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Abstract: Several biopsychosocial factors are associated with the onset of a Major Depressive Episode
(MDE) after cardiovascular events. However, little is known of the interaction between trait- and
state-like symptoms and characteristics and their role in predisposing cardiac patients to MDEs. Three
hundred and four subjects were selected among patients admitted for the first time at a Coronary
Intensive Care Unit. Assessment comprised personality features, psychiatric symptoms and general
psychological distress; the occurrences of MDEs and Major Adverse Cardiovascular Events (MACE)
were recorded during a two-year follow-up period. Network analyses of state-like symptoms and
trait-like features were compared between patients with and without MDEs and MACE during
follow-up. Individuals with and without MDEs differed in sociodemographic characteristics and
baseline depressive symptoms. Network comparison revealed significant differences in personality
features, not state-like symptoms: the group with MDEs displayed greater Type D personality traits
and alexithymia as well as stronger associations between alexithymia and negative affectivity (edge
differences between negative affectivity and difficulty identifying feelings was 0.303, and difficulty
describing feelings was 0.439). The vulnerability to depression in cardiac patients is associated with
personality features but not with state-like symptoms. Personality evaluation at the first cardiac
event may help identify individuals more vulnerable to development of an MDE, and they could be
referred to specialist care in order to reduce their risk.

Keywords: acute coronary syndrome; personality; network analysis; depression; risk factors

1. Introduction

Vulnerability to depression encompasses an intricate web of interactions between
sociodemographic factors, personality, psychological states and negative life events. The
case of depression following acute cardiac events illustrates the level of complexity of such
interactions and the involvement of psychological, cognitive and biological mechanisms.
Network analyses may be helpful to highlight the implicated factors and the most powerful
links between them, leading to new prospects for both clinical and research trajectories.

Acute Coronary Syndrome (ACS) is a prototypical example of a stressful event that
may trigger a depressive episode in vulnerable individuals. As many as 20% of patients
with ACS develop major depressive disorder, and almost two-thirds of ACS patients
still present significant depressive symptoms months after the event [1]. In addition, the
onset of depressive symptoms is associated with an increased risk of developing Coronary
Heart Disease (CHD) [2] and a worse clinical course of pre-existing CHD [3,4]. Ultimately,
depression is associated with an increase of the recurrence of cardiac events and the
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risk of cardiac-related mortality [4-7]. The putative causal mechanisms of interaction
between depression and CHD are complex and bi-directional, involving alterations of
cardiovascular biohumoral [7-9] and neurobiological homeostasis [7,10], non-adherence
to medications and to cardiac rehabilitation [11-14], detrimental lifestyles (e.g., smoking,
sedentary behavior, etc.) [15-17] and the use of medications such as antipsychotics [18].

Sociodemographic features, stable (trait-like, pre-existing) personality features and in-
cidental (state-like, time-related) emotional symptoms could be associated with depression
in ACS, such as younger age [19], female gender [20,21], widowhood [6], low education [22]
and social isolation [19,23]. In addition, depression is more frequent among those with
Type D personalities [24-26], higher levels of neuroticism [6,27,28], novelty-seeking behav-
ior, harm avoidance [6], narcissistic traits [6], lower self-directedness [29] and, possibly,
alexithymia [30-32]. Recently, studies highlighted a link between the onset of specific symp-
toms after ACS and the subsequent development of depression, such as exhaustion, fatigue,
poor sleep quality [21,28] and anhedonia [6]. trait- and state-like psychological constructs
are, in fact, heavily inter-dependent [6,33-36], as it is in the case of alexithymia [36-39] or
Type D personalities [40—42].

Few studies, to our knowledge, have so far examined the interactions of multiple
psychosocial risk factors for depression in ACS. Focusing on specific risk factors could
be helpful in understanding the etiological mechanisms that underlie the association
between depression and coronary disease, clarifying the state- and trait-like factors of
vulnerability. It could be useful in identifying possible specific pathways in the progression
of symptoms in order to promote early diagnosis and well-timed intervention strategies
aimed at avoiding the development of full-blown psychopathology through more specific
therapeutic targets. Network analyses may represent a strategic tool to explore multiple
reciprocal causal relationships between symptoms and personality features at the same
time [43,44]. The network approach to psychopathology, in fact, assumes that symptoms
and signs of mental disorders may cause each other through multiple complex interactions,
rather than having a single explanatory underlying mechanism [45]. External events, such
as stressful life events or physical illnesses, may trigger a depressive episode by “activating”
one or more symptoms, which, in turn, may cause other manifestations of the disorder
with feed-forward or feedback loops. A state of chronic activation may depend ultimately
on the interaction between external factors and individual pathways of vulnerability (e.g.,
a propensity of specific symptoms in the network to remain active). Network analyses are
used to detect the conditional dependencies between variables (“nodes”) and represent
them as “edges” of varying strength.

Thus, the aim of this study was to investigate vulnerability towards depression in a
sample of subjects at their first ACS event by examining the interaction between personality
traits and psychological symptoms. Specifically, we aimed at identifying baseline clinical
and sociodemographic features that could predict the onset of depression in the first two
years since the first acute cardiac event. The secondary aim of the study was to evaluate
features that were associated with the recurrence of coronary disease or death due to
cardiovascular events.

2. Methods
2.1. Participants

We recruited consecutive patients admitted to the Coronary Intensive Care Unit of the
University Hospital of Parma for Acute Coronary Syndrome (ACS) between January 2009
and September 2012 that met the following inclusion criteria. Patients enrolled were pre-
senting ACS symptoms for the first time; specifically, these symptoms were: a ST-segment
elevation myocardial infarction (STEMI), a non-ST-segment elevation myocardial infarc-
tion (NSTEMI) or unstable angina [46,47]. The working diagnosis of NSTEMI ACS was a
rule-out diagnosis based on ECG readings. Biomarkers (troponins) further distinguished
NSTEMIs and unstable anginas [46].
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Eligibility criteria were as follows: (a) first episode of Acute Coronary Syndrome
(ACS)—patients were excluded if they presented previous cardiovascular diseases; (b) being
over 18 years old; (c) being native or proficient in Italian; (d) having no signs of cogni-
tive impairment as shown by achieving a Mini Mental State Examination score greater
than 25 [48]; (e) having no history of substance abuse or dependence according to the
DSM-IV-TR [49]; (f) having no history of Major Depressive Disorder (MDD) or any current
Major Depressive Episode (MDE) at baseline according to the DSM-IV-TR [49]; (g) not
taking any psychotropic medication or having any diagnosis of a schizophrenia spectrum
disorder according to the DSM-IV-TR [49].

