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Abstract

Background Cardiac distress may be viewed as a persistent negative emotional state that spans multiple
psychosocial domains and challenges a patient’s capacity to cope with living with their heart condition. The Cardiac
Distress Inventory (CD) is a disease-specific clinical assessment tool that captures the complexity of this distress.

In busy settings such as primary care, cardiac rehabilitation, and counselling services, however, there is a need to
administer briefer tools to aid in identification and screening. The aim of the present study was to develop a short,
valid screening version of the CDI.

Methods A total of 405 participants reporting an acute coronary event in the previous 12 months was recruited from
three hospitals, through social media and by direct enrolment on the study website. Participants completed an online
survey which included the full version of the CDI and general distress measures including the Kessler K6, Patient
Health Questionnaire-4, and Emotion Thermometers. Relationship of the CDI with these instruments, Rasch analysis
model fit and clinical expertise were all used to select items for the short form (CDI-SF). Construct validity and receiver
operating characteristics in relation to the Kessler K6 were examined.

Results The final 12 item CDI-SF exhibited excellent internal consistency indicative of unidimensionality and good
convergent and discriminant validity in comparison to clinical status measures, all indicative of good construct
validity. Using the K6 validated cutoff of > 18 as the reference variable, the CDI-SF had a very high Area Under the
Curve (AUC) (AUC=0.913 (95% Cl: 0.88 to 0.94). A CDI-SF score of > 13 was found to indicate general cardiac distress
which may warrant further investigation using the original CDI.

Conclusion The psychometric findings detailed here indicate that the CDI-SF provides a brief psychometrically
sound screening measure indicative of general cardiac distress, that can be used in both clinical and research settings.
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Background

The many challenging emotions, changes and experi-
ences that follow an acute cardiac event have been con-
ceptualised as ‘cardiac distress’ Cardiac distress is defined
as “a persistent negative emotional state rather than a
transient state; involving multiple psychosocial domains;
that challenges a patient’s capacity to cope with living
with their heart condition, the treatment of the condi-
tion, and the resultant changes to daily living; and chal-
lenges the person’s sense of self and future orientation”
[1] In recognition of the fact that cardiac distress spans
multiple psychosocial domains and that existing psycho-
social measures were deemed not to provide a compre-
hensive or detailed assessment of cardiac distress, the
55 item Cardiac Distress Inventory long form (CDI) was
developed [2, 3]. Instrument development followed best
practice instrument design principles based on a strong
conceptual [1], clinical [4] and empirical base [5, 6].

The 8 subscale CDI has broad utility for use in both
research and clinical practice. In research, the full CDI
can be used to provide an overall measure of distress,
while individual subscales can be used to provide assess-
ment of specific areas of distress. In clinical practice, the
full inventory can be administered to assist practitioners
to identify specific areas of concern for their patients
or, where indicated, individual subscales could be used
to assess or monitor specific areas of distress. The CDI
is already proving [7] to have great utility in assisting
practitioners to target and tailor therapeutic interven-
tions to relevant areas of need for individual patients. The
55-item CDI is regarded as a clinical assessment tool.

There is also a need for a briefer tool to screen for car-
diac distress. The use of brief screening tools is proposed
as a means of improving the identification and manage-
ment of mental health problems and is indicated in set-
tings where time limitations point to the need for briefer
instruments [8]. A disease-specific screening tool for
cardiac distress could be used in settings such as primary
care, cardiac rehabilitation (CR), and counselling ser-
vices. Therefore, the aim of this study was to develop a
screening version of the 55 item CDI by extracting items
representative of all 8 sub-scales, to be known as the
CDI-SE.

Methods

Participants

The item selection process, participant recruitment and
psychometric testing of the Cardiac Distress Inventory
(CDI) are described in full elsewhere [2]. Development of
the CDI-SF involved a secondary data analysis based on
the data collected from the same sample that was used
to develop the CDI [2]. Four hundred and five people
were recruited for the study during the COVID-19 pan-
demic (between October 2020 and November 2021): 231
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from hospitals based in Australia and the United States
(57.0%), and 174 (43.0%) through convenience sampling
following social media promotion of the study. Age of
participants ranged from 22 to 90 years (median 62
years) with 53% male and 47% female participants. Par-
ticipants were eligible to take part in the study provided
they had an acute coronary event namely acute coronary
syndrome (ACS), acute myocardial infarction (AMI) or
coronary artery bypass graft surgery (CABGS) in the
previous 6 months. Patients who did not have adequate
English language proficiency to read and understand the
Patient Information and Consent Form and question-
naire were excluded.

