally
due to CV disease in 2017 (15). In spite of substantial declines in CV disease mortality
over the past four decades in Europe, it remains the most frequent cause of death on the
continent, with coronary artery disease (CAD) accounting for 43 % of all CV deaths (16).
Importantly, hypertension remains a major contributing factor to CV morbidity and
mortality in patients with ischemic heart disease, recently emerging as the single leading

risk factor for the overall global burden of the disease (17).
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1.4. THE CONCEPT OF VASCULAR AGING

Aging contributes to a large proportion of overall personal CV risk, however, individuals
do not age at the same pace (18). This observation eventually led to the introduction of
the concept of vascular age that describes the gradual deterioration of vascular structure
and function, as opposed to chronological age that solely refers to the passage of time
(19). The relation of arterial and chronological age provides means of establishing
whether early vascular aging is present in an individual (20). Although conventional
methods for the calculation of arterial age include carotid intima-media thickness and
pulse wave velocity (21, 22), coronary artery calcium score (CACS) has recently emerged
as a reliable method for the estimation of vascular age (23, 24). Based on this concept,
the calculation relies on the estimation of an arterial age that is equivalent to the
chronological age associated with the same coronary heart disease (CHD) as the observed

CACS (25).

1.5. THE BURDEN OF CORONARY ARTERY DISEASE

Overall, the global prevalence of CAD was 154 million in 2016, a figure that represents
32.7 % of the global burden of CV disease and 2.2 of the overall global burden of disease
(26). The precise assessment of individual CAD risk would, therefore, be of utmost
importance to maximize the health benefits of prevention given that efficient preventive
treatments are widely available (27).

Coronary computed tomography angiography (CCTA) has emerged as an accurate, non-
invasive alternative to invasive coronary angiography (ICA) in patients with low to
intermediate pretest probability for obstructive CAD (28). CCTA enables the detection
of coronary atherosclerotic plaque morphology and composition, as well as allowing
robust qualitative and quantitative assessment of atherosclerosis (29). The suitability of
CCTA as a gatekeeper to select appropriate individuals for ICA and subsequent
revascularization has been extensively documented and CCTA has recently received class
I recommendation for the testing of patients with stable chest pain by the European

guidelines (30-32). To date, a diameter stenosis of more than 70 % (or 50 % for the left
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main coronary artery) has been considered as significant luminal narrowing and this
threshold forms the basis for decision-making in clinical practice regarding the potential

need for revascularization (33).

1.6. HIGH BLOOD PRESSURE AND ITS EPIDEMIOLOGICAL SIGNIFICANCE

High blood pressure (BP) is still accountable for more CV deaths than any other
modifiable CV risk factor (34). The documented prevalence of hypertension is 55 % in
Europe, a figure that is by far the highest compared to other regions (35). Defined as an
increase in left ventricular mass (LVM), left ventricular hypertrophy (LVH) has emerged
as an independent predictor of CV morbidity and mortality in chronic hypertensive
patients, particularly for stroke, heart failure, and atrial fibrillation (36-39). LVH is
hypothesized to increase the risk of major adverse cardiac events and mortality through a
series of unfavorable metabolic, functional, and cardiac structural changes (40—42). The
currently available repertoire of non-invasive methods to quantify LVM include
echocardiography, cardiac magnetic resonance imaging (MRI), and CTA (43). Although
the widespread availability, moderate expense, and lack of radiation exposure have
propagated the use of two-dimensional transthoracic echocardiography for LV
measurements, it yields limited reproducibility (44, 45). CCTA is a robust, non-invasive
modality that permits accurate simultaneous anatomical visualization of the coronaries
and the myocardium (29, 32, 46). Previous studies have demonstrated high
reproducibility for LV measurements by CCTA (47, 48).

In previous studies, affective temperaments have been associated with various aspects of
CV and metabolic disorders (49-52). By delineating the impact of such psychological
factors along with their genetic, biological, behavioral, cognitive and emotional correlates
would not only elaborate our insight into the etiopathological background of such somatic
conditions, but would also provide valuable means of risk screening, prevention, and

interventions possibly impacting CV illness course and outcomes.
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2. OBJECTIVES

The currently used conventional multidetector and dedicated cardiac CT scanners at the
Heart and Vascular Center of Semmelweis University allow the visualization of coronary
anatomy and atherosclerosis as well as the accurate differentiation of endocardial and
epicardial boundaries enabling precise measurement of left ventricular dimensions for
patients undergoing clinically indicated CCTA.

The aims of our current studies were the followings:

2.1. ASSESSING THE LINK BETWEEN TEMPERAMENTS AND ACCELERATED VASCULAR

AGING

We sought to estimate the arterial age of participants based on non-enhanced cardiac
scans using CACS measures calculated by the Agatston’s method and to assess the
potential link between affective temperaments and accelerated vascular aging (53).
Overall, 209 patients with stable angina underwent non-enhanced scans with a
standardized acquisition protocol during an inclusion period that extended from March

2016 to March 2020.

2.2. ESTABLISHING ASSOCIATIONS BETWEEN TEMPERAMENT SCORES AND THE

PRESENCE OF SEVERE CAD

Furthermore, we intended to assess the association of affective temperaments and the
presence of significant coronary artery stenosis in low to intermediate CV risk patients
with stable angina by analyzing the CCTA images performed at our institution (54). For
this purpose, 225 patients were enrolled consecutively between March 2019 and March

2020.
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2.3. EVALUATING THE RELATIONSHIP OF AFFECTIVE TEMPERAMENTS AND LEFT

VENTRICULAR HYPERTROPHY

The final aim of our studies was to evaluate the relationship of affective temperaments
and LVH in chronic hypertensive patients, as assessed by CCTA (55). In this particular
study, 296 hypertensive patients were enrolled consecutively between February 2020 and

March 2021.

Based on previous studies, a positive correlation was hypothesized between cyclothymic
and irritable temperament and CV pathology and a negative association between

hyperthymic temperament and adverse CV conditions.

10
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3. RESULTS

3.1. AFFECTIVE TEMPERAMENTS AND ACCELERATED VASCULAR AGING

All investigations were approved by the Scientific and Research Ethics Committee of the
Medical Research Council, the Hungarian Ministry of Health (ETT TUKEB 570/2014)
and was carried out in accordance with the tenets of the Declaration of Helsinki.

Overall, we enrolled a total of 209 patients in the current cross-sectional sub-study
consisting of subjects with stable anginal symptoms referred to clinically indicated
CCTA. The mean age of our cohort was 60.3 years, approximately half of them (49.3 %)
were female and had dyslipidemia (50.7 %). The median coronary artery calcium score
(CACS), as calculated by the model of Agatston (56), was 8.2 in our cohort. The arterial
age assigned to each patient was the age that has the same expected CHD risk as the
observed CACS (57). A previously published model was applied for the calculations,
using a mathematical equation for the conversion: arterial age = 39.1 + 7.25 * logio
(CACS + 1) (25). Eventually, by calculating the difference between vascular and
chronological age, it can be established whether accelerated vascular aging is present on

an individual level (Figure 1).

Figure 1. Representative cross-sectional and volumetric images of two 62-year-old

patients with markedly different extent of coronary calcification. (A) The calcium score

11
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of the first patient is 1871, which is the risk equivalent of 94 years of age, indicating
accelerated vascular aging (94-62 = 32). (B) On the other hand, no macroscopic
calcification was visible for the second patient (Agatston score: (), thus demonstrating a
case of lower 10-year CHD risk than expected (39-62 = -23).

Abbreviations: RCA, Right Coronary Artery;, LAD, Left Anterior Descending Artery;
LCX, Left Circumflex Artery.

In total, 100 patients presented with accelerated vascular aging on the basis of calcium
score (vascular age > chronological age), while arterial age did not exceed chronological
age in the remaining 109 subjects (vascular age < chronological age). The prevalence of
female sex was significantly higher in the healthy vascular ageing cohort, as compared to
the accelerated vascular ageing group: 61.5 % vs. 36.0 %, respectively (p < 0.001). The
proportion of patients with diabetes [23.0 % vs. 9.2 % (p = 0.006)] and dyslipidemia [62.0
% vs. 40.4 % (p = 0.002)] was significantly higher in patients with accelerated aging and
subjects with accelerated vascular aging had significantly higher irritable temperament
scores documented (4.2 = 4.2 vs. 3.2 £ 3.3, p=0.03).

Univariate linear regression analysis was used to assess the determinants of accelerated
vascular aging in the whole cohort, and then in men and in women, separately. Traditional
risk factors and psychometric parameters with p < 0.10 in the univariate model were
entered into a multivariate linear model to assess independent association with
accelerated vascular aging in the entire population and in both sexes, independently.
Univariate regression model demonstrated that female sex was protective against vascular
aging, while alcohol consumption, diabetes, dyslipidemia and irritable temperament
correlated with advanced vascular aging. Female sex [ = -10.82 (95 % CI: -15.30 — -
6.33), p <0.001], diabetes [B = 7.16 (95 % CI: 1.20 — 13.12), p = 0.02] and dyslipidemia
[P = 8.28 (95 % CI: 3.94 — 12.62), p < 0.001] maintained their significant independent
association with accelerated aging in a multivariate setting. Table 1 provides the results

of the multiple linear regression analyses in the whole cohort.

12
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Table 1. Uni- and multivariate linear regression analysis of cardiovascular risk factors,
affective temperaments, BDI-scores and the difference between vascular and

chronological age.

Univariate Multivariate

95% CI, 95% (I,

lower-upper lower-upper

Female sex -11.39 -15.67 -7.11 <0.001 -10.82 -15.30 -6.33 <0.001

BMI (kg/m?)  0.12  -0.30 0.54 0.58 -0.10  -0.52 0.31 0.63

Current
3.33 -3.56 1020 0.34 3.73 -2.57 10.03 0.24
smoker
Alcohol
) 5.06 0.56 9.56 0.03 1.10 -3.33 5.52 0.63
consumption

Hypertension  1.58  -3.30 6.44 0.52 -1.90 -6.76 297 044
Diabetes 7.56 141 13.71 0.02 7.16 1.20 1312 0.02

Dyslipidemia  7.18  2.73 11.62 0.002 8.28 3.94 12.62 <0.001
Depressive 0.18 -0.56 0.93 0.62
Cyclothymic  0.48 -0.12 1.07  0.12
Hyperthymic  0.19  -0.33  0.70 0.47

Irritable 0.07 0.05 139 0.04 0.45 -0.19 1.08  0.17
Anxious -0.07  -0.49 0.35 0.75
BDI 0.18 -0.20 0.56 0.35

Traditional risk factors and variables with p < 0.10 in univariate analysis were entered
into the multivariate model.

BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
BDI, Beck Depression Inventory.

Given that substantial sex differences have previously been proposed, potential
associations were assessed separately in men and women, as well. No association was
found regarding traditional risk factors for women, on the other hand, cyclothymic

temperament independently predicted accelerated vascular aging in multivariate analysis

13
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[B=0.89 (95 % CI: 0.04 — 1.75), p = 0.04]. Detailed results of the multiple regression

analyses in the female cohort is provided in Table 2.

Table 2. Results of the multiple linear regression analyses in female population.

Univariate Multivariate
95% CI, 95% CI,
p p
lower-upper lower-upper
BMI (kg/m?) -0.01 -0.55 0.53 0.96 -0.18 -0.76  0.41  0.55
Current
4.88 -4.40 14.15 0.30 1.90 -7.52 1133 0.69
smoker
Alcohol
. -0.94 -7.73 585 0.79 -1.98 -9.07 5.10 0.58
consumption
Hypertension 2.96 -3.91 9.84 0.40 0.18 -7.38 7.75  0.96
Diabetes 8.66 -0.23 17.56 0.06 7.95 -1.51 17.41 0.10
Dyslipidemia 3.65 -2.71 10.02 0.26 3.23 -3.43 989 0.34
Depressive 0.60 -0.46 1.67 0.26

Cyclothymic 0.94 012 1.76 0.03 0.89 0.04 175 0.04
Hyperthymic -0.20 -0.89 0.50 0.58

Irritable 0.80 -0.22 1.82 0.12
Anxious 0.27 -0.32 0.86 0.37
BDI 0.23 -0.30 0.76 0.39

Traditional risk factors and variables with p < 0.10 in univariate analysis were entered
into the multivariate model.

BMI: Body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure; BDI,

Beck Depression Inventory.

14
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While dyslipidemia proved to be an independent predictor of advanced vascular aging for
men in multivariate regression analyses [ = 12.77 (95 % CI: 7.05 — 1.75), p < 0.001], no
association could be noted, however, with affective temperaments and BDI scores, as

presented in Table 3.

Table 3. Results of the multivariate linear regression analyses in male population.

Univariate Multivariate

95% (I, 95% (I,

p
lower-upper lower-upper

BMI (kg/m?) 0.04 -0.57  0.65 0.89 -0.10 -0.70  0.50 0.74

Current
2.84 -6.34 12.03 0.54 4.63 -4.00 13.26 0.29
smoker
Alcohol
. 393 2,14 10.00 0.20 2.03 -3.72 7.78 0.48
consumption

Hypertension 0.76  -5.44  6.96 0.81 -3.78 -10.06 249  0.24

Diabetes 5,66 -2.03 13.35 0.15 5.16 -2.41 1273 0.18

Dyslipidemia 11.82 6.45 17.18 <0.001 12.77 7.05 1848 <0.001
Depressive 0.56  -0.40 1.52 0.25
Cyclothymic  0.17 -0.60  0.93 0.67
Hyperthymic -0.03 -0.77  0.71 0.94

Irritable 0.04 -0.80 0.88 0.93
Anxious 0.04 -0.80 0.88 0.93
BDI 0.38 -0.11 0.86 0.12

Traditional risk factors and variables with p < 0.10 in univariate analysis were entered
into the multivariate model.

BMI: Body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure; BDI,

Beck Depression Inventory.

15
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3.2. AFFECTIVE TEMPERAMENTS AND THE PRESENCE OF SIGNIFICANT CORONARY

STENOSIS

In total, our sub-study population consisted of 225 patients undergoing clinically
indicated CCTA at the Heart and Vascular Center of Semmelweis University. The age of
our cohort was 58.5 years on average, approximately half of the cohort (46.7 %) were
female and had dyslipidemia (52.0 %). Images were evaluated by experienced readers
with 5-10 years of experience in cardiac CT. Severe CAD was defined as the presence of
significant luminal diameter stenosis (> 70 % or > 50 % in case of left main coronary
artery) in > 1 major coronary artery, as seen on Figure 2. Major coronary arteries included
the left main, the left anterior descending, the left circumflex and the right coronary artery,
as well as major side branches with a > 2 mm luminal diameter. In total, 41 patients
presented with severe CAD (18.2 %). When comparing patients with and without
significant stenosis, the mean age of patients with severe CAD was significantly higher:
63.0 £ 9.9 vs. 57.5 + 12.4 years (p = 0.03). The proportion of women was significantly
lower in those with severe CAD (36.6 %) vs. those without significant coronary artery
stenosis (49.5 %) (p < 0.001). Among traditional risk factors, the prevalence of diabetes
[29.3 % vs. 13.6 % (p = 0.01)] and dyslipidemia [78.0 % vs. 46.7 % (p < 0.001)] was
significantly higher in the severe CAD group. However, no statistically significant

association could be noted regarding psychometric parameters.

