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Abstract

Objective—Assess accuracy and operating characteristics of the Patient Health Questionnaire-9
(PHQ-9) for depression-screening in adults with epilepsy.

Methods—Tertiary epilepsy center patients served as the study population with 237 agreeing to
structured interview using the Mini-International Neuropsychiatric Interview (MINI), a “gold
standard” instrument developed for rapid diagnosis of neuropsychiatric disorders, including major
depressive disorder (MDD); 172 also completed the PHQ-9, and 127 completed both the PHQ-9
and the Neurological Disorders Depression Inventory for Epilepsy (NDDI-E) within two days of
the MINI. Sensitivity, specificity, positive & negative predictive values & areas under the ROC
curves for each instrument were determined. Cut-points of 10 for the PHQ-9 and 15 for the NDDI-
E were used and ratings at or above the cut-points were considered screen-positive. The PHQ-9
was divided into cognitive/affective (PHQ-9/CA) and somatic (PHQ-9/S) subscales to determine
comparative depression-screening accuracy.

Results—The calculated areas under the ROC curves for the PHQ-9 (n=172) and the PHQ-9/CA
and PHQ-9/S sub-scales were 0.914, 0.924, and 0.846, respectively, with the PHQ-9 more
accurate than the PHQ-9/S (p=0.002) but no different than the PHQ-9/CA (p=0.378). At cut-points
of 10 and 15, respectively, the PHQ-9 had higher sensitivity (0.92 vs 0.87), but lower specificity
(0.74 vs 0.89) than the NDDI-E. The areas under the ROC curves of the PHQ-9 and the NDDI-E
showed similar accuracy (n=127; 0.930 vs 0.934; p=0.864).

Significance—The PHQ-9 is an efficient & non-proprietary depression screening instrument
with excellent accuracy validated for use in adult epilepsy patients as well as multiple other
medical populations.

Search Items/Keywords

Epilepsy/Seizures; Depression

Additional Search keywords
PHQ-9; NDDI-E; Screening

INTRODUCTION

Depression is the most common psychiatric disorder in patients with epilepsy 2 and is
nearly five times more common than in the general population (). Its presence in patients
with epilepsy has repeatedly been shown to compromise quality of life (4:5.6. 1) to be a
significant risk factor for suicide (®), and to increase health care utilization ©). Yet, co-
morbid depression often goes undetected (19) in patients with epilepsy and even with proper
diagnosis, remains under-treated (11, 12),
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Recognition and accurate diagnosis of depression are fundamental to its successful
treatment (13). The Patient Health Questionnaire (PHQ-9) was developed specifically for
making criteria-based diagnoses of depression and other psychiatric disorders commonly
seen in primary care. Its diagnostic validity was established in over 11,000 patients: the
majority from primary care clinics (14) with the rest from a variety of patient populations,
including stroke and traumatic brain injury (13). The PHQ-9 has comparable sensitivity and
specificity with other depression screening measures, is more time-efficient than longer
measures, and consists of the nine criteria upon which the DSM-IV diagnosis of major
depressive disorder (MDD) is based. Additionally, it has established construct validity as a
measure of depression severity 1617 making it useful for serial monitoring of depressive
symptom burden (8) and depression treatment outcome (19.20),

The primary aim of this study is to measure the diagnostic accuracy of the PHQ-9 in patients
with epilepsy using the Mini-International Neuropsychiatric Interview (M.1.N.1.) as a “gold-
standard” diagnostic reference (21). Few other studies evaluated PHQ-9 in patients with
epilepsy, including two papers that focused on psychometrics (22-27). This supports the
notion that PHQ-9 can and indeed has been used to screen for depression in epilepsy. The
findings in some of these papers further support the idea that somatic and non-somatic
symptoms from PHQ-9 may contribute as reported by Mitchell et al (25) that four of these
symptoms were rated as excellent initial screening questions for depression namely,
“Moving or speaking so slowly that other people could have noticed” “Little interest or
pleasure in doing things”, “Feeling down depressed or hopeless™, “Trouble concentrating on
things such as reading.” The item “Moving or speaking so slowly that other people could
have noticed” from the PHQ9 was endorsed in about 90% of depressed patients with
epilepsy but only about 6% of non-depressed patients. Having said that, to the best of our
knowledge our study is the first to attempt validation of the PHQ-9 in patients with epilepsy.

