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Background: The Patient-Reported Outcomes Measurement Information System (PROMIS) assessment
includes computerized adaptive tests (CATs) that assess function, pain, depression, and anxiety. The in-
fluence of mental health on patients’ self-reported pain and function has not been explored using PROMIS
in patients with symptomatic glenohumeral osteoarthritis.

Methods: This cross-sectional study included 284 shoulders in 276 patients presenting with isolated gle-
nohumeral osteoarthritis. All patients completed the American Shoulder and Elbow Surgeons (ASES) score,
Simple Shoulder Test (SST), Visual Analog Pain Scale (VAS), and PROMIS CATs at the time of presen-
tation. PROMIS anxiety and depression scores were converted into Generalized Anxiety Disorder-7 and
Patient Health Questionnaire-9 scores, respectively, using the PROsetta Stone “crosswalk” tool. Mean pain
and functional scores were compared between patients with and without PROMIS-converted scores cor-
responding to a diagnosis of anxiety or depression, as well as between scores corresponding to varying
degrees of anxiety or depression.

Results: Patients with scores corresponding to a diagnosis of anxiety or depression reported lower func-
tional and higher pain scores compared to those with scores in the normal range (P < .001). Analysis of
variance showed progressively lower functional and higher pain scores as anxiety severity increased
(P < .001). Similar results were seen with ASES, upper extremity CAT, and pain scores as depression se-
verity increased (P < .001). Functional ASES (P = .004), SST (P < .001), and physical function CAT
(P =.002) scores were statistically significantly lower in patients with moderate to severe depression than
those without depression or with mild depression.

Discussion: In patients with glenohumeral osteoarthritis, PROMIS-reported anxiety and depression scores,
particularly in those with moderate-to-severe scores, correlate with lower functional and higher pain scores.
Further investigation is necessary to examine the influence that mental health has on outcomes after op-
erative intervention in this population.
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Clinical outcome measures in patients with shoulder
pathology have traditionally focused on parameters that are
objectively determined by the physician, such as range of
motion or radiographic appearance. Over the past 2 decades,
there has been increased focus on understanding patients’
perceptions of their illness and its effect on their quality of
life." This focus on patient-reported outcomes (PROs) has
led to the development of over 30 outcome measure instru-
ments for shoulder pathology alone.**** No individual patient-
reported outcome measure (PROM) is comprehensive in
assessing all outcomes for all shoulder conditions. In addi-
tion, these outcome measures may have large floor and
ceiling effects,” making them unable to distinguish between
patients at the highest and lowest ends of the scale. Thus,
patients are often asked to complete multiple PROMs. High
numbers of questions coupled with redundant questions
across PROMs can lead to increased responder burden,
which can lead to incomplete or inaccurate responses from
patients.”

The Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS) was developed by the National
Institutes of Health to address many of the limitations of tra-
ditional PROMs.*” PROMIS is a method of assessing PROs
using computerized adaptive testing, which uses item-
response theory to prompt patients with sequential questions
from a standardized question bank.'* Each response adjusts
the probability curve of the patient’s estimated ability. For
example, if a patient is able to throw a ball, he or she has a
higher probability of performing toward the upper end of phys-
ical function (PF). Subsequent questions will narrow the
patient’s placement within the “upper end” area of the scale.
PROMIS instruments have been developed to assess func-
tion (including PF and upper extremity [UE]), pain (pain
interference [PI]), and mental health (depression and anxiety)
in addition to other domains of health.

The PROMIS PF computerized adaptive test (CAT) has
previously been shown to have a moderate to high correla-
tion with traditional PROMs including the quick version of
the Disabilities of the Arm, Shoulder and Hand (DASH) ques-
tionnaire; the DASH questionnaire; the American Shoulder
and Elbow Surgeons (ASES) score; and the Simple Shoul-
der Test (SST) in patients with rotator cuff disease, as well
as non-shoulder UE complaints.*'>*** The floor and ceiling
effects of the PF CAT were decreased compared with tradi-
tional outcome instruments. The UE CAT was developed to
isolate upper extremity physical function and has been shown
to highly correlate with the PF CAT and DASH question-
naire in non-shoulder upper extremity patients, albeit with a
relatively large ceiling effect.*

The data comparing PROMIS with established PROMs
are limited in patients presenting with glenohumeral
osteoarthritis (GHOA). Only 2 studies have evaluated the cor-
relation of PROMIS instruments with traditional scales in this
population. One study showed the PF CAT and UE CAT had
a moderate correlation with the ASES score, Short Form 36
PF scale, and Western Ontario Osteoarthritis of the Shoul-
der index.'® The other study showed the UE CAT had a
moderate correlation with the ASES score and SST.”