Measures

Cardiac distress inventory

The CDI is a 55-item measure comprising eight subscales,
with the number of items varying across the subscales.
The subscales assess Fear and uncertainty (8 items), Dis-
connection and hopelessness (8 items), Changes to roles
and relationships (11 items), Overwhelm and depletion
(7 items), Cognitive challenges (4 items), Physical chal-
lenges (8 items), Health system challenges (5 items), and
Death concerns (4 items) [2]. A two-step response scale
is used: first, items are endorsed as present or absent;
second, for items endorsed as present, distress severity is
assessed on a 4-point scale ranging from 0 ‘no distress’ to
4 ‘severe distress. Validation of the CDI against the Kes-
sler Psychological Distress Scale-6 (K6) [2] supported its
criterion validity. Evidence of concurrent validity of the
total CDI score was provided by the high correlation
obtained with Emotion Thermometer ratings [9]. The CDI
total score provided good overall discriminative accuracy
relative to the established cutoff scores of the Emotion
Thermometers.

Clinical status
Kessler K6: Self-reported psychological distress was
assessed using the Kessler Psychological Distress Scale
(K6) [10]. The K6 comprises six items that assess gen-
eral psychological distress in the past 30 days. Items
(e.g. ‘How often did you feel hopeless?’) are scored on a
5-point Likert-type scale ranging from 1 ‘none of the
time’ to 5 ‘all of the time’ are summed to provide a total
score for psychological distress (Australian scoring range:
6-30). A higher score indicates poorer mental health sta-
tus. The cutoft score for detecting the possibility of severe
psychological distress is =19 [11]. The K6 has good psy-
chometric properties [10], including good internal reli-
ability in the study sample (Chronbach Alpha=0.88).
Patient Health Questionnaire-4 (PHQ-4): The PHQ-4
[12] is a validated brief screener (4-items) for anxiety
and depression, which combines the Patient Health
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Questionnaire-2 (PHQ-2) and the Generalized Anxiety
Disorder-2 (GAD-2) [12]. Total scores range from 0 to 12,
with 0 indicating ‘no distress’ and 12 indicating ‘severe
distress’ The PHQ-4 has good reliability with pre-opera-
tive surgical patients [13] and has good prognostic value
with CVD patients [14].

Emotion thermometers Single-item Emotion Thermom-
eters were used to assess distress, anxiety, depression and
anger. Each consists of a “thermometer” with numerals
displayed vertically from O to 10. For example, on the Dis-
tress Thermometer, patients rate their distress “over the
last week” anywhere from 0 to 10, with 0 indicating “no
distress” and 10 indicating “high distress” A total score
from all four emotion thermometers indicates overall
emotional problems. The thermometers, based on the
NCCN cancer distress thermometer (DT) [9], have been
shown to be a clinically sensitive measure of distress in
patients with mixed cardiovascular conditions [15].

COVID-19 concern Using the same response format as
the Emotion Thermometers, participants were asked to
rate their concern or anxiety about the coronavirus dis-
ease (COVID-19) situation over the past week. This ques-
tion was asked to assist with ascertaining the degree to
which participant-reported distress may have been attrib-
utable to the experience of living through the COVID-19
pandemic.

Data Analysis

CDI Short-Form development

After examination of the long form CDI [2] factor struc-
ture and loadings it was decided apriori that at least 12
items from all 8 CDI sub-scales would be required for
inclusion in the short-form scale to fully represent the
multifactorial nature of cardiac distress. Inclusion of
items from all dimensions of the original instrument is a
standard technique in short-form development [16-18].
Rather than simply allocating two or more items per
dimension to the short-form, we weighted the short-form
so that the more influential factors would have more
items, consistent with the factor structure of the long
form CDI. Thus, to retain the theoretical structure of the
CD], two items per CDI subscale were selected from the
top four loading factors obtained through the initial CDI
exploratory factor analysis (subscales 1 thru 4) where
most variance was obtained, with one item per subscale
chosen for the less influential factors (subscales 5 thru 8).

