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ABSTRACT

Objectives: Psychological symptoms are highly prevalent in chronic pain patients. Timely and
accurate identification may enable individualized treatment and improve outcomes. The aims of this
study were to (i) investigate the concurrent validity of brief psychological screening questions
assessing anxiety, fear of movement, stress, pain catastrophization, and depression in chronic pain
patients, and (ii) to determine screening question cut-points at which the likely probability of having
these psychological states was less than 10%.

Methods: Responses to one-item or two-item screening questions within each of these five
psychological constructs were compared with those of validated full-length questionnaires in 894
patients with diverse chronic pain conditions.

Results: Compared with scores from full-length questionnaires, brief screening question scores had
correlations between 0.54 and 0.66 and AUC between 0.79 and 0.83. At the dichotomized threshold
scores that we chose, the post-test probability after a negative test result ranged from 6.5% to 8.6%
for all these psychological constructs, except fear of movement. The pre-test probability was so
high (70%) for fear of movement that no threshold resulted in a post-test probability (negative test
result) that was below 10%.

Discussion: Use of these screening tests and scoring thresholds would have correctly identified that
between 38.5% and 60.5% of the sample were unlikely to have these psychological states (true
negatives), with a false negative rate between 3.4% and 5.3%. This would allow clinicians to focus
on whether there are other patient attributes in those patients requiring more thorough investigation

using comprehensive validated questionnaires or structured clinical interviews.

Keywords: Chronic pain, assessment, psychology, questionnaires
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1. INTRODUCTION

Chronic pain is one of the most disabling health problems facing the world today (1) and the costs
associated with treatment, sick leave and early retirement are comparable to the costs of diabetes
and cancer combined. Moreover, with the high prevalence of chronic pain in elderly people (2) and
the growing proportion of elderly people across the developed world (3), the burden of chronic pain
is expected to increase. Psychological co-morbidities or symptoms are highly prevalent in patients
with chronic pain (4, 5), are generally associated with more severe pain (6, 7) and higher levels of
disability (8), and have been accepted as having an important role in the experience and
consequences of pain. Specific psychological constructs such as anxiety, fear of movement, stress,
catastrophization, and depression, (9-11) have been associated with the development of chronic pain
(12), use of analgesics (13), health care utilization (14), and response to treatment (15-17) in a
variety of pain conditions. There is also a bi-directional relationship between chronic pain and
mental health (18). For these reasons, timely and accurate knowledge of the presence or absence of
these psychological factors may improve patient’s understanding of their own pain condition, better
inform clinicians about their individual patients, enable appropriate and individualized treatment,
and potentially improve health outcomes.

Several full-length psychological screening questionnaires exist, however due the
length, time burden and scoring complexity of validated psychological instruments, these factors are
not routinely assessed in clinical practice (19). Formal screening has shown better accuracy than
clinicians’ informal judgments (20, 21) and, in the absence of some form of screening, most
psychological comorbidities may be undiagnosed and untreated (21). Routine screening of
psychological factors may be facilitated through development of brief psychological screening
questions with acceptable concurrent validity. For example, the concurrent validity of a simple
question screening for depression was investigated by Reme and colleagues in a sample of 595

patients with diverse chronic pain conditions, and good sensitivity and specificity was demonstrated
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when compared with a full-length validated questionnaire (22). Similarly, satisfactory concurrent
validity of some brief screening questions for depression and anxiety was reported in a recent
systematic review (23) but the authors suggested that studies of brief screening questions for other
psychological constructs were needed. Recently, Kent and colleagues (24) compared brief screening
questions for anxiety, depression, catastrophization, social isolation and fear of movement with
scores from full-length questionnaires in patients with chronic back pain. Anxiety, depression, and
social isolation demonstrated sensitivity of 70.4% to 82.5%, specificity of 75.0% to 94.7%, and
catastrophization and fear of movement demonstrated sensitivity of 78.3% to 88.0%, and specificity
of 91.0% to 96.2%, indicating that brief psychological screening questions may be useful in the
initial assessment of patients with chronic back pain. However, no studies have assessed the
concurrent validity for psychological constructs other than depression in large samples of diverse
chronic pain conditions and therefore the generalizability of those findings from chronic back pain
to other pain populations is unknown.

Often the intended purpose of screening questions is to alert the clinician to there
being an elevated probability of a health condition being present. But the clinical presentation of
people with chronic pain is often complex and the diagnosis of psychological conditions requires
more comprehensive information and clinical judgement. Therefore, some have argued that the
purpose of screening is to determine whether more comprehensive assessment is required (25). In
recognition of this, it might be that screening questions better assist the efficiency of the clinical
encounter if they are used to determine that there is a low probability of having the psychological
state, so that the clinician can then move on to focus on whether there are other attributes in those
patients that require more thorough investigation.

Therefore, the aims of this study were (i) to quantify the concurrent validity of brief
psychological screening questions assessing five psychological constructs (anxiety, fear of

movement, stress, pain catastrophization, and depression) across diverse chronic pain conditions,
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and (ii) to determine screening question cut-points at which the likely probability of having these
psychological states was less than 10%.

2. MATERIALS AND METHODS

2.1 Method summary

This cross-sectional study compared patient responses on one- or two-item screening questions with
their responses on longer validated questionnaires for each psychological construct, thereby
describing the concurrent validity of the screening questions. The criteria used for assessing that
validity were the correlation of the scores, the area under the curve seen on a Receiver Operating
Characteristic (ROC) curve analysis, and performance characteristics derived from 2 x 2
contingency tables where scores on both the screening question and validated questionnaire were
dichotomized using clinically appropriate cut-points.