The study was approved by the local ethics committee and conducted according to
the Declaration of Helsinki. Informed consent was provided by all participants after the
study was completely explained.

2.2. Baseline Assessment

This study had a case-control longitudinal design comprising a baseline assessment
and seven other assessments (at months one, two, four, six, nine, twelve and twenty-four).

At baseline, participant sociodemographic and clinical characteristics were recorded,
including height, weight and alcohol and smoking habits.

The Global Registry of Acute Coronary Events (GRACE) score [50] was computed to
assess mortality risk after acute coronary events within six months of hospital discharge.
The GRACE score takes into account age, previous history of MI, heart rate, systolic blood
pressure, serum creatinine, cardiac enzymes, the presence of congestive heart failure, ST-
segment depression and in-hospital percutaneous intervention. The score ranges from 1 to
263 points, and higher scores correspond to a greater risk of mortality.

The assessment of personality and psychopathology included both interviews and
self-reported questionnaires. To evaluate state-like symptoms, participants were assessed
with the Primary Care Evaluation of Mental Disorder (PRIME-MD, an interview to es-
tablish the presence of MDD), the PRIME-MD Patient Health Questionnaire (PRIME-MD
PHQ, the first self-report version of PRIME-MD, which is able to rate the presence and
severity of different disorders from the DSM-IV) and the Hospital Anxiety and Depression
Scale (HADS, a 14-item self-report questionnaire that rates the severity of anxiety and
depression). To evaluate stable trait-like characteristics, participants were assessed with
the Temperament and Character Inventory (TCI, a self-report scale which describes tem-
perament and character), the Type D Personality Scale (DS-14, a self-report questionnaire
used to assess specific dimensions such as negative affectivity and social inhibition), the
Toronto Alexithymia Scale, 20-item version (TAS-20, self-report instrument to rate the
presence of alexithymia) and the Defense Style Questionnaire (DSQ-40, 40-item version,
which describes the maturity and functionality of the patient’s defensive mechanisms).

Not all subscales or modules used in the assessment were considered for the anal-
ysis. For state-like symptoms, the PRIME-MD, PRIME-MD PHQ were used, except for
questions about menstruation and psychosocial stressors and we used the subscales of anx-
iety (HADS-A) and depression (HADS-D) from HADS. The stable trait-like characteristic
subscales from TCI used in this study were novelty-seeking (NS), harm avoidance (HA), re-
ward dependence (RD), self-directedness (SD), cooperativeness (C) and self-transcendence
(ST) (i.e., all except for the persistence subscale); from DS-14, the subscales used were
negative affectivity (NA) and social inhibition (SI); from DSQ-40, the subscales used were
mature, immature and neurotic; from TAS-20, the subscales used were identifying feelings
(DIF), difficulty describing, communicating and expressing feelings to others (DDF) and
externally oriented thinking (EOT).

2.3. Follow-Up Assessments and Outcomes

Patients were reassessed with the same questionnaires seven times, namely after
months one, two, four, six, nine, twelve and twenty-four since enrollment in the study
(except for the TCI, which was given at baseline only). A two-year follow-up period was
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used considering the high incidence of depression within this time frame after an ACS
event [51]. At each time point, the occurrence of an MDE was ascertained by considering
the PRIME-MD score, and it was further confirmed with an interview performed by an
expert psychiatrist to evaluate if the answers were appropriate to the patients’ conditions.

In addition, we recorded reoccurrences of Major Adverse Cardiovascular Events
(MACE), defined as recurrences of ACS events, nonelective revascularization, acute hos-
pitalization because of postischemic heart failure or death due to cardiac causes [52]. The
definition of MACE did not include all-cause mortality and strokes, as the mechanisms
of association with depression and their predictors might differ among these groups [53].
Information on MACE were registered by the Coronary Intensive Care Unit Technology
registry. If they occurred and were thereby treated outside of the study catchment, then
they were intercepted by phone calls to the participants. Further details on the MACE
follow-up methodology are available in [53,54].

3. Data Analysis

To identify the psychosocial risk factors for depression after ACS, we first compared
the baseline characteristics of participants who developed a Major Depressive Episode
during the follow-up period with those of subjects who did not develop depression. Sim-
ilarly, we sought to identify the risk factors for ACS recurrence by comparing subjects
who went on to have another MACE or die by cardiac-related causes with those who
remained free from cardiac recurrences. Analyses focused on the comparison of baseline
sociodemographic characteristics, state symptom severity and levels of personality traits
endorsed by participants using univariate statistics, namely the Wilcoxon rank-sum test,
Pearson’s chi-squared test, and Fisher’s exact test. Moreover, we compared the strength of
the associations between different clinical features using network analyses.

3.1. State Characteristics and Data Reduction

Multiple rating scale items were available to rate the same anxiety, depressive and
somatic symptoms (i.e., HADS, PRIME-MD and PHQ). This is advantageous because
it limits the impact of measurement error [55]; however, using redundant items in net-
work analyses may bias the estimation of symptom associations. Thus, data analyses
were preceded by data reduction, namely by combining similar symptoms into fewer
dimensions. This was shown to improve the stability of network analyses and reduce the
redundancy of nodes [56]. Exploratory Graph Analysis (EGA) is a community detection
approach that identifies strongly inter-related variables and accounts for their reciprocal
causal relationships [57]. This method yielded good fits to the data in previous studies
on depression [58]. The walktrap algorithm was used to identify “symptom complexes”
of inter-related symptoms by performing random walks in the network of items of the
depression, anxiety and somatic symptoms of the baseline sample [59,60]. Subsequently,
we computed the score of each symptom complex for each individual as the sum of ratings
of symptoms belonging to the same complex, which was weighted by their dominant
network loading. Network loadings measure the importance of items within a symptom
complex [61]. Analyses were performed with the EGAnet package version 0.9.4 [62].

