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Abstract

Objectives: Depression symptomatology is highly preva-
lent in patients with chronic pain, but accurate identifica-
tion of major depression may be challenged due to time
constraints and diagnostic interviews are therefore not
routinely performed in clinical practice. Assessment of
depressionmay be facilitated through the use of full-length
depression screening questionnaires with acceptable
construct validity and test-retest reliability. However, as

previously indicated screening questionnaires may over-
estimate depression in patients with chronic pain, possibly
due to overlapping symptoms. However, the failure to
screen for depression may raise a concern for missing
relevant cases with depression. The objectives of this study
were to (1) quantify the validity of the 9-items Patient-
Health Questionnaire (PHQ9) and the Major Depression
Inventory (MDI) compared with a diagnostic interview in
patients with chronic pain seeking specialist pain treat-
ment, and (2) assess the relative test-retest reliability of
PHQ9 and MDI over two weeks.

Methods: Responses to the PHQ9 andMDI were compared
with a Present-State-Examination (PSE) interview in 99
patientswith chronic pain referred to interdisciplinary pain
treatment. PHQ9 and MDI were completed twice over two
weeks. Construct validity were assessed with the area un-
der the curve (AUC) analysis, and performance character-
istics derived from 2 × 2 contingency tables in which scores
on the screening questionnaires were dichotomized and
compared with the classification of clinical depression
based on the diagnostic interview. Relative test-retest
reliability was assessed with intraclass correlation co-
efficients (ICC).

Results: Based on the PSE interview, the prevalence of
depression was 22.2%, and according to the PHQ9 andMDI
questionnaires the prevalence was 26.3 and 34.3%,
respectively. Compared with the diagnostic PSE, the PHQ9
and MDI questionnaires had areas under the curve of 0.83
and 0.88, respectively. Both questionnaires had high
negative predictive values (PHQ9: cut-off of 11; MDI: cut-off
of 26), but low positive predictive values for all possible
scores. ICC values were excellent.
Conclusions: The PHQ9 and MDI questionnaires reliably
identified chronic pain patients unlikely to have clinical
depression, but showed limited validity identifying pa-
tients with clinical depression. These preliminary results
may have clinical implications in depression screening in

*Corresponding author: Henrik Bjarke Vaegter, Ph.D, Department of
Clinical Research, Faculty of Health Sciences, University of Southern
Denmark, Odense, Denmark; and Pain Research Group, Pain Center,
University Hospital Odense, Heden 7-9, Indgang 200, DK – 5000
Odense, Denmark, Phone: +45 65413869, Fax: +45 65415064,
E-mail: hbv@rsyd.dk. https://orcid.org/0000-0002-7707-9947 (H.B.
Vaegter)
Thuy Vy Kha: Department of Clinical Research, Faculty of Health
Sciences, University of Southern Denmark, Odense, Denmark,
E-mail: vy_kt@hotmail.com
Elsebeth Stenager: Research Unit in Mental Health, Åbenrå,
Department of Regional Health Services, University of Southern
Denmark, Odense, Denmark; Department of Psychiatry, University of
Southern Denmark, Odense, Denmark,
E-mail: Elsebeth.Stenager@rsyd.dk
Huong Hoang: Department of Psychiatry, University of Southern
Denmark, Odense, Denmark, E-mail: Huong.Hoang@rsyd.dk
Karin Bruun-Plesner and Gitte Handberg: Department of Clinical
Research, Faculty of Health Sciences, University of SouthernDenmark,
Odense, Denmark; Pain Research Group, Pain Center, Odense
University Hospital, Odense, Denmark,
E-mail: Karin.Due.Bruun@rsyd.dk (K. Bruun-Plesner),
gitte.handberg@rsyd.dk (G. Handberg)
Kira Søndberg Fuglsang and Birgitte Søgaard la Cour: Pain Research
Group, Pain Center, Odense University Hospital, Odense, Denmark,
E-mail: kira.fuglsang@rsyd.dk (K.S. Fuglsang),
birgittesmail@hotmail.com (B. Søgaard la Cour)