A secondary aim was to compare the PHQ-9 with the Neurological Disorders Depression
Inventory for epilepsy (NDDI-E), an efficient, highly accurate depression screening
instrument, developed specifically for use in patients with epilepsy (28). The NDDI-E was
designed to eliminate the confounding influence of antiepileptic drugs (AED) side-effects
such as impaired concentration, reduced energy, and sleep disturbance, similar to the
principal somatic criteria for diagnosis of MDD. Unlike the PHQ-9, however, the NDDI-E
has been validated for use only in patients with epilepsy. The broader applicability of the
PHQ-9 makes it of value not only to clinicians who see patients in settings other than
epilepsy centers, but to investigators studying comparative depression epidemiology and
management across medical populations. Another potential advantage of the PHQ-9 is its
validation for serial use during management of depression (18 20),

Another study aim is to examine the differential impact on screen accuracy of the PHQ-9’s
somatic (items 3, 4, 5 and 8) and cognitive/affective (items 1, 2, 6, 7, and 9) subscales as
previously assessed in cardiac patients (29 39), Qur hypothesis is that operating
characteristics of the cognitive/affective subscale (PHQ-9/CA) would perform better than
those of either the somatic subscale (PHQ-9/S) or the PHQ-9 total score (PHQ-9/T), like the
NDDI-E; by eliminating the confounding influence of somatic factors such as AED-induced
fatigue or impaired concentration that mimics depression.
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METHODS

Patient-selection, Standard Protocol Approvals, Registrations, and Patient Consents

Study participants were recruited between 2009 and 2013 from the Cleveland Clinic
Epilepsy Center’s epilepsy monitoring unit (EMU) and outpatient clinic. The study protocol
and informed consent were approved by Cleveland Clinic’s Institutional Review Board, and
patients provided with written informed consent before study enroliment. Selection criteria
included: age of 18 years or older, current diagnosis of electroencephalographically
confirmed epilepsy requiring treatment with one or more antiepileptic drugs (AED); and
fluency in English with sufficient cognitive capacity to complete the structured diagnostic
interview and self-rated depression screening measures. Exclusion criteria included:
presence of confusion due to psychosis, delirium, amnestic disorder, intoxication, or
postictal state; the development of confusion for any reason during testing procedures; and
seizures identified as non-epileptic.

Diagnostic instrument

The Mini-International Neuropsychiatric Interview (M.1.N.1.) is a validated, structured,
rater-administered diagnostic interview intended to render a dichotomous classification of
psychiatric diagnoses in patients with pre-existing neurological disorders (?1). Design of the
M.1.N.1. was patterned after the Structured Clinical Interview for DSM-I1I-R (SCID) 5D,
but abbreviated for more rapid completion. Disorders included in the M.I.N.I. were selected
based on the 12-month prevalence of psychiatric disorders reported in the Epidemiologic
Catchment Areas (ECA) Study (32) and the National Comorbidity Survey Replication (NCS-
R) @),

A computerized version of M.I.N.I. 6.0.0 was used to gather interview data from Modules
A-J (i.e., mood and anxiety disorders), and N (i.e., suicide risk) (dsheehan@health.usf.edu).
This study relied exclusively on data from the mood disorders modules, A, B, C and N.