3.2. Network Estimation

We used network analyses to estimate the strength of associations between (a) psy-
chopathological state-like symptoms and (b) personality trait-like features. The psy-
chopathological symptom network comprised data of symptom complex scores derived
from the PRIME-MD, HADS and PRIME-MD PHQ results. The network of personality
estimated the relationships between the subscales of the TCI, TAS-20, DS-14 and DSQ-40.
For each analysis, we first conducted explorative analyses in the whole sample (reported
in the Supplementary Material). Then, we compared the networks of participants with
and without depression or MACE at follow-up in terms of the number and composition of
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symptom complexes. Finally, we compared the global strengths of the networks and the
strength of each association between symptoms/personality traits (edges).

Network analyses were conducted using a Bayesian approach, as developed in the 2.0.3
BGGM R package [63,64]. Posterior Credibility Intervals (Crl) were used to estimate each
pairwise association between symptoms (edge strength). We tested if these parameters were
non-zero using 90% Crl. In addition, we estimated the differences between global network
strengths and between each edge strength across different levels of outcomes (depressed
vs. non-depressed; MACE vs. no MACE) using a 90% confidence level. Networks were
displayed using the qgraph 1.6.5 version R package [65]. The values of the edge weights
are reported in the Weighted Adjacency Matrices (WAMSs). Each node in the network
corresponds to a variable. Green edges connecting the nodes indicate positive correlations,
and red edges indicate negative correlations. The width of the edges indicates the strength
of the connection. Some nodes display no connections with each other. Node colors indicate
the community to which each node belongs.

4. Results

A total of 304 subjects were enrolled in the study. Of those, 12.5% (N = 38) dropped out
of the study, and 4.9% (N = 15) died during the two-year follow up period. The drop-out
reasons are summarized in Table S1. A description of sample characteristics at baseline is
reported in Table 1.

Table 1. Sample characteristics. 1 Mean (SD); 1 (%). HADS: Hospital Anxiety and Depression
Scale; PRIME-MD: Primary Care Evaluation of Mental Disorder; PHQ: Patient Health Questionnaire;
TCI: Temperament and Character Inventory; DS-14: Type D Personality Scale; TAS-20: Toronto
Alexithymia Scale, 20-item; DSQ-40: Defense Style Questionnaire.

Characteristic N =3041
Age 61.43 (10.98)
Gender
Female 59 (19%)
Male 245 (81%)
Education 10.13 (3.75)
Marital status
Single 36 (12%)
In a relationship 223 (73%)
Divorced 24 (7.9%)
Widowed 21 (6.9%)
Occupation
Unemployed 8 (2.6%)
Student 0 (0%)
Housewife 16 (5.3%)
Employed 130 (43%)
Retired 150 (49%)
Living
Alone 52 (17%)
Not alone 252 (83%)
Family support
Problematic 3 (1.0%)
Fair 36 (12%)
Good 265 (87%)
Smoking 93 (36%)
Past antidepressants 1 (0.3%)
HADS Anxiety 9.12 (5.13)
HADS Depression 7.11 (4.22)
HADS total score 16.24 (8.81)
PRIME MD total score 2.87 (3.08)

PRIME MD PHQ total score 15.07 (6.66)
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Table 1. Cont.

Characteristic N =3041
TAS-20 DIF 15.07 (5.73)
TAS-20 DDF 13.02 (4.23)
TAS-20 EOT 21.22 (4.30)
TCI Novelty-seeking (NS) 17.58 (4.94)
TCI Harm avoidance (HA) 15.91 (5.59)
TCI Reward dependence (RD) 14.05 (3.21)
TCI Self-directedness (SD) 29.50 (7.03)
TCI Cooperativeness (C) 29.69 (5.74)
TCI Self-transcendence (ST) 14.44 (5.69)
DS-14 Negative affectivity (NA) 8.98 (6.00)
DS-14 Social inhibition (SI) 10.21 (4.98)
DSQ-40 Mature 5.00 (1.18)
DSQ-40 Neurotic 4.14 (1.39)
DSQ-40 Immature 3.97 (1.14)

4.1. Symptom Data Reduction

Using state-level data of anxiety, depression and somatic symptoms, we identified
four symptom complexes of state-like psychopathology, namely “Somatic”, “Depression”,
“Agitation”, and “Anxiety”. Variable loadings for each network community are reported in
the Supplementary Material (Table S2).

4.2. Risk Factors for MDE at Follow Up

We compared baseline individuals on the basis of the occurrence of MDE at follow-up.
Compared with those who did not go on to develop depression, those with depression
were more likely to be female (29% with MDE, 17% without MDE), widowed (14% with
MDE, 4.7% without MDE) and living alone (26% with MDE, 14% without MDE). They
also displayed higher depression and psychopathological scores at baseline as well as
higher scores for the following traits: Type D personality, novelty-seeking, harm avoidance,
self-directedness, cooperativeness and difficulty identifying feelings. The sample baseline
characteristics divided according to the occurrence of MDE during the follow-up period
are shown in Table 2.

Table 2. Sample baseline characteristics according to the occurrence of MDE during the follow-
up period. 1 Mean (SD); n (%). 2 Wilcoxon rank-sum test; Pearson’s chi-squared test; Fisher’s
exact test. HADS: Hospital Anxiety and Depression Scale; PRIME-MD: Primary Care Evaluation of
Mental Disorder; PHQ: Patient Health Questionnaire; TCI: Temperament and Character Inventory;
DS-14: Type-D Personality Scale; TAS-20: Toronto Alexithymia Scale, 20-item; DSQ-40: Defense Style
Questionnaire. * p < 0.05.

