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Type D Personality as a Risk Factor for Adverse
Outcome in PatientsWith Cardiovascular Disease: An
Individual Patient-Data Meta-analysis
Paul Lodder,MSc, JelteM.Wicherts, PhD,Marijn Antens, BSc, Christian Albus,MD, Ivan S. Bessonov, PhD,
Emelie Condén, PhD, Karolijn Dulfer, PhD, Sara Gostoli, PhD, Gesine Grande, PhD, Pär Hedberg, PhD,
Christoph Herrmann-Lingen, MD, Tiny Jaarsma, PhD, Malcolm Koo, PhD, Ping Lin, PhD,
Tin-Kwang Lin, PhD, Thomas Meyer, MD, PhD, Georgiy Pushkarev, PhD, Chiara Rafanelli, PhD,
Olga I. Raykh, PhD, Alexandre Schaan de Quadros, PhD, Marcia Schmidt, PhD, Alexei N. Sumin, PhD,
Elisabeth M.W.J. Utens, PhD, Dirk J. van Veldhuisen, PhD, Yini Wang, PhD, and Nina Kupper, PhD
ABSTRACT
Objective: Type D personality, a joint tendency toward negative affectivity and social inhibition, has been linked to adverse events in patients
with heart disease, although with inconsistent findings. Here, we apply an individual patient-data meta-analysis to data from 19 prospective co-
hort studies (N= 11,151) to investigate the prediction of adverse outcomes by typeD personality in patients with acquired cardiovascular disease.
Method: For each outcome (all-causemortality, cardiacmortality, myocardial infarction, coronary artery bypass grafting, percutaneous coronary inter-
vention,major adverse cardiac event, any adverse event), we estimated typeD’s prognostic influence and themoderation by age, sex, and disease type.
Results: In patients with cardiovascular disease, evidence for a type D effect in terms of the Bayes factor (BF) was strong for major adverse
cardiac event (BF = 42.5; odds ratio [OR] = 1.14) and any adverse event (BF = 129.4; OR = 1.15). Evidence for the null hypothesis was
found for all-cause mortality (BF = 45.9; OR = 1.03), cardiac mortality (BF = 23.7; OR = 0.99), and myocardial infarction (BF = 16.9;
OR= 1.12), suggesting that type D had no effect on these outcomes. This evidencewas similar in the subset of patients with coronary artery
disease (CAD), but inconclusive for patients with heart failure (HF). Positive effects were found for negative affectivity on cardiac and
all-cause mortality, with the latter being more pronounced in male than female patients.
Conclusion:Across 19 prospective cohort studies, type D predicts adverse events in patients with CAD, whereas evidence in patients with
HF was inconclusive. In both patients with CAD and HF, we found evidence for a null effect of type D on cardiac and all-cause mortality.
Key words: type D personality, cardiovascular disease, meta-analysis, negative affectivity, cardiac events.
BF = Bayes factor, CABG = coronary artery bypass grafting, CAD =
coronary artery disease, CVD = cardiovascular disease,
MACE = major adverse cardiac event, NA = negative affectivity,
OR=odds ratio,PCI=percutaneouscoronary intervention,SI= so-
cial inhibition
INTRODUCTION

Type D (“distressed”) personality is defined as the joint tendency
toward negative affectivity (NA) and social inhibition (SI). In-

dividuals with high NA have a tendency to experience negative
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emotions across time and situations, whereas thosewith high SI tend
to feel inhibited and insecure during social interactions (1). Both type
D personality traits are associated with other well-known personality
traits. For instance, neuroticism correlates positively with both NA
(r=0.68) andSI (r=0.43),whereas extraversion correlates negatively
with SI (r = −0.65) (1). NA also correlates strongly with trait anxiety
(r = 0.81) (2), and the trait anxiety scale of the Heart Patients Psy-
chological Questionnaire has been used to measure NA before the
existence of dedicated type D personality scales such as the Type
D Scale-14 (DS14) (1) and Type D Scale-16 (DS16) (3).

Although SI is associated with introversion, it is also a distinct
construct because introversion does not necessarily involve a dis-
tressed experience, whereas high SI also implies high emotionality
and personal distress (2). Although individualswith SI and introverted
individuals may both be reticent during social contact, those with SI
are so because they feel tense with others, whereas introverted indi-
viduals prefer their own company over beingwith others. SI expresses
howpeople copewith negative emotions, yet it differs from emotional
coping styles such as repression and defensiveness because those in-
volve low distress and unconscious exclusion of negative emotions,
whereas SI (as measured by, for instance, the DS14) is characterized
by high interpersonal distress and conscious suppression of emotions
(2). Indeed, the correlation between SI and defensiveness is very
small (r = −0.06) (3).

TypeD personality has been linked to various medical and psy-
chological outcomes (4–6). The cornerstone of type D research is
the prognostic risk this distressed personality type is thought to
pose to cardiovascular disease (CVD) patients. Previous research
has found that individuals who inhibit emotional states are at in-
creased risk of cardiovascular dysregulation and complications,
such as decreased heart rate variability (7), cardiovascular recovery
(8), and atherosclerosis (9). Moreover, high SI individuals report
that they perceive less social support and are less likely to seek help
(10). Individuals with high NA and high SI persistently experience
negative emotional states and inhibit the expression of these emo-
tions in social situations, thereby increasing their risk on adverse car-
diovascular events for which they are not likely to seek help.

Several meta-analyses have indicated that type D personality is
associated with an increased risk of adverse events in patients with
coronary artery disease (CAD), whereas this has not been found
for other types of CVD (4,5). Some have argued that the effect
sizes expressing the prognostic risk posed by type D personality
have declined over the years, based on the observation that the ear-
lier studies with smaller sample sizes showed larger effects than
more recent and larger studies (11). However, others have stated
that the difficulty in replicating some of the earlier studies can be
explained in terms of differences across studies in end points and
patient characteristics such as age and cardiac diagnosis (12). For
instance, a meta-analysis concluded an increased mortality risk
of type D patients with CAD, but no increased mortality risk in pa-
tients with heart failure (HF) (4). Furthermore, a reanalysis of four
earlier published studies indicated that in patients with CAD, type
D personality was not predictive of all-cause mortality, but it did
show an increased risk on cardiac events, primarily in adult pa-
tients younger than 70 years (13).

