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Abstract 

Background: Detecting anxiety in oncology patients is important, requiring valid yet brief measures. One increas-
ingly popular approach is the Patient Reported Outcomes Measurement Information System (PROMIS); however, its 
validity is not well established in oncology. We assessed the convergent and criterion validity of PROMIS anxiety meas-
ures in an oncology sample.

Methods: 132 oncology/haematology outpatients completed the PROMIS Anxiety Computer Adaptive Test 
(PROMIS-A-CAT) and the 7 item (original) PROMIS Anxiety Short Form (PROMIS-A-SF) along with six well-established 
measures: Hospital Anxiety and Depression Scale-Anxiety (HADS-A); Generalised Anxiety Disorder-7 (GAD-7); Depres-
sion, Anxiety and Stress Scale-Anxiety (DASS-A) and Stress (DASS-S); Distress Thermometer (DT) and PSYCH-6. Correla-
tions, area under the curve (AUC) and diagnostic accuracy statistics were calculated with Structured Clinical Interview 
as the reference standard.

Results: Both PROMIS measures correlated with all legacy measures at p < .001 (Rho = .56–.83). AUCs (> .80) were 
good for both PROMIS measures and comparable to or better than all legacy measures. At the recommended mild 
cut-point (55), PROMIS-A-SF had sensitivity (.67) comparable to or better than all the legacy measures, whereas 
PROMIS-A-CAT sensitivity (.59) was lower than GAD-7 (.67) and HADS-A (.62), but comparable to PSYCH-6 and higher 
than DASS-A, DASS-S and DT. Sensitivity for both was .79. A reduced cut-point of 51 on both PROMIS measures 
improved sensitivity (.83–.84) although specificity was only adequate (.61–.62).

Conclusions: The convergent and criterion validity of the PROMIS anxiety measures in cancer populations was 
confirmed as equivalent, but not superior to, established measures (GAD-7 and HADS-A). The PROMIS-A-CAT did not 
demonstrate clear advantages over PROMIS-A-SF.
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Plain English summary
Many people with cancer suffer needlessly from intense 
anxiety, since anxiety can be treated. However, in order 
to be treated, anxiety has to be recognised. Asking peo-
ple to fill-in a questionnaire about their feelings is one 
way to let their health care team know if they feel overly 
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anxious. This can lead to a conversation about their feel-
ings, support, and treatment.

The question for this study is – which questionnaire 
should we use? Many questionnaires try to measure 
anxiety, but none is perfectly accurate. A group of North 
American researchers (the PROMIS group), have used 
advanced techniques as a new way of developing ques-
tionnaires. We tested whether these new, PROMIS anxi-
ety questionnaires were accurate for people with cancer.

We used a gold standard comparison—an interview 
by a psychologist. We also compared the new question-
naires to six well-established questionnaires. We found 
the PROMIS anxiety questionnaires were accurate, but 
that they were not better (more accurate or shorter) than 
two existing measures. We also found that the mathemat-
ical models used to score the PROMIS anxiety question-
naires might need adjusting for people with cancer.

Background
Addressing psychosocial concerns is a well-established 
standard of care in cancer [1]. Anxiety disorders are com-
mon among people with cancer, with prevalence esti-
mates ranging from 18 to 30% [2–6]. Untreated anxiety 
disorders can have multiple clinical consequences and 
effective treatments are available [7].

To treat anxiety disorders, they must first be detected 
[8, 9]. Several validated patient-reported outcome meas-
ures (PROMs) for anxiety have been used in oncology; 
however, none has demonstrated perfect accuracy, leav-
ing scope to develop new measures. One comprehensive 
approach to developing new PROMs is the PROMIS ini-
tiative (8), which applied item-response theory to create 
patient-reported outcome measures. For anxiety, two 
types of PROMIS measures are available: “short form” 
(PROMIS-A-SF) measures in the traditional format and 
a measure using computer adaptive technology (CAT) 
(PROMIS-A-CAT). There are several short-form options 
(2, 4, 6 and 8 items) along with an original, seven-item 
version and users can also create their own short forms 
[10]. Longer measures achieve higher correlations with 
the full item bank, but all versions have highly similar 
precision and reliability [10]. CAT offers the benefit of 
tailoring item presentation depending on the patient’s 
prior responses, reducing response burden by enabling 
the smallest possible number of items to be used to 
achieve a specified degree of precision [11].

PROMIS measures are increasingly used in oncol-
ogy [12], with a recent systematic review identifying 
31 studies that used the PROMIS anxiety measures as 
PROs [12]. However, the concurrent and criterion valid-
ity of the PROMIS anxiety measures has not been fully 
established in oncology populations. A few studies have 
reported concurrent validity against anxiety-specific 

‘legacy’ PROMs, that is, validated measures that preceded 
PROMIS. We found two studies that used the PROMIS-
A-CAT in oncology [13, 14]; however, neither included 
legacy measures, or reported on CAT functioning.