Scand J Pain 2020; aop

https://doi.org/10.1515/sjpain-2020-0042
mailto:hbv@rsyd.dk
https://orcid.org/0000-0002-7707-9947
mailto:vy_kt@hotmail.com
mailto:Elsebeth.Stenager@rsyd.dk
mailto:Huong.Hoang@rsyd.dk
mailto:Karin.Due.Bruun@rsyd.dk
mailto:gitte.handberg@rsyd.dk
mailto:kira.fuglsang@rsyd.dk
mailto:birgittesmail@hotmail.com


patients with chronic pain seeking specialist pain treat-
ment. Clinicians in a specialty care pain clinic canuse these
screening questionnaires to identify patients without
depression, but caution should be used when positive
cases are identified by PHQ9 or MDI due to the risk of false
positives.

Keywords: chronic pain; depression; diagnostic interview;
MDI; PHQ9; questionnaires.

Introduction

Chronic pain and depression are among the top 10 leading
causes of disability worldwide [1]. Patients with chronic
pain are more likely to be depressed than people without
chronic pain [2], and chronic pain with comorbid depres-
sion is generally associated with higher levels of disability
[3], lower quality of life, increased health care utilization,
amplification of pain [4], and higher treatment dropouts
[5]. Therefore, accurate knowledge of the presence or
absence of clinical depressionmay better inform clinicians
about their individual patients, and enable appropriate
and individualized treatment, and potentially improve
treatment outcomes.

Rayner and colleagues observed a high prevalence of
depression around 60% in 1,204 patients attending a
specialist pain setting in the United Kingdom using the
9-item Patient Health Questionnaire (PHQ9) [6], whereas
Vaegter and colleagues observed a much lower prevalence
of moderate to severe depression around 23% in 894 pa-
tients attending one specialist pain setting in Denmark
using the PHQ9 [7], and around 23% in 6,637 patients
attending six different specialist pain settings in Denmark
[8] suggesting that the prevalence of clinical depression in
patients with chronic pain may be quite different across
countries. In a similar Danish patient sample Søndergård
and colleagues observed an even lower prevalence of
clinical depression around 6% in 7,197 patients attending a
specialist pain setting using a golden standard diagnostic
interviews performed by psychiatrists [2].

Accurate identification of clinical depression through
a diagnostic interview in patients with chronic pain is,
however, a challenge due to the time burden and specific
training needed by clinicians, and diagnostic interviews
are therefore not routinely performed in clinical practice.
Therefore, assessment of depression may be facilitated
through the use of full-length depression screening ques-
tionnaires with acceptable construct validity and test-
retest reliability. However, as previously indicated [2], it is
possible that screening questionnaires overestimate

depression in patients with chronic pain, possibly due to
overlapping symptoms, such as fatigue, sleep disturbance,
concentration difficulties and decreased appetite [9, 10].
However, the failure to screen for depression may raise a
concern for missing relevant cases with depression.

False positive diagnosis may result in unnecessary
medical treatment, and therefore identification of patients
with low probability of having depression might also have
great relevance in the clinic. The importance of correct
diagnosis is therefore crucial as it may reduce the fre-
quency of wrong diagnosis, treatment and costs. Still, the
use of depression screening questionnaires in patientswith
chronic pain do have a number of potential benefits
including easily performed screening of people as a
resource-efficient triage to inform clinical evaluation, and
as a possible indication for further assessment of possible
depression.

Currently, the performances of two commonly used
depression questionnaires; the PHQ9 and the Major
Depression Inventory (MDI) have been established in pa-
tients at psychiatry and community adults [11], and in
subjects with chronic back pain [12], however these
depression questionnaires have not been compared to a
diagnostic interview in patients with mixed chronic pain
conditions referred to interdisciplinary pain rehabilitation,
and optimal cut-points for more accurate assessment of
depression in this population is unknown. In addition,
depression questionnaires are recommended [13], and
often used as outcome measure in patients with chronic
pain. Therefore, during the establishment of a national
clinical pain registry (PainData, Denmark) for patients with
chronic pain referred for assessment and treatment at
public and private interdisciplinary pain clinic in Denmark
the performances of the freely available PHQ9 and the MDI
were assessed in patients with mixed chronic pain condi-
tions referred to one of the public interdisciplinary pain
centres. The objectives of this study were to (1) quantify the
construct validity of the PHQ9 and the MDI assessing
depression compared with a diagnostic interview in pa-
tients with chronic pain seeking specialist pain treatment,
and (2) assess the relative test-retest reliability of PHQ9 and
MDI over two weeks prior to patients commencing
treatment.