2.2 Context

The context for this study was the establishment of a clinical pain registry (PainData, Denmark) for
patients referred for assessment and treatment of their chronic pain at a secondary pain clinic in
Denmark (Pain Center South, Odense University Hospital). After referral to this multidisciplinary
pain clinic but prior to their initial consultation, all patients were invited to answer questions about
their clinical characteristics and adaptations to pain via a web-based questionnaire system
(PainData). Questionnaires were completed at home prior to the first consultation. None of the
questions were mandatory. In addition to basic demographics, these data included full-length
validated questionnaires for measures- of pain intensity, activity limitation, work participation,
health-related quality of life, and several psychological constructs, which collectively involved
more than 150 questions. The data in this study were from the 894 patients between 1 May 2015
and 30 March 2016 who gave consent for their completed data to be used for research purposes, and

as there were 1,076 initial consultations during this period, this was an 83.1% sampling rate.
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The demographic and clinical characteristics of the participants are described in Table
1. Their mean age was 49.8+14.5 years, 66.6% were women, 51.0% had some form of post-
secondary school education, 70.3% were married or living with someone, and 31.5% were currently
employed. Participants’ pain conditions were diverse, with the largest single category (22.5%)
being chronic widespread pain. Their median duration of pain was 6 years and most had pain every
day (91.3%) with an average pain intensity of 7 (0 to 10 scale).

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. As treatment
was not affected by participation in the study, under Danish law, this study did not need ethics
approval (Act on Research Ethics Review of Health Research Projects, October 2013, Section 14.2)
(26).

2.3 Screening Questions

For four of the five constructs in this study (anxiety, fear of movement, catastrophization and
depression), the one- or two-item screening questions investigated were those items that performed
best in a previous study of the concurrent validity of psychological screening questions in people
with chronic back pain (24). As we were unable to-identify a validated screening question for the
remaining construct (stress), we constructed a single-item screening question, as our interest was in
brevity and ease of comprehension. All screening questions had response options on a 0 to 10 scale.

For anxiety, we tested a single item: ‘Do you feel anxious?’ (‘Not at all’=0 to ‘Quite
anxious’=10). This item had been devised in the back pain study (24).

For fear of movement, we tested two items because in the back pain study the average
of scores on both of these two items had performed best: (i) ‘Physical activity might damage me’,
and (ii) ‘7 should not do physical activities which (might) make my pain worse’ (‘Completely

disagree’=0 to ‘Completely agree=10). Both these items were from the Fear Avoidance Beliefs
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Questionnaire (physical activities subscale) (27), but the first item we adapted to a diverse pain
sample by changing ... might damage my back’ to ‘...might damage me’.

For stress we devised and tested the question ‘Do you feel stressed?’ (‘Not at all
stressed’=0 to ‘Very stressed’=10). The format of this question was simply adapted from that used
to screen for anxiety.

For catastrophization, we tested two items because in the back pain study the average
of scores on both of these two items had performed best: (i) ‘When I feel the pain, it is terrible and I
feel that it’s never going to get better’, and (ii) ‘When I feel pain, I feel that I can’t stand it
anymore’ (‘Never do that’=0 to ‘Always do that’=10). Both these items were from the Coping
Strategies Questionnaire (catastrophization subscale) (28).

For depression, we also tested two items: ‘During the past month, have you often felt
sad, depressed or had a sense of hopelessness?’ and (ii) ‘During the past month, have you felt
bothered by little interest or pleasure in to do something?’ (‘Never’=0 to ‘All the time’=10). These
items are the two Prime 1000 depression screening questions (21), with one for each of the two
dimensions of depression: depressed mood and lack of pleasure (anhedonia).

There was no capacity for patients to enter comments about the screening questions or
if report assistance was used when completing them. However, patients could leave any screening
question blank and the non-response rate ranged from 0.1% to 2.0% (average 0.7%). Because the
non-response rate was so low, we simply used the available data and did not impute any data.

2.4 Reference Standard Questionnaires

The reference standard questionnaires and the thresholds that were used to dichotomize their
sumscores are itemized in Table 2. Wherever possible, we used population-based thresholds that
had been published or had been recommended by the developers of the reference standard
questionnaire. In the case of the Perceived Stress Scale, no validated threshold was available, so we

used the distribution-based threshold of the mean plus 1 standard deviation (SD). This threshold
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identifies the highest scoring 16% of a sample and is often used in the absence of normative data
(24, 29, 30).

2.5 Measures of Concurrent Validity

As a measure of the how strongly the scores on the screening questions and sumscores on the
reference standard questionnaires were associated, we calculated Pearson Correlation Coefficients.
We also calculated the area under the curve (AUC) statistic from Receiver Operating Curve (ROC)
analysis as a performance measure (an index of the classification error rate) of the screening
questions relative to dichotomized scores on the reference standard questionnaires.