Relationship to clinical status

It was decided apriori that the relationship of items to
clinical status was the most important consideration for
inclusion in the short form, followed by psychometric
characteristics and clinical judgement. We first assessed
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the Spearman’s correlation for each item of the CDI with
the clinical status measures: K6 total score and the Dis-
tress Thermometer from the Emotion Thermometer
suite. We then took the top two correlating items from
each of the 8 subscales. If the item correlated the highest
on both measures the item was included without further
examination. If the item only correlated highest on one of
the ‘gold standards’ or if there were borderline items, we
examined other psychometric characteristics based on
Rasch modelling.

Rasch Psychometrics

Rasch fit indices as calculated within each scale for the
long form CDI were used to evaluate item properties
and further rank suitability of items for inclusion in the
short form. Good fit indices indicate that an item fits
to the Rasch model’s expectations based on item dif-
ficulty (endorsement) and subjects’ ability level. Fit
indices rely on the mean square of the standardized
residuals for items, which are not sample-size dependent.
The expected value for fit indices for rating scales is 1, but
recommended values should not exceed 1.4 and not be
lower than 0.7 [19]. Values above 1.4 suggest that there
is unexplained variance (i.e., underfit), while values below
0.7 mean that there is redundancy among the items (i.e.,
overfit). Items showing outfit values over 1.4 were not
considered for the short form, with items with fit indices
closer to 1 considered to be more appropriate for inclu-
sion. Differential Item Functioning (DIF) was analysed to
test the invariance of each item across different groups
of subjects (e.g. females and males). An item exhibiting
problematic DIF is answered differently by subjects with
the same ability level (in this case we matched on CDI
long form sub-scale total score). Adverse DIF may occur,
for example, because of different understandings of a
word or phrase used in the item and differences in item
response may reflect artifactual elements [20] rather than
the intended measurement of cardiac distress. Items with
large effect sizes (difference of at least 0.5 logits [21]) for
DIF were considered unsuitable for short form selection.

Clinical Oversight

Our approach also involved exercising theoretical and
clinical judgement. We referred borderline cases to a
Clinical Expert Committee comprising experienced clini-
cians employed at the Australian Centre for Heart Health
Cardiac Counselling Clinic. For example, in one instance
where there was very little to separate the candidate
items in terms of psychometrics and relationship to clini-
cal status, we considered whether the items in question
were suitable for the entire cardiac population or to some
segments only.
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Construct validity

Given significant non-normality of the data, we cor-
related the CDI-SF with the full CDI using Spearman’s
correlation coefficients. We expected convergent valid-
ity (strong correlations of at least 0.7) of the CDI-SF
total score with the K6, PHQ2, GAD2 (PHQ4) and the
Distress, Anxiety and Depression Thermometers. We
expected to demonstrate discriminant validity by obtain-
ing lower correlations on scales that may not necessarily

Table 1 Sociodemographic and clinical characteristics of
participants

Characteristic N=405
Female 188 (47%)
Age Group (years)

<50 48 (12%)
50-59 109 (27%)
60-69 134 (33%)
>70 112 (28%)
Education

Primary or Secondary 130 (32%)
Trade qualification 103 (26%)
University diploma/degree/post-graduate 170 (42%)
Not in the paid workforce (e.g. home duties, retired) 177 (44%)
Financial Strain Experienced

None or slight 216 (55%)
Moderate 126 (32%)
Considerable/Extreme 48 (12%)
Lives Alone 74 (18%)
Has Close Confidante 334 (85%)
Married or living with partner 288 (71%)
Heart Condition

AMI 162 (40%)
Heart Failure 30 (7.4%)
Atrial Fibrillation 61 (15.1%)
SCAD 39 (9.6%)
Treatment for Heart Condition*