Three studies have supported the convergent validity 
of PROMIS-A-SF measures, by finding moderate cor-
relations with mental-health-related legacy measures in 
oncology samples [15–17]. Quach [15] reported mod-
erate correlations between a five-item version of the 
PROMIS-A-SF and a prostate-cancer specific anxiety 
questionnaire (.44) and a general mental health sum-
mary questionnaire (.59). Wilford [16] reported moder-
ate correlations (.45–.66) between the PROMIS-A-SF 
(7 item) and three of four general measures of mental 
health (FACT emotional wellbeing, Impact of Events and 
Perceived Stress) and a strong (.72) correlation with the 
remaining instrument (Brief Symptom Inventory). Sikor-
skii [17] also reported a moderate correlation (approxi-
mately 0.60) between the State Anxiety questionnaire 
and a four-item PROMIS-A-SF measure.

In terms of criterion validity, five studies examined the 
diagnostic accuracy of PROMIS anxiety measures, using 
structured clinical interviews as the reference standard 
[18–22]; however, none were in oncology. Four used the 
PROMIS-A-SF (8-item version) [18–21] and one used 
the full item bank (29 items) [22]. No study used the 
PROMIS-A-CAT. Criterion validity of the PROMIS-A-
SF was supported [18–21] with “acceptable” areas under 
the curve (AUCs) (.85–.86). Similar AUCs were obtained 
for the GAD-7 and HADS-A, indicating that PROMIS-
A-SF had similar performance to these legacy measures. 
Recommended optimal cut-points on the PROMIS-A-SF 
varied, from 55 to 60.

As none of these studies involved an oncology sample 
and none used the PROMIS-A-CAT, further validation of 
the PROMIS anxiety SF and CAT measures in oncology 
populations is warranted.

Aims
Our primary aim was to examine the criterion validity of 
the PROMIS-A-SF and PROMIS-A-CAT among oncol-
ogy outpatients by comparison with structured interview 
diagnosis of Any Anxiety Disorder. Our second aim was 
to assess the convergent validity of the PROMIS anxiety 
measures relative to six legacy measures of anxiety and 
emotional distress. Our third aim was to describe the 
functioning of the PROMIS-A-CAT.

Methods
Patients and setting
A convenience sample of 132 oncology outpatients was 
recruited from a regional Australian cancer centre. All 
patients attending for cancer care were eligible, with the 
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following exclusion criteria: first clinic visit; insufficient 
English language skills; too unwell to consider participa-
tion, in the opinion of the clinic nurse. Ethics Commit-
tee approval was obtained (Reference 09/11/18/5.09). 
Depression measures were also administered, to examine 
the criterion and convergent validity of PROMIS depres-
sion measures, which have previously been reported [23].

Procedure
Patients were approached in the clinic waiting room. 
Consenting participants returned to complete a struc-
tured diagnostic interview conducted by a Registered 
Psychologist, who then introduced a different staff mem-
ber to independently facilitate patient completion of the 
legacy measures, using the QUICATOUCH platform 
[24], followed by PROMIS measures on the Assessment 
Centre platform [25].

Measures
Two PROMIS anxiety measures (PROMIS-A-CAT and 
PROMIS-A-SF) and six legacy measures were admin-
istered to all participants. Legacy measures were three 
measures of anxiety (GAD-7, HADS-A, DASS-A); one 
stress measure (DASS-S); and two emotional distress 
measures (Distress Thermometer, PSYCH-6), and were 
presented in fixed order (DT, GAD-7, PSYCH-6, HADS, 
DASS). Higher scores indicated more severe symptoms 
on all measures.

PROMIS measures
Both PROMIS measures record the frequency of symp-
toms over the past seven days on a five-point response 
scale (0–4).

PROMIS Anxiety CAT (PROMIS‑A‑CAT) The PROMIS-
A-CAT selects items from a 29-item bank [25], focussing 
on fear, worry, dread, hyperarousal (tension, restlessness) 
and somatic arousal (cardiovascular symptoms, dizzi-
ness). The PROMIS default settings for standard error 
(0.3) and maximum number of items (12) were used and 
the minimum number of responses was changed to one 
item (from the default of four) to allow the lowest pos-
sible number of items to be asked. The Assessment Cen-
tre website was used to administer the CAT (using the 
full 29-item bank) and transform the raw, summed scale 
scores into T-Scores using norms (mean = 50, standard 
deviation (SD) = 10) [11].

PROMIS Anxiety Short Form (PROMIS‑A‑SF) We used 
version 1 of the PROMIS-A-SF, a seven-item subset of the 
PROMIS-CAT 29-item bank. Item scores were summed 
to obtain the total raw score which was then converted 
to a T-score (mean 50, SD = 10) [26] and rounded to the 

nearest digit for ease of reporting. A minimum of six com-
pleted items was required and in this case, the total score 
was imputed following instructions in the PROMIS scor-
ing guide [27] (http:// nihpr omis. org/ measu res, accessed 
Nov 2013).