Recently, the National Institutes of Health has developed
CATs (PROMIS scores) to assess various facets of mental
health as well, specifically anxiety and depression. Given the
known influence of mental health on various disease states,
including in patients with upper extremity conditions, there
exists a need to define these potential influences on patient
perceptions of pain and function in GHOA..'"!""?** The pur-
poses of this study were to explore the correlation between
the PF CAT and UE CAT with established PROMs in pa-
tients presenting with GHOA and to evaluate the influence
that mental health has on patient-perceived pain and func-
tion, as measured by PROMIS.

Materials and methods

Patient selection

This study was a retrospective cross-sectional case series. The clinic
visits of our high-volume regional-referral shoulder arthroplasty center
from August 2015 to August 2017 were reviewed. Patients with an
isolated International Classification of Diseases, Tenth Revision
(ICD-10) code of M19.011 (primary osteoarthritis, right shoulder),
M19.012 (primary osteoarthritis, left shoulder), or M19.019 (primary
osteoarthritis, unspecified shoulder) were included for review. Clinic
notes and radiographs were reviewed to ensure that patients had an
isolated diagnosis of GHOA. The exclusion criteria were patients
with coexisting diagnoses (eg, rotator cuff tear, rheumatoid arthri-
tis, or adhesive capsulitis), traditional outcome scores collected more
than 1 year before PROMIS scores, and incomplete medical records.

Data collection

All patient information was acquired at the initial clinic visit. Patient
demographic characteristics collected included sex, age, body mass
index, Charlson Comorbidity Index,® smoking status, and laterality
of GHOA. Traditional PROMs collected included a visual analog
scale (VAS) for pain, the ASES score, and the SST. The ASES score
was separated into its total and functional components for assessment.

PROMIS measures collected included the PF, UE, depression,
anxiety, and PI CAT instruments. PROMIS instruments are admin-
istered as CATs. The response to the first prompt guides the system’s
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choice of the next question. The CAT continues until the standard
error drops below a T-score metric of 3.0 or the patient has answered
12 questions, whichever occurs first.”> PROMIS instruments are cali-
brated with a score of 50 as the average for the US general population
with a standard deviation of 10. A higher PROMIS score corre-
sponds to more of the concept being measured (eg, a higher PI CAT
score translates to more pain and a lower PROMIS depression score
translates to less depression).

By use of the PROsetta Stone linking table, preoperative
PROMIS depression scores were transformed into Patient Health
Questionnaire-9 (PHQ-9) scores using the previously validated
“crosswalk” tool.'*?® PHQ-9 scores of 0-4, 5-9, 10-14, 15-19, and
20 or greater represent no depression, mild depression, moderate
depression, moderately severe depression, and severe depression,
respectively. For statistical analysis, the latter 3 categories were
grouped as moderate to severe depression.

By use of the corresponding linking table, preoperative PROMIS
anxiety scores were transformed into Generalized Anxiety Disorder-7
(GAD-7) scores.'”? GAD-7 scores of 0-4, 5-9, 10-14, and 15 or greater
represent no anxiety, mild anxiety, moderate anxiety, and severe
anxiety, respectively. For statistical analysis, the latter 2 categories
were grouped as moderate to severe anxiety.

Statistical analysis

No a priori sample size determination was performed as this was a
retrospective study and all available patients were included. Data
normality was assessed using the Shapiro-Wilk test. Correlations
between the ASES, SST, UE CAT, and PF CAT scores were

Figure 1

determined using Pearson correlation coefficients. The correla-
tions were defined as excellent (>0.7), moderate (0.5-0.7), low-
moderate (0.3-0.5), or poor (<0.3). These correlation values are based
on previous studies evaluating the correlation of PROMs.? Ceiling
and floor effects for each measure were determined by the number
of responses that approached the maximum and minimum attain-
able scores on each scale.