Additional performance characteristics (sensitivity, specificity, post-test probability if
the test was positive or negative) (24) were derived from contingency tables for every possible
dichotomization threshold for scores on each screening question. We initially sought the
dichotomization threshold that best balanced the sensitivity and specificity for each screening
question but favored the threshold that resulted in a post-test probability (after a negative test result)
of less than 10%. To provide a direct measure of how many patients would have been correctly
‘screened out’ at that threshold, the number of ‘true negatives’ (people classified by the reference
standard questionnaire as not having the psychological state who were also classified by the
screening question as not having the psychological state) and ‘false negatives’ (people classified by
the reference standard questionnaire as not having the psychological state who were also classified
by the screening question as actually having the psychological state) were reported, and the
proportion of the whole cohort those numbers represented. We highlighted the performance
characteristics for the chosen thresholds but also reported the results for all thresholds because other
clinical circumstances may require a threshold choice that favors greater sensitivity or specificity.
For the chosen thresholds, we also calculated the positive and negative likelihood ratios to provide

additional measures of test performance.
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We did not report the overall accuracy statistic, due to evidence that it is problematic
as a measure of validity when the sample prevalence deviates from 50% (31). Some authors have
argued that other statistical characteristics we did describe (sensitivity, specificity and likelihood
ratios) are prevalence-independent (32, 33) but other authors have presented evidence that they are
not (34, 35). All statistical analyses were performed using STATA version 14.1 (STATA Corp.,
College Station, Tx 77845, USA) and Excel 2011 version 14.5 (Microsoft Corp, Redmond,
Washington, USA).

3. RESULTS

3.1 Concurrent Validity

For anxiety, the correlation between scores on the single-item screening question ‘Do you feel
anxious? and the Generalized Anxiety Disorder Scale sumscore was 0.64. The performance
measures from the contingency table are shown in Table 3. For the threshold that best balanced the
sensitivity and specificity (5 or more), the sensitivity was 80.8% (CIl 74.2% to 86.1%), specificity
72.2% (Cl 68.6% to 75.6%), positive likelihood ratio 2.91 (Cl 2.51 to 3.36) and negative likelihood
ratio 0.26 (Cl 0.19 to 0.36). The pre-test probability (prevalence) of anxiety on the reference
standard was 20.8% (CI 18.0% to 23.6%) and, at the screening test threshold of 5 or more, the post-
test probability following a positive screening test result was 43.3% (Cl 37.8% to 48.8%) and
following a negative screening test result was 6.5% (Cl 4.3% to 8.7%). The AUC was 0.83. (See
Figure, Supplemental Digital Content 1, http://links.lww.com/CJP/A434 for the ROC curve).

For fear of movement, the correlation between scores on the single-item screening question
‘Physical activity might damage me’ and the sumscore from the Tampa Scale for Kinesiophobia
was 0.62 and the AUC was 0.81 (See Figure, Supplemental Digital Content 2,
http://links.lww.com/CJP/A435 for the ROC curve). For the item ‘I should not do physical
activities which (might) make my pain worse’, the correlation was 0.55 and the AUC was 0.77.

Combining the results of both screening questions, by averaging their scores, resulted in only a
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small improvement in performance: correlation 0.66 and AUC 0.83. Therefore, we chose the option
of only using the item ‘Physical activity might damage me’ because its content seemed more
appropriate to a chronic pain population for whom some do experience flares of pain following
physical activity, and also because the performance gain by using both screening questions was
marginal compared to the additional burden of a second question. For the threshold score on
‘Physical activity might damage me’ that best balanced the sensitivity and specificity (5 or more),
the sensitivity was 75.7% (CI 71.8% to 79.1%), specificity 74.4% (Cl 68.4% to 79.7%), positive
likelihood ratio 2.96 (CI 2.36 to 3.72) and negative likelihood ratio 0.33 (C1 0.28 to 0.39) (Table 4).
The pre-test probability of fear of movement on the reference standard was 70.0% (Cl 66.7% to
73.3%) and, at the screening test threshold of 5 or more, the post-test probability following a
positive screening test result was 87.4% (CI 84.3% to 90.4%) and following a negative screening
test result was 43.3% (Cl 37.7% to 48.9%). Because the pre-test probability was so high, no
threshold on this single-item screening question resulted in a post-test probability (negative test)
that was below 10%, as even a threshold of 1 or more resulted in a post-test probability of 27.3%.
For stress, the correlation was 0.54 between scores on the single-item screening question ‘Do you
feel stressed?’ and the Perceived Stress Scale sumscore. For the threshold that best balanced the
sensitivity and specificity (7 or more), the sensitivity was 71.2% (Cl 62.5% to 78.6%), specificity
70.6% (CI 67.1% to 74.0%), positive likelihood ratio 2.42 (CI 2.06 to 2.86) and negative likelihood
ratio 0.41 (CI 0.31 to 0.54) (Table 5). The pre-test probability of stress on the reference standard
was 15.0% (Cl 12.5% to 17.5%) and, at the screening test threshold of 7 or more, the post-test
probability following a positive screening test result was 30.0% (CI 24.6% to 35.4%) and following
a negative screening test result was 6.7% CIl 4.5% to 8.9%). The AUC was 0.79. (See Figure,
Supplemental Digital Content 3, http://links.lww.com/CJP/A436 for the ROC curve).