CABGS 118 (29%)
PCl 299 (74%)
ICD 8 (2.0%)
Comorbidities

Obesity 61 (15%)
Diabetes 86 (21%)
Sleep Disorder 53 (13%)
Cancer 22 (5.4%)
History of Anxiety 101 (25%)
History of Depression 117 (29%)
Time Since Cardiac Event

Less than 1 month 45 (11%)
1 to 3 months 239 (59%)
4to 12 months 67 (16.5%)
More than 1 year 50 (12.3%)
Attended Cardiac Rehabilitation 179 (46%)

Note: Not all categories add to 405 due to missing data;* not mutually exclusive;
Rasch Analysis was conducted on sub-sample with no missing data on the CDS
Inventory (n-385, 95% of total sample)
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correlate well with cardiac distress such as COVID-19
Concern and the Anger Thermometer.

Screening utility

We determined cutoff scores to identify “cases” with
moderate/severe symptoms for further assessment
using the K6 cutoff score of =18 as the gold standard
[11]. These dichotomized scores were used to determine
the optimal cutoff score for CDI-SF by calculating the
Receiver Operating Characteristic (ROC) curve, of which
an Area Under the Curve (AUC) larger than 0.7 indi-
cates acceptable diagnostic ability [22]. We also assessed
performance of the various cutoff levels by calculating
sensitivity, specificity, positive and negative predictive
value (PPV/NPV), positive and negative likelihood ratio
values (LR +/LR —). The LR is the likelihood that a given
test result would be expected in a patient with the tar-
get disorder compared to the likelihood that that same
result would be expected in a patient without the target
disorder. Instruments with high LR +values and very low
LR-have greater discriminating ability [23]. We com-
puted the 95% confidence interval for optimal cutoff
scores using bootstrapping techniques with the ‘cutpt’
Stata addon. We chose the method that compares every
possible cutoff point and selects the point closest-to-(0,1)
corner or perfection in the ROC plane thus minimising
misclassification [24]. We also compared this method
with a more recent approach that defines the optimal
cutoff value as the value whose sensitivity and specific-
ity are the closest to the value of the area under the ROC
curve [25]. Finally, we compared the two derived group-
ings (below and above the clinical cutpoint) on age, sex,
psychosocial outcomes (K6, PHQ2, GAD2, Emotion
Thermometers) and Covid Concern.

We presented sociodemographic and clinical char-
acteristics of participants (Table 1) as frequency and
percentage. We used Pearson Chi Square to examine cat-
egorical associations and One Way Analysis of Variance
for comparison of continuous measures. Alpha was set at
0.05 and for Table 2 was adjusted for false discovery rate
using the Benjamin-Hochberg calculation [26].Analyses
were conducted using Stata 16.1 (Stata Corp, College Sta-
tion, TX, USA).

Results

Sociodemographic and clinical characteristics of par-
ticipants are presented in Table 1. Briefly, characteristics
generally matched those of Australians with cardiovas-
cular disease [27], with a greater representation of males
and those aged 60 and over, with close to half not being
in the paid workforce. Over a third of participants had
experienced an AMI which was often treated by either
CABGS (21% of AMI patients) or more commonly, per-
cutaneous coronary intervention (PCI) (41% of AMI
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Table 2 Age, sex and clinical status as a function of CDI-SF clinical categories

CDI-SF clinical cutoff

Non-distressed Distressed

Mean (SD) Mean (SD) Test Statistic, df, p value
N 288 117
Age 63.1(11.9) 59.8 (10.6) F} 401=8.51,0.009'
Sex X21=17.58<0.001?
Male 173.0 (60.1%) 43.0(37.1%)
Female 115.0 (39.9%) 73.0 (62.9%)
Kessler K6 102 3.6) 17.6 (4.6) F301=255.54,< 0.001"
PHQ2 1.0(01.3) 32(1.7) F} 356=193.08,< 0.001"
GAD2 11(13) 32(17) F356=16544,< 0.001'
Therm - Distress 1722) 53(2.5) F1386=187.05,< 0.001 !
Therm -Anxiety 24(26) 6.0(2.4) Fy 386=153.04,< 0.001"
Therm -Depression 1.6 (2.4) 53(2.8) FB%:W 82.06,< 0.001"
Therm - Anger 1.723) 44 (2.8) Fl35=111.21,<0.001 !
COVID concern 29(29) 48(3.2) Fy365=31.29, < 0.001'

1 Linear Model ANOVA 2.Pearson’s Chi-squared test

All comparisons were statistically significant following the Benjamini-Hochberg adjustment calculation

patients). Over two-thirds of participants had experi-
enced their cardiac event within the preceding three
months. Over a third of participants reported either a
history of anxiety or depression. Close to half of partici-
pants reported having attended cardiac rehabilitation.