Equality of variance between groups was assessed with the Levene
test. Independent-samples ¢ testing was performed between pa-
tients with and without depression or anxiety to assess for differences
in patient-reported pain and function, as measured by traditional scales
and PROMIS. The same outcome measures were assessed among
patients with varying degrees of depression and anxiety as mea-
sured by the PHQ-9 and GAD-7, respectively, using 1-way analysis
of variance (ANOVA) testing with a post hoc Tukey analysis. Cor-
relation between anxiety and depression was determined using the
Pearson correlation coefficient.

Results
Patient demographic characteristics

During the study period, 1497 patients presented to our center
with an ICD-10 code corresponding to GHOA. After we ex-
cluded those with concomitant diagnoses as well as those with
incomplete survey data, 284 shoulders in 276 patients were
eligible for inclusion. The reasons for exclusion are shown
in Figure 1. Demographic characteristics are shown in Table I.

713 alternate diagnoses

30 missing PROMIS depression

356 missing PROMIS anxiety

33 missing PROMIS
Upper Extremity

34 traditional questionnaires
greater than 1 year old

55 incomplete traditional
questionnaires

1497 Patients |[————>
|

784 Patients >
|

754 Patients [
|

398 Patients [>
|

365 Patients >
|

331 Patients >
|

276 Patients

Exclusion criteria. PROMIS, Patient-Reported Outcomes Measurement Information System.



PROMIS in glenohumeral osteoarthritis

e43

Table I  Patient demographic characteristics
Data

Sex, n

Male 164 (59.4%)

Female 112 (40.6%)
Age, mean £ SD 65.1 +11.2
Laterality, n

Right 150 (52.8%)

Left 134 (47.2%)
Dominant extremity involved 51.4%
Body mass index, mean + SD 313+7.3
Charlson Comorbidity Index, mean £ SD 0.61+1.1
Smoking status

Active 5.1%

Former 36.2%

Nonsmoker 58.7%

SD, standard deviation.

Functional outcome correlations

Means and standard deviations for total ASES, functional ASES,
SST, PF CAT, and UE CAT scores are shown in Table II. The
PROMIS PF CAT score showed a low-moderate correlation
with both total ASES (r = 0.42 [95% confidence interval (CI),
0.32-0.51]; P <.001) and functional ASES (r=0.45 [95%
CI, 0.35-0.54]; P < .001) scores and a moderate correlation
with SST score (r=0.53[95% CI, 0.44-0.61]; P < .001). The
PROMIS UE CAT score showed a moderate correlation with
total ASES (r=0.61 [95% CI, 0.53-0.68]; P <.001), func-
tional ASES (r=0.65[95% CI, 0.58-0.71]; P < .001), and SST
(r=0.64 [95% CI, 0.57-0.70]; P < .001) scores. Correla-
tions are shown in Supplementary Figs. S1-S6.

There were no significant ceiling effects identified with
the ASES and SST scores. The floor effect was 1.4% for total
ASES score, 2.5% for functional ASES score, and 5.6% for
SST score. There were no significant ceiling or floor effects
for either the PF CAT or UE CAT.

Depression and anxiety analysis

The overall mean PROMIS depression score was 46.7 + 8.9.
There were 183 patients without depression (mean PROMIS

Table II  Descriptive statistics of functional outcome measures
Outcome measure Mean # SD
ASES score 35.6 + 16.8
ASES function score 19.8 £ 9.9
SST score 4.4+2.8
PF CAT score 41.8+8.1
UE CAT score 32.8+6.9

SD, standard deviation; ASES, American Shoulder and Elbow Surgeons;
SST, Simple Shoulder Test; PF, physical function; CAT, computerized adap-
tive test; UE, upper extremity.

depression score, 41.4 +5.7) and 101 patients with depres-
sion (mean PROMIS depression score, 56.3 £ 4.3), as
measured by PROMIS depression conversion to the PHQ-9.
The overall mean PROMIS anxiety score was 51.9 £9.2.
There were 152 patients without anxiety (mean PROMIS
anxiety score, 45.1 £5.9) and 132 patients with anxiety
(mean PROMIS anxiety score, 59.7 £ 5.3), as measured by
PROMIS anxiety conversion to the GAD-7. The PROMIS de-
pression and anxiety scores had a high correlation (r = 0.760,
P <.001).