Estimating a Type D Personality Effect
Two constructs synergistically affect another when the conditional
effect of each construct on the outcome increases with higher
Psychosomatic Medicine, V 85 • 188-202 189
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scores on the other construct. Various scholars have argued that a
type D effect involves a synergy between its subcomponents NA
and SI (14–16). For instance, Denollet et al. (16) claimed that
the interaction of emotional distress and inhibition of one’s feel-
ings can be viewed as a form of stress that may create or exacerbate
serious health problems” (p. 583). Most earlier studies aimed to
capture this synergistic effect by classifying people in a type D
group when they score high on both the NA and SI total scores
(1). Various researchers have criticized this two-group method, not
only for resulting in less statistical power but also for risking spu-
rious type D effects (17,18). A four-group method was commonly
applied to solve this issue by also including groups for people with
high scores on only one of the two NA or SI traits. However, two
recent simulation studies showed that not only the two-group
method may produce false-positive type D effects when in reality
only NA or SI was driving the effect, but that the four-groupmethod
to a lesser extent suffers from a similar bias because of the correla-
tion between NA and SI (19,20). In some of these simulated data,
only one personality trait (e.g., only NA) was causally related to
an outcome. However, analyzing such data with the two-group
and four-group methods often produced statistically significant ef-
fects of the type D group compared with the other groups. This im-
plies that methods that estimate the type D effect based on two or
four personality groups cannot distinguish a causal effect of type D
personality from an effect of only one of the underlying personal-
ity traits NA or SI.

In line with earlier recommendations (17,18), these simulation
studies concluded that of all commonly used methods, the contin-
uous method, which does not analyze personality groups but rather
the NA and SI total scores, is least biased in detecting various ways
in which NA and SI synergistically relate to an outcome measure.
This method models the effect of both continuous variables NA
and SI, as well as their quadratic effects and interaction. A qua-
dratic effect for NA or SI would imply that the risk this personality
trait poses on adverse events is not constant but increases with
higher trait scores. Detecting that both NA and SI independently
predict an outcome would point to an additive type D effect be-
cause the effect of both NA and SI remains constant across the en-
tire score range of these traits. However, researchers have argued
that the type D effect involves a synergy between NA and SI
(14–16) and that such synergistic effects can be adequately tested
by means of an interaction effect between two continuous vari-
ables (18–20). If there is an interaction effect between NA and
SI on the outcome, then the effect of these traits is not constant,
but the effect of one trait changes across scores on the other trait.
If the interaction effect is positive, then the effect of one trait on
the outcome increases for higher scores on the other trait. We con-
sider such as interaction to reflect a synergy between NA and SI
because higher scores on both traits result in increasingly higher
predicted values on the outcome measure. Negative interaction ef-
fects would not represent a synergistic effect because then the ef-
fect of one personality trait on the outcome decreases with higher
scores on the other trait.

Reconsidering the Published Type D Literature
Although earlier simulations have indicated that the two-group
and four-group methods may lead researchers to erroneously con-
clude a type D effect when only NA or SI explains variation in the
outcome (19,20), the extent of this problem in the type D literature
February/March 2023
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is still unclear. A recent systematic review of all published studies in
the type D literature included all studies that have estimated a
type D effect according to both the two-group and continuous
method. It turned out that approximately half of the significant
two-group effects were not type D effects according to the contin-
uous method, but effects of NA or SI only (21). This suggests a
major inconsistency in the conclusions drawn from these two
methods, questioning the validity of the conclusions drawn from
earlier published studies using only the two-group method. The
conclusions of earlier published meta-analyses are equally affected,
as those were invariably based on two-group method effects (4,5).

The continuous method, however, is also often not adequately
applied. According to earlier simulation studies (19,20), the con-
tinuous method should not only include both the NA and SI main
effects and their interaction, but also check whether this interaction
is confounded by NA and SI quadratic effects (22). Most pub-
lished studies using a continuous method did not model these qua-
dratic NA and SI effects. To the best of our knowledge, only two
earlier published studies have done this (23,24). This suggests that
for the remaining literature, it stays unclear whether a significant
NA � SI interaction indicates a type D effect, or merely a main
or quadratic effect of NA or SI. This highlights the importance
of reconsidering the published type D literature.

A first reanalysis of type D’s prognostic effect in patients with
CAD modeled the type D effect according to both the two-group
and continuous approaches (13). Both approaches showed that
type D increased the risk on cardiac events in patients with CAD.
A follow-up analysis revealed that this effect was only found for pa-
tients younger than 70 years and did not apply to older patients.
Comparisons between older and younger patients may be threatened
by survivorship bias in that the older patients may be more resilient
to the potential risk their personality trait represented because they
have been able to survive for longer. Furthermore, older patients
may experience less environmental (work) pressure and may there-
fore be less susceptible to stress-related cardiac events (13). On the
other hand, the increased isolation of older patients can increase
their social stress levels (25). It remains unclear why type D person-
ality does not seem to be a risk factor for cardiac events in older in-
dividuals with CAD.

Methodological limitations of this previous reanalysis (13) are
that the quadratic NA and SI effects were not included and that
only the dichotomous method was used to show that the type D ef-
fect was less pronounced at older ages, making it unclear whether
age moderated the type D effect or whether it moderated a NA or
SI effect only. A second limitation is a possible selection bias be-
cause the included data originated from four subsequent cohorts
from the same university hospital. Individual patient meta-analysis
on data from a diverse set of research groups is essential to achieve
a more representative sample of studies.

