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Depression and anxiety disorders are common among cardiovascular disease (CVD)
populations, leading several cardiology societies to recommend routine screening to
streamline psychological interventions. However, it remains poorly understood whether
routine screening in CVD populations identifies the broader groups of disorders that
cluster together within individuals, known as anxious-misery and fear. This study
examines the screening utility of four anxiety and depression questionnaires to identify
the two internalizing disorder clusters; anxious-misery and fear. Patients with a recent
hospital admission for CVD (n = 85, 69.4% males) underwent a structured clinical
interview with the MINI International Neuropsychiatric Interview. The participants also
completed the Patient Health Questionnaire (PHQ-9), Generalized Anxiety Disorder
(GAD-7) scale, Overall Anxiety Severity Impairment Scale (OASIS), and the stress
subscale of the Depression Anxiety Stress Scale (DASS). The PHQ-9 and the GAD-7
yielded appropriate screening properties to detect three different iterations of the
anxious-misery cluster (sensitivity >80.95% and specificity >82.81%). The GAD-7 was
the only instrument to display favorable screening properties to detect a fear cluster
omitting post-traumatic stress disorder (PTSD) but including obsessive-compulsive
disorder (OCD; sensitivity 81.25%, specificity 76.81%). These findings indicate that the
PHQ-9 and GAD-7 could be implemented to reliably screen for anxious-misery disorders
among CVD in-patients, however, the receiver operating characteristics (ROC) to detect
fear disorders were contingent on the placement of PTSD and OCD within clusters. The
findings are discussed in relation to routine screening guidelines in CVD populations and
contemporary understandings of the internalizing disorders.

Keywords: depression, anxiety, internalizing disorders, receiver operating characteristics, cardiovascular
disease, post-traumatic stress disorder

Frontiers in Psychology | www.frontiersin.org 1 December 2019 | Volume 10 | Article 2829

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2019.02829
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2019.02829
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2019.02829&domain=pdf&date_stamp=2019-12-17
https://www.frontiersin.org/articles/10.3389/fpsyg.2019.02829/full
http://loop.frontiersin.org/people/457805/overview
http://loop.frontiersin.org/people/745924/overview
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-10-02829 December 14, 2019 Time: 15:49 # 2

Grech et al. Internalizing Disorder Screening in CVDs

INTRODUCTION

Depression and anxiety disorders are prevalent in between 15
and 20% of cardiovascular disease (CVD) patients, representing
a substantial morbidity burden globally (Rutledge et al., 2006;
Thombs et al., 2008; Magyar-Russell et al., 2011; Tully et al.,
2014). The presence of depression and anxiety disorders results
in substantial individual, societal and economic cost worldwide,
disability, and a reduction in quality of life (Scott et al., 2009;
Dickens et al., 2012; Vos et al., 2012; Baumeister et al., 2015;
Chisholm et al., 2016). Moreover, depression and anxiety portend
a poorer cardiovascular prognosis as independent (Rutledge et al.,
2006; Thombs et al., 2008; Roest et al., 2010; Tully et al., 2014)
and additive or comorbid psychiatric risk factors (Phillips et al.,
2009; Watkins et al., 2013). The high prevalence of depression
and anxiety disorders, coupled with adverse cardiovascular
prognosis, led several cardiology societies to recommend routine
screening in order to better identify and streamline psychological
treatments in CVD populations in the United States (Lichtman
et al., 2008), Germany (Ladwig et al., 2014), Italy (Sommaruga
et al., 2018), Australia (Colquhoun et al., 2013), and Europe
(Albus et al., 2004).

The identification of psychiatric disorders in CVD populations
is typically based on screening for depression (Thombs et al.,
2013), with less attention paid to anxiety disorders and the
comorbidity between depression and anxiety disorders. One
limitation of this approach is that depression and anxiety
disorders are comorbid in up to 50% of patients (Kessler et al.,
2005, 2012; Slade and Watson, 2006; Beesdo-Baum et al., 2009)
including among CVD populations (Serber et al., 2009; Tully
et al., 2014). In fact, a robust body of empirical research
indicates that common mental disorders tend to cluster together,
evidenced by the higher than chance comorbidity patterns
observed across the lifespan (Kessler et al., 2011). In particular,
the depression and anxiety disorders cluster together under a
higher-order internalizing domain, which is distinct from the
externalizing domain reflecting the antisocial and substance use
disorders (Krueger, 1999). Subsequent research demonstrates
that the internalizing domain can bifurcate into two lower order
groups characterized by anxious-misery [e.g., Major Depressive
Disorder, Dysthymia, Generalized Anxiety Disorder (GAD), and
Post Traumatic Stress Disorder (PTSD)], or, by fear [e.g., Panic
Disorder, Agoraphobia, Specific Phobia, Social Anxiety Disorder,
and Obsessive-Compulsive Disorder (OCD)] (Slade et al., 2009;
Watson, 2009; Eaton et al., 2013; Waszczuk et al., 2017). Notably,
GAD is considered to be a part of the anxious-misery cluster
compared to the other anxiety disorders subsumed under fear,
which are generally characterized by phobias and somatic arousal
(Watson, 2005).

