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Abstract

Objective: To assess the psychometric properties of the Patient Health Questionnaire (PHQ-
9), a measure of depressive symptoms, in a large Danish national cohort of patients with
heart disease, implanted with an implantable cardioverter defibrillator (ICD), using item
response theory.

Methods: A prospective cohort of patients implanted with an ICD (n=1531; 80.4% men)
completed the PHQ-9 at the time of implant. Data were analyzed using two item response
theory models, the partial credit model and the generalized partial credit model.

Results: The analysis showed disordered response thresholds in eight of nine items for the
partial credit model and five of nine items for the generalized partial credit model, indicating
that respondents have difficulty discriminating between response options. When collapsing
response options 2 and 3, the rescored PHQ-9 had a better fit to both models. The
unidimensionality and the precision of the rescored PHQ-9 were confirmed. ltems did not
have any differential functioning (DIF) across educational level, age, indication for ICD
implantation, and severity of heart failure that influence depression outcomes in patients with
an ICD. One item exhibited DIF by gender. Three items did not fit the partial credit model, but
the generalized partial credit model could be fitted to the full item set.

Conclusion: The unidimensionality and reliability of the Danish version of the PHQ-9 were
confirmed. However, the associated consequences of the number of response options (3-
point versus 4-point Likert scale) need to be further examined for the PHQ-9 both as a

screening tool and outcome measure.

Keywords: Depressive symptoms; implantable cardioverter defibrillator; patient health

questionnaire (PHQ-9); item response theory (IRT).
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Introduction

Ischemic heart disease and depression are listed as first and second among the projected
top 10 diseases in 2020 contributing to the largest disease burden worldwide [1]. However,
the two diseases also interact to exacerbate risk of mortality, and depression is a common
co-morbid disorder in patients with heart disease, with prevalence rates of around 20% [2].
Depression also increases the risk for mortality by 2-fold, even when adjusting for traditional
biomedical risk factors, irrespective of whether patients have ischemic heart disease [3],
heart failure [4], atrial fibrillation [5], peripheral arterial disease [6], or ventricular arrhythmias
that are treated with implantable cardioverter defibrillator (ICD) therapy [7].

Given the substantial gains to be made from identifying and treating patients with co-
morbid heart disease and depression, the last decade has withessed increased focus on
depression in the cardiovascular community. In 2012, the European Society of Cardiology
included psychosocial risk factors, such as depression, in the guidelines on cardiovascular
disease prevention in clinical practice [8]. In 2014, the American Heart Association published
a scientific statement advocating that depression be raised to risk factor status [9].

To facilitate the identification of patients at risk of depression and thus patients at
high-risk for poorer health outcomes, it is important to have adequate measures available.
Hence, the Patient Health Questionnaire, a measure of depressive symptoms, has been the
subject of considerable investigation. Generally, the PHQ-9 has been shown to have good
psychometric properties in both general and medical populations [10-12], including patients
with heart disease [13]. However, these evaluations have predominantly used Classical Test
Theory (CTT) rather than Item Response Theory (IRT). IRT, which has been denominated by
many researchers as the “measurement paradigm of the 21st century” (e.g. [14, 15]) has
become increasingly popular, as it offers several advantages over CTT. These include a
richer description of the performance of each item, greater detail on a measure’s precision,
and when the assumptions are met, scores are independent of the items and invariant

across different samples [16-20].



To our knowledge, 13 studies have previously assessed the psychometric properties
of the PHQ-9 using IRT. None have targeted a Danish population and none specifically ICD
patients. In somatic settings, studies focused on visually impaired populations in Australia
[21] and Southern India [22, 23], pregnant women in Peru [24], in Cote d’lvoire and Ghana
[25], and patients with spinal cord injury [26], and traumatic brain injury in the USA [27]. Only
one study was found in patients with heart failure [28], and it only assessed the possibility of
using the PHQ-9 as a computer-adaptive test. One other study assessed the psychometric
properties of the PHQ-9 on patients waiting for coronary bypass graft surgery [29]. The
remaining studies were conducted in different populations of either specific demographic
groups (university students in Japan [30], elderly in Germany [31] or in psychiatric or
neurological settings (outpatient clinic in Sweden [32] and neurological setting in the USA
[33]). The findings generally indicate that the PHQ-9 fits well, is unidimensional, has no local
dependence, and satisfactory person separation reliability. Some studies have, however,
found problems with the response categories suggesting that the two middle categories
(‘several days’ and ‘more than half the days’) should be collapsed into one category (e.g. [21,
26]) while others did not (e.g. [22, 25]).