Here, we present the results of an individual patient meta-analysis
focusing on type D’s prognostic effect in patients with CVD. Indi-
vidual patient meta-analysis enables an efficient reanalysis of large
collections of studies designed to answer a similar research question
(26). This results in high statistical power to detect small effects that
are hard to detect in each of the included studies individually.
Whereas traditional meta-analyses are only able to estimate moder-
ator effects at the study level, individual patient meta-analyses can
test moderator effects at the individual level, resulting in more
power to detect moderators of type D’s prognostic influence.
Psychosomatic Medicine, V 85 • 188-202 190
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Our first aim was to aggregate the data of earlier published pro-
spective cohort studies and test the association between typeD per-
sonality and the occurrence of adverse events during follow-up in
patients with CVD. Another aim is to determine whether this type
D effect depends on age, sex, and cardiac diagnosis. Previous re-
search has found that male patients with type D personality show
a more elevated heart rate response to social tasks than female pa-
tients with type D personality (27). Studies have also shown that
type D is more predictive of major adverse cardiac event (MACE)
in younger ages than older ages (13), and a meta-analysis concluded
an increasedmortality risk of typeD patients with CAD, but no such
risk in patients with HF (4). Although our final conclusions will be
based on the continuous method, a secondary aim is to estimate the
type D effect according to the two-group, four-group, and continu-
ous methods to illustrate the difference in the results they generate.
In line with earlier research, we expect (4) that type D personality
is a risk factor for cardiac events but not for all-cause mortality
and (5) that the type D effect is more pronounced in younger than
in older individuals (13).

METHODS

Inclusion Criteria
We only included prospective cohort studies involving patients
who at baseline were diagnosed with CVD, CAD, HF, or ventric-
ular arrhythmia, and in which the type D traits NA and SI were
measured using the DS16 (3) or DS14 (1) (or any other validated
instrument designed to measure these personality traits), and for
whom the occurrence of adverse events was recorded over the
study’s follow-up time. We excluded case-control, cross-sectional
studies, imaging studies, case series, and case reports. When several
studies had been published on the same cohort, we included the
study with the largest sample size and/or longest follow-up time.
Of each included study, we contacted the corresponding author (or
other authors in case of nonresponse) and requested the raw data
listed hereinafter. Included studies at least had to provide data on
type D personality (individual item scores or total scores for NA
and SI) and adverse outcomes (at least one of the following:
all-cause mortality, cardiac mortality, myocardial infarction [MI],
coronary artery bypass grafting [CABG], and percutaneous coro-
nary intervention [PCI]). In addition, we requested data regarding
clinical characteristics (type of CVD), demographic characteristics
(age, sex), and study characteristics (date of baseline measure-
ment, follow-up duration).

Search Strategy
We conducted a literature search on January 4, 2020, using the
electronic databases PubMed, Web of Science, and PsycINFO.
We updated this literature search on April 1, 2022. We searched
for the terms “type D personality” AND [“cardiovascular disease”
OR “coronary artery disease” OR “coronary heart disease” OR
“heart failure”OR “ventricular arrhythmia”] AND [“adverse event”
OR “myocardial infarction”OR “mortality”OR “cardiac death”OR
“cardiac event” OR “MACE”]. Furthermore, we performed hand
searches, selecting articles included in earlier systematic reviews
and meta-analyses. We limited our search to a period between
1996 and January 2020 because the first publication on type D per-
sonality was in 1996. Two authors (P.L. and M.A.) independently
performed the screening process. In the first step, titles and abstracts
February/March 2023
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were screened, and studies were included or excluded based on the
established criteria. In the second step, inclusion of studies passing
the first round was determined by examining the full text. In case
of disagreements between the two reviewers (P.L. andM.A.), a third
reviewer (N.K.) was consulted. We have used the QUIPS tool to as-
sess the quality of the prospective cohort studies included in our
meta-analysis (28). During the quality assessment, we have not
evaluated the statistical analysis and inclusion of confounders be-
cause we are responsible for those analysis choices in our individual
patient-data meta-analysis. Tables S3 and S4 (Supplemental Digital
Content, http://links.lww.com/PSYMED/A902) present the results
of this quality assessment.

Data Extraction
The participating researchers were requested to share their data in
either an Excel or SPSS file. Because the shared data already
contained all information required to conduct the individual
patient-data meta-analysis, it was not necessary to further extract
data from the included articles. If raw DS14 item scores were
shared, then we checked the calculation of the NA and SI total
scores to prevent errors in calculating the total scores (e.g., reverse
coding). For each study, the NA and SI scores were standardized
within studies to accommodate for the fact that three of the included
studies did not use the DS14 questionnaire but other instruments to
measure NA and SI that preceded the DS14. Within-cluster (i.e.,
within-study) standardization is recommended in multilevel studies
when effects of person-level predictors (e.g., personality traits) are
of primary interest (29).

Operationalizing Type D Personality
We operationalized type D personality according to the continuous
interaction method. The Supplemental Digital Content files, http://
links.lww.com/PSYMED/A902, contain the methods and results
for analyses based on the two-group and four-group methods.
The continuous method models both the continuous NA and SI
main effects, as well as their interaction. The method further inves-
tigates whether the interaction is confounded by quadratic NA or
SI effects (20). The quadratic and interaction effects are calculated
by multiplying the mean-centered or standardized NA and SI
scores. When no quadratic NA or SI effects are found, the interac-
tion effect in the model without the quadratic effects was used to
represent the type D effect.

End Points
As end points, we investigated five observed end points such as
all-cause mortality, cardiac mortality, MI, CABG, and PCI, and
two composite end points such as MACE and any adverse event.
MACE was defined as the occurrence of cardiac mortality, MI,
CABG, or PCI during follow-up. Any adverse event was defined
as the occurrence of MACE or all-cause mortality during follow-
up. If the effect of a composite end point is only driven by one
of the observed end points included in the composite, then a signif-
icant composite end point could wrongly raise the impression that
the other observed end points are also affected (30). Therefore, we
did not limit our analyses to these composite end points but also
present the findings for each of the directly observed outcomes.
The included studies differed in the number of recorded end points.
When computing theMACE and any adverse event end points, only
studies that recorded each of the end points included in these
Psychosomatic Medicine, V 85 • 188-202 191
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composites were included. For instance, if a study only recorded
cardiac mortality, then this study could not be used in analyses of
theMACE or any adverse events end point because it was unknown
whether these patients had an MI or underwent CABG or PCI.