Characteristic No,N=2351 Yes, N =691 p-Value 2
Age 61.16 (11.02) 62.33 (10.86) 0.359
Gender 0.022 *
Female 39 (17%) 20 (29%)
Male 196 (83%) 49 (71%)
Education 10.16 (3.74) 10.04 (3.79) 0.878
Marital status 0.038 *
Single 29 (12%) 7 (10%)
In a relationship 178 (76%) 45 (65%)
Divorced 17 (7.2%) 7 (10%)
Widowed 11 (4.7%) 10 (14%)
Occupation 0.159
Unemployed 6 (2.6%) 2 (2.9%)
Student 0 (0%) 0 (0%)

Housewife 9 (3.8%) 7 (10%)
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Table 2. Cont.
Characteristic No,N=2351 Yes, N =691 p-Value 2
Employed 105 (45%) 25 (36%)
Retired 115 (49%) 35 (51%)
Living 0.024 *
Alone 34 (14%) 18 (26%)
Not alone 201 (86%) 51 (74%)
Family support 0.030 *
Problematic 2 (0.9%) 1 (1.4%)
Fair 22 (9.4%) 14 (20%)
Good 211 (90%) 54 (78%)
Smoking 73 (36%) 20 (36%) 0.995
Past depression 0 (0%) 0 (0%) >0.999
Past antidepressants 0 (0%) 1 (1.4%) 0.227
HADS Anxiety 9.03 (5.31) 9.46 (4.48) 0.999
HADS Depression 6.75 (4.21) 8.35 (4.04) 0.003 *
HADS total score 15.77 (9.05) 17.81 (7.81) 0.164
PRIME MD total score 2.19 (2.13) 5.19 (4.43) <0.001 *
PRIME MD PHQ total score 14.54 (6.45) 17.00 (7.09) 0.004 *
TAS-20 DIF 14.53 (5.55) 16.90 (6.01) 0.004 *
TAS-20 DDF 12.87 (4.24) 13.55 (4.21) 0.159
TAS-20 EOT 21.18 (4.35) 21.38 (4.18) 0.820
TCI Novelty-seeking (NS) 17.16 (4.70) 18.98 (5.47) 0.013*
TCI Harm avoidance (HA) 15.11 (5.53) 18.64 (4.92) <0.001 *
TCI Reward dependence (RD) 13.97 (3.24) 14.34 (3.10) 0.640
TCI Self-directedness (SD) 30.30 (6.92) 26.80 (6.77) <0.001 *
TCI Cooperativeness (C) 30.15 (5.59) 28.13 (6.00) 0.019 *
TCI Self-transcendence (ST) 14.20 (5.60) 15.25 (5.94) 0.298
DS-14 Negative affectivity (NA) 8.00 (5.33) 12.33 (6.91) <0.001 *
DS-14 Social inhibition (SI) 9.60 (4.62) 12.30 (5.62) <0.001 *
DSQ-40 Mature 5.00 (1.18) 5.00 (1.18) 0.784
DSQ-40 Neurotic 4.09 (1.41) 4.31 (1.32) 0.578
DSQ-40 Immature 3.90 (1.15) 4.21 (1.09) 0.062

Then, we compared the networks of state-level baseline symptoms across subjects
with and without MDE at follow-up.

4.2.1. Network of the Baseline State Measures in the Sample Divided According to the
Occurrence of MDE

The state-like symptom networks with Bayesian estimation in those that developed or
did not develop an MDE during the follow-up period are displayed in Figure 1.

The two subgroups displayed different networks in terms of both connections and
communities. The WAMs of the networks are reported in Table S7. In the network of those
with MDE, two communities were identified, namely that of depression and anxiety and
that of agitation/somatic symptoms, which were not connected to each other. Depression
and anxiety displayed the highest positive connection between each other. In the network of
those without MDE, the two communities were the same as in the whole sample, that is, that
of agitation and depression and that of anxiety and somatic symptoms. Positive connections
were observed between depression and somatic symptoms and between somatic symptoms
and anxiety. The somatic node displayed the highest closeness of centrality, strength and
expected influence, followed by those of depression and anxiety (Table S8). No significant
differences were observed between the two groups in network comparison analyses.

4.2.2. Network of the Trait Measures in the Sample Divided According to the Occurrence of MDE

The trait-like measure networks with Bayesian estimation in the subgroups with and
without MDE at follow-up are reported in Figure 2.
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Depression at 24 months YES

Depression at 24 months NO

®

Figure 1. Network of symptoms with Bayesian estimation and walktrap community detection in the
subgroups with and without MDE at 24 months. 1: Depression; 2: Somatic; 3: Agitation; 4: Anxiety.
Each node corresponds to a symptom cluster identified in the previous symptom reduction. Nodes
are connected with lines (edges) that represent the strength of association between nodes. Green
edges suggest a positive association, whereas red edges suggest a negative association. The thickness
of the edge represents the edge’s weight, which is an indication of the strength of the association. The
thicker the edge, the greater the weight and the stronger the association. In this network, all edges
connecting the nodes are green (positive correlation), with their width indicating the strength of their
connections. Node colors indicate the community of the nodes. In the MDE YES network: pink for
agitation and somatic symptoms and grey for depression and anxiety. In the MDE NO network: pink
for agitation and grey for depression, anxiety and somatic symptoms.