Also, one study found differential item functioning (DIF) for one item across levels of
the variable duration of visual impairment [22], while other studies did not detect any DIF
across a number of demographic variables including age and gender. The study in patients
with heart failure did not address the potential problem with the middle response categories
or DIF but focused primarily on diagnostic accuracy of different screening methods for
depression [28]. No substantial DIF was found in the study on coronary artery bypass
patients [29].

Overall, there is a need to further investigate the psychometric properties of the PHQ-
9 in populations with heart disease to assess if the category problems identified in other
populations are also present in these patient groups, and whether measurement invariance

in the form of DIF exists across different groups of respondents stratified by gender, age,



education, as well as indication for ICD (primary versus secondary) and severity of heart
failure. Hence, using a large national sample of patients with heart disease implanted with an
ICD, we examined the psychometric properties of the Danish version of the PHQ-9 using IRT
models.

In the current study, we used two IRT models; the partial credit model (PCM) [17-19]
and the generalized partial credit model (GPCM) [34] to investigate the psychometric
properties of the PHQ-9. Both models describe the relationship between an underlying trait
and the probability of a specific item response. This relationship places the individual’s level
of the underlying trait and the item location on the same metric. Observed data are tested
against the assumptions of the model, and if met, the score of a scale can be said to reflect
the severity of the underlying trait. In the PCM, specifically the sum of item responses is
sufficient for the latent trait and the model is an extension of the Rasch model [18] to items
with more than two response options (polytomous items). The GPCM allows discrimination
parameters to vary across items and is a more general model where sufficiency does not
hold. That is, the sum score is not necessarily appropriate within the GPCM. It is thus
important to test if the data fit the PCM in applied settings, where the use of raw total scores

is common as support for diagnostic assignment and clinical decision-making.

Methods

Study design and population

DEFIB-WOMEN is a national, multi-center, prospective, observational study that included
patients implanted consecutively with a first-time ICD or cardiac resynchronization therapy
device with defibrillator (CRT-D). A total of 1531 (80.4% men) patients were included in this
study. The data was collected between June 2010 and April 2013 from all implanting centers
in Denmark (Odense University Hospital, Aarhus University Hospital, Aalborg University
Hospital, Copenhagen University Hospital (Rigshospitalet), and Gentofte University Hospital),
of which there were 5 at the time. Patients were eligible for study inclusion, if they were

implanted with a first-time ICD or CRT-D, were above 18 years of age, spoke and



understood Danish, provided written informed consent, and completed all of the PHQ-9
items. Patients with a history of severe psychiatric iliness (e.g. schizophrenia), on the waiting
list for heart transplantation, with a left ventricular assist device, or with insufficient

knowledge of the Danish language were excluded.

Study procedure

The study protocol was submitted to the Regional Committees on Health Research Ethics for
Southern Denmark, who indicated that no written consent was required by Danish law. The
protocol was also submitted and approved by the Danish Data Protection Agency, in order to
be able to access information from the Danish registers. The study was conducted according
to the Helsinki Declaration and every patient received both oral and written information about
the study. An ICD nurse at the participating hospitals approached patients for study
participation one day post implant and prior to discharge. Patients signed an informed
consent form in hospital and were asked to complete and return a package of standardized
and validated questionnaires that included the PHQ-9 within 7 days post discharge. An
overview of the package of the questionnaires that patients completed is provided elsewhere
[35]. If patients did not respond within the designated timeframe, they received a written

reminder together with a new questionnaire and a self-addressed, stamped envelope.

Measures

Information on patients’ demographic and clinical characteristics was either captured from
purpose-designed questions in the questionnaire package or from the patients’ medical
records.