Selection of items for the CDI Short Form

The relationship between the 55 CDI items and clinical
status, and Rasch fit statistics, are presented in Table 3.
Within each CDI subscale we highlighted the two high-
est item-clinical status Spearman correlation coefficients
with the items chosen for the CDI-SF denoted with an
asterisk. With some subscales, item selection was clearly
indicated with consistently high correlations with all or
most clinical status measures and acceptable Rasch psy-
chometric characteristics. For example, in the Discon-
nection and Hopelessness subscale, the items “feeling
lonely” and “withdrawing from people” highly correlated
on all four of the clinical status measures and had good
Rasch fit. In other subscales the item selection decision
was less clear cut. For example, in the Fear and Uncer-
tainty subscale the item “Thinking that I am not the per-
son that I used to be” was a strong candidate for short
form selection with little to separate that item in terms
of clinical status correlations and Rasch fit from “Think-
ing I will never be the same again” In this specific case
we chose the latter item based on clinical experience
in consultation with our Clinical Expert Committee.
In some instances, non-selection in terms of relation-
ship with clinical status was vindicated with reference to
Rasch fit. For example, in the Cognitive Challenges sub-
scale, “Having difficulty making decisions” had relatively
strong correlations with clinical status, but not the high-
est, and had relatively poor Rasch infit, outfit and larger

DIF indicating unsuitability for selection in the CDI-SE.
The final 12-item CDI-SF is presented in Additional file
1. With the current sample of cardiac patients, the CDI-
SF had a mean score of 9.2 (sd=7.9) (range 0 to 36) and
mean standardized score (out of 100) of 25.7 (sd=22.0).
Internal consistency was good with a Chronbach Alpha
of 0.90.

Construct validity

The Spearman correlation coefficients between the
CDI-SE, the CDI and other clinical status measures are
presented in Table 4. There was a very high positive cor-
relation between the short and long forms of the CDI
(r=0.96, p<0.001). Evidence of convergent validity was
confirmed with strong positive correlations of the CDI-
SF with the three clinical status measures, highest with
the K6. The CDI-SF correlated strongly with the distress,
anxiety, and depression thermometers, and only moder-
ately with the Anger and COVID-19 thermometers, sup-
porting its discriminant validity.

Screening utility and recommended clinical cutoff of the
CDI-SF

The CDI-SF performed well in diagnostic predictabil-
ity using the K6 validated cutoff of =18 as the reference
variable (Area Under Curve: AUC=0.913 (95% CI: 0.88
to 0.94)) (See Fig. 1). The optimal cutoff that minimises
misclassification was a CDI-SF score of 213 (see Fig. 2).
The cutoff of 213 was also selected using the method
that checks the sensitivity and specificity that is closest to
the value of the area under the ROC curve [25]. Detailed
sensitivity, specificity, and likelihood ratio values are pre-
sented in Additional file 2. At the recommended CDI-SF
cutoff score of =13 there is both acceptable sensitivity
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Fig. 1 Receiver operating characteristics curve for CDI-SF scores using the Kessler K6 as the reference variable (clinical cutoff of > 18 indicated probable

serious mental illness)

(84.8%) and specificity (80.5%) with a LR+of 4.8 and LR-
of 0.2. The mean scores of clinical status measures by the
recommended CDI-SF clinical cutoff are presented in
Table 2. Those respondents who were deemed to be dis-
tressed were significantly more likely to be female and
score higher on all the clinical status measures.