Screening measures

The self-administered nine-item Patient Health Questionnaire-9 (PHQ-9) was designed for
use in primary care populations (6). The nine items pertain to the DSM ©3) criteria for
MDD: (1) Anhedonia, (2) Depressed mood, (3) Trouble sleeping, (4) Feeling tired, (5)
Change in appetite, (6) Guilt, self-blame or worthlessness, (7) Trouble concentrating, (8)
Feeling slowed down or restless, and (9) Thoughts of being better off dead or hurting
oneself. Critical to the diagnosis of MDD is the patient’s endorsement of either items (1), (2)
or both. Each item is rated on a 4-point scale from 0 to 3 (0 — Never; 1 — Several days; 2 —
More than half the time; and 3 — Nearly every day) during the two weeks prior to and
including the day of survey completion. The total score ranges from 0 to 27 and a score of
10 or greater represents depressive symptoms of at least moderate severity and is the most
commonly-used cut-point when screening for MDD. Other cut-points help stratify the
severity of current MDD (minimal, 0—-4; mild, 5-9; moderate, 10-14; moderate-to-severe,
15-19; and severe, 20 or more) (16),
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The Neurological Disorders Depression Inventory for Epilepsy (NDDI-E) (28) is a six-item,
patient-rated survey of symptoms lasting at least two weeks prior to and including the day of
the survey. The six items (1 — Everything is a struggle; 2 — Nothing | do is right; 3 — Feel
guilty; 4 — I’d be better off dead; 5 — Frustrated; and 6 — Difficulty finding pleasure) are
rated on a 4-point scale (4 — Always or Often, 3 — Sometimes, 2 — Rarely, and 1 — Never). A
score of 15 or more predicts a high likelihood of a current MDD (28),

Three clinical fellows in accredited fellowships (JSR [Epilepsy], SIP [Epilepsy], and MJR
[Neuropsychology]) administered the M.I.N.I. to study participants; each was trained in
M.1.N.l.-administration by either GET or RMB. The PHQ-9 and NDDI-E were patient-rated.
Whenever possible, the M.1.N.1, PHQ-9 and NDDI-E were administered in random order to
eliminate the potential systematic influence of a fixed-testing sequence on patient interview
responses and self-ratings.

The prevalence of MDD and other mood disorders was derived from the 237 patients
interviewed with the M.1.N.I. One hundred seventy two (172) completed the PHQ-9 within
two days of the M.I.N.I. with a complete dataset present in 158 (the group on which
sensitivity and specificity analyses were performed). Further analysis was conducted on 127
who completed both the PHQ-9 and the NDDI-E within two days of the M.I.N.I.

Statistical analysis

Receiver operating characteristic (ROC) curves were constructed to characterize the
diagnostic accuracy of the PHQ-9 and NDDI-E. Nonparametric methods (34) were used to
estimate the areas under the ROC curves and construct 95% confidence intervals (ClI). A
Wald test was used to test the null hypothesis that the ROC curve areas of the PHQ-9 and
NDDI-E are equivalent. A significance level of 0.05 (two-tailed) was applied.

The PHQ-9 sensitivity and specificity were assessed at varying cut-points to determine
which represented optimum sensitivity and specificity. A score of 15 or more was used to
measure the accuracy of the NDDI-E; 95% Wilson CI (35:36), McNemar’s exact test 37) was
used to compare the sensitivity or specificity between PHQ-9 at varying cut-points and
NDDI-E at cut-point of 15. Positive and negative predictive values (PPV and NPV) were
estimated

Based on studies in cardiac patients (29:30), the PHQ-9 was deconstructed into its cognitive/
affective (items 1, 2, 6, 7, and 9) and somatic (items 3, 4, 5, and 8) domains. Logistic
regression models were used to assess the associations between cognitive/affective and
somatic symptom scores for detecting depression. Areas under ROC curves for the PHQ-9
total (PHQ-9/T) and somatic (PHQ-9/S) and cognitive/affective (PHQ-9/CA) subscale
scores were compared (34),
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RESULTS

Demographics

Of the 237 participants, 163 (68.8%) were women. Mean age (+ SD) of the entire sample
was 40.6 * 14.2 years (range, 18-77).

M.I.N.l.-diagnosed mood disorders (Table I)

Eighty-four patients (35.4%) met criteria for a life-time diagnosis of mood disorder; 72
(30.3%) had current or life-time MDD and 12 (5.1%) had life-time bipolar disorder (BPD).
Three of the 72 had a first life-time diagnosis of MDD (single episode: mild, moderate, or
severe [296.21-296.23]), leaving 69 with a diagnosis of MDD, recurrent, including 34 in
remission [DSM-1V: 296.36] and 35 (14.8% of total) with current MDD or MDD, recurrent:
mild, moderate or severe [DSM-1V: 296.31-296.33]. Ten additional major depressive
episodes occurred in patients with a history of BPD (none of whom were currently manic or
hypomanic) for a total of 45 (19.0%) with current MDD.