16
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Figure 2. (A) Representative 3D volumetric image of a 44-year-old male patient with
marked cyclothymic traits (cyclothymic score: 12) presenting with typical angina. (B)
Curved multiplanar reconstruction and cross-sectional image of the LAD shows a
significant stenosis on the proximal segment. (C) Invasive coronary angiography
confirmed the presence of severe stenosis and the subsequent need for percutaneous
coronary intervention.

Abbreviations: LAD, Left Anterior Descending Artery.

Logistic regression analysis was used to assess the determinants of severe CAD. Given
that age and sex are documented and widely accepted predictors of CAD, our first model
was primarily adjusted for these factors. Traditional risk factors and those psychometric
parameters that had a p < 0.10 value in Model I were entered into further multivariate
logistic models to assess independent association with severe CAD. Since a high degree
of intercorrelation is existent between affective temperaments, affective temperaments
were fit into the multiple regression analyses separately (Model II and Model III). In our
logistic regression model, the traditional risk factor dyslipidemia and cyclothymic
temperament were both associated with the presence of significant luminal stenosis.
Multivariate analysis confirmed the independently predictive nature of both dyslipidemia
[odds ratio (OR) = 4.73 CI: 1.95-11.49, p < 0.001] and cyclothymic affective
temperament (OR = 1.12 CI: 1.02-1.23, p = 0.02), while hyperthymic temperament (OR
= 0.91 CI: 0.83-0.96, p = 0.04) was associated with a significantly decreased odds of

severe CAD. Table 4 details the results of the multivariate logistic regression analyses.

17
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Table 4. Uni- and multivariate logistic regression analysis of affective temperaments,

cardiovascular risk factors and severe coronary artery disease, adjusted for age and sex.

Model I. Model II.
95% CI, 95% ClI,
OR p OR
lower-upper lower-upper

BMI (kg/m?)  1.01  0.95-1.08 0.75 0.99 0.91-1.07 0.75
Current

1.62  0.59-4.47 0.35 2.03 0.67-6.11 0.21
smoker
Hypertension 0.89  0.38-2.06 0.79 0.59 0.21-1.64 0.31
Diabetes 1.95  0.85-4.47 0.10 1.50 0.57-3.95 0.41
Dyslipidemia 3.81  1.69-8.58 0.001 5.36 2.16-13.28  <0.001
PTP 1.08 1.00-1.16 0.045 1.10 1.01-1.19 0.03
Depressive 1.08  0.96-1.22 0.18
Cyclothymic  1.10  1.01-1.20 0.03 112 1.02-1.23 0.02
Hyperthymic  0.92  0.85-1.00 0.053
Irritable 1.06  0.96-1.18 0.26
Anxious 1.03  0.97-1.11 0.32
BDI 1.03  0.97-1.09 0.31

Model II1.

95% ClI,
OR p
lower-upper

BMI (kg/m?)  0.96  0.92-1.08 0.91
Current

2.19  0.72-6.60 0.17

smoker

18
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Hypertension  0.59  0.21-1.66 0.32

Diabetes 1.57  0.61-4.06 0.35
Dyslipidemia 4.73  1.95-11.49 <0.001
PTP 1.09 1.00-1.18 0.04
Depressive

Cyclothymic

Hyperthymic  0.91  0.83-0.96 0.04

Irritable

Anxious

BDI

Model I: traditional risk factors and psychometric parameters, primarily adjusted for
age and gender; Model Il and Model III: multivariate analyses including traditional
risk factors and each temperament score with p < 0.10 in Model 1.

BMI, Body mass index,; PTP, pretest probability; BDI, Beck Depression Inventory.

3.3. AFFECTIVE TEMPERAMENTS AND THE PRESENCE OF LEFT VENTRICULAR

HYPERTROPHY

Among a series of 382 consecutive patients who underwent CCTA in the inclusion period,
we excluded 1) 27 patients because of prior AMI/PCI, 2) 19 patients due to severe
comorbidity, 3) 2 patients because of inadequate CTA image quality, and 4) 38 patients
due to the presence of severe coronary artery stenosis. Overall, 296 patients met the
inclusion criteria of the current study. LV measurements were performed by an
experienced reader with 4 years of experience in CCTA, while a second CV radiologist
(with 6 years of experience in CCTA) subsequently re-evaluated 10 datasets to measure
reproducibility. Myocardial mass was quantified in a semi-automated fashion (Simpson
method) and LVM was indexed by the body surface area to acquire LVMi (Figure 3).

Previously documented CTA-derived reference values were used to define LVH (men: >

19
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67.2 g/m?, women: > 54.7 g/m?). Given that CCTA displays a tendency to overestimate
LVM compared to echocardiography (58), we applied cut-off values that were
specifically determined for CTA-derived measurements (59). The prevalence of LVH in
the enrolled 296 patients (44.9 % female; mean age 59.4 + 10.6 years) was 35.7 %
(76/296). The mean age of patients proved to be significantly lower in the LVH group:
55.9 £ 10.8 vs. 60.9 £ 10.3 years, (p = 0.01). Regarding patient anthropometrics, both
body mass index (BMI) [30.3 + 4.4 vs. 28.8 + 3.9 kg/m?, (p = 0.005)] and body surface
area (BSA) [2.2+0.3 vs. 1.9+ 0.2 m?, (p <0.001)] were significantly higher in the LVH
group. As expected, a substantial difference in LVMi could be observed between the LVH
and healthy group: 70.3 (62.5 - 76.8) vs. 53.4 (46.1 - 61.3) g/m?, (p < 0.001). Regarding
psychometric parameters, no measures were statistically different between the two
groups. Overall, more than 67 % of the hypertensive patients received a beta blocker
regularly, while approximately half of them were on ACE-inhibitor. The proportion of
patients regularly taking angiotensin receptor blockers was higher in patients with LVH:

70 (30.8 %) vs. 35 (46.1 %), p = 0.04.
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44 yo male patient

185cm, 114 kg
BSA: 2.37 m?

Based on Simpson
LV wall muscle mass 197.2g | LV wall muscle mass index | 79.0 g/ m?

Figure 3. Representative image of LV hypertrophy in a 44-year-old male patient with
hypertension, as assessed by CCTA. Myocardial segmentation on short axis series was
performed in a semiautomatic fashion. LV mass was measured in end-diastole by tracing
the ventricular cavity and myocardium.

Abbreviations: LV, left ventricle; RV, right ventricle; CCTA, coronary computed
tomography angiography.

It has been proposed that CCTA could perform LV measurements with excellent inter-
reader correlation (60) and our results confirmed this previous proposal. Inter-observer
variability of LVM measurements was currently characterized by intraclass correlation
coefficient (ICC), which demonstrated excellent reproducibility (ICC: 0.91) based on the
re-evaluation of 10 CTA datasets.

Uni- and multivariate logistic regression analyses were used to determine predictors of
elevated LVM. Assessment of patient baseline data demonstrated that BMI increased the
odds of hypertrophy (OR = 1.07 CI: 1.02-1.13, p = 0.01), while age was inversely
associated with the presence of LVH (OR = 0.97 CI: 0.94-0.99, p = 0.01).
Antihypertensive agents and variables with p < 0.10 in univariate analysis were entered

into the multivariate model.
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While BMI remained independently predictive in a multivariate setting (OR = 1.04 CI:
1.01-1.10, p = 0.04), none of the regularly prescribed antihypertensive agents correlated
significantly with the presence of LVH. Moreover, cyclothymic affective temperament
was a further independent predictor of LVH in the multivariate analysis (OR = 1.06 CI:
1.00-1.12, p = 0.04). Overall, a 1-point higher cyclothymic affective temperament score
resulted in a 6 % increase in the odds of LVH. Table 5 summarizes the results of the

multiple regression analyses.

Table 5. Uni- and multivariate logistic regression analysis of the association of

cardiovascular risk factors, affective temperaments, and left ventricular hypertrophy.

Univariate Multivariate
95% CI,
95% CI,
OR p OR lower- p
lower-upper
upper
Age (years) 0.97 0.94-0.99 0.01 1.00 095-1.01 0.11
Female sex 0.61 0.36-1.03 0.07 077 041-135 0.38
BMI (kg/m?) 1.07 1.02-1.13 001 104 1.01-1.10 0.04
Duration of
. .00 0.98-1.03 0.86

hypertension, (years)
Number of
antihypertensive .23 0.92-1.63 0.16
agents, n (%)
ACE/ARB 2.50 0.73-8.63 0.15 212 0.60-7.50 0.24
Beta blocker 1.03  0.48-2.18 0.63 1.01 0.46-2.18 0.99

Calcium channel

blocker

083 039-1.75 083 076 035-1.65 0.50

Diuretic 1.81 0.89-3.69 0.10 162 0.77-339 0.20
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Alpha-adrenergic
208 080-536 013 1.77 0.67-4.68 0.25
receptor blocker

Current smoker 0.67 029-1.52  0.33
Diabetes 1.50 0.76 -2.96  0.24
Dyslipidemia 083 049-140 048
SSS 099 093-1.05 0.68
SIS 097 0.89-1.07 0.59
Depressive 097 0.89-1.06 0.54
Cyclothymic 1.06 099-1.12 0.09 1.06 1.00-112 0.04
Hyperthymic 1.06 1.00-1.13  0.07 1.04 098-1.15 0.12
Irritable 1.04 096-1.13  0.33
Anxious 096 091-1.01 0.10

Antihypertensive agents and variables with p < (.10 in univariate analysis were entered
into the multivariate model.
BMI, Body mass index; ACE, angiotensin-converting enzyme; ARB, angiotensin II

receptor blocker, SSS, Segment stenosis score; SIS, Segment involvement score.
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4. DISCUSSION

In our cross-sectional studies investigating the association of affective temperaments and
cardiovascular diseases, three major findings have been underlined. A significant
association was demonstrated between cyclothymic temperament and accelerated
vascular aging in women with low- to intermediate CV risk. Furthermore, aside from
traditional CV risk factors, cyclothymic and hyperthymic temperaments predicted the
presence of severe CAD in patients referred for CCTA, while cyclothymic temperament
also proved to be an independent predictor of LVH in chronic hypertensive patients. Our
results further expand the already available evidence regarding the involvement of

subclinical, trait-related characteristics in somatic diseases and CV illnesses, in particular.

4.1. THE ROLE OF CORONARY CT ANGIOGRAPHY

Due to its outstanding negative predictive value, CCTA has emerged as a compelling
alternative to ICA (61). Importantly, CCTA may rule out obstructive CAD in a non-
invasive setting with a low risk of adverse events (28). Besides the ability to accurately
visualize coronary lumen and wall, CCTA also allows precise LVM measurements (62).
Traditionally, cardiac MRI has been considered the gold-standard for the quantification
of LV volume and mass (63). Despite prevailing concerns regarding the requirement of
both contrast and radiation (64), previous studies have suggested that CCTA has the
potential of performing LV measurements with excellent inter-reader reproducibility

(60), a finding that we were also able to demonstrate in our study.

4.2. PSYCHIATRIC ASPECTS OF CARDIOVASCULAR DISEASE

Although conventional modifiable and non-modifiable risk factors of CV disease have
extensively been studied to date and incorporated into CV risk estimator models, it has
generally been recognized in the past decades that the initiation, course and clinical
outcome of CV diseases is substantially affected by psychosocial factors, as well.
Personality traits and mental state influence the development and course of cardiovascular

disease in complex ways. Cynical hostility is associated with elevated circulating levels
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of inflammatory markers, such as tumor necrosis factor-alpha, interleukin-6 and C-
reactive protein (65). This is a possible mechanism through which certain personality
traits may exert their negative CV risk-enhancing effects. Adjusted for traditional
cardiovascular risk factors, hostility, anger and anxiety - traits that frequently co-occur
on an individual level - were found to be significant predictors of coronary heart disease
(66). Similar associations were described in a Middle-Eastern study, which described the
relationship of type-A personality and CAD and the incidence of acute myocardial
infarction. Individuals with pronounced type-A traits were also more likely to suffer from
diabetes and hypertension compared to the control group (67). On the other hand, it is
widely accepted that manifest affective disorders also impact the development and effect
of CV diseases. Mild depressive symptoms are documented to increase CV risk even
without diagnosed major affective disorder, while patients with diagnosed depression
face a two-fold increase regarding CV mortality (68, 69). In patients with documented
acute myocardial infarction, a 1.4-fold relative risk increase for adverse cardiac events
was observed in those with diagnosed anxiety disorder (70). Furthermore, depression and
anxiety disorders are associated with a significantly increased odds of CAD and cardiac
mortality (71, 72). Our results provide further evidence on the deleterious role of
psychometric parameters on CV pathology, also shedding light on the detrimental role of

affective temperaments.

4.3. THE THEORETICAL GROUNDS OF AFFECTIVE TEMPERAMENTS

The initially constructed models of affective temperaments were composed based on the
healthy personality. The insight to the development, manifestations and clinical impact
of affective temperaments, on the other hand, was provided by longitudinal data acquired
from affective disorder patients and their healthy first-degree relatives (73). The five
subscales of temperaments have traditionally been referred to as cyclothymic,
hyperthymic, irritable, anxious and depressive. In brief, cyclothymic temperament is
characterized by frequent alternations between mood polarities and instability of self-
esteem and energy. Hyperthymic temperament incorporates optimistic, upbeat and
overenergetic traits. Irritable temperament is best described by vehement behavior and a

predisposition to being litigious in response to encountered stimuli. Anxious temperament
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is characterized by a tendency to brooding and hypersensitivity to separation, while
depressive temperament includes frequent worrying, low levels of energy and pessimistic

attributes (4, 5, 74).

4.4. TEMPERAMENTS AND PREDISPOSITIONS TO AFFECTIVE DISORDERS

The link between affective temperaments and psychopathology has extensively been
documented in literature. Previous investigations implied a common genetic background
for hyperthymic temperament and the pathogenesis of bipolar I disorder and as compared
to healthy controls, patients with documented suicidal attempts demonstrated
significantly higher hyperthymic scores (75). Cyclothymic temperament, in particular, is
considered to be the precursor of bipolar disorders and is well-documented to be the most
marked affective temperament trait in type II bipolar patients (76, 77). Cyclothymic traits
are regarded to lie on a polygenic continuum between excessive temperament and bipolar
disorder (78). Cyclothymic temperament contributes to suicidal behavior of patients
independent of current major depressive episode (79). Moreover, the manifestation of
unipolar depression shares common traits with individuals who express more pronounced

depressive temperament scores (80).