To examine diagnostic accuracy, T-scores from both 
measures (PROMIS-A-CAT and PROMIS-A-SF) were 
categorised into severity level using cut-points recom-
mended for the PROMIS total item bank [28] as fol-
lows: normal 0–54; mild 55–64; moderate 65–74 and 
75 + severely symptomatic.

Legacy anxiety and distress measures
The GAD-7 was developed to measure Generalised Anxi-
ety Disorder (GAD) symptoms [29] and also has estab-
lished diagnostic accuracy for panic disorder, social 
anxiety and PTSD [30]. It is a seven-item scale, with each 
item rated from zero (none of the days) to three (nearly 
every day) over the past two weeks, giving a response 
range of 0–21 (PHQ Instruction Manual https:// www. 
phqsc reene rs. com/ images/ sites/g/ files/ g1001 6261/f/ 
201412/ instr uctio ns. pdf ). Recommended cut-points are 
5–9 (mild), 10–14 (moderate) and 15 or more (severe). 
A score of 10 or more is considered an appropriate cut-
point for screening for anxiety disorders. Cronbach’s 
alpha for the GAD in this sample was 0.93.

The Hospital Anxiety and Depression Scale (HADS) is 
a 14 item measure, including a seven item anxiety sub-
scale (HADS-A), that has been widely used in oncology 
[31–33]. Items are rated by how often they occurred over 
the past two weeks, with zero indicating less of the time 
and three indicating more of the time (response range 
0–21). Possible anxiety is indicated by a score of 8–10, 
with a score of 11 or more indicating probable anxiety 
[33]. Cronbach’s alpha was 0.88.

The anxiety (DASS-A) and stress (DASS-S) subscales 
of the Depression Anxiety and Stress Scale (DASS) are 
seven-item sub-scales of the 21 item DASS scale. Each 
item is rated on a four-point scale, from 0, (did not apply 
to me at all) to 3 (applied to me very much, or most of the 
time) over the past week [34]. The sub-scale score is dou-
bled for categorisation (range 0–42). Anxiety symptoms 
are categorised as mild (8–9); moderate (10–14); severe 
(15–19) and extremely severe (20 and over); stress symp-
toms are categorised as mild (15–18); moderate (19–25); 
severe (26–33) and extremely severe (34 and over). Cron-
bach’s alpha for DASS-A was 0.78 and for DASS-S was 
0.90.

The PSYCH-6 is the six-item psychological symptom 
subscale of the Somatic Psychological Health Report 
(SPHERE) [35]. Respondents indicate how often items 
have troubled them over the past few weeks from zero 
(some of the time or never) to two, (most of the time), 

http://nihpromis.org/measures
https://www.phqscreeners.com/images/sites/g/files/g10016261/f/201412/instructions.pdf
https://www.phqscreeners.com/images/sites/g/files/g10016261/f/201412/instructions.pdf
https://www.phqscreeners.com/images/sites/g/files/g10016261/f/201412/instructions.pdf
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(response range 0–12). We have previously established a 
cut-point score of three or more for oncology outpatients 
[35]. Cronbach’s alpha was 0.93. The Distress Thermom-
eter (DT) is a one-item rating of distress over the past 
week on a 0–10 scale with an established cut-point score 
of four or more [36].

Structured diagnostic interview
The reference standard was the Anxiety Disorders mod-
ule of the Structured Clinical Interview for DSM-IV-TR 
Axis I Disorders (SCID) to assess whether respondents 
met criteria (present vs absent or sub-threshold) in the 
past month for Any Anxiety Disorder: Panic Disorder; 
Agoraphobia; Social Phobia; Specific Phobia; Obsessive–
Compulsive Disorder; Posttraumatic Stress Disorder or 
Generalized Anxiety Disorder.

The interview was conducted by one of two trained, 
Registered Psychologists with experience in adult mental 
health. Training followed SCID recommendations, with 
private study, videotape training, role-play and inter-rater 
comparisons of a video tape to ensure proficiency [37]. 
Training was supervised by a Clinical Psychologist (BB) 
with extensive experience in psycho-oncology. The SCID 
interviewers were blind to participants’ responses on the 
self-report measures.

Statistical analysis
Analyses used Stata V14 (Statacorp, College Station, TX) 
and Statistical Package for the Social Sciences 22.0.

Criterion Validity
Area Under the  Curve (AUC) To address our primary 
aim, we conducted ROC analysis using a SCID diagnosis 
of Any Anxiety Disorder in the past month as the refer-
ence standard, calculating AUC to determine each meas-
ure’s performance. AUC were classified as: > 0.70 = ‘use-
ful’; > 0.80 = ‘good’ and > 0.90 = ‘very good’ [38]. Results 
for each legacy measure at recommended cut-points were 
calculated to provide a context for interpreting the perfor-
mance of the PROMIS measures.