Of the patients with depression, 74 had mild depression
(mean PROMIS depression score, 54.1 & 1.9) and 27 had mod-
erate to severe depression (mean PROMIS depression score,
62.4 + 3.1). There was no significant ceiling effect seen with
PROMIIS depression, but 20.4% of patients had a score cor-
relating with the floor effect. The scores that create this large
floor effect were previously shown to be associated with hasty
completion of the questionnaire (4 3 seconds), indicating
that the resulting scores are likely not representative of the
patients’ true level of depression.'® Accordingly, statistical anal-
ysis was performed both including and excluding those with
the lowest PROMIS depression score. After exclusion of those
with the lowest depression score, there were 125 patients
without depression (mean PROMIS depression score,
447 £3.5).

In all analyses, patients with depression had lower total
ASES, functional ASES, SST, PF CAT, and UE CAT scores
and higher VAS and PI CAT scores than those without de-
pression. Descriptive statistics and 7 test results are shown in
Supplementary Tables S1 and S2.

When all patients were included in the analysis, there was
a statistically significant difference between levels of depres-
sion for all outcome measures as determined by ANOVA
testing. The results of the Tukey post hoc test are shown in
Table I11. We found statistically significantly lower total ASES,
PF CAT, and UE CAT scores as depression increased. There
was no statistically significant difference in functional ASES
or SST scores between patients without depression and those
with mild depression, but those with moderate to severe de-
pression had significantly lower scores on both measures. Pain,
as measured by the VAS and PI CAT, was statistically sig-
nificantly higher in patients with mild depression and moderate
to severe depression than in those without depression. The
VAS showed no statistically significant difference in scores
between patients with mild depression and those with mod-
erate to severe depression, although a difference was seen
between these groups on the PI CAT.

ANOVA testing and the Tukey post hoc test showed overall
similar patterns to the inclusive analysis when the lowest de-
pression scores were excluded. The results are shown in
Table IV. As depression increased, total ASES and UE CAT
scores decreased. There was no statistically significant dif-
ference in functional ASES, SST, or PF CAT scores between
patients without depression and those with mild depression,
but all 3 measures were significantly lower in those with mod-
erate to severe depression. The pain instruments showed the
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Table IIT  Tukey post hoc analysis based on depression including depression floor
Outcome measure and n Mean SD 95% (I for mean difference Tukey HSD comparison, P value
depression group None Mild None Mild
Total ASES score

None 183 38.7 16.8

Mild 74 32.8 15.2 0.7-11.1 .02

Mod-sev 27 21.6 13.2 9.3-24.9 2.7-19.7 <.001 .006
ASES function score

None 183 21.2 10.0

Mild 74 19.1 8.8 —1.0 to 5.2 .26

Mod-sev 27 12.3 7.7 4.2-13.5 1.7-11.8 <.001 .005
SST score

None 183 4.7 2.9

Mild 74 4.4 2.6 —0.6 to 1.2 .72

Mod-sev 27 2.1 2.1 1.2-3.9 0.8-3.7 <.001 .001
VAS score

None 183 6.5 2.1

Mild 74 7.3 1.7 —1.4 to -0.1 .01

Mod-sev 27 8.1 1.8 —2.6 to -0.7 -1.9 to 0.1 <.001 .11
PI CAT score

None 183 59.7 5.3

Mild 74 62.8 5.8 —4.8 to 1.3 <.001

Mod-sev 27 66.3 53 —9.2 to 3.9 —6.4 to 0.6 <.001 .01
PF CAT score

None 183 43.4 7.7

Mild 74 40.5 7.5 0.4-5.4 .02

Mod-sev 27 34.5 8.1 5.2-12.7 1.9-10.1 <.001 .002
UE CAT score

None 183 34.1 6.5

Mild 74 31.7 6.6 0.3-4.6 .02

Mod-sev 27 27.1 6.9 3.9-10.3 1.1-8.1 <.001 .006

SD, standard deviation; (I, confidence interval; HSD, honestly significant difference; ASES, American Shoulder and Elbow Surgeons; Mod-sev, moderate
to severe; SST, Simple Shoulder Test; VAS, visual analog scale; PI, pain interference; CAT, computerized adaptive test; PF, physical function; UE, upper

extremity.

same findings as the inclusive analysis: higher pain scores
in patients with depression than in those without depression
on both measures and higher pain scores in those with mod-
erate to severe depression than in those with mild depression
on the PI CAT but no difference between those with mild pain
and those with moderate to severe pain on the VAS.