Statistical Analysis
We conducted our primary individual patient-data meta-analysis
according to a one-stage approach (31). This approach aggregates
the data across the included studies and uses a multilevel approach
to allow for variation in the estimated regression coefficients across
studies. We used a Bayesian estimation procedure to determine the
evidence in favor of both the null and the alternative hypotheses.
Bayesian multilevel logistic regression models were fitted using
theR-package brms (32).All regression coefficients (intercept + pre-
dictor coefficients) were modeled as random parameters to capture
the dependency between scores of participants included in the same
study. Parameters were estimated usingMarkov ChainMonte Carlo
sampling with three chains and 3000 iterations, including 1000
warm-up iterations. The typeD personality effects on each end point
were estimated according to each of the two-group, four-group, and
continuous approaches. Final conclusions were based on the contin-
uous method because this approach is the least biased according to
earlier simulation results (19,20). Age and sexwere both included as
covariates and as potential moderators of the type D effects on each
end point. Moderation models were estimated separately for age,
sex, and disease type, eachmodel including the interaction effect be-
tween age/sex/disease on the one hand and the personality trait var-
iables on the other hand (NA, SI, NA2, SI2, NA � SI).

For all models, effects were expressed in terms of odds ratios
(ORs), including 95%Bayesian credible intervals. In line with ear-
lier research (33), we assumed the priors of the regression coeffi-
cients to be normally distributed N(μ = 0, σ = 2). As a sensitivity
analysis, we also investigated the same prior but with smaller or
larger standard deviation (SD; σ = 1 and σ = 4). For each method,
the evidence for a type D effect in terms of the Bayes factor (BF)
was quantified as the evidence ratio of the posterior probability of
a hypothesis against its alternative. For example, the evidential
value for a type D effect according to the continuous method
was determined as the ratio of the posterior probability that the re-
gression coefficient of the NA � SI interaction was larger than 0,
against the posterior probability that this coefficient was 0 or
smaller. To quantify the evidence in favor of the null hypothesis
of no type D effect (regression coefficient of NA � SI interac-
tion = 0), BFs were estimated according to the Savage-Dickey
density ratio method (34). BFs can be used to quantify the support
of one model compared with another model. In contrast to
frequentist statistics, this allows us to quantify evidence in favor of
a hypothesis (e.g., evidence in favor of the null hypothesis of no
type D effect). BFs were interpreted according to guidelines byKass
and Raftery (35) (BFs 1–3.2 = “anecdotal”; BFs 3.2–10 = “substan-
tial”; BFs 10–100 = “strong”; BFs 100 or larger = “decisive”).

As a sensitivity analysis, we also conducted two-step meta-
analyses to investigate whether the results of our one-step analysis
are robust against the selection of a different meta-analytic ap-
proach (36). In the first step, logistic regression analyses were con-
ducted to estimate for each end point the association with type D
personality according to the continuous method. In the second
step, a fixed-effects meta-analysis (37) was conducted for each
end point on the log ORs and standard errors estimated in step 1.
February/March 2023
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The exponentiated (OR) results of those analyses were visualized
in forest plots.

All analyses were conducted using R (38), and the script is
available on this project’s open science framework page, together
with the preregistration of the data collection and analysis plan:
https://osf.io/czmhs/.

RESULTS
Our initial literature search resulted in 367 unique studies. The flow-
chart in Figure 1 shows that after reviewing the titles and abstracts,
330 studies were excluded because they either did not use a pro-
spective cohort design or did not involve patients with CVD. Of
the resulting 37 studies, an additional 12 were excluded for similar
FIGURE 1. Flowchart of the systematic literature review.

Psychosomatic Medicine, V 85 • 188-202 192

Copyright © 2023 by the American Psychosomatic Society.
reasons after examining the full text. We emailed the correspond-
ing authors of the remaining 25 eligible studies. In case of no re-
sponse, we first sent two reminders before emailing other authors.
Researchers of 20 studies responded to our emails, and 18 were
willing to participate in this project by sharing their data. The au-
thors of the remaining studies did either not respond or indicate
that the data could not be shared because projects involving that
data set are still in progress. After updating the literature search
during the review process, we included one additional study in
our analysis, resulting in 19 included prospective cohort studies.

Table 1 shows the characteristics of these 19 studies, compris-
ing a total of 11,151 patients with CVD who were followed for an
average follow-up time of 47.1 months (median = 37 months,
February/March 2023
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TABLE 1. Characteristics of Studies Included in the Individual Patient-Data Meta-analysis

Study N Diagnosis Country Follow-up, mo Age (M), y Men, %

Type D
Personality
Measure

Negative
Affectivity,
M (SD)

Social Inhibition,
M (SD)

Denollet et al. (39) 378 CAD Belgium 95 55.6 88.6 STAI and HPPQ 9.8 (6.7) 10.5 (6.6)

Denollet et al. (40) 364 CAD Belgium 60 56.5 91.8 DS16 9.7 (6.6) 14 (6.6)

Denollet et al. (41) 326 CAD The Netherlands 20 56.8 87.1 DS16 9.2 (6.6) 13.3 (6.3)

Martens et al. (42) 466 CAD The Netherlands 22 59.3 78.5 DS14 7.3 (6.2) 9.1 (6.5)

Pelle et al. (43) 641 HF The Netherlands 37 66.4 74.3 DS14 7.1 (6.4) 9.1 (6.5)

Schmidt et al. (44) 137 CAD Brazil 12 60.2 63.5 DS14 10.6 (6.7) 10.3 (7.4)

Coyne et al. (45) 1047 HF The Netherlands 18 70.9 62.6 DS14 6.3 (6.0) 7.8 (6.9)

Herrmann-Lingen
et al. (46)

569 CAD Germany 18 59.2 78.9 DS14 15.8 (4.8) 11.8 (5.9)

Grande et al. (47) 1091 MIX Germany 71 62.7 74.8 DS14 10.1 (5.7) 8.3 (5.2)

Denollet et al. (48) 638 VA The Netherlands 38 62.9 80.6 DS14 7.5 (6.4) 9.0 (6.3)

Denollet et al. (49) 541 CAD Belgium 60 58.7 87.4 DS14 9.0 (6.3) 9.8 (6.3)

Meyer et al. (50) 470 CAD Germany 60 63.7 76.8 DS14 10.6 (5.7) 9.2 (5.7)

Sumin et al. (51) 682 CAD Russia 12 58.5 81.8 DS14 9.1 (4.1) 9.3 (3.5)