Measures of  diagnostic accuracy For the PROMIS-A-
CAT and PROMIS-A-SF, we calculated sensitivity, speci-
ficity, negative predictive value (NPV) and positive pre-
dictive (PPV) at the T score cut-points for mild (55) and 
moderate (65) anxiety proposed by Cella et al. [28]. Too 
few people were classified with severe anxiety to war-
rant analysis. To examine cut-points we used Youden’s 
Index, a commonly used summary measure of sensitivity 
and specificity [39] ranging from zero to one, where one 
represents perfect performance. Youden’s index assumes 
equal importance of sensitivity and specificity and there-
fore may not be optimal for anxiety screening programs 

[40], which might give higher weight to sensitivity, so that 
cases are not missed. Nevertheless, we used it to allow 
comparison with previous studies [18–21].

Convergent validity
To address our second aim, two series of bivariate (Spear-
man) correlations were calculated, comparing the leg-
acy measures with the PROMIS-A-CAT T-Score and 
PROMIS-A-SF T-Score, respectively. Correlations were 
classified as weak (< .4), moderate (.4 to < .7) and strong 
(.7–1) (41). Spearman’s correlation was chosen as data 
were non-normal.

PROMIS‑A‑CAT functioning
Our final aim was addressed with descriptive statis-
tics: mean and range of PROMIS-A-CAT scores by 
SCID diagnosis group (Any Anxiety Disorder vs none); 
mean and range of number of items administered by the 
PROMIS-A-CAT for the total sample, by SCID diagnosis 
(Any Anxiety Disorder vs none) and by PROMIS-A-CAT 
anxiety severity categories (28).

Results
Sample
Of 322 eligible people indicating initial interest, 168 
attended for data collection, 139 of these commenced 
the PROMIS measures (PROMIS measures were added 
some weeks after initial recruitment began) and 132 con-
tributed to this analysis with data from the SCID Anxiety 
module plus at least one PROMIS measure and at least 
one legacy measure. The SCID interview took a median 
of 28 min (IQR 20-35); median time to complete legacy 
measures was 29  min (IQR 18-53) and 13  min (IQR 
11-17) for PROMIS measures.

The sample was predominantly female (69%) and mar-
ried (68%) (Table  1). Time since diagnosis ranged from 
five weeks to 21 years (median = 74 weeks).

SCID diagnosis
Thirty seven (28%) participants met criteria for Any Anx-
iety Disorder in the past month on the SCID (Table  1). 
The most common anxiety diagnoses were GAD (11%); 
specific phobia (10%) and social phobia (8%). Ten (8%) 
participants met criteria for more than one anxiety 
disorder.

Criterion validity
AUC 
AUC were in the ‘good’ range for the PROMIS-A-CAT 
(0.82, 95%CI = 0.73-0.90) and PROMIS-A-SF (0.80, 
95%CI = 0.71-0.89) (Table  2). The AUC for the GAD-7 
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(0.84) was also in the good range while the AUC for all 
other legacy measures fell into the ‘useful’ range (0.72 to 
0.79).

Diagnostic accuracy statistics
ROC curves for all measures (Fig.  1) provide context 
for interpreting PROMIS measures’ performance. The 
mild (55) cut-point on the PROMIS-A-CAT had sensi-
tivity of 0.59 and specificity of 0.79 (Table  3) and the 
PROMIS-A-SF had higher sensitivity (0.67) and iden-
tical specificity (0.79). At the moderate cut-point (65) 
both PROMIS measures had sensitivity of 0.19 and 
specificity of 0.97.

At the recommended cut-point (55) for mild anxiety 
symptoms, the sensitivity of the PROMIS-A-CAT (0.59) 
was lower than HADS-A and GAD-7, similar to PSYCH-
6, and higher than DT, DASS-A and DASS-S (Table  3). 
Sensitivity of the PROMIS-A-SF (0.67) was compara-
ble to GAD-7, slightly higher than HADS-A, and higher 
than PSYCH-6, DT, DASS-A and DASS-S. The PROMIS-
A-SF had the highest NPV (0.86), similar to the GAD-
7, slightly higher than HADS-A and PSYCH-6, which 
were similar to PROMIS-A-CAT and higher than the 
DT, DASS-A and DASS-S (Table 3). Thus, the ability of 
the PROMIS measures to detect anxiety at the proposed 
mild cut-points varied, with the PROMIS-A-SF compara-
ble to the GAD-7 and HADS-A, but better than the other 
legacy measures and the PROMIS-A-CAT.

At the proposed moderate cut-point, the specificity 
of both PROMIS measures (0.97) was higher than those 
legacy measures with a moderate category (HADS-A, 
GAD-7, DASS-A and DASS-S), as was the PPV (0.71). 
However, the sensitivity of the PROMIS measures at the 
proposed moderate cut-point was very low (both 0.19) 
and lower than all legacy measures except the DASS-S.

Alternate cut‑points
Youden’s Index was maximised (J = 0.53) at a cut-point 
of 53 on the PROMIS-A-CAT with sensitivity of 0.81 and 
specificity of 0.72. For the PROMIS-A-SF, Youden’s Index 
was maximised (J = 0.47) over three cut-points (52–54). 
Sensitivity (0.78) and specificity (0.70) were identical 
for scores of 52 and 53 while a cut-point of 54 on the 
PROMIS-A-SF had lower sensitivity (0.72) and higher 
specificity (0.75). Since there was little to recommend 
one cut-point over another, the full results for a cut-point 
of 53 are reported in Table 3, to match the CAT.