4.5. PSYCHOSOMATIC IMPLICATIONS OF AFFECTIVE TEMPERAMENTS

Apart from its well-documented role in psychopathology, however, the deleterious role
of affective temperaments extends far beyond the field of psychiatry, as cumulating
evidence suggests their pathoplastic impact on a broad array of somatic diseases.
Temperaments have been measured in a wide array of different populations, emphasizing
their importance in the therapeutic adherence of diabetic individuals, the development of
gestational hypertension and some aggravating factors of psoriasis also seem to be
associated with particular temperamental traits (81-83). Furthermore, some important
implications have been proposed on the impact of temperaments on inflammatory bowel
disease, polycystic ovary syndrome, allergic rhinitis and myofascial pain syndrome, as

well (84-87).
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On the other hand, several previous investigations have addressed the potential role of
affective temperament on cardiovascular pathology. Cyclothymic, irritable and
hyperthymic temperaments, in particular, have emerged as valuable tools in establishing
the risk components of developing particular CV diseases. We have recently discovered
the association between cyclothymic temperament and the earlier manifestation of
hypertension and in hypertensive patients, the marked expression of cyclothymic
temperament correlated with the history of coronary events (88, 89). According to our
results, it seems plausible that cyclothymic temperament may carry significance in the
context of coronary atherosclerosis and hypertensive end-organ damage, as well.
Regarding irritable temperament, we have previously reported the significant correlation
between irritable temperament and nighttime peripheral and central systolic blood
pressure values (90). Although these factors may contribute to the pathogenesis of
atherosclerosis and other manifestations of end-organ damage, irritable temperament
demonstrated no significant associations in multivariate analyses, suggesting that its
impact may be mediated through conventional CV risk factors. The evaluation of
hyperthymic temperament has also demonstrated promising results in the context of CV
pathology, as its score measured by TEMPS-A demonstrated a positive association with
a reliable indicator of arterial stiffness (augmentation index) and we have also previously
provided data about its inverse relation with the presence of coronary atherosclerosis (13,
91). The protective role of hyperthymic temperament on CV pathology is further
underlined by our current findings. The evidence provided in the current studies expand
our insight on the pathoplastic role of affective temperaments on cardiovascular
pathology, while also emphasizing sex-related differences. Sex differences in the context
of cardiovascular pathology and personality traits have already been established in
literature. Elucidation of the underlying pathophysiology in the context of affective
temperaments requires further investigation, including analysis of other factors such as

menopausal status or the regular administration of hormonal contraception.

4.6. POTENTIAL UNDERLYING MEDIATORS BEHIND THE IMPACT OF TEMPERAMENTS

It can be hypothesized that the detrimental effect of cyclothymic temperament on

cardiovascular pathology is expressed through various mediating factors, however, these
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constellations have not been delineated entirely. It has been proposed previously that
cyclothymic temperament may be associated with more unfavorable phenotypes of
hypertension as cyclothymic scores were elevated in patients with resistant hypertension
but it may also be presumed that the frequent endo-reactive shifts of patients with
pronounced cyclothymic traits influence the BP and blood sugar values substantially,
potentially rendering office measurements unreliable (14). It has further been documented
that cyclothymic temperament precipitates poorer medication adherence in patients with
type II diabetes and it is highly conceivable that similar tendencies exist for other
chronically treated CV diseases, as well, such as for hypertension and dyslipidemia (92).
Another potential explanation for our findings is the association of cyclothymic
temperament with modifiable cardiovascular risk factors. The prevalence of obesity,
smoking and alcohol dependence are all higher in patients with marked cyclothymic
scores (50, 93, 94). Moreover, cyclothymic and irritable temperaments correlate
substantially and share numerous common traits (95). Anger and hostility are considered
main characteristics of irritable affective temperament (96). In individuals with marked
hostility, increased catecholamine and cortisol secretion have been measured in response
to anger-inducing stimuli, with elevated levels of cortisol also observed during daily
activities (97). In young healthy adults, the high frequency component of the diurnal
physiological variability of heart rate, which is regulated by the parasympathetic system,
showed an inverse relationship with hostility (98). These findings suggest an overactivity
of the sympathetic system in hostility, which may also lead to adverse effects, but the
relationship of cyclothymic temperament in this regard is not clear yet.

As for hyperthymic temperament, it has been established before that patients with marked
hyperthymic traits engage in sports and leisure activities more frequently, which might
explain its protective role in CV diseases, as these factors are not incorporated into
currently applied pretest probability models, however, the mediating factors need to be
explored in future investigations (99). In addition to the association with risk factors, the
direct impact of hyperthymic temperament on pathophysiological processes may also
explain our findings. In chronic hypertensive patients, serum levels of neuroprotective
BDNF were found to be elevated in subjects with marked hyperthymic traits, an

association that was not prevalent in patients without treated hypertension (1). All things
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considered, it cannot be safely excluded that temperaments express their impact through
more direct, not yet discovered biomolecular pathways.

The assessment of affective temperaments is a low-cost, easy-to-apply method and it
seems plausible that reporting temperament scores on patient medical records could assist
primary care physicians by drawing attention to patients with potentially inadequate
therapeutic compliance and by facilitating the timely identification of consequent end-
organ damage. Patients with more pronounced cyclothymic traits may require more
frequently scheduled follow-ups and their treatment may necessitate stricter target values
set for BP, cholesterol and Hemoglobin A1C levels. The TEMPS-A evaluation can also
function as a gatekeeper for seeking professional mental health support, as referral of
patients with severe manifestation of cyclothymic traits to a specialist could significantly
increase their chance of improving self-care attitude provided there is an underlying
affective disorder. In spite of their apparent role in increasing the precision of risk
estimation by personality-based screening, future efforts should be made to identify the
biological, behavioral and cognitive-emotional mediating factors of affective

temperaments.

4.77. LIMITATIONS

We acknowledge that there are limitations pertaining to the current studies. The cross-
sectional design precludes causal inference. Considering the self-reporting nature of the
autoquestionnaire, a complete exclusion of misinterpretations or mistakes by patients is
impossible even after the exclusion of individuals with dementia. Furthermore,
generalizability of our results is limited by the fact that only low to intermediate risk
patients with stable angina were enrolled. Since race-specific differences are well-
documented in the pattern of affective temperaments, the fact that all of the enrolled
patients were Caucasian is a shortcoming. Finally, it has to be noted that the lack of
information about compliance of patients and their laboratory parameters is an important

limitation.
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5. CONCLUSIONS

Our findings demonstrated that aside from conventional CV risk factors, affective
temperaments independently predict a number of cardiovascular diseases. Temperaments
yield implications in both accelerated vascular aging and the presence of severe CAD, as
well as having a significant association with the presence of LVH in chronic hypertensive
patients. Our results provide further evidence on the detrimental role of psychometric
parameters on CV disease and establish novel potential risk factors for CV pathologies.
Provided that prospective investigations confirm their utility in clinical practice, affective
temperaments might add incremental value to the CV risk stratification of patients and
emerge as novel tools that aid the identification of patients with elevated CV risk as
potential targets for earlier and more aggressive primary intervention. The delineation of
the pathophysiological background of the current findings remains a topic of focus and
identifying the factors potentially mediating the effect of affective temperaments in CV

pathology requires further prospective studies.
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6. SUMMARY

Despite the fact that psychometric parameters may add incremental value to
cardiovascular (CV) risk stratification of patients, aspects of personality and temperament
have not been incorporated to contemporary risk models. Affective temperaments are
considered to constitute the heritable component of personality. The relationship of
temperaments and affective disorders has been widely documented, as Akiskal has
conceptualized a spectrum of affective conditions, ranging from temperaments to
manifest mood disorders, however, their impact on somatic diseases has also been implied
before. The objective of our investigations was to assess the relationship of temperaments

and various CV disorders, assessed by coronary CT angiography (CCTA).

In addition to previously documented associations, we have provided novel evidence to
the deleterious role of affective temperaments in CV pathology. Cyclothymic
temperament, in particular, may yield emphasized importance in the relation of CV
disease, as the detrimental role of cyclothymic temperament was documented on
accelerated vascular aging, the presence of severe coronary artery disease and left
ventricular hypertrophy in our cohort. We also found that hyperthymic affective
temperament may have implications in the presence of severe CAD, which extends our
knowledge on the protective role of hyperthymic temperament on psychosomatic
conditions. It seems plausible that these trait-related characteristics independently predict
the presence of several adverse CV conditions and their assessment may aid the

identification patient with elevated CV risk.

In conclusion, affective temperaments — cyclothymic, in particular — may emerge as novel
risk factors for a number of CV diseases. Besides the role of affective temperaments as a
gatekeeper for the referral of patients to mental health professionals, these psychosomatic
relations should not be ignored. Whether these documented associations are due to endo-
reactive dissonances, inadequate therapeutic adherence or other lifestyle-associated
discrepancies remain a topic of discussion and future prospective studies should focus on
the biological, behavioral and cognitive-emotional background of these associations to

achieve a more efficient personality-based screening of patients.
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Objective: Affective temperaments (depressive, anxious, irritable, hyperthymic, cyclothymic) are regarded as the
biologically stable core of personality. Accumulating data suggest their relationship with cardiovascular diseases.
However, there are currently limited data on the association of affective temperaments and accelerated vascular
aging. The aim of our study was to evaluate the relationship between affective temperaments and vascular age, as
assessed by coronary artery calcium scoring (CACS).

Methods: In our cross-sectional study, 209 consecutive patients referred to coronary computed tomography
angiography (CCTA) due to suspected coronary artery disease (CAD) were included. All patients completed the
Temperament Evaluation of Memphis, Pisa, Paris, and San Diego Autoquestionnaire (TEMPS-A) and the Beck
Depression Inventory (BDI). Vascular age was estimated using CACS and its difference from chronological age for
each patient was calculated. Linear regression analysis was used to identify predictors of accelerated vascular
aging in the entire cohort and in male and female sub-populations.

Results: Besides traditional risk factors, cyclothymic temperament score proved to be an independent predictor of
accelerated vascular aging in women (f = 0.89 [95%CI: 0.04-1.75]), while this association was absent in men.
Conclusions: Our results suggest that cyclothymic affective temperament is associated with accelerated vascular
aging in women. Assessment of affective temperaments may potentiate more precise cardiovascular risk strati-
fication of patients.

1. Introduction

Vascular aging is the gradual deterioration of vascular structure and
function, with time [1]. As opposed to chronological age that solely
refers to the passage of time, the concept of vascular age characterizes
the structural and functional decline [2]. The assessment of arterial age
and its relation to chronological age allows clinicians to determine if
early vascular aging is present at an individual level [3]. Several algo-
rithms have been proposed for the calculation of arterial age, including

* Corresponding author at: 68 Varosmajor st., 1122 Budapest, Hungary.

E-mail address: vecsey nagy.milan@med.semmelweis-univ.hu (M. Vecsey-Nagy).

https://doi.org/10.1016/j.jpsychores.2021.110423

carotid intima-media thickness and pulse wave velocity [4,5]. In addi-
tion, it has been suggested that the assessment of vascular age on the
basis of coronary artery calcium score (CACS) is a reliable method [6,7].
The concept is to determine the age that is associated with the same
coronary heart disease (CHD) risk as the observed CACS, hence defining
the arterial age of each participant [8]. In these circumstances, arterial
age and health becomes even more important because arterial pulsation
and relaxation are most relevant for a sufficiently working glymphatic
system of the brain, and thereby for aging in general [9-12].
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Temperaments are considered to be the inherited, biologically stable
core of personality. While most temperamental models describe per-
sonality and emotional reactivity in general, the model of affective
temperaments, specifically, was developed based on affective disorder
patients and their healthy first-degree relatives to describe affective
temperamental dimensions. These temperaments are regarded as sub-
clinical, trait-related characteristics and can be conceptualized as sub-
clinical manifestations of major affective states, especially in their more
pronounced presentations [13]. The model of affective temperaments
encompasses five distinct temperament types: depressive, irritable,
anxious, hyperthymic and cyclothymic [14]. These temperaments can
be characterized through five temperament scales, as assessed by the
Temperament Evaluation of Memphis, Pisa, Paris and San Diego Auto-
questionnaire (TEMPS-A), containing 110 items [15]. Cyclothymic
temperament is characterized by rapid fluctuations in mood and
emotional instability. Irritable temperament includes a predisposition to
being litigious and aggressive to encountering difficulties in interper-
sonal relationships. Hyperthymic temperament is best described by
upbeat, overenergetic and overconfident traits and a warm and extro-
verted attitude. Depressive temperament incorporates self-denying,
pessimistic and passive attributes, while anxious temperament is
frequently brooding, hypersensitive to separation and has exaggerated
worries [14-17]. While they are documented predictors of psychopa-
thology and growing evidence suggest a continuum between affective
temperaments and mood disorders [18], recently, the association of
affective temperaments (or their pathologic manifestations, such as bi-
polar disorders) and cardiovascular risk factors and diseases has also
been documented [19]. Cyclothymic temperament showed a significant
correlation with coronary events in hypertensive patients [20], while
hyperthymic temperament proved to be an independent predictor of
CAD [21].

The aim of our study was to calculate vascular age based on coronary
artery calcium score and to assess the relationship between affective
temperaments and vascular age. We hypothesized a positive association
with cyclothymic and irritable temperaments and an inverse relation-
ship with increased vascular age in case of hyperthymic temperament.
Given that substantial sex differences have previously been documented,
we sought to study these potential associations in the whole cohort and
in men and women.

2. Methods
2.1. Study population

In our cross-sectional single center study, 209 consecutive Caucasian
patients with stable chest pain referred to clinically indicated CCTA
were enrolled between March 2015 and March 2020. Regarding our
study cohort, 182 patients of our population had been co-enrolled in our
previous study that sought to investigate the relationship between CAD
and affective temperaments [21]. Patients above 18 years who gave
approval to data retrieval and analysis met the inclusion criteria. Pa-
tients with previous coronary intervention, coronary bypass operation
or with non-diagnostic image quality were excluded from the current
study. Those with ongoing psychiatric disorders or with dementia
potentially interfering with the completion of questionnaires were also
excluded from our study. Prior to the examination, patients completed
their demographic, anthropometric and medical history, as well as the
psychometric questionnaires.