Evidence indicates that the arrangement of disorders into
anxious-misery and fear, in contrast to disorder-specific
models, informs the prediction of CVD and other health
outcomes (Eaton et al., 2013; Tully et al., 2015b; Roest et al.,
2017). However, this framework is lesser utilized to inform
screening procedures in health settings such as cardiology
where routine depression screening is recommended. Given
that comorbidity between disorders is the norm rather than

the exception, it may be inappropriate to limit assessment
and mental health triage to single disorders (Tully et al.,
2015a). Indeed, disorder-specific screening in CVD populations
omits a substantial number of persons that are candidates
for intervention (Bunevicius et al., 2013). It is therefore likely
that enquiries about single disorders are less meaningful when
the primary goal is to detect clinically relevant psychological
distress and streamline patients into clinical supports or
treatments. Due to the high likelihood of comorbidity and
shift toward transdiagnostic treatment approaches (Barlow
et al., 2017), grouping disorders into clusters may aid screening
efforts in CVD populations by cutting across discrete single-
disorder categories. The current study aims to evaluate the
receiver operating characteristics (ROC) of four common
clinical tools for the screening of the emotional disorders in
a CVD population.

We theorized that the measures designed to capture
depression and GAD would have higher ROCs to detect the
anxious-misery cluster than measures designed to capture phobia
and avoidance. Conversely, we theorized that the measures
designed to capture phobia and avoidance would have higher
ROCs to detect the fear cluster than measures designed to capture
depression and GAD. Measures with a high negative affectivity
component were theorized to equally predict anxious-misery
and fear clusters.

MATERIALS AND METHODS

Participants
Data for this study were obtained from a single-blind randomized
control trial to evaluate the feasibility of the unified protocol
for the transdiagnostic treatment of emotional disorders in
patients recently hospitalized for CVD (Tully et al., 2016).
Participant recruitment took place from January 2016 until
March 2017 at the Queen Elizabeth Hospital, a tertiary hospital
in the Western urban area of Adelaide, South Australia.
Eligibility criteria were: a primary hospital admission for CVD
specified by relevant International Classification of Disease
codes (myocardial infarction, heart failure, atrial fibrillation or
other ventricular or atrial arrhythmia, coronary revascularization
intervention; symptomatic coronary heart disease including
unstable angina pectoris, or heart valve disease); spent two
or more nights admitted to the Department of Cardiology;
≥18 years of age, and proficiency in the English language.
Ineligible participants had: a known or observed cognitive
impairment or dementia; a medical condition likely to be
fatal within 1 year; or a neurodegenerative condition such as
Parkinson’s or Multiple Sclerosis (Flow chart in Figure 1).
Patients with psychosis, bi-polar disorder, substance or alcohol
dependence/abuse, or high suicide risk were excluded from the
main trial but included in the current analyses. The rationale
is that undocumented severe psychiatric disorders would be
a related or incidental finding from depression and anxiety
screening. The Human Research Ethics Committee from the
Queen Elizabeth Hospital gave approval for the study (approval
#HREC/15/TQEH47).
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FIGURE 1 | A flow chart of participant eligibility through the study. Step 1
screening was performed in hospital. Step 2 screening was performed
2 weeks after the index CVD admission. CVD, cardiovascular disease; GAD-7,
Generalized Anxiety Disorder scaIe-7; PHQ-9, Patient Health Questionnaire
scale-9.

Measures
Psychiatric Diagnosis
All participants underwent a structured diagnostic interview
with a graduate from a 4th year psychology degree to determine
disorder status. The assessor was trained, and supervised, in
all aspects of clinical assessments. The MINI International
Neuropsychiatric Interview (MINI) version 5.0.0 served as the
gold standard. Analysis of previous MINI versions suggested
high sensitivity and specificity to detect the emotional disorders
specified by Diagnostic and Statistical Manual of Mental
Disorders (DSM), and good inter-rater agreement (κ = 0.86–
0.96) (Lecrubier et al., 1997; Sheehan et al., 1997, 1998; Amorim
et al., 1998). The MINI modules utilized in this study covered:
Major Depressive Disorder; Major Depressive Disorder with
Melancholic Features, Dysthymia, Hypomanic and Manic
Episode (Bipolar I and II), Panic Disorder, Agoraphobia, Social
Anxiety Disorder, OCD, PTSD, Alcohol Dependence/Abuse,
Substance Dependence/Abuse (non-alcohol), Psychotic
Disorders, Mood Disorders with Psychotic Features, GAD,
and Antisocial Personality Disorder. Specific Phobias are not
assessed by the MINI 5.0.0. The modules relating to anorexia and
bulimia nervosa were omitted for brevity.