The two subgroups displayed different networks in terms of both connections and
communities. In the network of those with MDE at follow-up, five communities were
identified, namely inhibition (including the DS-14, the TAS DIF, the TAS DDF and the TCI
Harm avoidance nodes), immature defenses (including the DSQ-40 Neurotic and Immature
defenses nodes), TCI Characters (including the TCI Self-transcendence, Cooperativeness
and Self-directedness nodes and the TAS EOT node), reward dependence and mature
defenses (including the TCI Reward dependence node and the DSQ-40 Mature defenses
nodes), and novelty-seeking (including only the TCI Novelty-seeking node). Two commu-
nities (the novelty-seeking and the reward dependence and mature defenses communities)
did not display any connections with other communities. The network WAM and centrality
measures are displayed in Tables S9 and S10. The strongest connections were those between
the DSQ-40 Immature and Neurotic defenses nodes, followed by those between the TAS
DIF and DDF nodes and between the DS-14 subscale nodes. The TCI Self-direction node
displayed the greatest closeness centrality, whereas the node for DS-14 Negative affectivity
displayed the highest strength. In the network of those without MDE at follow-up, six
communities were identified, all of which were connected to at least one different commu-
nity: novelty-seeking and self-transcendence (comprising the TCI Novelty-seeking and TCI
Self-transcendence nodes), TAS (comprising the three TAS subscale nodes), harm avoidance
and mature defenses (including the TCI Harm avoidance and the DSQ-40 Mature defenses
nodes), immature defenses (including the DSQ-40 Neurotic and Immature defenses nodes),
TCI Reward dependence and characters (including the TCI Reward dependence, Coopera-
tiveness and Self-directedness nodes) and DS-14 (including the nodes of the DS-14 subscales
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Depression at 24 months YES

Social inhibition and Negative affectivity). The network WAM and centrality measures
are displayed in Tables S11 and S12. The strongest connections were those between the
TCI Self-directedness and Cooperativeness nodes, followed by the connection between the
nodes of the DS-14 subscales and that between the DSQ-40 Immature and DSQ-40 Neurotic
defenses nodes. The TCI Harm avoidance node displayed the greatest closeness centrality,
whereas the TCI Self-directedness node displayed the highest strength.

Depression at 24 months NO

Figure 2. Network of trait measures with Bayesian estimation and walktrap community detection
in the subgroups with and without MDE at 24 months. 1: TAS-20 Difficulty identifying feelings;
2: TAS-20 Difficulty describing feelings; 3: TAS-20 Externally oriented thinking; 4: TCI Novelty-
seeking; 5: TCI Harm avoidance; 6: TCI Reward dependence; 7: TCI Self-directedness; 8: TCI
Cooperativeness; 9: TCI Self-transcendence; 10: DS-14 Negative affectivity; 11: DS-14 Social inhibition;
12: DSQ-40 Mature defenses; 13: DSQ-40 Neurotic defenses; 14: DSQ-40 Immature defenses. Each
node corresponds to a symptom cluster identified in the previous symptom reduction. Nodes are
connected with lines (edges) that represent the strength of association between nodes. Green edges
suggest a positive association, whereas red edges suggest a negative association. The thickness of
the edge represents the edge’s weight, which is an indication of the strength of the association. The
thicker the edge, the greater the weight and the stronger the association. In this network, all edges
connecting the nodes are green (positive correlation), with their width indicating the strength of
their connections. Node colors indicate the community of the nodes. In the MDE YES network:
grey for inhibition, green for immature defenses, pink for TCI Characters, light blue for reward
dependence and mature defenses and aquamarine for novelty-seeking. In the MDE NO network:
pink for novelty-seeking and self-transcendence, grey for the TAS, green for harm avoidance and
mature defenses, purple for immature defenses, light blue for TCI Reward dependence and characters
and aquamarine for DS-14.

The trait-like features network comparison between those that developed or did not
develop an MDE during the follow-up displayed differences in five edges (Figure 3).

Comparing the networks of trait measures between those with MDE and those without,
some differences were identified. In particular, they differed in the edges connecting the
TAS DIF and TAS DDF subscale nodes, the edges connecting the TAS DIF and the DS-
14 Negative affectivity nodes, the TAS DDF and the DS-14 Negative affectivity nodes,
the DS-14 Negative affectivity and DSQ-40 Mature defenses nodes and the TCI Harm
avoidance and TCI Self-transcendence nodes. The highest difference was observed in
the edge connecting the TAS DDF and the DS-14 Negative affectivity nodes, followed
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by the edge connecting the TCI Harm avoidance and Self-transcendence nodes and the
edge connecting the DS-14 Negative affectivity and the DSQ-40 Mature defenses nodes

(Table S13).

(2 )5
ONO

() )
e O

Figure 3. Differences of personality networks between those with and without MDE at follow-up.
1: TAS-20 Difficulty identifying feelings; 2: TAS-20 Difficulty describing feelings; 3: TAS-20 Externally
oriented thinking; 4: TCI Novelty-seeking; 5: TCI Harm avoidance; 6: TCI Reward dependence; 7: TCI
Self-directedness; 8: TCI Cooperativeness; 9: TCI Self-transcendence; 10: DS-14 Negative affectivity;
11: DS-14 Social inhibition; 12: DSQ-40 Mature defenses; 13: DSQ-40 Neurotic defenses; 14: DSQ-40
Immature defenses. Each node corresponds to a trait-like feature. The edges connecting the nodes
indicate the main edge differences between the network of those with MDE and those without MDE,
with green edges indicating positive differences and red edges indicating negative differences.

4.3. Analyses of the Sample Divided According to the Occurrence of MACE

The sample baseline characteristics divided according to the occurrence of MACE
during the follow-up period are shown in Table 3. Patients that developed one or more
MACE were older and displayed lower reward dependence personality traits. No other
significant differences were observed.

Table 3. Comparing groups with and without MACE at 24-month follow-up. ! Mean (SD); n (%).
2 Wilcoxon rank-sum test; Pearson’s chi-squared test; Fisher’s exact test. HADS: Hospital Anxiety
and Depression Scale; PRIME-MD: Primary Care Evaluation of Mental Disorder; PHQ: Patient Health
Questionnaire; TCI: Temperament and Character Inventory; DS-14: Type-D Personality Scale; TAS-20:
Toronto Alexithymia Scale, 20-item; DSQ-40: Defense Style Questionnaire.

Characteristic No,N=2471 Yes, N =571 p-Value 2
Age 60.53 (11.19) 65.32 (9.09) 0.002
Gender 0.443
Female 50 (20%) 9 (16%)
Male 197 (80%) 48 (84%)
Education 10.26 (3.70) 9.56 (3.92) 0.172

Marital status 0.146
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Table 3. Cont.