For catastrophization, the correlation between scores on the single-item screening question ‘When I

feel the pain, it is terrible and | feel that it’s never going to get better’ and the Pain
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Catastrophization Scale sumscore was 0.66 and the AUC was 0.85 (See Figure, Supplemental
Digital Content 4, http://links.lww.com/CJP/A437 for the ROC curve). For the item ‘When I feel
pain, | feel that I can't stand it anymore’, the correlation was 0.74 and the AUC was 0.87.
Combining the results of both screening questions, by averaging their scores, resulted in only a
negligible improvement in performance: correlation 0.76 and AUC 0.89. As AUC was very close
for both these items, and averaging their results resulting in a negligible increase in performance,
we opted to use only the first item. The reason for choosing this item, was because ‘When I feel the
pain, it is terrible and | feel that it’s never going to get better’ appeared to have higher face validity
for catastrophization than ‘When I feel pain, I feel that I can 't stand it anymore’ which appeared to
have higher face validity for coping. The threshold score on ‘When I feel the pain, it is terrible and [
feel that it’s never going to get better’ that best balanced the sensitivity and specificity (8 or more)
did not result in a post-test probability following a negative screening test result that was <10%.
Therefore, we opted for a threshold of 7 or more, for which the sensitivity was 90.7% (Cl 86.8% to
93.5%), specificity 60.9% (ClI 56.5% to 65.1%), positive likelihood 2.32 (CI 2.07 to 2.60) and
negative likelihood ratio 0.15 (ClI 0.11 to 0.22) (Table 6). The pre-test probability of
catastrophization on the reference standard was 36.7% (CI 33.4% to 40.1%) and, at the screening
test threshold of 7 or more, the post-test probability following a positive screening test result was
57.4% (Cl 52.9% to 61.9%) and following a negative screening test result was 8.1% (5.2% to
11.1%).

For depression, the correlation between the single-item screening question scores on ‘During the
past month, have you often felt sad, depressed or had a sense of hopelessness?’ and the Patient
Health Questionnaire 9-item sumscore was 0.57 and AUC was 0.81 (See Figure and Table,
Supplemental Digital Content 5, http://links.lww.com/CJP/A438 and 6,
http://links.lww.com/CJP/A439  for the ROC curve and performance characteristics). The

correlation was also 0.56 for the item ‘During the past month, have you felt bothered by little
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interest or pleasure in to do something?’ and the AUC was 0.82 (See Figure and Table,
Supplemental Digital Content 7, http://links.lww.com/CJP/A440 and 8,
http://links.lww.com/CJP/A441 for the ROC curve and performance characteristics). As depression
has two dimensions that are each assessed by one of these screening questions, we chose the
thresholds on each of them (6 or more for each) that best balanced the sensitivity and specificity on
a new dichotomized variable of patients who were positive on both screening questions or not. The
AUC for this new composite variable was 0.75 (See Figure, Supplemental Digital Content 9,
http://links.lww.com/CJP/A442 for the ROC curve). The sensitivity was 77.2% (Cl 71.1% to
83.4%), specificity 73.1% (Cl 69.5% to 76.6%), positive likelihood ratio 2.87 (Cl 2.46 to 3.35) and
negative likelihood ratio 0.31 (CI 0.24 to 0.41). The pre-test probability of depression on the
reference standard was 23.3% (CI 20.3% to 26.3%), the post-test probability following a positive
screening test result was 46.5% (CI 40.8% to 51.2%) and post-test probability following a negative
screening test result was 8.6% (Cl 6.1% to 11.2%) (Table 7).

For completeness, the prevalence in each cell of the 2 x 10 contingency tables for
every screening question we tested is displayed as a table in the Supplemental Digital Content (See
Tables, Supplemental Digital Content 10, http://links.lww.com/CJP/A443 ). These data will allow
the calculation of more detailed performance characteristics at other scoring thresholds than those
we chose, which may be useful in other clinical circumstances and also may be useful for meta-
analysis with other studies.

4. DISCUSSION

4.1 Summary of findings

The first aim of this study was to investigate the concurrent validity of one-item or two-item
screening questions for these five psychological constructs in a large sample of patients with diverse
chronic pain conditions. Compared with sumscores from the relevant full-length questionnaire, the

0 to 10 scores on these brief screening questions demonstrated correlations between 0.54 and 0.66
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and AUC between 0.79 and 0.83. This is the first study to investigate this in a sample with diverse
chronic pain conditions.

The second aim was to determine screening question cut-points at which the likely
probability of having these psychological states was less than 10%. At the dichotomized threshold
scores that we chose for each screening question, the post-test probability after a negative test result
ranged from 6.5% to 8.6% for all these psychological constructs, except fear of movement.
Because the prevalence (pre-test probability) of fear of movement was so high (70.0%) in this
sample, no threshold on this single-item screening question resulted in a post-test probability (after
a negative test) that was below 10%. For the other constructs (anxiety, stress, catastrophization and
depression), the chosen thresholds would have resulted in excluding ‘true negatives’ (people
classified by the reference standard questionnaire as not having the psychological state who were
also classified by the screening question as not having the psychological state) that represented
between 38.5% and 60.5% of the whole sample, with a false negative rate between 3.4% and 5.3%.
So broadly speaking, use of these screening test thresholds would have efficiently and correctly
identified between a third and two thirds of the total patient sample as being unlikely to have these
psychological states, and incorrectly identified one thirtieth to one twentieth of the sample as being
unlikely when they were actually likely to have these psychological states. Clinicians who value the
breath of clinical options available to rule in these psychological states (comprehensive validated
questionnaires, structured clinical interviews, expert diagnostic opinion) may welcome the capacity
to use these screening questions to efficiently identify patients unlikely to require these more time
consuming and detailed clinical investigations. Also, in our context of a tertiary pain service where
we assess many aspect of the patient’s presentation using a comprehensive battery of on-line
questionnaires, use of screening questions to rule out conditions would reduce the length of the

survey and responder burden.
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4.2 Test performance of dichotomized thresholds relative to previous studies