A sensitivity analysis was conducted, which included 
participants with subthreshold anxiety in the reference 
standard. This included an additional four cases of Any 
Anxiety Disorder. The results of the study were not sub-
stantially changed. AUCs of the PROMIS measures were 
increased by 0.01–0.03. Sensitivity and specificity were 
improved by 0.01–0.02. PPV showed an improvement 
of 0.04–0.1, with a concomitant decrease in NPV (0.01–
0.05) which reflects the changed prevalence of anxiety in 

Table 1 Sample characteristics (n = 132)

Variable n %

Female 91 69

Marital status

 Married/living as married 90 68

 Separated/divorced/widowed/never married 42 32

Time since diagnosis

 0–12 months 49 37

 13–24 months 30 23

 More than 24 months 53 40

Cancer stage

 Early 19 14

 Stage 2 or 3 30 23

 Advanced 23 15

 Could not determine from self-report 63 48

Cancer type

 Breast 59 45

 Haematological 18 13

 Colorectal 16 12

 Lung 13 10

 Other 26 20

SCID diagnosis

 Generalised anxiety disorder 15 11

 Specific phobia 13 10

 Social phobia 11 8

 Post-traumatic stress disorder 5 4

 Agoraphobia without panic 3 2

 Panic disorder 2 2

 Obsessive compulsive disorder 2 2

 Any anxiety disorder 37 28

Table 2 Area under the curve (AUC) for each measure versus 
diagnosis of any anxiety disorder using the structured clinical 
interview for DSM disorders (SCID)

n = 122 with all measures

Measure AUC (95% CI)

PROMIS-A-CAT T score .82 (.73–.90)

PROMIS-A-SF T score .80 (.71–.89)

GAD-7 .84 (.77–.91)

HADS-A .79 (.70–.89)

PSYCH-6 .79 (.70–.89)

DASS-S .77 (.68–.86)

DASS-A .72 (.62–.82)

DT .72 (.62–.82)
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the sample. Youden’s Index increased by 0.01-0.02 with 
optimum cut-off points being 1–2 points lower.

Convergent validity
Correlation with legacy measures
Statistically significant (p < 0.001) correlations were 
obtained between the PROMIS anxiety measures and 
all legacy measures (Table  4). Both PROMIS measures 
displayed strong correlations with the HADS-A, DASS-
S and GAD-7. Moderate correlations were observed 
between the two PROMIS anxiety measures and DASS-
A, DT and PSYCH-6.

PROMIS‑A‑CAT functioning
T-scores on the PROMIS-A-CAT ranged from 33–75 
with mean = 50.8 and standard deviation (SD) = 9.3. 
Patients with Any Anxiety Disorder had a significantly 
higher mean T-score on the PROMIS-A-CAT (57.1, 
SD = 8.3) than those without (48.3, SD = 8.5) (t =  − 5.4, 

df = 129, p < 0.001). Using proposed severity levels 
for the PROMIS-A-CAT [28], most patients (67.4%, 
n = 89), scored in the normal (no-anxiety) range, with 
25.0% (n = 32) in the mild, 6.8% (n = 9) in the moderate 
and one participant (0.8%) in the severe range.

The mean number of items answered on the 
PROMIS-A-CAT was 6.4 (range 3–12). Almost half 
(45.8%, n = 60) the participants answered six items on 
the PROMIS-A-CAT. A further quarter (24.4%, n = 32) 
answered 3–4 items and 14.5% (n = 19) completed the 
full 12 items (Table  5). Participants with Any Anxiety 
Disorder answered slightly fewer items (mean = 5.7, 
SD = 1.6) than those without an anxiety disorder 
(mean = 6.7, SD = 2.9) (t = 2.1, df = 129, p = .04) 
(Table 5).

PROMIS-A-SF T-scores ranged from 36–74 with 
mean = 50.6 and SD = 9.2. Patients with Any Anxiety 
Disorder had a significantly higher mean T-score on 
the PROMIS-A-SF (56.9, SD = 8.1) than those without 
(48.1, SD = 8.4) (t(126) =  − 5.4, p < .001).

Fig. 1 Area under the curve (ROC) curves of all patient-reported measures versus a SCID diagnosis of Any Anxiety Disorder
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Discussion
This study confirmed the convergent and criterion valid-
ity of two PROMIS anxiety measures, PROMIS-A-CAT 
and PROMIS-A-SF, by comparing them with four legacy 
measures of anxiety and two legacy measures of general 
emotional distress, and against the reference standard 
SCID for Any Anxiety Disorder in an oncology outpa-
tient sample. It also described how the PROMIS-A-CAT 
performed in an oncology population, in terms of num-
ber of items presented and mean T-scores for those with 
and without a diagnosis of Any Anxiety Disorder.