Prior to participation, all patients gave written informed consent.
The study was approved by the Scientific and Research Ethics Com-
mittee of the Medical Research Council, the Hungarian Ministry of
Health (ETT TUKEB 570/2014) and was carried out in accordance with
the tenets of the Declaration of Helsinki.
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2.2. Assessment of coronary artery calcium and calculation of vascular
age

All patients underwent coronary artery scans using a 256-slice CT
scanner (Philips Brilliance iCT, Best, The Netherlands) with the
following parameters: 270 msec rotation time, 128 x 0.625 mm colli-
mation, tube voltage 120 kVp and tube current 30 mAs. Images were
acquired during a single breath-hold, using prospective ECG-triggering.
Blood pressure and heart rate were measured once on the left arm in
sitting position, one hour prior to the CT examination. Quantification of
calcium score was carried out by the physicians performing the CT scan
in a semiautomatic manner, according to the area and density method,
as proposed by Agatston [22]. Calcified regions were identified by a
dedicated software, defined as voxels above the density of 130 Houns-
field units (HU) and each reader manually selected calcification per-
taining to coronary arteries. The area of calcified plaques in mm? was
calculated by the software on each CT slice. The measured area was then
automatically multiplied by 1, 2, 3, or 4 depending on the highest
visualized density inside of the plaque to acquire the CACS for that slice.
Agatston score for all CT slices were eventually summed up to acquire
the total CACS for each patient. The method has been reported to yield
excellent interreader correlation, with observed coefficients above 0.98
[23,24].

Regarding the calculation of arterial age, we applied a method that
has previously been described by McLelland et al. [8]. Arterial age of an
individual can be expressed as the risk equivalent of CACS if we consider
arterial age as the age at which the estimated CHD risk corresponds to
that of the observed CACS. The conversion can be executed through a
mathematical equation: arterial age = 39.1 + 7.25log(CACS+1).
Thereafter, the difference of vascular and chronological age was calcu-
lated. A positive difference implies that a subject’s 10-year CHD risk is
higher than what would be expected given the documented chronolog-
ical age (vascular age > chronological age, accelerated vascular aging).
A negative difference indicates that a participant’s 10-year CHD risk is
less than that applying his or her chronological age (vascular age <
chronological age, healthy vascular aging). Fig. 1 demonstrates two
examples for accelerated and healthy vascular aging.

2.3. Evaluation of affective temperaments and depression

The Hungarian validated and standardized version of Temperament
Evaluation of Memphis, Pisa, Paris and San Diego Autoquestionnaire
(TEMPS-A) was used to assess affective temperaments on depressive,
cyclothymic, hyperthymic, irritable, and anxious subscales, requiring
“yes” (score 1) or “no” (score 0) answers [15]. TEMPS-A contains 110
items (109 in the version for males) that can be answered by yes or no
indicating whether the described characteristic is present or not.

TEMPS-A has been extensively studied, translated into more than 25
languages and validated in several languages. Similarities and differ-
ences were also found in national samples, which suggests that the
distribution of affective temperaments has both universal and culture-
specific characteristics [25].

The Beck Depression Inventory (BDI) is a 21-question multiple-
choice, self-report questionnaire, one of the widely used instruments
for measuring the severity of depression. Participants are asked to make
ratings on a four point scale, where a higher score correlates with more
severe depression [26].

2.4. Statistical analysis

Descriptive data are expressed as mean + standard deviation or
median with interquartile ranges or percentages as appropriate.
Normality of continuous parameters was tested with the Kolmogorov-
Smirnov test. Differences between descriptive characteristics and he-
modynamic parameters, as well as TEMPS-A and BDI scores were
compared between accelerated vascular aging and healthy vascular
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Fig. 1. Representative 3D volumetric and axial non-enhanced CT images of a patient with extensive coronary artery calcification and one with a calcium score of 0,
both at the age of 62. The CHD risk equivalent of an Agatston score of 1871 is 94 years of arterial age, thus the upper row demonstrates a case of accelerated vascular
aging (94-62 = 32), while the patient in the lower row has a smaller 10-year CHD risk than what would be expected from her chronological age (39-62 = —23).
RCA: Right Coronary Artery; LAD: Left Anterior Descending Artery; LCX: Left Circumflex Artery.

aging groups using unpaired Student’s t-tests or Mann-Whitney rank-
sum test for data failing tests of normality. Univariate linear regres-
sion analysis was used to assess the determinants of accelerated vascular
aging in the whole cohort, and then in men and in women, separately.
Traditional risk factors and those psychometric parameters that were
significant in univariate linear regression were entered into a multi-
variate linear model to assess independent association with accelerated
vascular aging in the entire population and in both sexes, independently.
A two-sided p < 0.05 was considered to be significant in all analyses.
SPSS (Armonk, NY, USA version 25.0) was used for all calculations.

3. Results

A total of 209 patients were enrolled in our study. The mean age of
our cohort was 60.3 years, approximately half of them (49.3%) were
female and had dyslipidemia (50.7%). Demographic parameters, clin-
ical data and scores in the different scales of affective temperaments are
summarized in Table 1.

Based on the Agatston score-derived arterial age, accelerated
vascular aging was observed in 100 patients (vascular age > chrono-
logical age), while in 109 cases, biological age was equal to or less than
chronological age (vascular age < chronological age). Significantly
more women were observed in the healthy vascular aging group, as
compared to the accelerated vascular aging group: 61.5% vs 36.0%,
respectively (p < 0.001). Regarding the accelerated vascular aging
group, the prevalence of diabetes mellitus [23.0% vs 9.2% (p = 0.006)]
and dyslipidemia [62.0% vs 40.4% (p = 0.002)] were significantly
higher than in the healthy vascular aging population. Participants with
accelerated vascular aging scored substantially higher irritable
temperament score (4.2 + 4.2 vs 3.2 + 3.3, p = 0.03).

In univariate analysis, female sex proved to be a protective factor,
while alcohol consumption, diabetes mellitus, dyslipidemia and irritable
temperament were associated with accelerated vascular aging in the
entire cohort. Female sex (f = —10.82 [95%CIL: —15.30 to —6.33], p <
0.001), diabetes mellitus (p = 7.16 [95%CI: 1.20-13.12], p = 0.02) and
dyslipidemia (f = 8.28 [95%CI: 3.94-12.62], p < 0.001) remained to be

Table 1

Demographic parameters, cardiovascular risk factors, TEMPS-A and BDI scores
in patients with and without accelerated vascular aging.

Total Vasc. age > Vasc. age < p-value
Chron. age Chron. age
(N = 209) (N =100) (N =109)
Demographics
Age (years) 60.3 + 19.5 60.6 + 18.3 55.0 + 19.9 0.70
Female sex, n 103 (49.3) 36 (36.0) 67 (61.5) <0.001
(%)
BMI (kg/m?) 27.7 £ 6.5 279+ 6.6 27.5+5.8 0.73
Office SBP 145.7 + 20.7 147.4 + 21.4 144.0 + 0.28
(mmHg) 19.9
Office DBP 89.7 +£12.2 89.0 + 12.6 90.3 +11.9 0.47
(mmHg)
Agatston score 8.2 130.5 0.0 <0.001
(0.0-121.0) (28.8-512.8) (0.0-4.0)
Cardiovascular risk factors
Current smoker, 26 (12.4) 13 (13.0) 13 (11.9) 0.81
n (%)
Alcohol 101 (48.3) 55 (55.0) 46 (42.2) 0.15
consumption
Hypertension, n 142 (67.2) 73 (73.0) 69 (63.3) 0.13
(%)
Diabetes 33 (15.8) 23 (23.0) 10 (9.2) 0.006
mellitus, n (%)
Dyslipidemia, n 106 (50.7) 62 (62.0) 44 (40.9) 0.002
(%)
Affective temperaments
Depressive 6.0 + 4.0 6.0 + 4.0 6.0 + 4.0 0.86
Cyclothymic 3.0+5.0 3.0+ 6.0 3.0+ 5.0 0.54
Hyperthymic 13.0 £ 6.0 13.0 £ 5.0 13.0 £ 6.5 0.56
Irritable 4.0 £ 4.0 4.2+42 3.2+33 0.03
Anxious 5.0 +8.0 5.0+7.8 5.0+ 7.5 0.57
Beck depression 5.0+7.0 5.0 + 8.0 5.0 +£ 6.0 0.73
inventory

Bold italic indicates statistical significance (p < 0.05). Vasc. age: vascular age,
Chron. age: chronological age, BMI: Body mass index, SBP: systolic blood
pressure, DBP: diastolic blood pressure, BDI: Beck Depression Inventory.
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independent predictors of more advanced arterial aging in multivariate
analysis. Table 2 details the assessment of the entire patient population
in multiple linear regression analyses.

Regarding female participants, no association was found in case of
traditional risk factors, cyclothymic affective temperament, however,
proved to be independently predictive for accelerated vascular aging in
multivariate analysis (f = 0.89 [95%CI: 0.04-1.75], p = 0.04). Table 3
demonstrates the results of the uni-, and multivariate analyses in the
female cohort.

Further assessing the male population separately in Table 4, dysli-
pidemia was associated with accelerated vascular aging in univariate
analysis and remained to be an independent predictor in multivariate
analysis, as well (f = 12.77 [95%CI: 7.05-1.75], p = 0.04). No associ-
ation was found, however, with affective temperaments and BDI scores.

4. Discussion

To the best of our knowledge, our study was the first to evaluate the
relationship between affective temperaments and accelerated vascular
aging, as assessed by CCTA. In women, we demonstrated a significant
association between cyclothymic temperament and increased vascular
age, relative to the observed chronological age. This relationship was
absent in men.

Although the concept of vascular age as a surrogate marker of CV risk
is a relatively novel idea, it has been incorporated in CV risk tables as a
result of the Framingham study since 2008, as it adds incremental value
to well-documented traditional risk factors [27]. Furthermore, it is a
substantially more comprehensible way to report individual risk to pa-
tients [28]. Vascular aging is the structural and functional deterioration
of arterial wall that ultimately leads to end organ damage of the heart,
kidney and brain [29]. Traditionally and nowadays, affective tempera-
ments and mood disorders are effectively treated by lithium [30,31]. On
the other hand, lithium was recently found to support and protect
arterial function via pathways involving vascular calcium homeostasis
and myosin light chain phosphorylation, thus being protective for
vascular events such stroke [9,10,32,33]. Besides the beneficial effect of
lithium, the impact of Mediterranean diet and regular aerobic exercise
on vascular aging have been established [34,35] and moderate alcohol
consumption may also favorably affect the process of arterial aging [36].
Smoking and inflammation, on the other hand, are documented propa-
gators of accelerated vascular aging [37,38]. Furthermore, extensive
evidence is available regarding the deleterious effect of dyslipidemia
and diabetes mellitus on vascular aging, findings that we also repro-
duced in our study [39,40].

The impact of psychopathological factors on cardiovascular pathol-
ogy is also becoming increasingly obvious. A two-fold increase in

Table 2
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relative risk was documented regarding cardiovascular mortality in
people with diagnosed depression [41]. Also, depression and anxiety
disorders significantly increase the risk of CAD and cardiac mortality
[42,43]. The role of psychopathological factors as indicators of accel-
erated vascular aging, however, is not well established. Previously, the
association of different psychosocial traits with coronary artery calcium
deposition and its progression could not be confirmed [44].

The association between affective temperaments and psychopathol-
ogy is well-documented. Cyclothymic affective temperament, specif-
ically, was shown to be the most pronounced affective temperament
type in patients with bipolar II disorder [45], and is considered to be the
precursor of bipolar disorder often presenting with atypical features
[46]. Furthermore, suicide attempters scored significantly higher
cyclothymic scores, compared to healthy controls [47]. Besides its well-
described role in psychopathology, cyclothymic temperament seems to
have importance in relation of cardiovascular pathology, as well, espe-
cially regarding hypertension. An association was demonstrated with
cyclothymic temperament and chronic hypertension and in hyperten-
sive patients, brachial systolic blood pressure was also associated with
the expression of cyclothymic temperament [48,49]. Additionally, our
recent study discovered the association of cyclothymic temperament
both with white-coat and resistant hypertension [50]. Furthermore,
dominant cyclothymic temperament was associated with acute coronary
events in hypertensive patients [20]. Our research expands the evidence
on the role of cyclothymic temperament on CV pathology but also em-
phasizes the presence of sex-related differences. Sex differences in the
context of cardiovascular pathology and personality traits have already
been established in literature. The association of trait anger and carotid
arterial stiffening was only present in men [51], furthermore, the ability
of affective temperaments to predict systolic blood pressure and pulse
wave velocity displays substantial differences depending on sex [48].
Recently, we also demonstrated that in women the expression of
cyclothymic temperament is associated with the age of the development
of hypertension, but this association was missing in men [52]. However,
available data concerning the potential underlying pathophysiological
mechanisms are scarce in literature.

Irritable temperament is best described by skeptical and critical traits
and is frequently associated with impulsiveness and obtrusiveness and
common characteristics include anger and hostility [53]. Patients with
more pronounced hostility scores react to external stimuli with more
intense catecholamine and cortisol secretion [54], moreover, they
exhibit increased levels of cortisol during their daytime activity [55].
Regarding healthy individuals, there is an inverse relationship between
hostility scores and high frequency components of heart rate variability
power spectrum [56]. We recently demonstrated in hypertensive pa-
tients that nighttime peripheral and central systolic blood pressure are

Uni- and multivariate linear regression analysis of cardiovascular risk factors, affective temperaments, BDI-scores and the difference between vascular and chrono-

logical age.

Multivariate Univariate Multivarite

B 95% CI, lower-upper P B 95% CI, lower-upper p
Female sex —11.39 —15.67 —7.11 <0.001 —-10.82 —15.30 —6.33 <0.001
BMI (kg/m?) 0.12 —-0.30 0.54 0.58 -0.10 —-0.52 0.31 0.63
Current smoker 3.33 —3.56 10.20 0.34 3.73 —2.57 10.03 0.24
Alcohol consumption 5.06 0.56 9.56 0.03 1.10 -3.33 5.52 0.63
Hypertension 1.58 -3.30 6.44 0.52 —1.90 —6.76 2.97 0.44
Diabetes mellitus 7.56 1.41 13.71 0.02 7.16 1.20 13.12 0.02
Dyslipidemia 7.18 2.73 11.62 0.002 8.28 3.94 12.62 <0.001
Depressive 0.18 —0.56 0.93 0.62
Cyclothymic 0.48 -0.12 1.07 0.12
Hyperthymic 0.19 —0.33 0.70 0.47
Irritable 0.07 0.05 1.39 0.04 0.45 -0.19 1.08 0.17
Anxious —0.07 —0.49 0.35 0.75
Beck depression inventory 0.18 —0.20 0.56 0.35

Bold italic indicates statistical significance (p < 0.05). BMI: Body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, BDI: Beck Depression

Inventory.
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Table 3
Results of the multiple linear regression analyses in female population.
Univariate Multivariate
B 95% CI, lower-upper p B 95% CI, lower-upper P
BMI (kg/mz) —0.01 —0.55 0.53 0.96 —0.18 -0.76 0.41 0.55
Current smoker 4.88 —4.40 14.15 0.30 1.90 —7.52 11.33 0.69
Alcohol consumption —0.94 -7.73 5.85 0.79 -1.98 -9.07 5.10 0.58
Hypertension 2.96 -3.91 9.84 0.40 0.18 —7.38 7.75 0.96
Diabetes mellitus 8.66 —0.23 17.56 0.06 7.95 -1.51 17.41 0.10
Dyslipidemia 3.65 —-2.71 10.02 0.26 3.23 —3.43 9.89 0.34
Depressive 0.60 —0.46 1.67 0.26
Cyclothymic 0.94 0.12 1.76 0.03 0.89 0.04 1.75 0.04
Hyperthymic ~0.20 -0.89 0.50 0.58
Irritable 0.80 —-0.22 1.82 0.12
Anxious 0.27 —0.32 0.86 0.37
Beck depression inventory 0.23 —0.30 0.76 0.39

Bold italic indicates statistical significance (p < 0.05). BMI: Body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure.