For anxiety, the sensitivity (80.8%), and specificity (72.2%) for the one-item screening question
used in this study with a cut-point of 5 and above were similar to that previously reported by Kent
et al. for the same screening question with a cut-point of 2 and above in 179 patients with low back
pain in a secondary care setting in Denmark (82.5% and 75.0%) and with a cut-point of 5 and above
in 191 patients with low back pain in a primary care in Australia (80.0% and 78.3%) (24). The
performance of this anxiety question and its response options and scoring technique was better than
an alternative screening question investigated in 1,000 patients seeking medical care for a range of
physical conditions in USA (94% and 53%) (21).

For fear of movement, the sensitivity (75.7%), and specificity (74.5%) for the one-
item screening question found relevant in this study, with a cut-point of 5 and above, were less that
those reported by Kent et al. for the sum of two brief questions within the same construct in patients
with low back pain in Denmark with a cut-point of 7 and above (84.4% and 91.1%) and in Australia
with a cut-point of 8.5 and above (86.7% and 93.4%) (24). The difference in performance may due
to differences in the included pain populations and potential differences in the pain-related beliefs
within these pain populations. For example, although many forms of movement are accompanied by
pain for chronic pain patients, fear of movement appears to be more prevalent in patients with low
back pain (36) than in patients with widespread pain conditions (37).

For stress, a sensitivity (71.2%), and specificity (70.6%) was found for the single-item
screening question used in this study, with a cut-point of 7 and above. To our knowledge, the
concurrent validity of one-item or two-item brief screening questions for stress has not previously
been investigated.

For catastrophization, a sensitivity (90.7%), and specificity (60.9%) with a cut-point
of 7 and above was observed for the one-item screening question chosen in this study. This was less

balanced than reported previously by Kent et al. for the same construct in patients with low back
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pain in Denmark with a cut-point of 7 and above (78.3% and 96.2%) and in Australia with a cut-
point of 4 and above (88.0% and 91.0%) (24).

For depression, the sensitivity (77.2%), and specificity (73.1%) for a positive
threshold score on both PRIME-MD screening questions (with a cut-point of 6 and above for both)
were more balanced than those previously reported by Kent et al. for the same screening question
with a cut-point of 7 and above in patients with low back pain in Denmark (70.4% and 89.0%) and
with a cut-point of 8 and above in Australia (73.3% and 94.7%) (24). The performance of these
depression questions and their response options and scoring technique was also more balanced than
those reported for an alternative screening question investigated in 1,000 patients seeking medical
care for a range of physical conditions in USA (69% and 82%) (21).

4.3 Clinical Implications

A failure to recognize psychological factors may diminish the therapeutic effectiveness of pain
management strategies and result in inefficient use of healthcare services. The use of brief screening
questions has a number of potential benefits, including (i) early and easily performed psychological
screening of people as a resource-efficient triage to inform clinical evaluation, and (ii) as an
indication for referral to specialty pain management for further psychological assessment. However,
the use of brief screening questions may also have potential pitfalls, including a loss of accuracy
compared with more comprehensive guestionnaires or diagnostic interviews. Therefore, we adopted
the strategy of using screening questions to determine whether there is a low probability of having a
psychological state, so that clinician could focus on whether there are other patient attributes in
those patients requiring more thorough investigation. For anxiety, stress, pain catastrophization, and
depression, use of these screening test thresholds would have correctly identified that, depending on
the psychological factor, between a 22.3% and 57.2% of the total patient sample were unlikely to

have these psychological states (true negatives), with a false negative rate between 3.4% and 5.3%.
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Recognizing that a balance between efficiency and diagnostic accuracy is highly
important if such screening questions are to be useful in a busy clinical setting, we also reported the
performance for all dichotomization thresholds because other clinical circumstances may require a
threshold choice that favors greater sensitivity or specificity.

4.4 Strengths and limitations

This study has a number of strengths. It is a broad validation study (46), where the performance
characteristics these screening questions were examined in a different population (general chronic
pain rather than just low back pain) and for a different purpose (screening out the presence of a
psychological state rather than screening it in). In addition, recent evidence indicates that 400 to 600
participants are required for relatively stable performance estimates derived from 2x2 contingency
tables (47). Therefore, while the earlier study involved 5 samples ranging from 91 to 353 (mean
221), used in an iterative translation and validation approach, the current study included 894
patients and therefore these estimates may be more stable and less sample-specific.

This study also has a number of weaknesses that could influence interpretation of the
results. First of all, the use of questionnaires as the reference standard for the psychological
constructs represents a potential limitation of the study, and future studies could investigate brief
screening questions compared with structured diagnostic interviews as the reference standard.
Secondly, the generalizability of these findings to other clinical settings is currently unknown and
may be influenced by the variation in severity and prevalence of these psychological constructs
between different clinical settings and cultural contexts. Thirdly, despite the relatively large sample
size, the distribution of scores on some constructs resulted in relatively small numbers in some
contingency table cells. Fourthly, the sampling rate was 83.1%, and so the estimates may potentially
contain some selection bias. Patients who did not complete the questionnaires did not give informed
consent for any of their data to be used for research and so comparisons with the included sample

were not possible. Moreover, although the other screening questions have previously been tested for
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their comprehensibility (24), we did not assess the comprehensibility of the novel screening
question assessing stress. Nor did we assess if any patients gave erroneous responses to any of the
other previously validated questions, either due to a lack of comprehension or due to being
distracted by pain. Finally, the cross-sectional study design does not give any insights into test-
retest reliability or the predictive validity of these brief screening questionnaires, nor their ability to
detect clinically relevant changes, which should be established in relevant pain populations.