Of the patients with anxiety, 87 had mild anxiety (mean
PROMIS anxiety score, 56.4 £ 2.2) and 45 had moderate to
severe anxiety (mean PROMIS anxiety score, 66.0 £ 3.5).
There was no significant ceiling or floor effect seen with the
PROMIS anxiety scale, so all patients were included for
analysis.

Similar to the depression analysis, patients with anxiety
had lower total ASES, functional ASES, SST, PF CAT, and
UE CAT scores and higher VAS and PI CAT scores than those
without anxiety. Descriptive statistics and ¢ test results are
shown in Supplementary Table S3.

There was a statistically significant difference between
levels of anxiety for all outcome measures as determined by
ANOVA testing. The results of the Tukey post hoc test are
shown in Table V. Across all functional outcome measures,

there were statistically significantly lower scores as grade of
anxiety increased. There was no statistically significant dif-
ference in VAS scores between patients without anxiety and
those with mild anxiety. There were statistically signifi-
cantly increased VAS pain scores in the moderate to severe
anxiety group compared with patients without anxiety or with
mild anxiety, as well as across all levels of anxiety for the
PI CAT.

Discussion

PROMIS CATs have been designed to accurately and effi-
ciently assess various PRO domains. The PROMIS UE, PF,
and PI CATs are reliable and consistent. Traditional PROMs
including the ASES score and SST are also reliable and con-
sistent in the setting of various pathologic conditions affecting
the shoulder.**! PROMIS CATs correlate with the more tra-
ditionally used ASES and SST measures in the setting of
rotator cuff disease while requiring less time and having a
lower responder burden.’ The PROMIS UE CAT also showed



PROMIS in glenohumeral osteoarthritis

e45

Table IV Tukey post hoc analysis based on depression excluding depression floor
Outcome measure and n Mean SD 95% (I for mean difference Tukey HSD comparison, P value
depression group None Mild None Mild
Total ASES score

None 125 39.1 16.6

Mild 74 32.8 15.2 0.8-11.7 .02

Mod-sev 27 21.6 13.2 9.6-25.3 2.9-19.6 <.001 .005
ASES function score

None 125 21.0 9.9

Mild 74 19.1 8.8 —-1.3to 5.1 .34

Mod-sev 27 12.3 7.7 4.0-13.3 1.8-11.7 <.001 .004
SST score

None 125 4.8 2.9

Mild 74 4.4 2.6 —0.5to0 1.3 .58

Mod-sev 27 2.1 2.1 1.3-4.0 0.8-3.7 <.001 .001
VAS score

None 125 6.4 2.0

Mild 74 7.3 1.7 —1.5 to -0.2 .005

Mod-sev 27 8.1 1.8 —2.7 to —0.8 -1.8t0 0.1 <.001 .09
PI CAT score

None 125 60.0 5.0

Mild 74 62.8 5.8 —4.6 to —0.9 .002

Mod-sev 27 66.3 53 —9.0 to -3.6 —6.4 to 0.7 <.001 .01
PF CAT score

None 125 42.9 7.8

Mild 74 40.5 7.5 —0.3 to 5.0 .09

Mod-sev 27 34.5 8.1 4.5-12.2 1.9-10.1 <.001 .002
UE CAT score

None 25 34.2 6.1

Mild 74 31.7 6.6 0.4-4.8 .02

Mod-sev 27 27.1 6.9 4.0-10.4 1.2-8.0 <.001 .004

SD, standard deviation; (I, confidence interval; H#SD, honestly significant difference; ASES, American Shoulder and Elbow Surgeons; Mod-sev, moderate
to severe; SST, Simple Shoulder Test; VAS, visual analog scale; PI, pain interference; CAT, computerized adaptive test; PF, physical function; UE, upper

extremity.

a moderate correlation with ASES and SST scores in the setting
of GHOA in a smaller patient cohort.” Our study showed a
low-moderate correlation between the PROMIS PF CAT and
the ASES and SST scores and a moderate correlation between
the PROMIS UE CAT and the ASES and SST scores. Al-
though both tools were previously reported to be acceptable
to use in patients with shoulder arthritis, the UE CAT appears
to better correlate with upper extremity function in this pop-
ulation, as measured by traditional scales.