Materials and methods

Method summary

This study compared patient responses on the PHQ9 and MDI
depression screening questionnaires with a diagnostic interview. The
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criteria used for assessing construct validity were the area under the
curve (AUC) seen on a receiver operating characteristic (ROC) curve
analysis, and performance characteristics derived from 2 × 2 contin-
gency tables in which scores on the screening questionnaires were
dichotomized and compared with the classification of depression
based on the diagnostic interview. The criteria used for assessing
relative test-retest reliability was intraclass correlation coefficients
(ICC).

Procedures

After referral to an interdisciplinary pain center (Pain Center,
Odense University Hospital, Denmark) but prior to the initial
consultation, all referred patients were invited to answer questions
about their clinical characteristics and adaptations to pain via a
web-based clinical pain registry (PainData) implemented in most
public and private pain clinics in Denmark. Questionnaires were
completed at home prior to the first consultation. In addition to the
PHQ9 and MDI questionnaires, collected data included full-length
questionnaires for measures of pain intensity, activity limitation,
health-related quality of life, pain drawings, and several other
psychological constructs. Moreover, patients were asked for consent
to whether the Pain Center was allowed to contact them in case of
ongoing projects that were relevant for people with chronic pain.
Each week of the study period (from October 2017 to September
2018), three patients who had completed the questionnaires and
gave consent to contact from the Pain Center were randomly
selected from the total group of approximately 22 newly referred
patients completing questionnaires each week. These patients were
contacted by telephone and invited to participate in a diagnostic
interview at the Pain Center approximately two weeks after
completion of the questionnaires. However, patients were excluded
if they did not speak Danish well enough to complete the diagnostic
interview. On the day of the diagnostic interview, patients were
asked to complete the PHQ9 and MDI questionnaires again prior to
the interview. Written informed consent (electronic signature) was
obtained from all patients included in this study, the Danish Data
Protection Agency approved the data collection (ref. no. 14/44319),
and the conduct of this study complied with the Declaration of
Helsinki.

Diagnostic interview

Present state examination: Present state examination (PSE) is a
semi-structured diagnostic interview developed by Wing and col-
leagues [14] for use by trained clinicians to assess and classify
psychopathology and behaviour associated with major psychiatric
disorders experienced by the patient during the last month. The
ninth edition is translated into more than 20 languages, and it
provides reliable descriptions of symptoms which forms the foun-
dation of a diagnosis [14].

The PSE was performed by one of three pain specialist all
experienced doctors or psychologist (KSF, KBP, BSC) from the Pain
Center. The three specialists have all participated in a week long PSE
training course, together with medical doctors, psychologist and
nurses from psychiatry. Furthermore they have been thoroughly
trained and supervised by a specialist in psychiatry (HH) who has
extensive training in the use of diagnostic interviews and in

performing the PSE. The rationale for choosing pain specialist for
the assessment after relevant training was for practical reasons.
After completing the interview, a diagnosis was given according to
the ICD-10 criteria for Depression (F 32.0–F 33.0 assessing mild,
moderate or severe depression). Interviewers were blinded to the
patient responses on the depression questionnaires. According to
ICD-10, patients with moderate or severe depression on PSE were
diagnosed with depression.

Depression questionnaires

Patient Health Questionnaire 9-items: The 9-item Patient Health
Questionnaire (PHQ9) is a brief, self-reported instrument developedby
Kroenke and colleagues [15] for screening, diagnosing andmonitoring
depressive symptoms using criteria from theDSM-IV. PHQ9 consists of
nine-items evaluating the presence of the nine symptoms of depres-
sion over the last two weeks: (I) depressed mood, (II) anhedonia, (III)
trouble sleeping, (IV) feeling tired, (V) change in appetite or weight,
(VI) guilt or worthlessness, (VII) trouble concentrating, (VIII) feeling
slowed down or restless, and (IX) suicidal thoughts. Each item is
assessed on a four-point Likert scale, ranging from 0=“not at all” to
3=“nearly every day”, resulting in a summed score of 0–27 points.
PHQ9 scores of 5–9, 10–14, 15–19 and 20–27 represents mild, moder-
ate, moderately severe, and severe depression respectively. For diag-
nostic purposes, the algorithmmethod requires at least five symptoms
rated as “more than half the days”, except from the suicidal ideation
item, which counts as one of the five symptoms if rated as “several
days” or above. Furthermore, item-one (loss of interest, pleasure or
depressed mood) has to be rated at least as “more than half the days”
[16].