Dulfer et al. (52) 1190 CAD The Netherlands 120 62.3 72.6 DS14 9.4 (6.8) 9.1 (6.5)

Gostoli et al. (53) 117 VA Italy 24 63.1 74.4 DS14 8.1 (6.7) 7.4 (6.5)

Pushkarev et al. (54) 939 CAD Russia 12 58.7 75.3 DS14 10.4 (5.8) 9.7 (5.5)

Conden et al. (55) 941 CAD Sweden 76 70.5 66.7 DS14 6.6 (5.6) 7.9 (5.8)

Lin et al. (56) 222 HF Taiwan 18 60.4 66.2 DS14 6.5 (5.1) 6.0 (5.7)

Lv et al. (57) 392 CAD China 12 61.6 68.9 DS14 11.4 (4.7) 10.9 (4.9)

M (SD) = mean (standard deviation); CAD = coronary artery disease; STAI = State Trait Anxiety Inventory; HPPQ = Heart Patients Psychological Questionnaire; HF = heart
failure; MIX = mix of various cardiovascular disease diagnoses; VA = ventricular arrhythmia.
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 on 12/18/2023
interquartile range = 15.2–63.2 months). The included studies dif-
fered in the cardiac diagnosis, age, and sex of patients, but on av-
erage (SD), the patients were 62.5 (11.3) years old, most weremale
(75.6%) and most were diagnosed with CAD (NCAD = 8096;
NHF = 2027; NVA = 638; NCVD = 390). Figure 2 visualizes the bi-
variate distribution of the NA and SI scores in each study. Across
all studies, NA and SI were positively correlated (r = 0.373).
Tables S3 and S4 (Supplemental Digital Content, http://links.
lww.com/PSYMED/A902) report the quality assessment of each
included study. Although some studies were potentially more bi-
ased than others, most were at low risk of bias and none of the in-
cluded studies showed a high risk of bias.

A Bayesian multilevel logistic regression analysis was used to
estimate the type D effects. The number of iterations of the
Markov Chain Monte Carlo procedure was sufficient to reach an
effective sample size of at least 500 in the estimation of each model
parameter. The R-hat value of each estimated regression coefficient
was smaller than 1.05, indicating proper convergence (58). Table 2
shows for each end point the estimated ORs (including 95% Bayes-
ian credible interval) of age, sex, the type D effects according to the
three operationalizations. Older age and male sex predicted the oc-
currence of all-cause mortality and cardiac mortality, but none of
the other end points. Based on the continuous method, NA and SI
showed a synergistic type D effect on the occurrence of any adverse
event during follow-up (OR = 1.135, 95% confidence interval
[CI] = 1.029–1.253). Although the interaction model including qua-
dratic effects also showed a synergistic type D effect on MACE,
when excluding the nonsignificant quadratic NA and SI effects from
Psychosomatic Medicine, V 85 • 188-202 193

Copyright © 2023 by the American Psychosomatic Society.
the continuous interaction model, the 95% Bayesian credible inter-
val contained an OR of 1, suggesting no effect (OR = 1.126, 95%
CI = 0.99–1.286). For all other end points, the 95% credible interval
of the interaction effect between NA and SI included an OR of 1,
suggesting that type D did not predict the occurrence of all-cause
mortality, cardiac mortality, MI, CABG, or PCI. However, an NA
main effect was found for both all-cause mortality (OR = 1.156,
95% CI = 1.045–1.296) and cardiac mortality (OR = 1.284, 95%
CI = 1.088–1.51). Tables S1 and S2 (Supplemental Digital Content,
http://links.lww.com/PSYMED/A902) show for each end point the
SD (including 95% Bayesian credible interval) of all random pre-
dictor effects according to the continuous method. The fact that
many of these credible intervals did not include an SD of zero sug-
gests that these effects differ across studies, supporting our choice
to model these parameters as random effects.

Table 3 presents the BF estimates according to the continuous
method, expressing the evidential value for the presence or absence
of a type D effect on each end point for the complete sample and for
patients with CAD and HF separately. Evidence for a type D effect
in the complete sample was strong for the end point MACE
(BF = 40.1) and decisive for any adverse event (BF = 99.0). Strong
evidence for a null effect was found for all-cause mortality
(BF= 47.18), cardiacmortality (BF= 23.34), andMI (BF= 19.29).
The evidence for a type D effect on CABG and PCI was inconclu-
sive, showing substantial evidential value both in favor and
against a type D effect. When limiting the sample to patients with
CAD, similar evidential values were found. For patients with HF,
however, substantial to strong evidence was found against a type
February/March 2023
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FIGURE 2. For each included study, a scatterplot of the NA and SI sum scores. The dot size represents the frequency of a NA and SI score
combination. NA = negative affectivity; SI = social inhibition.
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D effect on all-cause mortality (BF = 10.14), whereas for the other
end points, the evidence either was inconclusive or could not be
estimated because of sparse data.

The results in Table 4 indicate that age, sex, and type of CVD
did not moderate the synergistic type D effects (interaction be-
tween NA and SI) on any of the studied end points. However,
sex turned out to moderate the quadratic NA effect on all-cause
mortality, indicating that increasingly higher NA scores were asso-
ciated with higher odds on all-cause mortality, and this effect was
more pronounced for male than for female patients (OR = 1.184,
95% CI = 1.026–1.353). A BF of 89.9 indicated very strong evi-
dence that the population OR of this effect is larger than 1.
Psychosomatic Medicine, V 85 • 188-202 194