Patients completed the Patient Health Questionnaire-9 (PHQ-9) at baseline, which is
the self-administered version of the PRIME-MD diagnostic instrument for common mental
disorders and is based on the diagnostic criteria of the DSM IV [11]. All PHQ-9 items are
rated on a four-point Likert scale: O (not at all), 1 (several days), 2 (more than half the days),

and 3 (nearly every day).



Statistical analysis
Descriptive statistics were calculated using IBM SPSS software (version 23.0.0; SPSS Inc.,
Chicago, IL).

The psychometric properties of the PHQ-9 were assessed by investigating the fit of
the scale to the PCM and to the GPCM [17, 36-38]. Analyses were run using RUMM2030
[36], Mplus [37, 38], R [39], and SAS [40, 41]. Among the evaluation criteria applied were
ordered response thresholds, unidimensionality, item fit, local independence, measurement
invariance (DIF), and the standard error of measurement as evaluated by test information
functions. These methods have been described in detail elsewhere [19, 42, 43] and are only
described briefly below.

The ordered response thresholds refer to the degree to which the responses provided
by examinees are functioning as intended by the item developer [42, 44, 45]. This is
assessed by means of examining whether the category structure of the 4-point Likert scale is
suitable in this sample. An ordered set of response thresholds for each item is expected
when responses to the items are consistent with the metric estimate of the underlying
construct [19]. Disordered thresholds occur when respondents have difficulty discriminating
between the response options. This means that there is interchangeability of categories and
a category that is expected to be “harder” than an adjacent category is actually “easier”.

Unidimensionality is the assumption that the items in the scale measure only one
underlying trait, and is examined with confirmatory factor analysis (CFA) using polychoric
correlations [46] in Mplus. Reported goodness-of-fit indices include the comparative fit index
(CFl), the Tucker-Lewis index (TLI), and the root mean square of approximation (RMSEA)
[46]. The estimation method used is Muthen’s three-step procedure [47].

Item fit is the assessment of whether items fit the IRT model. A commonly used
method for assessing item fit in the PCM is the Chi-square statistic that compares the
difference between observed values and expected values for groups representing different

severity levels across the latent trait (depression). Residuals in the range of + 2.5 indicate a



good fit. For the GPCM, fit is evaluated graphically. The estimated item parameters of the
PCM and the GPCM are also reported as an additional method to judge the quality of the
individual PHQ-9 items.

Local dependence (LD) between items occurs when items are redundant or
dependent, such that the response on one item may influence the probability of the
response to another.

The residual correlation matrix can be used to examine LD. Consistent with other
literature, residuals of more than 0.2 are labeled as being locally dependent in this study
(e.g., [48]).

Iltem invariance requires that item estimation is independent of the subgroups of
individuals completing the measure [49]. Iltems not demonstrating invariance are commonly
referred to as exhibiting DIF [48]. For example, DIF occurs when different subgroups within
the sample (e.g., men versus women) have different scores on a specific item, despite equal
levels of the latent trait (depression). Items with significant Chi-square statistics at the .05
level (two-sided and with a Bonferroni correction applied separately within each DIF-variable)
are reported as exhibiting DIF across the variables of gender (males/females), educational
level (unskilled, skilled, higher education < 4 years, higher >4 years, other), age (50 and
below, 51 to 60, 61 to 70, 71 to 80, above 80), indication for ICD implantation (primary versus

secondary), and heart failure severity (non-symptomatic versus symptomatic).

Results
Description of the cohort
A description of the participants' demographic and clinical characteristics is provided in Table

1.