Characteristic No, N =2471 Yes, N =571 p-Value 2
Single 33 (13%) 3 (5.3%)
In a relationship 176 (71%) 47 (82%)
Divorced 22 (8.9%) 2 (3.5%)
Widowed 16 (6.5%) 5 (8.8%)
Occupation 0.247
Unemployed 8 (3.2%) 0 (0%)
Student 0 (0%) 0 (0%)
Housewife 12 (4.9%) 4 (7.0%)
Employed 110 (45%) 20 (35%)
Retired 117 (47%) 33 (58%)
Living 0.770
Alone 43 (17%) 9 (16%)
Not alone 204 (83%) 48 (84%)
Family support 0.906
Problematic 3 (1.2%) 0 (0%)
Fair 30 (12%) 6 (11%)
Good 214 (87%) 51 (89%)
Smoking 76 (37%) 17 (34%) 0.703
Past depression 0 (0%) 0 (0%) >0.999
Past antidepressants 1(0.4%) 0 (0%) >0.999
HADS Anxiety 9.04 (5.17) 9.49 (4.94) 0.640
HADS Depression 7.07 (4.26) 7.30 (4.07) 0.707
HADS total score 16.11 (8.93) 16.79 (8.33) 0.603
PRIME MD total score 2.80 (2.84) 3.16 (3.98) 0.521
PRIME MD PHQ total score 15.13 (6.80) 14.82 (6.09) 0.808
TAS-20 DIF 15.14 (5.76) 14.77 (5.68) 0.702
TAS-20 DDF 13.11 (4.31) 12.67 (3.88) 0.511
TAS-20 EOT 21.05 (4.33) 21.98 (4.13) 0.235
TCI Novelty-seeking (NS) 17.65 (4.81) 17.28 (5.46) 0.981
TCI Harm avoidance (HA) 16.10 (5.72) 15.15 (5.02) 0.326
TCI Reward dependence (RD) 14.33 (3.00) 12.92 (3.78) 0.011
TCI Self-directedness (SD) 29.37 (6.98) 30.02 (7.27) 0.344
TCI Cooperativeness (C) 29.98 (5.51) 28.53 (6.53) 0.189
TCI Self-transcendence (ST) 14.64 (5.53) 13.60 (6.29) 0.243
DS-14 Negative affectivity (NA) 8.90 (6.09) 9.33 (5.64) 0.515
DS-14 Social inhibition (SI) 10.09 (4.92) 10.74 (5.27) 0.259
DSQ-40 Mature 5.00 (1.18) 5.00 (1.17) 0.973
DSQ-40 Neurotic 4.14 (1.33) 4.14 (1.63) 0.962
DSQ-40 Immature 3.95 (1.14) 4.02 (1.16) 0.594

4.3.1. Network of the State Measures in the Sample Divided According to the Occurrence
of MACE

The state-like symptom networks with Bayesian estimation in those with and without
the occurrence of one or more MACE during the follow-up are displayed in Figure 4.

The network of those with MACE at follow-up displayed three communities: somatic
symptoms, depression and anxiety, and agitation. In the network of those without MACE
at follow-up, two separate communities were identified (the same as in the whole sample):
one with agitation only, and the other including somatic symptoms, depression and anxiety.
The WAMSs of the networks are reported in Table S14. In the network of those without
MACE, somatic symptoms and depression displayed the strongest connection; the same
connection was also present in the network of those with MACE at follow-up. The centrality
measures of the networks are displayed in Table S15. In the network of those without
MACE at follow-up, somatic symptoms displayed the highest closeness centrality, strength
and expected influence, followed by depression and anxiety. No significant differences
were observed between the two groups in network comparison analyses. When adjusting
the analyses for age, no difference was observed.
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Figure 4. Network of symptoms with Bayesian estimation and walktrap community detection in the
subgroups with and without MACE at 24 months. 1: Depression; 2: Somatic; 3: Agitation; 4: Anxiety.
Each node corresponds to a symptom cluster identified in the previous symptom reduction. Nodes
are connected with lines (edges) that represent the strengths of associations between nodes. Green
edges suggest positive associations, whereas red edges suggest negative associations. The thickness
of the edge represents the edge’s weight, which is an indication of the strength of the association.
The thicker the edge, the greater the weight and the stronger the association. In this network, all
edges connecting the nodes are green (positive correlation), and their widths indicate the strength
of their connections. Node colors indicate the community of the nodes. In the MACE YES network,
three communities were identified: somatic symptoms, depression and anxiety, and agitation. In
the MACE NO network, two communities were identified: pink for agitation, and grey for somatic
symptoms, depression and anxiety. All edges connecting the nodes are green (positive correlation),
and their widths indicate the strength of their connections.

4.3.2. Network of the Trait Measures in the Sample Divided According to the Occurrence
of MACE

The trait-like feature networks with Bayesian estimation in those with and without
the occurrence of a MACE during the follow-up are displayed in Figure 5.

In the network of those with MACE at follow-up, four communities were identified:
one including the TCI characters and TAS DDF and EOT nodes; one with the immature
defenses, harm avoidance and reward dependence nodes and the DS-14; one with the
mature defenses and novelty-seeking nodes; one comprising the TAS DIF node only with
no connections to other communities. The WAM and the centrality measures of the network
are displayed in Tables 516 and S17, respectively. The edges with the highest weight were
those between the TCI Self-directedness and TCI Cooperativeness nodes, followed by the
edge between the immature and neurotic defenses nodes and the negative connection
between the TCI Reward dependence and DSQ-40 Immature defenses nodes. The TCI
Self-directedness node displayed the highest closeness centrality, and the DS-14 Social
inhibition node displayed the greatest strength.