Copyright © 2023 by the American Psychosomatic Society.
Figure 3 visualizes the type D effects on each end point accord-
ing to the continuous method estimates for the model including the
NA and SI main effects and their interaction. For various standard-
ized NA and SI scores, the figure shows the predicted posterior
probability on the occurrence of each end point. The colored
shades represent the 95% prediction intervals for each level of SI
scores. The figure indicates the positive interaction effect between
NA and SI on both MACE and any adverse events. The probability
on the occurrence of these events during follow-up increased for
higher NA scores, and these positive effects became more pro-
nounced for larger scores on SI. Similarly shaped curves but smaller
effects were found for CABG or PCI, although statistical evidence
February/March 2023
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for these type D effects was inconclusive. To facilitate the interpre-
tation of these figures, across the included data sets, patients, on av-
eraged (SD), scored 9.02 on the NA (6.33) and 9.20 (6.01) on the SI
measurements of the DS14. Based on these statistics, Figure 3 in-
dicates that the probability on any adverse event during follow-up
is 0.14 for patients with average NA and SI scores. For patients
scoring two SDs above the average on NA (21.7), this risk in-
creases to 0.20. For type D patients, such as those who score
two SDs above the average on both NA (21.7) and SI (21.3), the
risk of an adverse event increases even further to 0.30. To facilitate
the significant interaction effects between NA and SI on any ad-
verse events in patients with CVD, Table S8 (Supplemental
Digital Content, http://links.lww.com/PSYMED/A902) reports
for both NA and SI the simple slope analysis. The effect of SI
on adverse events increases across higher NA scores, and the
95% CI of the simple slopes starts to exclude a slope of zero
(no effect) at NA scores of 13.8 or higher. The effect of NA on ad-
verse events increases across higher SI scores, and the 95% CI of
the simple slope starts to exclude a slope of zero at SI scores of 6.2
or higher.

To facilitate the interpretation of our model estimates, we have
created an online tool (https://anonymousresearcher.shinyapps.io/
AdverseEvent_Prediction_TypeD_CVD/) that uses the age, sex,
NA and SI scores, and type of CVD to calculate, according to
our model estimates, the predicted probability on a particular out-
come within the average follow-up time of our meta-analysis. For
instance, for a 60-year-old male patient with CVD with a high NA
score (29), the probability of having an adverse event within
48 months is 40.72% when the SI score is average (1), whereas
the probability increases with 4% to 44.85% when the SI score
is high (29).

As a sensitivity analysis, Figures S1 to S7 (Supplemental Dig-
ital Content, http://links.lww.com/PSYMED/A902) show for each
end point a forest plot presenting the results of the two-step meta-
analyses. These results are like those of the one-stepmeta-analysis,
suggesting that type D personality (operationalized according to
the continuous method) was significantly associated with MACE
and any adverse event, but not with any of the other end points.
Table S5 (Supplemental Digital Content, http://links.lww.com/
PSYMED/A902) presents the results of leave-one-out sensitivity
analyses, which repeat the meta-analysis multiple times, each time
with a different study left out. This sensitivity analysis shows that
our findings were generally not driven by a single study, except
that excluding one of the studies (49) attenuated the type D effect
on MACE, resulting in a Bayesian 95% credible interval that in-
cluded the value of no effect (OR = 1) and suggesting that the
MACE effect is largely driven by that study. Another sensitivity
analysis reported in Table S6 (Supplemental Digital Content,
http://links.lww.com/PSYMED/A902) estimated the impact of
prior distribution specification for the regression coefficients of
the type D effect according to the continuous method. The results
show similar conclusions for each end point except MACE, with
different prior distributions resulting in similarly sized type D effects,
yet slightlywider 95% credible intervals including anORof no effect,
suggesting uncertainty regarding type D’s effect on MACE. Lastly,
Table S7 (Supplemental Digital Content, http://links.lww.com/
PSYMED/A902) presents for each method to estimate the type D ef-
fect a brier score, expressing the accuracy of predicting the ob-
served end point based on the model estimates. For each method
February/March 2023
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FIGURE 3. Predicted posterior probability on the occurrence of several end points during follow-up, given various scores on the
standardized NA and SI scores. NA = negative affectivity; SI = social inhibition; CABG = coronary artery bypass grafting; PCI =
percutaneous coronary intervention; MACE = major adverse cardiac event.
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and outcome, the brier scores are close to zero, indicating high pre-
dictive accuracy.

DISCUSSION
We conducted an individual patient meta-analysis across 19 pub-
lished prospective cohort studies investigating the prognostic ef-
fect of type D personality in patients with CVD. We estimated
the type D effect according to the continuous interaction method,
which performed best in several simulation studies (19,20). BFs
indicated very strong evidence for the hypothesis that type D pre-
dicts the occurrence of adverse events in patients with CAD. Sim-
ple slope analysis indicated that the influence of both NA and SI
on any adverse event increased across higher scores on the other
personality trait. Although BFs indicated strong evidence for the
Psychosomatic Medicine, V 85 • 188-202 198

Copyright © 2023 by the American Psychosomatic Society.
type D effect on MACE, various sensitivity analyses produced
95% credible intervals containing an OR of 1, suggesting that we
should entertain the possibility of no type D effect on MACE.

Evidence for a null effect was found for the outcomes all-cause
mortality and cardiac mortality. The risk on those mortality end
points increased with older age, male sex, and higher NA scores.
A moderation of sex on a quadratic NA effect suggested that the
higher NA scores increasingly resulted in a higher risk of all-cause
mortality, and this pattern was more pronounced for men in compar-
ison to women. In the subset of patients with HF, there was slightly
more evidence against a type D effect on each studied end point, yet
generally evidence for type D’s prognostic influence in patients with
HF remains inconclusive. Future research could investigate poten-
tial moderators of type D’s prognostic influence on adverse events
February/March 2023
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in patients with HF, for instance, by comparing different etiologies
(e.g., valvular or ischemic HF) (59).

When interpreting the type D effect onMACE and any adverse
event, it is useful to inspect the effects on each of the MACE com-
ponents. The type D effects on CABG, PCI, and MI are slightly
smaller than the effects on MACE, and based on both the BFs
and the 95% credible intervals, we cannot exclude the possibility
of a null effect. Nevertheless, the type D effects on any of these in-
dividual outcomes point in the same direction, and they may have
become more noticeable when combined in a composite end point
such asMACE or any adverse event. One could argue that end points
such as the risk on MACE or any adverse event are more interesting
to patients than individual end points such as PCI or CABG, as those
end points reflect a similar disease pathway, whereas their occurrence
also depends on more arbitrary factors such as healthcare availability
or the location of atherosclerosis.