Disorder Arrangement Into Clusters
Because of uncertainty in the optimal placement of certain
disorders within the anxious-misery and fear clusters, several
models were arranged and tested. Specifically, discrepant findings
have been reported for the placement of OCD, PTSD, and
social anxiety disorder in cross-sectional and longitudinal
evaluations (Watson, 2009; Naragon-Gainey et al., 2016; Forbes
et al., 2017; Kotov et al., 2017; Waszczuk et al., 2017;
Conway and Brown, 2018).

Modela: Anxious-miserya – major depressive disorder,
dysthymia, GAD, PTSD, and bi-polar disorder; feara – panic
disorder, agoraphobia, social anxiety disorder, and OCD.

Modelb: This model was a variant of Modela whereby PTSD
was included in each cluster, with OCD included only in anxious-
misery. Anxious-miseryb – major depressive disorder, dysthymia,
GAD, major depressive disorder with melancholic features,
PTSD, bi-polar disorder, and OCD; fearb – panic disorder,
agoraphobia, social anxiety disorder, and PTSD.

Modelc: This model was a variant of Modela and Modelb
whereby PTSD and OCD were excluded from all clusters,
in accordance with DSM-5 arrangement of PTSD and OCD
as separate disorders from anxiety. Anxious-miseryc – major
depressive disorder, dysthymia, GAD, and major depressive
disorder with melancholic features; fearc – panic disorder,
agoraphobia, and social anxiety disorder.

Self-Reported Distress Scales
Participants completed a battery of self-report measures
consisting of four depression and anxiety questionnaires. The
GAD-7 approximates DSM-5 criteria for GAD (Spitzer et al.,
2006). The GAD-7 is scored on a scale of 0 to 3 (not at all, several
days, more days than half the days, and nearly every day). The
GAD-7 is considered a psychometrically sound measure to use
in primary care settings for detection of anxiety disorders as
the measure does not contain any items tapping into somatic
symptoms (Spitzer et al., 2006).

The PHQ-9 is a standardized instrument that approximates
DSM-5 major depression criteria (Kroenke et al., 2001). Each
item of the PHQ-9 is scored from 0 to 3, with scores
ranging from 0 to 27. Scores of 10, 15, and 20 represent
the thresholds for moderate-, moderately severe-, and severe-
depression, respectively (Kroenke et al., 2001). The PHQ-9 is
recommended for depression screening in CVD populations
because of its specificity to detect depression and sensitivity to
clinical change (Lichtman et al., 2008; Colquhoun et al., 2013;
Ladwig et al., 2014).

The Overall Anxiety Severity and Impairment Scale (OASIS)
was developed as a self-report measure that assesses clinical
severity and functional impairment of anxiety disorders
(Norman et al., 2006; Campbell-Sills et al., 2009). Participants
respond to the items that best describe their experience on
a five-point scale (0, little or none; 1, mild; 2, moderate;
3, severe; 4, extreme). The OASIS psychometric properties
were evaluated in primary care settings and psychiatric samples
and the measure is commonly utilized for clinical trials
(Campbell-Sills et al., 2009).

Stress was measured using the stress subscale of the
Depression, Anxiety and Stress Scales (DASS-21). The DASS-21
is a commonly utilized measure and validated in adults aged to
90 years (Lovibond, 1998). Scores range from 0 to 21 for the stress
subscale. The DASS-21 factor structure approximates a tripartite
structure (Clark and Watson, 1991), with stress broadly indicative
of negative affectivity (Brown et al., 1997).

Procedure
The assessment of depression and anxiety was based on a
two-stage screening process as recommended by the American
Heart Association (Lichtman et al., 2008) to confirm elevated
symptoms of anxiety and depression after hospitalization.
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During the CVD hospital admission, each participant completed
the PHQ-9 and the GAD-7 in the cardiology department. All
patients were followed-up for a repeat screening approximately
2 weeks later with the PHQ-9, GAD-7, OASIS, DASS-stress,
and the MINI. Patients with a PHQ-9 total score ≥10
and/or GAD-7 total score ≥7 on both occasions, and a
MINI depression or anxiety disorder, were deemed eligible
for the feasibility study (Tully et al., 2016). Otherwise,
participants were included in a non-distressed control group.
The current study utilizes only the measurements obtained
2 weeks after the CVD admission, which took place in the
outpatient setting.