Table 4
Results of the multiple linear regression analyses in male population.
Univariate Multivariate
B 95% CI, lower-upper P B 95% CI, lower-upper p
BMI (kg/m?) 0.04 —0.57 0.65 0.89 —0.10 —0.70 0.50 0.74
Current smoker 2.84 —6.34 12.03 0.54 4.63 —4.00 13.26 0.29
Alcohol consumption 3.93 -2,14 10.00 0.20 2.03 —-3.72 7.78 0.48
Hypertension 0.76 —5.44 6.96 0.81 —3.78 —10.06 2.49 0.24
Diabetes mellitus 5.66 —-2.03 13.35 0.15 5.16 —2.41 12.73 0.18
Dyslipidemia 11.82 6.45 17.18 <0.001 12.77 7.05 18.48 <0.001
Depressive 0.56 —0.40 1.52 0.25
Cyclothymic 0.17 —0.60 0.93 0.67
Hyperthymic —0.03 -0.77 0.71 0.94
Irritable 0.04 —0.80 0.88 0.93
Anxious 0.04 —0.80 0.88 0.93
Beck depression inventory 0.38 -0.11 0.86 0.12

Bold italic indicates statistical significance (p < 0.05). BMI: Body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure.

associated with irritable affective temperament [57]. These factors
could potentially contribute to earlier vascular aging. In our study,
despite higher irritable score of subjects with accelerated vascular aging
compared to subjects with healthy vascular aging and the significant
association with accelerated vascular aging in univariate analysis, irri-
table temperament did not prove to be an independent predictor in a
multivariate setting, suggesting that its association with accelerated
vascular aging is mediated by traditional CV risk factors.

Recently, lower hyperthymic affective temperament scores exhibited
a significant relationship with augmentation index, a reliable indicator
of arterial stiffness and previously, we demonstrated an inverse associ-
ation between hyperthymic temperament and coronary atherosclerosis
[21,50]. Although it was reasonable to hypothesize an inverse rela-
tionship between hyperthymic scores and accelerated vascular aging,
our research did not provide evidence to this concept.

The present study has limitations that should be considered.
Although our methodology used standardized autoquestionnaires and
excluded patients with dementia, a complete exclusion of mis-
interpretations or mistakes by patients is nevertheless impossible. We
enrolled solely patients that were referred to CCTA, which limits the
generalizability of our results. Furthermore, the cross-sectional design of
the study precludes causal inferences. Given that race-specific differ-
ences are well-documented in the pattern of affective temperaments, the
fact that all of the enrolled patients were Caucasian is a shortcoming.
Additionally, evaluation of blood pressure was not executed according
to current guidelines, as it was measured only once. Therefore, we
decided not to include our blood pressure data into the regression
analysis. Further limitations are the lack of the information about the
concomitant medications and laboratory parameters. Finally, as we
found the cyclothymic temperament score as an independent predictor
of accelerated vascular aging only in women, our single-center study

may be underpowered. Hence further studies, potentially with a multi-
center design are needed.

In conclusion, aside from traditional CV risk factors, our results
demonstrated that in women referred to clinically indicated CCTA,
cyclothymic affective temperament is significantly associated with
accelerated vascular aging. Our results confirm the adverse effect of
cyclothymic temperament not only on psychopathology, but also on
cardiovascular pathology. With further studies supporting our hypoth-
esis, the evaluation of affective temperaments, especially cyclothymic
temperament may potentially help to identify subgroups of patients with
elevated CV risk as a target for preventive intervention.
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ARTICLE INFO ABSTRACT
Keywords: Background: Affective temperaments are regarded as subclinical manifestations of major mood disorders and
Affective temperaments cumulating evidence suggest their role in cardiovascular (CV) pathology. We wished to analyze associations

Coronary CT angiography

. between affective temperaments and severe coronary artery disease (CAD), as assessed by coronary computed
Coronary artery disease

tomography angiography (CCTA).

Methods: 225 consecutive patients referred to CCTA due to suspected CAD were included. Medical history and
demographic parameters were recorded and all patients completed the Temperament Evaluation of Mempbhis,
Pisa, Paris, and San Diego Autoquestionnaire (TEMPS-A). The severity and extent of CAD was evaluated by
CCTA. Logistic regression analysis was used to identify predictors of severe CAD (>70% luminal stenosis in >1
major coronary artery).

Results: According to multivariate logistic regression analysis, elevated hyperthymic affective temperament
scores significantly decreased the odds of severe CAD (OR=0.92 CI: 0.84-1.00, p = 0.04), while independent
positive associations were observed in case of dyslipidemia (OR=4.23 CI: 1.81-9.88, p = 0.001) and cyclothymic
affective temperament scores (OR=1.12 CI: 1.02-1.23, p = 0.02). Furthermore, receiver operating curve (ROC)
analysis was used to define ideal cutoff values. Hyperthymic temperament scores >11 (OR=0.41 CI: 0.19-0.90, p
= 0.03), cyclothymic scores >7 (OR=3.23 CI: 1.35-7.76, p = 0.01) and irritable scores >6 (OR=2.79 CIL:
1.17-6.69, p = 0.02) were also independently associated with severe CAD.

Limitations: Our study was limited by the cross-sectional design and the self-report nature of the questionnaires.
Conclusions: Evaluation of affective temperaments might help to identify patients with elevated risk for severe
CAD and subsequent need for coronary intervention.

1. Introduction (Akiskal and Akiskal, 2005c¢). Affective temperaments (depressive, irri-
table, anxious, hyperthymic, cyclothymic) are trait-related characteris-

Temperaments represent the inherited core of personality and are tics and commonly the antecedents and subclinical expressions of minor
considered to be the biologically stable part of emotional reactivity and major mood disorders, especially in their more pronounced

Abbreviations: AUC, Area Under the Curve; BDI, Beck Depression Inventory; CV, Cardiovascular; CAD, Coronary artery disease; CCTA, Coronary CT angiography;
ICA, Invasive coronary angiography; LA, Left atrium; MPS, Myocardial perfusion scintigraphy; OR, Odds ratio; ROC, Receiver operating characteristic; SPECT, Single-
photon emission CT; TEMPS-A, Temperament Evaluation of Memphis, Pisa, Paris and San Diego Autoquestionnaire.
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manifestations (Rihmer et al., 2010). The model of affective tempera-
ments was developed in affective disorder patients and in their healthy
first-degree relatives and it was designed to characterize subjects in the
aspects of emotional reactivity, as well as related cognitive, psycho-
motor, circadian and social-behavioral traits (Akiskal et al., 1998). Af-
fective temperaments can be quantified along five temperamental
dimension scales using the Temperament Evaluation of Memphis, Pisa,
Paris and San Diego Autoquestionnaire (TEMPS-A), consisting of 110
self-reported items (Akiskal et al., 2005b). The continuum between af-
fective temperaments and mood disorders is well-documented and
extensive evidence is available regarding the pathoplastic role of these
temperaments in psychopathology (Perugi et al., 2012; Pompili et al.,
2012). Affective temperament measures appear to be independent pre-
dictors of lifetime suicide attempt and contribute more to predicting
suicidal status than the presence of a major affective disorder (Baldes-
sarini et al., 2017). Furthermore, recent investigations have suggested
the impact of affective temperaments on CV pathology, as well (Laszlo
et al., 2016; Korosi et al., 2020).

Cardiovascular (CV) diseases remain to be the leading cause of
morbidity and mortality in the majority of developed countries world-
wide, generating a substantial burden on health care and economy
(Wilkins et al., 2017). Overall, the prevalence of coronary artery disease
(CAD) is 6.7% in US adults > 20 years of age and by 2030, it is projected
to increase by 16.6% (Virani et al., 2020). Since effective preventive
treatments are widely available, it is of outmost importance to accu-
rately assess individual CAD risk, in order to maximize the health ben-
efits of prevention (Lagerweij et al., 2018). Coronary computed
tomography angiography (CCTA) has emerged as a reliable,
non-invasive method for the diagnosis of CAD and allows for robust
qualitative and quantitative assessment of atherosclerotic plaques
(Celeng et al., 2016). Extensive evidence supports the role of CCTA as a
gatekeeper that accurately selects individuals for invasive coronary
angiography (ICA) (Chinnaiyan et al., 2012; Marwick et al., 2015).
Significant luminal stenosis is assumed when the diameter reduction of
the coronary lumen appears to be more than 70% and this threshold is
widely required as an angiographic criterion for the need for revascu-
larization (Budoff and Shinbane, 2010).

We have previously documented the inverse association of hyper-
thymic temperament and the presence of CAD, however, the role of
affective temperaments in relation to severe CAD has not been shown yet
(Nemcsik et al., 2017). The current study aimed to evaluate the associ-
ations between affective temperaments and the presence of significant
coronary artery stenosis, as assessed by CCTA. Based on our previous
findings (Eory et al., 2014; Laszlo et al., 2016; Nemcsik et al., 2017), we
hypothesized a positive association in case of cyclothymic and an in-
verse association in case of hyperthymic temperament.

2. Methods
2.1. Study population

Overall, 225 consecutive Caucasian patients with stable anginal
symptoms referred to clinically indicated CCTA were enrolled in a cross-
sectional design. Inclusion criteria included patients older than 18 years,
who gave approval to data retrieval and analysis. Patients with known
CAD, previous coronary intervention, coronary bypass operation or with
non-diagnostic image quality were excluded from the current study.
Further exclusion criteria included ongoing psychiatric disorders
(administration of antipsychotic agents or ongoing major depressive
episode) and dementia potentially interfering with the completion of
questionnaires. Demographic, anthropometric and medical data of all
patients were recorded, and participants were asked to complete the
psychometric autoquestionnaire before the examination. Patients were
documented to have dyslipidemia if statins were regularly prescribed.
Definition of hypertension relied on the regular administration of anti-
hypertensive medications. The modified Diamond-Forrester model was
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used to define pretest probability (PTP) of obstructive CAD (Al’Aref
et al., 2020).

All patients agreed to data retrieval and analysis and provided
written informed consent prior to the examination. The study was
approved by the Scientific and Research Ethics Committee of the Med-
ical Research Council, the Hungarian Ministry of Health (ETT TUKEB
570/2014) and was carried out in accordance with the tenets of the
Declaration of Helsinki.

2.2. Coronary computed tomography angiography

CCTA examinations were performed using a 256-slice CT scanner
(Philips Brilliance iCT, Best, The Netherlands) with prospective ECG-
triggered axial acquisition mode. Tube voltage of 100-120 kVp and
tube current of 200-300 mAs was implemented, according to individual
anthropometrics. Image acquisition was performed with 270 msec
rotation time and 128 x 0.625 mm collimation. Blood pressure and
heart rate were measured once on the left arm in sitting position, one
hour prior to the CT examination. A maximum of 100 mg metoprolol
was given orally and up to 20 mg intravenously for heart rate control, if
the patient’s heart rate exceeded 65 beats/min. All patients received
sublingual nitroglycerin (0.8 mg) to induce proper vasodilation during
CCTA. Iomeprol contrast material (Ilomeron 400, Bracco Ltd, Milan,
Italy) through antecubital venous access was used with 85-95 ml
contrast agent at a flow rate of 4.5-5.5 ml/sec using a four-phasic pro-
tocol (Karady et al., 2017). In order to obtain proper scan timing, bolus
tracking in the left atrium (LA) was used. CTA datasets were recon-
structed using iterative reconstruction algorithms with 0.8 mm slice
thickness and 0.4 mm increment (iDose5 and IMR, Philips Healthcare,
Cleveland, OH, USA).

2.3. Assessment of coronary artery disease

Evaluation of the images was performed by experienced readers
(with 5-10 years of experience in cardiac CT). All images were processed
using an advanced analysis platform (Philips IntelliSpace Portal, Philips
Healthcare, Best, The Netherlands). The extent, severity and distribution
of CAD was reported. All readers assessed coronary lesions according to
Society of Cardiovascular Computed Tomography (SCCT) guidelines
using an 18-segment coronary tree model (Abbara et al., 2016). We
defined severe CAD as the presence of significant luminal diameter
stenosis (>70% or >50% in case of LM) in >1 major coronary artery
(LM, LAD, Cx, RCA, major side branches: >2 mm luminal diameter).
Representative images of a patient with severe CAD are presented on
Fig. 1.

2.4. Evaluation of affective temperaments and depression

The Temperament Evaluation of Memphis, Pisa, Paris and San Diego
Autoquestionnaire (TEMPS-A) is an 110-item self-report instrument,
developed to assess affective temperaments in depressive, cyclothymic,
hyperthymic, irritable, and anxious subscales, requiring “yes” (score 1)
or “no” (score 0) answers (Akiskal et al., 2005b).

The Beck Depression Inventory (BDI) is a 21-question multiple-
choice, self-report questionnaire, a widely used instrument that was
used to evaluate severity of depression (Beck et al., 1961).

2.5. Statistical analysis

Continuous variables are expressed as mean + standard deviation
(SD) and categorical variables are expressed as numbers and percent-
ages. Differences between descriptive characteristics, as well as TEMPS-
A and BDI scores were compared between groups using unpaired Stu-
dent’s t-test for continuous variables and chi-square test for categorical
values. Logistic regression analysis was used to assess the determinants
of severe CAD. The predictive power of affective temperaments was
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initially investigated as continuous variables. Given that age and sex are
documented and widely accepted predictors of CAD, our first model was
primarily adjusted for these factors. Traditional risk factors and those
psychometric parameters that had a p<0.10 value in Model I were
entered into further multivariate logistic models to assess independent
association with severe CAD. Since a high degree of intercorrelation is
existent between affective temperaments, affective temperaments were
fit into the multiple regression analyses separately (Model II and Model
I1I). Receiver operating curve (ROC) analysis was performed thereafter,
and optimal cutoff values were defined based on Youden index (sensi-
tivity + specificity minus 1) for affective temperament scores in each
five subscales. Model I was primarily adjusted for age and gender, as
well, while cutoff values for each temperament score that proved to have
a p<0.10 were consecutively entered into Model II, Model III and Model
IV, along with traditional risk factors. A two-sided p < 0.05 was
considered to be significant in all analyses. SPSS (Armonk, NY, USA
version 25.0) was used for all calculations.