4.5 Conclusion

The concurrent validity was described for one-item or two-item screening questions assessing five
psychological constructs (anxiety, fear of movement, stress, pain catastrophization, and depression)
across diverse chronic pain conditions. For all but fear of movement, we identified threshold scores
with acceptable sensitivity and specificity, at which the likely probability of having the
psychological state was less than 10%. These results could have immediate practical application in
routine screening of psychological constructs enabling timely and individualized treatment. In
addition, clinicians and researchers now have comprehensive data to inform whether each of these
screening questions are potentially useful to include in routine assessment procedures of their

relevant pain populations.
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Table 1: Characteristics of cohort (n=894)

Characteristic

Measurement

Age

Sex

Height
Weight

Pain diagnosis

Average pain intensity
Resting pain intensity
Strongest pain intensity
Pain duration

Pain frequency

Exposed to trauma
Pain related to trauma

Anxiety

Fear of movement
Stress
Catastrophization
Depression
General health

Making insurance claim
Education

Marital status
Work participation

Years (mean)

Female

Metres (mean)
Kilograms

Chronic widespread pain
Low back pain

Neck pain

Extremity pain
Sciatica

Neck brachialgia
Multiple spinal areas
Abdominal pain
Headache

Spinal and extremity pain (not Chronic

Widespread Pain)
NRS (0 to 10) (mean)
NRS (0 to 10) (mean)
NRS (0 to 10) (mean)
Years (median)

1 = Less than 1 day/week

2 = 1to 2 days per week

3 =3 to 4 days per week

4 =510 6 days per week

5 = everyday

Single item screening question
Of those exposed to trauma:
(single item screening question)
Overall in sample:

GAD-7 (0 to 21 scale) (mean)
TSK (17 to 68 scale) (mean)
PSS (0 to 40 scale) (mean)

PCS (0 to 52 scale) (mean)
PHQ-9 (0 to 27 scale) (mean)
EuroQOL Heath thermometer
(0 to 100 scale) (mean)
Self-report

High school or trade qualification
Bachelor degree

Higher degree

Other

Married or living with someone
Full work income

Partial work income

Sick leave

Unemployed

Pension

49.8 (SD 14.5)
(full range 18 to 97)
66.6%
1.71(SD 0.15)
81.8 (SD 27.6)
22.5%

9.5%

4.6%

9.3%

8.9%

4.4%

16.6%

3.2%

2.5%

18.5%

6.8 (SD 1.7)
6.2 (SD2.2)
8.2(SD1.4)

6 (IQR 2 to0 13)
(full range 0to 67)
0.1%

0.7%

2.4%

5.5%

91.3%

56.7%

46.5%

25.2%
6.1 (SD 4.9)
41.3 (SD 8.0)
20.6 (SD 4.0)
25.7 (SD 11.2)
8.0 (SD 6.2)
40.3 (SD 22.0)

24.1%
57.9%
31.3%
4.5%

6.3%

70.3%
22.2%
9.3%

22.0%
15.1%
31.4%

SD = Standard Deviation, IQR = InterQuartile Range, NRS = Numerical Rating Scale, GAD-7 = Generalised Anxiety
Disorder Scale, TSK = Tampa Scale for Kinesiophobia, PSS = Perceived Stress Scale , PCS = Pain Catastrophization
Scale , PHQ-9 = Patient Health Questionnaire 9-item
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Table 2: Reference standard questionnaires and the criteria used for cut-points to dichotomize their sum scores

Construct

Reference standard

Cut-points

Anxiety

Generalized Anxiety Disorder Scale
(0 to 21 scale) (38)

Primary care threshold for generalized anxiety
disorder > 10 (39) derived in a sample of general
medical primary care patients

Fear of movement

Tampa Scale for Kinesiophobia
(17 to 68 scale) (40)

Recommended threshold for high pain-related fear of
movement > 38 (40) derived in a sample of chronic
pain patients

Stress

Perceived Stress Scale
(0 to 40 scale) (41)

Mean plus 1 standard deviation in this sample > 25
(42)

Catastrophization

Pain Catastrophization Scale
(0 to 52 scale) (43)

Threshold for clinically relevant level of
catastrophization (75" percentile in chronic pain
patients) > 30 (44)

Depression

Patient Health Questionnaire
(0 to 27 scale) (45)

Threshold for moderately severe to severe depression
> 15 (45) derived in a sample of general medical
primary care and obstetrics/gynecology patients

*Mean + 1SD equivalent = highest scoring 16% of sample

Table 3: Anxiety: performance characteristics for the screening question ‘Do you feel anxious?’ and the Generalized
Anxiety Disorder Scale