Although all PROMIS instruments are designed to be stan-
dardized to a mean of 50 with a standard deviation of 10 in
a normative population, the UE CAT has previously been
shown to produce a non-normal distribution with a maximum
achievable score of 56.4.° This can create a large ceiling effect,
limiting the utility of the UE CAT in a young, healthy
population.* Although our results report the same maximum
achievable score, only 3 of 276 patients achieved this score.
Despite the known limitation of the instrument, patients with
GHOA likely have decreased isolated upper extremity func-
tion and are unlikely to achieve scores close to this ceiling.

When both the UE CAT and PF CAT were administered
to patients with GHOA, they indicated differential levels of
absolute impairment. In our population of 276 patients, UE
scores consistently indicated greater disability compared
with the PF CAT. This finding is consistent with findings in
a previously published study of PROMIS scores in over
5000 patients with various upper extremity complaints.’
Déring et al”® found a similar direction of disparity within
84 patients attending a hand clinic, with the UE score being
on average 10 points lower than the PF score. The mean
difference of 8 points between the UE and PF scores found
in our study is presumably clinically relevant with an effect
size for that difference of 0.8, suggesting function nearly a
full standard deviation worse on the UE CAT relative to the
PF CAT.

The influence that mental health has on patients’ percep-
tions of their disease, as measured by PROMs, has become
increasingly apparent. In the setting of rotator cuff disease,
mental health scores had a higher correlation with pain
and functional outcome measures than either tear severity
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Table V. Tukey post hoc analysis based on anxiety
Outcome measure and n Mean SD 95% CI for mean difference Tukey HSD comparison, P value
anxiety group None Mild None Mild
Total ASES score

None 152 40.9 17.3

Mild 87 BEED 12.6 2.5-12.3 .001

Mod-sev 45 21.5 13.5 13.2-25.5 5.3-18.6 <.001 <.001
ASES function score

None 152 22.9 10.2

Mild 87 18.4 7.4 1.7-7.4 .001

Mod-sev 45 11.9 7.5 7.4-14.7 2.6-10.4 <.001 <.001
SST score

None 152 5.2 3.0

Mild 87 3.9 2.3 0.4-2.1 .002

Mod-sev 45 2.3 2.2 1.7-3.9 0.4-2.7 <.001 .004
VAS score

None 152 6.4 2.1

Mild 87 7.0 1.7 —1.1to 0.4 .075

Mod-sev 45 8.1 1.8 —2.4 to -0.9 -1.9 to 0.3 <.001 .007
PI CAT score

None 152 58.9 5.3

Mild 87 62.0 5.1 —4.8 to 1.6 <.001

Mod-sev 45 67.1 4.0 —10.2 to -6.2 —7.3to -2.9 <.001 <.001
PF CAT score

None 152 44.7 7.4

Mild 87 40.3 7.3 2.0-6.6 <.001

Mod-sev 45 34.9 7.0 6.9-12.7 2.3-8.7 <.001 <.001
UE CAT score

None 152 35.3 6.5

Mild 87 31.9 6.0 1.4-5.3 <.001

Mod-sev 45 26.4 5.2 6.4-11.3 2.8-8.1 <.001 <.001

SD, standard deviation; (I, confidence interval; HSD, honestly significant difference; ASES, American Shoulder and Elbow Surgeons; Mod-sev, moderate
to severe; SST, Simple Shoulder Test; VAS, visual analog scale; PI, pain interference; CAT, computerized adaptive test; PF, physical function; UE, upper

extremity.

or tear size.** Low resilience, a psychometric property
characterized by an ability to cope with stress, predicted
poorer postoperative outcomes after total shoulder
arthroplasty.” This is the first study to use PROMIS tools
to evaluate the correlation between mental health and tradi-
tional outcome scores in the symptomatic glenohumeral
arthritis population.