PHQ9 has been widely used to assess the prevalence of
depressive symptoms in chronic pain populations [17]. It has been
demonstrated to be a valid instrument measuring depressive
symptoms in primary care patients, with excellent internal con-
sistency reliability (α=0.89) [15]. Additionally, PHQ9 has shown
good validity (r=0.84) as compared to health-professional admin-
istered versions of the scale, as well as good construct validity as
indicated by a strong association between increasing PHQ9 severity
scores and worsening function on the SF-20 [15]. The PHQ9 was
also proposed as a measure of depression severity in the Interna-
tional Association for the Study of Pain (IASP) proposal for a
structural assessment approach [13]. Previous systematic reviews
and meta-analysis have concluded that the PHQ9 cut-point (>10)
has good diagnostic accuracy identifying depression in an unse-
lected sample in primary care with a sensitivity and a specificity of
84 and 88%, respectively [18], as well as in patients with chronic
physical illnesses [19].

Major depression inventory: The major depression inventory (MDI) is
a brief, self-reported instrument developed by Bech and colleagues
[11] in collaboration with the DanishWHO Collaborating centre. It was
developed to measure ICD-10 and DSM-IV criteria for screening and
diagnosing moderate to severe depression [11]. The Danish version of
the MDI consists of 12-items evaluating nine symptoms of depression
over the last two weeks. Each item is rated on a six-point Likert scale,
ranging from0=“at no time” to 5=“all the time”. The total score on this
scale is calculated as the sumof all items, except from the items 8a and
8b (agitation/retardation) and the items 10a and 10b (increased/
reduced appetite) where only the highest score of each is used
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resulting in a summed score between 0 and 50. According to the MDI
guidelines, the cut-points for the total score of MDI are ≤19, 20–24,
25–29, ≥30 representing no, mild, moderate, and severe depression,
respectively. For diagnostic purposes, the algorithm method requires
that items are dichotomized indicating the presence (=1) or absence
(=0) of each symptom. For a diagnosis of moderate to severe depres-
sion, at least two of the first three core symptom itemsmust at least be
rated as “most of the time” and at least four of the seven associated
symptom items (items 4–10) must at least be rated as “more than half
the time”. The MDI has shown acceptable sensitivity and a specificity
of 90 and 82%, respectively in a sample of patients referred to two
psychiatric departments [11], and sensitivity and a specificity of 66 and
63% in outpatients with depressive symptoms [20].

Statistical analysis

All statistical analysis was performed using STATA IC version 15.0
(STATA Corp., College Station, TX) and Excel 2010 version 14.0
(Microsoft Corp, Redmond, WA). As this was a preliminary study as
part of the implementation of a national clinical registry we aimed to
include 100 patients with chronic pain seeking specialist pain treat-
ment. There was no missing data on PHQ9, MDI or the PSE.

First, descriptive analysis based on means and standard devia-
tion (SD) was used to describe the population and Student’s t-tests
were used to investigate potential differences in demographics, clin-
ical pain profiles, and items responses on the PHQ9 and MDI between
patients who based on the PSE were diagnosed with depression (i.e.
moderate or severe depression on PSE) and patients without depres-
sion (i.e. mild depression or no depression on PSE). Mean score dif-
ferences were expressed in terms of effect sizes according to Cohen
[21]. Secondly, performance characteristics (sensitivity, specificity,
post-test probability if the test was positive or negative as well as
positive predictive and negative predictive values) of the question-
naires based on total sum-scores and the diagnostic algorithms
compared with the PSE were derived from 2 × 2 contingency tables for
every possible dichotomization threshold for scores on the PHQ9 and
MDI questionnaires. The sensitivity measure is the proportion of pa-
tients with clinical depression based on the PSE who are correctly
identified by the questionnaire as having depression at a specific
threshold. The specificitymeasure is the proportion of patientswho do
not have clinical depression based on the PSE who are correctly
identified by the questionnaire as not having depression at a specific
threshold. The positive and negative post-test probability measures
are the probabilities of the presence of depression after a score on the
questionnaires above or below a specific threshold. The positive pre-
dictive value is the probability that if a patient has a positive test (i.e. a
score on the questionnaire above a specific threshold) that this