Criterion validity
Criterion validity of both PROMIS anxiety measures 
was confirmed, with good AUC (CAT = 0.82, SF = 0.80), 
that was comparable to or better than all legacy meas-
ures (0.72-0.84). Five similar validation studies [18–22] 
in other health conditions, also found that the PROMIS-
A-SF had good AUC (0.80-0.86), comparable to or better 
than the GAD-7 and HADS-A.

Cut‑points
At the recommended cut-point for mild anxiety (55), 
the sensitivity and NPV of the PROMIS-A-SF was com-
parable to the best-performing legacy measures (GAD-7 
and HADS-A), followed by the PROMIS-A-CAT. Over-
all, however, sensitivity (< .67) and NPV (< .86) were 
relatively low. The optimum cut-point, using Youden’s 
index, was 53 on the PROMIS-A-CAT and 52–54 on the 
PROMIS-A-SF. Of four prior PROMIS-A-SF validation 
studies, two identified similar cut-points (54.3 [20] and 
55.4 [21]) and two identified higher cut-points of 59.4 
[19] and 59.9 [18].

Several factors may underpin the different find-
ings among studies comparing the SCID, PROMIS-A-
SF, HADS-A and GAD-7. Firstly, the studies covered 
a diverse range of medical issues (heart failure, MS, 

Table 3 Diagnostic accuracy of legacy measures at established cut-points compared with diagnosis of Any Anxiety Disorder using the 
Structured Clinical Interview for DSM disorders (SCID)

* PPV Positive Predictive Value; **NPV Negative Predictive Value
***  Selected by maximising Youden’s index

Measure Sensitivity (95% CI) Specificity (95% CI) PPV* (95% CI) NPV** (95% CI)

Mild cut-points

PROMIS-A-CAT 55 .59 (.43–.76) .79 (.70–.86) .53 (.41–.65) .83 .78–.89

PROMIS-A-SF 55 .67 (.50–.81) .79 (.71–.87) .56 (.44–.68) .86 .80–.92

HADS-A possible .62 (.47–.78) .80 (.72–.88) .55 (.40–.70) .84 .77–.92

DASS-A mild .39 (.23–.55) .78 (.69–.86) .40 (.24–.56) .77 .68–.85

DASS-S mild .27 (.13–41) .94 (.88–.99) .63 (.39–.86) .76 .68–.84

GAD-7 mild .68 (.54–.83) .75 (.67–.84) .52 (.38–.66) .85 .78–.93

DT .46 (.30–.62) .78 (.70–.86) .45 (.29–.61) .79 .70–.87

PSYCH-6 .57 (.41–.73) .85 (.78–.92) .59 (.42–.75) .84 .77–.92

Moderate cut-points

PROMIS-A-CAT 65 .19 (.08–.32) .97 (.93–1.00) .71 (.43–1.00) .75 .73–.79

PROMIS-A-SF 55 .19 (.08–.33) .97 (.93–1.00) .71 (.44–1.00) .75 .73–.79

HADS-A probable .27 (.13–.41) .94 (.89–.99) .63 (.39–.86) .77 .69–.84

DASS-A moderate .33 (.18–.49) .86 (.79–.93) .48 (.28–.68) .77 .69–.85

DASS-S moderate .16 (.04–.28) .95 (.90–.99) .55 (.25–.84) .74 .66–.82

GAD-7 moderate .24 (.11–.38) .95 (.90–.99) .64 (.39–.89) .76 .68–.83

Optimal Cut-point***

PROMIS-A-CAT 53 .81 (.68–.92) .72 (.63–.81) .54 (.45–.63) .91 .84–.96

PROMIS-A-SF 53 .78 (.64–.92) .70 (.61–.78) .50 (.42–.60) .89 .83–.95

Table 4 Correlations between PROMIS anxiety measures and 
legacy measures

* All significant at p < .001

PROMIS‑A‑CAT T Score PROMIS‑A‑SF‑T 
score

n Rho* n Rho*

HADS-A 131 .835 128 .820

GAD-7 129 .788 126 .756

DASS-S 128 .769 125 .777

PSYCH-6 128 .697 125 .673

DT 131 .632 128 .598

DASS-A 129 .573 126 .556
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inflammatory bowel disease, rheumatoid arthritis and 
cancer). Thus, differences in results may reflect genu-
ine differences between these illnesses and the need to 
adapt cut-points for particular illness groups. Methodo-
logical differences may also be important. In particular, 
reference standards varied somewhat, with some studies 
using GAD and others using Any Anxiety Disorder. Fur-
ther, Any Anxiety Disorder included different diagnostic 
groups across studies. For example, Fischer [18] excluded 
PTSD and OCD while we included these diagnoses and 
Marrie [20] included “anxiety due to general medical 
condition” and “due to substance use” where we did not. 
Further research is needed to establish optimum cut-
points across illness groups, ideally with standardised 
reference conditions and consideration of specific anxiety 
diagnoses.