Discussion

In this paper we report the development and valida-
tion of the CDI-SF, a 12-item screening measure of car-
diac distress. Our approach throughout this process was
to utilise best practice methods from both classical test
theory [28] and Rasch modelling [29], with an overarch-
ing emphasis on clinical utility and practicality to drive
development. The final 12-item screener comprises items
to address each of the 8 subscales of the comprehensive
55-item CDI; two items each for the four primary sub-
scales (Fear and uncertainty, Disconnection and hope-
lessness, Changes to roles and relationships, Overwhelm
and depletion). and a single item each for the other four
(Cognitive challenges, Physical challenges, Health system
challenges Death concern).

The 12-item CDI-SF demonstrates good psychomet-
ric properties in this study. The preliminary evidence
obtained here for both convergent and discriminant
validity with other brief clinical status measures gives us
confidence that this short form is a valid screener for car-
diac distress. Our instrument at the recommended cutoff
of 213 exhibited high LR+and low LR—values indicative
of excellent discriminating ability [23]. In this cross-sec-
tional study we found that the new instrument has excel-
lent internal consistency. However, test-retest reliability,
sensitivity to intervention and further aspects of validity
will need to be determined and replicated in future lon-
gitudinal studies.

The very strong correlation observed between the CDI
and the CDI-SF in this study indicates that the new brief
measure may be a good unidimensional indicator of
overall cardiac distress. We believe the original 55-item
CDI [30] has immense potential for use in research and
clinical settings when there is time to utilise all or some
of the 8 subscales and when the objective is to evaluate
cardiac distress in a more nuanced manner. In clinical
settings where time and staff resources may be limited,
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Fig. 2 Sensitivity and specificity of the CDI-SF in prediction of probable serious mental illness as referenced by the Kessler K6 (clinical cutoff of > 18 indi-

cated probable serious mental illness)

such as CR programs, a brief instrument such as the
CDI-SF may be more appropriate. In such settings, the
CDI-SF may be a useful screening tool that may identify
patients in need of further psychological and emotional
support. The CDI-SF is also likely to be useful in research
settings when a brief measure of general cardiac distress
is required.

Significantly higher scores on the CDI-SF were
obtained for younger patient and for females. This find-
ing is in keeping with several studies finding higher anxi-
ety, depression and distress in these population groups
[5, 31]. Further research is required to unravel the com-
plexity of cardiac distress experienced, as confounding
factors such as diagnostic category, treatment method,
and stage of illness/rehabilitation should also be consid-
ered [5, 6].

This study has several limitations. First, we developed
the CDI-SF clinical cutoff score using the K6, whereas a
clinical interview may represent a superior “gold stan-
dard” for comparison. However, practical considerations
limited our ability to administer clinical interviews, with
the K6, which has been established as a valid and reliable

instrument to measure general distress, providing a more
practical alternative. Further studies may elucidate the
value of the disease-specific CDI-SF developed here,
over and above more generic brief instruments of dis-
tress such as the K6. Regardless of what these studies may
find, our main intention was to develop a short practical
disease-specific screener, that could be followed up with
the more nuanced CDI if necessary. Second, the CDI-SF
was validated using the same patient sample on which the
long form CDI was developed. This approach was taken
for pragmatic reasons. Third, for the convenience sample
there was no independent verification of respondents’
self-reported cardiac conditions. Importantly though,
this group made up only two fifths of the study sample,
with the majority being recruited as a consecutive series
of hospital admissions for cardiac conditions. Nonethe-
less, we cannot guarantee that our sample represents
the total population of patients with cardiac problems.
Despite these limitations, the CDI-SF is likely to be a use-
ful and practical screener for cardiac distress in a range
of settings and diagnostic types and we welcome further
research using this tool.
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Conclusion

The value of a screening tool is dependent on how well
it is accepted and incorporated into clinical practice.
Given competing demands and scarcity of resources and
time, we believe the CDI-SF offers a brief, practical and
valid indication of cardiac distress. We look forward to
clinicians and researchers using this tool, adapting, and
translating where necessary, to use in a variety of settings
such as primary care, cardiac rehabilitation, and counsel-
ling services throughout the world. The CDI-SF also has
potential applicability in large research studies where
brief valid instruments are required.
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