Table: Rawscores (mean±SDand%confidence intervals) for demographics, clinical pain profile, psychological distress, anddepression
scores in patients with chronic pain and comorbid depression, and chronic pain and no comorbid depression. Diagnosis of depression is
according to ICD- based on moderate or severe depression on the Present State Examination interview. ‘BMI’: Body Mass Index. ‘NRS’:
Numerical Rating Scale. ‘GAD’: Generalized Anxiety Disorder -items. ‘PCS’: Pain Catastrophizing Scale. ‘TSK’: Tampa Scale of Kinesi-
ophobia. ‘PDI’: Pain Disability Index. ‘PHQ’: Patient Health Questionnaire -item. ‘MDI’: Major Depression Inventory. p-Values are based on
by Chi-square tests for categorical variables and Student’s t-test for continuous variables.

Domain Variable Total
(n=)

Chronic
pain + depression (n=)

Chronic
pain - depression (n=)

p-Value

Demographics Gender (Women/Men) / / / .
Age (years) . ± . . ± . . ± . .
BMI (kg/m) . ± . . ± . . ± . .

Clinical pain Pain duration (years) . ± . . ± . . ± . .
Peak pain intensity (NRS: –) . ± . . ± . . ± . .
Average pain intensity (NRS: –) . ± . . ± . . ± . .

Psychological Anxiety (GAD: –) . ± . . ± . . ± . <.
Pain Catastrophizing (PCS: –) . ± . . ± . . ± . <.
Fear of movement (TSK: –) . ± . . ± . . ± . .
Disability (PDI: –) . ± . . ± . . ± . .
Quality of Life (EQD: –) . ± . . ± . . ± . .

Depression PHQ: – . ± . . ± . . ± . <.
MDI: – . ± . . ± . . ± . <.

Figure 1: Receiving operator characteristic curve for the 9-items
patient-health-questionnaire (PHQ9) and the present-state-
examination (PSE).
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patients is also classified with a clinical depression based in the PSE.
The negative predictive value is the probability that if a patient has a
negative test (i.e. a score on the questionnaire below a specific
threshold) that this patients is classified with no clinical depression
based in the PSE. Thirdly, the AUC statistics from ROC analysis as a
performance measure (an index of the classification error rate) of the
questionnaires relative to diagnosis on the PSE were calculated. An
AUC of 0.5 indicated that a test has no better accuracy chancewhereas
a test with perfect accuracy has an AUC of 1.0. Agreement in classifi-
cation between the diagnostic algorithms of the questionnaires and
the PSE was assessed using Cohen’s kappa coefficient. Kappa result
was interpreted with values ≤0 indicating no agreement, 0.01–0.20 as
none to slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as
substantial, and 0.81–1.00 as almost perfect agreement.

Finally, the two weeks relative test-retest reliability of the PHQ9
and MDI sum-scores were investigated with Intraclass correlation
coefficients based on a single rating, consistency, 2-way mixed effect
model (ICC3,1). The relative reliability is a measure of how well the
questionnaires differentiate the scores between different subjects
across days) with higher ICC scores indicating better ability to differ-
entiate between subjects (e.g. patients with and without depression).
ICC values range from 0 to 1, with higher scores indicating high con-
sistency between the two time points. ICC above 0.75 was taken as

excellent reliability, 0.40–0.75 was fair to good reliability, and less
than 0.40 defined poor reliability [22].

Results

Participants

Out of 1278 patients referred to the Pain Centre in the study
period, 112 were randomly selected and contacted by
phone. During the telephone contact, patients were briefly
told about the study and invited to take part in an interview
in the Pain Centre. Ninety-nine (88.4%) patients (Table 1)
were willing to participate in the interview. 13 patients
declined due to transportation issue, or lack of physical
and mental resources.