Psychometric properties of the PHQ-9

The initial results indicated that the PHQ-9 had suboptimal fit to both IRT models (PCM and
GPCM) in its current format for the given sample. An investigation into the primary cause of
the problem indicated that that the four category response options did not function well, as
disordered response thresholds occurred in eight of nine items for the PCM and five of nine
items for the GPCM (results not shown). Disordered thresholds are an indication that the
responses provided by the participants are not functioning as intended. They can occur when
there are too many response options, or when the labeling of the options is too similar or
ambiguous [49, 50]. The problem for all of these items was that respondents seemed to have
difficulty discriminating between the two middle categories 1 “several days” and 2 “more than
half the days”. The left panel of Figure 1 provides an illustration of this problem for item 1
(“Little interest or pleasure in doing things”), indicating that respondents did not
consistently choose these categories. That is, the difficulty of a higher threshold was lower
than that of its adjacent lower threshold, showing that category 2 (“several days”) was never
the most likely response and was thus redundant. Similar results were found for the other
items with the exception of item 5 which did not have reversed thresholds, but also had
highly overlapping response functions for response options 1 and 2. Therefore, we used a
three-category response format, combining the two middle categories, for all nine items in
the remaining analyses. This is referred to as the rescored PHQ-9 in the remainder of the
paper. The bottom panel of Figure 1 provides an illustration of the category probability
curves for item 1 as an example in the rescored PHQ-9.

Table 2 reports the item parameters for the rescored PHQ-9 items in order of difficulty
with the items that are easiest to endorse appearing first. The discrimination parameter
describes the relationship between the item and the latent trait. For items with higher
discrimination, the probability of responding in a higher category increases more for small

changes in the latent trait of depression.



Construct validity of the rescored PHQ-9

The rescored PHQ-9 showed sub-optimal fit to the PCM in the given sample. A CFA for the
one factor model with all 9 items in the rescored PHQ-9 yielded acceptable fit indices (CFI =
0.973; TLI = 0.964; RMSEA = 0.075), thus supporting combining the nine items to create a
unidimensional scale. Furthermore, there was no evidence of local dependence among
items. The test of item fit indicated that none of the items had positive fit residuals above 2.5;
additionally, items 2, 6, and 9 had negative fit residuals indicating that the items
discriminated better than predicted by the PCM. Plots of observed and expected item mean
scores indicated acceptable fit to the GPCM. This is illustrated in Figure 2 for the item with
the worst fit to the PCM (item 6).

Figure 3 shows the test information functions, with the PCM in the left panel, and the
GPCM in the right panel. It is clear from these graphs that the rescored PHQ-9 has the
highest test information, and therefore the highest measurement precision for people with a
high level of depression.

Item invariance in the form of DIF was assessed for gender (men/women), education
(5 categories), age (5 categories), indication for ICD implantation (primary/secondary
prevention), and severity of heart failure (symptomatic versus non-symptomatic) for all items.
Significant uniform DIF was only found for item 2 (“Feeling down, depressed, or
hopeless”) across gender, while no DIF was found across the other four variables. Figure 4
illustrates the DIF for item 2, where it is clear that women are more likely to endorse this item
compared to men even though they have the same level of the latent trait of depression.
When DIF is identified it can be accounted for by splitting the item into two items with gender

specific item parameters (e.g. [50, 51]).

Discussion
To our knowledge, the psychometric properties of the PHQ-9 have not yet been assessed in
a Danish setting, and not all studies have assessed the psychometric properties of the PHQ-

9 using IRT. In the current study, we investigated the fit of the Danish version of the PHQ-9
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in a large Danish cohort of patients with heart disease that were implanted with an ICD. The
results of the study indicated that there were disordered thresholds in eight of the nine items
for the PCM and in five items for the GPCM, suggesting that the four-point response format
did not function appropriately for this sample. Disordered thresholds can occur when there
are too many response options, or when the labeling of the options is too similar or
ambiguous. In this cohort, the respondents seemed to have difficulty discriminating between
response categories 1 “several days” and 2 “more than half the days”. This finding is
consistent with the results of previous studies in non-cardiac populations investigating the fit
of the PHQ-9 with the PCM [21, 24, 26].

This study adds to the evidence that the four-category response format does not
function appropriately for the PHQ-9, favoring a rescored 3-category response format. The
practical implications of ignoring this in the PHQ-9 can be pronounced, in particular when the
PHQ-9 is used as a measure of change. The results of the current study and previous
studies [21, 26, 52] show that the validity of the PHQ-9 is compromised when the total sum
score based on the four response options is used, which could limit the validity of
conclusions drawn from studies that evaluate the clinical efficacy of a given intervention.