3. Results

In total, our study population consisted of 225 patients. The mean
age of our cohort was 58.5 + 12.14 years, approximately half of them
(106/225; 46.7%) were female and had dyslipidemia (118/225; 52.0%).
Severe CAD was observed in 41 cases (18.2%). The mean age of patients
with severe CAD was significantly higher, as compared to the other
group: 63.0 + 9.9 vs 57.5 + 12.4 years (p = 0.03). The proportion of
women was significantly lower in those with severe CAD: 36.6% of those
with severe CAD vs 49.5% of those without significant coronary artery
stenosis (p<0.001). Regarding traditional risk factors in the severe CAD
cohort, the prevalence of diabetes mellitus [29.3% vs 13.6% (p = 0.01)]
and dyslipidemia [78.0% vs 46.7% (p<0.001)] proved to be signifi-
cantly higher. No statistically significant difference could be observed
regarding psychometric parameters. Demographic parameters, clinical
data and scores in the different scales of affective temperaments are
summarized in Table 1.

In order to determine the predictors of significant coronary stenosis,
uni- and multivariate logistic regression analyses were applied. Of all the
baseline characteristics, dyslipidemia and cyclothymic temperament
were associated with severe CAD in the regression model corrected for
age and sex (Model I). Dyslipidemia (OR = 4.85 CI: 1.99-11.81, p =
0.001) and cyclothymic affective temperament (OR 1.12 CLI
1.02-1.23, p = 0.02) remained to be independent predictors of severe
CAD in multivariate analysis, while hyperthymic temperament (OR =
0.92 CIL: 0.84-1.00, p = 0.04) significantly decreased the odds of sig-
nificant luminal stenosis (Model II and III). Table 2 details the results of
the multiple logistic regression analyses.

Based on multiple ROC analyses, depressive scores >6 [sensitivity:
48.8%; specificity: 60.9%; AUC (Area Under the Curve): 0.53], cyclo-
thymic scores >7 (sensitivity: 31.7%; specificity: 83.2%; AUC: 0.56),
hyperthymic scores >11 (sensitivity: 56.1%; specificity: 60.3%; AUC:
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Fig. 1. (A) Representative 3D volumetric image
of a 44-year-old male patient with significant
coronary artery stenosis and a cyclothymic
temperament score of 12. (B) Curved multi-
planar reformatted image of the left anterior
descending artery (LAD) and cross-sectional
image of a partially calcified plaque causing
severe stenosis. (C) Subsequently performed
coronary angiogram. Arrow points to the severe
stenosis, corresponding with the location seen
on CT.

LAD: Left Anterior Descending Artery.

Table 1
Demographic parameters, cardiovascular risk factors, TEMPS-A and BDI scores
in patients with and without severe coronary artery stenosis.

Severe stenosis

Total [CD)] ) p-value

Number 225 41 184 -
Demographics

Age (years) 58.5+12.1 63.0+9.9 57.5t12.4 0.03

Female sex, n (%) 106 (46.7) 15 (36.6) 91 (49.5) <0.001

BMI (kg/mz) 28.7+5.4 29.3+5.7 28.6+5.3 0.75
Cardiovascular risk factors

Current smoker, n (%) 24 (10.6) 3(7.3) 21 (11.49) 0.44

Hypertension, n (%) 156 (69.3) 31 (75.6) 125 (67.9) 0.34

Antihypertensive

medication, n (%)

ACE-inhibitor 53 (23.3) 11 (26.8) 42 (22.8) 0.60

ARB 58 (25.6) 13 (31.7) 45 (24.5) 0.35

Calcium channel blocker 43 (18.9) 5(12.2) 38 (20.7) 0.21

Beta blocker 98 (43.2) 20 (48.8) 78 (42.4) 0.47

Diuretic 78 (34.4) 14 (34.1) 64 (34.8) 0.92

Alpha-adrenergic receptor 19 (8.4) 3(7.3) 16 (8.7) 0.77

blocker

Centrally acting agents 9 (4.0) 3(7.3) 6(3.3) 0.23

Number of 0.88

antihypertensive agents

1 32(14.1) 8(19.5) 24 (13.0)

2 43 (18.9) 8(19.5) 35 (19.0)

3 37 (16.3) 8(19.5) 29 (15.8)

4 23 (10.1) 4(9.8) 19 (10.3)

5 5(2.2) 1(2.4) 4(2.2)

6 2(0.9) 0 (0.0) 2(1.1)

Diabetes mellitus, n (%) 37 (16.3) 12 (29.3) 25 (13.6) 0.01

Dyslipidemia, n (%) 118 (52.0) 32(78.0) 86 (46.7) <0.001
PTP,%

Updated Diamond- 6.8+5.8 10.3+7.6  6.1+5.0 <0.001

Forrester
Affective temperaments

Depressive 6.4+3.0 6.7+£3.4 6.3£3.0 0.41

Cyclothymic 4.2 £3.8 5.24+4.7 4.0+3.6 0.33

Hyperthymic 12.0+4.4 11.0+4.4 12.24+4.4 0.44

Irritable 4.5+3.3 4.84+3.6 4.443.3 0.14

Anxious 6.4+5.4 6.7+6.7 6.44+5.1 0.40
Beck Depression Inventory 6.5£6.0 7.3£7.1 6.3+5.7 0.46

BMI, Body mass index; PTP, pretest probability.
Continuous variables are expressed as mean + standard deviation (SD) and
categorical variables are expressed as numbers and percentages.

0.58), irritable scores >6 (sensitivity: 39.0%; specificity: 77.2%; AUC:
0.54), and anxious scores >5 (sensitivity: 29.3%; specificity: 85.3%;
AUC: 0.53) yielded the highest Youden index and were thus defined as
optimal cutoff values. Model I was primarily adjusted for gender and
sex. According to further logistic regression analyses, cyclothymic scores
>6 [odds ratio (OR) = 3.23 CL: 1.35-7.76, p = 0.01], hyperthymic
temperament scores >11 (OR = 0.41 CI: 0.19-0.90, p = 0.03), and ir-
ritable scores >6 (OR = 2.79 CI: 1.17-6.69, p = 0.02) independently
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Table 2
Uni- and multivariate logistic regression analysis of affective temperaments, cardiovascular risk factors and severe coronary artery disease, primarily adjusted for age
and sex.
Model 1. Model II. Model II1.
OR 95% CI, lower-upper p OR 95% CI, lower-upper p OR 95% CI, lower-upper P
BMI (kg/mz) 1.01 0.95-1.08 0.75 0.99 0.91-1.07 0.75 0.96 0.92-1.08 0.91
Current smoker 1.62 0.59-4.47 0.35 2.03 0.67-6.11 0.21 2.19 0.72-6.60 0.17
Hypertension 0.89 0.38-2.06 0.79 0.59 0.21-1.64 0.31 0.59 0.21-1.66 0.32
Diabetes mellitus 1.95 0.85-4.47 0.10 1.50 0.57-3.95 0.41 1.57 0.61-4.06 0.35
Dyslipidemia 3.81 1.69-8.58 0.001 5.36 2.16-13.28 <0.001 4.73 1.95-11.49 <0.001
PTP 1.08 1.00-1.16 0.045 1.10 1.01-1.19 0.03 1.09 1.00-1.18 0.04
Depressive 1.08 0.96-1.22 0.18
Cyclothymic 1.10 1.01-1.20 0.03 1.12 1.02-1.23 0.02
Hyperthymic 0.92 0.85-1.00 0.053 0.91 0.83-0.96 0.04
Irritable 1.06 0.96-1.18 0.26
Anxious 1.03 0.97-1.11 0.32
Beck Depression Inventory 1.03 0.97-1.09 0.31

BMI, Body mass index; PTP, pretest probability.

Model I: traditional risk factors and psychometric parameters, primarily adjusted for age and gender; Model IT and Model III: multivariate analyses including traditional

risk factors and each temperament score with p<0.10 in Model I.

predict severe CAD (Model II, III and IV). Based on the results, a
hyperthymic score >11 decreases the odds for severe CAD by 59%,
whereas cyclothymic score >7 and irritable score >6 cause a 3.23- and a
2.79-fold increase in the odds of significant luminal stenosis, respec-
tively. Table 3 summarizes the results of the final multivariate logistic
regression analysis.

4. Discussion

Our study revealed that aside from traditional risk factors and pretest
probability, cyclothymic and hyperthymic affective temperaments are
independent predictors of the presence of significant coronary artery
stenosis. While higher cyclothymic temperament score increases the
odds of severe CAD, an inverse association could be observed in case of
hyperthymic scores. Furthermore, a hyperthymic affective temperament
score >11 proved to be independently protective of severe CAD, while
scores of cyclothymic temperament >7 and irritable >6 had a direct
relationship with the presence of significant luminal stenosis in our
cohort of 225 patients.

Standard modifiable and non-modifiable risk factors of coronary
atherosclerosis that include age, male gender, smoking, dyslipidemia,
hypertension and diabetes have extensively been studied to date.
However, growing evidence demonstrates the impact of psychosocial
factors on coronary heart disease as well (Piepoli et al., 2016). A
two-fold increase in relative risk was revealed regarding CV mortality in

people with diagnosed depression but mild depressive symptoms elevate
CV risk without diagnosed major depressive disorder, as well (Penninx
et al., 2001; Rafanelli et al., 2013). Additionally, hostility and anger
traits are associated with an increased risk for CV events in both healthy
and CAD populations (Chida and Steptoe, 2009). Our results further
expand evidence on the detrimental role of dyslipidemia on CAD, while
also establishing the potential effect of different affective temperaments.
In contrast to literature, however, no association was found in our
cohort with the severity of depression, which can be the consequence of
the low average depression score of the study population.

Substantial evidence supports the association between affective
temperaments and psychopathology. Previous studies have implicated a
genetic association between hyperthymic affective temperament and the
pathogenesis of bipolar I disorder (Rottig et al., 2007). Cyclothymic
affective temperament was shown to be the most pronounced affective
temperament type in patients with bipolar II disorder (Akiskal et al.,
2003), and is considered to be the precursor of bipolar disorder often
presenting with atypical features (Akiskal, 2003). Furthermore, cumu-
lating evidence supports the association of depressive temperament and
unipolar depression (Akiskal et al., 2005a).

Apart from their importance in psychopathology, extensive evidence
is available regarding the relationship of affective temperaments and CV
pathology, especially in case of cyclothymic, irritable and hyperthymic
temperaments.

Cyclothymic traits appear to lie on a polygenic continuum between

Table 3
Results of the multiple regression analyses applying different cut-off values for affective temperaments, primarily adjusted for age and gender.
Model 1. Model II. Model III. Model IV.
OR 95% ClI, p OR 95% CI, lower- P OR 95% CI, lower- P OR 95% CI, lower- P
lower-upper upper upper upper
Current smoker 1.62 0.59-4.47 0.35 2.04 0.68-6.17 0.21 2.02 0.67-6.09 0.21 231 0.78-6.90 0.13
BMI (kg/mz) 1.01 0.95-1.08 0.75 0.99 0.92-1.08 0.99 0.96 0.92-1.08 0.90 0.98 0.91-1.07 0.68
Hypertension 0.89 0.38-2.06 0.79 0.58 0.21-1.65 0.58 0.60 0.22-1.69 0.34 0.59 0.21-1.66 0.32
Diabetes mellitus 1.95 0.85-4.47 0.10 1.49 0.57-3.91 0.42 1.62 0.62-4.20 0.32 1.51 0.58-3.98 0.40
Dyslipidemia 3.81 1.69-8.58 <0.001 5.37 2.15-13.39 <0.001 4.73 1.95-11.48 <0.001 5.43 2.19-13.49 <0.001
PTP 1.08 1.00-1.16 0.045 1.10 1.01-1.20 0.02 1.09 1.00-1.18 0.04 1.08 0.10-1.18 0.06
Depressive>6 1.78 0.87-3.64 0.12
Cyclothymic>7 2.80 1.24-6.32 0.01 3.59 1.46-8.85 0.005
Hyperthymic>11 0.50 0.24-1.05 0.07 0.43  0.19-0.99 0.048
Irritable>6 2.27 1.05-4.93 0.04 2.89 1.21-6.87 0.02
Anxious>5 1.42 0.64-3.13 0.39
Beck Depression 1.63 0.74-3.60 0.22
Inventory>9

BMI, Body mass index; PTP, pretest probability.

Model I: traditional risk factors and ROC analysis derived optimal cutoff values for psychometric scores, primarily adjusted for age and gender; Model II, Model IIT and
Model IV: multivariate analyses including traditional risk factors and each temperament with an association of p<0.10 in Model L.
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excessive temperament and bipolar disorder (Akiskal et al., 1977).
Cyclothymic affective temperament is characterized by erratic insta-
bility in mood and the hallmark of the temperament is the chronic,
biphasic dysregulation of vigilance, self-esteem, and circadian rhythm
(Akiskal et al., 2005c). Our previous studies have demonstrated the ef-
fect of cyclothymic temperament on the age of onset of hypertension,
while this temperament also correlated with the history of coronary
events in hypertensive patients (Eory et al., 2014; Korosi et al., 2019).
Additionally, our recent findings revealed the relationship of cyclo-
thymic temperament both with white-coat and resistant hypertension
(Korosi et al., 2020). Our findings further expand the evidence on the
impact of cyclothymic affective temperament on CV pathology.

Irritable temperament has been characterized by a tendency to
overreact to aversive stimuli with negative affect and is best described
by impulsiveness, anger and hostility (Suarez et al., 1998). An inverse
relationship between hostility scores and high frequency components of
heart rate variability power spectrum were observed previously (Sloan
et al.,, 2001). Furthermore, we recently demonstrated in hypertensive
patients that nighttime peripheral and central systolic blood pressure are
associated with irritable affective temperament (Korosi et al., 2019).
Our results highlight that while these factors are documented predictors
of CAD, irritable affective temperament may also be associated with
severe CAD, especially in its more pronounced form.

Hyperthymic affective temperament mirrors state-like positive af-
fects as it is a trait characterized by exuberant, upbeat, overenergetic
and overconfident lifelong traits and stimulus-seeking attributes (Akis-
kal, 1992). This temperament is regarded as a protective factor against
suicide and major depressive disorder (Vazquez et al., 2010). Regarding
CV pathology, higher hyperthymic temperament score is associated with
better pulse wave reflection (augmentation index) in chronic hyper-
tensive patients (Laszlo et al., 2016). We also demonstrated an inverse
association between hyperthymic temperament and coronary athero-
sclerosis (Nemcsik et al., 2017). Our present research provides further
evidence to the protective role of hyperthymic temperament on CV
pathology.

Its exquisite negative predictive value has established CCTA as a
highly effective noninvasive alternative to invasive coronary angiog-
raphy to rule out obstructive CAD (Budoff et al., 2008). Currently, a
luminal stenosis of >70% is widely regarded as the threshold for the
indication of intervention in clinical practice (Budoff and Shinbane,
2010).