Seventeen had a M.I.N.I.-estimated suicide risk of moderate (3.8%) or severe (3.4%) (Table
I1). None of these were judged to require urgent or emergent clinical suicide management.

Operating characteristics of the PHQ-9 and NDDI-E

The estimated area under the ROC curve of the PHQ-9 was 0.905 (N=172, SE=0.029, 95%
Wald CI [0.848, 0.962]) (Figure 1A) and of the NDDI-E was 0.935 (N=127, SE=0.024, 95%
Wald CI [0.887, 0.983]) (Figure 1B). The difference did not achieve statistical significance
(p=0.864). The estimated sensitivity, specificity, PPV, and NPV at each PHQ-9 cut-point
from 10 to 15 and corresponding values at the NDDI-E cut-point of 15 are summarized in
Table 111

At cut-points of 10 and 15, respectively, the PHQ-9 had a better sensitivity (0.92 vs 0.87, p
=0.50 and N = 30) and lower specificity (0.74 vs 0.89, p = 0.03, N = 97) than the NDDI-E.
At a cut-point of 13, PHQ-9 specificity equaled that of the NDDI-E, but sensitivity fell to
0.69.

Accuracy of the Somatic and Cognitive/Affective subscales of the PHQ-9

Comparison of the PHQ-9 total score (PHQ-9/T) with its somatic (PHQ-9/S) (items 3, 4, 5,
and 8) and cognitive/affective (PHQ-9/CA) (items 1, 2, 6, 7, and 9) subscale scores is
depicted in Figure 2. The estimated differences in ROC curve areas between the PHQ-9/S
and the PHQ-9/T (0.068, SE=0.016, 95% Wald CI [0.036, 0.10], p<0.0001) and the
PHQ-9/CA (0.078, SE=0.026, 95% Wald CI [0.028, 0.128], p=0.002) were highly
significant, whereas the estimated difference between PHQ-9/CA and PHQ-9/T was not
(0.011, SE=0.012, 95% Wald CI [-0.013. 0.034, p=0.378).

DISCUSSION

The point prevalence of MDD in this sample, 19.0%, is similar to the 17.2% identified by
Jones and colleagues @) and the 17% identified by Gilliam and colleagues (28) both of who
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used a structured clinical diagnostic interview to identify depression. Notably, 7.2% of the
current sample endorsed moderate or severe suicidal ideation although no one was judged to
present an imminent risk.

Both PHQ-9 and NDDI-E performed well with no significant differences in their ROC curve
areas, 0.930 vs 0.934 (N = 127, p=0.864), reflecting similar overall test accuracy. At a cut-
point of 10, the PHQ-9 sensitivity of 0.92 compared favorably with the 0.87 of the NDDI-E
(n=30, p = 0.50) but the NDDI-E’s specificity was higher (0.87 vs 0.74, n=97, p = 0.03).
The PPVs of the PHQ-9 and the NDDI-E were 0.46 and 0.67, respectively, estimated
directly from the sample. Table 111 depicts the relationship between PHQ-9 cut-point and
operating characteristics. Raising the PHQ-9 cut-point to 13 achieves greater specificity
(0.90) with fewer false-positives (i.e., non-depressed patients incorrectly labeled as
depressed), but at the expense of reduced sensitivity (0.69), or more false-negatives (i.e.,
depressed patients incorrectly labeled as non-depressed). These data reinforce the

contention (28.1) that the NDDI-E has superior specificity when compared to other
depression screening measures such as the Beck Depression Inventory (BDI-11)(38) or Center
for Epidemiologic Studies Depression rating scale (CES-D) 39, From this perspective, use
of the NDDI-E is likely to enhance clinical efficiency by reducing unnecessary time and
attention devoted to patients incorrectly identified as depressed.