Statistical Analysis
Statistical analyses were performed using MedCalc Statistical
Software version, 18.5 (MedCalc Software, Ostend, Belgium). The
MINI diagnosis (yes/no) constituted the criterion standard for
the presence or absence of disorders. Scores on the screening
measures (PHQ-9, GAD-7, OASIS, and DASS-stress), were
used to detect clusters arranged into anxious-misery and fear
in three iterations (denoteda,b,c). The ROCs were modeled
to identify the true positive rate (sensitivity) plotted against
the false positive rate (1-specificity) for all possible cut off
points. The area under the curve (AUC) is the percentage
of randomly drawn pairs for which the screening measures
correctly classifies affected and non-affected cases and represents
the diagnostic power of the test. An AUC of 1.0 indicates
the measure has perfect diagnostic detection properties and
an AUC of 0.5 indicates that the screening measure is no
better than chance. Interpretation of the AUC values were
as follows: 0.5 – <0.7 mildly accurate, 0.7 – 0.9 moderately
accurate, and 0.9 – <1 highly accurate (Hanley and Mcneil,
1982). The screening measures cut off points were reported
for AUC p < 0.05 and were determined by the maximal
Youden Index (sensitivity + specificity – 100). The positive
predictive value (PPV) is the likelihood that there is a cluster
present given a positive test result, and the negative predictive
value (NPV) is the likelihood that a cluster is not present
given a negative test result. High sensitivity at the expense of
low specificity results in an inordinate number of diagnostic
interviews for false positives and therefore, a specificity of
>75% is desirable for clinical purposes (Hanley and Mcneil,
1982). The AUCs between measures were compared statistically
using the methods of Delong et al. (1988). Sensitivity analyses
were performed excluding persons receiving psychotropic drugs
or psychiatrist or psychologist care. The rationale was that
depression and anxiety screening intends to identify new and
previously unidentified cases.

In all analyses a p-value < 0.05 was considered as
statistically significant, and no adjustment was made for multiple
comparisons based on the recommendations of Rothman (1990).
The rationale was that the study hypotheses are well defined, and
secondly, that the study is exploratory in nature where the risk of
Type II error is greater than the risk of Type I error. A sample size
of 46 patients per group (i.e., yes/no for anxious-misery or fear)
would provide 80% power to detect a θ = 0.20 difference between
ROCs at α < 0.05.

RESULTS

A total of n = 85 patients were included in the current analyses.
The most common CVD-cause admissions were for angina
pectoris (34.1%), followed by arrhythmia (25.9%), and heart
failure (22.4%) (Table 1). The number of patients diagnosed with
discrete internalizing disorders on the MINI were as follows:
major depressive disorder (n = 20, 23.5%), major depressive
disorder with melancholic features (n = 11), GAD (n = 7, 8.2%),
agoraphobia (n = 9, 10.6%), panic disorder (n = 6, 7.1%), bipolar
depression (n = 4, 4.7%), social phobia (n = 2, 2.4%), PTSD (n = 2,
2.4%), OCD (n = 1, 1.2%). There were no dysthymia cases due
to hierarchal exclusion rules (n = 0). In regards to comorbidity,
the number of patients with comorbid affective disorders were
as follows: no disorder (n = 57, 67.1%), one disorder (n = 12,

TABLE 1 | Descriptive and medical comorbidity data.

Descriptive variables N (%)

Male sex 59 (69.4)

Age in years, M ± SD 63.3 ± 11.6

Employment status

Working 44 (51.8)

Retired 22 (25.9)

Unemployed 2 (2.4)

Primary CVD admission cause

Acute myocardial infarction 11 (12.9)

Heart failure 19 (22.4)

Arrhythmia 22 (25.9)

Revascularization 2 (2.4)

Angina pectoris with CAD 29 (34.1)

Other CVD 2 (2.4)

CVD comorbidities

Past myocardial infarction 18 (21.2)

Past revascularization 10 (11.8)

Valve disease 8 (9.4)

Biventricular pacemaker 5 (5.9)

Implantable cardioverter defibrillator 7 (8.2)

Stroke or cerebrovascular accident 8 (9.4)

Lung disease 9 (10.6)

Renal disease 8 (9.4)

Diabetes 22 (25.9)

Hypertension 56 (65.9)

Hypercholesterolemia 48 (56.5)

Tobacco smoking (current) 5 (5.9)

Sleep apnea 14 (16.5)

Chronic pain 20 (23.5)

Psychiatric treatment

Using SSRI or SNRI 2 (2.4)

Using TCA 2 (2.4)

Using anxiolytic 1 (1.2)

Current psychiatrist care 1 (1.2)

Current psychologist care –

CAD, coronary artery disease; CVD, cardiovascular disease; SNRI, serotonin and
norepinephrine reuptake inhibitors; SSRI, selective serotonin reuptake inhibitors;
TCA, tricyclic antidepressants.
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14.1%), two disorders (n = 4, 4.7%), three disorders (n = 7, 8.2%),
four disorders (n = 3, 3.5%), six disorders (n = 1, 1.2%), and
seven disorders (n = 1, 1.2%). The number of patients diagnosed
with discrete externalizing disorders on the MINI were as follows:
manic episode (n = 2, 2.4%), hypomanic episode (n = 3, 3.5%),
alcohol dependence (n = 3, 3.5%), alcohol abuse (n = 1, 1.2%),
psychotic disorder (n = 1, 1.2%), mood disorder with psychotic
features (n = 1, 1.2%). No patients met criteria for substance abuse
or dependence. On the MINI, suicide risk was rated as moderate
for nine patients (10.6%) and high for four patients (4.7%).