In our cohort, in patients with PROMIS depression scores
that correlated with PHQ-9 scores of varying degrees of de-
pression, we noted correlations with lower functional scores
and higher pain scores. This inverse relationship was espe-
cially significant when we analyzed patients with more severe
depressive symptoms; the SST and PF CAT instruments
showed no statistical difference between patients with mild
depression and those with no depression, but functional scores
were significantly lower across all instruments in patients with
moderate to severe depressive symptoms.

Similar to our depression findings, functional outcome and
pain scores were significantly worse in patients with PROMIS
anxiety scores that correlated with a diagnosis of anxiety. Those

with more severe anxiety symptoms reported worse func-
tional outcome and pain scores. PROMIS depression and
PROMIS anxiety scores correlated highly.

With large patient cohorts, it is important to distinguish
between statistical significance and clinical relevance. The
minimal clinically important difference (MCID) is often used
as a threshold to determine clinically relevant differences. Al-
though designed as an instrument to compare differences
within groups of patients before and after an intervention or
over time, in a cross-sectional analysis, the MCID can be used
as a proxy to estimate clinical relevance between groups. Prior
studies of shoulder arthritis populations have identified MCIDs
of 13.6 points for the total ASES score, 6.5 points for the func-
tional ASES score, 1.5 points for the SST score, and 1.6 points
for the VAS score.?’*! No MCID has been identified for the
PROMIS instruments in a shoulder arthritis population, al-
though several studies have identified MCIDs in the range
of 3.5-5.0 points for the PROMIS instruments.*'""

Using these MCID values as proxies for clinical rele-
vance shows that despite the statistically significant differences
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between patients with and without depression or anxiety, the
values are not likely to be clinically relevant. However, sub-
group analysis shows that patients with moderate to severe
anxiety or depression reported lower functional scores and
higher pain scores that were not only statistically signifi-
cant but also clinically relevant.

It should be noted that PROMIS depression and anxiety
scores have not been validated as instruments to diagnose clin-
ical depression or anxiety. Rather, we used the crosswalk to
the PHQ-9 and GAD-7 in this study as an instrument to
attempt to correlate PROMIS depression and anxiety scores
with degrees of depression severity as defined by the PHQ-9
and anxiety as defined by the GAD-7.

Our study benefits from the relatively large number of
patients included in the cohort. To date, this is the largest
study evaluating PROMIS in patients with GHOA. In
addition, to our knowledge, this is the first study using
PROMIS outcomes in mental health domains to evaluate
correlations of mental health states with traditional outcome
scores in the patient population with symptomatic glenohu-
meral arthritis.

Study limitations include the retrospective design and
cross-sectional analysis. The retrospective nature required
identification of patients via an isolated ICD-10 code corre-
sponding to GHOA. This may have led to the exclusion of
patients whose visits were not coded appropriately. The cross-
sectional analysis allows us to determine association but not
causation. Without an objective physical examination and ra-
diographic analysis, it is impossible to differentiate whether
worse mental health is related to a more severe GHOA disease
process or whether the patients’ anxiety and depressive symp-
toms create a more intense perception of their limitations. In
addition, we are unable to draw conclusions on responsive-
ness to treatment and how mental health may affect outcomes
after operative intervention.

Further investigations currently under way are evaluat-
ing the effect that preoperative mental health has on electing
to undergo operative intervention for symptomatic glenohu-
meral arthritis; the influence of mental health on postoperative
outcomes; and whether operative intervention causes any post-
operative change in mental health, as measured by PROMIS.

Conclusion

PROMIS UE and PF CATs show acceptable correlations
with traditionally used functional outcome scores includ-
ing ASES and SST scores in patients with symptomatic
GHOA, although the UE CAT appears to correlate slightly
better with traditional scores in this population. After we
controlled for relevant patient comorbidities and demo-
graphic factors, patients with moderate to severe depression
and anxiety symptoms score significantly lower on the
ASES and SST measures and report significantly higher
VAS and PROMIS pain scores.
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