The PHQ-9’s comparatively low specificity at a cut-point of 10 may warrant increasing it to
as high as 15 in patients with epilepsy. In primary care populations, a diagnosis of MDD is
much less likely in patients with PHQ-9 scores less than 10 and much greater with scores of
15 or more with scores of 10-14 representing a “gray zone” of increasing specificity and
decreasing sensitivity (16:40). In this sample, increasing the PHQ-9 cut-point to 13 achieves a
specificity of 0.90 (comparable to the NDDI-E=0.90). While PHQ-9 sensitivity falls to 0.69,
estimated depression symptom-burden of the false-negatives is mild-to-moderate as
measured by the mean PHQ-9 of this sub-group (n=11; mean £+ SD = 9.27+3.2, [range, 1-
12]). If the PHQ-9 cut-point is increased to 15, the PHQ-9 mean+SD changes to 9.58+3.23
(n=12; range, 1-13). In our experience patients with PHQ-9 total scores in the 10-14 range
often do not view themselves as depressed or in need of antidepressant medication, and
rarely require immediate or emergent attention; instead they warrant closer attention at
follow-up. Such serial use of the PHQ-9 can be very helpful during longitudinal patient
monitoring. Routine, computer-assisted capture of patient-rated health status measures —
including the PHQ-9 — can provide valuable information at the point-of-care as well as a
growing repository of longitudinal data for future trending 1. Moreover, PHQ-9 has been
selected as an indicator of depression quality of care by the National Quality Forum (42) and
as reported by Griffith, Thompson, Rathore et al., 2014 (43) that PHQ-9 could also be used in
patient reported outcome measures (PROM) enhanced clinical phenotyping (depression) in
the electronic health record data for research. The fact that it has been translated into more
than 80 languages (www.phgscreeners.com) makes it easy to use and bestows a universal
appeal.

The purpose for subdividing the PHQ-9 into somatic and cognitive affective components is
meant to address the problem that inspired development of the NDDI-E, namely, eliminating
the potential confound of epilepsy-specific factors, in particular, sedating effects of anti-
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epileptic drugs (AED) simulating somatic features of depression. Our hypothesis that the
PHQ-9 cognitive/affective subscale score (PHQ-9/CA) would be more accurate than the
PHQ-9 total score (PHQ-9/T) or the somatic subscale score (PHQ-9/S) proved correct in
part. As predicted the PHQ-9/S was less accurate than the other two measures (Figure 2). In
contrast, the predicted superiority of the PHQ-9/CA) proved incorrect. Nevertheless, the
PHQ-9 includes all 9 DSM symptoms for depression, allowing it to be potentially used as a
diagnostic measure for likely MDD. Although antiepileptic medications could potentially
confound some of the somatic symptoms included in the PHQ-9, it is very much likely that
such symptoms may also be accounted to a certain extent by depression. Indeed, this
confounding by somatic symptoms has been considered for other medical illnesses, and
some empiric data support that while the exclusive-etiologic approach identifies the most
severe and persistent depressions, the inclusive approach is the most sensitive and reliable
approach and is an intermediate predictor of persistent depression (4445). Thus, along with
the cognitive symptoms, one must still inquire about the somatic symptoms that constitute
core criteria for MDD. There is a wealth of literature on the cut-points for the ordinal
categories of PHQ-9, and the fact that a 3-5 point change on the PHQ-9 is clinically
significant, one should consider these issues when deciding whether to use the full PHQ-9,
or a partial subset of symptoms (Link to Supplementary data: PHQ-2 as Ultra-brief
Depression Screener: A Comparison Among PHQ-2, PHQ-9 and NDDI-E). Insufficient
power to demonstrate a difference may account for this finding, since it seems logical to
expect the somatic items to detract from the accuracy of the PHQ-9 total score. Further
study of larger samples using similar methodology or principles of Item Response Theory
(IRT) (46) may be useful.