Receiver Operating Characteristics
Anxious-misery clustera (n = 21, 24.7%): The ROCs are presented
in Table 2. The AUC was greatest for the PHQ-9, followed by the
GAD-7, the DASS-stress, and the OASIS. Using a cut-point of six,
the PHQ-9 showed favorable sensitivity (85.71%) and specificity

(82.94%). Employing a cut point of 4, the GAD-7 yielded
comparable sensitivity (85.71%) and specificity (82.81%). The
DASS-stress scale and OASIS sensitivity and specificity rates were
suboptimal for screening purposes to detect the anxious-miserya

cluster. When AUCs were compared, the PHQ-9 (p = 0.049) and
the GAD-7 (p = 0.048) had significantly higher AUCs than the
OASIS (Figure 2).

Anxious-misery clusterb (n = 21, 24.70%): Employing a cut
off of 7 the PHQ-9 showed desirable sensitivity (80.95%)
and specificity (94.12%), while the GAD-7 required a cut
point of four for a sensitivity of 85.71% and specificity
of 84.31%. The DASS-stress scale and the OASIS, again,
demonstrated suboptimal screening properties in the detection
of anxious-miseryb. Post hoc tests revealed that the GAD-7
(p = 0.031) and PHQ-9 (p = 0.031) AUCs were both statistically
different from the OASIS.

TABLE 2 | Receiver operating characteristics of depression and anxiety screening measures to detect anxious-misery and fear clusters.

Clusters AUC (SE) 95% CI Cut-off Sensitivity true + Specificity true − Youden index PPV NPV

Anxious-miserya (n = 21)

GAD-71 0.856 (0.060) 0.763–0.923 4 85.71 82.81 68.53 55.5 95.9

PHQ-92 0.873 (0.058) 0.783–0.935 6 85.71 85.94 71.65 66.7 94.8

OASIS 0.692 (0.72) 0.582–0.787 2 52.38 84.37 36.75 52.4 84.4

DASS 0.732 (0.60) 0.625–0.822 2 80.95 57.81 38.76 38.6 90.2

Anxious-miseryb (n = 21)

GAD-71 0.860 (0.060) 0.758–0.930 4 85.71 84.31 70.03 57.5 95.8

PHQ-92 0.879 (0.057) 0.780–0.944 7 80.95 94.12 75.07 77.5 95.2

OASIS 0.680 (0.074) 0.560–0.785 3 47.62 88.24 35.85 50.3 87.1

DASS 0.747 (0.061) 0.631–0.842 2 80.95 62.75 43.70 35.2 92.9

Anxious-miseryc (n = 21)

GAD-71 0.856 (0.060) 0.763–0.923 4 85.71 82.81 68.53 55.5 95.9

PHQ-92 0.873 (0.058) 0.783–0.935 6 85.71 85.94 71.65 60.4 96.0

OASIS 0.692 (0.072) 0.582–0.787 2 52.38 84.37 36.76 45.6 87.6

DASS 0.732 (0.060) 0.625–0.822 2 80.95 57.81 38.76 32.4 92.4

Feara (n = 17)

GAD-73 0.776 (0.076) 0.673–0.860 4 81.25 76.81 58.06 38.2 95.9

PHQ-9 0.719 (0.082) 0.611–0.811 7 68.75 82.61 51.36 41.1 93.7

OASIS 0.673 (0.073) 0.563–0.771 0 75.00 57.97 32.97 29.3 90.9

DASS 0.626 (0.077) 0.474–0.777 2 75.00 53.62 28.62 22.2 92.4

Fearb (n = 16)

GAD-7 0.787 (0.077) 0.684–0.868 7 68.75 91.30 60.05 58.3 94.3

PHQ-9 0.732 (0.084) 0.625–0.823 7 68.75 82.61 51.36 41.1 93.7

OASIS 0.669 (0.072) 0.559–0.768 0 75.00 57.97 32.97 23.9 92.9

DASS 0.621 (0.074) 0.510–0.724 2 75.00 53.62 28.62 22.2 92.4

Fearc (n = 15)