According to thePSE interview, 22 (22.2%) patientswere
classified with depression. Patients with depression re-
ported significantly higher average pain intensity, anxiety,

Table : Performance Characteristics for the -items Patient-Health Questionnaire (PHQ) sum-score and the Present-State-Examination
(PSE) in  patients with mixed chronic pain seeking specialist pain treatment.

Cut-point
PHQ

Sensitivity Specificity Post-test Probability
(+Test resulton

PHQ)

Post-test probability
(− Test resulton

PHQ)

Positive predictive
value

Negative predictive
value

≥  (–)  ( to ) . (.–.) - . (.–.) -
≥  (–)  ( to ) . (.–.) - . (.–.) -
≥  (–) . (−. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥  (–) . (−. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥  (–) . ( to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.––) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.––) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to ) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to ) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to ) . (.–.) . (.–.) . (.–. . (.–.)
≥ . (.–.) . (. to ) . (.–.) . (.–.) . (.–.) . (.–.)
≥ . (.–.) . (. to ) . (.–.) . (.–.) . (.–.) . (.–.)
 . (.–.) . (. to ) . (.–.) . (.–.) . (.–.) . (.–.)
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pain catastrophizing, fear of movement and disability as
well as lower quality of life compared with patients without
depression (Table 1). No significant differences in pain
duration, peak pain intensity, age, or gender distribution
were found between patients with depression and patients
without depression based on the PSE.

Mean scores of the PHQ9 and MDI items

The PHQ9 mean scores (Supplementary Table 1) of the
depressed patients ranged from 0.6 (suicidal ideation) to
2.9 (lack of energy). All items showedhighermean scores in
depressed patients comparedwith non-depressed patients.
The greatest differences between groups, expressed in
terms of effect sizes were items 2 (depressed mood), 6 (self-
blame), and 8 (agitation/retardation).

The MDI mean scores (Supplementary Table 2) of the
depressed patients ranged from 1.5 (increase in appetite) to
4.5 (lack of energy). All items showed higher mean scores
in depressed patients compared with non-depressed pa-
tients. The greatest differences between groups, expressed
in terms of effect sizes were items 1 (depressed mood), 4
(low self-esteem), and 2 (lack of interests).

PHQ9 diagnostic validity: summed-score
and diagnostic algorithm

Compared with PSE, the AUC was 0.83 ± 0.04 (Figure 1;
95% CI: 0.73–0.92) for the PHQ9 sum score suggesting an
excellent performance in discriminating patients with and
without clinical diagnosis of depression. The best balance
between sensitivity and specificity was a PHQ9 sum-score
threshold ≥14 (Table 2).

According to the PHQ9 diagnostic algorithm, 26
(26.3%) patients were classified with depression on the day
of the PSE interview (Table 3). For the diagnostic algorithm,
a sensitivity and specificity of 50% (95% CI: 40.2–59.8) and
81% (95% CI: 72.7–88.3) were found, and the post-test

probability for a positive and negative test were 42% (95%
CI: 32.6–52.0%) and 15% (95%CI: 8.0–22.1%), respectively.
Agreement in the classification of depression and no-
depression between PHQ9 and PSE was 73.7% (κ = 0.29
[95% CI: 0.08–0.50]).

MDI diagnostic validity: summed-score and
diagnostic algorithm

Compared with PSE, the AUC was 0.88 ± 0.03 (Figure 2;
95% CI: 0.82–0.95) for the MDI sum score suggesting an
excellent performance in discriminating patients with and
without clinical diagnosis of depression. The best balance
between sensitivity and specificity was a MDI sum-score
threshold ≥26 (Table 4).

According to the MDI diagnostic algorithm, 34 (34.3%)
patients were classified with depression on the day of the
PSE interview (Table 5). For the diagnostic algorithm, a
sensitivity and specificity of 77% (95% CI: 69.0–85.5) and
78% (95% CI: 69.8–86.1) were found, and the post-test
probability for a positive and negative test were 50% (95%
CI: 40.2–59.8%) and 8% (95% CI: 2.4–12.9%), respectively.
Agreement in the classification of depression and no-
depression betweenMDI and PSEwas 77.8% (κ = 0.46 [95%
CI: 0.27–0.64]).