Our finding that type D predicts adverse events in patients
with CAD is in line with the conclusions drawn from earlier
meta-analyses (4,5) and a reanalysis of four of the earlier studies
on this topic using the continuous method (13). However, our mul-
tilevel model indicated significant differences between studies in
the estimate of this type D effect. Our two-step meta-analysis re-
ported in the supplement can reveal the studies that primarily drive
this effect. The analysis indicated that all but two of the included
studies showed positive estimates of the type D effect on MACE,
yet the effect seems to be predominantly driven by three studies
(41,42,49). Indeed, our leave-one-out meta-analysis reported in
Table S5, Supplemental Digital Content, http://links.lww.com/
PSYMED/A902, showed that the type D effect on MACE was
no longer statistically significant when excluding one of those
studies from the meta-analysis. This study involved a sample of
541 relatively young (M = 58.7) and mostly male (87%) patients
with CAD (49). According to the quality assessment, there was
no reason to exclude this study from our analysis. Nevertheless,
our finding that the type D effect on MACE depends primarily
on this particular study raises doubt on the robustness of this ef-
fect. This uncertainty is corroborated by two other observations
in our statistical analysis. First, the continuous interaction model
excluding the quadratic NA and SI effects did no longer show a
significant interaction between NA and SI on MACE. Second,
even when including those quadratic effects in the model, the 95%
credible interval for the interaction between NA and SI on MACE
contained onewhen using a flat instead of normally distributed prior
for the regression coefficients. Altogether, these observations sug-
gest that there is still uncertainty regarding the effect of type D on
MACE. Nevertheless, our various sensitivity analyses all suggest
an association between type D personality and adverse events in
patients with CVD.

Our finding that not type D personality but only NAwas asso-
ciated with both all-cause and cardiac mortality contrasts with the
conclusion of an earlier published meta-analysis (4). This discrep-
ancy is likely explained by the fact that this previous meta-analysis
included type D effects estimated according to the two-group
method. Because this method is not able to distinguish type D
effects from effects of NA or SI only (19,20), meta-analyses in-
cluding such effects have the same limitation. Previous research
estimated that approximately half of all published type D effects
according to the two-group method were effects of NA or SI only
according to the continuous method (21). Figures S1 and S2
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(Supplemental Digital Content, http://links.lww.com/PSYMED/
A902) show that only one of the currently included studies showed
a statistically significant type D effect on all-cause and cardiac mor-
tality according to the continuous method, whereas the earlier pub-
lished meta-analysis included many studies with significant effects
according to the two-group method (4). The current study suggests
that many of these earlier studies showing a link between type D
personality and mortality end points were in fact effects of NA only.
Indeed, studies using the continuousmethod to estimate the typeD ef-
fect have shown that only NAwas associated with various outcomes,
such as in-stent neoatherosclerosis (60), coronary lipid plaque (61),
andmedication adherence (62). Future research should use individual
patient-data meta-analyses to test whether these findings are con-
firmed when aggregating across multiple studies.

The absence of a moderation of age on the type D effect on
MACE contrasts with a previous analysis of several published stud-
ies showing that type D only predictedMACE in patients with CAD
if they were younger than 70 years (22). Our moderation analysis
also found no evidence that the type D effect on any outcome differs
across the type of CVD. However, the confidence intervals for these
moderations by disease were very wide, suggesting considerable
uncertainty in these estimates. Indeed, the subgroup analyses re-
ported in Table 3 show that the type D effects in patients with
CAD are similar to those in the full sample, yet much uncertainty
remains regarding the effects in patients with HF. Sex did notmod-
erate the type D effect on any outcome, yet moderated a quadratic
NA effect on all-cause mortality, suggesting that this quadratic ef-
fect differs between the sexes. The prediction model in our shiny
app reveals that the risk on all-cause mortality increases quadrati-
cally with higher NA scores for male patients with CVD, whereas
female patients do not show such an NA effect. This finding reso-
nates with earlier research showing that negative mood episodes
such as depression increase the mortality riskmore inmale than fe-
male patients (63).

Our data only allowed adjusting the type D effects for age and
sex. It therefore remains unclear whether the type D effect on ad-
verse events is confounded by other risk factors, such as lifestyle
or depressive symptoms. Alternatively, these risk factors may also
signify increased disease progression and therefore not confound
but rather mediate or explain the association between type D per-
sonality and adverse events. Given the high correlation between
NA and depressive symptoms, depression may have confounded
or mediated the type D effects found in our study. Indeed, a previ-
ous meta-analysis (4) found that the overall association between
type D and CVD prognosis was no longer statistically significant
when limiting the analysis to the six studies that had estimated
the type D effect while controlling for related psychological con-
structs such as symptoms of depression or anxiety. This does not
necessarily imply that type D’s prognostic risk is confounded by
depression or anxiety symptoms, because an alternative explana-
tion could be that mood symptoms mediate the association be-
tween type D and CAD prognosis.

We were also not able to control for other potential physical or
mental morbidities that could produce both an increase in, for in-
stance, both NA and the risk on adverse events. For these reasons,
our findings do not support a causal influence of type D personal-
ity on adverse events. On the other hand, the studies included in
our analysis that showed the largest effects of type D on adverse
events (41,49) did adjust their analyses for confounders such as
February/March 2023
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decreased systolic function/left ventricular ejection fraction, exer-
cise tolerance, and psychological stress. Nevertheless, future re-
search could perform a highly powered preregistered investigation
into the added predictive value of type D personality on adverse
events in patients with CVD above and beyond the effect of de-
pression and other clinical risk factors, while modeling type D per-
sonality according to the continuous interaction method.

Should such a high-powered preregistered analysis detect a
type D effect on adverse events, then subsequent research could
shed more light on the biological pathways underlying this associ-
ation. Although in earlier work type D personality has been asso-
ciated with impaired endothelial function (64), subclinical inflam-
mation (65), and various inflammatory biomarkers (66,67), these
analyses were based on the biased personality group methods. Fu-
ture work should therefore reanalyze these studies using the con-
tinuous method to find out whether these effects were truly driven
by type D personality or by an effect of NA or SI only. Recent
work using the continuous method showed that type D is associated
with higher levels of coronary artery calcification, after adjusting for
many known CAD risk factors such as depression, smoking, diabe-
tes, and hypertension (68). Coronary artery calcification is itself re-
lated to an increased risk of adverse cardiac events, and an unhealthy
lifestyle could explain why some individuals develop high coronary
artery calcification levels (69). Type D personality has been associ-
ated with less regular physical exercise (70), a less healthy diet (71),
and poor self-management (72). Therefore, future research could fo-
cus on testing the role of an unhealthy lifestyle as a possible behav-
ioral pathwaymediating type D’s effect on coronary artery calcifica-
tion and other indicators of heart disease (12).