The present study was limited by its cross-sectional design, which
precluded causal inference. However, since affective temperaments are
regarded as the stable core of personality, developing in childhood, and
remain relatively stable through life, it is safe to assume that prevailing
coronary artery disease does not contribute to changes in affective
temperaments. Nevertheless, prospective studies should be targeted at
confirming this hypothesis in the future. Although our methodology
used standardized autoquestionnaires and excluded patients with de-
mentia, a complete exclusion of misinterpretations or mistakes by pa-
tients is nevertheless impossible. Moreover, generalizability of our
results is limited by the fact that we enrolled solely patients that were
referred to CCTA. Given that race-specific differences are well-
documented in the pattern of affective temperaments, the fact that all
of the enrolled patients were Caucasian is a shortcoming. Additionally,
blood pressure was not evaluated according to current guidelines, as it
was measured only once. Therefore, we decided not to include our blood
pressure data into the regression analysis. Given that controlled and
uncontrolled hypertensive patients were not distinguished in our patient
population, uncontrolled hypertension could not be built into the
multivariate analysis. It is plausible to assume that such a variable yields
stronger predictive value than hypertension in general and could
potentially decrease the demonstrated effect of affective temperaments.

In conclusion, our results revealed that in patients referred to clini-
cally indicated CCTA, affective temperaments are independent pre-
dictors of severe CAD after the adjustment for traditional CV risk factors
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and pretest probability. Our study suggests that evaluation of affective
temperaments may have an incremental value in cardiovascular risk
stratification of patients and with further evidence supporting our
findings, their assessment could potentially be exploited for CV pre-
vention purposes. Evaluation of affective temperaments is an easy-to-
apply, low cost method that may establish further potential means of
identifying patients with elevated risk for severe CAD as potential tar-
gets for earlier and more aggressive primary prevention.
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Objective: Affective temperaments (depressive, anxious, irritable, hyperthymic, and cyclothymic) are regarded as
the stable core of personality and when present in their dominant form, are considered subclinical manifestations
and high-risk states for various affective disorders. Furthermore, cumulating evidence supports their relationship
with cardiovascular diseases. Our aim was to assess the association between affective temperaments and left
ventricular hypertrophy (LVH) in chronic hypertensive patients.

Methods: In the present cross-sectional study, 296 patients referred to coronary computed tomography angiog-
raphy (CCTA) due to suspected coronary artery disease were analyzed. All patients completed the Temperament
Evaluation of Mempbhis, Pisa, Paris, and San Diego Autoquestionnaire (TEMPS-A). Left ventricular mass was
quantified by CCTA and indexed to the body surface area (LVMi). Logistic regression analysis was used to
identify predictors of LVH (men: >67.2 g/m2 and women: >54.7 g/mz).

Results: Among our patient cohort (mean age: 59.4 + 10.6, 44.9% female), the median LVM and LVMi were
115.5 [88.4-140.7] g and 58.4 [47.4-64.2] g/mz, respectively. Elevated BMI (OR = 1.04 CI: 1.01-1.10, p = 0.04)
and cyclothymic affective temperament scores (OR = 1.06 CI: 1.00-1.12, p = 0.04) significantly increased the
odds of LVH in multivariate logistic regression analysis.

Conclusion: Assessment of affective temperaments may allow for the identification of chronic hypertensive pa-
tients with elevated risk for LVH as a potential target for earlier primary intervention.

1. Introduction

Akiskal developed the modern theoretical conceptualization of af-
fective temperaments based on theoretical temperamental models
combined with clinical studies of affective disorder patients and their
first degree relatives to understand how temperaments, the strongly
inherited biological core of the personality are related to the manifes-
tation and course trajectories of affective illness [1]. According to
Akiskal's theory of affective temperaments, affective disturbances may

potentially manifest in a spectrum from physiological emotional reac-
tivity to affective disorders. Affective temperaments comprise five
distinct dimensions (depressive, irritable, anxious, hyperthymic, cyclo-
thymic) that are considered the temporally stable part of emotional
reactivity in adulthood [2,3], however, until adolescence and in older
age they can demonstrate instability to some extent [4]. Affective tem-
peraments determine reaction to environmental stimuli and their model
was designed to characterize subjects in the aspects of cognitive, psy-
chomotor, circadian and social-behavioural traits [5]. The
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Temperament Evaluation of Memphis, Pisa, Paris and San Diego Auto-
questionnaire (TEMPS-A) consists of 110 self-reported items and was
constructed to evaluate the five subscales of affective temperaments [6].
These temperaments, especially in their more marked appearance, have
been hypothesized to be subclinical manifestations or phenotypes of
mood disorders that influence the emergence, clinical course and several
core features of affective disorders [7-9]. Individual patterns of affective
temperaments, for instance, are associated with increased level of
hopelessness, which is an important predictor of future depression and
lifetime suicide risk [10]. Affective temperament scores are documented
independent predictors of lifetime suicide attempt and contribute more
to predicting suicidal status than the presence of a major affective dis-
order [11]. Furthermore, growing evidence supports the impact of af-
fective temperaments on somatic diseases and they are emerging as
potential risk factors in cardiovascular (CV) pathology, as well [12-14].

CV diseases remain to be the leading cause of morbidity and mor-
tality in the majority of developed countries worldwide, and hyperten-
sion is the leading cause of disability-adjusted life years [15]. Overall,
high blood pressure is accountable for more CV deaths than any other
modifiable CV risk factor [16]. Left ventricular hypertrophy (LVH),
defined as an increase in left ventricular mass (LVM), is an independent
predictor of CV morbidity and mortality in hypertensive patients,
particularly for stroke, heart failure, and atrial fibrillation [17-20].
Currently, non-invasive methods to quantify LVM include echocardi-
ography, cardiac magnetic resonance imaging (MRI), CT angiography,
and single-photon emission CT. Due to its widespread availability,
moderate expense, and the lack of radiation exposure, two-dimensional
transthoracic echocardiography has been the most commonly used
modality for LV measurements, however, it yields limited reproduc-
ibility for LVM assessment [21,22]. Coronary CT angiography (CCTA) is
a robust, non-invasive modality that permits accurate anatomical visu-
alization of the coronaries and the myocardium, and has recently
received class I recommendation for the testing of patients with stable
chest pain in the European guidelines [23-25]. Previous studies with
large patient cohorts have established CT-based reference values for
LVM, with highly reproducible measurements [26,27].

In previous studies, affective temperaments have been associated
with various aspects of CV and metabolic disorders [28-31]. Under-
standing the involvement of such psychological factors together with
their genetic, biological, behavioural, cognitive and emotional corre-
lates would not only elaborate our insight into the etiopathological
background of such somatic conditions, but would also provide valuable
methods for risk screening, prevention, and interventions possibly
impacting somatic illness course and outcomes.

The aim of our study was to evaluate the associations between af-
fective temperaments and the presence of LVH in hypertensive patients,
as assessed by CCTA. Besides its significant association with coronary
atherosclerosis, our previous findings emphasize that cyclothymic
temperament yields the most marked associations with elevated blood
pressure and the rate of cardiac complications in hypertensive patients
[12,32-34]. Furthermore, marked cyclothymic traits have been linked
to worse therapeutic adherence [35]. On the other hand, hyperthymic
temperament is inversely associated with the increased level of arterial
stiffening and the absence of coronary atherosclerosis [12,36]. There-
fore, we hypothesized a positive correlation between cyclothymic af-
fective temperament and LVH, as well as an inverse association with
hyperthymic temperament.

2. Methods
2.1. Study population

In the present cross-sectional, single center study, 413 consecutive
Caucasian patients with chronic hypertension and stable anginal

symptoms referred to clinically indicated CCTA were screened with low
to intermediate CV risk between February 2020 and March of 2021. All
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patients agreed to imaging by signing a written consent form prior to the
examination. Furthermore, those who wished to participate in the cur-
rent study completed the self-report temperament questionnaire and
provided written consent to data retrieval and analysis before imaging.
Patients older than 18 years, who gave approval to data retrieval and
analysis met the inclusion criteria. Hypertension was defined as the
regular administration of antihypertensive medications. Exclusion
criteria included: 1) previous acute myocardial infarction (AMI) /
percutaneous coronary intervention (PCI), 2) presence of severe
comorbidities potentially impacting the myocardium (congenital heart
disease, serious valve disease, heart failure, cardiomyopathy, chronic
inflammatory disorders, 3) inadequate CTA image quality, and 4) given
that obstructive CAD is a documented predictor of LVH [37,38], patients
with significant luminal diameter stenosis [>70% for epicardial arteries
or > 50% in case of left main (LM)] in >1 major coronary artery [LM, left
anterior descending (LAD), left circumflex (LCx), right coronary artery
(RCA), major side branches: >2 mm luminal diameter] were also
excluded. Demographic, anthropometric and medical data of all patients
were recorded, and participants were asked to complete the psycho-
metric autoquestionnaire before the examination.

The study was approved by the Scientific and Research Ethics
Committee of the Medical Research Council, the Hungarian Ministry of
Health (ETT TUKEB 570/2014) and was carried out in accordance with
the tenets of the Declaration of Helsinki.

2.2. Image acquisition

Prospectively triggered axial CTA of the heart was performed using a
256-slice general purpose CT scanner (Philips Brilliance iCT, Best, The
Netherlands) or a dedicated CV scanner (CardioGraphe, GE Healthcare,
Chicago, USA). Tube voltage and current was adjusted according to
patient size. Blood pressure and heart rate were measured once on the
left arm in sitting position, one hour prior to the CT examination.
Iomeprol contrast material (Iomeron 400, Bracco Ltd., Milan, Italy)
through antecubital venous access was used with 85-95 ml contrast
agent at a flow rate of 4.5-5.5 ml/s using a four-phasic protocol [39]. In
order to obtain proper scan timing, bolus tracking in the left atrium was
used.

2.3. Image analysis

Analysis of the CTA datasets were performed on a workstation with
dedicated semi-automated software (Philips Healthcare, Cleveland,
USA). LV measurements were performed by an experienced reader (with
3 years of experience in CCTA) blinded to the patient's clinical data,
while 10 image were re-evaluated by a CV radiologist (with 6 years of
experience in CCTA), subsequently, to assess reproducibility of the
measurements. LV was initially segmented automatically by the soft-
ware and epi- and endocardial were adjusted manually, if needed
(Fig. 1). Papillary muscles were automatically excluded from the mea-
surements and considered as part of the LV cavity. Myocardial mass was
quantified automatically based on the Simpson method. LVMi was
calculated by indexing LVM values by the body surface area (BSA), as
calculated by the Du Bois formula [40]. Previously published CTA-
derived reference values were used to define LVH (men: >67.2 g/m2
and women: >54.7 g/mz) [41]. Evaluation of the coronaries was per-
formed by expert readers (with 5-10 years of experience in cardiac CT).
All readers assessed coronary lesions according to Society of Cardio-
vascular Computed Tomography (SCCT) guidelines using an 18-segment
coronary tree model [42]. Degree of stenosis was categorized as follows:
0%, 1-29%, 30-49%, 50-69%, or > 70% stenosis. Segment involvement
score (SIS) was defined as the sum of coronary segments with plaque,
whereas for the calculation of segment stenosis score (SSS), each coro-
nary segment was graded as having no to severe plaque (scores 0-3)
based on the degree of stenosis and the scores of all segments were
summed subsequently [43]. We defined severe CAD as the presence of
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44 yo male patient
185 cm, 114 kg
BSA: 2.37 m?

Based on Simpson
LV wall muscle mass 197.2g | LV wall muscle mass index | 79.0 g/ m®

Fig. 1. CCTA confirms LV hypertrophy of a 44-year-old man with hypertension.
Representative images showing the result of the semiautomatic short axis seg-
mentation. LV mass measurements were performed in end-diastole by tracing
the ventricular cavity and myocardium and was calculated according to
Simpson's method.

LV, left ventricle; RV, right ventricle; CCTA, coronary computed tomography
angiography.

significant luminal diameter stenosis (>70% or > 50% in case of LM) in
>1 major coronary artery (LM, LAD, LCx, RCA) or major side branches:
>2 mm luminal diameter).

2.4. Evaluation of affective temperaments and depression

The Temperament Evaluation of Memphis, Pisa, Paris and San Diego
Autoquestionnaire (TEMPS-A) is an 110-item self-report instrument,
developed to assess affective temperaments in depressive, cyclothymic,
hyperthymic, irritable, and anxious subscales, requiring “yes” (score 1)
or “no” (score 0) answers [6]. The Hungarian validated and standard-
ized version of TEMPS-A was used to assess the point scores in each
subscale. The validation of the questionnaire was carried out in 2008
including 1132 individuals, providing national data on reliability and
internal consistency [44].

2.5. Statistical analysis

Continuous variables are expressed as mean + standard deviation
(SD) or median and interquartile range (IQR), while categorical vari-
ables are expressed as numbers and percentages. Differences between
descriptive characteristics, as well as TEMPS-A were compared between
groups using unpaired Student's t-test or Mann-Whitney test for
continuous variables and chi-square test for categorical values. Uni- and
multivariate logistic regression analyses were used to assess the de-
terminants of LVH. Each antihypertensive agent and variables that had a
p < 0.10 value in a univariate setting were entered into further multi-
variate logistic models to assess independent association with LVH. To
determine inter-observer agreement, intra-class correlation coefficient
was calculated as indicator of reproducibility.

A two-sided p < 0.05 was considered to be significant in all analyses.
SPSS (Armonk, NY, USA version 25.0) was used for all calculations.

3. Results

Among a series of 413 consecutive patients who underwent CCTA in
the inclusion period, 382 patients agreed to participate in the current
study. From this cohort, we excluded 1) 27 patients because of prior
AMI/PCI, 2) 19 patients due to severe comorbidity, 3) 2 patients because
of inadequate CTA image quality, and 4) 38 patients due to the presence
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of severe coronary artery stenosis. In total, our study population con-
sisted of 296 patients [(44.9% female; mean age 59.4 + 10.6 years)
(Fig. 2)] and LVH was present in 76 cases (25.7%). The mean age of
patients with LVH was significantly lower, as compared to those
without: 55.9 + 10.8 vs 60.9 + 10.3 years, (p = 0.01). Regarding patient
anthropometrics, both BMI [30.3 + 4.4 vs 28.8 + 3.9 kg/m? (p =
0.005)] and BSA [2.2 + 0.3 vs 1.9 + 0.2 m?, (p < 0.001)] proved to be
significantly higher in the LVH group. A significant difference in LVMi
could be observed between the LVH and healthy group: 70.3 (62.5-76.8)
vs. 53.4 (46.1-61.3) g/m?, (p < 0.001). No statistically significant dif-
ference could be observed regarding psychometric parameters. De-
mographic data, clinical and CTA-derived parameters and scores in the
different scales of affective temperaments are summarized in Table 1.
Overall, >67% of the hypertensive patients received a beta blocker
regularly, while approximately half of them were on ACE-inhibitor. The
proportion of patients taking angiotensin receptor blockers was higher
in patients with LVH: 70 (30.8%) vs. 35 (46.1%), p = 0.04. Overall,
41.9% of patients took diuretics and 36.2% took calcium channel
blockers regularly, while approximately 15% of the patients received
other antihypertensive medications (alpha-adrenergic receptor blocker
or centrally acting agent). Antihypertensive therapy of patients with and
without LVH are detailed in Supplementary Table 1.