Relative value of PROMIS instruments
Our results indicate that the PROMIS anxiety measures 
perform similarly to the GAD-7 and HADS-A, in terms 
of convergent and criterion validity. However, they do 
not offer any clear advantages in terms of diagnostic 
accuracy, response burden or costs over these meas-
ures. Additionally, there was no clear advantage of the 
PROMIS-A-CAT over the 7–item PROMIS-A-SF, either 
in terms of criterion validity or reduced response burden. 
Perhaps the lower criterion validity of the PROMIS-A-
CAT (compared with the PROMIS-A-SF) was affected 
by reducing the minimum number of items to one 
(from four). However, the minimum number of items 
answered in practice was three and this only occurred 
for 11% (n = 14) of the sample (Table  5). Although a 
quarter of respondents answered fewer items on the 

PROMIS-A-CAT than the PROMIS-A-SF (under our 
study conditions, which allowed a one item minimum), 
approximately a quarter answered seven or more items, 
including 15% who answered as many as 12 items (the 
most of any instrument in the study). Since the PROMIS-
A-SF is simpler to administer, some other benefit would 
be required to encourage use of the PROMIS-A-CAT 
in clinical, and even research, settings. This may explain 
why most of the studies of PROMIS anxiety measures 
in oncology have used the SF and not the CAT. Origina-
tors of the PROMIS instruments have also recently noted 
that CATs only offer marginally improved efficiency over 
short-form measures in anxiety [25].

Convergent validity
Convergent validity was confirmed by strong correla-
tions between PROMIS anxiety measures and two leg-
acy measures of anxiety (HADS and GAD-7). The lower 
(‘moderate’) correlations with measures of general dis-
tress (DT and PSYCH) might be expected since they 
are intended to measure generalised distress rather than 
specific anxiety disorder symptoms, and these moder-
ate correlations are therefore adequate. The correla-
tions between PROMIS Anxiety measures and the DT 
and PSYCH were higher than we previously reported 
between PROMIS depression measures and those instru-
ments [41], perhaps suggesting that general distress con-
ceptually resembles anxiety more closely than depression.

Functioning of the CAT 
T scores
The mean T-scores on the PROMIS-A-CAT (50.8, SD 
9.33) matched the reference population norm, as did 

Table 5 Number of items* answered on the PROMIS Anxiety CAT 

*Number of items in other anxiety measures: PROMIS-A-SF (8), HADS-A (7 for anxiety subscale), GAD-7 (7), DASS-A (7 for anxiety subscale), DASS-S (7 for stress 
subscale), DT (1), PSYCH-6 (6)

Total Sample SCID PROMIS‑A‑CAT Categories

Cumulative Any Anxiety No Anxiety Normal Mild Moderate Severe

N items n = 131 % % n = 37 % n = 94 % n = 89 % n = 32 n% n = 9 n% n = 1 %

3 14 10.7 10.7 4 10.8 10 10.6 3 3.4 9 28.1 2 22.2 0 0

4 18 13.7 24.4 5 13.5 13 13.8 13 14.6 1 3.1 4 44.4 0 0

5 4 3.1 27.5 0 0 4 4.3 4 4.5 0 0 0 0 0 0

6 60 45.8 73.3 24 64.9 36 38.3 38 42.7 19 59.4 2 22.2 1 100

7 11 8.4 81.7 2 5.4 9 9.6 7 7.9 3 9.4 1 11.1 0 0

8 2 1.5 83.2 1 2.7 1 1.1 2 2.2 0 0 0 0 0 0

9 2 1.5 84.7 0 0 2 2.1 2 2.2 0 0 0 0 0 0

10 0 0.0 84.7 0 0 0 0 1 1.1 0 0 0 0 0 0

11 1 .8 85.5 0 0 1 1.1 17 19.1 0 0 0 0 0 0

12 19 14.5 100.0 1 2.7 18 19.1 2 2.2 0 0 0 0 0 0
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the PROMIS-A-SF (50.6, SD = 9.2). As 28% of our sam-
ple had a clinical diagnosis of Any Anxiety Disorder, we 
could have expected our mean to be higher. Two other 
studies that reported CAT T-scores in oncology popula-
tions also obtained mean T-scores close to the reference 
population mean (52.8, SD 9.1) [13] and 47–48 (SD not 
reported) [14]. The overall mean Anxiety T-score norm 
was 49.2 (SD 0.2) in one large (n = 5284) American study 
of people with cancer, using an 11-item SF measure [42]. 
As no studies have had reference standard measures of 
clinical anxiety, it is difficult to determine whether anxi-
ety is genuinely comparable to a general population in 
oncology samples, or whether the algorithm used to cal-
culate T-scores for CAT and SF measures is not optimal 
for oncology populations.