Thresho  Sensitivity Specificity Post-test Post-test People
Id probability probability correctl
(+ve test (-ve test y ruled
result) result) out*
lor 95.2% 33.9% 27.4%
more (90.8% to (30.3% to (23.8% to 3.6% 216
98.0%) 37.7%) 31.0%) (1.1% to 6.0%) (26.9%)
20r 94.0% 45.1% 31.0%
more (89.3% to (41.2% to (26.9% to 3.4% 287
96.7%) 48.9%) 35.0%) (1.3% t0 5.4%) (35.7%)
3or 91.0% 54.5% 34.4%
more (85.7% to (50.6% to (30.0% to 4.1% 347
94.5%) 58.3%) 38.8%) (2.1%t0 6.2%) (43.2%)
4 or 83.8% 64.2% 38.0%
more (77.5% to (60.4% to (33.1% to 6.2% 409
88.6%) 67.8%) 43.0%) (3.9% to 8.5%) (50.9%)
5or 80.8% 72.2% 43.3% 6.5%
more (74.2% to (68.6% to (37.8% to (4.3% to 460
86.1%0) 75.6%0) 48.8%) 8.7%) (57.2%)
6 or 65.3% 82.1% 48.9% 10.0%
more (57.8% to (78.9% to (42.3% to (7.5% to 523
72.1%) 84.9%) 55.4%) 12.4%) (65.0%)
7o0r 53.9% 88.5% 55.2% 12.0%
more (46.3% to (85.8% to (47.6% to (9.5% to 564
61.3%) 90.8%) 62.8%) 14.5%) (70.1%)
8 or 40.7% 93.9% 63.6% 14.2%
more (33.6% to (91.7% to (54.4% to (11.6% to 598
48.3%) 95.5%) 72.7%) 16.8%) (74.4%)
9or 22.8% 97.8% 73.1% 17.2%
more (17.1% to (96.3% to (61.0% to (14.5% to 623
29.7%) 98.7%) 85.1%) 19.8%) (77.5%)
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10 10.2% 99.7% 89.5% 19.1%
(64.5% to (98.8% to (75.7% to (16.4% to 635
15.7%) 99.9%) 100.0%) 21.9%) (79.0%)

Prevalence in sample = 20.8%

*Number of patients without condition (as classified by the reference standard questionnaire) that would have been
correctly ruled out at each cut-point. Bolded results are for the dichotomization threshold chosen for this study

Table 4: Fear of movement: performance characteristics for the screening question ‘Physical activity might damage me’
and the Tampa Scale for Kinesiophobia

Threshold Sensitivity Specificity Post-test Post-test People
probability probability correctly
(+ve test result) (-ve test result) ruled out*

1 or more 94.9% 31.7% 76.4% 27.3% 72
(92.7% t0 96.5%)  (26.0% t0 38.0%)  (72.3%t0 79.7%)  (18.5% t0 36.0%)  (9.5%)

2 or more 91.7% 44.9% 79.5% 30.1% 102
(89.0% t0 93.7%)  (38.6% t0 51.4%)  (76.3% 10 82.7%)  (22.7%t0 37.6%)  (13.5%)

3 or more 85.5%
63.0% 84.4% 35.0%
0

(8§é22&)t° (56.6% 0 69.0%)  (81.3% 10 87.4%)  (28.7% to 41.3%) (1é‘§; 5

4 or more 79.6% 70.9% 86.5% 40.2% 161
(76.0% t0 82.8%) (64.7%to 76.5%)  (83.4% t0 89.5%)  (34.3% to 46.0%) (21.3%)

0)

e (771%/ °/0t° 74.4% (84 357;1)0300 4%) (37 752??8 9%) 109
79.1%) (68.4% to 79.7%) TR ERAT0 AREREEST0N N (22.3%)

6 or more 57.9% 85.5% 90.3% 53.5% 194
(53.7%10 62.1%)  (80.3% t0 89.5%)  (78.1% t0 93.4%)  (48.7% to 58.3%)  (25.6%)

7 or more 53.2% 88.5% 91.6% 55.2% 201
(49.0% to 57.4%)  (83.8% t0 92.1%)  (88.5% t0 94.7%)  (50.6% t0 59.8%)  (26.6%)

8 or more 44.9%
91.2% 92.2% 58.5%
0

(4fé7z&)t° (86.8% 10 94.2%)  (89.0%10 95.5%)  (54.5% to 62.8%) (25%70 "

9 or more 29.2% 94.7% 92.8% 63.6% 215
(25.5% t0 33.3%) (91.0%t0 97.0%)  (88.9% t096.7%) (59.7% to 67.4%) (28.4%)

10 17.7% 96.5% 92.2% 66.6% 219
(14.7%t0 21.2%)  (93.2% t0 98.2%)  (86.9% t0 97.4%)  (63.0% t0 70.2%)  (28.9%)

Prevalence in sample = 70.0%
*Number of patients without condition (as classified by the reference standard questionnaire) that would have been
correctly ruled out at each cut-point. Bolded results are for the dichotomization threshold chosen for this study
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Table 5: Stress: performance characteristics for the screening question ‘Do you feel stressed?” and the reference
standard of the Perceived Stress Scale

Threshold Sensitivity Specificity Post-test Post-test People
probability probability correctly
(+ve test result) (-ve test result) ruled out*

1 or more 99.2% 18.4% 17.7% 0.8% 123
(95.4% 10 99.9%) (15.7% to 21.6%) (14.8% to 20.6%) (0% to 2.4%) (15.7%)