In the network of those without MACE at follow-up, three communities were iden-
tified: all defense nodes and the TCI Self-transcendence node; the TAS subscales nodes;
the TCI personality traits and the DS-14 nodes. The WAM and the centrality measures of
the network are displayed in Tables S18 and S19 respectively. The strongest connections
were those between the DS-14 subscale nodes, followed by the edge between the TCI Self-
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directedness and Cooperativeness nodes and the connection between the DSQ-40 Immature
and Neurotic defenses nodes. The TCI Reward dependence node displayed the highest
closeness centrality, whereas the TCI cooperativeness node displayed the highest strength.

Cardiac events and death at 24 months YES Cardiac events and death at 24 months NO

Figure 5. Network of trait measures with Bayesian estimation and walktrap community detection
in the subgroups with and without MACE at follow-up. 1: TAS-20 Difficulty identifying feelings;
2: TAS-20 Difficulty describing feelings; 3: TAS-20 Externally oriented thinking; 4: TCI Novelty-
seeking; 5: TCI Harm avoidance; 6: TCI Reward dependence; 7: TCI Self-directedness; 8: TCI
Cooperativeness; 9: TCI Self-transcendence; 10: DS-14 Negative affectivity; 11: DS-14 Social inhibition;
12: DSQ-40 Mature defenses; 13: DSQ-40 Neurotic defenses; 14: DSQ-40 Immature defenses. Each
node corresponds to a symptom cluster identified in the previous symptom reduction. Nodes are
connected with lines (edges) that represent the strength of association between nodes. Green edges
suggest positive associations, whereas red edges suggest negative associations. The thickness of
the edge represents the edge’s weight, which is an indication of the strength of the association. The
thicker the edge, the greater the weight and the stronger the association. In this network, all edges
connecting the nodes are green (positive correlation), and their widths indicate the strength of their
connections. Node colors indicate the community of the nodes. In the MACE YES network: grey for
TCI characters, TAS DDF and TAS EOT; pink for immature defenses, harm avoidance and reward
dependence and the DS-14; green for mature defenses and novelty-seeking; light blue for TAS DIF. In
the MACE NO network: pink for defenses and the TCI Self-transcendence; green for the TAS; grey
for the TCI personality traits and the DS-14.

When adjusting the analyses for age, we observed difficulties in estimating the network
because a non-positive definite matrix was obtained for the group with MACE at follow-up.

The trait-features network comparison between those with and without MACE during
the follow-up displayed differences in two edges (Figure 6).

In particular, the greatest difference was observed in the edge between the TCI Reward
dependence and DS-14 Social inhibition nodes, whereas another minor difference was
observed in the edge connecting the TCI Self-directedness and TCI Cooperativeness nodes
(Table S20).



Diagnostics 2023, 13, 915

14 of 21

()
()
(o)
© o>

Figure 6. Graphical representation of edge differences in the trait-like features network with Bayesian
estimation between those with and without MACE at follow-up. 1: TAS-20 Difficulty identifying
feelings; 2: TAS-20 Difficulty describing feelings; 3: TAS-20 Externally oriented thinking; 4: TCI
Novelty-seeking; 5: TCI Harm avoidance; 6: TCI Reward dependence; 7: TCI Self-directedness; 8: TCI
Cooperativeness; 9: TCI Self-transcendence; 10: DS-14 Negative affectivity; 11: DS-14 Social inhibition;
12: DSQ-40 Mature defenses; 13: DSQ-40 Neurotic defenses; 14: DSQ-40 Immature defenses. Each
node corresponds to a trait-like feature. The edges connecting the nodes indicate the main edge
differences between the network of those with MACE and those without MACE. All edges are red,
indicating negative differences.

5. Discussion

We examined whether differences in symptoms and personality predicted the onset
of depression or cardiac recurrences in patients with acute coronary syndrome and no
previous history of depression. We found that stable personality features, less so transient
symptoms, predicted the onset of depression and cardiac recurrence within two years.
In particular, those with recurrent MDE displayed higher levels of depression, Type D
personality traits and alexithymia as well as stronger associations between alexithymia and
negative affectivity.

5.1. Factors Associated with Depression at Follow-Up

In individuals after their first ACS and with no history of depression, networks of
trait-like characteristics, in particular the connections between alexithymia, defense styles
and personality traits such as negative affectivity, harm avoidance and self-transcendence,
differentiated those who developed a depressive episode within a two-year follow-up
period from those who did not. Alexithymia is associated with depression [66] and wors-
ens depression and anxiety in individuals with a history of coronary heart disease [67].
In this study, individuals who developed an MDE at follow-up displayed higher diffi-
culty in identifying feelings and stronger relationships between difficulty in describing
and difficulty in identifying feelings, which are the TAS-20 items most associated with
depression [66]. Moreover, they displayed stronger connections between difficulty in iden-
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tifying feelings and negative affectivity as well as higher scores in both Type D personality
traits, confirming the role of Type D personality as a risk factor for depression [68].

Those without MDE at follow-up instead displayed a stronger association between
difficulty in describing feelings, negative affectivity and a mature defense style; defense
mechanisms could play a mediating role between alexithymia and depression because
impairments in emotion recognition and expression could lead to the development of poor
emotion regulation strategies and maladaptive reactions to environmental stressors [69].

Significantly higher harm avoidance and self-directedness traits were observed in
individuals with MDE at follow-up as well as a lower association between harm avoid-
ance and self-transcendence than those without MDE at follow-up. High harm avoidance
and low self-directedness traits confer vulnerability to depression [70,71]. The positive
relationship between harm avoidance and self-transcendence in individuals without MDE
at follow-up could be an indicator of that shift, protecting individuals from depression.
Moreover, in the baseline personality network, harm avoidance is only indirectly related to
self-transcendence via a negative relation to novelty-seeking, which in turn is positively
associated with self-transcendence, with which it constitutes a community. In the frame-
work of positive psychology, Wong perceived self-transcendence as a fundamental part of
healing and well-being [72] that permits shifting focus from oneself to others, especially in
the face of adversity [73]. Lower self-transcendence characteristics are also associated with
depression [74,75], although in our sample, this trait did not display a significant difference
between the two groups.