The accuracy of a screening measure is clearly important, but, however accurate it may be
must not be mistaken as a diagnostic instrument; clinical confirmation is essential. Also, its
effect on the management and outcome of a disorder such as MDD is different than other
medical disorders. First, the “gold standard” diagnostic reference itself relies on subjective
report. Moreover, delivering a diagnosis of depression does not necessarily ensure patient
acceptance. This is often true for patients who prioritize management of their epilepsy, have
depressive symptoms that are mild and not necessarily disabling, or are troubled by the
stigma of a psychiatric diagnosis and its treatment. Patients in the PHQ-9 mild or “gray-
zone” can be informed of possible depression not necessarily requiring immediate treatment,
but worthy of closer observation.

Potential limitations of this study deserve consideration. The patient sample was derived
from a tertiary epilepsy center and may therefore not be typical of a community sample of
patients with less complex epilepsy syndromes. Also, patients were examined by three
different individuals at different intervals without assuring inter-rater reliability, and
recruitment strategies were not necessarily uniform across the three studies, one of which
recruited females only. These potential limitations are balanced by the study’s strengths,
including a comparatively large sample derived from a diverse population of local, regional,
national and international patients at a level-4 epilepsy center.
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CONCLUSIONS

Depression is a common psychiatric co-morbidity that adversely affects epilepsy outcomes.
Recognition of this problem and the growing attention of professional, public and regulatory
bodies to healthcare outcomes demand the formation of integrated, interdisciplinary
healthcare teams. Standardization of care and procedures across healthcare systems is an
ideal that creates efficiencies, uniformity and the opportunity to amass large repositories of
reliable, clinically relevant data. Depression screening measures such as the PHQ-9,
applicable in a wide variety of neurological and non-neurological disorders; are an essential
feature of disease management strategies focused on standardization and continuous
improvement of healthcare delivery across both tertiary and primary care settings. This
study, which confirms the accuracy in epilepsy patients of the already widely-used PHQ-9,
is a small but very important step towards achieving this goal.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ROC Curve for PHQ-9 ROC Curve for NDDIE
Area Under the Curve = 0.9049 Area Under the Curve = 0.9350

1.00 4 1.00 4

0754

0.75 4

0504 77 0.50 1

Sensitivity
Sensitivity

0.25 4

0.00 4 0.00 4

Points labeled by sensitivity Points labeled by sensitivity
T T T T

T T T T T T
0.00 0.25 0.50 075 1.00 0.00 0.25 0.50 075 1.00
1 - Specificity A 1 - Specificity B

Figure 1.
A. the PHQ-9 receiver operating characteristic (ROC) curve. Points on the curve from left to

right represent sensitivity and specificity at PHQ-9 scores of 23, 18, 17, 16, 15, 13, 12, 11,
10, 9, 6, and 1, respectively.

B. ROC curve for the NDDI-E. Points on the curve from left to right represent sensitivity
and specificity at NDDI-E cut-points of 19, 18, 17, 16, 15, 14, 12, and 9, respectively.
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Figure 2.

Comparison of areas under the ROC curves of PHQ-9 total and somatic and cognitive/

Page 14

affective subscale scores. The estimated difference in ROC area between PHQ-9 total score
and cognitive/affective is 0.011 with standard error as 0.012 and 95% Wald confidence
interval as (-0.013, 0.034) and the difference is not significant (p = 0.378). The estimated
difference in ROC area between PHQ-9 total score and the somatic components only is
0.068 with standard error as 0.016 and 95% Wald confidence interval as (0.036, 0.10) and
the difference is statistically significant (p < 0.0001). The estimated difference in ROC area
between cognitive/affective and somatic is 0.078 with standard error as 0.026 and 95% Wald

confidence interval as (0.028, 0.128) and the difference is statistically significant (p =

0.002).
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Table |
M.1.N.I diagnoses of MDD and BPD among 237 study subjects.
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Diagnosis n %
Current 35| 148
Major depressive disorder (MDD)
Life-time | 72 | 30.3
Current 10 4.2
Bipolar disorder (BPD)
Life-time | 12 51

M.L.N.I = Mini-International Neuropsychiatric Interview. 21
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