Test–retest reliability of PHQ9 and MDI

Test-retest reliability of the PHQ9 and the MDI across two
repeated assessments showed excellent ICCs of 0.83 and
0.90 (P<0.001), respectively (Table 6).

Table :  ×  contingency table for the -items Patient-Health
Questionnaire (PHQ) diagnostic algorithm and the Present State
Examination (PSE) in  patients with mixed chronic pain seeking
specialist pain treatment.

Cohen’s kappa coefficient:
κ = . [% CI:
.–.])

PSE

Depression No depression

PHQ Depression  

No depression  

Figure 2: Receiving Operator Characteristic Curve for the Major
Depression Inventory (MDI) questionnaire and the Present State
Examination (PSE).
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Discussion

Summary

This is the first study to examine the validity and reliability
performance of PHQ9 and MDI in patients with mixed

chronic pain conditions referred to an interdisciplinary
pain centre in Denmark.

According to the PSE interview, the prevalence of
moderate or severe depressionwas 22.2%, and according to
the PHQ9 and MDI questionnaires the prevalence was be-
tween 26.3 and 34.3% which is a somewhat lower

Table : Performance Characteristics for the Major Depression Inventory (MDI) sum-score and the Present-State-Examination (PSE) in 

patients with mixed chronic pain seeking specialist pain treatment.

Cut-point
MDI

Sensitivity Specificity Post-test Probability
(+Test result on MDI)

Post-test probability
(− Test result on MDI)

Positive
predictive value

Negative
predictive value

≥  (–)  ( to ) . (.–.) - . (.–.) -
≥  (–)  ( to ) . (.–.) - . (.–.) -
≥  (–) . (−. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (−. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (−. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (−. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥  (–) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (−. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (−. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (––.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to .) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to ) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . (. to ) . (.–.) . (. to .) . (.–.) . (.–.)
≥ . (.–.) . ( to ) - . (. to .) - . (.–.)
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prevalence compared with previous studies in similar set-
tings using screening questionnaires [6]. However, the
prevalence of depression in this study according to the
PHQ9 questionnaire is very similar to a previous study in a
larger sample in the same setting (between 23 and 27%) [7]
suggesting that the prevalence of depression in patients
with chronic pain attending specialist pain treatment may
be quite different across countries.

The first aim of this study was to quantify the construct
validity of the PHQ9 and the MDI assessing depression
compared with a diagnostic interview in patients with
chronic pain. Compared with a diagnostic interview the
questionnaire sum-scores demonstratedAUCbetween 0.83
and 0.88 and the agreement in the classification of
depression and no-depression between questionnaires and
PSE was 73.7 and 77.8% with fair to moderate agreement.
The second aim was to investigate the test-retest reliability
of PHQ9 and MDI over two weeks. Both questionnaires
showed excellent between-subject reliability with ICCs of
0.83 and 0.90. The results suggest that both the PHQ-9 and
MDI sum-scores may be useful to reliably rule out current
clinical depression in patients with chronic pain seeking
specialist pain treatment.

For PHQ9, the performance characteristics were
similar to previous findings in 542 patients with chronic
spinal pain admitted to an interdisciplinary functional
restoration program that showed an AUC of 0.77, a sensi-
tivity of 66.2%, and a specificity of 74.4% for the sum-score
with a cut-point of 13, and a diagnostic accuracy of 69.4%
[12]. To our knowledge this is the first study investigating
the relative reliability for the PHQ9 in patients with chronic
pain. For MDI, the performance characteristics were is also

similar to studies assessing depression in psychiatric pa-
tients. To our knowledge the validity as well as the relative
reliability for the MDI in patients with mixed chronic pain
conditions seeking specialist pain treatment has not pre-
viously been investigated. The relative test-retest reliability
showed excellent ICC values. Recognizing that different
clinical circumstances may require a cut-off choice that
favors greater sensitivity or specificity compared to the best
balanced sensitivity and specificity values in this study
we reported the performance for all dichotomization
thresholds as has previously been recommended for
psychometric studies on depression questionnaires [23].
The PHQ-9 have previously been found to have acceptable
diagnostic properties for detecting moderate depressive
disorder with cut-off scores between 8 and 11, which are
somewhat lower than the value of 14 observed in this study.
However, it has been suggested that the accuracy of
screening for depression is improved by using higher cut-
off scores [24]. For MDI, the cut-off of 26 which had the best
balance between sensitivity and specificity is in agreement
with previous studies reporting 26 as cut-off for moderate
depression [25].