The rescored PHQ-9 had a better fit to the IRT models after combining the two middle
response categories (i.e., categories 1 and 2). The CFA analysis showed that all items
measured a unidimensional trait. This finding supports previous research, showing that the
PHQ-9 measures a single unidimensional trait [22, 52] and contradicts previous studies that
have not been able to fully support such unidimensionality [31]. Our results also showed that
there was no local dependence (LD) across the items in the scale.

The test of item fit indicated that none of the items had positive fit residuals. However,
items 2 (“Feeling down, depressed, or hopeless”), 6 (“Feeling bad about yourself - or
that you are a failure or have let yourself or your family down”), and 9 (“Thoughts that
you would be better off dead or of hurting yourself in some way”) had negative
residuals, indicating that the items discriminated better than expected by the PCM. This was

also evident in the graphical illustration of item fit for the PCM (Figure 2, left panel). This is
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consistent with the results from the GPCM that showed these items to have the highest
discrimination parameters, indicating that these items discriminated highest between
respondents with low and high levels of the latent trait of depression. Notably, in the
graphical illustration of item fit the GPCM showed better agreement between the observed
and expected item mean scores (Figure 2, right panel).

Given that variables, such as educational level, age, indication for ICD implantation
(primary versus secondary) and severity of heart failure, have been shown to influence
depression outcomes in patients with an ICD [50, 53], we examined whether the different
items of the PHQ-9 could be biased by these variables and thus potentially the total PHQ-9
score and prevalence of depressive symptoms. However, we found no support for such a
bias in this cohort across educational level, age, indication for ICD implantation, and severity
of heart failure. Hence, given this measurement invariance, the rescored PHQ-9 can
confidently be used to assess depression in patients with an ICD without such risk of bias.
However, the findings that some items did not fit the PCM do not support the usage of the
sum score. Furthermore, we did find a significant uniform DIF for item 2 (“Feeling down,
depressed, or hopeless”) across gender. The practical implications of this DIF were
investigated by correcting for the DIF in this item by splitting the item into two items with
gender specific item parameters as described by others [50, 51]. The results showed that the
difference in person location estimates were practically non-existent, indicating that the
impact of DIF in this item is not substantial. Nevertheless, future research should investigate
whether this item has DIF in other populations, as well as whether the DIF can influence the
depression score when comparisons are made across gender groups with the PHQ-9.

The results of our study also showed that the targeting of the rescored PHQ-9 was
not optimal for all respondents due to the fact that the test information was largest for values
of the latent variable corresponding to high levels of depression. Items in the scale assess
depression for the most depressed individuals but the targeting is worse for respondents who
do not show a lot of symptoms. This is not a problem in most settings, as the PHQ-9 is used

to screen for depression, and not as a tool to discriminate between individuals who do not
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show a lot of depressive symptoms. However, this finding suggests that the rescored PHQ-9
may not be able to reliably identify sub-threshold depression, and consequently may not be
useful in studies that focus on sub-threshold depression.

The results of this study should be interpreted with the following limitations in mind.
We focused on a cohort of patients with heart disease implanted with an ICD. Thus, we do
not know whether our results are generalizable to other populations with chronic disease nor
to the healthy population. This study also has several strengths. To our knowledge, it is the
first study to examine the psychometric properties of the Danish version of the PHQ-9.
Second, our patient group was derived from a national cohort, recruited from all implanting
ICD centers in Denmark. Third, we used IRT, which offers several advantages over CTT.