2 or more 97.5% 25.6% 18.8% 1.7% 171
(92.8% 10 99.1%) (22.5% t0 29.1%) (15.7% to 21.9%) (0% to 3.7%) (21.8%)

3 or more 96.6% 33.4% 20.4% 1.8% 223
(91.6%t0 98.7%) (30.0% to 37.1%) (17.1%t023.8%)  (0.1% to 3.5%) (28.4%)

4 or more 92.4% 42.3% 22.1% 3.1% 282
(86.1% t0 95.9%) (38.6% t0 46.1%) (18.4%t0 25.7%)  (1.1% to 5.1%) (35.9%)

5 or more 88.1% 49.6% 23.6% 4.1% 331
(81.1%t0 92.8%) (45.8% t0 53.4%) (19.7%t027.6%)  (2.0% to 6.1%) (42.2%)

6 or more 80.5% 62.5% 27.5% 5.2% 417
(72.5% t0 86.7%) (58.8% t0 66.1%) (22.8% t0 32.2%)  (3.1% to 7.3%) (53.1%)

7 or more 71.2% 70.6% 30.0%

(62.5% to (67.1% to (24.6% to 6.7% 471
78.6%) 74.0%) 35.4%) (4.5% to 8.9%) (60.0%0)

8 or more 57.6% 80.7% 34.5% 8.5% 538
(48.6% to 66.2%) (77.5% to 83.5%) (27.9% to 41.2%) (6.2% to 10.8%) (68.5%)

9 or more 38.1% 91.3% 43.7% 10.7% 609
(29.9% t0 47.1%) (88.9% t0 93.2%) (34.1% t0 53.3%) (8.4% to 13.0%) (77.6%)

10 22.9% 96.6% 54.0% 12.4% 644
(16.2% t0 31.2%) (94.9% t0 97.7%) (40.2% t0 67.8%) (10.0% to 14.8%) (82.0%)

Prevalence in sample = 15.0%

*Number of patients without condition (as classified by the reference standard questionnaire) that would have been
correctly ruled out at each cut-point. Bolded results are for the dichotomization threshold chosen for this study

Table 6: Catastrophization: performance characteristics for the screening question “When I feel the pain, it is terrible
and | feel that it’s never going to get better’ and the Pain Catastrophization Scale

Threshold Sensitivity Specificity Post-test Post-test People
probability probability correctly
(+ve test result) (-ve test result)  ruled out*

1 or more 100.0% 4.8% 37.9% 0.0% 24
(98.7% to 100%) (3.2% to 7.0%) (34.5% t0 41.3%) (0.0% to 0.0%) (3.0%)

2 or more 99.7% 9.8% 39.1% 2.0% 49
(98.1% 10 99.9%) (7.5%to 12.7%)  (35.6% to 42.6%) (0.0% to 5.9%) (6.2%)

3 or more 99.3% 16.6% 40.9% 2.4% 83
(97.5% t0 99.8%) (13.6% t020.1%) (37.3% to 44.5%) (0.0% to 5.6%) (10.5%)

4 or more 98.6% 25.9% 43.6% 3.0% 130
(96.5% t0 99.5%) (22.3% t0 30.0%)  (39.8% to 47.4%) (0.1% to 5.9%) (16.4%)

5 or more 98.6% 34.7% 46.7% 2.2% 174
(96.5% t0 99.5%) (30.7%t0 39.0%)  (42.8% to 50.7%) (0.1% to 4.4%) (22.0%)

6 or more 96.9% 50.7% 53.3% 3.4% 254
(94.2% to 98.4%) (46.3% t0 55.1%)  (49.1% to 57.6%) (1.2% to 5.6%) (32.1%)

7 or more 90.7%

(86.8% to 60.9% 57.4% 8.1% 305
93.5%) (56.5% t0 65.1%) (52.9% t0 61.9%) (5.2% to 11.1%) (38.5%0)

8 or more 83.8% 72.1% 63.5% 11.5% 361
(79.2% to 87.6%) (68.0% to 75.8%)  (58.7% to 68.4%)  (8.4% to 14.6%) (45.6%)

9 or more 63.6% 86.6% 73.4% 19.6% 434
(57.9% to 68.9%) (83.4% t0 89.3%)  (68.0% to 78.9%)  (16.3% to 23.0%) (54.8%)

10 100.0% 4.8% 37.9% 0.0% 24
(98.7% to 100%) (3.2% to 7.0%) (34.5% to 41.3%) (0.0% to 0.0%) (3.0%)

Prevalence in sample = 36.7%

*Number of patients without condition (as classified by the reference standard questionnaire) that would have been
correctly ruled out at each cut-point. Bolded results are for the dichotomization threshold chosen for this study
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Table 7: Depression: performance characteristics for being above the chosen threshold score on both screening
questions and the reference standard of the Patient Health Questionnaire 9-item

Threshold Sensitivity Specificity Post-test Post-test People that
probability probability would have been
(+ve test result) (-ve test result)  correctly ruled
out*
Scored 6 or
more on 77.2% 73.1% 46.5% 8.6% 434
both (71.1% to 83.4%) (69.5% to 76.6%) (40.5%t052.1%)  (6.1% to 11.2%) (56.1%)

Prevalence in sample = 23.3%
*Number of patients without condition (as classified by the reference standard questionnaire) that would have been
correctly ruled out at each cut-point. Bolded results are for the dichotomization threshold chosen for this study
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