Clinical implications

In assessment of patients with chronic pain, a failure to
identify depression may result in reduced effectiveness of
subsequent treatments. As previously recommended, the
combination of a high sensitivity and negative predictive
value is of greater importance than a high specificity and
positive predictive values [26] when choosing a screening
tool for depression so that cases are not missed. However,
the use of questionnaires may also increase the risk of a
false positive depression diagnosis as this patient group
tend to have a higher score on these items than the normal
population due to shared pain-depression symptomology,
and the certainties of identifying patients who are likely to
have depression are limited. This can possibly explain the
high rates of depression in patients with chronic pain
found in other studies using screening instruments [6]. The
use of depression questionnaire scores or diagnostic

Table :  ×  contingency table for the Major Depression Inventory
(MDI) diagnostic algorithmand the Present State Examination (PSE).

Cohen’s kappa coefficient:
κ = . [% CI:
.–.])

PSE

Depression No depression

MDI Depression  

No depression  

Table : Relative (between-subjects) two weeks test-retest reliability for the -items Patient-Health Questionnaire (PHQ) and the Major
Depression Inventory (MDI) sum-scores in patients with severe chronic pain. ‘PHQ’: Patient Health Questionnaire -items. ‘MDI’: Major
Depression Inventory. ‘CI’: confidence interval.

Variable Test  Mean ± SD
(% CI)

Test  Mean ± SD
(% CI)

Absolute difference
Mean ± SD (% CI)

p-Value Pearson r ICC, (% CI)

PHQ (n=) . ± . (.–.) . ± . (.–.) . ± . (-.–.) . . P < . . (.–.)
MDI (n=) . ± . (.–.) . ± . (.–.) . ± . (.–.) . . P < . . (.–.)
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algorithms in patients with mixed chronic pain has a
number of potential benefits including early and easily
performed depression screening of people as a resource-
efficient triage to inform clinical evaluation and manage-
ment, and as an indication for referral to specialty mental
evaluation for further assessment. Health care practi-
tioners who assess and manage patients with chronic pain
may welcome the usefulness of these questionnaire cut-
offs to efficiently identify patients unlikely to require more
detailed and time-consuming clinical investigations as the
number of patients who need a more comprehensive
mental health evaluation is significantly reduced.

Strengths and limitations

This study has a number of strengths. First, the PSE inter-
view which was used as criterion standard is a validated
instrument for diagnosing depression, and therefore
considered as a good reference standard. Secondly, the
interviewers were blinded to the questionnaire results
reducing bias. Thirdly, the interviewers were trained pain
specialists with extensive training and supervision in the
use of PSE.

The study also has a number of limitations that need
consideration. Firstly, very few or none of the patients had
questionnaire scores in the extremes of the scales which
may affect the range of prediction. Secondly, the sample
size, although fairly large for validation studies may in-
fluence the ability to find a good balance between sensi-
tivity and specificity as well as the reliability analysis as
more than 100 patients are often recommended [27].
Thirdly, patients presented to the pain clinic with a mix of
different pain conditions. As the prevalence of depression
may vary across patients with different pain conditions,
e.g. fibromyalgia, low back pain, migraine, arthritis this
could affect the validity of the results. However, the sample
is similar to other patients seeking specialist pain care in
this setting that often report a mix of different pain con-
ditions [28].

Conclusion

Validity as well as relative reliability was examined for the
PHQ9 and MDI depression questionnaires. Compared with
a diagnostic PSE interview, PHQ9 and MDI questionnaires
reliably identified chronic pain patients unlikely to have
depression, but showed limited validity identifying chronic
pain patients with depression. These preliminary results
may have clinical implications in depression screening in

patients with chronic pain seeking specialist pain treat-
ment. Clinicians in a specialty care pain clinic canuse these
screening questionnaires to identify patients without
depression, but caution should be used when positive
cases are identified by PHQ-9 or MDI due to the risk of false
positives.
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