In conclusion, in a large Danish national cohort of patients implanted with an ICD, we
found disordered thresholds in eight of the nine items, suggesting that the scale might
contain too many response options or use labeling of the options that are too similar. Our
results confirmed the unidimensionality of the PHQ-9 using IRT and CFA. We found no
support for items being biased by educational level, age, indication for ICD implantation, and
severity of heart failure that are known to influence depression outcomes in patients with an

ICD.
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Table 1. Participants’ characteristics (N = 1531)*

Characteristics

Men (n=1531)
Age (years) (n=1531)
<50
51-60
61-70
71-80
>80
Educational level (n=1531)
Unskilled
Skilled
Higher education <4 years
Higher >4 years
Other
Arrhythmia (n=1483)
Primary prevention intervention
Secondary prevention intervention
Heart failure severity (n=1349)
NYHA class I-1I
NYHA class llI-IV (symptomatic heart failure)

1231

135
246
473
546
131

289
554
302
174
203

834
649

1026
323

* Listed as n (%) unless otherwise indicated

NYHA = New York Heart Association functional class
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Table 2. Item hierarchy and fit statistics for the PHQ-9 before and after combining response

categories 2 and 3

PCM GPCM
Discr. Threshold Threshold Fit Discr. Thereshold Threshold
1 (s.e.) 2 (s.e.) resid. 1 (s.e.) 2 (s.e.)
4. Feeling tired or 1.000 -1.225 1.795 -0,349 1.885 -0.845 1.250
having little (0.070) (0.081) (0.053) (0.061)
energy
3. Trouble falling 1.000 0.040 2.029 0,765 1.507 0.032 1.550
or staying asleep, (0.066) (0.096) (0.050) (0.078)
or sleeping too
much
1. Little interestor 1.000 0.846 2.608 1,554 1.517 0.625 1.963
pleasure in doing (0.068) (0.122) (0.058) (0.100)
things
5. Poor appetite 1.000 0.899 2.682 1,121 1.302 0.735 2.122
or overeating (0.068) (0.126) (0.067) (0.117)
7. Trouble 1.000 1.512 2.850 -2,203 1.739 1.019 2.070
concentrating on (0.074) (0.147) (0.066) (0.105)
things, such as
reading the
newspaper or
watching
television
8. Moving or 1.000 1.579 3.044 -1,041 1.713 1.074 2.201
speaking so slowly (0.075) (0.158) (0.068) (0.114)
that other people
could have
noticed. Or the
opposite — being
fidgety or restless
and moving
around a lot more
than usual
2. Feeling down, 1.000 1.024 3.525 -4,885 2.686 0.599 2.155
depressed, or (0.068) (0.167) (0.042) (0.092)
hopeless
6. Feeling bad 1.000 1.543 3.278 -5,241 2.849 0.861 2.077
about yourself - or (0.074) (0.169) (0.046) (0.088)
that you are a
failure or have let
yourself or your
family down
9. Thoughts that 1.000 3.188 3.668 -2,572 2.225 1.861 2.571
you would be (0.113) (0.299) (0.106) (0.161)

better off dead or
of hurting yourself
in some way
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Figure 1. Category probability curves for item 1 (“Little interest or pleasure in doing
things”) with response categories 0 = “not at all”, 1 = “several days”, 2 = “more than half the
days”, and 3 = “nearly every day” before (upper panel) and after (lower panel) collapsing
categories 1 and 2. PCM shown in left panel, GPCM shown in right panel based on a

standard normal distribution.
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Figure 2. Observed item mean scores across score groups for item 6 ('feeling bad about
yourself — or that you are a failure or have let yourself or your family down') plotted together
with expected scores in the PCM (left panel) and the GPCM (right panel) based on a

standard normal distribution

Mean scores for item i6 Mean scores for item i6

mean item score
mean item score

total score group total score group

21



Figure 3. Test information functions for the rescored PHQ-9 in the PCM (left panel) and the

GPCM (right panel) based on a standard normal distribution for the latent variable
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Figure 4. Item characteristic curves for item 2 (“Feeling down, depressed, or hopeless”)

illustrating uniform DIF across gender based on conditional maximum likelihood (CML)

estimation without an assumption of the distribution of the latent trait but with a linear

restriction on the threshold parameters

ltem: Descriptor for item 2 [I0002] - 2 Levels for Person Facter: GENDER

O men

* women

2,0—--
E _
x 157
p ]
e ]
c J
t 1,01
€ J
d ]
v |
lﬂ 0,5—
u |
e ]
0,0
-4

=
o
8]

3 2 1
Person Locatien (logits)

-

72