Respondents with an anxiety disorder had a consid-
erably higher mean T-score than those who did not on 
both the PROMIS-A-CAT (57, SD = 8.3 vs. 48, SD = 8.5), 
and the PROMIS-A-SF (57, SD = 8.1 vs. 48, SD = 8.4), 
confirming the ability of the PROMIS instruments to 
distinguish between those with anxiety symptoms and 
those without. Recently published T-Score maps [43] 
suggest that T-scores around 50 are obtained by those 
who never experience symptoms and T-scores of 55–60 
are obtained by people who experience symptoms rarely 
or sometimes. Another recent study [44] linked a T-score 
of 50 to a score of two, on a single item (0–10) rating of 
anxiety and T-scores of 55–60 to scores of 4–6/10. These 
studies suggest that a T-score of 50 is indicative of virtu-
ally no anxiety symptomatology and a T-score of 55 sug-
gests low level anxiety symptoms. Consequently, it could 
have been expected that sensitivity of the PROMIS anxi-
ety measures, at a cut-off point of 55, would have been 
higher than obtained.

Overall, these findings suggest the current T-score 
algorithm, which uses norms for the US general popula-
tion, may not be optimal for oncology populations, given 
that 28% of our sample had a clinical diagnosis of Any 
Anxiety Disorder yet this was not reflected in the mean 
T-Score of 50. Furthermore, those without a mental 
health diagnosis in our study and in that of Quach et al. 
[15] had a mean score of less than 50. Differences for 
oncology populations have been considered previously, 
with the development of a PROMIS anxiety instrument, 
specific to oncology (PROMIS_Ca_Bank_v1.0-Anxi-
ety 6-24-2016.pdf), however, this instrument does not 
appear to have been further adopted (Tran 2021).

Number of CAT items
A stated benefit of CAT is reduced response burden 
through a reduced number of items [11]. We found the 
CAT did operate as a brief instrument for most par-
ticipants, terminating for the majority (81.7%) by seven 

items, with an overall mean of 6.4 items answered. 
However, we allowed a minimum of one item (main-
taining standard pre-specified precision levels) to ena-
ble the CAT to use as few items as possible, whereas the 
standard protocol allows a minimum of four items. The 
overall response burden of the CAT was not substan-
tially better than the GAD-7 or HADS-A, which also 
outperformed the CAT on diagnostic statistics.

Respondents with an anxiety disorder completed 
fewer items on the PROMIS-A-CAT, as we found previ-
ously for patients with depression on the PROMIS-D-
CAT [23]. This is consistent with CAT discontinuation 
rules, and has the practical effect of requiring fewer 
items to confirm the presence of more severe symp-
toms, and needing more items in the presence of less 
severe symptoms.

Strengths and limitations
Strengths include comparison with legacy measures 
along with structured clinical interview and blinding of 
clinical interviewers to responses on the self-report meas-
ures. Additionally, only one other located study reported 
using the PROMIS-CAT software in oncology. Most 
studies using PROMIS measures in oncology have used 
SF measures. Although the sample size was reasonable, 
as was the number of participants with “Any Anxiety Dis-
order”, there is considerable heterogeneity in symptoms 
across anxiety disorders and further study of validity in 
specific sub-types of anxiety is warranted. Some types of 
anxiety disorders (social phobia, obsessive–compulsive 
disorder) may affect a person’s response to having can-
cer, but may not be the intended target of psycho-social 
programs attempting to address cancer-related anxiety. 
The study involved a time commitment from participants 
of one to two hours, which may have contributed to the 
relatively low consent rate (41%), so the sample may not 
be representative of all oncology patients in our clinic. 
However, to bias our results and conclusions, any result-
ant sample selection would have to affect the relation-
ship between responses to the diagnostic interview and 
the self-report survey questions. Presenting the measures 
in a random order would have avoided potential order 
effects; as discussed previously [23], we believe there was 
limited likelihood of order effects. Completion rates for 
the measures were uniformly high (98–100%), and were 
not lower for measures presented later in the assess-
ment, indicating there was no order-induced respondent 
fatigue. Formal measures of inter-rater reliability were 
not obtained; however, the SCID interview was adminis-
tered by experienced psychologists, trained according to 
SCID protocol and the structured nature of the interview 
reduces variation.
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Conclusion
This study demonstrated the criterion validity of the 
PROMIS-A-CAT and PROMIS-A-SF measures relative 
to structured clinical interview (SCID) and convergent 
validity relative to several legacy measures in an oncol-
ogy sample. The PROMIS measures had convergent 
and criterion validity similar to, but no better than, two 
well-established legacy measures of anxiety (GAD-7 
and HADS-A), and somewhat better than the other 
legacy measures (DASS-A, DASS-S, DT, PSYCH-6). 
More work is needed to determine optimum cut-points 
on PROMIS anxiety measures and whether the T-score 
algorithm, based on US population norms, is optimal 
for oncology samples. Contrary to expectations, the 
PROMIS-A-SF demonstrated slight advantages over 
the PROMIS-A-CAT in terms of diagnostic accuracy 
and response burden.

Reporting guidelines
The manuscript conforms to the guideline for reporting 
Diagnostic Accuracy Studies: STARD.
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