GAD-73 0.768 (0.080) 0.663–0.852 7 66.67 90.00 56.67 54.1 93.9

PHQ-9 0.710 (0.087) 0.601–0.803 7 66.67 81.43 48.10 38.8 93.3

OASIS 0.642 (0.074) 0.531–0.743 0 73.33 57.14 30.48 23.2 92.4

DASS 0.592 (0.075) 0.480–0.698 2 73.33 52.86 26.19 21.5 91.8

AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; SE, standard error; GAD-7, Generalized Anxiety Disorder-
7 scale; PHQ-9, Patient Health Questionnaire-9 scale; OASIS, Overall Anxiety Severity Impairment Scale; DASS, Depression Anxiety Stress Scale – Stress subscale.
Anxious-miserya – major depression, dysthymia, generalized anxiety disorder, depression melancholic, post-traumatic stress, and bi-polar; Feara – panic disorder,
agoraphobia, social anxiety disorder, and obsessive-compulsive disorder. Anxious-miseryb – major depression, dysthymia, generalized anxiety disorder, depression
melancholic, bi-polar and obsessive-compulsive disorder; Fearb – disorder, agoraphobia, social anxiety disorder, and post-traumatic stress disorder. Anxious-miseryc –
major depression, dysthymia, generalized anxiety disorder, and depression melancholic; Fearc – panic disorder, agoraphobia, and social anxiety disorder. 1 – The GAD-7
was significantly different (p < 0.05) from the OASIS; 2 – The PHQ-9 was significantly different (p < 0.05) from the OASIS; 3– The GAD-7 was significantly different
(p < 0.05) from the DASS-stress.
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FIGURE 2 | Screening measure AUC to detect anxious-misery disorders.
Graph showing the AUC (sensitivity and 1- specificity) for the GAD-7, PHQ-9,
OASIS, and DASS-stress scales to detect the anxious-miserya cluster (major
depressive disorder, dysthymia, generalized anxiety disorder, post-traumatic
stress disorder, bipolar disorder). AUC, area under the curve; DASS-stress,
Depression, Anxiety and Stress Scales-stress subscale; GAD-7, Generalized
Anxiety Disorder 7 item scale; OASIS, Overall Anxiety Severity and Impairment
Scale; PHQ-9, Patient Health Questionnaire scale 9 item scale.

Anxious-misery clusterc (n = 21, 24.70%): Again, the PHQ-9
showed favorable sensitivity (85.71%) and specificity (82.94%).
Employing a cut point of 4 the GAD-7 also yielded a highly
favorable sensitivity of 80.95% and a specificity of 94.12%. The
GAD-7 (p = 0.048) and PHQ-9 (p = 0.049) AUCs were statistically
significant when compared to the AUC of the OASIS.

Fear clustera (n = 17, 21.52%): The GAD-7 was the only
measure to demonstrate suitable sensitivity and specificity
values for the feara cluster. The AUC was greatest for the
GAD-7 employing a cut of four, with favorable sensitivity
(81.25%) and specificity (76.81%). A cut-point of seven on
the PHQ-9 showed a sensitivity of 68.75% and a specificity
of 82.61% and therefore, considered unfavorable for screening
purposes. Further, the OASIS and the DASS-stress yield
matching sensitivity scores (75%) but unfavorable specificity
values (57.97% and 53.62%, respectively). The GAD-7 AUC was
statistically significantly different from the DASS-stress scale
(p = 0.046) (Figure 3).

Fear clusterb (n = 16, 18.82%): The GAD-7 was no longer
considered to be an appropriate screener for fear clusterb due
to low sensitivity (68.75%), though the GAD-7 was statistically
different from the DASS-stress scale (p = 0.027). Irrespective,
no measure was considered appropriate for detection of
fear clusterb.

Fear clusterc (n = 15, 17.6%): Both the GAD-7 and
the PHQ-9 yielded unfavorable sensitivity scores (sensitivity,
66.67%), while the OASIS and the DASS-stress scale had
specificity values considered to be suboptimal (specificity,
<70). The GAD-7 was considered to be diagnostically more
accurate than the DASS-stress scale in fear clusterc disorders

FIGURE 3 | Screening measure AUC to detect fear disorders. Graph showing
the AUC (sensitivity and 1- specificity) for the GAD-7, PHO-9, OASIS, and
DASS-stress scales to detect the feara cluster (panic disorder, agoraphobia,
social anxiety disorder, obsessive-compulsive disorder). AUC, area under the
curve; DASS-stress, Depression, Anxiety and Stress Scales-stress subscale;
GAD-7, Generalized Anxiety Disorder 7 item scale; OASIS, Overall Anxiety
Severity and Impairment Scale.

(p = 0.024). Despite this finding, no measures in this cluster had
suitable screening properties when evaluating the sensitivity and
specificity values.

Sensitivity Analysis
After excluding persons receiving current psychiatric treatment,
similar findings were observed for detecting the anxious-misery
cluster (Table 3). The PHQ-9 and GAD-7 revealed favorable
sensitivity (82.35% and 70.59%, respectively) and specificity
(90.32% and 95.16%, respectively). The AUC for the PHQ-
9 (p = 0.043) was significantly different from the DASS-
stress scale indicating further screening benefits of the PHQ-
9. The GAD-7 was the only screening measure from the
feara cluster with favorable diagnostic qualities (sensitivity,
78.57%; specificity, 78.46%). Comparison of ROC curves
did not yield any statistically significant differences between
the screening measures suggesting similar screening accuracy
across outcomes.

DISCUSSION

The GAD-7 and the PHQ-9 both had favorable ROCs for
screening of the anxious-misery disorders, irrespective of
cluster variations. The ROCs were generally suboptimal for
the detection of fear disorders, with only the GAD-7 yielding
sufficient sensitivity and specificity values to detect the feara

cluster. However, the ability to detect fear disorders was
dependent on inclusion of OCD and the exclusion of PTSD
from the fear cluster. The OASIS yielded unsuitable ROCs
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TABLE 3 | Receiver operating characteristics from sensitivity analyses excluding persons receiving current psychiatric treatment.