One clinical implication of our finding is that interventions to
reduce mortality risk in patients with CVD should mainly target
NA because elevated SI does not confer additional risk. Given
the close relation between NA and other negative mood episodes
such as depression, it may therefore be worthwhile to treat these
patients with CVDwith interventions that are effective in reducing
depressive symptoms. Although a randomized controlled trial
found no benefit of stepwise psychotherapy in reducing depressive
symptoms in patients with CAD, a subgroup analysis revealed that
the intervention was more effective in those with type D personal-
ity than in those without type D personality (46). For preventing
adverse events in patients with CVD, it may be worthwhile to ad-
ditionally intervene on SI. High SI could be reduced with, for in-
stance, cognitive behavioral therapy (73) or acceptance and com-
mitment therapy, allowing those with high SI to improve their
emotion regulation skills (74), albeit those willing to seek help, be-
cause SImay reduce treatment-seeking behavior (75). Although SI
is generally considered a temporally stable personality trait, longi-
tudinal research has estimated that SI is 83% trait and 17% state,
whereas NA is 74% trait and 26% state, suggesting that both con-
structs are susceptible to change (76). When individuals show in-
creased SI due to traumatic interpersonal experiences, then targeting
such experiences may potentially reduce SI and thereby its in-
creased risk on adverse events in those with high NA.

Strengths and Limitations
Strengths of the current research are the large sample size (N = 11,151),
the Bayesian estimation approach (allowing for the quantification
of the evidential value for both the null and alternative hypothe-
ses), the sensitivity analysis (one-step versus two-step individual
Psychosomatic Medicine, V 85 • 188-202 200
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patient-data meta-analysis), and the various contrasted type D
operationalizations (two-group versus four-group versus continu-
ous method) confirming previous work that the two-group and
four-group methods cannot distinguish synergistic type D effects
from main effects of NA or SI only (19,20).

Despite these strengths, our study also has several limitations.
First, the cardiac mortality end point may be unreliable because
identifying the cause of mortality can be difficult, particularly in
elderly multimorbid patients. Second, we did not have sufficient
data to adjust our estimate of the type D effect for earlier received
treatments or noncardiac somatic and psychiatric diagnoses. This
raises the question of whether baseline NA or SI measurements
were influenced by disease- or treatment-related factors. Neverthe-
less, some of the studies included in this meta-analysis found sig-
nificant type D effects after controlling for a history of cardiac
events such as CABG, PCI, or MI (41,42,49).

Third, 7 of the 25 identified eligible studies could not be in-
cluded either because of nonresponse or because of the reluctance
of sharing the raw data. This resulted in excluding the potential data
of 1457 patients with HF and 1035 patients with CAD. Although
our analyses still involved 2027 patients with HF and 8096 patients
with CAD, it was not possible to estimate a type D effect for some
end points in patients with HF because of sparse data. As a result, it
remains unclear whether type D is associated with an increased risk
on MI, CABG, and PCI in patients with HF.

Of the seven excluded studies, two of three studies in patients
with HF showed a significant association between type D person-
ality and mortality using the two-group method (77–79). The four
remaining studies focused on patients with CAD, three of which
used the two-group method to show that type D personality was
associated with MACE (80–82), whereas one study indicated that
a cluster with patients with CAD scoring high on type D personal-
ity had an increased risk of all-cause mortality during follow-up
than other patient clusters (83). None of these seven studies used
the continuous method to estimate type D effects, leaving it unclear
whether type D personality was driving these effects. This is likely
only true for some of these studies, given that approximately half of
the studies with significant type D effects based on the two-group
method are effects of NA or SI only according to the continuous
method (21).

Another limitation is that we did not include unpublished stud-
ies. Although one earlier meta-analysis did not find evidence of
publication bias in the sample of studies investigating the MACE
end point (5), another indicated that studies with smaller sample
sizes showed larger type D effects than studies with larger sample
sizes, possibly hinting at publication bias (4). Should it be the case
that there exist unpublished studies investigating the risk of type D
on adverse events in patients with CVD and that those studies dif-
fer from published studies in their effect sizes, then publication
bias may have affected our conclusions.

Our meta-analysis was applied to total NA and SI scores be-
cause individual item scores were no longer available for various
studies included in our analysis. Therefore, we were not able to
conduct item-level analyses, testing whether specific combinations
of NA and SI items interact in predicting adverse events. We
recommend researchers in future studies on type D personality
to test item-level interaction effects to investigate which items
primarily drive a potential significant interaction effect between
NA and SI.
February/March 2023
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Because of the lack of individual item scores, we were not able
to conduct an item response theory-based measurement harmoni-
zation to link the differently sized DS14 and DS16 scales. As a
workaround, we standardized the NA and SI total scores to the
same z-score metric. We were also not able to determine whether the
measurement instruments showed signs of differential item functioning
across the included studies. Nevertheless, previous research using
item response theory has shown that the DS14 instrument provides
fairly comparable measurements across the general and clinical pop-
ulations (84). Future research could investigate this measurement in-
variance across other factors such as age, sex, or type of CVD.

CONCLUSIONS
In light of recent findings that a major part of the published type D
effects may be false positives masquerading for effects of NA or SI
only (19–21), our study is a first endeavor at a large-scale reanalysis
of the published type D literature. Using the continuous method, our
reanalysis suggests that some of the earlier published type D effects
on all-cause and cardiac mortality (16,39) are likely effects of NA
only. Nevertheless, based on this individual patient-datameta-analysis
of 19 published prospective cohort studies, type D personality poses
an increased risk on the occurrence of adverse events in patients
suffering from CAD.

Source of Funding and Conflicts of Interest: The research of
Jelte Wicherts is funded by consolidator grant 726361 (IMPROVE
project) from the European Research Council. The authors have
no relevant conflicts of interest to declare.
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