State-like symptom network comparisons did not yield any significant differences
between the MDE and non-MDE groups, although the baseline symptoms network dis-
played different communities and connections. Individuals with MDE at follow-up, in fact,
showed a strong association between depression and anxiety at baseline as well as an asso-
ciation between somatic symptoms and agitation. In contrast, individuals without MDE at
follow-up displayed a positive association between somatic symptoms and depression and
anxiety. According to Ormel and de Jonge [76], depression in cardiovascular diseases could
be exemplified by two types of prototypical depression: a cognitive/affective subtype,
characterized by both specific coping styles that increase vulnerability to environmental
stresses and specific personality traits such as neuroticism, which is paired together with
the consequences of cardiovascular events; a somatic/affective subtype, characterized by
alterations in inflammatory and neuroendocrine systems and a clinical picture mainly con-
sisting of somatic symptoms. The two communities identified in the network analysis could
represent these two different depression subtypes associated with cardiovascular diseases.

Interestingly, we previously showed that both the Type D personality, specifically
the negative affectivity dimension [40-42], and alexithymia, specifically the difficulties in
identifying and describing feelings [36-39], often overlap with subthreshold depressive
symptoms. We cannot, hence, rule out completely that even in our cohort baseline, sub-
threshold depressive symptoms, especially anhedonic ones [35], may predict the onset of
a full-blown depressive episode in the following two years, which would be in line with
other longitudinal studies [77].

Eventually, depressive disorders affect up to one-third of the elderly population [78]
and are associated with increased morbidity and mortality risks, including those related
to cardiovascular diseases [79]. Thus, it should be of concern to identify and control
depression in old age. Individuals’ trait-like features should therefore be considered when
assessing the risk of late-life depression.

5.2. Factors Associated with Cardiovascular Events at Follow-Up

The development of a MACE at follow-up was associated with a positive connection
between reward dependence and social inhibition and between self-directedness and
cooperativeness. These results confirm the notion that temperament features and Type D
personality characteristics represent risk factors for cardiovascular disease. However, in our
sample, those with MACE at follow-up displayed significantly lower reward dependency.
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This contrasts with the literature on temperament features and cardiovascular risk: higher
reward dependence, together with novelty-seeking and lower harm avoidance, are risk
factors for atherosclerosis with an impact comparable to that of traditional risk factors for
coronary heart disease [80]. Subjects with coronary heart disease display higher reward
dependence compared to healthy controls, which is also negatively correlated with the
ejection fraction [81]. The association between reward dependence and social inhibition we
observed in this study could be explained as reward sensitivity and a need to avoid errors
in social contexts, which is associated with behavioral inhibition and social anxiety [82],
leading to high distress. In fact, the Type D personality is a risk factor for both depression
and cardiovascular diseases, possibly increasing stress-related hormones [83].

Patients who developed one or more MACE at follow-up also displayed a slightly
stronger association between self-directedness and cooperativeness. These two personality
traits are thought to be dependent on good “theory of mind” acquisition, being associated
with adequate self-experiences and experiences with others, and they proved to be deficient
in individuals with neurodevelopmental disorders as well as with alcohol and substance
use disorders [84,85].

No significant difference was observed in the network comparison of state-like symp-
toms between those with and without one or more MACE at follow-up; however, the
baseline symptoms network displayed different communities and connections. In con-
trast to a meta-analysis that observed that only somatic/affective symptoms and not
cognitive/affective ones were associated with cardiovascular prognoses in patients with
depression [86], no significant difference was found in this study in the network comparison
of state-like symptoms between those with and without an MDE at follow-up.

It is also possible that baseline state-like features were not specifically associated with
MACE in this specific analysis, as the role of baseline depressive or anxious symptoms
have a differential impact on the cardiac outcome based on the conditional development of
depression [87]. It was, in fact, suggested that higher levels of anxiety were associated with
worse cardiac outcomes in those that develop depressive episodes due to the cardiotoxic
effect of higher adrenergic stimulation, but, conversely, it might exert a protective effect
in those that remain euthymic over the follow-up period [88]. Increased levels of anxiety
may, hence, reflect the worry after the first diagnosis of ACS, which could induce greater
compliance with a medical prescription and promote adaptive coping strategies [15] and
healthy behaviors [16,17].

These results need to be considered in light of the limitations of this study. First, we
recruited individuals at their first cardiovascular event to compare those with and without
a depressive episode or a second cardiac event/death. Thus, we did not calculate a sample
size beforehand for the groups to be compared. The different sample sizes between groups
could thereby limit the strength of the results. Second, the small sample size prevented us
from differentiating and comparing individuals according to different types of acute cardiac
events. Third, because the study focused on the individual state- and trait-like features,
biological biomarker levels, such as those of troponins and CK-MB, and variables related
to pharmacotherapies were not collected and included in the analyses, although biological
parameters could be implicated in the pathogenesis of MACE and MDE:s at follow-up.

The results of the present study, however, indicate the need to implement psychiatric
evaluation in the clinical care of individuals with ACS. The assessment of personality
characteristics should be included in routine clinical practice in order to identify those
at higher risk for the development of a depressive disorder and further cardiovascular
events. Vulnerable individuals should therefore be referred to appropriate psychological
and psychiatric interventions with the aim of improving coping strategies to mitigate risk,
improve adaptation to the disease and eventually increase quality of life.

6. Conclusions

Depressive symptoms and episodes are frequent in individuals who have suffered
a cardiovascular event. The present study observed that trait-like features, in particular
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alexithymia and personality traits such as negative affectivity, harm avoidance and self-
transcendence, and especially their reciprocal relationships, are more evident in individuals
who develop a depressive episode at follow-up; thus, they possibly represent predisposing
factors for a subsequent depressive episode. The assessment of personality features in
patients with a cardiovascular event could thereby aid in the identification of those with a
higher risk for depression; adequate specialist referral and interventions could reduce risk
and increase the quality of life of patients suffering from a cardiovascular disease.
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