Overall, 10 datasets were re-evaluated by a second reader in order to
assess inter-observer variability of LVM measurements with an intraclass
correlation coefficient of 0.91.

In order to determine the predictors of LVH, uni- and multivariate
logistic regression analyses were applied. Of all the baseline character-
istics, BMI was significantly associated with LVH (OR = 1.07 CIL
1.02-1.13, p = 0.01), while the odds of hypertrophy decreased with age
(OR = 0.97 CI: 0.94-0.99, p = 0.01). While none of the antihypertensive
agents taken regularly presented a significant correlation with the
presence of LVH, BMI maintained its association in multivariate anal-
ysis, as well (OR = 1.04 CI: 1.01-1.10, p = 0.04). Furthermore, cyclo-
thymic affective temperament proved to be an independent predictor of
LVH in the multivariate setting (OR = 1.06 CL: 1.00-1.12, p = 0.04).
Based on the results, 1 point higher cyclothymic affective temperament
score increases the odds of LVH by 7%. Results of the uni- and multi-
variate analysis are summarized in Table 2.

413 consecutive patients with hypertension screened
between February 2020 and March 2021

382 hypertensive patients agreed to participate

27 patients excluded:
Previous AMI/PCI

19 patients excluded:
Severe comorbidity

336 patients undergoing coronary CT angiography enrolled

2 patients excluded:
Inadequate CCTA image quality

38 patients excluded:
Severe coronary artery stenosis

296 eligible patients included in the final analysis

Fig. 2. Flowchart of the study.



M. Vecsey-Nagy et al.

Table 1
Demographic parameters, clinical data, and TEMPS-A scores in patients with
and without left ventricular hypertrophy.
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Table 2
Uni- and multivariate logistic regression analysis of the association of cardio-
vascular risk factors, affective temperaments, and left ventricular hypertrophy.

Total Hypertrophy P
=) )

Number 296 220 76 -
Demographics
Age (years) 59.4 + 10.6 60.9 +£10.3 55.9 £10.8 0.01
F 1

e;’Z) €SI 140 (44.9) 111 (50.5) 29 (38.2) 0.06
BMI (kg/m2) 29.6 + 4.3 28.8 + 3.9 30.3 + 4.4 0.005
BSA (m?) 2.0+0.3 1.9+ 0.2 2.2+0.3 <0.001

Cardiovascular risk factors
Duration of

. 12.0 11.0
hypertension, [5.0-21.0] [5.0-24.0] 11.0 [6.0-21.0] 0.99
(years)
Current
smoker, n 41 (13.1) 33 (15.0) 8 (10.5) 0.33
(%)
Diabetes
mellitus, n 46 (14.7) 33 (14.1) 15 (19.7) 0.24
(%)
Dyslipidemia, n
©6) 131 (42.0) 100 (45.5) 31 (40.8) 0.48
SBP (mmHg) 157.6 + 20.3 155.7 £ 19.4 163.6 + 23.7 0.11
DBP (mmHg) 90.9 + 12.5 90.5 +12.0 93.0 + 13.9 0.30
CTA-derived parameters
SSS 4.0 [1.0-7.0] 5.0 [1.0-8.0] 4.0 [1.0-6.0] 0.83
SIS 4.0 [1.0-6.0] 3.0 [1.0-6.0] 3.0 [1.0-6.0] 0.77
115.5 100.2 155.1
LVM(®) [88.4-140.7] [83.6-100.2] [121.2-192.2] <0.001
. P 58.4 53.4 70.3
LVMiGe/mD 14746421  [46.1-61.31  [62.5-76.8] <0.001
Affective temperaments
Depressive 6.2+ 3.3 6.1 +£3.2 6.2 + 3.5 0.55
Cyclothymic 4.0 + 3.9 3.6 £39 5.2+ 3.9 0.09
Hyperthymic 12.6 £3.5 12.1 £3.6 13.9+£35 0.07
Irritable 4.7 + 3.6 43+34 5.5+ 4.2 0.33
Anxious 6.2+ 5.4 6.5+ 5.7 5.1+ 4.3 0.09

Continuous variables are expressed as mean =+ standard deviation (SD) or me-
dian and interquartile range (IQR), while categorical variables are expressed as
numbers and percentages.

BMI, Body mass index; BSA, Body surface index; SBP, Systolic blood pressure;
DBP, Diastolic blood pressure; CTA, Computed tomography angiography; SSS,
Segment stenosis score; SIS, Segment involvement score; LVM, Left ventricular
mass; LVMI, left ventricular mass index.

4. Discussion

In our cross-sectional study investigating the association of affective
temperaments and LVH in chronic hypertension, we found that cyclo-
thymic temperament independently predicts increased LVM in our
cohort of 296 hypertensive patients. Our results further expand the ev-
idence provided by our previous studies concerning the involvement of
the biological core of emotional reactivity in somatic and specifically CV
illness.

Previous models of temperaments were constructed to describe the
healthy personality. The model of affective temperaments, on the other
hand, was developed based on data from affective disorder patients and
their healthy first-degree relatives to understand their involvement in
the development, high risk states, and manifestations of affective illness.
Although the biological and genetic basis of temperaments implies a
high level of consistency over time, the concept of heritability does not
mean lack of change or development, as Kawamura et al. exhibited
moderate changes in temperament scores measured by TEMPS-A over a
6-year period (depressive temperament, r = 0.59; cyclothymic

Univariate Multivariate
OR 95% CI, P OR 95% CI, P
lower- lower-
upper upper
Age (years) 0.97 0.94-0.99 0.01 1.00 0.95-1.01 0.11
Female sex 0.61 0.36-1.03 0.07 0.77 0.41-1.35 0.38
BMI (kg/m?) 1.07 1.02-1.13 0.01 1.04 1.01-1.10 0.04
Duration of
hypertension, 1.00 0.98-1.03 0.86
(years)
Number of

antihypertensive ~ 1.23 0.92-1.63 0.16

agents, n (%)

ACE/ARB 250 0.73-8.63 015 212 0.60-7.50  0.24

Beta blocker 1.03 048218 063 101 0.46-218  0.99

Calcium channel 083 039175 0.83 076 0.351.65  0.50
blocker

Diuretic 1.81 0.77-3.39 0.20
Alpha-adrenergic

receptor blocker

0.89-3.69 0.10 1.62

2.08 0.80-5.36 0.13 1.77 0.67-4.68 0.25

Current smoker 0.67 0.29-1.52 0.33
Diabetes mellitus 1.50 0.76-2.96 0.24
Dyslipidemia 0.83 0.49-1.40 0.48
SSS 0.99 0.93-1.05 0.68
SIS 0.97 0.89-1.07 0.59
Depressive 0.97 0.89-1.06 0.54
Cyclothymic 1.06 0.99-1.12 0.09 1.06 1.00-1.12 0.04
Hyperthymic 1.06 1.00-1.13 0.07 1.04 0.98-1.15 0.12
Irritable 1.04 0.96-1.13 0.33
Anxious 0.96 0.91-1.01 0.10

Antihypertensive agents and variables with p < 0.10 in univariate analysis were
entered into the multivariate model.

BMI, Body mass index; ACE, angiotensin-converting enzyme; ARB, angiotensin II
receptor blocker; SSS, Segment stenosis score; SIS, Segment involvement score.

temperament, r = 0.68; hyperthymic temperament, r = 0.82; irritable
temperament, r = 0.66; anxious temperament, r = 0.74; p < 0.01 for all
values) [3].

Extensive evidence is available about the deleterious effect of af-
fective temperaments on psychopathology. Cyclothymic temperament,
in particular, has complex associations with affective disorders. Cyclo-
thymic traits appear to lie on a polygenic continuum between excessive
temperament and bipolar disorder [45]. Cyclothymic affective temper-
ament shows a central dimension that includes rapid fluctuations in
mood and emotional instability and the hallmark of the temperament is
the abrupt endo-reactive shifts in vigilance, self-esteem, and circadian
rhythm [46]. It is the most prevalent temperament in patients with bi-
polar II disorder [47] and is generally considered the precursor of bi-
polar disorder often presenting with worse prognosis [48]. Furthermore,
cyclothymic temperament seems to be a contributor of suicidality in
patients independent of current major depressive episode [49].

The detrimental effect of affective temperaments, however, extends
far beyond the field of affective illness, as cumulating evidence confirms
their pathoplastic impact on a wide range of somatic diseases. Akiskal's
affective temperaments, and especially cyclothymic temperament, are
emerging as a helpful tool in identifying the risk components of devel-
oping different CV diseases. The association of cyclothymic tempera-
ment and accelerated vascular aging has recently been discovered [14].
We have previously reported that higher cyclothymic temperament
scores correlated with earlier manifestation of hypertension, and in
hypertensive patients, this temperament was associated with coronary
events [32,50]. The results of our current study provide further evidence
on the impact of cyclothymic affective temperament on CV pathology
and may allow for the more precise risk stratification of hypertensive
patients. The mediating factors underlying the detrimental effect of
cyclothymic temperament on LVM, however, have not been clarified
entirely. Cyclothymic scores are higher in patients with resistant
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hypertension but it may also be assumed that the BP values of cyclo-
thymic patients are affected by endo-reactive shifts, as well, potentially
rendering unreliable office blood pressure values [13]. Furthermore, it
has recently been documented that cyclothymic temperament is asso-
ciated with worse medication adherence in patients with type II diabetes
and it is plausible that similar tendencies could be observed in hyper-
tensive patients with respect to antihypertensive medication [35]. Af-
fective temperament scores reported on the medical records of patients
have the potential of assisting primary care physicians in the timely
identification of poor therapeutic adherence and consecutive end-organ
damage by drawing attention to patients with marked cyclothymic
traits. These patients may require more common check-ups and with
further evidence supporting our findings, stricter target BP-values might
be set for those with prominent cyclothymic traits. Furthermore, referral
of patients with severe symptoms of cyclothymic temperament to a
mental health professional substantially increases their chance of
improving self-care behaviors in case of an underlying affective disor-
ders. Future prospective studies should be carried out to explore
whether the higher LVH prevalence is due to unrepresentative BP levels,
insufficient adherence or other confounding factors.

Large population-based studies have confirmed the adverse prog-
nostic influence of LVH [51,52]. Increased LVM is a strong and inde-
pendent predictor of CV-related death and all-cause mortality in
hypertensive patients [53]. LVH is hypothesized to increase the risk of
major adverse cardiac events and mortality through a series of unfa-
vorable metabolic, functional, and cardiac structural changes
[37,54,55]. Available data delineating the impact of psychometric fac-
tors on the development of hypertension-related organ damage are
scarce in the literature. Patients with masked hypertension, a docu-
mented predictor of end-organ damage associated with hypertension,
previously demonstrated lower scores for type A personality [56].
Furthermore, the level of openness, as assessed by the NEO Five-Factor,
was lower in subjects with LVH [57]. To the best of our knowledge, no
reports have been published on the potential effect of affective tem-
peraments on increased LVM in hypertensive patients.

As compared to invasive coronary angiography, the exquisite nega-
tive predictive value of CCTA has established it a highly effective
noninvasive alternative to rule out obstructive CAD [58]. Besides the
ability to accurately visualise coronary lumen and wall, CCTA yields the
potential of precise LVM measurements [59]. Traditionally, cardiac MRI
has been considered the gold-standard for the quantification of LV vol-
ume and mass [60]. Despite prevailing concerns regarding the require-
ment of both contrast and radiation [61], previous studies have
suggested that CCTA has the potential of performing LV measurements
with excellent interreader correlation [62], a finding that we were able
to reproduce in our study. As CCTA displays a tendency of over-
estimating LVM compared to echocardiography [63], we implemented
cut-off values specifically determined for CTA-derived measurements
[41].

Our findings on the association of cyclothymic temperament and
LVH in hypertensive patients, beyond falling in line with previous
studies supporting the involvement of affective temperaments in CV
pathology, are also useful and utilizable on a clinical level. Besides its
potential use for personality-based screening to increase precision of risk
prediction and identifying those at risk with an easy-to-apply and low-
cost method, further studies should focus on identifying the potential
biological, behavioural or cognitive-emotional moderating and medi-
ating factors of the impact of cyclothymic temperament on different
aspects of CV illnesses.

Although we previously hypothesized the protective role of hyper-
thymic temperament, the current study did not confirm this potential
association. Hyperthymic individuals engage in exercise more
frequently and given that the current investigation did not provide
detailed assessment of physical activity, it is plausible that the lack of
correlation is due to the under- or overrepresentation of physically
active individuals [64]. Further investigations should incorporate levels
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of physical activity into the multivariate models.

We acknowledge the limitations pertaining to our study. The cross-
sectional design precludes causal inference. Although affective
temperament was hypothesized as a contributing factor to the devel-
opment of LVH, a bidirectional relationship between cyclothymic tem-
peraments and end-organ damage cannot be entirely excluded.
Nevertheless, considering the previously documented stability of
cyclothymic temperaments and the relatively symptom-free course of
hypertension, we believe that the impact of LVH on affective tempera-
ments can only be moderate. Taking the self-reporting nature of the
standardized autoquestionnaire into account, a complete exclusion of
misinterpretations or mistakes by patients is not impossible. Although a
widely used and validated instrument for the characterization of indi-
vidual emotional reactivity, the TEMPS-A questionnaire captures one
aspect of personality, and does not reflect on other sociocultural di-
mensions of the human psyche which may be considered a limitation.
Another limitation is that generalizability of our results is limited by the
fact that we only enrolled low to intermediate risk patients with stable
angina that underwent clinically indicated CCTA. Given that race-
specific differences are well-documented in the pattern of affective
temperaments, the fact that all of the enrolled patients were Caucasian is
a shortcoming. Moreover, blood pressure was only evaluated once prior
to CCTA, a practice that did not comply to current guidelines. Blood
pressure data was, therefore, not included in the regression analyses.

In conclusion, our findings demonstrated that in chronic hyperten-
sive patients, cyclothymic affective temperament is an independent
predictor of LVH. Our results expand evidence on the deleterious role of
psychometric parameters on CV diseases, and establishes a novel po-
tential risk factor for the development of LVH in hypertensive patients.
According to our results, affective temperaments may provide further
potential means of identifying patients with elevated risk for LVH as
potential targets for earlier and more aggressive primary intervention.
The clarification of the pathophysiological background of this phe-
nomenon remains a topic of focus and possible mediating factors of af-
fective temperaments in CV pathology need to be assessed in future
prospective studies.
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