Clusters AUC (SE) 95% CI Cut-off Sensitivity true + Specificity true − Youden index PPV NPV

Anxious-miserya (n = 17)

GAD-7 0.836 (0.719) 0.736–0.910 7 70.59 95.16 65.75 78.5 92.8

PHQ-91 0.856 (0.070) 0.759–0.925 7 82.35 90.32 72.68 68.0 95.3

OASIS 0.647 (0.080) 0.531–0.751 2 47.06 87.10 34.16 47.7 86.8

DASS 0.679 (0.068) 0.565–0.780 2 76.47 56.45 32.92 28.5 91.6

Feara (n = 14)

GAD-7 0.762 (0.084) 0.653–0.851 4 78.57 78.46 57.03 39.2 95.4

PHQ-9 0.701 (0.090) 0.588–0.799 7 64.29 83.08 47.36 40.1 92.9

OASIS 0.675 (0.077) 0.561–0.776 0 71.43 61.54 32.97 24.7 92.4

DASS 0.605 (0.081) 0.489–0.713 2 71.43 53.85 25.27 21.5 91.4

AUC, area under the curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; SE, standard error; GAD-7, Generalized Anxiety Disorder-
7 scale; PHQ-9, Patient Health Questionnaire-9 scale; OASIS, Overall Anxiety Severity Impairment Scale; DASS, Depression Anxiety Stress Scale – Stress subscale. 1 –
The PHQ-9 was significantly different (p < 0.05) from DASS-stress.

for screening purposes, thus not supporting our hypotheses.
Taken together, the results here obtained 2 weeks after a CVD
admission are promising given that the aim of screening is
to distinguish patients with transient or short-term distress
from those with clinically relevant disorders requiring mental
health treatment.

Our results offer new information beyond studies primarily
focusing on depression screening in CVDs. A systematic review
of depression measures indicated favorable ROCs for most
depression questionnaires to detect major and minor depression
in coronary heart disease populations (Thombs et al., 2008).
The current work extends beyond these previous studies by
arranging disorders into theorized anxious-misery and fear
clusters. The overall performance of the PHQ-9 and GAD-
7 were remarkably similar in detection of the anxious-misery
disorders and cluster iterationsa,b,c. Thus, the PHQ-9 and
GAD-7 ROCs were largely unrelated to the placement of
PTSD and OCD within or excluded from anxious-misery. One
explanation for the similarities in screening properties is that
the PHQ-9 and GAD-7 cover the core symptoms of major
depressive disorder and GAD and may capture a negative
affectivity component related more strongly to anxious-misery
(Bohnke et al., 2014).

Anxiety disorder screening in CVD populations is less
common and has proven challenging to identify suitable
screening measures. Bunevicius et al. (2013) showed that
the Hospital Anxiety and DepressionScale-Anxiety (HADS-
A), the Spielberger State-Trait Anxiety Inventory, and the
Spielberger State Anxiety Inventory yielded high false positive
rates for anxiety disorder screening in CVD populations.
Likewise, screening measures based on a tripartite structure of
depression and anxiety yielded unsuitable ROCs to detect fear
disorders (Tully and Penninx, 2012). Here the only diagnostically
accurate screening tool for the fear cluster was the GAD-7
and this was limited to feara (i.e., panic, agoraphobia, social
anxiety, and OCD). Recently, it was suggested that worry, the
hallmark feature of GAD, may be best modeled at a broad
structural level, rather than an indicator of fear or anxious-
misery clusters (Naragon-Gainey et al., 2016). This provides a

potential explanation for the ability of the GAD-7 to screen
both fear and anxious-misery clusters (Naragon-Gainey et al.,
2016). Intriguingly, the removal of OCD (n = 1) made GAD-
7 screening inadequate for fearc cluster. The increase in the
sensitivity of feara cluster as a result of including OCD may
simply be due to some overlap in the symptoms of OCD
and those captured by the GAD-7 (e.g., feeling anxious or
on edge, trouble relaxing, and feeling afraid something awful
might happen). In addition, worries can also be present
in individuals with OCD (Abramowitz and Foa, 1998), and
obsessions might be understood or subjectively perceived by
patients as worries. A recent review and meta-analysis indicated
that further studies are required in primary care to determine
if the GAD-7 is proficient in detecting fear disorders including
OCD (Plummer et al., 2016).

The finding that the OASIS screening properties were
unfavorable for the detection of fear disorders did not support
our hypothesis. Other work suggests that the AUC is fair for
the OASIS when applied to anxiety disorders (Ito et al., 2015).
An explanation for the low sensitivity and AUC produced
by the OASIS here is that the measure was designed to
tap the behavioral (i.e., avoidance) and functional aspects
(i.e., impairment in work, or, interpersonal relationships) of
disorder severity. The GAD-7 and PHQ-9 are likely affected
by the frequency of cognitive-affective and/or somatic aspects
of anxiety or depression (Ito et al., 2015). The symptoms
experienced by CVD patients might be different and more
somatically driven than the avoidance or functional impairment
symptoms captured by the OASIS and those considered as
hallmark features of the fear cluster (Mineka and Zinbarg, 2006).
Moreover, patients with CVDs tend to experience less health-
related and heart-focused anxiety by comparison to chest-pain
patients without known cardiac disease (Marker et al., 2008;
Robertson et al., 2008).

The hypotheses that the DASS-stress measure would
be associated with both the anxious-misery and fear
clusters was partially supported, albeit that the ROCs
were suboptimal. The AUC was moderately accurate at
detecting the fear clusters and moderately accurate at
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detecting the anxious-misery clusters. There is some debate
over whether the DASS-stress measures a construct that is
similar but not the same as depression and anxiety, since
it nestles itself under the umbrella of the higher order
negative affectivity factor (Norton, 2007). In the current
study, the DASS-stress appeared to be more sensitive to
the anxious-misery cluster than the fear cluster indicating
some differences in the way the DASS-stress performs
in regards to two clusters. One explanation is the close
association between stress and worry. For example, there
is evidence to suggest that individuals with non-clinical
levels of frequent and uncontrollable worry also experience
a high level of stress as measured by the DASS-stress
(Szabo, 2011).

The high specificities and PPVs, and high sensitivities
and NPVs, for the PHQ-9 and GAD-7 to detect anxious-
misery indicate that screening will appropriately exclude
persons without an anxious-misery disorder when adopting
the recommended cut-points. Moreover, positive screens are
likely to have an anxious-misery disorder requiring clinical
intervention, despite lack of confirmation of a specific diagnosis.
Parallel work suggests the HADS has suitable screening ROCs
to detect any diagnosis of depression and anxiety from the
Clinical Interview Schedule-Revised, with 85.78% sensitivity and
82.55% specificity, while the NPV was 97.63% (Palacios et al.,
2016). Such work indicates that short questionnaire batteries
sufficiently screen both anxiety and depression disorders in
cardiovascular populations.

The results of this study should be interpreted recognizing
several limitations including that the hierarchical structure
of mental disorders is debated (Beesdo-Baum et al., 2009)
and not always supported (Conway and Brown, 2018). This
uncertainty is partly reflected in the number of cluster iterations
tested here. Moreover, interpretation of the ROCs for screening
purposes is closely tied to the empirical validity of such
disorder structures, which have not been validated in CVD
populations. A related limitation is that the current study
did not include the externalizing disorder cluster (Forbes
et al., 2017; Kotov et al., 2017). Since clinical trials in
CVD populations typically exclude patients with externalizing
disorders (e.g., alcohol/substance use disorders), the significance
of these disorders, their prevalence, and prognosis are lesser
known and largely examined only in epidemiological surveys
(Scott et al., 2013). Moreover, the rates of externalizing
disorders such as abuse and dependence were lower here
than previous studies of comparable sample size (Fraguas
et al., 2000). Concerning comorbidity, the MINI utilizes
hierarchical exclusion rules which may lessen specific disorder
comorbidity combination rates (e.g., dysthymia and major
depressive disorder). The MINI has no module for specific
phobias, which are less prevalent in CVD populations (Tully
et al., 2014) than community estimates (Kessler et al., 2005).
Given that there was a small number of OCD, PTSD,
and bipolar disorder diagnoses in the current study, further
investigation in diverse and larger samples of CVD patients
is justified to reproduce the current findings. The timing of
the assessment near an index CVD admission may spuriously

inflate symptoms, particularly somatic symptoms that are
commonly experienced during hospitalization and partially
overlap with some mental disorders. It could also be important
to test the ROCs for the PRIME-MD somatization module
(Spitzer et al., 1994) against somatoform disorders. The
somatoform disorders are especially prevalent in primary care
populations (Piontek et al., 2018) and at least 5% of cardiac
patients (Rafanelli et al., 2006). Lastly, this was a single-
center design from a public hospital in Australia. Therefore,
our results may not generalize to other geographic regions
with diverse demographics nor to private hospitals and those
serving veterans whom have a higher likelihood of PTSD
(Scherrer et al., 2010).

In summary, the GAD-7 and PHQ-9 self-report scales
provided sufficient ROCs to identify the anxious-misery
cluster in patients recently hospitalized for CVD. The GAD-7
has additional psychometric properties making it suitable
to screen for a fear cluster inclusive of OCD. Given the
high likelihood of disorder comorbidity, there are potential
advantages in shifting away from traditional disorder
based taxonomies to an emphasis on the commonalities
between disorders for screening purposes. Given that
this is one of the first studies to evaluate the screening
utility against internalizing disorders in patients recently
hospitalized for CVD, future research should validate self-
report measures against the anxious-misery and fear clusters in
other larger samples.
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